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7o) FOBE
11. &

B ARTT T, 1992 I EHWENHIE S4v, THIOFARIFTA S EAVE A Shviz, 2001 £E0 %
SUE T, THIORA TR DHERIREN TRIL S 7o, TS XD | R 1T 2 PRAE B A3 58
fbEi, REPETSGEEL L., L, #iIFENEOESIT A0 6 BIREICL EEoTnieZ &
o, JEZRE XS 57D OERBEIMERENRD b Tz, MR, ELER - #hE
[H « EF%4  (Ministry of Land Management, Urban Planning and Construction : MLMUPC) ¢ HffE Hi PR
73 (General Department of Cadastre and Geography : GDCG) 73 2003 2253 LTV, 2023 £FE T
AR T RO R ETE TS24 HIEEL LT,

MINDE AR E AT, AR T BINIE, #EEEORE(E & EREE RALERF & — 2 A DRt

RENZEm bS50, 1A (Continuously Operating Reference Station : CORS) &7 — % &
% — (DataCenter : DC) DO, HEMRE O DRE TR, CORS 7 — & OFEAMEEE H Y
& LT Eehlitin /)2 B ARIZEEE L7z,

1.2. HiE

A7ny 7 bOHEL, 2024 AR E TIZ 5 50 CORS & DC Z 80 L, HIERH £ T35 & CiF
MT22LThD, £, 7my=7 MET 3H#%ITIE. CORS BEUNERE - fL9k S 4L, HIFEHI&
A T TEMTIER SND Z ERMFIS TV D (B HE), BERMIZIE, CORS Ofi, 1 E
FrEHRE ) O5fft, CORS 7 —# OFIMREZITO Z & T, ARV TOREHHIETH S [Cambodia
Vision] OFEBUZHFLGTLZLE2HEL TS,

2030 £FETOSHAEBE. 2050 FOSFSE - £EEADDER
g .

LB
JOZ1 0 A MIBRESNDBFEERNGDCGICL D TEVI(CER SN, BHEHKRI
ERERICEI > TERENSZ LT, THEEDIZHDMRNHFERELTON. Kz,
EHIR(CH T DHRA > TSPOEE - AT 1 AF0OFF - HEFEENHRN (CRESNS.

o> bEE
JO> 0 oA MCEFEINDIBTFEESN. HESHEN1 > T SER - #HFEEDED
DIFAEDHNETF CTEREND,
P -

ER2: BEER3:
GDCGICLBBEBFEREARUVT—FTY || BFEREST —INBATHECERTE
S —DEEHFEIREOINRIEEND, E(HARE=ND.

P N P N
BkR1:
JO> O hAa NMIBEFRES (£58) RO 59-hEEand.

1 ATODz) FOBERUVEFINDHE (HE : JPT (Japan Project Team ))
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2. FEMRNA

21. 7AYo A —Fv—F
Tl NOEH 7T —FILLTO LB TH A,

center.

Year 2021 2022 2023 2024
Month 9l 1120345 67 8 91011121 2 3[4 5 6 7/8i90imit2[12/3]4 56 7 8 9101
Term 1st: Preparation/ Implementation 2nd: Trial Operation 3rd: Actual Operation Extension: Preparation for Charged service
Activity1-1: To decide the Geodetic Reference Confimation of the curent Preparation for the
reference system and Jication of CGD23
Frame determination of the one to apply &P
T Technology Transfer
. X . . ] Detefmination of the specifications 1) Determination of locations of CORSs
Activity1-2: To decide the Installation Points and E == and locations of § CORSs and DC 2) Determination of specifications of CORSs
Specification ] i i 3) Determination of specifications of DC (HW/SW)
5 i —
Activity1-3: To installthe 5 sets of CORS and data | "% | [ procurementand Adustmert, el Consideration ofighting proteion and netvork
ation N N . > operation and hand
for bid installation of equipment backup measures

over

Activity1-4: To decide the Coordinate Value

, caldulatiop and determinatior
of coordinates of the ORSs:
1 i

coordinate values

| ; S-— T
i

Obsenation, Caleation of C3D23 ecindoayliashy

1) Baseline analysis

2) Development of a manual for coordinates monitoring

Activity1-5: To prepare the Coordinate
Transformation Parameter and to establish the
CGuideline for Uilization

)

—

Obsenvation of the exi

ing GCPs ahd
preparation of {

parameters

Technology Transfer

1) Preparation of transformation parameters

e Analyss of [ Development of an O&M
Activity2-1: To develop the O&M Plans ional ability | i Update for the charged senices
(Curent/Future) |
L]
Activity2-2: To establish the O&M Organization and of Uit for the chrce
08M structt jate for the charged senices
o develop O&M Manuals. smews I Dewclopment of an O8M manual I P g
AchvytyZ-S: To launch a Precise Positioning e e onconiniation B 1 O O IR
Senice 4 P Update for the charged senices
(incl. Pilot Project for Uilization) Formulation of a pilot project plan —>‘ of the pilot project Report of the pilot project
PR peogress and fepults at the: seminars.
Activity2-4: To develop the Data Policy and N I
Senvice Level Agreement Dewelopment of data policy and SLf= = = = = = = = 7 ==t =|= ===~ ~-F-T- T~ 7" T 70T Update for the charged senices
Activity2-5: To enhance the User Support and to Establishment and enhancement of iser spipport

develop User Support Manuals.

—

Update for the charged senices

Development o(anusérsupmnmanua\ Sk ity ks nkin: ki R et At A
. . — Development of a plan for utilization plan of | Improvement : i i i _ L _ | _L______i_ | Update for the charged
Activity3-1: To develop the Utiization Plan precise positoing senice ! | senices
e ; L " [ of a guideline for L 4 Z|= — i~y Update for the charged
Activity3-2: To establish the Guideline to Utiize | uiization of prcise positoning senice ™~ " snices
Activity3-3: To develop User Manuals for GNSS Development of user manuals for }_ _ S (O I s (O U (RS O S S
survey (incl. NRTK) GNSS suney I
|
Activity3-4: To conduct the Accuracy Verification Accuracy vrfcation of GNSS suney [ = & = = = % = = = == == == = - = £ —n é%'ggmgﬁfj,:;“y of CGDZ3 fobe condcted by
I
Activity3-5: To conduct Dissemination in Seminar, i
T ty ) *1stevent {*2nd event *3rd event
raining and Workshop for Promotion
[
Activity3-6: To prepare CORS Master Plan Development of Khmer GEONET Master Plan
L *Work plan: | *Progress report i Final report* ! Final report!
Work plan/ Monitoring sheet (MS)/ Report y y i y
*MS(1) *MS(2) “MS@) | *MS(@4) M3 (5) *MS(6) *MS(7)
Training in Japan / Joint Coordinating Team *JCTM(1) *JCTM2) *JCTM(3) o JCTM(A) i JCTM(S) P JCTM(G) * JCTM(7)
Meeting P P *Training in Japan(1 | "Trainingin Japan(2) [ L i

X 2 J0O

S

v

22. 7Oz Y FEFIZTHDI DTS

Y FERET7O— (KB JPT)

A FRIHE D Efili: CORS D3 B MERFE FLORE A B 2 Hiily, s 2805552 L2 HMW

LT, B 1EARMUHE 20224 11 H2 H~15H) L8 2 EIAMLHHE (2023 48 A 21 H~9
A2H8) 3 L7,

2

Joint Coordinating Team Meeting (JCTM) DB K42 L1242 7RO JCTM ZBAfE L, &
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IEBOEHEGE L IEBNAEOWE . IEORM L ik, SBROTEOMHR., 7 uy =2 FOFf
fifize &E&4T > 72,

E & 3th 35 (2022/11/4) H ZF/,E'IEWJ (2022/11/4)

73> (2023/8/30) '|§§E5E1§Eﬁ'§ﬂ%$§ (NICT) (2023/8/31)

X 3 AMHHE (& : JPT)

2.3. X 1: CORS KU DC DEHIZHMNSFH

IR EEHER DPRFE: CORS (23 FH 9~ 5 I AER 4 | ITRF2020 # £/ L 72 CGD23 & L7z, 7272
L. CGD23 #1325 £ Tix, EEMIZHENRD CGD09 DFEEMECIEM T 52 & & Lz,
SREEFT & HREDRIE: 5 550 CORS & DC ORBRITARE L, HEEAHEE LT-, F7-. &iE
S OB E RE | BL A 2 OJT CTHEHE L 7=,
BRELE: Aruna f{E~OHRMEFTIEIZ L > T CORS & DC ORELEFELZFEHL., BINEZET L
7o Aruna fHIZZF OB OEEMEFFERIZ B/ LTz, BRE Iz CORS v A7 A%, [Khmer
GEONET] &g il
PERESEDPTE: Bernese Y 7 b7 =7 Z W T CORS DJEFEEZFHH L=, ZHIC LD, EREE
PRRINL AT 5 7o O DERBEN I ST, F7o. RIS D i & FEE L 7=,
JEAEEHNT A —F DEE: CGDO9 & CGD23 DJEFEIM T A —H Z gt E LT, Fi=, ZHa
T A =R DOFHFEN N D EMBL A £ L=, 2k v, BEFORIMEERER & CGD23 & DA
k2 R R L7z,
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TE T e

SIE100KHM

4 5EREL71- CORS & DC (igs : JPT)

Map- SCORS Network

LEGEND

A -cons Locsson
@ <
-CORS Network
[N/ swsermanensiBounaary
J\J - Province Boundary

Arver

VGRS T QL 100km A

5 50 CORS MEE (HH : JPT)

24. R 2: EEH#IEEEHEDDRILICHISHEE

EEMERPE HEE O R E: Khmer GEONET O3E & MERFAE LA 42 5 E L7z, RHEICIE, JEEHE
FRE O FEAR T B, MBIAS, ~==2 70, BEMRT. AMER. PE, KR &5 S
niz,

EEHERF B AR O Khmer GEONET OiEHMFFEH~=2T7 V2 &K LT, ~=27
JZIE, EERAH], BERE - BRKEO LR — N7 A ONFEA, B - BERERE TINEL O
HY — VOME, T —Z Ny 7Ty TR GERE Y — B RO RRREN TR ST,
7 — Z Be{E DBA%AE: 2022 4= 10 H 12 NRTK (Network-Real Time Kinematic) D#H1ET — & OFELME
La—WP—XGEHMG LT, 2, BUET — ¥ OEEIC) ) D HIN R % FhE LT,
FEFEEFEOERE: J&E, %, B ERES CSHOEHT e 27 S LT, &
TuY= FORERIE, eV = bEIF-TRERIN, EFFEOFEMIZEY, CORS
T — 2 ORI R I,
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T—FRY r—& SLA OFRE: 7 —FEE FIESCHABIRZ: I W TR LT —# R Y &~
— & 22—V =T —ERADOHAEERT 20D SLA (Service Level Agreement) % KiE L 72,
2—P—PR— b= T VOEfE: = —H—HP R — b~ 728 L, R — MEH %
gk L7z,

Number of Users

1600
1400
1200
1000
S00
&00
00
200

0

Dec-22 Mar-23  Jun-23 Oct-23 Jan-24  Apr-24  Jul-24  Now-24  Feb-25

6 Khmer GEONET MO a1—H—ZEk$DH#FE (HEt : JPT)

gxynorok BEIOSTHk

7 RIETOCY bDOFES (&E : JPT. CPT (Cambodia Project Team ))

2.5. iR 3: FEAREICHMNLEH

FNERAFE ORE: Khmer GEONET OFINE FEMEFH 2 5K E L7-, GDCG MAFHHEIZFLH S
NIiEB 2 BRI LFITT D52 LT, 4% D CORS 7 — X DIEMRES LD,

FERTA FTA4 v OBE: FIERTA RT7A4 VE2EKRK LTz, A RT7A4 0%, 2—F—n
CORS 7 —# W RMNFIHT 212D D F5IEIZ/2 D,

GNSS Hl&~ == 7 /VO%{#: Khmer GEONET % /=A% 7 1 v 7 5% O NRTK {EDEZ
FIE, HARRHTCHE L) OREERH O 72 D DFEHE A4 FU# L 7=, GNSS il &~ == 7 L &1k
L7,

WEEMREE: X ¥ 4 v 715} OVNRTK #: T Khmer GEONET 72 b EME S5 T — Z DN ERFE
Z OJT THEjfi L7, AR L7z & B0 BIFESO CORS (X CGD09 (2SS LD THDHT-0,
CGD23 23 H S 7= 12 8d T GDCG MW ERGEE £l d 5 2 & & Lz,

I —ZDBME: I —DRESCEIRE~OHELZTTH Z &L T, Khmer GEONET D /i

5
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LRERMEEEZ X 72, I —Tid GNSS FRAEEIET v Y =7 PORRFEREITO

L . Khmer GEONET 28)iA < BEH S iz,
CAE =TT UDRE: TR TITEIT DR CORS D&% AR % 72 Khmer GEONET <

ABE—TF U EFEE LT,

-----

How

r GEONET @ Web 44 + (H8 : https://khmergeonet.xyz/). (&) F;EBREHO
J—2JLwv bk (HHEe: CPT)

9 tIF—0D%kF (U&FE : JPT)

3. 7oz ¥y PO
3.1. B EDERE

vy b EEZ, MENESSA 7 T T CORS NIEH IS Z & TER I 7-, Khmer
GEONET O = — % —# @<, Khmer GEONET % Fl| ] U 7= HiEE T O NMd L 03 Hez ST,


https://khmergeonet.xyz/

TnYry VEBRTREE BER)

o Used in cadastre surveys
and facility management

Has been operational Registered users —1500

L since Oct 2022 by GDCG v Active users ~200
output Z: output 3¢
Enhancement of Operation and Promotion of Utilization of
Maintenance of CORS and Data Precise Positioning Service
Center by GDCG. using CORS data.

Khmer GEONET is

Output 1: | v | installed in April 2022
Establishment of CORS (5 sets) and Data Center for Pilot Area.

B 10 BFRELTODY FEEDER (HHE: JPT)

3.2. DAC FF{ffi 6 E#EICE S < HC A
AKT7mav =y OMRE, RIS BRRENZES (OECD-DAC) @ [DAC 7l 6 A
He) (THSE, MO LD ICH MG L7,

o XMk (Relevance) :5 /i CORS /X, GDCG D MEEF A OHELICERR L=, £, EiE7
nYxy MIEY ., BEESCHER T TO CORS OF AMENHEGE S,

o HEEME:(Coherence): 7=/ MBI H VAT T OB IBEED BEIZEE L TW 5,
Fo. A7Vl FTHELNARIT B AROBEEE & /112 K- T 2026 4% TIZEBLTE
® CORS £ HHfHIZHE THN TS, MZ T, Khmer GEONET (2 L& » T HADMAEE &1
ST &7 GNSS B — N—RNEEH ST\ 5,

o HZE (Effectiveness) : 5 s CORS & DC (FrHHE Kk 0 i%iE S, = —W—%T 1,500 4
(2024/11 B ) E7po7-, FiE7 vy =7 b OFER, Khmer GEONET M4k~ 720 B2 BT 5
VESDNFRAGITESL D Z & DFER ST,

e A7 F (Impact) : CORS DAz L v, HEEFHAI B I, THEGLOTZDOHIE
BB Uiz, Zhic kv, AEREEOREEEROMERSIZHTE L,

o WM (Efficiency) : & 74 VR AIEHT 52 LT, COVID-19 DFEL ML L, 71
V=7 NOIEB BRI TE T,

o FFitE (Sustainability) : GDCG DA X v 7 [ TIEEMEFFEHEEN 25T 5 2 LN TE -, K
TrYx 7 METH% S, Khmer GEONET O3 E MERFE BRIC 3005 T & R UG 23 7KG8 S
HZET, Sl MRROFHEEDHER S ND HIALTH D,

INHOFMIIZESE, e vy MIBERE LTS L, 5% O RBEENFHTE D,

4. LHEBIRERICFITT

4.1. MYBORERE
1).CGD23 M A & HEEIE DMk
Khmer GEONET I3 2022 4 10 A HRBEM 2L, 7YY=/ METETEETYH—EX
ZHef Lo, 3 LWIHEE YR CGD23 OERITIRE I, 7 u =7 MAMFIZ CGD23 O R
BOVEREAE W T A —F OEMTBERILTE T L7122, CGD23 D IER AR MIHIEYE & L T ONRFEEiG )
iR oT=72®, R7Z CGDO9 MEEFI STV 5, GDCG IX CGD23 % 2024 42K £ TITAFE L,
2025 £ 6 HETICHEHAT 2 L RIRFICHEREAZRGT 22 L 25 L TWD, ZOEDIZIFES

7
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N, BERORRYE, BEI TR M —=0 T OEREL OEBNLIEL R D,

2) BEHBERICHODIFELEBOER

CORS IZEZEDOHIM A 7 F & LT, B¥, Ak, HEREER SIEH IS 2 & T, RERE
RAVEI D= O\ B E| 2 Bef- 4, CORS O HERFE IR AT K 72 P & IR A fefd 5
72912, GDCG 1% ENIETTIZE OB A2 i UNZ I 2 B2 B 5, 2025 4 O TR I raff iR
TNy, 2026 FLELLE O TR & R OFMENL KD Hivd, GDCG X, Khmer GEONET O
M7 va r OREICEVESHERFFEHRESO—TubZXHOULERD D,

). EEMFEEHE. FERHE. T R4—TS5V0FHLEA

A7y =7 hTiE, GDCG A Khmer GEONET (2P L T HEfi§ X & {HE) & &0 72 1E B RS B
FHiE, FIEFHEHE, Khmer GEONET ~ A % — 7' 7 o %23 L7z, 18 HERFE BEEHEIX 5 40 CORS
WESEZLTHELOTH DD, SHROETEMEICE DG B OJEE « WETHNLE L7225, FNE
FEHEX, AERE & 2EREICmT 2% - PR REFIAILRO o 0iEE & A 2 FEROE
AV a—NEEATWD, ZOFEO BRI L TEEN O KA RS 52, Khmer GEONET ~ A
B —TF7 X 2034 EETOH AR TIZET D CORS Bl Hmttz L, FNEFA0 ., (LA,
Ffiatm, PRERZR SICOVWTRBINTWD, 7ry=7 METH S GDCG 23BIRE T & W)
LTHE - s l, EEEHL TS Z BRI,

42. LS BIRERICA T -IRE

1). THEBLLHITROEZODOENLZIMEREDOEREICHITT
GDCG 1% 2002 0 B AT T 2t OMEEREFEZHEE L TR, 2023 F22 5 OFEHEIZ K
L [T NARE - fEEORE)] BURICE Y, MEFAEORE(L L 7 — % —uFHE NI hE S iz,
Khmer GEONET D% LM & 2 HIZRE < HBK L, 2025 AR E TICERPENE T 5 FiA
Lo TND, LL, Z2O% b EHOSEESIG |23 Thi s Z & 2B TOREIFEREN L
TH Y. CORS OIEHNE DRI T 53 5, BIIEOR BRI TE ORI HFEAER (I
EDHONBREL TSI, GDCG BN TX LR FHIZ CGD23 #M35 & & bic, BEfFOM
Hi SR YL U 72 B R 2 CGD23 ICJBIE AT 2 2 & ¢, MHAEROR — %25 Z L 275
T2,

2). B, MEMTOH/EA VISOMENLGHARLHBIEROREICHITT

A7vv=s MY, Khmer GEONET O —H —#03#) 1,500 (232 L, EIHIFERA ORI EAE
HEITHHIN TS, BHIOHERZ WML L, 512 Mk 27O fifEREITHEETHY . =
DO EM:C Khmer GEONET (34 > 7 ZHR O L L THEEEL TWbH Enwa b, 4%, BfE—F
ZIEEICR Y REGZESFIREZ > TH—E R Z2FHTH 2 &t b, =2—F—Rna X K
AUy MR C D 720120%, ZE LTc @i E ORI 7 — Z BlfE L) 72— — R — B L
2%, TNEEBT H72HIZ, GDCG NEEMERIE I~ = 2 7 /L GNSS il fE~ = = 7 /U2 EE5<
AT IR EREERGE, = — P —XNE AT 5 2 LR RET D,
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3).GDCG [Z & % Khmer GEONET M#E¥1 2 EHE(ZM T

Khmer GEONET O£t )72 H 21X, GDCG v A7 A 2K Z U EH# T 5 LE N H 5, CORS
D TEAE %L CORS DR EHOEME 2 —F —DILRIZFED N T T AOHEMNFRIND 2D,
GDCG 1IN E 72 TR E NB AR L0122 TR T ER b7, iz, AlE2—Y—%4k
KLUTHHBZEL72F TR a7 7 E LTOEENZ PR 325 2 & T, BUFNTO Khmer
GEONET D& & MR E TR OB E L LIF 22BN NN E LD, S HIZ, EE 7 v A0BGEIC
LA™ 729 2T, HEFERCRMELLZED L Z RO LND, TORE, HESCRM
FFEO B EWREIC L, 7 — X ICHEDSARIE AT R T2 Z L 25T 5,

4). h RS TF7L£E~D Khmer GEONET DH:3R#IZ[M 1+ T

A7y x 7 hTlE CORS D4 1314 i FCHITE FIRHEIZ M1 7 IR B & S8k L 7223, SEBRIC
GDCG MR L7 DI 5 5D CORS RE & EFMEFFEH TH 5, 90 RE 82 D2 TR DR
BN IST 5720, REMGEA~OEBERELEIC L > TRUOFIEICfH 2 5 A6 2 BB
L2 EROEDIZDDTHRIMERARS T 5H, £2, FRIZIBWVT MADOCA-PPP  GE{E A1 & 4 B
ELRWTEDRETY TZ A LN &2 £l T& 284 OffzRads2 a9 THA
Do

Lk



Project on Establishment of Continuously Operating Reference Stations (CORS) for Land Management and Infrastructure Development

Site Photos and Description for CORS

CORS Site Name (Long Name):

CORS Site Name (Short Name):

CORS Site ID#:
Location Map Google Map (Image)
Sky Visibility or Fisheye Photo Field Sketch
North East South West
South West North East

Entrance to The Site Remarks




Project on Establishment of Continuously Operating Reference Stations (CORS) for Land Management and Infrastructure Development

Site Selection Note for CORS (draft)

CORS Information

CORS Site Name (Long Name)

CORS Site Name (Short Name)

CORS Site ID number

Date of the site selection

Name who selected the site

Address

Circumstance around the CORS

Ground condition (strength, geology)

Average temperature and humidity

Flood frequency and flood depth

Frequency of Lighting

Nearby facility that transmits radio waves

Availability of System Power Supply

(if Yes) From where, and How far from

Communication lines (Wired and/or Mobile)

(Wired) From where, How far from, internet speed

(Mobile) Which provider, signal condition

Sky visibility (See Site Description)

Security

Others

Route to the CORS

Location where vehicles can reach

Route from vihicles to the CORS

Others, Remarks

Land owner and manager information

Institution name

Name of the person in charge

Address

Phone No.

Fax No.

e-mail

Other related Institutions information (Entry permission, Construction permission, Electric power company, etc.)

Institution name 1

Name of the person in charge

Address

Phone No.

Fax No.

e-mail

Remarks

Institution name 2

Name of the person in charge

Address

Phone No.

Fax No.

e-mail

Remarks

Remarks
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Project on Establishment of Continuously Operating Reference Stations (CORS) for Land
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Bernese 5.4
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7.13. Atmospheric tide parameter flle.........cccovvveeieiiiiiiiiiiiiiee. 56
8. Pole and Orbit Preparation ...........cccocviieieeeiiiiiiiiiiieeeeee e e 59
8.1. Convert IGS/IERS pole file (POLUPD)......c..oocteouiieeeeeeeeeeeeeeeeeee e, 59
8.2. Generate Orbit Files (ORBGEN).........coccooiiiiiiieriiiiieeeieeeeeteeee e 62
8.3.  Extract satellite clock cOrrections .........cccooeueeiiiniiiiiiiiiieiiiiieee e 69
8.4. Convert Bias Corrections from Bias SINEX into Bernese bias Format........... 72
9. Baseline ProCeSSING..........oovvviiiieiiiiiiiiiiiieee et e et e e e e e e e e 75
9.1. Extrapolate coordinate file (COOVEL) .......ccccooiiiiiiiiieeeeeeeeeeeeeeeeeeeeee e 75
9.2. Inventory of the unput RINEX files (RNXGRA).......c.covveviiviiiieieeeecieeeeeennn 78
9.3. Converting the Observation from RINEX into Bernese format (RXOBV3) .....85
9.4. Receiver clock synchronization (CODSPP) ......c..coouivoiioieeeeeeeeeeeeeeeeeeeeeeeen 92
9.5. Single difference (SNGDIF).......ccooiiiiiiiiieeieeceeeeeeeeee ettt ee e 97
9.6. Cycle slip, detection and correction of abnormal values (MAUPRP).............. 100
9.7.  About Baseline length (MPRXTR) ......ccocoiiiiiuiiieeeieeeeeeeee et 106
9.8. Check the data (GPSEST, RMSCHK, SATMREK) ........ccoeoveviiererecreireereerennas 109
0.8.1.  GP SEST ... e e et a e e e 109
9.8.2. RMSCHK ....uoiiiiiiiiiece et e e e e et a e e e e e 117
9.8.3. SATMEREK ...oootiiiiiiiiecee et aaaaaeaan 121

9.9. Coordinate values when Ambiguity is a real number and estimating the amount
of atmospheric propagation delay (GPSEST) .......cooiiiiiiiieeie ettt 124
9.10.  Ambiguity integerization (GPSEST) ......cooieiiiiiieeeieeee et 133
9.11. Creating a normal equation file (GPSEST).......ccccivieveiieceeeeeeeeeeee e 141
9.12. Calculation of coordinate values (ADDNEQ2) .........cccovveveeveveeeeecreeeeenene. 150
10.  Calculation result file........coociiiiieiiiieeeeie et 160
10.1. CoordiNAte fIl ..ooueeiieeiiiiee e e 160
10.2. Calculation result file.........cccciiiiriiiiiiee e 161
10.3. Calculate latitude, longitude, ellipsoidal height, UTM coordinates, elevation
and geold helght. ... ..o 161
11.  Determination of CGD23 coordinates........ceccuieeeriiiiiiieiiieeeeiiee et 162
11.1. Survey to determine CGD23 coordinates .........cccvevveevveevveereeeeeeeeeeeeeeeeeeeeennns 162
11.2. Survey Network for CGD23 ..........uuiiiiiiiiiiiiiiiiiiiiiiiiiiiiirireerereerereerreerraeeraa———.. 163
11.3. Geodetic Reference System and Map Projection.........ccoeeeeeeeeeieeiieeiieeeeennnn. 164
11.4. Calculation results from 5/7 t0 5/18..cccociiiiiiiiiiiiiiiiiiic e 165
11.4.1. KNDIOOKHM ...ttt ettt ettt et e s e e s siaeee s 165
11.4.2. KSPIOOKHM ...ttt ettt ettt et e e 165



11.4.3. PNHIOOKHM ....oooiiiiiiiiiiiiieitteee ettt 166
11.4.4. SIETOOKHM ..ottt 166
11.4.5. STGLOOKHM ...couiiiiiiiiiiiieeeiteeeee ettt 167
11.4.6. CONCIUSION ..eeiiiiiiiiiiiit ettt e st e e e s abaee e 167
11.5. 5-CORS CGD23 CoOrdinates .........cueeeeriieeeeiiiieeeiniiieee e eeiieeeeeieee e e 168
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12. Regular monitoring of CORS coordinate values .........cccccvveeeieirinniciiiiieeeeerennnnns 170
12.1.  Crustal deformation in Cambodia ..........ccceeviiiiiiiiiiiiiiniieiiiieeeeeec e 170
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170

12.3. Regular monitoring of CORS coordinate values ..........cccccvveeeeeeeeiccnnnennennnnn. 170
12.4. FUtUre Goals....coooeiiiiiiiiiieeee e 172

NOTE: The remaining issues are shown below. GDCG should discuss this issue and

update this manual.

>  You will need to edit the instructions for Bernese software updated to Bernese 5.4

or later.

»  After CORS is installed throughout Cambodia, it is necessary to record the process

of determining its coordinates and the survey network that was calculated.

» Once CORS has been installed throughout Cambodia, it is necessary to decide on

the interval at which the coordinate values will be monitored and the observation

date for the data used for monitoring. Then use Bernese software to monitor the

coordinates at the determined time.



2. Folder structure

2.1. DATAPOOL Folder
The DATAPOOL folder is for placing external local copies.
See [README_DATAPOOL.TXT] for more information.

BERNS4 BSW54 2023/04/04 10:05 TN TANT -
CAMPAIGNS4 cob 2023/04/04 10:05 TP TANT-
v DATAPOOL CODOMGXFIN 2023/04/04 10:02 J74)L TS -
> | DATAPOOL COR 2023/04/04 10:05 74 TS~
GPSTEMP GFZIoading 2 4/04 10:02 7 Il -
GPSUSERS4 GRCC )4 10:03 T T~
el GRCD )4/04 10:03 74 TS~
perflogs HOURLY 2023/04/04 10:09 74N TANS -
1G5 2023/04/04 10:02 T T~
Program Files REF54 2023/04/04 10:04 74 TS -
Program Files (x36) RINEX )4/04 10:03 74 TS -
SAVEDISK SLR _data )4 10:02 T T~
Strawberry StationLogs )4/04 10:01 74 TS -
Windows VMF3 )4/04 10:04 TP T~
1 1] DATAPOOLIco 741 KB
[5] README_DATAPOOLTXT FEAR FF1AVE 12KB

(1) BSW54
This folder is intended to store the ionosphere maps (ION file) and the differential code
bias files (DCB file). These files are in Bernese specific formats. These files can be
downloaded from the following sites.

Download site: http:/ftp.aiub.unibe.ch/CODE/

Download site: Index of /CODE/2023/ (unibe.ch)

(2) COD
This folder is intended to store the Orbits files, the earth orientation parameters files
(EOP file) and the satellite clock corrections files.
This folder is intended to store the files with the analysis center name COD.
These files can be downloaded from the following sites.
Download site of CODE: http:/ftp.aiub.unibe.ch/CODE/

Download site of

Crustal dynamics data information system: http:/ftp.aiub.unibe.ch/ BSWUSER52/
These file names are [SSSWWWWD.XXX].

SSS: Analysis center name (e.g. COD, IGS)

WWWW: GPS week

D: Day of week (e.g. [0] is Sunday, [6] is Saturday)

XXX: Extension



http://ftp.aiub.unibe.ch/CODE/
http://ftp.aiub.unibe.ch/CODE/2023/
http://ftp.aiub.unibe.ch/CODE/
http://ftp.aiub.unibe.ch/BSWUSER52/

EOP or ERP: Earth orientation parameters (Convert IERS format (EOP) to Bernese
format (ERP))
SUM: Analysis report of GPS week
CLK: Clock correction information of satellite
PRE or SP3: Precise orbit files
[IGS] provides GPS and GLONASS of the precise orbit files in separate files.
The analysis center name of the precise orbit files of GLONASS is IGV.
GPS and GLONASS of the precise orbit files can be merged.

(3) CODOMGXFIN
CODE experimental Multi-GNSS Extension (MGEX) solution, containing
GPS, GLONASS, Galileo, Bei Dou, and QZSS.

(4) COR
CODE operational rapid solution, containing GPS, GLONASS and Galileo

(5) GFZ loading

Grid files with crustal deformation corrections from the non-tidal loading models
as provided by GFZ Potsdam for atmosphere, ocean and hydrology non-tidal
loading effects.

(6) GRCC
These directories are intended to host files which are necessary for Low Earth Orbiter

(LEO) data processing. For each LEO satellite a separate folder is foreseen.

(1) GRCD
These directories are intended to host files which are necessary for Low Earth Orbiter

(LEO) data processing. For each LEO satellite a separate folder is foreseen.

(8 HOURLY
The same as the RINEX directory but dedicated to hourly RINEX data as used for RTK

applications.

(9 IGS
Like the COD folder, this folder is intended to store the Orbits files, the earth orientation

parameters files (EOP file) and the satellite clock corrections files in this folder.



This folder is intended to store the files with the analysis center name IGS.

(10) REF54

This folder is intended to store Bernese format files which are useful for several
campaigns (e.g. Station coordinate information file (IGS20.CRD) and Velocity
information file (IGS20.VEL)).

(11) RINEX
This folder is intended to store GNSS observation data files in RINEX format.
These file names are [TTTTDDDS.YYX].
TTTT: Station name (e.g. PHN1, SIE1)
DDD: Day of year (e.g. [176] is 25th June)
S: Session name (e.g. [0], [2])
YYX: Extension of year and file category
YY: Year (e.g. [22] is 2022)
X: File category
[o]: Observation data such as carrier phase
[n]: Broadcast orbits data of GPS satellites
[g]: Broadcast orbits data of GLONASS satellites

RINEX version 3.02 introduced a new file naming convention.

These file names are [ccccOOCCC_R_yyyydddhhmm_111_sss_MO.rnx].
ccccOOCCC: 9 characters defining the receiver (proposed usage: four—character
site/station code, one—digit number to indicate the monument/receiver at the site, and
ISO country code).
R: data source: one of the three items (S from streams, R directly from the receiver, U
unknown)
yyyydddhhmm: start epoch (specified for the minute)
11I: the intended (nominal) file period (e.g., 01D, 01H, 15M)
sss: the sampling rate of the observations (e.g., 30S, 01S)
MO: data type (indicating the GNSS or M for multi-GNSS) and content (O for
observation, N for navigation)

rnx: extension to be used for all RINEX files

(12) SLR_data
This folder is intended to store Satellite Laser Ranging files



(13) Station logs
This folder is intended to store the information files of IGS station.
These files can be downloaded from the following sites.

Download site of the station information: https:/files.igs.org/pub/station/log/

The coordinates of the observation point, receiver and antenna information can be
downloaded from the following site. For example, [IGb14.SNX] is a file that contains
information about [IGb14] reference frame.

Download site: https:/files.igs.org/pub/station/coord/

(14) VMF3
This folder is intended to store the grid files needed for processing using Vienna Mapping
Function (VMF3). The grid files can be downloaded from the following sites.
Download site: http://ggosatm.hg.tuwien.sc.at/DELAY/Grid/VMFG/
They are not used for the examples but it shall indicate that for other types of files other

directories may be created.


https://files.igs.org/pub/station/log/
https://files.igs.org/pub/station/coord/
http://ggosatm.hg.tuwien.sc.at/DELAY/Grid/VMFG/

2.2. CAMPAIGN Folder

When you create a campaign in Bernese, the campaign folder and subfolders are created.

The folder structure when the [INTRO] campaign is created is shown below.

These subfolders are for copying the files needed for analysis from the DATAPOOL folder

and so on.

v INTRO
ATM
BPE
GEN
GRD
OBS
ORB
ORX
out

SoL
STA

ATM
BPE
GEN
GRD
OBS
CRB
ORX
out
RAW
SOL
STA

2.3. SAVEDISK Folder

The SVEDISK folder is for storing important analysis results.

2023/05/15 15:02
2023/05/16 8:57

2023/05/15 17:46
2023/05/15 17:46

2023/05/15 1746

See [README_SAVEDISK.TXT] for more information.

Program Files
Program Files (x86)
v SAVEDISK

CLKDET

IONDET

LEOPOD

PPP

RNX2SNX
Strawberry

Windows

~ ac
=L

CLKDET
IONDET
LEOPOD
PP
RNX2SNX

[5] README_SAVEDISK.TXT
5] SAVEDISK.ico

04/04 10:12
/04 10:12
/04 10:12
4/04 10:11
10/23 9:50

2022/08/30 11:33

B HAR

74 AT -
274 74—
740 IANT—
74 74 NT-
74 TS
74N 74T -
74l 74T -
74 TSI -
740 74T -
74 24—

IrA 0 TANY-

BE P

I740 A0~
2740 A0~
T2 AN -
T2 AN -
T2 AN -
TFAR FF2AVE 18 KB

T4y 3KB

Create a subfolder in the SAVEDISK folder with the same name as the campaign folder.
Copy important files from [ATM, ORB, OUT, SOL, STA] subfolder in the campaign folder
to the [ATM, ORB, OUT, SOL, STA] subfolder in the SVEDISK folder.



3. General files

3.1. Alist of general files to be used

A list of General files is shown below.

Filename Content Modification Update from
CONST.BSW All constants used in the No BSW aftp
Bernese GNSS Software
IAU2000R06.NUT | Nutation model No
coefficients
IERS2010EY.SUB | Subdaily pole model No
coefficients
OT_FES2004.TID | Ocean tides coefficients No
TIDE2000.TPO Solid Earth tides No
coefficients
EGM2008_SMALL. | Earth potential coeflicients | No
GRV
(reduced version, sufficient
for GNSS and LEO orbit
determination)
s1_s2_def_ce. S1/52 atmospheric tidal No
dat loading coefficients
Configuration files located in ${C}/GLOBAL/CONFIG
Filename Content Modification Update from
DATUM.BSW Definition of geodetic Introducing new reference | BSW aftp
datum ellipsoid
GPSUTC.BSW Leap seconds When a new leap second is | BSW aftp
announced by the TERS
POLOFF.POL Pole offset coefficients Introducing new values
from IERS annual report
(until 1997)
SATELLIT_I14. Satellite mnformation file New launched satellites BSW aftp
SAT or SATELLIT_
T20.SAT
BOXWING.MAC Definition of orbit model New launched satellites BSW aftp
parameters
SAT_$Y+0.CRX Satellite problems Satellite maneuvers, bad BSW aftp
data, ...

-10-



The latest general files can be downloaded from the following sites.
Download site: Index of /BSWUSER54/ (unibe.ch)

Index of /BSWUSER54/

e f

CONFIGS 19-May-2023 01:09 -
GEZloadin 24-Feb-2021 11:14 -
MODEL 11-May-2023 16:13 -
REF/ 19-May-2023 04:56 -

Copy the downloaded General files to the [C:/BERN54/GLOVAL/GONFIG] or
[C:/BERN54/GLOVAL/MODEL] folder.

~

BERNS4 ~ ZET FHAE poies] 4L
GLOBAL -
CONFIG 2023/08/01 15:13 74 FAS-
CONFIG MODEL 2023/06/08 16:59 I7AN TAIE-

MODEL
MENU

.11-


http://ftp.aiub.unibe.ch/BSWUSER54/

3.2. Installation of the JPL planetary and lunar ephemerides
Download the JPL planetary and lunar ephemerides from the download site.
See [JPL_EPH.TXT] for more information.

Download site: https://ssd.jpl.nasa.gov/ftp/eph/planets/ascii/de421/

N(A\ Jet Propulsion Laboratory Solar System Dynamics
‘g)A California Institute of Technology o 1

Orbits & Planets Planetary ‘Small Bodies Tools Extras
Ephemerides v - Satellites v - - -

Public FTP File Browser
Index of /ftp/eph/planets/ascii/de405/

Last Modified Size Type
Directory
2007-07-05 19:59 File
2007-07-05 1
2007-07-05 19
2007-07-05 19:
19
19

M
M File
M File
M File
M File
™ File M

2007-07-05

DDDDDHD

Get the following files (in ASCII mode).
v header.421
v testpo.421
v ascpl1900.421: covers the time interval between 1900 and 2050
v ascp2050.421: covers the time interval between 2050 and 2200

Concatenate the JPL planetary and lunar ephemerides files (ASCII files).

Merge [header.421] and [ascp1900.421, ascp2200.421] using a text editor or Windows
Command Prompt.

Open a Windows Command Prompt.

[Copy header.421+ ascp1900.421+ ascp2050.421 temp.421]

The merged file name is a temporary file name (e.g. temp.421).

Convert the file to binary.
Create an input file [ASC2EPH.INP] using a text editor.
1st line: Filename of the concatenated ASCII file (temp.421),
2nd line: Filename of the resulting binary file [DE421.EPH (JPLEPH)].

| ASC2EPH.INP - XTiE — | X

T WEE) EXQ) FERV) AVTH)
temp. 421
DE421. EPH

247,103 100%  Unix (LF) UTF-8

.12-


https://ssd.jpl.nasa.gov/ftp/eph/planets/ascii/de421/

Open a Windows Command Prompt. Set the folder where the input file [ASC2EPH.INP]
is saved as the current directory.
Execute [C:/BERN54/SOURCE/PGM/EXE_AIUB/ASC2EPH .exe]

BN IvrF FO0vTh - | X

C:¥Users¥001804¥Desktop¥BerneseF i |e¥01_JPLEPH>C: /BERN54/SOURCE/PGM¥EXE_AIUB/ASC2EPH
JPL ASCII-TO-DIRECT-I/0 program. Last modified 18-Mar-2011.

KSIZE = 2036

JPL Planetary Ephemeris DE421/LE421
Start Epoch: JED= 2414992.5 1899-DEC-04 00:00:00
Final Epoch: JED= 2524624.5 2200-FEB-01 00:00:00

DENUM 0. 42100000000000000+03 LENUM 0. 4210000000000000D+03
TDATEF 0. 0000000000000000D+00 TDATEB 0. 1200802111811170D+17

Make sure there are no errors.

B IV vk FovTh - ] X

3391 EPHEMERIS RECORDS WRITTEN. LAST JED 2523504. 50
3401 EPHEMERIS RECORDS WRITTEN. LAST JED 2523824. 50
3411 EPHEMERIS RECORDS WRITTEN. LAST JED 2524144.50
3421 EPHEMERIS RECORDS WRITTEN. LAST JED 2524464. 50
2524624. 50

8&26 EPHEMERIS RECORDS WRITTEN. LAST JED

¥Users¥001804¥Desktop¥BerneseF i | e¥01_JPLEPH>

Check the integrity of the file and test the values.
Create an input file [TESTEPH.INP] using a text editor.
1st line: Name of the test-data file from JPL (testpo.421)
2nd line: Name of the binary file to be tested [JPLEPH]
3rd line: DE number of the ephemeris (421)

| TESTEPH.INP - XEi% — | X

TTIWE) EEE) BRQ) RV ALIH)
testpo. 421

JPLEPH

DE421

311.6% 100%  Unix (LF) UTF-8

.13.



Set the folder where the input file [TESTEPH.INP] is saved as the current directory.
Execute [C:/BERN54/SOURCE/PGM/EXE_AIUB/TESTEPH.exe]

B IV vk FovTh - ] X

¥Users¥001804¥Desktop¥BerneseF i |e¥01_JPLEPH>C: /BERN54/SOURCE /PGM¥EXE_AIUB/TESTEPH
JPL TEST-EPHEMERIS program. Last modified March 2013.

2414992. 50 2524624. 50 32.00
DENUM 0. 4210000000000000D+03
LENUM 0. 4210000000000000D+03
TDATEF 0. 0000000000000000D+00

Make sure there are no errors.

BN ERIVVR FOVTH - O X
2800 2500212.5 1 6 0. 0050445003488 0.0050445003488 0.86736E-18
2900 2503256. 5 2 0. 4125495806855 0. 4125495806855 0. 55511E-16
3000 2506300. 5 5 -0. 0061446979927 -0.0061446979927 0.86736E-18
3100 2509343. 5 4 -0. 0022391993211 -0.0022391993211 0. 43368E-18
3200 2512387.5 g -0. 3238173037952 -0. 3238173037952 0. 00000E+Q0
3
]
3

3300 2515431.5 0. 0000054558555 0.0000054558555 0. 19566E-18
3400 2518474.5 -2. 3518118205103 -2.3518118205103 0. 88818E-15
3500 2521518.5 0. 0014609478661 0.0014609478661 0.21684E-18
3600 2524562. 5 —1. 8125572338720 -7.8125572338720 0. 00000E+00

C:¥Users¥001804¥Desktop¥BerneseF i |e¥01_JPLEPH>

— O RWWOrN oI~

0
0
3
11
11
3
6
6
1

Copy JPLEPH file to the C:/BERN54/GLOBAL/MODEL folder.
Rename [JPLEPH] file to [DE421.EPH] file.

BERNS4 A g o] HAZ
GLOBAL ] CONSTBSW BSW 774 )b 3KB
CONFIG 7 s1.s2_def cedat DAT 771l 7,403 KB
MODEL | DE421.EPH EPH 271 )1 27,264 KB
MENU | EGM2008_SMALLGRY GRV 7714 2,083 KB
SCRIPT ] IAU2000R06.NUT NUT 774 )b 218 KB
SOURCE | DESAI2016.5UB SUB J7 )1 17 KB
SUPGUI | IERS2010XY.SUB SUB J74 ) 11 KB
USER | OT FES2004.TID TID 771)b 1,262 KB
| OT_FES2014b.TID TID 774)b 53,596 KB
CAMPAIGNS4 ] TIDE2000.TPO PO 771l 5KB

DATAPOOL

.14.




4. IGS Station
Six IGS stations were selected to determine the coordinates of the Khmer GEONET.

-15-



Vietnam's JNAV points could not be used due to missing coordinates in the IGS20.CRD
file.

® JNAVOOVNM
Download Type Link -
Station Log [ASCII) JNAVOOVNMLIog INAVOOVNM
Station Log (GeodesyML) JNAVOOVHM smi Latitude, Longitude: 21 005, 105 344
Elevation: 3647 m
Global Data Center Link
CcoDis CDDIS Data
Wuhan University Wuhan University Data
ESA ESAData @2
\ :
i e 2 &
i
RINEX Observations v 2
3
atior =
Zoom im 3m ém YTD 1y Al 312023 — 31 .4u 2023 Laos
T T .
y n'23 Jui
i : T e T
697 JERY 58923M001  -4237232.04673 407748b.01061 -2462642.27254 ITRZ0 "

698 JFNG Z21602M006  -2279828.92233 b0O04706.50910 3219777 .436563 [GS20
Fag9 TN 201310071 Ah3zRedh 34023  A0071ARF 23007 1870078 20470 PEP

700 JLCK 58928M001  -4687826.26867 3697044.33052 -27372372.43621 ITRZ0
701 JNUT 485185001  -2354204.77619 -2388049.49660 5407042.741566 ITRZ0
707 JOEN 10512M001 2b64138.080863  14861408.90360 5628951 53474 [TRZ0
F05 0 JOG2 ZSTOBMODE 220020797020 5824580 . 0b 210 -8hbuzy . Y542 ITRZ0

Trd et TR Wata Tl N Tatatal LaTatalF FalataliNatal iyl 1T ACCT A T An (el a¥a¥a¥al Il ol nlfa Vo't TThAN L
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Brunei points have coordinates in the IGS20.CRD file.

However, I couldn't use it because the RINEX file was not archived.

@ BRUNOOBRN

AC Usage

Download Type

Link

Station Log (ASCII)

BRUNOOBRN log

O

BRUNOOBRN

Laitu 971, 114.0

Station Log (GeodesyML) BRUNOOERH xami
Global Data Center Link
coDis CDDIS Data
)
Wuhan University Wuhan University Data
ESA ESAData Q Brunei
bod 3

v SR ]

9

&
RINEX Observations 0 %

-

=,

RINEX Observations =

Zoom im 3m 6m YTD 1y Al 20302023 — 20 Jui 20

Malaysia

BREWOOUSA _R_20231300000_01D_30S_MO.crx.gz  2023:05:11 00:11:56 2.67MB

BRMGOODEU_R_20231300000_01D_30S_MO.crx.gz  2023:05:11 05:51:46 5.22MB

BRSTOOFRA_R_20231300000_01D_30S_MO.crx.gz 2023:05:11 03:59:20 2.75MB

BRUXOOBEL _R_20231300000_01D_30S_MO.crx.gz 2023:05:11 00:15:03 4.78MB

BSHMOOISR_R_20231300000_01D_30S_MO.crx.gz  2023:05:11 00:16:58 3.85MB

BUCUOOROU_R_20231300000_01D_30S_MO.crx.gz 2023:05:11 00:51:39 3.97TMB

BZR200ITA_R_20231300000_01D_30S_M0O.crx.gz  2023:05:11 00:10:21 2.53MB
CAS100ATA_R_20231300000_01D_30S_MO.crx.gz  2023:05:11 00:19:37 4.34MB

CCJ200JPN R 20231300000 01D 30S MO.crx.az 2023:05:11 00:32:07 1.92MB
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The network diagram is shown below.

HKSLOOHKG

CMUMOOTHA

PTAGO0PHL

CUSVOOTHA

SIN100SGP

Mational Geoeraphic, Esri, Garmin, HERE, UNEP-WOMG, USGS, MAS A ESA METI, NRCAN, GEECO, MO AL increment P
Corp.

Baseline combinations are shown below.
02:CMUM-10:SIE1
10:SIE1-03:CUSV
10:SIE1-09:PNH1
04:HKSL-11:STG1
11:STG1-09:PNH1
09:PHN1-07:KND1
07:KND1-05:PTAG
07:KND1-06:SIN1
07:KND1-08:KPS1
08:KSP1-01:ANMG

.18-



5. Menu

Click [Bernese 5.4 shortcut] to launch the menu program.

Bl Ecrnese GNSS Software Version 5.4 — O X

| Hep | "Prev | “Next | Cance?| | SavetAs | Save | “Run; |

Check version and release date.

Bernese software purchased in October 2022 has a release date of 23tk October 2022.

Bl Bemese GNSS Software Version 5.4 - O X

About

[ “Top ‘ “Prev. | “Next ‘ Cances! ‘ SaverAs | =5ave | “Run ‘

If the version is upgraded, refer to [C:/BERN54/GPS/DOC/README_UPDATE.TXT]

and update the version.
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6. Campaign setup

6.1. Edit list of campaigns
Click [Edit list of campaigns] to display the submenu.

Bl Bernese GNSS Software Version 5.4 - O x

Edit list of campaigns

" “Top) ‘ "Prev: ‘ *Next | Cance’ ‘ SavetAs | SSave ‘ “Run ‘

Click [+] to copy the line. Click [-] to delete the line.
Rename the campaign directory to [${P}/XXXXX]. [XXXXX] can be named arbitrarily.

Click [*Save] to save your changes.

Bl Bernese GNSS Software Version 5.4 - m] X

Compaton aizector] |

${P}/INTRO +

RErtun

" ~Tiop! \ "Prev \ ANext | \ ARUN| | *Output:
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6.2. Select the active campaign

Click [Select active campaign] to display the registered campaign directory.

Bl Bernese GNSS Software Version 5.4 - u| %

Select the campaign and click [OK].

. Bernese GNSS Software Version 5.4 - O x

If the Directory is not created, Message will be displayed, but there is no problem.
So press the [OK] button. Then, click [OK] for all.

B Bermese GNSS Software Version 5.4 - m] x

B Bernese GNSS Software Version 5.4 - [m} X

. Message x
(] )
i

Make sure the selected campaign is displayed at the bottom of the menu screen.

[ op) ‘ “Prey ‘ “Next ‘ Cance’| ‘ SavetAs | ‘Savel | “Run | *Ouipul ‘ Rer’un |
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6.3. Create campaign folder

Click [Create new campaign] to display the submenu.

Bl Bernese GNSS Software Version 5.4 - O X

Create new campaign

“Run | ~OUtput | Rertun:

Click [*Runl]

Bl Bernese GNSS Software Version 5.4 - m] X

${PAN}/SESSIONS.SES
${CONFIG}/OBSERV_COD.SEL

T+ F F[ |+ F [+

“Output | Rertun:

A folder with the campaign name will be created in the CAMPAIGN54 folder.

.

~ BERNs4 2 ZE = 4=l

- CAMPAIGNS4 2023001 2023/07/07 10:13

 DATAPOOL | EXAMPLE 2023/06/08 8:49

~ Dell . . TEST1 2023/06/08 11:11

. Drivers | ] CAMPAIGNS4.ico 2022/06/04 15:13

| GPSTEMP v < >
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6.4. Select current session
Click [Edit session table] to display the registered Session table.

Bl Bernese GNSS Software Version 5.4 - m] X

Edit session table

" ~Top! ‘ "Prev ‘ “Next | Cance’! ‘ Save’As | *Savel ‘ ARun| ‘ *Quiput | Rertun|

[22?] is [Day of year]. It is a total day with 1st-Jan as 1. Set with wildcards.
START EPOCH and END EPOCH dates [yyyy mm dd] are blank.

START EPOCH time is 00:00:00. END EPOCH time is 23:59:59.

Click [*Savel.

Bl Bernese GNSS Software Version 5.4 - m] X

\ “Run | ~OUtput | Rertun:
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6.5. Baseline processing date setting
Click [Set session/compute date] to display the submenu

Bl Bernese GNSS Software Version 5.4 - O X

Set session/compute date

Set by [Year Month Dayl, [Modified Julian Datel], [GPS Week and Day of Week] or [Year
and Day of Year].
Click the red frame to set in [Year Month Day].

B Bermese GNSS Software Version 5.4 - m} X

Bl Date Selection Dialog ? x

B
ETETR—
2215 2 |
o
sesstons | [SEs|
[

_Help | set | _camcel | ok |

Enter the date and click [OK].

B Bernese GNSS Software Version 5.4 - [m} X

. Date Selection Dialog

x| v | mesay | _ compute |
o |
[

_#elp | set | cancel | ok |

Make sure that the baseline processing date you set is displayed at the bottom of the

menu screen.

[ Alop ‘ *Prev: ‘ “Next | Cance’l | SaverAs) | tSave | SRun ‘ “Output | Rertun)
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7. Preparation of observation data, ephemeris data and observation
point information

Download the data for analysis from the site of Bern University and Vienna University

of Technology.

Download site of Bern University: http://www.bernese.unibe.ch/

Download site of Vienna University of Technology:
Index of /trop products/GRID/1x1/VMF3/VMF3 OP (tuwien.ac.at)

Copy the downloaded data to subfolders of the campaign.

~

v INTRO T ExHE 4 H4Z
ATM ATM 71l AT~
BPE BPE I7A N AT -
GEN GEN 774 TA0T -
GRD GRD 74N FANT -
OBS 0BS 2740 240N -
ORB ORB 7740 TAlT -

274 L FAIS -
oRx ORX 2710 TAS
out I7AN FANT -
ouT i
RAW 2740 AT~
RAW B
soL 7740 TAlT-
soL STA 274N TN~
STA
DATAPOOL
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http://www.bernese.unibe.ch/
https://vmf.geo.tuwien.ac.at/trop_products/GRID/1x1/VMF3/VMF3_OP/

7.1. RINEX file (Khmer GEONET)
Copy the RINEX file archived by Pivot to [RAW] folder of the campaign.
[KND100KMRxxxxxxxxx_MO.crx]: Compact RINEX format file of the observation data

| KND1_0414_MO.crx - XEfR - X
I7WE) B/EE BHQ) =TV NITH)
3.0 COMPACT RINEX FORMAT CRINEX VERS ~ / TYPE ~
Alloy 5.45 14-APR-22 00:00:00 CRINEX PROG / DATE
3.04 OBSERVATION DATA M (MIXED) RINEX VERSION / TYPE
Alloy 5.45 Receiver Operator 20220414 000000 UTC PGM / RUN BY / DATE
KND100KHM MARKER NAME
KND100KHM MARKER NUMBER
GEODETIC MARKER TYPE
0BS AGENCY OBSERVER / AGENCY
6135R40092 TRIMBLE ALLOY 5.45 REC # / TYPE / VERS
TRM159800.00 SCIS ANT 4 / TYPE
-1619494.2095 £040719.2668 1247864.1216 APPROX POSITION XYZ
0.0000 0.0000 0.0000 ANTENNA: DELTA H/E/N
G 15 CIC LIC S1C CIX L1X S1X C2W L2% S2W C2X L2X S2X CBX SYS / # / 0BS TYPES
LBX S5X SYS / % / 0BS TYPES
R 9 CIC L1C S1C C£2C L2C S2C C3X L3X 83X SYS / 4 / 0BS TYPES
E 15 CIX L1X S1X CBX L5X 85X C7X L7X S7X C8X L8X S8X C6X SYS / 4 / 0BS TYPES
LBX SBX 8YS / # / OBS TYPES
J 15 CIC L1C S1C CIX L1X S1X C1Z L1Z S1Z C2X L2X S2X C5X SYS / § / 0BS TYPES
5X 85 SYS / 4 / 0BS TYPES
C 15 CIX L1X S1X 06X L56X 86X C21 L2I 821 C71 L71 S71 CB1 SYS / 4 / OBS TYPES
L61 S61 SYS / % / 0BS TYPES
15.000 INTERVAL
2022 4 14 0 0 0.0000000 GPS TIME OF FIRST 0BS
G L2X -0.25000 SYS / PHASE SHIFT
R L1P 0.25000 SYS / PHASE SHIFT
R L2C -0.25000 8YS / PHASE SHIFT
J L2X  0.25000 SYS / PHASE SHIFT
DBHZ SIGNAL STRENGTH UNIT

23 RO1 1 RO2 -4 RO3 5 RO4 6 RO5 1 RO6 -4 RO7 5 RO8 6 GLONASS SLOT / FRQ 4
RO9 -2 R10 -7 R11 O RI2 -1 R13 -2 R14 -7 R16 0 R17 4 GLONASS SLOT / FRQ #

R18 -3 R19 3 R20 2 R21 4 R22 -3 R23 3 R24 2 GLONASS SLOT / FRO 4
GLONASS COD/PHS/BIS
E HEADER
> 2022 414 0 0 0.0000000 O 54 C60C13C10C 5C 3C 2R 8G31G32C19C39R 2C21059G 3G16R 1R13R11G27C45J 4G 4J 7J 3J 2030C 4C 1036C29C26C56G26R23C 7G22G 8C40C16C38R22C350
344000

3436677968039 3%190991895234 3845300 3436677936598 34155196468618 3849600 8&&4&8&884EL07078488888808088&
3439726531102 34206866527904 3436900 3439726524043 34159962321308 3437100 3439726617789 34168096019750 3835400 &&&44&EA&ELEELOB0BAELOBOBEE0B05
3436220854453 3%188611585457 3445600 3836220840602 34145846461992 3447900 3436220835176 3&153262401399 3847900 8&48&E8&EL&ELO7078807078807078&

2L2R1RTR7NATY 2L10RRRRAZNNTR RL2RINN 2LRRTRIRRRAAY 2LIRAAPIRTAAA? A2ATTNN AL2RTRTIARRARA 2LI1RTA2000711R 224TANN LL2LLLLLLLLLNANALLNANAL LNRNALL

Since the file name is long, change it to a short file name for BERNESE.
Examples are shown below.

KND11720.crx: Compact RINEX format file of the observation data

Compact RINEX format file is converted to RINEX file format. Use [CRX2RNX.exe] for
format conversion.

Open a Windows command prompt. Set the [RAW] folder as the current directory.
Specify the compact RINEX format file to be converted and execute [CRX2RNX.exel].

In addition, specify the directory where [CRX2RNX.exe] was saved and execute it.

B JvVF JovTh
Microsoft Windows [Version 10.0. 19043. 1645]
(c) Microsoft Corporation. All rights reserved

C:¥Users¥001804>cd C:¥GPSDATA¥CAMPAIGNS2¥INTRO¥RAW

C:¥GPSDATA¥CAMPAIGNS2¥ INTRO¥RAW>C: ¥User s¥001804¥Desktop¥RNXCMP_4. 1. 0_Windows_mingw_64bit¥b in¥CRXZRNX KND1_0414_MO. crx
C:¥GPSDATA¥CAMPAIGNO2¥ INTRO¥RAW> o
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[KND11720.rnx]): RINEX format file of the observation data

| KND1_0419_MO.mx - XEiR - X
7’4}\/(9 "E%LE] ER(Q) FRV) ATH)
OBSERVATION DATA M (MIXED) RINEX VERSION / TYPE ~
Al \oy 5 45 Receiver Operator 20220419 000000 UTC PGM / RUN BY / DATE
KND100KHM MARKER NAME
KND100KHM MARKER NUMBER
GEODETIC MARKER TYPE
0BS AGENCY OBSERVER / AGENCY
6135R40092 TRIMBLE ALLOY 5.45 REC # / TYPE / VERS
TRM159800.00 SCIS ANT 4 / TYPE
1619492 9440 6040716 0700 1247864 9000 APPROX POSITION XYZ
ANTENNA: DELTA H/E/N
G 15 CWC UC S1C DIX Lix SWX c2W LZW SZW C2X L2X 82X CBX SYS / 4 / OBS TYPES
LBX S5X 8YS / 4 / OBS TYPES
R 9 CIC L1C S1C C2C L2C $2C C3X L3X S3X SYS / 4 / 0BS TYPES
E 15 CIX L1X S1X 05X L5X 85X C7X L7X S7X C8X L8X $8X C6X SYS / § / 0BS TYPES
LBX S6X YS / 4 / 0BS TYPES
J 15 CIC L1C S1C CIX L1X 81X C1Z L1Z S1Z C2X L2X S2X CbX SYS / # / 0BS TYPES
LBX 85X S /4 / 0BS TYPES
C 15 CIX L1X S1X C5X L5X 85X C21 L2l 821 C71 L71 871 C61 SYS / 4 / OBS TYPES
L61 S61 S / 4 / OBS TYPES
15.000 INTERVAL
2022 4 19 0 0 0.0000000 GPS TIME OF FIRST OBS
G L2X -0.25000 SYS / PHASE SHIFT
R L1P 0.25000 SYS / PHASE SHIFT
R L2C -0.25000 SYS / PHASE SHIFT
J L2X 0.25000 8YS / PHASE SHIFT
DBHZ SIGNAL STRENGTH UNIT
23 RO1 1 RO2 -4 RO3 5 RO4 6 RO5 1 RO6 -4 RO7 5 RO8 6 GLONASS SLOT / FRO 4
RO9 -2 R10 -7 R11 O RI2 -1 R13 -2 R14 -7 R15 0 R17 4 GLONASS SLOT / FRQ 4
R18 -3 R19 3 R20 2 R21 4 R22 -3 R23 3 R24 2 GLONASS SLOT / FRO #
GLONASS COD/PHS/BIS
END OF HEADER
> 2022 419 0 0 0.0000000 O 56 000000002000
C60 36676924.46107 190986448.77607 45.100
c13 39951995.54705 208040663.92005 32.400 39951989.86306 1608701(
c10 36257146.44507 188800654 .36307 45.100 36257132.97708 1459925(
R 8 23796338.92206 127428334.40306 36.400 23796344.31306 99110044 .74806 36.800
C43 26150643.69505 137422022.53805 35.800 26150545.37106 102620329.33906 37.500 26150550.30505 136172756.58105 35.400
C41 25785958.37905 135506140.45505 35.400 25785967.42206 101189662. 40406 40.300 25785965. 14106 134274277.98906 36.900
G 3 225683797.96106 118678570.85006 41.700 22583804.75007 924768¢
Cb

38320699.70305 199545919.94305 35.800 38320685.26606 1543015

Pivot also allows you to download the RINEX format files [KND11720.230].
The [KND11720.230] file can be used as is.

Supplementary Explanation
The RINEX file has the broadcast ephemeris data.

A description of the broadcast ephemeris data is shown below.

However, BERNESE uses the precise ephemeris data. As a general rule, the broadcast
ephemeris data are not used.

[KND100KMRxxxxxxxxx_MN.rnx]: RINEX format file of the broadcast ephemeris data

| KND1_0414_MN.rmx - XEi& x

T7AVE) BEE BXQ =RV AVTH)

\ 3.04 N: GNSS NAV DATA M: MIXED NAV DATA  RINEX VERSION / TYPE ~
Alloy 5.45 Receiver Operator 20220414 000000 UTC PGM / RUN BY / D
GPSA .1583D-07 . 1490D-07 - 20-06 -. 1192D- [ONOSPHERIC CORR
GPSB -1065D+06 . 6554D+05 - 1966D+06 . 1966D+06 [ONOSPHERIC CORR
GAL .7950D+02 -.1953D-01  .1309D-01  .0000D+00 [ONOSPHERIC CORR
QZSA ©2328D-07 -.7451D-08 -.4172D-06 -.6557D-06 [ONOSPHERIC CORR
0ZSB .1229D+06 . 6554D+05 -.1180D+07 -.3146D+07 TONOSPHERIC CORR
BDSA .2235D-07 . 2906D-06 -.2086D-05 .3099D-05 IONOSPHERIC CORR
BDSB 1700D+06 -.9667D+06  .4588D+07 -.2687D+07 IONOSPHERIC CORR
GPUT -. 6519258022D-08 . 168753900D-13 503808 2205 TIME SYSTEM CORR
GAUT - 9313225746D-09 .888178420D-15 259200 2205 TIME SYSTEM CORR
BDUT  .0000000000D+00 . 408562073D-13 14 849 TIME SYSTEM CORR
QZUT  -.2793967724D-08 .000000000D+00 528384 2205 TIME SYSTEM CORR
GAGP . 4220055416D-08 .577315973D-14 345600 2205 TIME SYSTEM CORR
18 18 2185 7 LEAP SECONDS

C60 2022 04 13 23 00 00 -.447384081781D-06 —. 150990331349D-12

12211A79QRRTN_NQ _

1nnnnnnnNNNAN.LN1

1NNIRRRIENNNNLNY

END OF HEADER
.000000000000D+00

NQRARR2RTNQANNLNT
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7.2. RINEX file (IGS Station)

7.2.1. Station Information
Connect to the IGS website.
IGS website: https://igs.org/metwork/

O | & ioSNework x| [ NGSSTATION6: X |

X | @ CoDSlachve x | O RNEXSYS/PH x | © RNEX30S x| O bemese-%% x | [) idecor/mswe x | [ %8 x| @ icshetwork x| @ Inemationail x | - - o x

C A B npssmeorkissors Ao )@ G| 2 - (b

@ CMUMOOTHA € cMUMOOTHA § : ;

@ ARHTOOATA | ] Antarciica  JAVADTRE_3DELTA  JAVRINGANT_DM - SCIS

A ARTUOORUS | Russian Federa . JAVAD TRE_G3TH DELTA ASH700936D_M - DOME

Latitude, Longitude: 18751, 96.932
@ CountryRegion: Chiang Mal, Thaiznd
Download Type Last Data Available: -
e G Bk "' Receiver: TRIMBLE NETR9
ation Loy
chitrd) m Site Name 4 | Country/Region Receiver Antenna - Radome
Station Log (GeodesyML) . ~
% © ALICO0AUS | & Avsiaia  SEPTPOLARXS LEIAR?S R3 - NONE
Global Data Center Link A ALRTOOCAN | J*] canaca ASHTECH UZ-12 ASH701945D_M - NONE
v
coois © AMCA00USA | BE Unieg Stat SEPTPOLARXSTR  TPSCR G5C - NONE
Wuhan University ® ANK200TUR [Es) TRIMBLE NETRS TRM115000.00 - NONE
£sa g Thaiar . © ANMGOOMYS | EES yisiaysia TRIMBLE NETRS JAVRINGANT_DM - SCIS
e S H a g © ANTCOOCHL | fam Chie SEPT POLARXS ~ASHT00936D_M - SNOW
N ]
RINEX Observations v i : A g @® ANTFOOCHL | B Chile STONEX SC2200 STXSA1500 - STXG
-
2 ] ® AREGOOPER | M Pers SEPT POLARXS TRMS59800.00 - NONE
© AREQOOPER | [l Peru SEPTPOLARXS JAVRINGANT_DM - NONE
Zoom 1m 3m 6m YD 1y Al 15 Nov2022 — 15 May 2023

T " " " 20 (] Show 25 v |stations (i) N - 2|3 21

T T
16Jan 30 Jan 13Feb  27Feb  13Mar 17 Apr May 15

Stations as of May 17, 2023 S
on

Select the IGS station mark (@, A) and click [Station Info]l. A is the point that is not

working.
Then click [Station Log (AASCII)] to get information about the IGS station.
EEACTIERERIEL L LR AL EEIE L AL LA EIL AR LE ML L
| T 2 12 ﬂ L...1§ \a R B
3 B \E L ITA P "
1 B R T T R PR E A a Mﬁliigggﬁ'"[;?om;{?;’ A
2 Tnternal lonal GNSS Service: 52 |
3 See Instructions at:e 53 .
é N https://fip.igs.orz/pub/stat ion/zeneral fsitelog instr.txts 54 3. GNSS Receiwer Informations
55 1
g Q Forn s 56 (3.1 Receiver Type : JANAD TRE_G3TH DELTA+
] Prepared by (full name) : Hideki Vamada (JAXA)+ & HEclite e R
] Date Prepared 1 2021-03-28+ i i :
: || 58 Firmvare Version : 3.5.44
:%I ??pagéalﬁi + UPDATE + B0 Elevation Cutoff Gettinz : O dezs
SRS . Bl Date Installed : 2014-02-18T00:00Z «
12 Previous Site Log i coun 20180618. g« B2 Date Removed * 2015-09-24T00:00Z
13 Mod ified/Added Sections @ 12+ B3 Temperature Stabiliz. B
:; " B4 ddditional Infornation : Temperature-controlled room or cabinet<
‘ o 65 s |
16 (1. Site Identification of the GNSS Honument . 66 3.5 Receiver Type : TRIVBLE NETRS+
17 e—— . ‘ 67 Satellite Systen t GPS+GLOHGAL+BDS+QZEE +
1 Bour thneacter 10 G e 80 Serial Nunber : BAZERARTEAL
20 Monument Inscription 8o gg Eimmnvﬁﬂfé?? Setting : 3'31&
512 éﬁﬁsuﬂﬁﬂif Number B %WEDHM”UH 71 Date Installed : 2019-04-17704:532
: 72 Date Removed : COYV-HM-DDThh:nnZ
23| Nonunent Description ¢ STEEL MAST. s "
g; ﬁ?;i:én?fréﬁaim“‘ 3 e 74 ddditional Infornation : Temperature-controlled room or cabinet +
| t 5|
| gg M;E:';dgéésfr"g?‘“s: : 76 4. GNSS Antenna Infornations
: i
28 Date [nstalled : 2014-02-18T00:00Z « 78|41 Antenna Type T AV GRANT-GBT  NONE-
|2 Geologic Characteristic i+ 78 Serial Nunber 01320
a0 Bedrack Type 8o 80 Antenna Reference Point @ Bl
| Bedrock Condition o 8l Warker->ARP Up Ecc. (n) : 0.0000+
32 Fracture Spacing + 82 Marker->ARP North Ecc(n) : 0.0000+
| a3 Fault zones nearby O+ 83 Warker->4RP East Ecc(n) : 0.0000+
| 84 Distance/activity + 84 dlignnent from True N : 0.0 dege
35 4dditional Infornation . a5 intenna Radone Type * NONE o
gg g 86 Radone Serial Nunber B o
38 2. Site Location Informations g; iﬁ%iﬁﬁ: 3:512 [:::th 5 g
e . : 89 Date Installed : 201 4-02-16700:00Z
40 City or Town i Chiang Mai a0 Date Renoved : OYY-HH-DDThh:nnZ «
Tz géﬁ;?rsr Province 8 {hailandw 91 ddditional Information @ o
| B 82 |
| 43 Tectonic Plate EURASTAN « 93 (4. Antenna Type : (A20, from rovr_ant.tah; see instructions)+
44 Approxinate Position (ITRF) 94 Serial Number : (hx, but note the first A5 is used in SINEK)
45 % coordinate (n) : -838078.887 55 antenna Referenca Point © (BPA/BGR/EKL from “antanna.gra”: ses instr.):
46 Y coordinate (n) + 59B0373.965 . 95 Marker->ARP Up Ecc. (n) @ (F8.4)+
4 7 coordinate (n) i 2038404.575 a7 Warker->ARP North Eccln) : (F8.4).
48 Latitude (N is +) 1 +184538.15+ 95 Marker->ARP East Ecc(n) = (F8.4).
49 Longitude (E is +) @ +0985556.56+ 8 Alignment from True N : (deg; + Is clockwise/east) v
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https://igs.org/network/

7.2.2. Download RINEX file

Connect to the NASA website.

NASA’s Archive of Space Geodesy Data: CDDIS | (nasa.gov)
Click [GNSS — Global Navigation Satellite Systeml].

& C A B mesddsnesager 5 8 G|
i EARTHDATA Other DAACS + Qereedback

NASA will be performing network maintenance on Tuesday May 16, 2023, from 11:00 AM EDT (15: . (17:00 UTC),
diffi DI

National Aeronautics and
Adm n

C D D I S NASA's Archive of Space Geodesy Data

Home About CDDIS Dataand Products Techniques Programs Publications Citing our Data CDDIS Text Search

‘ Access Data and Products R

oo - itord
GNSS - Global Navigation BAL Afica
satelite System B S d Antarctica

5
SLR - Satellte Laser Ranging
Australia
VLBI - Very Long Baseline i EECERANE Cairomia
i . Europe

Click [Daily 30-second datal.

<« > C A o6 //cddis.nasagov/T

#% EARTHDATA Other DAACs + QFeedback

L35 National Aeronautics and
@ i

C D D I S NASA's Archive of Space Geodesy Data

Home About CDDIS Techniques Programs Publications Citing our Data | CDDIS Text Search
Data and derived products overview
The CDDIS archives and distributes mainly Global Navigation Sateliite System (GNSS), laser ranging (both to
artifcial satelites, SLR. and the moon, LLR, Very Long Baseline Interferometry ( and Doppler Orbitography

and Radio-positioning Integrated by Satelite (DORIS) data for an ever increasing user communiy of geophysicists.

o5 SR CDDIS data and derived products are accessible at hiips.//cddis.Nasa gov/archive and Via other methods:

High-rate data

Broadcast ephemeris

data
M
Realtime data
mpaign data
On-board receiver data
holdings
P b

Clock produ

Click [https://cddis.nasa.gov/archive/gnss/data/daily/].

The CDDIS archive contains GNSS data from the global network of permanent GNSS recelvers supporting the IGS
operating at a 30-second sampiing rate and containing 24 hours of data (00:00-23:59 UTC). IGS analysis centers
retrieve these data daily to produce IGS products. These products, such as the daily and weekly satellie
ephemerices, station positions and velocities, satelite and station clock information, and the Earth rotation
parameters, are In tum, submitted to the CDD:

Data hoidings

Daily 30-second data

IGS regional data collection centers forward their data holdings of these dally. 30-second GNSS data in
compressed RINEX format to the CDDIS on  daiy basis. At the present fime, an average of more than 500 sites.
Broadcast ephemers are archived in this fashion each day for availabilty to the global science community. In general, a majority of the
data data delivered to and archived In the CDDIS are avallable 10 the user community within a few minutes (10 a few
hours) after the end of the observation day

Daily GNSS data available in RIN: format use the mmmmDDD#. Y Yt gz filename convention and are in
gzipped format as of December 1, 2020. Files received prior to this date Use the mmmMDDDH YY Z fiename
convention and are In a Unix compressed format. Starting with data from 2016, alldally GNSS data In RINEX V3
Campaign data format that use the RINEX V3 filenaming convention and the gzip compression format are archived with data in
RINEX V2 format, in subdirectories in the /gnss/dataidaily area

On-board recelver data

Product holdings For RINEX V2 data, the CDDIS utlizes UNAVCO's TEQC (Transiation, Editing and Qualty Checking) software on
incoming daily 30-second files for quality checking purposes. Metadata are extracted from the TEQC output and
onbits stored in the CDDIS database. Data qualty information is also maintained in dally "status" fles, with filename

convention YYYDDD status, that reflect the timeliness of the data delivered as well as Statistics on number of data
points, cycle siips, and mulipath. Users can thus obtain a snapshot of data availabilty and quality by viewing the
contents of these "status” files. Valid data are then archived on-ine in dally subdirectories by year, day, and flle type
within the file system in the /gnss/data/daily area. Content metadata for the RINEX V3 data are also extracted and
Stored in the CDDIS database. Data quality information is maintained in daily V3 "status" fles with the filename
convention YYDDD.V3status.

Reference frame

lonosphere/Troposphere

MGEX
RINEX V2 and RINEX V3 fles are archived in the same directories.

Repors Append the following directory and file names to the starting directory using the format codes In the links below:

MEaS

Differential code bias

Realtime products

Related links
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https://cddis.nasa.gov/

After registering as a user, log in.

& EARTHDATA Find a DAAC +

Username @

pascopasco

Password

understand the u
REGISTER experience throuj

by international af

Click the year folder of the RINEX file to be used.

€ G Q@ O npsycadisnasagoviarchive/gss/data/dai
1993

o 1994

o 1995

1996

o o7

Click the day of year folder of the RINEX file to be used.

& C @ nhtips//cddisnasagov/archive/g

© Parent Directory
001

o 002

o 003
004

Click the folder of the RINEX file to be used.
[23d] is compact RINEX format of the observation data.

C D DI S NASA's Archive of Space Geodesy Data

About CDDIS  Data and Products  Techniques Programs Publications  Citing our Data  CDDIS Text Search

Parent Directory

Download the RINEX file of the IGS station to be used.
Click [23d].

After downloading, convert the compact RINEX format file to RINEX file format.

@ Parent Directory

.| ABMFOOGLP_R_20230010000_01D_30S_MO.Crxgz  2023:01:04 07:51:25 393M8
. ABPOOOMDG_R_20230010000_01D_30S_MO.crxgz ~ 2023:01:0200:16:47 3.97MB

. AC2300USA_R_20230010000_01D_15S_MO.cixgz ~ 2023:01:0204:20-14 9.39MB
. AC2400USA R 20230010000_01D_155_MOCrxgz  2023:01:02 034506 10.46MB
. ACRGOOGHA R 20230010000 01D_30S_MOCrxgz ~ 202301:0200:4126 4.9M8

| ACSO00USA_R_20230010000_01D_15S_ MOCiXgz  2023:01:0202:45:06 7.55MB

.30-
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7.3. Precise orbit files and IGS/IERS pole files
Download the precise orbit files and the IGS/IERS pole files from the download site.
Download site for 2023 data: http://ftp.aiub.unibe.ch/CODE/2023/

CGIMIB00.23H.7 04-Jul-2023 06:31 461

ErHRE R 05-Jul-2023 06:37 465 L
lg_g DOPSFIN 20230010000 010 01D ERP.ERP.g=z I 13-Jan-2023 19:33 545 =
PR BNV ol (Rt 1008 010 0 U R %) s o) NN 13-Jan-2023 19:33 118K

CODDOPSFIN 20230010000 010 010 SOL.SHX. g2z 13-Jdan-2023 19:33 35H

CODDOPSFIN 20230010000 010 O1H GIM.IHX.gz=z 13-Jdan-2023 19:33 317K +
CODDCOPEFIN 20230010000 010 D1H GIM.ION.g=z 13-Jan-2023 19:33 BTk

FaTaRTn e Wl IRTaTaEaTRIn N n TR TR T Ll T'\l’\ Ll ]S_Jan_zuza ]9:33 54K

CODDOPSFIN 20230010000 010 05 0%3.533.%-' 13-Jdan-2023 19:33 588K o
UL D- O OO o L0 AL ) N ) N ]3-Jan-2023 ]9:33 ]BM

CODDOPSFIN 20230010000 010 053 CLK.CLK W2.gz 13-Jan-2023 19:33 16M

CODOOPSFIN 202300710000 010 308 ATT.OBX.zz 13-Jan-2028 18:33 oM s

[CODOOPSFIN_20yyddd0000_01D_05M_ORB.SP3.gz]: Compressed file of the precise
orbit file
[CODOOPSFIN_20yyddd0000_01D_01D_ERP.ERP.gz]: Compressed file of the IGS/IERS
pole file

lyyyyl: year
[ddd]: Day of year

e.g. [CODOOPSFIN_20230010000_01D_05M_ORB.SP3.gz] is the compressed file of the
precise orbit file at 1st January 2023

e.g. [CODOOPSFIN_20230010000_01D_01D_ERP.ERP.gz] is the compressed file of the
IGS/IERS pole file at 1st January 2023

Unzip and rename the file.
From [CODOOPSFIN_20yyddd0000_01D_05M_ORB.SP3] to [IGS_yyyyddd0.PRE]
From [CODOOPSFIN_20yyddd0000_01D_01D_ERP.ERP] to [COD_yyyyddd0.IEP]

Copy the precise orbit files and the IGS/IERS pole files to [ORB] folder of the campaign.
CAMPAIGNS54 A e B 3R i #42
230507
230508
ATM
BPE
GEN
GRD
OBS
ORB
ORX
ouT
RAW

| COD_20231280.IEP 2023/05/19 15:46 IEP J71 )
1 1GS_20231280.PRE 2023/05/19 15:46 PRE 271 )l

SoL
STA
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http://ftp.aiub.unibe.ch/CODE/2023/

7.4. Code bias files
Download the code bias files from the download site.
Download site for 2023 data: http:/ftp.aiub.unibe.ch/CODE/2023/

[P1C1lyymm.DCB.Z]: Compressed file of the P1C1 code bias file

CODLOPSE TN TS T eS0T U0 UTH GIM. LTHX . 22 Ub-dul-2U023 2205k 2K ~
CODOOPSFIN 20531830000 010 O1H GIM.TOW.gz 0B-Jul-2023 22:36 BOK +
P1C12301.0CE.Z 04-Feb-2023 05:47 i

P1C123071.F.2 04-Feh-2023 09:47 325

P1C12301 RIMEX.DCH.Z 08-Feb-2023 06:27 G461

- EGQ-:E&'; 08-Feb-2023 06:27 328 (]
P1C12302.0CE.7 04-Mar-2023 05:47 564

S D 04-Mar-2023 05:47 330

P1G12302 RIMEX.DCE.Z 08-Mar-2023 06:23 6484 v 533

[P1P2yymm.DCB.Z]: Compressed file of the P1P2 code bias file

FllldaUB .0 .28 g=dul=2uUsLd L. Jdoo "
P1CT2306.F.7 04-Jul-2023 05:47 328 +
PICT2?306 RINEX.DCE.Z 0B-Jul-2023 06:31 Ba64
P1C12306 RINEX.F.Z 0B-Jul-2023 06:31 334
P1P22301.0CR.7 04-Fehb-2023 05:47 795

PR E 04-Fekb-2023 05:47 BO16 ]
PIPZZ302.0CE.Z | 04-Har-2023 05:48 778
FTPZealy RCC.00E. 04-Mar-2023 06:48 G180
PIPZZA05.008.L 0d-Apr-2023 08:47 800 - W

[yyl: Year (20yy)
[mm]: Month

e.g. [P1C12301.DCB.Z] is the compressed file of the P1C1 code bias file at January 2023
e.g. [P1P22301.DCB.Z] is the compressed file of the P1P2 code bias file at January 2023

Unzip and copy the code bias files to [ORB] folder of the campaign.

-

CAMPAIGNS4 L

anf

i

2023001 COD23001.IEP

ATM | 1GS22001.PRE
BPE P1C12301.DCB
GEN P1P22301.DCB

GRD
0OBS
CORB
ORX
out
RAW
SOL
STA

.32-


http://ftp.aiub.unibe.ch/CODE/2023/

7.5. Global ionosphere model file
Download the global ionosphere model files from the download site.
Download site for 2023 data: http:/ftp.aiub.unibe.ch/CODE/2023/

CGIMZ000.23N. 7 24-Jul-2023 10:20 466 A
CGIMZ0T0.23N. 7 2h-Jul-2023 06:38 481
CGIMZ020 23N, 7 26-Jul-2023 06:36 481 0
CODOOPSF IN_ 70230010000 010_010_ERP.ERP. gz 13-Jan-7023 19:33 546 Q,
CODOOPSF IN_ 70230010000 010 010 _0SB.BIA. g7 13-Jul-2023 14:07 118K
CODOOPSF IN_ 20230010000 _010_010_SOL . SNX. gz 13-Jan-2023 19:33 35M

i e e mm e e natims 13-Jan-2023 19:33 317K &
@UOJS: 20230070000_010_0TH_GIM. DN.;;-I 13-Jan-2023 19:33 B1K

o er (071w L 0 A P G- 13-Jan-2023 19:33 54K
CODOOPSFE IN_20230070000_010_06M ORB.5P3. 2z 13-Jan-2023 19:33 538K v
CODOOPSE IN_20230010000_010_065_CLK.CLK. gz 13-Jan-2023 19:33 16M
CCOOOPF N Z0000 OO0 D10 O Tk Ve |3-Jan-2023 1933 TeM "

[CODOOPSFIN_yyyyddd0000_01D_01H_GIM.ION.gz]: Compressed file of the global

ionosphere model file

lyyyyl: year
[ddd]: Day of year

e.g. [CODOOPSFIN_20230010000_01D_01H_GIM.ION.gz] is the compressed file of the
global ionosphere model file at 1st January 2023

Unzip and rename the file.
From [CODOOPSFIN_20yyddd0000_01D_01H_GIM.ION] to [COD_yyyyddd.ION]

Copy the global ionosphere model files to [ATM] folder of the campaign.

CAMPAIGNS4 A oam BHAE wa #42
230507 | COD_20231280.10N 2023/05/19 15:46 10N J71 )
230508
ATM
BPE
GEN
GRD
OBS
ORB
ORX
out
RAW
SOL
STA v < >
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7.6. Tropospheric delay model file (VMF grid data file)
Download the tropospheric delay model files (VMF grid data files) from the download
site.
Download site for 2023 data:
https://vmmf.geo.tuwien.ac.at/trop_products/GRID/2.5x2/VMF1/VMF1 OP/2023/

m O | google FF - Google 5 X | [ Index of /ftrop_products/GRID/2° X | - a X
G o] https://vmf.geo.tuwien.ac.at/trop_products/GRID/2.5x2/VMF1/VMF1_0OP/2023, A iy {E r‘@o .: L'_ﬂ/\‘
Index of /trop_products/GRID/2.5x2/VMF1/VMF1_0P/2023 °‘
¢

Name Last modified Size Description P

G _20230101.H00 2023-02-01 09:35 653K
VMEG 20230101.H06 2023-02-01 09:35 653K
VMFEG 20230101.H12 2023-02-01 09:35 653K
VMEG 20230101.H18 2023-02-01 09:36 653K
VMEG 20230102.H00 2023-02-01 09:36 653K

E] T UOUITUZL MUD ZUZ5UL7UL USF. SUUION

@VMFG 20230102.H12 2023-02-01 09:36 653K (i}
@ VMEG 20230102.H18 2023-02-01 09:37 653K

m VMFG 20230103.H00 2023-02-01 09:37 653K -

The VMF grid data files are created every 6 hours.
Use 4 files of the day of baseline analysis and the first 1 file of the next day.

Click the file name to see the data.

! Yersion: 1.0

! Source: J. Boehm, TU Wienna (created: 2023-02-01)

! Data_tvpes: YMF1 (lat lon ah aw zhd zwd) G
! Epoch: 2023 01 01 00 0O 0.0 *
! Scale_factor: 1.e+00

! Rangze/resolution: -80 80 0 360 2 2.5 7
! Comment : http:/fvnf . gea.tuwien.ac.at trop_products//GRID/?.5x2 AMP1/YHET_OP/

40.0 0 0.000168121  0.000682325 2.3238 0.0075

90.0 2.5 0.00116121 0.00062325 2.3238 0.0075 i
90.0 5.0 0.00116121 0.00062325 2.3238 0.0075

90.0 7.5 0.00116121 0.00062325 2.3238 0.0075 +
90.0 10.0 0.00116121 O0.00062325 2.3238 0.0075

90.0 12.5 0.00116121 0.00062325 2.3238 0.0075

90.0 15.0 0.00116121 O0.00062325 2.3238 0.0078

90.0 17.5 0.00116121 0.00062325 2.3238 0.0075 D
90.0 20.0 0.00116121 0.00062325 2.3238 0.0075

90.0 22.5 0.00116121 0.00062325 2.3238 0.0075

90.0 25.0 0.00116121 0.00062325 2.3238 0.0075 i;
90.0 27.5 0.00116121 0.00062325 2.3238 0.0075 -

Merge 5 files using a text editor.

The file name is [VMF_yyyyddd.GRD].
lyyyyl: Year
[ddd]: Day of year
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https://vmf.geo.tuwien.ac.at/trop_products/GRID/2.5x2/VMF1/VMF1_OP/2023/

Copy VMF grid data file to [GRD] folder of the campaign.

v

v

CAMPAIGN54
230507
230508

ATM
BPE
GEN
GRD
OBS
ORB
ORX
out
RAW
SOL
STA

~

e=-1]

<] VMF_20231280.GRD
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EH AR

2023/07/29 9:55
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GRD 771
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7.7. Observation point coordinate file

7.7.1. Get Coordinate file of IGS Station
Download the IGS station coordinate file [IGS20.CRD] from the download site.
Download site: http:/ftp.aiub.unibe.ch/ BSWUSER54/REF/

G 4. F LA Ui=dUT=ZUZ3 Ug+Z] 45Zh "
Go14.PED 07-Jul-2023 05:21 24K +
GE14.WEL 07-dul-2023 05:21 103K

GE14 R.CRD 07-Jul-2023 05:21 21K

L= o 07-dul-2023 05:21 22K

Ga2l . CRD I 07-Jul-2023 05:21 138K D
= i 07-dul-2023 05:21 5274

Ge20.PSD 07-Jul-2023 05:21 34K

IGE20.YEL 07-Jul-2023 05:21 143K i}
1GE20 R.CRD 07-Jul-2023 05:21 2ak -

7.7.2. Create Coordinate file

Create coordinate data for the IGS and Khmer GEONET stations using a text editor.
The coordinates of the IGS station are the values of [IGS20.CRD] file.

Coordinates of the Khmer GEONET station can be temporary values, but accurate

values are better. For example, use the ITRF2014 values entered in Pivot.

LOCAL GEODETIC DATUM: [GS20 EPOCH: 2015-01-01 00:00:00

NUM STATION NAME X (M Y (M zZ M FLAG SYSTEM

.36-

1 ANMG -1270826. 89380 6242631. 33340  307792. 42240 I
2 GMUM -938078. 34810 5968373. 98630 2038404. 32190 I
3 Cusv -1132914. 86460 6092528. 56900 1504633. 21270 I
4 HKSL -2393382. 91750 5393860. 99760 2412592. 23210 I
5 PTAG -3184318. 71050 5291065. 49990 1590418. 24380 I
6 SINI -1507972. 63360 6195613. 86690  148488. 03430 I
7 KND1 -1619492. 94400 6040715. 07000 1247864. 90000
8 KSP1 -1572714. 36600 6050448. 84600 1260501. 89200
9 PNH1 -1603672. 47300 6038739. 32500 1277314. 62100

10 SIE1 -1490303. 89300 6024644. 81700 1465891. 13600

11 STG1 -1706798. 61200 5963096. 21200 1481479. 65100



http://ftp.aiub.unibe.ch/BSWUSER54/REF/

7.7.3. Edit Coordinate file

Copy the observation point coordinate file to [STA] folder of the campaign.

| CAMPAIGNS4 A EH = HE i H42
230507
230508
ATM
BPE

GEN

GRD
0BS

ORB
ORX
ouT

‘a KHM _201500.CRD 2023/07/29 9:59 CRD 771l

soL
STA v e >

_—ed e e e e e et e e et

Click [Station Coordinates] to display the submenu.

Bl Bernese GNSS Software Version 5.4 - O X

Edit station files Station coordinates

” Aop: ‘ Prev | Al Cance?| | S ASH| | ARun ‘ “Output | Rer*un
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Select the coordinate file and click [OK].

Bl Bernese GNSS Software Version 5.4 - O X

. Edit Coordinates X

<3:/CAMPAIGN54/230508/STA/ |

B
B KHM_201500.CRD

L —

=

| ~Top | “Prev: | Next || Cance’l | S | 2Run | “Ouiput, | Rer’un) |

Enter Title, Coordinate epoch, Geodetic datum, Station name and the coordinate values.
Click [*Save].

. Bernese GNSS Software Version 5.4 - O X

—-2393382.

5393860.9976

2412592.2321

—-3184318.

5291065.4999

1590418.2438

-1507972.

6195613.8669

148488.0343

-1619492.

6040715.0700

1247864.9000

-1572714.

6050448.8460

1260501.8920

-1603672.

6038739.3250

1277314.6210

| 2Top || 2Prev: | “Next |

-1490303.

Title: Can be entered arbitrarily

Coordinate epoch: The year, month, day, hour, and second for which the coordinates were

calculated.

Geodetic datum: e.g. IGS20

Run | “Guiput ||k

6024644.8170

=

-38-

erAun |

1465891.1360




If you save, they will be sorted by the station name.

—_

— OO UIWOWoO~ICON—

—_

LOCAL GEODETIC DATUM:
STATION NAME

ANMG
GMUM
CUSV
HKSL
KND1
KSP1
PNH1
PTAG
SIE1
SIN1
STG1

16520
X (W

-1270826. 89380
-938078. 34810
-1132914. 86460
-2393382. 91750
-1619492. 94400
-1572714. 38600
-1603672. 47300
-3184318. 71050
-1490303. 89300
-1507972. 63360
-1706798. 61200

EPOCH: 2015-01-01 00:00:00

Y (M)

6242631. 33340
5968373. 98630
6092528. 56900
5393860. 99760
6040715. 07000
6050448. 84600
6038739. 32500
5291065. 49990
6024644. 81700
6195613. 86690
5963096. 21200

-39-
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307792. 42240
2038404. 32190
1504633. 21270
2412592. 23210
1247864. 90000
1260501. 89200
1277314. 62100
1590418. 24380
1465891. 13600

143488. 03430
1481479. 65100




7.8. Plate definition file

Create the plate definition file using a text editor.

LOCAL GEODETIC DATUM: 1GS20

NUM STATION NAME VK (M/Y) VY (M/Y) VZ (M/Y) FLAG PLATE
1 ANMG EURA
2 GMUM EURA
3 Gusv EURA
4 HKSL EURA
7 KND1 EURA
8 KSP1 EURA
9  PNH1 EURA
5 PTAG PHIL

10 SIE1 EURA
6 SINI EURA
11 STG1 EURA

Copy the plate definition file (KhmrGEONET.PLD) to [STA] folder of the campaign.

~

CAMPAIGNS4 U ExAE EE
230507 7J KHM_201500.CRD 2023/07/29 10:02 CRD 774 )b
230508 -] KhmerGEONETPLD 2023/07/28 14:22 PLD J71 )l

ATM
BPE
GEN
GRD
oBs
ORB
ORX
ouTt
RAW
soL
STA wlla

-40-




Click [Tectonic plate assignment] to display the submenu.

Bl Bernese GNSS Software Version 5.4 - O X

Edit station files

Tectonic plate assignment

| Cance’! ‘ S fSavel || *Run| put

Select the plate definition file and click [OK].

Bl Bernese GNSS Software Version 5.4 - O X

. Tectonic plate assignment X

=./CAMPAIGN54/2023001/STA/ 7|

m..
B KhmrGEONET.PLD

G

ARun | ~0utput | Rerrun |

-41-



Enter Title, Num, Station name and Plate.
Click [Save].

. Bernese GNSS Software Version 5.4 - O X

il
2
3
4
7
8
9
5

+(+ [+ [+[+[+][+[+][+][+][+]

-42-



Cambodia is on the Sunda plate.

Fig.1 Sunda Plate
https://en.wikipedia.org/wiki/Sunda_Plate#:~text=The%20Sunda%20Plate%20is%20a
)

%20minor%20tectonic%20plate,movement%20at%2010%20mm%2Fyr%20eastward %20

relative%20to%20Eurasia

Fig.2 Plate for Bernese
http:/ftp.aiub.unibe.ch/ BSWUSER52/STA/plates.pdf

-43-


https://en.wikipedia.org/wiki/Sunda_Plate#:%7E:text=The%20Sunda%20Plate%20is%20a%20minor%20tectonic%20plate,movement%20at%2010%20mm%2Fyr%20eastward%20relative%20to%20Eurasia
https://en.wikipedia.org/wiki/Sunda_Plate#:%7E:text=The%20Sunda%20Plate%20is%20a%20minor%20tectonic%20plate,movement%20at%2010%20mm%2Fyr%20eastward%20relative%20to%20Eurasia
https://en.wikipedia.org/wiki/Sunda_Plate#:%7E:text=The%20Sunda%20Plate%20is%20a%20minor%20tectonic%20plate,movement%20at%2010%20mm%2Fyr%20eastward%20relative%20to%20Eurasia
http://ftp.aiub.unibe.ch/BSWUSER52/STA/plates.pdf

7.9. Observation point velocities file
Click [Compute NUVEL velocities] to display the submenu.

Bl Bernese GNSS Software Version 5.4

Coordinate tools

Compute NUVEL velocities

I Top, ‘ *Brev: | “Next ‘ Cance’l ‘ S 5 || #Sa “Run| | *Output | Rertun)

Select Input coordinate file and Plate definition file.
Enter the file name of the Output velocity file.
Click [*Next].

. Bernese GNSS Software Version 5.4

KHM 201500

-
e
?LD

KhmrGEONET

[Fiop | Prey "Qutput | Rer*un

-44-



Click [*Next].

Bl Bernese GNSS Software Version 5.4 - O X

\ “Output: [ Rertun)

Enter Title and select [ALL] for Select station for output file.
Click [*Run].

Bl Bernese GNSS Software Version 54 - O X

khmwe GEONET IGS20

\ “OUtpul \ Rerfun \

-45-



7.10. Station information file
Copy the sample file of the station information file (KHM_20231280.STA) to [STA] folder

of the campaign.

Click [Station information file] to display the submenu.

Bl Bernese GNSS Software Version 5.4 — O X

Edit station files

Station information file

| op \ “Prev: | “Next \ Cance’| \ Sav

Select the sample file and click [OK].

B Bemese GNSS Software Version 5.4 - a X

Ml station Info X

=1 C:/ICAMPAIGN54/INTRO/STA/ 7

L
M IGSGEONET.STA

IGSGEONET.STA

-46-



(1) Type 001

Enter Title, Station name, From, To and Old station name.

Click [*Next].

. Bernese GNSS Software Version 5.4

| ATop. || APrev; |

Station name: Station name for Bernese
From: Start time of observation
To: End time of observation

0O1d station name: Observation point name entered in [Marker Name] of RINEX file

-47-



(2) Type 002
Download PCV correction file from the download site.
Download site: http://ftp.aiub.unibe.ch/ BSWUSER54/REF/

Index of /BSWUSER54/REF/

0

L

Co4_14/ 30-Mar-2023 06:31 -
— : 20-Jul-2023 07:13 32
ANTENNA_[70.rCY | 20-Jul-2023 01:13 43
e 20-Jul-2023 0113 36M
ANTENNA RZ0 POV 0-Jul-2023 01°13  30M
BULLET A.ERP 30-Jul-2023 04756 M
C04_I080.ERP 14-Jul 2023 20148 5ok
C04_108/ ERP 14-Jul 2023 20148 5oK

Copy PCV correction file to the [C:/CAMPAIGN54/2023001/GEN] folder of the campaign.

v

v

CAMPAIGN54 2

2023001
ATM

BE

BPE
GEN
GRD
OBS
ORB
ORX
out
RAW
SoL
STA

| OBSERV COD.SEL
[ 7] sESSIONS.bek
| ] SESSIONS.SES
] ANTENNA_I20.PCV

~

EH AR

2023/07/07 10
2023/07/20 14

Antenna information can be found on the NOAA website.
NOAA website: https://www.ngs.noaa.gov/ ANTCAL/

<&

g

Cc 6

https://www.ngs.noaa.gov/ANTCAL/#

Antenna Calibrations

National Geodetic Survey

2023/07/07 10:13
2023/07/14 18:47

& ¥4
SEL 774 )b
BCK 771 )b
:31 SES 771l
26 PV 271 )1
>
=

—Emm;m e

Trimble

Individual
NOTE:
Expand ar

Antenna Code

TRM105000.10

TRM115000.00

TRM115000.00
https://www.ngs.noaa.gov/ANTCAL/#

Browse Antenna Information by Company Brand and Model ~

TPM - Topomap

TPS - Topcon Positioning Systems Inc.
TRM - Trimble Navigation Ltd.

TRS - Tersus GNSS Inc

TTN - Titan
TWI - Tallysman Wireless Inc.
Radome [
Code Images Calibrations
NONE Drawing ANTEX
Label ANTINFO
Side
Top
TZGD Label ANTEX
Side ANTINFO
Top
NONE Label ANTEX
Side ANTINFO

Access Calibrations for All Antennas ~ Help Links ~

1ages and orientation definitions.

tter code. On a mobile device follow link at top of column.

Description

Zephyr 3 rover; switchable MSS filter in LNA; p/n 105000-10;
L1/L2/L5/G1/G2/G3/E1/E2/E5ab/E6/BDS

L1/L2/L5/G1/G2/G3/E1/E2/E5ab/E6/BDS

L1/L2/L5/G1/G2/G3/E1/E2/E5ab/E6/BDS

-48-

Zephyr 3 Geodetic; switchable MSS filter in LNA; p/n 115000-00;

Zephyr 3 Geodetic; switchable MSS filter in LNA; p/n 115000-00;

Date Calibrated | ARP NRP
22-DEC-16 BAM T™T
22-DEC-16 BAM RXC
22-DEC-16 BAM RXC



http://ftp.aiub.unibe.ch/BSWUSER54/REF/
https://www.ngs.noaa.gov/ANTCAL/

Select PCV correction file.
Enter Station name, From, To, Receiver type, Receiver serial number, Antenna type and

Antenna serial number.
Click [*Next].

[l Bemese GNSS Software Version 5.4 o X

[ANTENNA_I20

TRIMBLE ALLOY 6135R40092
TRIMBLE ALLOY 6139R40020
TRIMBLE ALLOY 6139R40033
TRIMBLE ALLOY 6140R40026
TRIMBLE ALLOY 6135R40098
TRIMBLE NETR9 5423R48722 JAVRINGANT |
TRIMBLE NETR9 5423R48734 JAV_GRANT-G:
JAVAD TRE_3 DELTA 01926 JAVRINGANT |
LEICA GR50 1870250 LEIAR25.R4

LEICA GR50 1871663 LEIAR25.R4

TRIMBLE NETR9 5133K77754 LEIAR25.R3

[l Bemese GNSSS Software Version 5.4 o X

TRM159800.00 6201333025

TRM159800.00 SCIS 6201333023 0.0000 0.0000 0.0000

TRM159800.00 SCIS 6202333035 0.0000 0.0000 0.0000

TRM159800.00 SCIS 6202333054 0.0000 0.0000 0.0000

TRM159800.00 SCIS 6201333020 0.0000 0.0000 0.0000

JAVRINGANT DM SCIS 00449 0.0000 0.0000 0.0000

JAV_GRANT-G3T  NONE |01320 0.0000 0.0000 0.0000

JAVRINGANT DM NONE |00918 0.0000 0.0000 0.0000

LEIAR25.R4 LEIT |725194 0.0000 0.0000 0.0083

LEIAR25.R4 LEIT |726458 0.0000 0.0000 0.0000

LEIAR25.R3 LEIT |09330041 0.0000 0.0000 0.0000

[~
| |

“ ‘ ‘ ‘ “Run; | “Output:
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(3) Type 003
Click [*Next].

[ Bermese GNSS Software Version 5.4 - o X

station name  [Flagfyyyy mn dd bh mm ss|yyyy mmdd bhomm sslRemark | |4

\ ARun; \ “Output [ Rertun;

(4) Type 004
Click [*Next].

[l Bemese GNSS Software Version 54 - O X

(5) Type 005
Click [*Savel.

[l Bemese GNSS Software Version 5.4 - u} X

You can also create it using the text editor.

You can also use the existing file.
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7.11. Observation point abbreviation file

Create the observation point abbreviation file using a text editor.

Khmer GEONET 1GS20 16-MAY-23 14:55 ~
Station name 4-1D 2-1D Remark
Sekokkorlckokkkkokkok Fokokok *ok

ANMG 0001 01

CMUM 0002 02

cusv 0003 03

HKSL 0004 04

PTAG 0005 05

SIN1 0006 06

KND1 0007 07

KSP1 0008 08

PNH1 0009 09

SIE1 0010 10

STG1 0011 1

Copy the observation point abbreviation file [KhmerGEONET.ABB] to [STA] folder of

the campaign.

| CAMPAIGN54 A g EHAR

B 2023001 ] KH201500.CRD 2023/07/07 17:39
o ATM ] KH2023001.STA 2023/07/20 14:44
 BPE ) KhmrGEONETPLD 2023/07/14 18:49
. GEN ) KhmrGEONETVEL 2023/07/20 14:14
" GRD I \ﬂ KhmerGEONETABB 2023/07/20 14:48
. 0BS
 ORB
 ORX
. our
. RAW
o soL
 STA v < I >

Click [Abbreviation table] to display the submenu.

Bl Bemese GNSS Software Version 5.4 - ] b3

Edit station files

Abbreviation table

| *Tiop: ‘ "Preyv, ‘ “Next ‘ Cance’| ‘ Save “Save ‘ “Run ‘ “QOutput | Rertun
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Select the sample file and click [OK].

. Bernese GNSS Software Version 5.4

. Abbreviations (Open an existing file or Save into a new file X

< /CAMPAIGN54/2023001/STA/ |

m.
B KhmerGEONET. ABB

fABS 1 Gcancal

Aop | “Prev: | “Next | Cance’l | < S A ARun | “Output | Rer*un
|

Enter Title Station name, Abbreviation (4-Chr) and Abbreviation (2-Chr).
Click [*Save].

Bl Bernese GNSS Software Version 5.4

You can also create it using the text editor.

You can also use the existing file.
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7.12. Ocean tide parameter file
Order the Ocean tide loading provider to calculate by email. You can receive the results
by email.

Provider site: http://holt.oso.chalmers.se/loading/

Select ocean tide model

A brief description of the ocean tide models can be found here. Note: Default model is a fake to bar spammers
[FES2014b ~ |

What type of loading phenomenon do you consider
@ vertical and horizontal displacements

O gravity (nm/s2) and tilt (nrad)

using Greens function
@ elastic (Farrell, 1972)
O visco-elastic (STW105)

If you have selected vertical and horizontal displacements, you can correct for the
centre of mass motion of the Earth due to the ocean tides .
{ NO means your frame origin is in the solid earth centre,
YES that it is in the joint mass centre of solid earth and ocean.)
Do you want to correct your loading values for the motion?
@ NO
O YES

Want a plot? option is available for the ocean models with a grid constant = (1/8)°

The plots show the grid refinement in the near-field and also the resolution of the coastline.

They are generated for each site that involves the loading post-processor. Notice "Computed by OLMPP" in the result file.
@ NO

O YES

Fetch plot here after you received the results. Look for your user name: nsawe-olmppl -png sawme-olnpp?.png etc.

Also see the Caption common to all maps.

What kind of output format is required?

® BLQ(normal)

O HARPOS(... RECENTLY ADDED FEATURE ...}

Gravity loading parameters for TSOFT and g-Software can be converted from BLQ with olgt.pl
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http://holt.oso.chalmers.se/loading/

Where are your stations?
In the following form, up to one hundred stations can be entered, each station on a separate line.

In the case of displacements, the height of the station above sea level is irrelevant; it is not necessary to specify this parameter at all.

Name of station_________ HLnng\lude (deg)| Latitude (deg)| Height (m) OR)

Nane of station H3 ¥ I

/7 Records starting with // are treated as comments

//ABCD 4774669360 2104508, 140 4ZZEEI7Z.E[II

/fOnsala 11.8264 57.3958

mleroocoosoosoosaacan 8009000000000000 ®00000000pppasaa€onnonaoaggaanna

G —lzmeza.aaaan Baigsiaises T Soines iarie

ClHUN = .34810 5968373.98630 2038404.32190

ClISY —Hazau.awn 6097528.56800 [504633.21270

HESL -2303302.01750 5393060.99760 2417592.23710

PTAG -3184316.71050 5291065.49890 1590418.24380

SINI -1507972.63360 619561386690 | 40488.03430

KND | -1619402.04400 §040715.07000 1247864.80000

KSP 1 -1572714.38600 6050448.84600 1260501.88200

PHI -1603672.47300 G038738.32500 1277314.62100

SIE! -1480303.88300 6024644.81700 1485831.13600

STGI -1706798.61200 5963096.21200 1481479.65100 4
‘

Our fixed column layout: Show example

No blankspace to the left.

24 characters for the station, 25'th column blank, then three numerical fields with a width of 16 characters each, no TAB characters please! Each value MUST carry
one floating-point dot followed by at least one decimal, but three decimal places (case XYZ) or five (case degrees) are more than sufficient.

On a UNIX/Linux system you can produce stat\'on lines for copy-and-paste with

printf “§-24s K15.3f K15.3f %15.3f¥n” Snane $x §y
printf "H-24s #15.5f %15.5f %15.3f¥n” Snane $lon $\at Shet

What is your e-mail address?
Note: Because of a large amount of misuse we deny requests with return addresses at a couple of noterious domains.

[ )

Drift messages, planned outages of service

Name of station | |lLongitude (deg)| Latitude (deg)| Height (m) OR
Name of station | X (m) Y (m) Z (m)
comments //| Records starting with // are treated as comments
BCD 4274689.360 2104509.140 4226072.801
Just for here |/ onsala 11.9264 57.3058 0.0000
and now T e R el EEME ST B e e N YR Falle oS AT ORI ST
uscl 1762489.87752 -5027632.73924 | -3496009.24080
FBAQ 41732M001 2073316.48913 | -5621607.72877 | -2182074.32127
SANT 41705M003 1769693.47659 | -5044574.30863 | -3468320.86540
Onsala s b 264 57.3958 0.0000

two words at maximum gully

decimal points mandatory
XY Z and height in metres:  two positions after the decimal point yield sufficient precision

Longitude and latitude in degrees:  four positions after the decimal point are required
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Create the ocean tide parameter file [XXXXX.BLQ] using a text editor (XXXXX can be
named arbitrarily).

[CMC Value] is not entered in the result.

Follow the link below to display [CMC Valuel].

Enter [CMC Value] by referring to [EXAMPLE.BLQ].

If you have selected vertical and horizontal displacements, you can correct for the
centre of mass motion of the Earth due to the ocean tides .
( NO means your frame origin is in the solid earth centre,
YES that it is in the joint mass centre of solid earth and ocean.)
Do you want to correct your loading values for the motion?

® NO -

You can obtain CMC parameters in the following two variants

1. CMC with a correction for tidal mass conservation (that was the standard upto July 29, 2011
2. CMC MIB without (" _MIB " signifying the mass imbalance implied)

You can see the adjustment (uniform, co-oscillating slab with cos and sin components) in the
collection of mass imbalances. The format is explained as follows:

=y e====.oe.o —_———

@ FES2004.cmc 23-Dec-2013 13:221.3K

FES2012.cmc ) 01-Oct-2019 14:07 1.3K Q
@ FES2014b.cmc 25-]Jan-2018 22:34 1.3K v
GOT00.2.cmc 23-Dec-2013 13:22 1.3K +
@ GQT4.7.cmc 23-Dec-2013 13:22 1.3K
()]
@ GOT4.8.cmc 10-Sep-2018 22:42 1.3K
@ GOT99.2b.cmc 23-Dec-2013 13:221.3K @3
e — -
(a,1p,t42,3(2x,2e12.4))
M2’ ACOF FES2014b -1.2626E-03 -1.6650E-03 -1.3103E-03 8.8476E-04  1.7847E-02 1.5Q4BE-04
2 NODFFESZ014b -2.060%E-04 -6.1631E-04 -7.2190E-04 -3.2150E-04 -3.68G2E-05 4.1721E-D4 Q
NZ  NCOF FESZ014b -309924E-04 -7.7407E-04 -1.4B07E-04 1.8050E-04  1.9825E-04 -1.3358E-04
K2  NCOF FES2014b -315400E-05 -1.4051E-04 -1.0058E-04 -1.4018E-04 -8.9350E-05 1.3B21E-04 v
K1 NCOF FES2014b -1.2041E-03 4.8783E-03 -2.4B61E-03 -1.1950E-02  -1.0BG3E-02 —2.0408E-03
01 NCOF FES2014b -3\4B7RE-04 3.4427E-03 -1.440BE-03 -3.0247E-04  -1.1367E-02 -B.0202E-04 "
Pl NCOF FESZ014b -3.2347E-04 1.5458E-03 -7.0B1/E-04 -3.3337E-04 -3.1100E-04 -B.1160E-04
0 NODF FESZ014b -5.1/57E-05 5.0627E-04 -7.0681E-04 -4.3330E-05  -7.BESOE-04 -5.7304E-05
Mf NODF FESZ014b -5.0622E-04 -3.5222E-05 -7.GIDBE-04 3.9508E-04 -8 1040E-05 O.71196E-05
M NOOF FES2014b -0\7837E-04 1.5/79E-06  5.0B30E-05 1.030PE-04 -3.8053E-05 1.5211E-05 )]
Ssa NOOF FES2014b -7\Z349E-04 -65227E-07  1.957/E-04 2.104E-05  1.BOB4E-0B 1.4517E-05
Copy the ocean tide parameter file to [STA] folder of the campaign.
CAMPAIGNS4 A zm - OB
2023001 71 KH201500.CRD 2023/07/07 17:39
ATM 7] KH2023001.5TA 2023/07/20 14:44
BPE <) KhmerGEONETABB 2023/07/20 14:52
GEN 7] KhmrGEONETPLD 2023/07/14 18:49
GRD 7] KhmrGEONETVEL 2023/07/20 14:14
OBS ] KhmerGEONETBLQ 2023/07/20 18:39
ORB
ORX
out
RAW
soL
STA
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7.13. Atmospheric tide parameter file
Copy [S1_s2_def ce.dat] file to [STA] folder of [C:BERN54/GLOBAL/MODELI.

~

. BERN54 A EZE EFHE k| H12
1 cloeat [} consTBSW 2022/09/28 15:27 BSW 774l
' CONFIG ||j s1 52 def cedat 2023/06/08 16:58 DAT 774k
 MODEL || DE421.EPH 2023/06/08 10:57 EPH 771 )l
 MENU [ ] EGM2008_SMALLGRV 2022/06/08 10:04 GRV 771
" SCRIPT [ 7 1AU2000R06.NUT 2022/06/08 10:04 NUT 274 )l
© SOURCE I | ] DESAI2016.5UB 2022/09/28 15:27 SUB 774l
1 supcUl [ 1ERS2010%Y.SUB 2022/06/08 10:04 SUB 774l
— |7 OT_FES2004.TID 2022/06/08 10:04 TID 774k
[ 7 OT_FES2014b.TID 2022/06/08 10:04 TID 774k
B CAMPAIGNS4 7] TIDE2000.TPO 2022/06/08 10:04 0 77411
| DATAPOOL

Click [Extract atmospheric tidal loading coefficients] to display the submenu.

Bl Bernese GNSS Software Version 54 - O X

Coordinate tools

Extract atmospheric tidal loading coefficients

| 4pdijg) \ *Output:
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Select Input coordinate file.
Enter the file name of the Output S1/S2 loading coefficient file.
Click [*Next].

. Bernese GNSS Software Version 5.4 - O X

s1 s2 def ce
KHM 201500

erGEONET

GRDS1852
ERROR

~0utput | Rer*un

Click [*Next].

B Bernese GNSS Software Version 5.4 - O X

\ *Output | Rertun:
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Enter Title and select [RAY PONTE] for Coefficients form.
Click [*Runl].

. Bernese GNSS Software Version 5.4 — O X

RAY ponts 3

| “Output | Rerrun |
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8. Pole and Orbit Preparation

8.1. Convert IGS/IERS pole file (POLUPD)
Click [Convert IERS to Bernese Format] to display the submenu.

Bl Bernese GNSS Software Version 54 - O X

Handle EOP files * | Convert IERS to Bemnese Format

” “lop ‘ “Erev ‘ “Next ‘ Cance’l | Save'As | fSave | 2R ‘

Select Foreign formatted ERP files. Change the extension to [.IEP].
Enter the file name of Bernese formatted ERP file (out).
The name of the Bernese formatted ERP file is [COD_$YYYSS+0.ERP].
$YYY: Year
$SS+0: Day of year (e.g. [1760] is 25th June)
Click [*Next].

. Bernese GNSS Software Version 5.4 - O X

=y
oD §vv¥ssto|1ey

OD SYYYSS+0

|‘Ouipui Rer*un
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Click [*Next].

B Bernese GNSS Software Version 5.4 - O X

oy
Gesorc  BsW

Enter Title.

Select Nutation mode [IAU2000R06], [DESA2016] and Sub daily pole mode [IERS2010
V1.2.0].

Click [*Next].

. Bernese GNSS Software Version 5.4 - O X

®omropowen
sup)
TER52010 v1.2.0 1
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Click [*Runl.

Bl Bemese GNSS Software Version 5.4 - O X

SYMD STR+0 SYMD STR+0
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8.2. Generate Orbit Files (ORBGEN)
Download [SATELLIT 120.SAT] file and [SAT_2023.CRX] file from the download site.
Download site: Index of / BSWUSER54/CONFIG/ (unibe.ch)

./
BOXWING. MAC 28-Jul-2023 22:45 66K

Copy [SATELLIT_I20.SAT] file to [C/BERN54/GLOBAL/CONFIG] folder.

BERN54
GLOBAL
CONFIG
MODEL
MENU
SCRIPT
SOURCE
SUPGUI
USER

CAMPAIGN54
DATAPOOL

Copy [SAT_2023.CRX] file to [C:/BERN54/GLOBAL/CONFIG] folder.

BERN54
GLOBAL
CONFIG
MODEL
MENU
SCRIPT
SOURCE
SUPGUI
USER

CAMPAIGN54

~

A

v

<

25

&) SAT_2017.CRX

<] SAT_2018.CRX

<] SAT_2019.CRX

<] SAT_2020.CRX

<] SAT 2021.CRX

<] SAT 2022.CRX

] SAT GNSS.CRX
[} SATELLIT 114.SAT
[ ] SATELLIT_M20.SAT
[ ] SATELLIT_R20.SAT
| ] SATELLIT_120.SAT

25

W SAT_2017.CRX
<] SAT 2018.CRX
] SAT_2019.CRX
+] SAT_2020.CRX
<] SAT_2021.CRX
&1 SAT_2022.CRX
| SAT 2023.CRX
] SAT_GNSS.CRX
[ SATELLIT 114.SAT

~

-62-

B EE
2022/06/08 10:04
2022/06/08 10:04
2022/06/08 10:04
2022/06/08 10:04
2022/06/08 10:04
2022/10/19 15:13
2022/09/28 15:27
2022/09/16 8:15

2022/09/28 15:27
2022/10/14 7:52

2023/07/24 11:14

sl
2022/06/08 10:04
2022/06/08 10:04
2022/06/08 10:04
2022/06/08 10:04
2022/06/08 10:04
2022/10/19 15:13
2022/10/19 15:13
2022/09/28 15:27
2022/09/16 8:15

DATUM. BSW 28-Jul-2023 22:45 11K

FREQINFQ. FRQ 28-Jul-2023 22:45 17K

GPSUTC. BSW 28-Jul-2023 22:45 1116

OBSERV. SEL 28-Jul-2023 22:45 3040 0

SATRH T SAT 28-Jul-2023 22:45 207K

SATELLIT 120, SAT | 28-Jul-2023 22:45 200K

SATLLLIT 7T SAT 28-Jul-2023 22:45 208K | #

oAl ZUIY. URKA L8=JUI—24ULS L2840 49N A

SAT_2020. CRX 28-Jul-2023 22:45 42K

SAT_2021. CRX 28-Jul-2023 22:45 46K +

SAT-2022.CRX 28-Jul-2023 22:45 29K

SAT_2023. CRX 28-Jul-2023 22:45 29K o
. 28-Jul-2023 22:45 10K

1« @



http://ftp.aiub.unibe.ch/BSWUSER54/CONFIG/

Click [Create/update standard orbits] to display the submenu.

Bl Bernese GNSS Software Version 5.4 - O X

Create/update standard orbits

| “lop) ‘ “Erev ‘ “Next ‘ Cance’ll | Sal

Select Input files.
For Earth rotation parameters file, specify the file created in section 8.1.
Click [*Next].

Bl Bernese GNSS Software Version 5.4 - m} X

IGS $YYYSS+0
F

3, ]

CoD_§7vvss+0 [ERE
KhmerGEONET L0
— bm

|5 Top! | APrev: | “Output | Rerfun |
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Click [*Next].

. Bernese GNSS Software Version 5.4 - O X

M2008 SMALL

TIDE2000
OT FES2014b

EEEE" [ElElzE

[ Output [T REZUn

Click [*Next].

. Bernese GNSS Software Version 5.4 — O X

SATELLIT IZ20

DESAI2016
TAU2000R06

HEE R A

ORBGENSJ ORBGENSJ
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Click [*Next]

Bl Bernese GNSS Software Version 54 - [u] X

OD $YYYSS+0

ORB $YYYSS+0

ERROR

Click [*Next].

Bl Bernese GNSS Software Version 54 - O X

Khmer GEONET IGS20

ALL SATELLITES F

ja [
[ [

ExcLobeD

“Output
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Click [*Next].

. Bernese GNSS Software Version 5.4 - O X

| “0utput | Rer*un

Click [*Next].

B Bernese GNSS Software Version 5.4 - O X

~Output
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Click [*Next].

Bl Bernese GNSS Software Version 5.4 — m] hd

Click [*Next].

Bl Bernese GNSS Software Version 5.4 - O X

Orbit midnight

\ “OutpL
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Click [*Runl].

Bl Bernese GNSS Software Version 5.4

Click [*Output].
Check the results.

SYMD STR+0

$YMD STR+0

23 59 59

B 5(P)/230510B¥OUT¥ORE

>>> CPU/Real time for pgm "ORBGEN": 0:01:01.500 / 0:01:02.
>>> Program finished successfully

20231300.0UT

2023-05-10
2023-05-10

2023-05-10
2023-05-10

2023-05-10
2023-05-10

2023-05-10

2023-05-10
2023-05-10
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8.3. Extract satellite clock corrections

Click [From precise orbit files] to display the submenu.

Bl Bernese GNSS Software Version 5.4 - [u] X

Import satellite clocks 4
From precise orbit files

” “lop) ‘ “Erev ‘ “Next ‘ Cance’|| ‘ SaVerAS

Click [*Next].

. Bernese GNSS Software Version 5.4 — O X

1G5 _Svyyss 0] PRE)
OD $YYYSS+0

SATCLK2
ERROR

“Output | Rer*un

Select Satellite problems file.
Click [*Next].

Bl Bernese GNSS Software Version 5.4 - [u] X

const | Bs
SAT 5770 crd
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Click [*Next].

Bl Bernese GNSS Software Version 5.4 - m] e

Khmer GEONET IGS20

Click [*Runl].

Bl Bernese GNSS Software Version 54 - O %

$YMD STR+0 00 00 00 $YMD STR+0 23 59 59

| *OUtput \ Rersun: \
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Click [*Outputl.

Check the results.

Bl ${P)/230510B¥ OUT¥SATCLK2.LOO ? ¥
CIK EMs (DeIorej . U.uuu ns/a iR ﬂ
Clk RMS (before): 0.000 ns/d#*+*2
PRN=E36¢ Clk RMS ( after): 0.014 ns
Clk RMS ( after): 0.000 ns/d#*+*1
Clk RMS ( after): 0.000 ns/d**2

Last epoch

Last epoch

Jl

Polynomials per satellite number
First epoch: 2023-05-10 00:00:00

2023-05-10 12:00:00

Scale polynomial coefficients...

Polynomials per satellite number
First epoch: 2023-05-10 00:00:00

2023-05-10 12:00:00

Write clock file...

Cumulated number of clock corrections: 154

Cumulated number of clock corrections: 154

>>> CPU/Real time for pgm "SATCLK2":
>>> Program finished successfully

0:00:00.188 / 0:00:00.231

Find next |

prey
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8.4. Convert Bias Corrections from Bias SINEX into Bernese bias Format
Download the Bias Corrections file from the download site.
Download site: http:/ftp.aiub.unibe.ch/CODE/2023/

T L

CGIMIOB0. 23N, 7 20-Jul-2023 06:38 459
CGIMIO70.Z3N. 7 21-Jul-2023 06:37 464
CGIMI980.23N. 7 22-Jul-2023 06:36 461
CGIMI990. 23N. 7 23-Jul-2023 06:33 468
COnae<SE T 20220010000 010 010 FpD Rk 13-Jan-2023 19:33 h46
CODOCPSE IN_20230010000_010_010_0SB.BIA. gz I 13-Jul-2023 14:07 115K
(o8 ] 87010 010 i S T 13-Jan-2023 19:33 35M
CODOCPSE IN 20230010000 010 OTH GIM. INX. gz 13-Jan-2023 19:33 317K
CODOCPSE IN_ 20230010000 D10 OTH_GIM. I0N. gz 13-Jan-2023 19:33 B1K
CODOCPSE IN_ 20230010000 D10 O1H_TRO.TRO. gz 13-Jan-2023 19:33 54K
CODOCPSE IN_20230010000_D10_05M ORB.SP3. g7 13-Jan-2023 19:33 588K
CODDCPSE IN_20230010000_010 055 CLK.CLK. gz 13-Jan-2023 19:33 16M
CODOCPSE TN 20230010000_010 055 CLK.CLK V2. g7 13-Jan-2023 19:33 16M
i e v Tt R

Copy the Bias Corrections file to [ORB] folder of the campaign.

~

CAMPAIGNS4 A s mE
230507 | ] COD_20231280.BIA BIA 771 )b
230508 ] COD_20231280.CLK CLK 771l

ATM | COD_20231280.ERP ERP 774 I
BPE | ] COD_20231280.IEP IEP 274 )b

GEN | ] COD_20231280.5TD STD 774
GRD ] 1GS_20231280.PRE PRE 7711
OBS | ] P1€12305.DCB DCB 774 )
oRg | ] P1P22305.DCB DCB 774 )
ORX

ouT

RAW

soL

STA wll e

Click [Bias-SINEX to Bernese format] to display the submenu.

o Lono o o -~

. Bernese GNSS Software Version 5.4 -
Configure Campaign RINEX Orbits/EOP Processing Service |Conversion BPE User Help

SINEX to normal equations
Manipulate troposphere SINEX files
ANTEX to Bernese format

BIAS-SINEX to Bernese format

Observation files 4
Residual files 4
Orbit files 4

Normal equations (binary/ASCII)

]] Hlop | ‘Rrey; \ “Next \ Cance’l \ Save’As \ *Save | "Run \ *Output \ Rer*un | *+Day *-Day
> User: %USERNAME% Campaign: ${P}/INTRO $Y+0=2022 $S+0=1720
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http://ftp.aiub.unibe.ch/CODE/2023/

Click [*Next].

. Bernese GNSS Software Version 5.4

OD $YYYSS+0

OD S$YYYSS+0

BIA20SB
ERROR

| ATop | ~Prev. | ~Output

Click [*Next].

Bl Bernese GNSS Software Version 5.4

Bow]

SATELLIT I20

Click [*Runl].

. Bernese GNSS Software Version 5.4
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Click [*Output].
Check the results.

Bl $(P)/230510¥OUTYBIA20SB.LO0

General constants
Satellite information
Ssummary file

Program output

Error message

Session table

BIAS-SINEX input file:

Jl

INPUT AND OUTPUT FILENAMES

${P}/230510\ORB\COD 20231300.BIA

${MODEL} \CONST.BSW
${CONFIG}\SATELLIT I20.SAT

${P}/230510\CUT\COD 20231300.5UM

${P}/230510\OUT\BIAZOSB.L00
${U} /WORK\ERROR.MSG

${P}/230510\GEN\SESSIONS.SES

Bernese 0SB format output file: ${P}/230510\ORB\COD 20231300.05SB

>>> CPU/Real time for pgm "BIAZ20SB"™: 0:00:00.313 / 0:00:00.344
>>> Program finished successfully

Find next |

prey |
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9. Baseline Processing

9.1. Extrapolate coordinate file (COOVEL)
Download Post Seismic Deformation corrections file [[GS20.PSD] from the download site.
Download site: Index of / BSWUSER54/REF/ (unibe.ch)

.P3D 21-Jul-2023 10:30 24K
WEL 21-Jul-2023 10:30 103K
R.CRD 21-Jul-2023 10:30 21K v
R.VEL 21-Jul-2023 10:30 22K
.CRD 21-Jul-2023 10:30 138K
. s 21-Jul-2023 10:30 5279 +
G370, PSO I 21-Jul-2023 10:30 34K
y : 21-Jul-2023 10:30 143K
1G520_R.CRD 21-Jul-2023 10:30 25K )]
1G320_R.VEL 21-Jul-2023 10:30 26K
120, ATX 21-Jul-2023 10:30 26M
R7M ATY 2110 1-201%23 10-2N AW c
Copy Post Seismic Deformation corrections file to [STA] folder of the campaign.
CAMPAIGNS54 A gE - BEE
2023001 ] KH201500.CRD
ATM | KH2023001.5TA
BPE ] KhmerGEONETABB
GEN | KhmerGEONETBLQ
GRD | KhmrGEONETATL
o8BS | KhmrGEONETPLD
ORB | KhmrGEONETVEL
| 1GS20.PSD
ORX =
ouTt
RAW
SOL
Sl v < >
Click [Extrapolate coordinates] to display the submenu.
. Bernese GNSS Software Version 5.4 - [m] X
Configure Campaign RINEX Orbits’fEOP Processing| Service Conversion BPE User Help
Generate simulated observation data
Station information files 4
Bernese observation files 4
Residual files : 4
Coordinate tools il Analysis of time series
Cledia ¢ Helmert transformation
lonosphere tools 4 . -
: Coordinate comparison
Automated processing 4 . .
Velocity comparison
L= ut.|I_|t_|es ¢ Compute NUVEL velocities
SLR utilities 4 "
Extrapolate coordinates |
Browse program output Coordinate transformation
Browse error message Transform to ETRS89
Merge coordinate/velacity files
Extract atmospheric tidal loading coefficients

]] Hlep \ ‘Rrey: \ “Next \ Gance’l \ Save’As \ fSave \ “Run | AOutput | Rer*un \ *+Day *-Day
> User: %USERNAME% Campaign: ${P}/INTRO $Y+0=2022 $S+0=1720
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http://ftp.aiub.unibe.ch/BSWUSER54/REF/

Select Input Coordinate file, Input velocity file and PSD correction.
Enter REFERENCE EPOCH, Output coordinate file and Title.
Click [*Next].

M| Bernese GNSS Software Version 5.4 - [m] x

0 00 00

APR SYYYSS+0

Click [*Runl].

Bl Bernese GNSS Software Version 54 - O X

\ “OUtpUL | RErun;
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Click [*Outputl.
Check the results.

You can safely ignore this warning.

Bl C:¥GPSUSERS4/WORK¥ERROR MSG

Find next | prey

##+ SR PSDCORR: The datum type indicates no need for applying the
post-seismic deformation corrections but you have
selected a PSD-correction file:

Geodetic datum name:
Geodetic datum type:
Geodetic datum file:

IG320
GLOBAL
${CONFIG}\DATUM.BSW

Bl $(P)/230511¥OUT¥COOVELLOO ? X
,,,,,,,,,,,,,,,,,,,,,,,,,, B
Geodetic datum S{CONFIG}\DATUM.BSW
Input coordinate file ${P}/230511\STA\KHM 201500.CRD
Tnput velocity file ${P}/230511\STA\KhmrGEONET . VEL
output coordinate file : ${P}/230511\STA\APR 20231310.CRD
Approx. velocities at ref. epoch: ---

PSD corrections (since ITRF14) S{P}/230511\STA\NIGS20.PSD

Annual/semiannual corrections (s: -——-—

Stations without PSD corrections: ---

Program output S{P}/230511\0QUT\COOVEL.LOQ

Error message ${U} /WORK\ERROR.MSG

Session table ${P}/230511\GEN\SESSIONS.SES

REFERENCE EPOCH: 2015-01-01 00:00:00

INTERPOLATION FACTOR: -8.3559206023271724
>>> CPU/Real time for pgm "COOVEL": 0:00:00.031 / 0:00:00.047
>>> Program finished successfully

~

4| | »

Find next | prey.
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9.2. Inventory of the unput RINEX files (RNXGRA)

Check the RINEX file header.

Edit the header as shown below.

If you see a warning in the RINEX file during the calculation, it is most likely related to
the header and you will need to edit the header.

Here are three examples: Other warnings may also occur.

A) The marker name and marker number should be 4 characters. Give it the same name
as the [KhmerGEONET.ABB] file.

| ANMGOO10.rnx - AR - O bie
TPAME) REE BRO) =RV ALTH)
| 3.02 OBSERVATION DATA M: Mixed RINEX VERSION / TYPE ~
deony IAY A 201220102 002020 LT DGM DI|M B¥ L nA E
ANMG MARKER NAME
ANMG MARKER NUMBER
ANGKASA vy OBSERYER—7—AGERCY
5423R48722 TRIMBLE NETR9 5.37 REC # / TYPE / VERS
00449 JAVRINGANT_DM  SCIS ANT # / TYPE
-1270826. 8700 6242631.4460  307792. 4399 APPROX POSITION XYZ
0. 0000 0. 0000 0. 0000 ANTENNA: DELTA H/E/N
G 12 G1C L1C S1C C2W L2W S2W C2X L2X S2X G5X L5X S5hX SYS / # / OBS TYPES v
< >
147,131 100%  Windows (CRLF) UTF-8
7| KhmerGEONET.ABB - ATEE - m| X
JPUE EEE SO =RV AW
khmer GEONET 1GS20 20-JUL-23 14:562 -
Station name 4-10 2-10 Remark
rrr ey FEEEEEEEE TS KKK K FHREEE R R KRR R KRR R Kk
ENMG 0001 01
CHUM 0002 0z
CUSY 0003 03
HESL o004 04
PTAG Qo005 0b
STNT 0006 06
DT o007 a7
KSP1 0008 08
PNH1 0009 09
STET o010 10
STGET 0011 11 v
1. 15 100%  Windows (CRLF) UTF-8
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B) If GPS time is not listed in [TIME OF FIRST OBS] and [TIME OF LAST OBS], please

edit it so that it is correct.

| SIN10010.mx - XEiE — [m] X
JPAME) REE BRO) BRW ALTH)

J L6L 0.00000 SYS / PHASE SHIFT A

cic 0.000 C1P 0.000 C2C 0.000 C2P 0. 000 GLONASS COD/PHS/BIS

Source NTRIP stream mgex. igs—ip. net/SIN10 COMMENT

Carrier-to-noise-density ratios in [dB-Hz] COMMENT
AT ODServations are referred to recelver time COMMENT

2023 01 01 00 00  00. 0000000 ILMEAQF“EIE§I 0BS

> 2023 01 01 00 00 00.0000000 0 49 o

G23 22489295.820 118182066. 151 1933. 004 43.700 22489306. 363 92089911.512
G29 23705529.070 124573515. 421 -1949. 332 42.900 23705538. 578 97070292. 988
G02 21443343.266 112685536. 806 -2217.223 46. 100 . 000 .000 «

147,171 100%  Windows (CRLF) UTF-8
| ANMGOO10.rmx - XT1& — O X

JPIME) REE BROQ) FRV) ATH
E 12 C1X L1X S1X C5X L5X S5X C7X L7X S7X C8X L8X S8X SYS / # / OBS TYPES A
J 15 C1C L1C 81C G1X L1X $1X C1Z L1Z S1Z C2X L2X S2X C5X SYS / # / 0BS TYPES
L5X S5X SYS / # / OBS TYPES
c 8011 111 811 C71 171 871 SYS / # / ORS TYPES
2023 1 1 0 0 0. 0000000 GPS TIME OF FIRST OBS
2023 1 1 23 59  30.0000000 GPS TIME OF LAST OBS
SYS—7PHASESHTFT
24 RO1 1 R0O2 -4 RO3 5 R04 6 RO5 1 RO6 -4 RO7 5 RO8 6 GLONASS SLOT / FRQ #
RO9 -2 R10 -7 R11 5 R12 -1 R13 -2 R14 -7 R15 1 R16 -1 GLONASS SLOT / FRQ #
R17 4 R18 -3 R19 3 R20 2 R21 4 R22 -3 R23 3 R24 2 GLONASS SLOT / FRQ #
C1c 0.000 C1P 0.000 C2C 0.000 C2P 0. 000 GLONASS COD/PHS/BIS
END OF HEADER v
< >
147150 100%  Windows (CRLF) UTF-8
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C) If there is no value in PHASE SHIFT, delete it. Do not edit if it contains a value.

202% 01 01 2359

ROV CLOCK _OFES _ADDI

G L2S -0. 25000
G L2X -0. 25000
R L2P 0.25000
E L8Q -0.25000

A NnAd i.nan ADON L.DOA onoc i Doc A DA L _DNAO

SYS / PHASE SHIFT
SYS / PHASE SHIFT
SYS / PHASE SHIFT
SYS / PHASE SHIFT

25 NUT T NUZ o N\UJ

RO9 -2 R10 -7 R11
R17 4 R18 -3 R19

T Nt U oY LI YA B AV |

0 R12 -1 R13 -2 R14 -7 R15
3 R20 2 R21 4 R22 -3 R23

CaLAAY

0 R16 -
3 R24

117,

1 GLONASS SLOT / FRQ #
2 GLONASS SLOT / FRO #
100%

15| Windows (CRLF)

UTF-8

| ANMGOO10.rmx - XT1& — O X
T7ME) FEE BRO) KRV ALTH)
E 12 C1X L1X S1X C5X L5X S5X C7X L7X S7X G8X L8X S8X SYS / # / 0BS TYPES
J 15 C1C L1C S1C C1X L1X S1X C1Z L1Z S1Z C2X L2X S2X C5X SYS / # / OBS TYPES
L5X SbX SYS / # / 0BS TYPES
G 6 G1I L1I S1I G71 L71 S71 SYS / # / 0BS TYPES
2023 1 1 0 0 0. 0000000 GPS TIME OF FIRST 0BS
NA DN 1 non VB nYaYa) C DoA 0o nnr‘ 1 noc 4. D0l |l YaYal Fal §:{§u{ﬂ'rn
" RO9 -2 R10 -7 RI1 5 RI2 -1 R13 -2 R14 —7 R15 1 R16 —1 GLONASS SLOT / FRQ #
R17 4 R18 -3 R19 3 R20 2 R21 4 R22 -3 R23 3 R24 2 GLONASS SLOT / FRQ #
C1C 0.000 C1P 0.000 C2¢C 0.000 C2P 0. 000 GLONASS COD/PHS/BIS
END OF HEADER
< >
197,78 51 100%  Windows (CRLF) UTF-8
| HKSL0D10.mx - AT1E — O X
T7ME) FEE BRO) KRV ALTH)
C 8 C11 L1I D11 S11 C71 L71 D71 S71 SYS / # / 0BS TYPES
DBHZ SIGNAL STRENGTH UNIT
30. 000 INTERVAL
2023 01 01 00 00 0. 0000000 GPS TIME OF FIRST 0OBS
30. 0000000 GPS TIME OF LAST 0BS
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Click [Create observation statistics] to display the submenu.

. Bernese GNSS Software Version 5.4 - O X

RINEX utilities * | Create observation statistics

[F7Tep APV [ANext [ Cancerl FSaverAsH| | ARUN [ OuUtpUt FREAUn |

Select RINEX FILES.
Click [*Next].

Ml RNXFIL LONG % | (I RNXFILSHORT X

SCAMPAIGN54/2023001/RAW/ -] « & SCAMPAIGN54/2023001/RAW/
B cusvoo10.mx B SIN10010.rmx I B P\ H 10010.230
10.rx |l HKSL0010.rmx BKND10010.230 M SIE10010.230

10.rnx W PTAGO0010.rnx

Bl Bernese GNSS Software Version 5.4 - O X

* SYYYSS+0 [E

F |
|JOBSERV_COD

GRA $YYYSS+0

-81-



Click [*Next].

Bl Bernese GNSS Software Version 5.4 - O X

AOutput

Click [*Next].

B Bernese GNSS Software Version 5.4 — O *

GRAPHIC+CCOUNT 3| GRAPHIC+COUNT
GRAPHIC+COUNT | IGNORE
IGNORE | TGNORE
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Click [*Next].

Bl Bernese GNSS Software Version 5.4 - O X

o
0

AS NEEDED

| *OUiput

Click [*Runl.

. Bernese GNSS Software Version 5.4 - O X

Rertun

| “Output
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Click [*Output].
Check the results.

M| 5(P}/2023001¥0UT¥GRA_20220010.0UT ? *

SATELLITE SYSTEM: GALILEO

KND1 |666567777775566666677T88BB97789*****B0B80888989***90887788888887778888898
KSP1 |77766777666656666677778888%9999999***688999999****+**93890999977888888888
PNH1 |777667777177656666677877777899998999987889999996889999+*9977688887878686868888
SIEl |8876777666665666666667T88B899989999*8B3888889988*****38799999856777788778
STGLl |77766677776666666677767888899999****877889999889*****9999999886588888887
ANMG |7B88887777766676667577778999886-78888787788877788988+*88877778767787766666
CMUM |644647776776665444455555455576667667766655545566666555545544544444444446
CUSV |667677777717666677777766679988*B9****87898888887777766589*****98977777765
HKSL |7777797766756655566798887878999880888788888899999989899998887667777899899
PTAG |777777767777787667778877998988688899988688899998899998777899987777789998
SIN1 |8987888889*689988999998*F Fx & QX kA XAFX YOI X _KIXXGIXAF A AN XA XIHXGEPFH¥QOPX* 0T
----- et T it B

0 24

ANTI-SPOOFING :

201 | 1222222222222222222222222222222222221

202 | 111222222222222221 1222222

203 | 112222222222222222

204 | 1112222222222222222222221112222222222222222222

205 | 11 1122222222222222222222222

207 |12222222222222211

208 |111 2212222222

209 | 1111222222222222222 11122222222222222222222222

210 | 1 222222222222222222222222222222222211

211 | 122222222222222222222222222222222211

212 | 1111 211 1122222222222222222222222222 111

213 222111 111111 111

215 | 11222222222

219 | 1112222222222222222222222211

22] |222222222222222222222222221

224 | 111111112222222222222222222222111 111 1222222

225 | 111222222222222222222221111222222222

226 |22222222211111112222222222222221

227 |1222222222222222

230 2222222

231 | 222222222222222222222222222222222211

233 |2222222222222111122222222222222222222222

234 | 111112222222222222222
22222222222222222222222222222222211

>>> CPU/Real time for pgm "RNXGRA": 0:01:38.031 / 0:01:38.750
>>> Program finished successfully
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9.3. Converting the Observation from RINEX into Bernese format (RXOBV3)
Click [Import RINEX to Bernese format>Observation files] to display the submenu.

Bl Bernese GNSS Software Version 5.4 - O X

Import RINEX to Bernese format » | Observation files

|| 2Top) | 2Prev: || ANext | Cance?l

Select all of RINEX files.
Click [*Next].

Ml RNXFIL LONG % | (I RNXFILSHORT X

SCAMPAIGN54/2023001/RAW/ -] « & SCAMPAIGN54/2023001/RAW/
B cusvoo10.mx B SIN10010.rmx I B P\ H 10010.230
10.rx |l HKSL0010.rmx BKND10010.230 M SIE10010.230

10.rnx W PTAGO0010.rnx

B Bernese GNSS Software Version 5.4 — O X

i 517755+0 STal
ll

OBSERV_COD

RXO SYYYSS+0
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Click [*Next].

. Bernese GNSS Software Version 5.4

RXOBV3SJ RXOBV35J RXOBV35J

| ~Output |

Click [*Next].

. Bernese GNSS Software Version 5.4 - O X

MARKER NAME
FRROR 3

SS+0

*Output || Rertun
| | |
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Click [*Next].

B Bemnese GNSS Software Version 5.4 - m] X

oo 00 00

A@utpL
Dutpu

Click [*Next].

Bl Bernese GNSS Software Version 54 - O X

suPress
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Click [*Next].

B Bernese GNSS Software Version 5.4 - O X

F
F ERROR -]
NONE

ARNING

DONT ROUND 3

Click [*Next].

Bl Bernese GNSS Software Version 5.4 - O X
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Click [*Next].

. Bernese GNSS Software Version 5.4 - O X

“Output | Rer*un
el |

Click [*Runl].

. Bernese GNSS Software Version 5.4 - O X

Ot [T REZUn
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Click [*Output].
Check the results.
Satellite problem and receiver clock offset warnings are displayed. You can safely ignore

this warning.

Bl C:¥GPSUSERS4/WORK¥ERROR.MSG ? ¥

### SR SAVMEA: PROBLEM FOR SATELLITE: 116
INDICATED IN SATCRUX : ${CONFIG}\SAT 2023.CRX

PROBLEM : BAD PHASE+CODE

REQUESTED ACTION : OBS. REMOVED

TIME WINDOW : 2021-12-18 00:00:00 2099-12-31 23:59:59
IN RINEX FILE : ${P}/2023001\RAW\KND10010.230

### SR SAVMEA: PROBLEM FOR SATELLITE: 507
INDICATED IN SATCRUX : ${CONFIG}\SAT 2023.CRX

PROBLEM : BAD PHASE+CODE

REQUESTED ACTION : OBS. REMOVED

TIME WINDOW : 2017-11-01 00:00:00 2099-12-31 23:59:59
IN RINEX FILE : ${P}/2023001\RAW\KND10010.230

#4## SR SAVMEA: Receiver clock offset in RINEX file found.
Tt is assumed, that the observations in the
RINEX file are not corrected by applying the
receiver clock offset. Please check the
keyword "RCV CLOCK OFFS APPL" in the RINEX file
header!
RINEX FILENAME: ${P}/2023001\RAW\KND10010.230

4| | JJ_J
Find next | prey. Close
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I 5(P}/2023001¥0UTERXOBY3.LOT

${P}/2023001\RAW\SIE10010.

${P}/2023001\RAW\STG10010.

${P}/2023001\RAW\CUSVO010.

${P}/2023001\RAW\HKSLO010.

${P}/2023001\RAW\PTAGO010.

${P}/2023001\RAW\SIN10010.

P 0 00 OB '
${P}/2023001\0B5\00090010.CZ0
${P}/2023001\0B5\00090010.PZH
${P}/2023001\0B5\00090010.PZ0

${P}/2023001\0BS\00100010.CZH
${P}/2023001%0B5400100010.CZ0
${P}/2023001%0BS\00100010.PZH
${P}/2023001\0BS\00100010.PZ0

${P}/2023001%0BS400110010.CZH
${P}/2023001%0B5400110010.CZ0
${P}/2023001\0BS5400110010.PZH
${P}/2023001\0B5400110010.PZ0

${P}/202300140BS400030010.CZH
${P}/2023001\0BS\00030010.CZ0
${P}/2023001\0B5\00030010.PZH
${P}/2023001%0BS\00030010.PZ0

${P}/2023001\0BS\00040010.CZH
${P}/2023001\0BS\00040010.CZ0
${P}/2023001\0OBS\00040010.PZH
${P}/2023001\0BS\00040010.PZ0

${P}/2023001\0OBS\00050010.CZH
${P}/2023001\0BS\00050010.CZ0
${P}/2023001\0BS\00050010.PZH
${P}/2023001\0BS\00050010.PZ0

${P}/2023001%0BS\00060010.CZH
${P}/2023001%0B5400060010.CZ0
${P}/2023001%0B5S\00060010.PZH
${P}/202300140BS%\00060010.PZ0

RINEX files not converted to BERNESE observation format:

>>> CPU/Real time for pgm "RXOBV3": 0:00:40.766 / 0:00:41.
>>> Program finished successfully
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9.4. Receiver clock synchronization (CODSPP)

Click [Code-based clock synchronization] to display the submenu.

Bl Bernese GNSS Software Version 5.4 - O X

Code-based clock synchronization

” ATop) ‘LFTaT‘ “Haﬁ;‘ Damza*J‘ 53

Select Standard orbits, Satellite clocks, Code observation files, A priori coordinates, Pole
file and Code bias input files.
Click [*Next].

. Bernese GNSS Software Version 5.4 — O X

OD $SYYYSS+0

APR SYYYSS+0

ca
St
BRe
ik
5o8
can
e
Sos
$od
&8
&

I

| 20utput | Rer’un
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Click [*Next].

. Bernese GNSS Software Version 5.4 — O X

SATELLIT I20

ANTENNA I20

BRI S

ODSPPSJ ODSPPSJ ODSPPSJ

[Gutput |

Click [*Next].

. Bernese GNSS Software Version 5.4 — O X

0D $YYYSS+0

~0utput | Rer*un
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Click [*Next].

. Bernese GNSS Software Version 5.4 — O X

[ Gutput [REPUn |

Click [*Next].

. Bernese GNSS Software Version 5.4 — O X

[AGutput [ REAUn
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Click [*Runl.

. Bernese GNSS Software Version 5.4 — O X
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Click [*Outputl.
Check the results.

Wl 5(P}/230508%¥0UT¥COD_20231260.0UT ?

Y 5963096.18 5963096.18
Z 1481479.57 1481479.57

HEIGHT 48.60 48.60

LATITUDE 13 31 14.274 13 31 14.274
LONGITUDE 105 58 21.175 105 58 21.175

CLOCK PARAMETERS:

OFFSET FOR REFERENCE EPOCH: -0.000000018 SEC

CLOCK OFFSETS STORED IN CODE+PHASE OBSERVATION FILES

RECEIVER UNIT ;999999
REFERENCE EPOCH : 2023-05-08 00:00: 0.00

R R R e E T e TR T TS
SUMMARY OF BAD OBSERVATIONS

A A T A AT AT A AT A AT A AT A AT A A A A A A A AT A A AT AT AT AT I I AT I A A A A A A AT A AT AT A OO N &

MAXIMUM RESIDUAL DIFFERENCE ALLOWED : 30.00 M
CONFIDENCE INTERVAL OF F*SIGMA WITH F: 5.00

NUMBER OF BAD OBSERVATION PIECES
STATION TYP SAT
2023 05 08 2023 05 08 11 14 30
2023 05 08 2023 05 08 19 36 30
2023 05 08 2023 05 08 23 40 00

2023 05 08 2023 05 08 04 51 00
2023 05 08

»>>> CPU/Real time for pgm "CODSPP": 0:00:31.922 / 0:
>>> Program finished successfully
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9.5. Single difference (SNGDIF)
Calculate for each baseline.

Click [Create baseline files] to display the submenu.

. Bernese GNSS Software Version 5.4 - O X

Create baseline files

| ~Top | “Prev | ANext | Cance?l | Save’As e | "Run |

Click [*Next].
Ml PHASEZERO1 X

='CAMPAIGN54/2023001/0BS/ -]

[ . 00040010.PZH | 00080010.PZH
L #FHLWLWIAILA—  100050010.PZH  100100010.PZH
/100010010.PZH 1 00060010.PZH |00110010.PZH
[ TRPELOE R4zl  00070010.PZH
_100030010.PZH | 00080010.PZH

fPzH 3 cancel |
oo |

. Bernese GNSS Software Version 5.4 - O X

| 'CAMPAIGN54/2023001/0BS/
m. 00040010.PZH | 00090010.PZH
©HLLVIFLE— [ 100050010.PZH
100010010.PZH | 100060010.PZH | 00110010.PZH
/100020010.PZH | 00070010.PZH
100030010.PZH | 00080010.PZH

fPzH ]  cancel |

| ~Top! | “Prev
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Select Abbreviation table.
Click [*Next].

B Bermese GNSS Software Version 5.4 - O X

SATELLIT IZO0

IGSGEONET

Click [*Next].

. Bernese GNSS Software Version 5.4 - O X

BSL SYYYSS+0

SNGDIF
ERROR

[Output [T REPUn
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Enter TITLE.
Click [*Runl].

. Bernese GNSS Software Version 5.4 - O X

AQutput | Rer’un; |

Click [*Output].
Check the results.

. ${P)/2023001¥OUT¥SNGDIFLO8 ? x

0-DIF. HEADER FILE NAMES (INPUT) O-DIF. OBS. FILE NAMES (INPUT)
o I

${P}/2023001\0CBS\00020010.PZH ${P}/2023001\0BS\00020010.PZO
${P}/2023001\0BS\00100010.PZH ${P}/2023001\0BS\00100010.PZO

1-DIF. HEADER FILE NAMES (OUT) 1-DIF. OBS. FILE NAMES (OUT) NR1 NR2 STAT.
B I T S L

${P}/2023001\0B5\02100010.PSH ${P}/2023001\0B5\02100010.PSO

>>> CPU/Real time for pgm "SNGDIF": 0:00:00.063 / 0:00:00.100
>>> Program finished successfully

Repeat this calculation to create all required baselines.
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9.6. Cycle slip, detection and correction of abnormal values (MAUPRP)
Click [Phase preprocessing] to display the submenu.

Bl Bernese GNSS Software Version 5.4 - O X

Phase preprocessing

Click [*Next].

. Bernese GNSS Software Version 5.4 — O X

I35}
N
|

vl
o
=
-
-
-
-
-
o
—

~0utput || Rer*un
| “Outpuf | |
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Select and Check GENERAL INPUT FILES.
Click [*Next].

Bl Bernese GNSS Software Version 5.4 — O X

DESAI2016
TAU2000R06

KHM SYYYSS+0|
ANTENNA 120

HEIEEEEHEE

OBSERV COD

If you want to keep the result, enter RESULT FILES.
Click [*Next].

B Bermese GNSS Software Version 5.4 - O X

ERROR
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Click [*Next].

Bl Bernese GNSS Software Version 5.4 — O X

~0utput || Rer*un
| “Oufy |

Click [*Next].

Bl Bernese GNSS Software Version 5.4 - O X

|"ULM,‘JLM Rertun
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Click [*Next].

B Bermese GNSS Software Version 5.4 - O X

Click [*Next].

B Bermese GNSS Software Version 5.4 - O X

| *OUutput
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Click [*Next].

Bl Bernese GNSS Software Version 5.4 - O X

|*-".H.J‘1;;I.J‘1 Rer’un

Click [*Runl.

Bl Bermnese GNSS Software Version 5.4 - O X
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Click [*Outputl.
Check the results.

Ignore the following warnings.

- C:¥GPSUSER54/WORK¥ERROR.MSG ? X

#44 SR DUASLP: 13 OF 13 SATELLITES WITH DATA PROBLEMS AT EPOCH 1017 (KSP1-ANMG)

- ${P}/2023001¥OUT¥MPR_20230010.0UT ? X

FILE SAVED

#@# OK 08010010 KsPL 1017705.999

e e e e e i e e e e e e e e e e e i e e e e e e e e e e e o e e e e e e e i e e e e e e e e e e e e e e e e

SAVED

#@# OK 11090010 STGL 240915.422

>> CPU/Real time for pgm "MAUPRP": 0:00:38.375 / 0:00:38.599
>> Program finished successfully
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9.7. About Baseline length (MPRXTR)
Sort the calculation results by baseline length.

Click [Phase preprocessing] to display the submenu.

Bl Bermese GNSS Software Version 5.4 . - O X

Program output extraction 4
Phase preprocessing

| *Top) ‘ "Prev | “Next ‘ Cance’l | SaverAs |

Select INPUT FILERS.
Click [*Next].

. Bernese GNSS Software Version 5.4 — O X

MAUPRP.L??
MPR SYYYSS+0

~0utput || Rer*un
| “Output | |

Select GENERAL INPUT FILERS.
Click [*Next].

. Bernese GNSS Software Version 5.4 — O X

const psW
[KhmeGEONET | ABH

[AGutput [ REAUn
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Enter MAUPRP summary file and TITLE.
Click [*Run].

. Bernese GNSS Software Version 5.4 — O X

MPR SYYYSS+0

\ "OUtput [ REFAUn
Save”As|

Click [*Output].
Check the results and the output file [ex. MPR_20230010.SUM].

Bl ${P)/2023001¥OUT¥MPRXTR.LO2 ? X

02100010
04110010
07050010
07060010
07080010
08010010
09070010
10030010
10090010
11090010

>>> CPU/Real time for pgm "MPRXTR":
>>> Program finished successfully
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Check the [MPR_20230010.SUM] file.

CAMPAIGNS54 N g B3O Lot

2023001 =] MPR_20230010.5UM 2023/07/27 17:47 SUM 774l

ATM [} MPRXTRJ 2023/07/27 17:47 17740

BPE [ ] MPRXTR.LO2 2023/07/27 17:47 L02 774

GEN <] MPR_20230010.0UT 2023/07/27 17:41 ouT 7714k

GRD [] sNGDIFJ 2023/07/27 17:37 17740

o8BS [] SNGDIFL17 2023/07/27 17:37 L7 2740

ORE =] SNGDIFL16 2023/07/27 17:36 116 774

ORX [} sNGDIEL1S 2023/07/27 17:36 L15 2740

[ ] sNGDIEL14 2023/07/27 17:36 L4 2710

oy [ ] SNGDIFL13 2023/07/27 17:36 L13 2710

RAW [ SNGDIFL12 2023/07/27 17:35 12 7710

SOL | ] sNGDIFL11 2023/07/27 17:35 L11 7740

STA v <
| MPR_20230010.5UM - AEiE — |
J7ME) |WEE KO =TV ANTH)
| SUMMARY OF THE MAUPRP OUTPUT FILE
SESS FIL OK? ST1 ST2 L(KM)  #OBS. RMS DX DY Dz #SL  #DL  #MA  MAXL3
0010 1 OK 0002 0010 797 32061 15 195 240 115 79 1099 96 50
0010 2 0K 0004 0011 1289 35454 13 165 28 -30 20 872 69 48
0010 3 0K 0007 0005 1769 31397 14 133 175 63 20 1116 74 49
0010 4 0K 0007 0006 1116 34270 14 -69 -517 -208 18 1020 84 48
0010 5 0K 0007 0008 49 35784 14 -10 -6 -3 23 847 88 46
0010 6 OK 0008 0001 1018 34808 12 -19 498 -128 208 747 84 49
0010 7 OK 0009 0007 33 35130 13 13 -14 -8 12 876 92 50
0010 8 OK 0010 0003 366 34308 1 -34 -481 -159 7 455 63 38
0010 9 0K 0010 0009 220 35213 12 -11 m 12 10 642 89 46
0010 10 OK 0011 0009 241 35998 12 107  -116 -46 24 651 88 50
Tot: 10 690 35998 15 -69 -517 -208 208 1116 96 50
<

147,131 100%  Windows (CRLF) UTF-8
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9.8. Check the data (GPSEST, RMSCHK, SATMRK)

9.8.1. GPSEST
Check data quality.

Click [Parameter estimation] to display the submenu.

B SEINESE WINDD 30ILWWAIE VETSION D4

Parameter estimation

SSave. |*“m|\“9umut Rertun

Select INPUT FILES
Click [*Next].

B Bernese GNSS Software Version 5.4

ii
w
[42]
s |

ELECTED

| [8l2

5

APR SYYYSS+0
OD_5YYYSS+
OD_SYYYSS+

______|_

-

| |
r

i
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Click [*Next].

B Bernese GNSS Software Version 5.4 - O X

Select GENERAL INPUT FILES.
Click [*Next].

Bl Bernese GNSS Software Version 5.4 - O X

PSESTSJ PSESTS$J PSESTSJ
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Click [*Next].

Bl Bernese GNSS Software Version 54 - O X

[EDT $YYYSS+0
ERROR

Enter Observation residuals.
Click [*Next].

Bl Bernese GNSS Software Version 54 - O X

EDT $SYYYSS+0

“OUutput | Rertun
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Click [*Next].

Bl Bernese GNSS Software Version 5.4 - O X

Click [*Next].

. Bernese GNSS Software Version 5.4 - O X

IF INDICATED §

| 20utput |
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Click [*Next].

Bl Bernese GNSS Software Version 5.4 - O X

WiTh F1AG
Firer

Click [*Next].

Bl Bernese GNSS Software Version 54 - O X

Click [*Next].

. Bernese GNSS Software Version 5.4 — O X

EVERY EPOCH
EVERY EPOCH
EVERY EPOCH
EVERY EPOCH

[ Gutput [REPUn |
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Click [*Next].

B Bernese GNSS Software Version 5.4 - O X

\ “Output [ Rerfun \

Click [*Next].

Bl Bernese GNSS Software Version 54 - O X

Wer Gurs
04 00 00

CHEN-HERRING ]

\ “Output: \ Rertun
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Click [*Runl].

Bl Bernese GNSS Software Version 54 - O X

Click [*Output].
Check the results.

. ${P}/2023001¥OUT¥EDT 20230010.0UT ? x

7 1003 REFERENCE
26 223 REFERENCE
7 979 REFERENCE
26 199 REFERENCE
15 2113 REFERENCE
26 223 REFERENCE
26 223 REFERENCE

>>> CPU/Real time for pgm "GPSEST": 0:00:28.406 / 0:00:28.729
>>> Program finished successfully
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. ${P}/2023001¥OUT¥EDT 20230010.0UT

Statistics:

Total

Total
Total

Total
Total

number
number

number
number

number
number

of
of

of
of

of
of

authentic observations
pseudo-observations

explicit parameters
implicit parameters

observations
adjusted parameters

Degree of freedom (DOF)

A posteriori RMS of unit weight
Chi**2/DOF

Total number of observation files
Total number of uncbserved ambiguities
Total number of stations

0

58222
1343
56879

0.001488
2.21

10
136
11

. ${P}/2023001¥OUT¥EDT 20230010.0UT

.00899
.00837
.09340
.01820
.02496
.14082
.05809

Estimated

-938078.
5968373.
2038404.
-1490303.

6024644.
1465891.
-2393383.
5393860.
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47342
97731
31353
79960
79880
16096
05832
93951

-1490303
6024644
1465891

-2393382
5393860
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9.8.2. RMSCHK
Examine the residuals file.

Make a list of outliers.

Click [Create residual statistics] to display the submenu.

B Bernese GNSS Software Version 5.4 - O X

Residual files

Create residual statistics

Select INPUT FILE.
Enter OUTPUT FILE. The Edit information file is used by program SATMRK.
Click [*Next].

. Bernese GNSS Software Version 5.4 — O X

[EDT S$YYYSS+0

RMS S$YYYSS+0
RMS S$YYYSS+0
RMS SYYYSS+0

RMS SYYYSS+0
ERROR

[ Gutput REPUn
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Select and Check GENERAL INPUT FILES.
Click [*Next].

. Bernese GNSS Software Version 5.4 — O X

cons] sl
SATELLIT 120 SAT|
258

KhmerGEONET

| 20utput | Rer’un

Sampling rate of residual files is 180 seconds.
Enter TITLE.
Click [*Next].

Bl Bernese GNSS Software Version 5.4 - m] X

alo =l
. | w
(=] | ©
L]
S

|
—
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Click [*Runl].

Bl Bernese GNSS Software Version 54 - O X
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Click [*Output].
Check the result.

Wl 3(P}/2023001¥0UT¥RMS_20230010.0UT ? >

Station 1 Station 2

PR

.

00~ 0 mwkNN®DN

.

e el e
B
H O R MM DM D

.0 1
o 0
.1 1
.0 1
.5 0
! 0
.5 0
.2 0
.5 0
1 0

NUMBER OF EDIT REQUESTS: 272

>»>> CPU/Real time for pgm "RESRMS": 0:00:00.203 / 0:00:00.254
>>> Program finished successfully
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9.8.3. SATMRK
Use the outlier list to flag anomalous data. Data with flags are not used in calculations.

Click [Mark/delete observations] to display the submenu.

Bl Bernese GNSS Software Version 5.4 - O X

Mark/delete observations

| “Top) ‘ "Prev. ‘ “Next ‘ Cance’l | Sa

Select Single Diff. phase file.
Enter TITLE.
Click [*Next].

. Bernese GNSS Software Version 5.4 - O X

EoiT Fiie 9
DA ALl Guss B

ez
SerecTED ESH]

SATMRK
ERROR

~0utput | Rer“un
| “Output | |
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Select GENERAL INPUT FILES.
Click [*Next].

Bl Bernese GNSS Software Version 54 - O X

consT B
SATELLIT 120 8]

SATMRKSJ

Select Edit information file.
Click [*Runl].

Bl Bernese GNSS Software Version 5.4 - m| X

RMS SYYYSS+0

I
ticz §
A
——

——

b0 00 00 P53 55 59

| “Output | Rertun |
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Click [*Outputl.
Check the results.

Bl $(P)/2023001¥OUTESATMRK.LO2

>>> Program finished successfully

Jl

SUMMARY OF ACTION IN THE OBS. FILE(S):

Num Station name 1 Station name 2
1 CMUM SIEL
2 HKSL STG1
3 KND1 PTAG
4 KND1 SIN1
5 KND1 KSP1
6 KSP1 ANMG
7 PNH1 KND1
8 SIEl Cusv
9 SIEL PNH1

10 SsTG1 PNH1
Total

${P}/2023001\0OUT\RMS_20230010.ED :J

Mea-
type

>>> CPU/Real time for pgm "SATMRK": 0:00:00.625 / 0:00:00.742

Find next | prey.

Observations
mark unmark delete
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9.9. Coordinate values when Ambiguity is a real number and estimating the
amount of atmospheric propagation delay (GPSEST)

Click [Parameter estimation] to display the submenu.

B Bernese GNSS Software Version 5.4 - O X

Parameter estimation

| “Top) ‘ "Prev. ‘ “Next ‘ Cance’l | Sl

Select INPUT FILES.
Click [*Next].

B Bernese GNSS Software Version 5.4 — O *

2225500 |08
I

APR SYYYSS+
OD SYYYSS+
0D_SYYYSS+

| @ L
8
-
Jalz

=]

b

’_
ERp
|

T

OD 2023128

.

erGEONET

Ii IIIII

RROR

I
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Click [*Next].

Bl Bernese GNSS Software Version 54 - O X

Select GENERAL INPUT FILES.
Click [*Next].

Bl Bernese GNSS Software Version 54 - O X

PSESTSJ PSESTSJ PSESTS$J
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Enter Program output, Station coordinates and Troposphere estimate.
Click [*Next].

Bl Bernese GNSS Software Version 54 - O X

FLT $YYYSS+0
ERROR

\ “Output \ Rertun \

Enter Observation residuals.
Click [*Next].

B Bernese GNSS Software Version 5.4 - O X
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Sampling interval is 180 seconds.
Click [*Next].

Bl Bernese GNSS Software Version 5.4 - O X

Click [*Next].

Bl Bernese GNSS Software Version 54 - O X

DRY GPT3
MENDES-PAVLIS

wove

fal
fa

IF INDICATED [H
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Click [*Next].

Bl Bernese GNSS Software Version 54 - O X

| Ul 0 <0l

\ “Output:

Click [*Next].

Bl Bernese GNSS Software Version 54 - O X
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A PRIORI SIGMAS is [0.001] meters.
Click [*Next].

Bl Bernese GNSS Software Version 54 - O X

WiTH F1AG
Firer

Enter flag in CRD file.
Click [*Next].

Bl Bernese GNSS Software Version 54 - O X
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Click [*Next].

Bl Bernese GNSS Software Version 54 - O X

NO
EVERY SESSION

il
=

LU

EVERY EPOCH
EVERY EPOCH
EVERY EPOCH
EVERY EPOCH

L/

‘ “Output: ‘ Rer

Click [*Next].

Bl Bernese GNSS Software Version 54 - O X

‘ “Output:
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Click [*Next].

B Bernese GNSS Software Version 54 - O X

Wer oMes
01 00 00

CHEN-HERRING -]

——

\ “Output: \ Rertun

Click [*Runl].

B Bernese GNSS Software Version 5.4 - O X

\ “Output: \ Rertun
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Click [*Outputl.
Check the results.

B $(p1/2023001¥OUT¥FLT_20230010.0UT ? pe
STGL 0.00038 0.00096 0.28874 0.00010 0.00016 0.00187 4
STGL 0.00039 0.00089 0.28524 0.00011 0.00017 0.00205
STGL 0.00040 0.00082 0.28844 0.00012 0.00018 0.00239
STGL 0.00042 0.00075 0.28639 0.00012 0.00019 0.00208
STGL 0.00043 0.00068 0.28938 0.00013 0.00021 0.00240
STGL 0.00044 0.00061 0.30000 0.00014 0.00022 0.00198
STGL 0.00045 0.00054 0.30848 0.00015 0.00023 0.00239
STGL 0.00046 0.00047 0.3166l 0.00016 0.00025 0.00365

>>> CPU/Real time for pgm "GPSEST": 0:00:23.828 / 0:00:24.086
>>> Program finished successfully

hd
4| | >

Find next | prey | Close

Bl 5(P)/2023001¥OUTHFLT 20230010.0UT ? X
Station name Typ A priori wvalue Estimated value Correction RMS error 4l
CMUM X -938078.34810 -938078.38524 -0.03714 0.00134

Y 5968373.98630 5968373.98433 -0.00197 0.00160
Z 2038404.32190 2038404.31889 -0.00301 0.00099
U 308.97625 308.97890 0.00265 0.00164
N 18.7608772 18.7608772 -0.00410 0.00094
E 98.9323796 98.9323799 0.03697 0.00132
SIEL X -1490303.89300 -1490303.72717 0.16583 0.00126
Y 6024644.81700 6024644.80889 -0.00811 0.00188
Z 1465891.13600 1465891.16710 0.03110 0.00094
) 2.99212 2.95292 -0.03920 0.00195
N 13.3758579 13.3758583 0.04154 0.00086
E 103.8942201 103.8942186 -0.15897 0.00122
HKSL X -2393382.91750 -2393382.97409 -0.05659 0.00140 1
Y 5393860.99760 5393860.97190 -0.02570 0.00160
Z 2412592.23210 2412592.21199 -0.02011 0.00103
) 95.26791 95.25976 -0.00815 0.00166
N 22.3720032 22.3720030 -0.01848 0.00088
| E 113.9279865 11319279871 0.06209 0.00137 _J:j
4 »

Find |Station name next |

prev
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9.10. Ambiguity integerization (GPSEST)
QIF (Quasi lonosphere Free)
Calculate for each baseline.

Click [Parameter estimation] to display the submenu.

B Bernese GNSS Software Version 5.4 - O X

Parameter estimation

Select Input Files.
Click [*Next].

Ml Bermese GNSS Software Version 5.4 - a X

OD_SYYY55+0 ERB
OD 20231280

KhmerGEONET _ BLO
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Select Troposphere estimates.
Click [*Next].

Bl Bernese GNSS Software Version 54 - O X

LT 20221720

—
—
—
—
=
—
—
—

‘ “Output: ‘ Rertun ‘

Select GENERAL INPUT FILES.
Click [*Next].

B Bernese GNSS Software Version 5.4 - O X

PSEST$J PSESTS$J PSESTSJ
ut’
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Program output is the filename of the result.
The file name is [QXXXX_$YYYSS+0.0UT].
[XXXX]: Base line
[$YYY]: Year
[SS]: Day of year
Click [*Next].

Bl Bernese GNSS Software Version 5.4 - O X

06 SYYYSS+0Q
ERROR

Click [*Next].

Bl Bernese GNSS Software Version 54 - O X
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Click [*Next].

Bl Bernese GNSS Software Version 5.4 - = ®
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Click [*Next].

Bl Bernese GNSS Software Version 5.4 - = s

DRY GPT3
MENDES-PAVLIS

IF INDICATED j

Click [*Next].

B Bernese GNSS Software Version 5.4 - O X

\ “Output
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Click [*Next].

Bl Bernese GNSS Software Version 54 - O X

nith FLAc B
FrReT o

Click [*Next].

Bl Bernese GNSS Software Version 54 - O X

I
™
I
[

LY i
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Click [*Next].

Bl Bernese GNSS Software Version 54 - O X

\ “Output: | Rertun \

Click [*Next].

Bl Bernese GNSS Software Version 5.4 - O X

[
SIMPLIFIED -]

_
=
[CooronaTeS  §
[

‘ “Output: ‘ Rer*un ‘
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Click [*Next].

B Bernese GNSS Software Version 54 - O X

\"Uutput Rertun

Check the results.

. ${P}/2023001¥0OUT¥0210_20230010.0UT ? x

Station coordinates and velocities:

Typ Correction Estimated value RMS error

0.22184 -1490303.67116 0.00033 -1490303
Y -0.00902 6024644.80798 0.00067 6024644
0.03362 1465891.16962 0.00030 1465891

>>> CPU/Real time for pgm "GPSEST": 0:00:12.156 / 0:00:12.236
>>> Program finished successfully

Repeat this calculation to create all required baselines.
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9.11. Creating a normal equation file (GPSEST)

Click [Parameter estimation] to display the submenu.

Bl Bernese GNSS Software Version 54 - O X

Parameter estimation

Select Input Files.
Click [*Next].

Ml Bermese GNSS Software Version 5.4 - a X

:

0 CrD)

OD_SYYYS5+0 |

F 20231280
OD_20231280

erGEONET |BLQ

RROR il
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Click [*Next].

B Bernese GNSS Software Version 5.4 - O X

Select GENERAL INPUT FILES.
Click [*Next].

Bl Bernese GNSS Software Version 54 - O X

PSESTS$J PSESTS$J PSESTSJ
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Click [*Next].

Bl Bernese GNSS Software Version 5.4 - O X

FIX $YYYSS+0
ERROR

FIX $YYYSS+0

Click [*Next].

Bl Bernese GNSS Software Version 5.4 - O X
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Click [*Next].

Bl Bernese GNSS Software Version 5.4 - O X

Click [*Next].

Bl Bernese GNSS Software Version 54 - O X

DRY VMF
MENDES-PAVLIS

pove ]

|
fal

IF INDICATED [H
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Click [*Next].

B Bernese GNSS Software Version 5.4 - O X

i o o B i i

\ “Output [ Rerfun

Click [*Next].

B Bernese GNSS Software Version 5.4 - O X

I
[
I
I
[
I
-
I
roca.  [f
I
fa
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Click [*Next].

B Bernese GNSS Software Version 5.4

“Output:

Click [*Next].

B Bernese GNSS Software Version 5.4

iy

I
™
I
[

L

“Output
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Click [*Next].

Bl Bernese GNSS Software Version 54 - O X

\ “Output | Rertun \

Click [*Next].

Bl Bernese GNSS Software Version 54 - O X

wer vae
01 00 00

CHEN-HERRING -
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Click [*Runl].

B Bernese GNSS Software Version 5.4 - O X
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Click [*Output].
Check the results.

Wl 5(P}/2023001¥0UT¥FIX_20230010.0UT ? *

SUMMARY OF RESULTS

Adjusted Explicitly Implicitly

Station coordinates / velocities
Bmbiguities
Site-specific troposphere parameters

Total number

*Abbreviation pre-elimination (elim): before stacking (bfst), after stacking

Statistics:

number authentic observations
number pseudo-observations
number observations

number explicit parameters
number implicit parameters
number parameters

number observation files
number stations
number satellites

>>> CPU/Real time for pgm "GPSEST": 0:00:17.344 / 0:00:17.427
>>> Program finished successfully
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9.12. Calculation of coordinate values (ADDNEQ2)

Copy the [SINEX_IONDET.SKL] file of the DATAPOOL folder to [GEN] folder of the

campaign.

' DATAPOOL A EE EHAE 8 yn
] BSW54 AW 1USZU_RLVEL ZUZL[UDLEDS 020 VEL 271V
[ ] IONEX_IONDETSKL 2022/06/08 10:03 SKL 771l
W cop ) LEO_20210218_114.PCV 2022/09/15 17:00 pCV I71 0
I CODOMGXFIN ) LEO_SLR_114.PCV 2022/09/15 17:00 PCV 771
 COR \D SINEX_IONDET.SKL 2022/06/08 10:03 SKL 774 )l
| GFZloading [ sINEX_PPRSKL 2022/06/08 10:03 SKL 2711
1 GRCC [ ] SINEX_RNX2SNX.SKL 2022/06/08 10:03 SKL 771l
" GRCD ) SLRF2014.CRD 2022/06/08 10:03 CRD 771l
© HOURLY ) SLRF2014.FIX 2022/06/08 10:03 FIX 271 )
1 1cs I [ ] sLRF2014.PSD 2022/06/08 10:03 PSD 774 Il
[ 7 strRF201451G 2022/06/08 10:03 SIG 774 )l
 REF54
) SLRF2014.5NX 2022/06/08 10:03 SNX 774 )
A RINEX 7] SLRF2014.VEL 2022/06/08 10:03 VEL 771 o
| CAMPAIGNS4 N &Y - BEHOE ksl #42
B 2023001 ] ANTENNA_I20.PCV 2023/07/20 14:26 PCV I7A Il .
o ATM [ OBSERV_COD.SEL 2023/07/07 10:13 SEL 7741
 BPE |7 SESSIONS.bck 2023/07/14 18:47 BCK 774
. GEN |7 sEssiONS.SES 2023/07/07 10:31 SES 774
| GRD |D SINEX_IONDETSKL 2022/06/08 10:03 SKL 74
. OBS
. ORB
 ORX
. out
. RAW
. soL
o sTA v o e >

Click [Combine normal equation systems] to display the submenu.

Bl Bernese GNSS Software Version 54 - O X

Combine normal equation systems
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Click [*Next].

. Bernese GNSS Software Version 5.4 — O X

FIX SYYYSS+0

o)
—
APR_SYYYSS+0 CRD|
e
KHM SYYYSS5+0| STA|

| “Output | Rerrun |

Click [*Next].

. Bernese GNSS Software Version 5.4 - O X

AR
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Select General Files.
Click [*Next].

Bl Bemese GNSS Software Version 5.4 - O X

STNEX TONDET

Click [*Next].

Bl Bernese GNSS Software Version 5.4 - O X

FIN $SYYYSS+0
ERROR

FIN $YYYSS+0

FIN $SYYYSS+0

- 152 -



Click [*Next].

B Bernese GNSS Software Version 5.4 - O X

Enter TITLE.
Click [*Next].

. Bernese GNSS Software Version 5.4 — O X

\ ~OUtput | Rertun \
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Click [*Next].

Bl Bernese GNSS Software Version 54 - O X

\ “OUtpul | Rertun:

Click [*Next].

Bl Bernese GNSS Software Version 5.4 - O X

\ “Output
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Click [*Next].

Bl Bernese GNSS Software Version 54 - O X

-
-

R [RE C  [

\ “Output [ Rerfun

Click [*Next].

Bl Bernese GNSS Software Version 54 - O X

\ “Output \ Rertun \
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Click [*Next].

Bl Bernese GNSS Software Version 54 - O X

[WiTH FLAG ]

put

Click [*Next].

Bl Bernese GNSS Software Version 5.4 - O X

ITRF14
I

\ “Output
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Click [*Next].

Bl Bernese GNSS Software Version 5.4 - O X

“'C‘LI[;J‘.J[ Rer*un

Click [*Next].

B Bernese GNSS Software Version 5.4 - O X

\ “Output: \ Rertun
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Click [*Runl].

Bl Bernese GNSS Software Version 5.4 - O X

| 2Output | Rertun |

Click [*Output].
Check the results.

Ignore the following warnings.

. C¥GPSUSER54/WORK¥ERROR.MSG ? x

### FN D STACRX:getLongStaId timint, PG ADDNEQZ (28-Jul-2023 16:23:44)
Empty "Long Name" column for station "ANMG" found in
station information file: ${P}/230507\STA\KHM 20231270.STA
(short name used instead)

D STACRX:getLongStaId timint, PG ADDNEQ2 (28-Jul-2023 16:23:44)
Empty "Long Name" column for station "CMUM" found in

station information file: ${P}/230507\STA\KHM 20231270.STA
(short name used instead)

D STACRX:getLongStald timint, PG ADDNEQZ (28-Jul-2023 16:23:44)
Empty "Long Name" column for station "CUSV" found in
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. ${P}/INTRO¥OUT¥FIN_20221720.0UT ? X
*Abbreviation pre-elimination (elim): before stacking (bfst), after stacking
Statistics:

Total number of authentic obserwvations 57858

Total number of pseudo-observations 289 —J
Total number of explicit parameters 352

Total number of implicit parameters 710

Total number of observations 58247

Total number of adjusted parameters 1062

Degree of freedom (DOF) 57185

A posteriori EMS of unit weight 0.001807 m

Chi**2/DOF 3.26

Total number of observation files 10

Total number of stations 11

«| JJ_J

Find next | preyv | Close |

. ${P}/INTRO¥OUT¥FIN_20221720.,0UT ? X
Station coordinates and velocities: _J
Sol Station name Typ Correction Estimated walue RMS error A priori wvalue

1 ANMG X -0.00989 -1270827.08669 0.00057 -1270827.07680
1 ANMG Y 0.00325 6242631.29185 0.00154 6242631.28860
1 ANMG Z 0.01524 307792.40554 0.00040 307792.39030
1 cMUM X -0.00222 -938078.58782 0.00062 -938078.58560
1 cMUM Y -0.01692 5968373.96568 0.00208 5968373.98260_J
1 cMUM Z 0.00560 2038404.27900 0.00065 2038404.27340
1 cusv X -0.00775 -1132915.05385 0.00061 -1132915.048610
1 cusv Y 0.00036 60982528.52756 0.00175 6092528.52720
1 cusv Z 0.02484 1504633.15904 0.00047 1504633.13420
1 HKSL X -0.00242 -2383383.15912 0.00072 -2393383.15670
1 HKSL Y 0.00791 5393860.93981 0.00156 5393860.93190
1 HKSL Z 0.01369 2412592.16829 0.00060 2412592.15460
1 KND1 X -0.01712 -1619492.96932 0.00070 -1619492.95220
1 KND1 Y 0.06018 6040715.12878 0.00174 ©040715.06860
1 KND1 Z 0.02380 1247864.92020 0.00054 1247864.89640
1 Ksprl X -0.01870 -1572714.412%0 0.00063 -1572714.39420
1 KsPrl Y 0.06651 6050448.91111 0.00159 ©050448.84460
1 KsPrl Z 0.02204 1260501.91044 0.00049 1260501.88840
1 PNH1 X -0.01e8¢ -1603672.49806 0.00071 -1603672.48120
1 PNH1 Y 0.06448 6038739.38808 0.00171 ©038739.

dl

Find next | prev
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10. Calculation result file

10.1. Coordinate file
The coordinate file is [FIN_$YYYSS+0.CRD].

KHM

29-JUL-23 15:09

LOCAL GEODETIC DATUM:
NUM STATION NAME

ANMG
CMUM
CUSY
HKSL
KND1
KSP1
PNH1
PTAG
SIE1
SIN1
STG1

—_
— OO OIOCO~I~wWwnhy—

—_

1GS20
X

-1270827. 02740

-938078. 54770
-1132915. 00378
-2393383. 11602
-1619492. 90963
-1572714. 34688
-1603672. 43390
-3184318. 43024
-1490303. 85527
-1507972. 76457
-1706798. 57348

EPOCH: 2023-

Y

6242631. 29501
5968373. 98854
6092528. 54503
5393860. 93838
6040715. 07551
6050448. 85813
6038739. 33777
5291065. 63736
6024644. 81426
6195613. 84510
5963096. 21574

It is saved in the [STA] folder of the campaign.

230510
ATM
BPE
GEN
GRD
OBS
ORB
ORX
out
RAW
soL
STA

~

2]

<] KhmerGEONETBLQ
[ ] 1Gs20.psD

<) KhmerGEONETPLD
<] KhmerGEONETABB
] KHM_201500.CRD
) KhmrGEONETVEL
<] KHM_20231300.5TA
[ ] KhmerGEONETATL
<] APR_20231300.CRD
) BSL_20231300.BSL
<] FLT_20231300.CRD
] FIN_20231300.CRD

05-10 12:00:00
yAR())

307792. 41238
2038404. 29516
1504633. 16581
2412592. 17135
1247864. 91456
1260501. 90370
1277314. 63722
1590418. 30879
1465891. 14335

148487. 96335
1481479. 66509

EFHAR e

2023/07/20 18:39
2023/07/25 10:14
/07/29 10:08
/07/29 10:19
/07/29 12:50
/07/29 14:14
/07/29 14:16
/07/29 14:21
/07/29 14:30
/07/29 14:43
/07/29 14:54
2023/07/29 15:09

2023
2023
2023
2023
2023
2023
2023
2023
2023
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FLAG

T=E=r=rrrr====

BLQ 771k
PSD 774 )
PLD 774
ABB 771 )l
CRD 774k
VEL T2 )1
STA 774
ATL I74 )L
CRD 774
BSL J74 I
CRD 7714
CRD J74 b

SYSTEM

HAZ

10 KB
34 KB
2 KB
2KB
2KB
2KB
6 KB
4 KB
2KB
1KB
2KB
2 KB




10.2. Calculation result file
The calculation result file that records RMS etc. is [FIN_$YYYSS+0.0UTI.

Station coordinates and velocities:

Sol Station name Typ Correction Estimated value RMS error A priori value Unit From To [}
1 ANMG X 0.03680 -1270827.02740 0.00062 -1270827. 06420 meters 2023-05-10 00:00:00 2023-05-10 23:59:30 ¢
1 ANMG Y -0.00748 6242631. 29501 0.00197 6242631. 30249 meters 2023-05-10 00:00:00 2023-05-10 23:59:30 ¢
1 ANMG Z  0.06675 307792. 41238 0. 00048 307792. 34563 meters 2023-05-10 00:00:00 2023-05-10 23:59:30 ¢
1 CMUM X -0.00188 -938078. 54770 0. 00064 -938078. 54582 meters 2023-05-10 00:00:00 2023-05-10 23:59:30 ¢
1 CMUM Y 0.01018 5968373. 98854 0.00196 5968373. 97836 meters 2023-05-10 00:00:00 2023-05-10 23:59:30 ¢
1 CMUM Z  0.04109 2038404. 29516 0. 00063 2038404. 25407 meters 2023-05-10 00:00:00 2023-05-10 23:59:30 ¢
1 CUSV X 0.05119  -1132915.00378 0.00062 -1132915. 05497 meters 2023-05-10 00:00:00 2023-05-10 23:59:30 ¢
1 CUSV Y -0.00651 6092528. 54503 0.00160 6092528. 55154 meters 2023-05-10 00:00:00 2023-05-10 23:59:30 ¢
1 CUSV Z  0.02587 1504633. 16581 0. 00051 1504633. 13994 meters 2023-05-10 00:00:00 2023-05-10 23:59:30 ¢
1 HKSL X -0.00840 -2393383.11602 0.00077  -2393383. 10762 meters 2023-05-10 00:00:00 2023-05-10 23:59:30 ¢
1 HKSL Y -0.01612 5393860. 93838 0.00180 5393860. 95450 meters 2023-05-10 00:00:00 2023-05-10 23:59:30 ¢
1 HKSL Z 0.03147 2412592.17135 0. 00066 2412592. 13988 meters 2023-05-10 00:00:00 2023-05-10 23:59:30 ¢
1 KND1 X 0.21822  -1619492. 90963 0.00064 -1619493. 12785 meters 2023-05-10 00:00:00 2023-05-10 23:59:30 ¢
1 KND1 Y 0.03784 6040715. 07551 0.00172 6040715. 03767 meters 2023-05-10 00:00:00 2023-05-10 23:59:30 ¢
1 KND1 Z  0.09659 1247864. 91456 0. 00053 1247864. 81797 meters 2023-05-10 00:00:00 2023-05-10 23:59:30 ¢
1 KSP1 X 0.22347 -1572714. 34688 0.00065 -1572714.57035 meters 2023-05-10 00:00:00 2023-05-10 23:59:30 ¢
1 KSP1 Y  0.04312 6050448. 85813 0.00171 6050448. 81501 meters 2023-05-10 00:00:00 2023-05-10 23:59:30 ¢
1 KSP1 Z  0.09289 1260501. 90370 0. 00049 1260501. 81081 meters 2023-05-10 00:00:00 2023-05-10 23:59:30 ¢
1 PNH1 X 0.22345 -1603672. 43390 0.00065 -1603672. 65735 meters 2023-05-10 00:00:00 2023-05-10 23:59:30 ¢
1 PNH1 Y 0.04443 6038739. 33777 0.00165 6038739. 29334 meters 2023-05-10 00:00:00 2023-05-10 23:59:30 ¢
1 PNH1 Z  0.09791 1277314. 63722 0. 00053 1277314.53931 meters 2023-05-10 00:00:00 2023-05-10 23:59:30 ¢

It is saved in the [OUT] folder of the campaign.

230510 A am B AR & $AZ "
ATM 7] FIN_20231300.0UT 2023/07/29 15:09 ouT 771U 63 KB
8PE ) FIX_20231300.0UT 2023/07/29 15:07 ouT 771 96 KB
GEN ~1 Q1109_20231300.0UT 2023/07/29 15:05 ouT 774 113 KB
GRD 71 Q1009 _20231300.0UT 2023/07/29 15:04 ouT 7741k 119 KB
0BS 71 Q1003_20231300.0UT 2023/07/29 15:04 ouT 774l 112 KB
ORB 71 Q0907_20231300.0UT 2023/07/29 15:03 ouT 774l 127 KB
ORX 7] Q0801_20231300.0UT 2023/07/29 15:03 ouT 774l 103 KB
out 7] Q0708_20231300.0UT 2023/07/29 15:02 ouT 774l 123 KB

7] Q0706_20231300.0UT 2023/07/29 15:01 ouT 7741l 107 KB
RaW 7] Q0705_20231300.0UT 2023/07/29 15:00 ouT 7741l 105 KB
soL ) Q0411_20231300.0UT 2023/07/29 14:58 ouT 774 96 KB
STA 2] Q0210_20231300.0UT 2023/07/29 14:57 ouT 774 b 100 KB

v}

10.3. Calculate latitude, longitude, ellipsoidal height, UTM coordinates, elevation
and geoid height

Bernese software cannot calculate latitude, longitude, ellipsoidal height, UTM

coordinates, elevation and geoid height.

Therefore, use other coordinate calculation software.
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11. Determination of CGD23 coordinates

11.1. Survey to determine CGD23 coordinates

A preliminary calculation of the coordinates of PNH100KHM was performed.

RTX (ITRF2014) was used.

The purpose is to confirm when the coordinate values are stable.

This is to confirm the period when the influence of the ionosphere is small.

The figure below shows the change in coordinate values from 2/5 to 5/31.

The height component is not stable. It also appears to be on the rise.

It tends to change towards the east. This is roughly consistent with the velocity of crustal
movement.

Based on the above, we decided to select the most stable 7-day period, which is the newest
period possible.

In other words, the average value of the calculation results from 5/7 (Sun) to 5/13 (Sat)

is adopted as the CGD23 coordinates.

(mm) Displacement

12 I i

10 JJ\ ® J '} ﬁ l\
AW A A

) '\. V/\(\V - NJ | R\ lj\\ r‘Av ‘l A INUILE }\Mhl
0 o | pesa A/ o« R .Y, AT v »Y‘{w A
2 \_\ JEA . I\Y v \V' NIV VA @AY A N ° yh
TN A M Y AN

- Lol Nolf ¥ \[°® V i L AN Na R
10 V"I “\/ d hd LN WAV/AVY/

f (I

2/5 2/10 2/15 2/20 2/25 3/2 3/7 3/12 3/17 3/22 3/27 4/1 4/6 4/11 4/16 4/21 4/26 5/1 5/6 5/11 5/16 5/21 5/26 5/31

—— (X (Y —g—dZ

(mm) Displacement
: TN A,
° . i A\
: I I'lt/\\ &r’.\y “(’J \\(“‘\\ V1
INA A e T YWY 1| WY i VXSS AR
" NS N A Y AT A A v
: AR VAN N WA YY
VAW A\ 7 \AAL \ \

v 4 !

|

2/5 2/10 2/15 2/20 2/25 3/2 3/7 3/12 3/17 3/22 3/27 4/1 4/6 4/11 4/16 4/21 4/26 5/1 5/6 5/11 5/16 5/21 5/26 5/31

A
T
I\

== (N —@==dE —@=—dH
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11.2. Survey Network for CGD23
As a result of discussion, CGD23 coordinates are decided by the survey network shown

below.
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11.3. Geodetic Reference System and Map Projection

Let the average value of the results from 5/7 to 5/13 be the CGD23 coordinate of 5-CORS.
The median value from 5/7 to 5/13 is 5/10. The epoch is 5/10 at noon (12:00). Since noon
(12 o'clock) on May 10th is 129.5 days of the year, calculating the epoch using the
following formula yields 2023.355.

E h—129'5—0355
pOC = 365 = U.

The Geodetic Reference System and Map Projection is shown below.

Item Element
Geocentric Cartesian ITRF2020 (Epoch 2023.355)
Coordinate System
Reference Ellipsoid GRS 80

Vertical Datum Mean Sea Level (Haiphong, Vietnam)
Geoid Model EGM2008

Plane Cartesian UTM Zone 48

Coordinate System Central Meridian: 105° 00’ 00” E

Latitude of Origin: 0° 00’ 00” N

False Easting: 500,000.000 m

False Northing: 0.000 m

Scale Factor at Central Meridian: 0.9996
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11.4. Calculation results from 5/7 to 5/13

11.4.1. KND100OKHM
The calculation results for KND100KHM are shown below.

CGD23/ITRF2020 (Epoch2023.355, 2023/05/10) RMS Difference from average value

Name Date X (m) Y (m) Z (m) X (m) Y (m) Z (m) REMARKS dX (m) dY (m) dZ (m)
KND100KHM  2023/5/7 -1,619,492.911 6,040,715.085 1,247,864.913 0.001 0.002 0.001 0.000 0.002 -0.003
KND100KHM  2023/5/8 -1,619,492.914 6,040,715.082 1,247,864.915 0.001 0.002 0.001 -0.003 -0.001 -0.001
KND100KHM 2023/5/9 -1,619,492.915 6,040,715.086 1,247,864.917 0.001 0.002 0.000 -0.004 0.003 0.001
KND100KHM 2023/5/10 -1,619,492.910 6,040,715.076 1,247,864.915 0.001 0.002 0.001 0.002 -0.007 -0.002
KND100KHM  2023/5/11 -1,619,492.907 6,040,715.088 1,247,864.922 0.001 0.002 0.001 CUSV: No RINEX 0.005 0.005 0.006
KND100KHM  2023/5/12 -1,619,492.912 6,040,715.082 1,247,864.916 0.001 0.002 0.001 0.000 -0.001 0.000
KND100KHM  2023/5/13 -1,619,492.911 6,040,715.083 1,247,864.915 0.001 0.002 0.001 0.000 0.000 -0.001
AVERAGE 1,619,492.911 6,040,715.083 1,247,864.916

(m)

0.010
0.008
0.006
0.004
0.002
0.000
-0.002
-0.004
-0.006
-0.008
-0.010

11.4.2. KSP100KHM
The calculation results for KSP100KHM are shown below.

KND1 Displacement
~_ =N/
_/‘
— 7 —_—0
"~ AN 7
N/
N
5/7 5/8 5/9 5/10 5/11 5/12 5/13

—— (X =Y —f—d7

CGD23/ITRF2020 (Epoch2023.355, 2023/05/10) RMS Difference from average value

Name Date X (m) Y (m) Z (m) X (m) Y (m) Z (m) REMARKS dX(m) dY(m) dZ(m)
KSP100KHM  2023/5/7 -1,5672,714.349 6,050,448.860 1,260,501.901 0.001 0.002 0.001 -0.002 0.001 -0.002
KSP100KHM 2023/5/8 -1,5672,714.351 6,050,448.857 1,260,501.900 0.001 0.002 0.001 -0.004 -0.002 -0.003
KSP100KHM 2023/5/9 -1,572,714.350 6,050,448.863 1,260,501.904 0.001 0.002 0.000 -0.003 0.004 0.001
KSP100KHM 2023/5/10 -1,572,714.347 6,050,448.858 1,260,501.904 0.001 0.002 0.000 0.000 -0.001 0.000
KSP100KHM 2023/5/11 -1,5672,714.340 6,050,448.862 1,260,501.910 0.001 0.002 0.001 CUSV: No RINEX 0.007 0.004 0.007
KSP100KHM 2023/5/12 -1,572,714.348 6,050,448.853 1,260,501.903 0.001 0.002 0.001 -0.001 -0.006 -0.001
KSP100KHM 2023/5/13 -1,572,714.345 6,050,448.858 1,260,501.901 0.001 0.002 0.001 0.002 -0.001 -0.002
AVERAGE -1,5672,714.347 6,050,448.859 1,260,501.903

(m)

0.010
0.008
0.006
0.004
0.002
0.000
-0.002
-0.004
-0.006
-0.008
-0.010

KSP1 Displacement
A
A AN
| N NN
I
= ’j( \\""\_/'
5/7 5/8 5/9 5/10 5/11 5/12 5/13

—— (X ——dY ——dZ
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11.4.3. PNH100KHM
The calculation results for PNH100KHM are shown below.

CGD23/ITRF2020 (Epoch2023.355, 2023/05/10) RMS Difference from average value
Name Date X (m) Y (m) Z(m) X (m) Y (m) Z(m) REMARKS dX(m) | dY(m) dZ(m)
PNH100KHM 2023/5/7 -1,603,672.437 6,038,739.338 1,277,314.638 0.001 0.002 0.001 -0.001 -0.001 -0.001
PNH100KHM 2023/5/8 -1.603,672.440 6,038,739.340 1,277,314.636 0.001 0.002 0.001 -0.005 0.001 -0.003
PNH100KHM 2023/5/9 -1,603,672.441 6,038,739.344 1,277,314.641 0.001 0.002 0.000 -0.005 0.005 0.002
PNH100KHM 2023/5/10 -1,603,672.434 6,038,739.338 1,277,314.637 0.001 0.002 0.001 0.002 -0.001 -0.002
PNH100KHM 2023/5/11 -1,603,672.428 6,038,739.339 1,277,314.644 0.001 0.002 0.001 CUSV: No RINEX 0.008 0.000 0.005
PNH100KHM 2023/5/12 -1.603,672.434 6,038,739.328 1,277,314.636 0.001 0.002 0.001 0.002 -0.011 -0.003
PNH100KHM 2023/5/13 -1,603,672.437 6,038,739.346 1,277,314.640 0.001 0.002 0.001 -0.001 0.007 0.001
AVERAGE 1,603,672.436  6,038,739.339  1,277,314.639
(m) PNH1 Displacement
0.010
0.008 /"\
b
0.006
A AN
0.002
0.000 /‘/ / i \ //.
o L~ \NEANE
o008 | pd \\ l/
-0.006 \ /
-0.008
-0.010 \ /
5/7 5/8 5/9 5/10 5/11 5/12 5/13
— (X ] =7
The calculation results for SIE1I00KHM are shown below.
CGD23/ITRF2020 (Epoch2023.355, 2023/05/10) RMS Difference from average value
Name Date X (m) Y (m) Z(m) X (m) Y (m) Z(m) REMARKS dX(m) dY(m)  dZ(m)
SIE100KHM  2023/5/7 -1,490,303.858 6,024,644.821 1,465,891.144 0.001 0.002 0.001 -0.001 0.003 -0.001
SIE100KHM  2023/5/8 -1,490,303.859 6,024,644.824 1,465,891.144 0.001 0.002 0.001 -0.003 0.007 -0.001
SIET00KHM  2023/5/9 -1,490,303.861 6,024,644.820 1,465,891.146 0.001 0.002 0.001 -0.004 0.002 0.001
SIE100KHM  2023/5/10 -1,490,303.855 6,024,644.814 1,465,891.143 0.001 0.002 0.001 0.001 -0.004 -0.002
SIE100KHM  2023/5/11 -1,490,303.848 6,024,644.816 1,465,891.150 0.001 0.002 0.001 CUSV: No RINEX 0.008 -0.002 0.005
SIE100KHM  2023/5/12 -1,490,303.858 6,024,644.814 1,465,891.144 0.001 0.002 0.001 -0.002 -0.004 -0.001
SIE100KHM  2023/5/13 -1,490,303.856 6,024,644.816 1,465,891.143 0.001 0.002 0.001 0.000 -0.002 -0.001
AVERAGE -1,490,303.856 6,024,644.818 1,465,891.145
(m) SIE1 Displacement
0.010
0.008 A
0.006 e AN
oos o TN S AN
0002 ¥ VAVARNN
! Y
0000 g 4 N\
X ———
-0.002
—
-0.004 \ /
-0.006
-0.008
-0.010
5/7 5/8 5/9 5/10 5/11 5/12 5/13

——dX —e—dY —e—dZ
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11.4.5. STG100KHM
The calculation results for STG100KHM are shown below.

CGD23/ITRF2020 (Epoch2023.355, 2023/05/10) RMS Difference from average value
Name Date X (m) Y (m) Z (m) X (m) Y (m) Z(m) REMARKS dX (m) dY (m) dZ (m)

STG100KHM 2023/5/7 -1,706,798.576 5,963,096.227 1,481,479.666 0.001 0.002 0.001 -0.002 0.006 -0.001
STG100KHM 2023/5/8 -1,706,798.579 5,963,096.226 1,481,479.668 0.001 0.002 0.001 -0.005 0.005 0.001
STG100KHM 2023/5/9 -1,706,798.579 5,963,096.225 1,481,479.668 0.001 0.002 0.000 -0.005 0.004 0.001
STG100KHM 2023/5/10 -1,706,798.573 5,963,096.216 1,481,479.665 0.001 0.002 0.001 0.000 -0.005 -0.002
STG100KHM 2023/5/11 -1,706,798.564 5,963,096.219 1,481,479.671 0.001 0.002 0.001 CUSV: No RINEX 0.010 -0.002 0.004
STG100KHM 2023/5/12 -1,706,798.573 5,963,096.212 1,481,479.664 0.001 0.002 0.001 0.001 -0.009 -0.003
STG100KHM 2023/5/13 -1,706,798.573 5,963,096.223 1,481,479.669 0.001 0.002 0.001 0.001 0.002 0.002
AVERAGE -1,706,798.574 5,963,096.221 1,481,479.667

(m) STG1 Displacement
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11.4.6. Conclusion

Since the RMS of the results calculated using Bernese software is approximately 2 mm,
the daily coordinate values were determined with high accuracy.

The difference from the average value of the daily coordinates is 11 mm in the Y
coordinate for PNH100KHM on 5/12, but it is less than 10 mm for other CORS.
Therefore, the CGD23 (Epoch 2023.355) coordinate value, which is the average value

from 5/7 to 5/13, was determined with high accuracy.
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11.5. 5-CORS CGD23 coordinates

The determined coordinates are shown below.

Name X (m) Y (m) Z (m)
KND100KHM -1,619,492.911 6,040,715.083 1,247,864.916
KSP100KHM -1,572,714.347 6,050,448.859 1,260,501.903
PNH100KHM -1,603,672.436 6,038,739.339 1,277,314.639
SIE100KHM -1,490,303.856 6,024,644.818 1,465,891.145
STG100KHM -1,706,798.574 5,963,096.221 1,481,479.667

Name B (DD MM SS.SSSSS) | L (DDD MM SS.SSSSS) H (m)
KND100KHM 1121 29.10724N 105 00 28.29508E 2.021
KSP100KHM 11 28 28.52899N 104 34 14.32999E 23.783
PNH100KHM 11 37 47.13795N 104 52 20.72324E 2.735
SIE100KHM 13 22 33.08881N 103 53 39.19100E 2.986
STG100KHM 13 31 14.27708N 105 58 21.16724E 48.599

Name N (m) E (m) h (m) Geoid (m)
KND100KHM | 1,255,573.579 500,857.576 14.064 -12.043
KSP100KHM | 1,268,490.958 453,172.078 37.598 -13.815
PNH100KHM | 1,285,616.938 486,093.422 15.770 -13.035
SIE100KHM | 1,478,968.366 380,264.014 23.535 -20.549
STG100KHM | 1,494,920.523 605,244.625 60.813 -12.214

11.6. Guessing how to obtain Nationwide-CORS coordinates

In a grant aid project, a method for calculating CGD23 coordinates of Nationwide-CORS
will be studied.

Let's try to make a guess here.

(A) Consider that the CGD23 coordinate of Nationwide-CORS is calculated based on the
5-CORS coordinate. It may be possible to consider adding an IGS station to the survey

network, but basically the 5-CORS coordinate values will be calculated as known

coordinate values.
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(B) Perform resurvey of 0-1st order control point. This is a necessary survey to check the
accuracy of Nationwide-CORS coordinate values and coordinate transformation

parameters.

(C) Calculate 0-1st order control point coordinates based on Nationwide-CORS

coordinates.

(D) Check the accuracy of Nationwide-CORS coordinate values. In this project, CGD23
coordinates are calculated by resurveying at several 0-1st order control points. Therefore,
check the accuracy of the Nationwide-CORS coordinate values by comparing them with
the results in (C). If the difference is large, the following causes may be considered, so it

is necessary to check the survey data to determine the cause and eliminate the error.

v Are there any abnormalities in the Nationwide-CORS RINEX data used for
calculations?

v" Are there any abnormalities in the survey data for the 0-1st order control point that
was resurveyed?

v' Especially in the resurvey data, are there any problems with the input values of the

antenna type and antenna bottom height?

(E) Check the coordinate transformation parameters calculated in this project by
comparing the CGDO09 coordinate of the 0-1st order control point and the CGD23
coordinate that is the result of (C). If the displacement trend is not uniform, it is
necessary to create coordinate transformation parameters suitable for the area.

Please refer to the [Coordinate Transformation_Manual] for the coordinate conversion

parameters suitable for each region.
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12. Regular monitoring of CORS coordinate values

12.1. Crustal deformation in Cambodia

When we confirmed the crustal deformation in Cambodia over a 14-year period (from
2009 to 2023) using the results of verifying the accuracy of GNSS surveying using CORS
data, we found that it was approximately 0.34 m in the east-southeast direction. The

displacement rate is approximately 24mm/year.

2023-2009 | dX(m) | dY(m) | dZ(m) | dN(m) | dE(m) | dU(m)
Max | -0.231 0.004 | -0.045| -0.050| 0.402 0.082
Min | -0406| -0.138| -0.143| -0.154| 0224| -0.062
Average | -0.322| -0.034| -0.086| -0.095| 0.319 0.030

The crustal deformation of the Sunda plate is 14mm/year in the eastward direction
(Fig.1).

Considering the errors in the GNSS measurement of the 0-1st order control point, the
results can be considered to be generally consistent with the crustal deformation

research of the Sunda plate.

12.2. CORS coordinate values and social activities considering crustal

deformation

The CGD23 coordinate value was Epoch2023.355.

In the future, if CORS is installed throughout Cambodia and its operation begins in 2025,
the earth's crust will have moved approximately 50 mm east-southeast direction at that
point.

If all of Cambodia were to move uniformly in parallel, there would be no problem in
continuing to use CGD23. However, if the crust is shifting non-uniformly, it is necessary
to revise the coordinate values to CGDxx at some point in time.

On the other hand, if the revision interval is short, the coordinate values and area will
fluctuate in a short period of time, causing a problem of confusion in social activities.

Therefore, it is better to avoid revising coordinate values in a short period of time.

12.3. Regular monitoring of CORS coordinate values
It is important to regularly monitor CORS coordinate values and understand the

displacement status of CORS placed throughout Cambodia.
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When calculating CORS coordinate values using the Bernese manual, they are
calculated at the epoch of the GNSS observation date. We will call these coordinate
values ““daily coordinates."

If the displacement direction and displacement rate of crustal deformation throughout
Cambodia are uniform, it is not necessary to carry out monitoring every day, and it may
be possible to monitor it every month. We recommend monitoring at least once a year.
At this time, it is better to unify the epoch to January 1st, so calculate the average value

for several days before and after so that January 1st is the center.

For example, it is recommended to use the monitoring results calculated every day in a

graph like the one shown below for analysis.
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The daily difference is about 20 mm due to errors caused by water vapor, the ionosphere,
solar activity, etc. Therefore, by analyzing the displacement trend using techniques such
as regression calculation and moving average, it is possible to calculate a curve like the

one shown below from the above figure.
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Then, look at this curve and decide when to revise the coordinates to CGDxx.

As mentioned above, if the interval between revisions is short, there is a risk of
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disrupting social activities, so it is basically preferable to use CGD23 coordinate values.
The timing to revise the coordinate values is when a large displacement is observed in a
short period of time, and when the displacement is uneven depending on the region.
For example, in a country like Japan, where the earth's crust is intricately intertwined
and earthquakes occur frequently, it is necessary to repeat revisions every time there is
a large earthquake.

Cambodia is located on one plate, the Sunda Plate, so we cannot expect large
displacement in the short term. If the displacement is uniform at a constant rate, we
may consider a proposal to revise it once every quarter century. For this reason, it is

necessary to periodically check that the displacement is uniform at a constant rate.

12.4. Future Goals

Manually performing calculations with Bernese software requires a lot of effort and time.
Therefore, our future goal is to automate the calculations of the Bernese software and
regularly monitor the daily coordinate values.

Below are the steps required to automate calculations in Bernese software.

(A) First, understand the process of baseline analysis and coordinate determination in
GNSS surveying. After that, learn to calculate coordinate values manually according to

this manual. We are currently at this stage in 2023.

(B) The second step is to automate the calculations of the Bernese software. However,
the data required for the calculations (such as the precise orbit files available on the
University of Bern's website) must be manually downloaded and stored in the designated
folder by hand.

We will explain the automatic analysis of Bernese software.
Bernese Software has an automatic analysis function called Bernese Processing Engine

(hereinafter referred to as [BPE]).

B Bernese GNSS Software Version 5.4 - O X

Configure Campaign RINEX  Orbits/EOP Processing Service Conversion | BPE User Help

By defining the analysis procedure etc. in advance in the Processing Control File

(hereinafter referred to as "PCF") and starting it, calculations can be performed
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automatically. This means that the final solution can be calculated without repeatedly
clicking [Run] on the menu screen.

Describe the SCRIPT name that will be executed in the PCF, and BPE executes the
SCRIPT files in the order written in the PCF. In the SCRIPT, in addition to commands
to run Bernese programs, you can also write commands to change file names and change
menu screens. In addition, the PCF can be also described the variable names defined in
the PCF, as well as the values and characters set for those variables.

To create CFCs and SCRIPTs, you must know how to run Bernese Software manually.
In other words, as explained in the previous section (A), you first need to improve your
skills to be able to find the final solution according to the Bernese Software manual.
Next, the second step is to improve your skills by learning how to create PCFs and
SCRIPTs for BPE.

(C) Create a program that automatically collects the data (such as the precise porbit files
available on the University of Bern's website) and parameters necessary to find the final
solution, and also a program that periodically executes BPE. The final goal is to use this
program to build a tool to monitor daily coordinates.

In addition, in order to build the tool, it is necessary to form a team of GNNS survey

engineers, I'T engineers, system engineers, etc.
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NOTE: The remaining issues are shown below. GDCG should discuss this issue and update this

manual.

>

After the CGD23 coordinates are registered in Pivot, it is necessary to perform a
check survey using NRTK. Please compare the CGD23 coordinate values, which
were converted from CGD09 using the coordinate conversion parameters, with the
coordinate values obtained by NRTK surveying. If the difference is within an
acceptable range, there is no problem with the accuracy of the data being distributed
from CORS.

It is necessary to conduct a check survey after the CORS coordinate values for the
entire Cambodia area have been calculated. Calculate the CGDO09 coordinate values
of CORS across Cambodia using the check survey data. This calculation can be done
using TBC software. Next, use CORS for all of Cambodia to calculate the coordinate
transformation parameters from CGDO09 to CGD23. 5-Compare the coordinate
transformation parameters calculated from CORS and the coordinate transformation
parameters calculated from CORS for all of Cambodia. If this difference is within an
acceptable range, only the coordinate transformation parameters calculated with 5-
CORS can be used.

If there are differences between regions, please refer to this manual and create
coordinate transformation parameters suitable for each region. Then, for areas that
are not compatible, use the new coordinate conversion parameters to convert CGD09
to CGD23.
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1. Introduction

1.1.

Introduction

This manual describes the transformation from CGD09 coordinates to CGD23 coordinates.

As a reference, it describes how to transform coordinates to CGD23 coordinates from

survey results with coordinates older than CGD09 coordinates.

1.2. Structure of the Manual

This manual describes the following items.

1.

2.
3.
4

o v

Geodetic reference system specification

Calculation procedure of coordinate transformation parameters

Introduction of coordinate transformation methods

Calculation methods of coordinate transformation parameters by Helmert
transformation using Bernese5.4

Procedure of coordinate transformation by Helmert transformation using Bernese5.4
Coordinate transformation parameter from CGD09 to CGD23

Appendix

1) Study of Coordinate transformation parameters using Khmer GEONET

2) Coordinate transformation method from CGD03 to CGD23

3) Coordinate transformation method of Cadastral survey boundary points

4) Coordinate transformation method from Indian 19XX to CGD23

1.3. Scope of Application

The scope of this manual applies to the following survey results, which are points having
CGDO09 coordinates.

1. 0 order and 1% order Control Point
2. 2" and 3™ Order Control Point

3. Cadastral survey boundary points
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2. Geodetic Reference System and Map Projection

2.1. CGD23

Table 1 CGD23

Item Element
Geocentric Cartesian | ITRF2020 (Epoch 2023.355, 10t May 2023)
Coordinate System
Reference Ellipsoid GRS 80

Vertical Datum Mean Sea Level (Haiphong, Vietnam)
Geoid Model EGM2008

Plane Cartesian UTM Zone 48

Coordinate System - Central Meridian: 105° 00’ 00" E

- Latitude of Origin: 0° 00’ 00" N
-  False Easting: 500,000.000 m
- False Northing: 0.000 m

- Scale Factor at Central Meridian: 0.9996
Unit and Notation Meters, 0,001m

2.2. CGDO09

Table 2 CGD09

ltem Element
Geocentric Cartesian ITRF2005 (Epoch 2009.56, 23 July 2009)
Coordinate System
Reference Ellipsoid GRS 80

Vertical Datum Mean Sea Level (Ha Tien, Vietnam)
Geoid Model EGM2008

Plane Cartesian UTM Zone 48

Coordinate System - Central Meridian: 105° 00’ 00” E

- Latitude of Origin: 0° 00’ 00" N
-  False Easting: 500,000.000 m
- False Northing: 0.000 m

- Scale Factor at Central Meridian: 0.9996
Unit and Notation Meters, 0,001m
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3. Calculation procedure of coordinate transformation parameters

3.1. Requirements for Calculating Coordinate Transformation Parameters

The requirements for calculating the coordinate transformation parameters are listed

below.

v" A point having both CGD09 coordinate values (old coordinate values) and CGD23
coordinate values (new coordinate values) is required.

v" Points with CGD09 coordinate values (old coordinate values) must have no change
to the current status and the status at the time of CGD23 coordinate values (new
coordinate values) calculation.

v"In addition to the points for calculating the coordinate transformation parameters,
a verification point shall be prepared.

v' The point for calculating the coordinate transformation parameters and the
verification point shall be re-surveyed to calculate the CGD23 coordinate values (new

coordinate values).
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3.2. Procedure for Calculating Coordinate Transformation Parameters

A flowchart for calculating the coordinate transformation parameters is shown below.

Points should be selected near the center of

Select a point to calculate the coordinate ‘ ; ;
i each point for calculating the coordinate
transformation parameters transformation parameters, or at the outer

perimeter of the range to which the coordinate
transformation parameters are applied.

A 4

Select a verification point i A®

° °
\ 4 [ J

Calculate CGD23 coordinates by re-surveying A® A®
°

v A Points for calculating parameters
@ Desirable verification points

Calculate coordinate transformation parameters ® Undesirable verification points

Evaluating Coordinate Transformation Parameters 1
Check the residuals of a point to calculate the coordinate transformation parameters

A

Evaluation of Coordinate Transformation Parameters 2
Calculate the CGD23 coordinate values of the validation point using the coordinate
transformation parameters.
Compare the CGD23 coordinate values from the re-survey with the CGD23
coordinate values from the coordinate transformation parameters.

If the results of Evaluation 1 and Evaluation 2 are unacceptable
It is necessary to consider measures such as narrowing the area to which the
parameters are to be adapted

Figure 1 Flowchart
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4. Introduction to common coordinate transformation methods

4.1. Helmert Transform
4.1.1. Helmert Transform (3D)

This method should be used when transforming the coordinates of a region with a large
area of application, such as a global scale. Using points with both CGD09 coordinate
values (old coordinate values) and CGD23 coordinate values (new coordinate values), it
estimates the amount of translation from origin, rotation around each axis, and scale
factor by the least-squares method. The coordinate transformation parameters from
CGD09 to CGD23 coordinate values were calculated by this method. The conversion

equations are shown below.

XcpG23 dx 1 - n XcDGo9
Yepgazs | = [dy|+ (1 +5) | 1y 1 —7r¢|-|Ycpcoo
Zcpe23 dz -1, I 1 Z¢DGo9

Xcep23: X value of CGD23 coordinate

Yeepaz: Y value of CGD23 coordinate

Zcepaz:i Z value of CGD23 coordinate

dx: Amount of translation from origon
in x — axis direction

dy: Amount of translation from origon
in y — axis direction

dz: Amount of translation from origon
in z — axis direction

s:Scale factor

1: Amount of rotation around x — axis

ry,: Amount of rotation around y — axis

1,: Amount of rotation around z — axis

Xcepoo: X value of CGD0O9 coordinate

Yeepoo: Y value of CGD0O9 coordinate

Zcepoo: Z value of CGDO9 coordinate
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Figure 2 Helmert Transform (3D)
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4.1.1. Helmert Transformation (2D)

In general, when transforming the coordinates of an area with a small area of application,
the coordinates are transformed by dividing them into horizontal position coordinates
and elevation coordinates. The Helmert transformation (two-dimensional) is a method of
transforming coordinates for horizontal position coordinates using the amount of
translation from origin, rotation, and scale factor. Using points with both CGD09
coordinate values (old coordinate values) and CGD23 coordinate values (new coordinate
values), the amount translation from origin, rotation, and scale factor are estimated by

the least-squares method. The transformation formula is shown below.

XCGDZB] _ [dx] 4 [COSH —sin 9] _ [xCGD09]
Yeapas dy sin@ cos8 1 Wcepoo

Xcep23: X(N) value of CGD23 coordinate

Yeep2s: Y(E) value of CGD23 coordinate

dx: Amount of translation from origon in x(N) — axis direction
dy: Amount of translation from origon in y(E) — axis direction
s:Scale factor

0: Amount of rotation

Xcepoo: X(N) value of CGDO9 coordinate

Yeepoo: Y(E) value of CGD09 coordinate
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Figure 3 Helmert Transformation (2D)
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4.2. Affine Transformation

In general, when transforming the coordinates of an area with a small area of application,
the coordinates are transformed by dividing them into horizontal position coordinates
and elevation coordinates.

The affine transformation is a method of transforming coordinates for horizontal position
coordinates using the amount of translation from origin, rotation of each axis, and scale
factor. Using points with both CGD09 coordinate values (old coordinate values) and
CGD23 coordinate values (new coordinate values), the amount translation from origin,
rotation of each axis, and scale factor are estimated by the least-squares method.

The transformation formula is shown below.

XCGD23] _ [dx] + [Sx * COS Hx —Sy . Sin 03/' ) [xCGDog]
Ycep23 dy Sx *sin@, s, -cosf, | Ycepoo

Xcep23: X(N) value of CGD23 coordinate

Yeep2s: Y(E) value of CGD23 coordinate

dx: Amount of translation from origon in x(N) — axis direction
dy: Amount of translation from origon in y(E) — axis direction
Sy:Scale factor of x — axis

sy:Scale factor of y — axis

0,: Amount of x — axis rotation

8,: Amount of y — axis rotation

Xcepoo: X(N) value of CGDO9 coordinate

Yeepoo: Y(E) value of CGDO9 coordinate

10
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XCDGZS

dx

YcDGo9

Figure 4 Affine Transformation
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4.3. Method by weighted interpolation

The weighted interpolation is a method for conducting the coordinate transformation to
calculate the correction amount for coordinate transformation by weighting the
reciprocal of the distance between the point with both CGD09 coordinate values (old
coordinate values) and CGD23 coordinate values (new coordinate values) and the point
for which the coordinate transformation is performed. This method is used to calculate
coordinate transformation parameters adapted to each region.

The calculation formula is shown below.

=1 l L =1 l l
Xcep23 = Xcepoo + —S7m p Yeep23z = Yegpoo + —Sn p
i=1%1 i=111i
w1 dh; - P;
Hegp2s = Hegpoo + —Sn p
i=1"11i

Xcep23: X(N) value of CGD23 coordinate of point A

Yeep2s: Y(E) value of CGD23 coordinate of point A

Hcgpas: Elevation value of CGD23 coordinates at point A

Xcepoo: X(N) value of CGDO9 coordinate of point A

Yeepoo: Y(E) value of CGD09 coordinate of point A

Hcgpoo: Elevation value of CGDO9 coordinates at point A

dX; = Xp; cGpo9 — XBi cGp23"

Correction amount for coordinate transformation of X(N) coordinate of point B;

dy; = ¥Bic6poo — YBi cGD23:

Correction amount for coordinate transformation of Y(E) coordinate of point B;

dh; = hpi cepos — hpi cep23:

Correction amount for coordinate transformation of elevation value of point B;
1 1

Pi=g
L

: weight

- \/(XBL' 0o — Xcapoo)® + (Yai capos — Yeapoo
S;: Horizontal distance between point B; and point A
Xgicep23: X(N) value of CGD09 coordinate of point B;
Ysi cepos: Y (E) value of CGD0O9 coordinate of point B;

12
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(dx,, dys,, dhy)

<an-17 dyn-b dhn-l)
B / (dX, dY, dH) 1
o O~ P

Figure 5 Method by weighted interpolation
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4.4. Bilinear transformation method with linear interpolation

Coordinate transformation correction amount calculated from points having both CGD09
coordinate values (old coordinate values) and CGD23 coordinate values (new coordinate
values) are distributed on a mesh. The method, which is calculating the coordinate
transformation correction amount for an arbitrary point in a mesh by linear interpolation
and then transforming the coordinates of that point, is called the bilinear transformation
method. This method is used to calculate coordinate transformation parameters adapted
to each region. And this method is also suitable for providing users with regionally
adapted coordinate transformation parameters and for creating program of calculation
formula.

The calculation formula is shown below.

Xcep23
Yeep2s
Hegpas
Xc6po9
Yeepoo
Hcepoo
—-Y, X, — X, X, —-X Y, - Xy — X X,
Y2 — Ycepo9 ( 2~ Ac6poy gy ACEDOOT X ) 4 Jeapoo N1 ( 2~ Ac6oy . 4 2CGDOO T X1 CGD09 — dxzz
Y2—W1 X2 —Xq X2 —Xq Y2—01 X2 — X1 X2 —
Y2 — Yeepoo (%2 — Xcepoo Xcepoo — X1 Yeepoo — Y1 (%2 — Xcepoo XCGD09
+ ( Ay +———— dYZ1) + ( Ayt ———— d}’22
Y2—01 X2 — X1 X2 — X1 Y2—01 X2 —Xq X
—Y, Xy — X X, —-X Y, - Xy — X X
Y2 CGD09< 2~ Ac6o9 gy 4 2CEDOS ~ X1 dh21) 4 feGpoo » ( 2~ Ac6Dos yp oy AcGpo9 — X1 dhzz
Y2—W1 X2 —X1 X2 — X1 Y2—01 X2 — X1

Xcepzs: X(N)value of CGD23 coordinates of point A

Yeep23: Y(E) value of CGD23 coordinates of point A

Hcgpas: Elevation value of CGD23 coordinates at point A

Xcepoo: X(N)value of CGD09 coordinates of point A

Yeepoo: Y(E) value of CGDO9 coordinates of point A

Hcgpoo: Elevation value of CGDO9 coordinates at point A

dxij = Xpij ccpoo — Xgij cepz3: Correction amount for coordinate transformation of
X(N)coordinate of point B;;

dYyij = ¥Yij cepoo — YBij cepz3: Correction amount for coordinate transformation of
Y(E)coordinate of point B;;

dh;; = hpijcepoo — hpijcepz3t Correction amount for coordinate transformation of

elevation value of point B

14
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X
(dX21, dys;, dh21) (dX22, dy,s, dh22)
V4 e
XZ -------------- -] ————y =
B21i | Booj
! (X, dY, dH) §
Wa
(dx,;, dYu; dh,,) ] i (dx,s, dy;s, dhyy)
Xegpog | 7777777 'i'f _____ A L 1 /
I I
o |mmm e
B i 1 B
I i I
| | :
>
Y1 Yoepoy Vo Y

Figure 6 Bilinear transformation method with linear interpolation
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5. Coordinate Transformation

5.1. Create a campaign and the point coordinate files

5.1.1. Edit list of campaigns

Click [Edit list of campaigns] to display the submenu.

[l Bernese GNSS Software Version 5.4 - O X

Edit list of campaigns

["*Top! | #Prev: [["Next: || Cancelil | Save’As | #Save | *Run! |

Click [+] to copy the line. Click [-] to delete the line.
Rename the campaign directory to [${P}/XXXXX]. [XXXXX] can be named arbitrarily.

Click [~Save] to save your changes.

. Bernese GNSS Software Version 5.4 - a X

Canpain aizecrors] | T

${P}/INTRO + |-

” ~oep | *Preyv: | “Next \ 2 2 2 | ARUn| [ *Output | Rertun

16
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5.1.2. Select the active campaign

Click [Select active campaign] to display the registered campaign directory.

[l Bernese GNSS Software Version 5.4 - o X

Select active campaign

Select the campaign and click [OK].

. Bernese GNSS Software Version 5.4 = ] X

If the Directory is not created, Message will be displayed, but there is no problem.
So press the [OK] button. Then, click [OK] for all.

. Bernese GNSS Software Version 5.4 - m] X

. Bernese GNSS Software Version 5.4 - [} X

Make sure the selected campaign is displayed at the bottom of the menu screen.

J ~op) | *Prey \ “Next | Cance’l | Save’As) \ ~Save. \ ARun| \ *Output | Rertun| \

17
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5.1.3. Create campaign folder

Click [Create new campaign] to display the submenu.

[l Bernese GNSS Software Version 5.4 - o X

Create new campaign

[ #Top) || #Prev: | *Next | Cancell | S “Rkun | *Output | kertun

Click [*Run]

Bl Bemese GNSS Software Version 5.4 - ] X

${PAN}/SESSIONS.SES
${CONFIG}/OBSERV_COD.SEL

T HF [+ F [ F [+

| *Top) ] *Prev, | *Next: [ : | “Output | Rertun

A folder with the campaign name will be created in the CAMPAIGN54 folder.

Bl

~ BERNs4 £ ZE = d=] =

~ CAMPAIGNS4 | 2023001 2023/07/07 10:13

© DATAPOOL | EXAMPLE 2023/06/08 9:49

~ Dell . . TEST1 2023/06/08 11:11

" Drivers LE] CAMPAIGNS4.ico 2022/08/04 15:13

 GPSTEMP v >

18
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5.1.4. Select current session

Click [Edit session table] to display the registered Session table.

Bl Bemese GNSS Software Version 5.4 - ] X

Edit session table

“ Aljop) | “Rrey) | Next \ Cance?| | Save’As | ASave | ARun) | *Output | Rer’un|

[7?7] is [Day of year]. It is a total day with 1st-Jan as 1. Set with wildcards.
START EPOCH and END EPOCH dates [yyyy mm dd] are blank.

START EPOCH time is 00:00:00. END EPOCH time is 23:59:59.

Click [~Save].

Bl Bemese GNSS Software Version 5.4 - ] X

|| #Top, || “Prev || *Next | Cance ave e || “Run| | “Gutput | Rertun
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5.1.5. Calculation date setting

Click [Set session/compute date] to display the submenu

[l Bernese GNSS Software Version 5.4 - m] X

Set session/compute date

Set by [Year Month Day], [Modified Julian Date], [GPS Week and Day of Week] or [Year
and Day of Year].
Click the red frame to set in [Year Month Day].

. Bernese GNSS Software Version 5.4 - [m} X

2022 621 ||
B
2215 2 || N
2022 172 ||

x| 1| _ Today |
o
[sessTons || 8ES |

[
_melp [ _set | camcel | ok |

Enter the date and click [OK].

. Bernese GNSS Software Version 5.4 — =] X

. Date Selection Dialog

lilijﬁ

||
_Help [ set | camcel | ok |

Make sure that the baseline processing date you set is displayed at the bottom of the

menu screen.

| *Top) \ tRrev: \ ANext \ Cance’l| \ Save’As| | ASave. | ARun) | *Output || Rertun
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5.1.6. Create the point coordinate file

Create the point coordinate files using a text editor. (e.g. CGD23.CRD and CGD09.CRD)

LOGAL GEODETIC DATUM:
NUM STATION NAME

ANMG
GMUM
CUSV
HKSL
PTAG
SINT
KND1
KSP1
PNH1
SIET
STG1

— oW~ OT W —

—_

1GS20
X (M

-1270826. 89380
-938078. 34810
-1132914. 86460
-2393382. 91750
-3184318. 71050
-1507972. 63360
-1619492. 94400
-1572714. 38600
-1603672. 47300
-1490303. 89300
-1706798. 61200

5.1.7. Edit Coordinate file

EPOCH: 2015-01-01 00:00:00

Y (M

6242631. 33340
5968373. 98630
6092528. 56900
5393860. 99760
5291065. 49990
6195613. 86690
6040715. 07000
6050448. 84600
6038739. 32500
6024644. 81700
5963096. 21200

Z M

307792. 42240
2038404. 32190
1504633. 21270
2412592. 23210
1590418. 24380

148488. 03430
1247864. 90000
1260501. 89200
1277314. 62100
1465891. 13600
1481479. 65100

Copy the point coordinate files to [STA] folder of the campaign.

CAMPAIGN54
230507
230508

ATM
BPE
GEN
GRD
OBS
ORB
ORX
out
RAW
soL
STA

N Ew

-] KHM_201500.CRD

21

EIEHE

2023/07/29 9:59

FLAG

SYSTEM

&3

CRD 771 )b
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Click [Station Coordinates] to display the submenu.

Bl Bernese GNSS Software Version 5.4 — O X

Edit station files Station coordinates

A0Utput | Rer*un

Select the coordinate file and click [OK].

Bl Bemese GNSS Software Version 5.4 - O X

|| #Top | ~Prev: | “Next | Cance?l | S s | 7 ARun | ~Qutput | Rer“un
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Enter Title, Coordinate epoch, Geodetic datum, Station name and the coordinate values.
Click [~Save].

!I Bernese GNSS Software Version 5.4 — O X
Configure Campaign RINEX Orbits/EOP Processing Service Conyersion BPE User Help

CREATE/UPDATE STATION COORDINATES - EDITCRD

Filename C:/CAMPAIGN54/230508/STA/KHM 201500 .CRD
Title [KcHM

yvyyy mm dd hh mm ss

Coordinate epoch 2015 01 01 00 00 00
Geodetic datum IGS20

Num|Station name X (meter) Y (meter) Z (meter) Fla il
4 HKSL -2393382.9175 5393860.9976| 2412592.2321|T +

5 PTAG -3184318.7105 5291065.4999| 1590418.2438|T +

6 SIN1 -1507972.6336 6195613.8669 148488.0343|I +

7 KND1 -1619492.9440 6040715.0700| 1247864.9000 +

8 KSP1 -1572714.3860 6050448.8460| 1260501.8920 +

9 PNH1 -1603672.4730 6038739.3250| 1277314.6210 +

10 |SIE1 -1490303.8930 6024644.8170| 1465891.1360 +

11 lemea _170£700 £10nl  cacanae nionl 1401470 c£5an *

. | [sTacrof

| | i3

|| #Top | ~Prev: | “Next | Cance®l | Save*As | ASave | “Run | “@utput | Rer*un | A+Day A-Day
> User: %USERNAME% Campaign: ${P}/230508 $Y+0=2023 $S+0=1280 File: C:\GPSUSERS54/PAN\EDITCRD.INP

Title: Can be entered arbitrarily

Coordinate epoch: The year, month, day, hour, and second for which the coordinates were
calculated.

Geodetic datum: e.g. IGS20

Refer to the following website for Transformation Parameters between ITRF Solutions.

Transformation Parameters between ITRF Solutions website:

https://itrfign.fr/en/solutions/transformations
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5.2. Helmert transformation (HELMR1)

Calculation of transformation parameters from CGD09 to CGD23 is shown below.
Click [Helmert transformation] to display the submenu.

Bl Bemnese GNSS Software Version 5.4 - O X

Coordinate tools

Helmert transformation

[F2iopr | 7 Prevh [ ANext [ Cancerl | SavezAs [ ASave [FRUNN [FOutputs [ REFn

Select Input files ([First] is [To], [Second] is [From]).
Enter the file name of Result coordinates file and Output file.
Click [*Next].

Bl Bernese GNSS Software Version 5.4 - m} X

from09to23

7 from09to23|

ERROR

| %70p) || 2Prev | “Output | Rer“un

24
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Click [*Next].

. Bernese GNSS Software Version 5.4 — O X

const___ Bsul
paTon Bsw]

[ “Output | Rer*un

Enter Title.

Select [STATION SELECTION].

v' Manual station selection

Select [HELMERT TRANSFORMATION].

v' System of transformation: LOCAL (N, E, U) or GEOCENTRIC (X, Y, 2)
v' Parameters to be computed: 3 parameters or 7 parameters

Click [~ Next].

. Bernese GNSS Software Version 5.4 - O X

[ “Output | Rer*un
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Input [STATION SELECTION].
v" [Blank], [M] or [E]
v" Click [*Next].

. Bernese GNSS Software Version 5.4 - O X

K K
K K
K K
K K

QRa|a|aja|R =R
QRO |R|=A

| 20utput | Rer“un

Click [*Run].

. Bernese GNSS Software Version 5.4 - O X

| “Output. | Rerrun |
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You can safely ignore this warning.

Bl C:+GPSUSER54/WORK¥ERROR.MSG ?

X

### PG HELMR1: DIFFERENT GEODETIC DATES FOUND
FIRST DATUM: IGS20
SECOND DATUM: IGS05

Find next | prey | Close

\_IL >

You can see the calculation result by clicking [*Output].

Also, the calculation result is saved in [OUT] of the campaign.

Bl $(P)/Param_1106£OUT¥7_from09t023.0UT ? X
&
NUMBER OF PARAMETERS : 7
NUMBER OF STATIONS : 5
NUMBER OF COORDINATES : 15
RMS OF TRANSFORMATION : 0.0119 M
PARAMETERS :
TRANSLATION IN X : -1.2315 +- 0.4590 M
TRANSLATION IN Y : -0.4424  +- 0.2789 M J
TRANSLATION IN 2 : 0.0830 +- 0.3172 M
ROTATION AROUND X-AXIS: 0 0 0.006873 +- 0.010140 "
ROTATION AROUND Y-AXIS: - 0 0 0.001282 +- 0.009124 "
ROTATION AROUND Z-AXIS: 0 0 0.032284 +- 0.014866 "
SCALE FACTOR : 0.01958 +- 0.04103 MM/KM
< |

i,

Find next | prey: Close
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5.3. Coordinate transformation

Transform the coordinates using the parameters obtained in section [5.2.].

Click [Coordinate transformation] to display the submenu.

Bl Bemese GNSS Software Version 5.4 - O X

Coordinate tools

Coordinate transformation

| Top | ~Prev | Next | Cance?l | Save’As | “Save | “Run' | 2Output | Rer*un

Select Input file [From].
Enter the file name of Result file [To] and Output file.
Click [*Next].

Bl Bernese GNSS Software Version 5.4 - m} X

[KHM 20092040

Cal 09to23

Cal 09to23
ERROR

AOutput | Rer*um
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Click [*Next].

Bl Bernese GNSS Software Version 5.4 - m} X

const s
paToM — BsH]

CO0SYSS$SJT

| 20utput | Rer*un

Enter Title and 7 parameters.
For scale, input [s] of (1+5).
Click [ARun].

. Bernese GNSS Software Version 5.4 — O X

+0.006873

-0.001282
+0.032284

| "Output | Rerrun

Click [*Qutput].
Check the results.
The calculation result is saved in [STA] of the campaign.
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6. Coordinate transformation parameter

6.1. Coordinate transformation parameters from CGDO09 to CGD23 (7
parameters)

Coordinate transformation parameters were calculated using CGD09 and CGD23
coordinates of Khmer GEONET (5 points). 7 parameters of dX, dY, dZ, Rx, Ry, Rz and Scale

are calculated.

6.1.1. 7 parameters

(A) Geocentric (X, Y, Z2)

Element Parameter Unit
dX -1.2315 | m
dy -0.4424 | m
dz +0.0830 | m
Rx +0.006873 | arc second
Ry -0.001282 | arc second
Rz +0.032284 | arc second
Scale 0.01958 | mm/km (ppm), [s] of (1+s)
(B) Local (N, E, U)
Element Parameter Unit
dN -0.0905 | m
dE +0.3087 | m
du +0.0330 | m
RN -0.032184 | arc second
Re +0.006314 | arc second
Ru -0.003929 | arc second
Scale 0.01958 | mm/km (ppm), [s] of (1+s)
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6.1.2. Evaluating Coordinate Transformation Parameters (Residual check)

(1) Table of residual

Residual
Name

dX (m) dY (m) dZ (m) dN (m) dE (m) dU (m)
KND1 0.001 -0.007 -0.005 -0.003 0.000 -0.008
KSP1 -0.012 0.002 0.003 0.002 0.011 0.005
PNH1 -0.006 0.004 -0.007 -0.008 0.005 0.004
SIE1 0.005 -0.005 0.020 0.021 -0.003 -0.001
STG1 0.012 0.007 -0.011 -0.012 -0.014 0.000

(2) Vector of residual (dN, dE)

Legend
_—

STG1 0.02m

PNH1

0/\
KSP1

¥ KND1

(3) Evaluation

The maximum value is the residuals in the north direction (21 mm) at SIE1, which is
sufficiently small. Therefore, the calculated coordinate transformation parameters can be
used as the adopted values.
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6.1.3. Evaluating Coordinate Transformation Parameters (Compare the
coordinate values from the re-survey with the coordinate values from the
coordinate transformation parameters)

(1) Re-survey network
(A) Phnom Penh, Kandal and Kampong Speu (Re-survey was conducted in June 2022)

S s oo wewo  ammo  go0 G0 soow o oo oo I )
i Tuek Ph o Cheung Prey, Prey Chhor
. Map Observation Plans lfc = Y, . L" %W% #
g- in PhnomPenh , Kandal , and K s P 7 ) | Kampong Siem, §
- ‘ % . [KAMPONG CHAM
1:700 000 | = 4B Kang MESP Karithonig Chart
§_7 Map Projection UTM , Map datum WGS84 ;4 w ) ang st :-g
A Sameakki Mean Che \_.83“,,5"“""
{ o, ( : °§
W ‘ ‘ 4 A WG
H : eEN

> H
& Girtarson
Sithor Kandal o

(<)

Ponhiea Lu
Legend /
A CORS \Thpong
A GPS First Orders 55 | G — H
A GPS Zero Orders o G s5C Khsach Kangl
a ral dongk ‘ iy
Province, city | Ada A = PeaReang A

| | o Distice Preack Prov J \k ]
—— GPS Networks uesselKiev s,
Raads Doun Penh Ludahem T \SV y Antor
& g

— Rivers Kamboul Saen Sokh o
Boundary [}

Y.VENG Prey Vi
Chbar Mol == | A [y
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~
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1
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8

AS

=
- PhnomPenh (PNH10(]KHM)

b 4cT 3D, ~48""’5C"and 21B (First Orders)
- Sjang Kandal 1KND10‘0KHM) ‘ I

| /KAND (0-Order)
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i G T ; | A E
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oo w0 w0 oo 41 o0 a0 aon a0 4o oo oo oo sooooo S0 s Sao0o0
(B) Siem Reap (Re-survey was conducted in June 2022)
oo mewo  mow w0 oo oo S0 o 0w w0 w0 w0 sowo a0
i i L L i L i o ! L 1 ! ! g
Map Observation Plans in SiemReap r"""m s'°f(
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T
1:600 000 -
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NG 17 "
g_x‘»ﬁ‘ 17"""‘-»,_,”1 - | \,, 17F | -§
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Angkor Thum 2
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e,
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(C) Stueng Treng (Re-survey was conducted in June 2022)

Map Observation Plans in StuengTreng >‘\:§, EELCE e S S 2
— 8
4 1:600 000 . fgg %\ 4
Map Projection UTM , Map datum WGS84 191 il
i [ N 5
[ | == . 19C L]
Legend \ —
g'* A CoRrs \ £
)/ — E
A GPS First Orders
A GPS Zero Orders /
. i o ala Barivat
Ml @ e Nzt e . i
—— GPS Networks Fis fsuerTeens 19A ) k
Roads
g_, —— Rivers &0 / lblulvu HM 4
e Boundary A Y \ \ Ve
g z | ZslemEou W §
H & & \ / 8
H H
b LS
g ]
H i H
CAN il NB £
i o {
\ N
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(D) Near the national boundary (Re-survey was conducted in September 2023)
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(2) Displacement amount from CGDO09 to CGD23

(A) Displacement amount

The difference between the CGD09 and CGD23 coordinates is shown in the table below.
Since the transformation parameters between geodetic reference systems (between
ITRF2005 (CGDO09) and ITRF2020 (CGD23)) are minute, the values shown in the table
below are the displacements generated from survey errors and crustal deformation.
During the 14 years period, the land was displaced approximately 0.1m to the south and
0.3m to the east, resulting in a displacement of approximately 0.3m in the east-southeast
direction. The height is about 0.03m, and there is a tendency toward micro uplift. The
displacement rate of horizontal displacement is about 0.02m/year. According to the
figure below, the displacement of the Sonde plate is in the east direction and its

displacement speed is 0.014m/year, which is consistent with the plate motion.

Persia-Tibet-Burma( isYan g tze /l
Orogeny

Plate
*® 'Eurasian hilippine
/ Plate
Indian Yy Nl {NSea Plate

Plate .

Ninety East-Sumatra

o9 Australian | 70
Plate |
https://en.wikipedia.org/wiki/Sunda_Plate#:~:text=The%20Sunda%20Plate%20is%20a%
20minor%20tectonic%20plate,movement%20at%2010%20mm%2Fyr%20eastward%20r
elative%20to%20Eurasia
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CGD23 - CGD09
dX dy dz dN dE du
(m) (m) (m) (m) (m) (m)

Name

(A) Phnom Penh, Kandal and Kampong Speu

000500KHM -0.303 -0.011 -0.092 -0.103 0.296 0.044
003D0O0KHM -0.316 -0.138 -0.062 -0.050 0.341 -0.062
004BOOKHM -0.334 -0.002 -0.082 -0.098 0.323 0.064
005BOOKHM -0.306 -0.051 -0.087 -0.091 0.308 0.009
005CO0KHM -0.292 -0.002 -0.085 -0.098 0.283 0.053
005E00KHM -0.296 -0.066 -0.085 -0.086 0.303 -0.005
008A00KHM -0.301 -0.007 -0.072 -0.084 0.293 0.056
014A00KHM -0.344 -0.028 -0.090 -0.100 0.339 0.045
021A00KHM -0.328 -0.043 -0.093 -0.100 0.329 0.024
021BOOKHM -0.319 -0.035 -0.079 -0.087 0.318 0.031
021E00KHM -0.284 -0.003 -0.077 -0.089 0.275 0.051
KANDOOKHM -0.300 -0.081 -0.101 -0.099 0.310 -0.021
(B) Siem Reap

002A00KHM -0.346 -0.031 -0.143 -0.154 0.343 0.015
002BOOKHM -0.323 -0.019 -0.135 -0.145 0.318 0.025
017A00KHM -0.326 -0.014 -0.107 -0.121 0.320 0.038
017BOOKHM -0.303 -0.028 -0.125 -0.133 0.300 0.013
017CO0KHM -0.294 -0.064 -0.104 -0.105 0.300 -0.014
017FO0KHM -0.290 -0.054 -0.099 -0.102 0.294 -0.003
SIEMOOKHM -0.315 -0.035 -0.092 -0.101 0.314 0.018
(C) Stueng Treng

001900KHM -0.338 -0.016 -0.067 -0.082 0.329 0.059
010FO0KHM -0.374 -0.035 -0.073 -0.085 0.369 0.050
019BOOKHM -0.354 -0.041 -0.092 -0.102 0.353 0.035
019C00KHM -0.358 -0.080 -0.097 -0.098 0.366 0.002
019100KHM -0.360 -0.016 -0.067 -0.084 0.351 0.064
019K00KHM -0.357 -0.035 -0.069 -0.081 0.354 0.047
(D) Near the national boundary

01100KHM -0.398 -0.014 -0.091 -0.109 0.386 0.082
13GO00KHM -0.344 -0.031 -0.045 -0.058 0.341 0.044
15HO0KHM -0.231 0.004 -0.062 -0.075 0.224 0.040
16D00KHM -0.406 -0.045 -0.046 -0.060 0.402 0.065
18CO0KHM -0.273 -0.033 -0.115 -0.121 0.273 0.011
20BOOKHM -0.336 -0.061 -0.096 -0.100 0.341 0.016
22A00KHM -0.289 -0.007 -0.062 -0.076 0.282 0.042
Khmer GEONET

KND100KHM -0.311 -0.022 -0.079 -0.090 0.307 0.043
KSP100KHM -0.295 -0.037 -0.087 -0.093 0.295 0.020
PNH100KHM -0.304 -0.035 -0.076 -0.083 0.302 0.027
SIE100KHM -0.313 -0.037 -0.100 -0.108 0.312 0.015
STG100KHM -0.335 -0.016 -0.065 -0.080 0.326 0.060
Max -0.231 0.004 -0.045 -0.050 0.402 0.082
Min -0.406 -0.138 -0.143 -0.154 0.224 -0.062
Average -0.322 -0.034 -0.086 -0.095 0.319 0.030
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(B) Displacement vector (dN, dE)
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(3) Comparison between re-survey and transformation results using parameters

(A) Comparison of tables
Having compared the results of the Re-survey and the parameter-based transformations,

the following characteristics were found.

- 2A, 3D, 11, 15H, 16D, 19C are singular points because their differences are larger
than the other points. It is recommended to conduct further inspection survey after
CORS is installed throughout Cambodia.

- Except for the above points, the difference is less than about 50 mm.

- In the Phnom Penh, Kandal and Kampong Speu region, the difference between the
Re-survey and transformation results is small.

- In the Siem Reap region, the Re-survey results are located to the south.

- In the Stueng Treng region, Re-survey results are located to the eastern.

- Near the western coast area, the Re-survey results are located on the west side, but
cannot be determined because 15H is a singularity.
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ReSurv. - Param.
dX dy dz dN dE du

(m) (m) (m) (m) (m) (m)
(A) Phnom Penh, Kandal and Kampong Speu

Name

000500KHM 0.002 0.031 -0.007 -0.013 -0.010 0.027
003D0OOKHM -0.004 -0.112 0.020 0.041 0.033 -0.100
004BOOKHM -0.024 0.030 0.001 -0.006 0.015 0.034
005BOOKHM 0.001 -0.014 -0.003 0.000 0.002 -0.014
005C00KHM 0.017 0.031 -0.002 -0.007 -0.024 0.024
005E00KHM 0.011 -0.029 -0.001 0.005 -0.003 -0.030
008A00KHM 0.009 0.023 0.012 0.008 -0.014 0.023
014A00KHM -0.032 -0.005 -0.007 -0.007 0.031 0.002
021A00KHM -0.020 -0.010 -0.008 -0.007 0.023 -0.006
021BOOKHM -0.011 -0.002 0.005 0.005 0.012 0.002
021E00KHM 0.022 0.036 0.008 0.002 -0.031 0.030
KANDOOKHM 0.010 -0.051 -0.017 -0.006 0.003 -0.054
(B) Siem Reap

002A00KHM -0.042 0.024 -0.062 -0.069 0.035 0.019
002BOOKHM -0.019 0.033 -0.053 -0.059 0.010 0.024
017A00KHM -0.017 0.029 -0.028 -0.035 0.010 0.025
017BOOKHM 0.003 0.021 -0.045 -0.048 -0.008 0.008
017CO0KHM 0.016 -0.025 -0.024 -0.018 -0.009 -0.033
017FO0KHM 0.021 -0.018 -0.020 -0.014 -0.016 -0.026
SIEMOOKHM -0.007 0.009 -0.012 -0.014 0.005 0.007
(C) Stueng Treng

001900KHM -0.016 -0.007 0.009 0.009 0.017 0.000
010FO0KHM -0.052 -0.028 0.004 0.007 0.057 -0.012
019BOOKHM -0.030 -0.034 -0.017 -0.011 0.039 -0.028
019CO0KHM -0.031 -0.080 -0.022 -0.005 0.052 -0.071
019100KHM -0.039 -0.002 0.009 0.007 0.038 0.011
019K00KHM -0.036 -0.023 0.008 0.011 0.042 -0.010
(D) Near the national boundary

01100KHM -0.070 -0.022 -0.014 -0.013 0.074 -0.003
13GO0OKHM -0.027 -0.003 0.031 0.029 0.028 0.012
15HO0KHM 0.067 0.067 0.023 0.012 -0.080 0.054
16DO0KHM -0.073 -0.057 0.027 0.035 0.086 -0.025
18CO0KHM 0.027 0.018 -0.027 -0.029 -0.030 0.006
20BOOKHM -0.019 -0.049 -0.013 -0.005 0.032 -0.044
22A00KHM 0.018 0.046 0.016 0.007 -0.028 0.044
Khmer GEONET

KND100KHM -0.001 0.007 0.005 0.003 0.000 0.008
KSP100KHM 0.012 -0.002 -0.003 -0.002 -0.011 -0.005
PNH100KHM 0.006 -0.004 0.007 0.008 -0.005 -0.004
SIE100KHM -0.005 0.005 -0.020 -0.021 0.003 0.001
STG100KHM -0.012 -0.007 0.011 0.012 0.014 0.000
Max 0.067 0.067 0.031 0.041 0.086 0.054
Min -0.073 -0.112 -0.062 -0.069 -0.080 -0.100
Average -0.009 -0.005 -0.006 -0.005 0.011 -0.003
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(B) Difference vector (dN, dE)

Legend
—_—
S . 0.1m
- N 136G
22A .
N, 198
17B 17A 191 «— *—. _19C 16D
17F . 19 #STG1
flEM sf. \ —
L 17C \ 19K
* ._/?
\ / \. 10F
. /7 N\ . 11 .\
—, \ PA . N
15H °* ) .
/7 4Bes. 3D, N
. 5825C, PHN1 ¢
\ 5E %S'P’P KAND
¢+ 5 ;.AKNM
\ £ __2188A °*14A 208
+ 21E o 21A =
\
/ 18C \

(4) Evaluation

Except for the singular points (2A, 3D, 11, 15H, 16D, 19C), the difference between the Re-

survey and parameter-based transformation results is about 50 mm, which is within the

range of no practical influence. Therefore, the calculated coordinate transformation

parameters can be used as the adopted values.
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6.2. Coordinate transformation parameters from CGDO09 to CGD23 (3
parameters)

Coordinate transformation parameters were calculated using CGD09 and CGD23
coordinates of Khmer GEONET (5 points). 3 parameters of dX, dY and dZ are calculated.
The difference between the value calculated by the coordinate transformation using 7
parameters and using 3 parameters is about 30 mm. If the GDCG can accept the
difference, it would be possible to perform coordinate transformations using 3

parameters for such as cadastral survey boundary points.

6.2.1. 3 parameters

(A) Geocentric (X, Y, Z)

Element Parameter Unit
dX -0.3116 | m
dy -0.0294 | m
dz -0.0814 | m
Rx 0.000000 | arc second
Ry 0.000000 | arc second
Rz 0.000000 | arc second
Scale 0.00000 | mm/km (ppm), [s] of (1+s)
(B) Local (N, E, U)
Element Parameter Unit
dN -0.0905 | m
dE +0.3087 | m
du +0.0330 | m
Rn 0.000000 | arc second
Re 0.000000 | arc second
Ru 0.000000 | arc second
Scale 0.00000 | mm/km (ppm), [s] of (1+s)
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7. Coordinate transformation parameters adapted for each region

7.1. Cases where coordinate transformation parameters adapted to each
region are required

Compare the old and new coordinate values of CGD09 and CGD23 of 0-1st order control
point (or Nationwide-CORS). As shown in the figure below, if the size of difference vector

is small and the results are in the same direction, you only need to apply one coordinate
transformation parameter.

., .,
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. .,
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., .,
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As shown in the figure below, if the size of the difference vector is large or if there is a
region facing in a different direction, it is necessary to calculate coordinate
transformation parameters adapted to that region.
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7.2. Determine the region for calculating coordinate transformation parameters

For example, in the case of the figure below, the area for calculating the coordinate

transformation parameters is determined as Ato E.

1\‘ '\.

P
. .,

(A) Although some vectors have different directions, the size of the vectors is within the

error range, so it can be determined that the area is already compatible.

(B) Since it is adjacent to an area where the vector size is large, this area is treated as one
block.

(C) Since the direction of the vectors is the same and the size of the vector is large, this

area is treated as one block.

(D) The direction of the vectors is different, the size of the vector is large, and it is adjacent

to an area where the size of the vector is small, so this area is treated as one block.

(E) This area has the same tendency as B. However, the point on the southwest side is

expected to have a negative effect on block B, so the block is divided.
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7.3. Reference example of region for calculating coordinate transformation
parameters

The figure below is a simulation based on the results when calculating 5-CORS. The
Nationwide-CORS calculation results are expected to be even more accurate, so they are

used as a reference example. The light blue dotted line shows the divided areas.
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7.4. How to calculate coordinate transformation parameters

(A) Helmert Transform (3D)
Please use software such as Bernese, TBC, MAGNET, etc.

(2) Helmert Transformation (2D)
This is explained in Appendix 3 at the end of this manual.
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8. Appendix 1

8.1. Study of Coordinate transformation parameters using Khmer GEONET

The following two patterns were studied and the calculation method for the coordinate
transformation parameters was determined. The requirements for the determined

calculations were shown below.
(1) As a result of the study, it was determined to use the five Khmer GEONET points.

(2) As a result of the study, it was determined that the coordinate transformation

parameters shall be 7 parameters.

8.1.1. Comparison of the calculation of coordinate transformation parameters
using Khmer GEONET (5 points) only and the using Khmer GEONET (5
points) and 0-1st Order Control Point (32 points)

(1) Calculating coordinate transformation parameters using Khmer GEONET (5 points)

Refer to section 6.1.

(2) Calculating coordinate transformation parameters using Khmer GEONET (5 points)
and 0-1st Order Control Point (32 points)

(A) Geocentric (X, Y, Z2)

Element Parameter Unit

dX -0.2670 | m

dYy -0.7998 | m

dz +0.0160 | m

Rx +0.007466 | arc second

Ry +0.004936 | arc second

Rz +0.005373 | arc second

Scale 0.11205 | mm/km (ppm), [s] of (1+s)
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(B) Local (N, E, U)

Element Parameter Unit

dN -0.0950 | m

dE +0.3196 | m

du +0.0292 | m

RN -0.004626 | arc second

Re +0.008481 | arc second

Ru -0.003957 | arc second

Scale 0.11205 | mm/km (ppm), [s] of (1+s)

(3) Comparison table

The table below shows the comparison results of coordinate transformation using parameters
calculated by Khmer GEONET (5 points) only and the parameters calculated by Khmer GEONET
(5 points) and 0-1st Order Control Point (32 points).
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7 parameter (37 Point) - 7 parameter (5 Point)
dX dy dz dN dE dh
(m) (m) (m) (m) (m) (m)

Name

(A) Phnom Penh, Kandal and Kampong Speu

000500KHM -0.006 0.007 -0.016 -0.018 0.004 0.005
003DO0OKHM -0.011 -0.009 -0.014 -0.013 0.013 -0.009
004BOOKHM -0.009 -0.003 -0.011 -0.010 0.009 -0.003
005BO0OKHM -0.008 0.002 -0.012 -0.012 0.007 0.001
005CO0KHM -0.009 -0.002 -0.014 -0.014 0.009 -0.003
005E00KHM -0.008 0.002 -0.016 -0.017 0.007 0.001
008A00KHM -0.010 -0.006 -0.018 -0.017 0.012 -0.006
014A00KHM -0.014 -0.013 -0.021 -0.019 0.016 -0.013
021A00KHM -0.009 -0.003 -0.021 -0.020 0.010 -0.004
021BOOKHM -0.010 -0.003 -0.018 -0.017 0.011 -0.004
021E00KHM -0.007 0.003 -0.019 -0.020 0.006 0.001
KANDOOKHM -0.011 -0.005 -0.016 -0.015 0.012 -0.005
(B) Siem Reap

002A00KHM 0.002 0.022 0.008 0.003 -0.007 0.023
002BOOKHM 0.000 0.019 0.002 -0.002 -0.005 0.018
017A00KHM -0.003 0.010 0.009 0.007 0.001 0.013
017BOOKHM -0.001 0.016 0.010 0.006 -0.002 0.018
017CO0KHM -0.005 0.006 0.004 0.002 0.004 0.007
017FO0KHM -0.006 0.003 0.007 0.006 0.005 0.006
SIEMOOKHM -0.003 0.011 0.007 0.005 0.001 0.013
(C) Stueng Treng

001900KHM -0.016 -0.025 0.001 0.005 0.022 -0.018
010FO0KHM -0.018 -0.027 -0.005 0.000 0.024 -0.021
019BOOKHM -0.017 -0.026 0.004 0.009 0.023 -0.019
019CO00KHM -0.019 -0.034 0.002 0.008 0.028 -0.026
019100KHM -0.014 -0.019 0.005 0.009 0.019 -0.012
019K00KHM -0.015 -0.022 0.000 0.004 0.021 -0.016
(D) Near the national boundary

01100KHM -0.023 -0.043 -0.013 -0.005 0.035 -0.036
13GO00KHM -0.007 -0.004 0.014 0.014 0.008 0.002
15HOOKHM 0.003 0.029 -0.002 -0.008 -0.009 0.027
16DOOKHM -0.023 -0.046 0.001 0.010 0.035 -0.036
18CO0KHM -0.003 0.014 -0.023 -0.025 0.000 0.010
20BOOKHM -0.017 -0.025 -0.024 -0.020 0.023 -0.024
22A00KHM 0.002 0.021 0.017 0.012 -0.006 0.024
Khmer GEONET

KND100KHM -0.011 -0.007 -0.018 -0.017 0.013 -0.008
KSP100KHM -0.009 0.001 -0.015 -0.015 0.008 0.000
PNH100KHM -0.010 -0.004 -0.015 -0.014 0.011 -0.004
SIE100KHM -0.003 0.009 0.007 0.005 0.001 0.011
STG100KHM -0.016 -0.025 0.001 0.006 0.023 -0.018
Max 0.014 0.014 0.014 0.014 0.035 0.027
Min -0.025 -0.025 -0.025 -0.025 -0.009 -0.036
Average -0.005 -0.005 -0.005 -0.005 0.011 -0.003
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(4) Results of consideration

The difference between the results using parameters calculated by Khmer GEONET (5
points) only and the parameters calculated by Khmer GEONET (5 points) and 0-1st Order
Control Point (32 points) in the east-west direction is about 35 mm, and the maximum
difference between those two in the height direction is about 35 mm. Therefore, whether
the calculation is performed with 5 points or 37 points, the difference is only about 35
mm. Although characteristic trends were observed depending on the regions (Phnom
Penh, Siem Reap, Stung Treng, and coastal areas), the values are so small that there is no
practical problem.

Therefore, it was determined to use Khmer GEONET (5 points) for the coordinate
transformation parameters, since there was no difference to calculate the coordinate
transformation parameters between using Khmer GEONET (5 points) only and using
Khmer GEONET (5 points) and 0-1st Order Control Point (32 points).

8.1.2. Comparison of coordinate transformation parameters calculated using
Khmer GEONET (5 points) (7 parameters) and using Khmer GEONET (5
points) (3 parameters)

(1) Coordinate transformation parameters calculated using Khmer GEONET (5 points) (7
parameters)

Refer to section 6.1.
(2) Coordinate transformation parameters calculated using Khmer GEONET (5 points) (3

parameters)

Refer to section 6.2.
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(3) Comparison table
The table below shows the comparison results of coordinate transformation using
parameters calculated by Khmer GEONET (5 points) (7 parameters) and Khmer GEONET

(5 points) (3 parameters).

3 parameter (5 Point) - 7 parameter (5 Point)
dx dy dz dN dE dh
(m) (m) (m) (m) (m) (m)
(A) Phnom Penh, Kandal and Kampong Speu

Name

000500KHM -0.007 0.013 0.004 0.001 0.003 0.014
003DOOKHM 0.000 -0.003 0.001 0.001 0.000 -0.003
004BOOKHM -0.002 0.003 0.002 0.002 0.001 0.003
005BO0KHM -0.005 0.008 0.003 0.001 0.003 0.009
005CO00KHM -0.003 0.004 0.002 0.001 0.002 0.005
005E00KHM -0.005 0.008 0.003 0.001 0.003 0.010
008A00KHM -0.002 0.001 0.003 0.003 0.002 0.002
014A00KHM 0.000 -0.006 0.002 0.003 0.001 -0.005
021A00KHM -0.004 0.004 0.004 0.003 0.003 0.006
021BOOKHM -0.004 0.004 0.003 0.002 0.003 0.005
021E00KHM -0.006 0.010 0.004 0.001 0.003 0.012
KANDOOKHM -0.002 0.001 0.003 0.003 0.001 0.002
(B) Siem Reap

002A00KHM -0.008 0.026 0.000 -0.006 0.002 0.027
002BOOKHM -0.008 0.023 0.001 -0.004 0.002 0.024
017A00KHM -0.003 0.014 -0.002 -0.005 0.000 0.014
017BO0KHM -0.006 0.020 -0.001 -0.006 0.002 0.020
017CO0KHM -0.002 0.010 -0.001 -0.004 0.000 0.009
017FO00KHM -0.001 0.007 -0.002 -0.003 -0.001 0.007
SIEMOOKHM -0.004 0.015 -0.001 -0.004 0.001 0.015
(C) Stueng Treng

001900KHM 0.010 -0.020 -0.005 0.000 -0.004 -0.022
010F00KHM 0.010 -0.022 -0.004 0.002 -0.004 -0.024
019BO0KHM 0.012 -0.022 -0.006 0.000 -0.005 -0.025
019CO0KHM 0.015 -0.029 -0.006 0.002 -0.006 -0.033
019100KHM 0.009 -0.015 -0.005 0.000 -0.005 -0.017
019K00KHM 0.009 -0.017 -0.004 0.001 -0.004 -0.019
(D) Near the national boundary

01100KHM 0.016 -0.037 -0.004 0.005 -0.004 -0.040
13GO00KHM 0.005 -0.001 -0.005 -0.004 -0.004 -0.003
15HOOKHM -0.014 0.034 0.004 -0.004 0.006 0.036
16DO0OKHM 0.021 -0.041 -0.008 0.003 -0.008 -0.046
18CO0KHM -0.012 0.022 0.007 0.002 0.007 0.025
20BOOKHM 0.005 -0.017 0.002 0.005 -0.001 -0.017
22A00KHM -0.005 0.024 -0.003 -0.008 0.000 0.023
Khmer GEONET

KND100KHM -0.002 0.000 0.003 0.002 0.002 0.001
KSP100KHM -0.005 0.007 0.003 0.001 0.003 0.008
PNH100KHM -0.002 0.002 0.002 0.001 0.001 0.003
SIE100KHM -0.003 0.013 -0.001 -0.004 0.000 0.013
STG100KHM 0.010 -0.020 -0.005 0.001 -0.004 -0.022
Max 0.021 0.034 0.007 0.005 0.007 0.036
Min -0.014 -0.041 -0.008 -0.008 -0.008 -0.046
Average 0.000 0.001 0.000 0.000 0.000 0.000
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(4) Results of consideration

The difference between the east-west and north-south directions is less than 8 mm. The
maximum difference in both height directions near the border is about 40 mm. And the
difference between in both height direction at Stung Treng is about 30 mm. Thus, whether
7 or 3 parameters are used, the difference in the horizontal direction is only about 10
mm, and the difference in the height direction is only about 40 mm.

Although the characteristic trend was observed depending on the regions (Phnom Penh,
Siem Reap, Stung Treng, and coastal areas), these values are so small that there is no

practical problem.

Therefore, it was judged that there is no difference between the results of the coordinate
transformation using 7 parameters calculated using Khmer GEONET (5 points) and the
results of the transformation using 3 parameters calculated using Khmer GEONET (5
points), and it was determined to use 7 parameters calculated by the Khmer GEONET (5
points) as the transformation parameter.

In the case of transforming survey results without elevation information from CGD09 to

CGD23, it can be said that 3 parameters can work without causing any practical problems.
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8.2. Transformation parameter from CGDO03 to CGD23

The coordinate transformation method from CGDO03 to CGD23 is shown below.

8.2.1. Content of CGDO03

ltem

Element

Geocentric Cartesian
Coordinate System

ITRF2000 (Epoch 1998.90, 24" October 1998)

Reference Ellipsoid GRS 80

Vertical Datum Mean Sea Level (Vietnam)

Geoid Model EGM2008

Plane Cartesian UTM Zone 48

Coordinate System - Central Meridian: 105° 00’ 00" E

- Latitude of Origin: 0° 00’ 00” N

- False Easting: 500,000.000 m

- False Northing: 0.000 m

- Scale Factor at Central Meridian: 0.9996

Unit and Notation

Meters, 0,001m

8.2.2. Transformation parameter from CGD03 to CGD23

Calculate using one of the methods below.

(A) The coordinate transformation parameters from CGD03 to CGD09 were already

calculated in 2005. Therefore, as shown in the flowchart below, it is recommended

to perform the coordinate transformation from CGDO03 coordinate values to CGD09

coordinate values using the above coordinate transformation parameters, and then

calculate the CGD23 coordinate values using the transformation parameters from

CGDO09 coordinate values to CGD23 coordinate values.

Transforming coordinates from CGDO03 to CGDO09.

A

y

Transforming coordinates from CGD09 to CGD23.
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Below are the coordinate transformation parameters from CGD03 to CGDO09.

Element Parameter Unit

dX -0.231 | m

dy -0.040 [ m

dz -0.114 | m

Rx -0.00722 | arc second

Ry +0.02434 | arc second

Rz -0.03011 | arc second

Scale +0.034 | mm/km (ppm), [s] of (1+s)

(B) When calculating the coordinate transformation parameters from CGD03 to CGD23
First, prepare the CGD03 and CGD23 coordinate values for the 0-1st Order Control Point
(32 points). Note that the CGD03 coordinate value for Khmer GEONET (5 points) has not
been calculated. Next, the coordinate transformation parameters are calculated using

Bernese software, etc. It is desirable to evaluate the accuracy of the calculation results by

using several of the 32 points as verification points.

8.3. Transformation for Boundary points

Boundary points do not have elevation values. Therefore, it is not possible to calculate

the coordinate values of CGD23 using the Helmert transformation (3D) method.

Therefore, the coordinate values of CGD23 should be calculated using one of the

methods shown below.

(1) Prepare the CGD09 (or CGD03) and CGD23 coordinates of 0-2nd order control points
installed around the Boundary points.

(2) Calculate coordinate transformation parameters using one of the following methods

from these control points.

v’ Calculate using Helmert Transformation (2D). This is the method shown in section

4.1.1.

<\

Calculate using Affine Transformation. This is the method shown in section 4.2.

v' Calculate using Method by weighted interpolation. This is the method shown in
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©)

section 4.3.

A method of creating mesh-like (grid-like) coordinate transformation parameters
using Method by weighted interpolation, etc, and calculate using Bilinear
transformation method with linear interpolation. This is the method shown in section
4.4,

If the parameters used to calculate the CGD23 coordinate values of 0-2nd order
control points are 3 parameters, you can use the parameters dN and dE to perform

parallel translation.

Calculate the CGD23 coordinate values of the Boundary points using the coordinate

transformation parameters obtained above.
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8.4. Transformation parameter from Indian 19XX to CGD23

8.4.1. Control points

The coordinate transformation parameters from Indian1916 to CGD03 and from

Indian1954 to CGDO03 were already calculated in 1998.

(A) From Indian 1916 to CGDO03

v' 3 parameters

Element Parameter Unit

dX +202.548 | m

dYy +877.524 | m

dz +320.787 | m

Rx 0.00000 | arc second

Ry 0.00000 | arc second

Rz 0.00000 | arc second

Scale 0.000 | mm/km (ppm), [s] of (1+s)

v' 10 parameters
Element Parameter Unit

dX +202.177 | m

dy +876.634 | m

dz +320.511 | m

Rx -10.33655 | arc second

Ry -6.94679 | arc second

Rz +20.75746 | arc second

Scale -18.364 | mm/km (ppm), [s] of (1+s)
Centroid X -1620202.016 | m

Centroid Y +6037591.585 | m

Centroid Z +1257548.565 | m
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(B) From Indian 1954 to CGDO03

v' 3 parameters

v

Element Parameter Unit

dX +179.237 | m

dy +874.349 | m

dz +308.080 | m

Rx 0.00000 | arc second

Ry 0.00000 | arc second

Rz 0.00000 | arc second

Scale 0.000 | mm/km (ppm), [s] of (1+s)

10 parameters
Element Parameter Unit

dX +179.237 | m

dy +874.349 | m

dz +308.080 | m

Rx -4.75420 | arc second

Ry -27.60029 | arc second

Rz +15.65364 | arc second

Scale +93.654 | mm/km (ppm), [s] of (1+s)
Centroid X -1623986.360 | m

Centroid Y +6040009.771 | m

Centroid Z +1241333.247 | m
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Therefore, as shown in the flowchart below, coordinate transformation is firstly
performed from Indian19XX coordinate values to CGDO3 coordinate values using the
following coordinate transformation parameters. Next, it is recommended to perform a
coordinate transformation from CGDO03 coordinate values to CGD09 coordinate values
and then calculate the CGD23 coordinate values using the coordinate transformation
parameters from CGD09 to CGD23 coordinate values.

Transforming coordinates from Indian 19XX to CGDO03 coordinates.

|

Transforming coordinates from CGDO03 to CGDO09.

\ 4

Transforming coordinates from CGD09 to CGD23.

Firstly, prepare the Indian19XX and CGD23 coordinate values of the 0-2nd Order Control
Point, when you calculate the coordinate transformation parameters from Indian19XX to
CGD23 or in case the coordinate transformation parameters from Indian19XX to CGDO03
have not been calculated. Note that the Indian19XX coordinate values for Khmer GEONET
(5 points) are not calculated. Next, coordinate transformation parameters are calculated
using Bernese software. It is desirable to evaluate the accuracy of the calculation results
by using several points as verification points.
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8.4.2. Topographic map

Topographic maps created using a geodetic reference system such as Indian 19XX are
small-scale topographic maps, so they do not require high-precision coordinate
transformation.

In the Japanese survey manual, the accuracy of topographic maps (at map information
level 5,000) is defined as follows.

v' Standard deviation of horizontal position: 3.5m or less (1- o)

v' Standard deviation of spot height elevation: 1.66m or less (1- o)

v" Standard deviation of contour line elevation: 2.5m or less (1- o)

Therefore, the coordinate transformation parameters may be the amount of translation
(dN, dE, dU), and an accuracy of about Tm-2m is considered sufficient.

The method for determining the coordinate transformation parameters is shown below.

(1) Select points for calculating the coordinate transformation parameters.
v' For horizontal measurement positions, we recommend the corners of road
intersections.
v" Choose a location that hasn't changed from the old road.
v For the height measurement position, measure at a point where the elevation

value is known.

v Select multiple points within the target area of the coordinate transformation.
An example is shown below.
(@) Phnom Penh area: Horizontal (2 points) and height (2 points)
(b) Siem Reap: Horizontal (2 points) and height (2 points)
(c) Stueng Treng: Horizontal (2 points) and height (2 points)
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)

©)

4)

Use the NRTK or Single RTK methods to measure the coordinates of clear features.
Read the coordinates of Indian19XX from the topographic map.
Compare the coordinates of Indian19XX with the coordinates of CGD23. The average

value of these differences is the coordinate transformation parameter (the amount

of parallel displacement).
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9. Appendix 2

9.1. Error Theory

Measured values always include errors. The value obtained by subtracting the true value Lo from the

measured value L is the error «.

¢ =L-Lo

9.1.1. Type of error

Errors are classified into three types.
(A) Large error (negligence)
(B) Systematic error

(C) Random error

(A) Large error (negligence)
For example, human errors include measuring the wrong
target or recording an angle of "*124°" as "*214°" by mistake.

These are extremely large and can be found immediately.

(B) Systematic error

For example, if you measure distance using a

Correct scale

shrunken scale, the distance will be measured to 1 ) 3 4 5 6
be longer than the actual length. In the example B | I I I !
shown in the figure, when the distance between . {.,Q/M
PQ is measured using a shrunken scale A, the A ]l é é 4|1 é é
measured distance is 5.4. The distance measured Shrunken scale

on the correct scale B is 5.0, so it is 0.4 longer.

Since the cause of systematic errors is known, correct values can be determined by correction.
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(C) Random error

Even after excluding large errors (negligence)
and systematic errors, errors still remain. This is
called a random error. The random errors are
relatively small, and each value appears to be

irregular, but there are some regularities as

shown below.

v" The number of small errors is greater than

Frequency of error occurrence

the number of large errors.
v' The number of errors with equal amounts
and opposite signs is equal

v' Very large errors rarely occur

In other words, the size of random errors and their frequency of occurrence are normally distributed.
First, discover and eliminate large errors (negligence). Next, correction is performed to eliminate
systematic errors. Finally, analyze the random errors and calculate the most probable value.

One method for analyzing random errors is the least squares method. The least squares method is a

method of calculating the most probable value so that the sum of squared errors is minimized.

€12+ e22+ £32 +++ =Minimum
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9.1.2. Precision and Accuracy

(A) Precision
Represents the degree of dispersion of observed values.

The smaller the standard deviation o, the better the precision.

(B) Accuracy
Represents the difference between the observed value and the true value.

Even if the precision is high, observed values with low accuracy cannot be used.

True value

High Precision Low Precision

Low Accuracy High Accuracy

N o

O Os Oa N Most probable value of B
Most probable value of A |
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9.1.3. Degree of reliability

When the error is normally distributed as shown in the figure below, the probability of a measured

value falling within the standard deviation ¢ is approximately 68%.

0.683

0.950

' +)
—-1.960c -—-o 0 +oc +1.960

The relationship between range and probability is shown below.

1.00%c (standard deviation) Approximately 68%
1.96%c (sometimes called 26) Approximately 95%
International standards often use 95% probability

2.58%c (sometimes called 36) Approximately 99%
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10. Appendix 3

10.1. Calculate Helmert Transformation (2D) in Excel

10.1.1. Least Squares Method

The principle of the least squares method is [ a method for estimating the most probable value that

minimizes the sum of the squares of errors (residuals)].

10.1.2. Least Squares Method Using Observation Equations

(A) Observation Equation
It is theoretically known that a certain relational equation holds between m unknown quantities
X, X5, X, and n measured values l,15, -1, . The equation that expresses this kind of

relationship is called the observation equation. Here, n > m must be satisfied.

L = f1(X1'X2:"'Xm)
l, = fz(Xl'le"'Xm)

+++ (1) Observation Equation
b= fn(Xy, Xo, o Xon)
When the relationship in equation (1) holds, equation (2) is called a mathematical model.

li = fn(XI'XZl”'Xm) Tt (2)

Before calculating with the least squares method, each mathematical model must be given.
However, since there are always errors in observations and measurements, equation (1) does not hold

true strictly.
Here, let I be the value obtained by observing [,.
1% includes observation errors (random errors).

If we can obtain the most probable value [¥ (adjusted value, most probable value) by adding an

unknown correction amount v; to the observed value, the following formula holds.
1z =l,bl+vj (3

Since equation (2) is generally nonlinear with respect to the unknown quantity x;, it is linearized using

Taylor's expansion formula.
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Therefore, let x be the approximate value of x;. x{ is calculated or estimated in advance by some

method.

x{ is the most probable value of x; determined by the least squares method, and if the unknown

correction amount to be added to x7 is Ax;, the following formula holds true.
xt=x)+Ax; (G=1,2,+,m) *- (4)

Ax; is assumed to be a small amount. If we perform Taylor expansion on the right side of equation (2)

and find the first term, we get the following equation.

filxed, xg, -, x) = fi(x$, x5, -+, xp) + (afi)o Ax; + (?)0 Axy + -+ (i) Axy <0 (5)

0x4 Xg 0xm/

Here, equation (6) is calculated by partially differentiating f; and using the approximate value x; as

the value of x;, and will be expressed as equation (7).

(Z)  G=12-m - ©

x4/,
() =ay =+ )

0xq

And we will express equation (2) as equation (8) or equation (9).

I =17 +vi = fi(xf,x3, -, x0) + XLy aidx; ==+ (8)

7= fied, %3, xm) ==+ (9)
Then, the correction amount v; to be added to the observed value is given by equation (10).
v =X ahx 4+ (19 = 17) +++ (10)
As shown in the above equation, the equation that holds true between the correction amount v; to be

added to the observed value and the unknown parameter Ax; included in the mathematical model is

called the observation equation.
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Here, the unknown quantities are v; and Ax;, and the known quantities are a;;, l}’, and l}’ . Also, if
Ax

;i is expressed as x;, the entire observation equation becomes the following equation.
A11%1 + AgpXy + o+ QX +(l°—lb):V

11%1 12X2 1mXm 14k 1
aq1Xq + Aq12Xy + -+ A1mXm + (lf - l:{)) = Vl

cee (11)

Ap1X1 + ApaXy + o+ QX + (lﬁ - lﬁ) =W

(B) Representation of observation equation by matrix
It is convenient to use matrices to find solutions to these equations and to examine the standard
deviation of the solution functions. To do this, we rewrite equation (10) into a vector or matrix

representation.

First, let us express the collection of observed quantities and unknown quantities as a column vector

using the following equation.

b ¢ X? Xt Vi
b a o a V.

Ly, = l;z » Lg = 2 X0 = X2 Xa = XZ Vo= 52 e (12)
lg 1z X3 X5 Va

Here, the symbol a means adjusted value. b is the observable quantity, and uses the initials of the
German word Beobachtung. v and V are correction values, using the initial letters of the German

word Verbesserung. These are commonly used symbols.
In order to find the most probable value of the unknown quantity X,, the correction value X added

to the approximate value X, is expressed by the following formula.

X=X,—-X, *** (13)
Let L, = (1{,19,---,13) represent the vector whose elements are equation (9) calculated from the
approximate value of X. Also, it is expressed as L, — L, = L.

Here, if equation (11) is expressed as a matrix, it becomes the following equation.

Ly=FX) =+ (14)
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On the other hand, since L, = L, +V,X, = X, + V, equation (14) becomes equation (15).
Ly+V=FX,+X) =+ (15
X is the unknown correction amount that we ultimately want to find. Generally, if the approximate
value of X, is close to the most probable value, the amount of correction is small. Therefore, using
up to the first-order terms of the Taylor expansion, it can be expressed as the following equation.
Ly +V =FX,)+AX +++ (16)

However, A is a matrix called a coefficient matrix or a design matrix. Its elements are as follows.

_ o _ 0L _ OF

a;; or =—=—
Y ax;” X  0x

<o (17)

Here. Since F(X,) = L,,L = L, — L, equation (16) becomes the following equation.
V=AX+(L,—Ly) =AX—L -+ (18)

Equation (18) is an observation equation that expresses equation (11) in a matrix.
Observation Equation Model V = AX — L

(D) Weights

The previous formulas are for the case where n observations are mutually independent, and all

observation precision is equal.

Here, consider the case where the variances of observed values o2, 02,--,02 are generally different.

First, using the variance 62 of the unknown unit weights (also called unit weight variance) and the

weights P;, equation is expressed as follows.

c2=% (i=1,2,,n) -+ (19)
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Multiplying both sides of equation (11) by \/FL yields the following equation.

vf =Y JPiagX; + P(1 —17) +++ (20)
However, if equation (21) holds true, the variance of \/FL (l{’ -1 ) is all equal to oZ2.
vy = \/Fivi «ee (21
In other words, equation (21) is an observation equation with equal precision.
(D) Matrix representation of weights

When expressing weights as a matrix, if the observations are mutually independent, the weight matrix

P becomes a diagonal matrix with P; = P;; as the diagonal elements, as shown below.

P11 0 b O Pll
1
P= O Paz , and Pz = 0 P2z <o (22)
0 0 S % 0 0 Pin

(E) Observation equation considering weights

Considering the weight from the above results, both sides of the observation equation (18) are

1
multiplied by Pz, and it is expressed as the following equation.
1 1 1
PzAX + Pz2L = P2V =V, --- (23)

(F) Once again, about the least squares method

In the discussion so far, the diagonal matrix of the product of a matrix and its transposed matrix is the
sum of squares.

As mentioned above, the least squares method is a method for estimating the most probable value that
minimizes the sum of squared errors.

Therefore, the product of the error (residual) matrix and its transposed matrix can be differentiated and

set to 0.
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(G) Sum of squared errors (residuals)
V' 1is the residual vector (matrix). To find the sum of the squares of each element of this vector (matrix),
multiply the residual matrix V by its transposed matrix (matrix) V7.

Since P is a diagonal matrix, keeping in mind that PT = P, the following equation holds.

T

(P%V) piv = VTV, = VT (P2) PV = VTPV -+ (24)

Therefore, using the observation equation (18), the sum of squared errors (residuals) can be expressed

as follows.

VTPV = (AX + L)TP(AX + L) = (LT + XTAT)P(AX + L)
= XTATPAX + XTATPL + L"PAX + L"PL

Here, since PT = P, LTPAX = (XTATPTL)T = (XTATPL)T.

Continuing the previous equation, we can transform it into the following equation.

VTPV = (AX + L)TP(AX + L) = XTATPAX + 2XTATPL + LTPL
= XTNX + 2XTU + L"PL --- (25)

However, N and U are as follows.

N = ATPA
<o (26)
U=ATPL

(H) Derive a normal equation by minimizing the sum of squared errors (residuals)

VTPV is the sum of the squares of the residuals. To minimize this, [The derivative with respect to the
elements of X is equal to 0].

Therefore, keeping in mind that LTPL does not include the most probable value vector X,

differentiating equation (25) with respect to X yields the following equation.

1 9(vTpv) _ 1 9(XTNX) n a(xTu) 41 a(LTeL)

2 X 2 ox X 2 X 0 - (27>
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Here, using the matrix differential formula, we get the following.

1 9(xTnx)
2 ax

a(xTu) _
ax

= XTN, ur «-- (28)

Therefore, the following equation holds.

NX+U=0 -+ (29)
Or
ATPAX + ATPL =0 --- (30)

Equations (29) and (30) are called [Normal equations].

(I) Find the most probable value

The most probable value is calculated using equation (29).

NX+U=0
NX =-U

Multiplying both sides by the inverse matrix N~! of N yields the following.

N-INX = —N"1y
X=-N"1y --- (31)

In other words, with the matrix solution method, you can obtain a solution as if you were solving a
linear equation.

Alternatively, use equation (30) to calculate as follows.
ATPAX + ATPL =0

ATPAX = —ATPL
X =—(ATPA)T'ATPL -+ (32)
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10.1.3. Calculate Helmert Transformation (2D) in Excel

(A) Helmert Transformation (2D) calculation formula

chnza] [ ] cosB —sin 6 _[xCGDO9]
Yeepas sm9 cosO 1 Ycepoo

© (33)

Xcep23: X(N) value of CGD23 coordinate

Yeep2s: Y(E) value of CGD23 coordinate

dx: Amount of translation from origon in x(N) — axis direction
dy: Amount of translation from origon in y(E) — axis direction
s:Scale factor

0: Amount of rotation

Xcepoo: X(N) value of CGDO9 coordinate
Yeepoo: Y(E) value of CGD09 coordinate

To simplify the explanation, equation (1) is expressed as follows.

[Y] [D B ] [ ] e (34)

A =s"-cos6

B = —s - sinf
C =dx
D=dy

(B) Observation equation

The observation equation is as follows.

V=AX—-1L
First, transform the Helmert Transformation (2D) formula to create each matrix such as design matrix
A.

Equation (34) can be transformed as follows.

Xa=Axb+Byb+C
YaZ—Bxb+Ayb+D e (35)

The most probable values of X, and Y, include errors (residuals) VX, and VY,, so equation (35)
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becomes as follows.

Xa+VXa=AXb+Byb+C
Ya+VYa=—Bxb +Ayb+D e (36)

VXa=Axb+Byb+C—Xa
VY, = —Bx, + Ay, + D — Y, *++ (37)

Rearrange equation (37) to make it easier to understand.

VXa=Axb+Byb+C —Xa

VYaszb—Bxb +D—Ya e (38)

The unknown quantities we want to calculate are A, B, C, and D.

Therefore, the unknown quantity matrix X 1is as follows.

SO W

X <+ (39)

Since there are no unknown quantities in the terms X, and Y, this becomes the matrix L, which is

expressed by the following equation.

o] o

Since there are n pieces of data to be given, the matrix L is as follows.

L=|Y, s (41
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Equation (38) is expressed as the following equation using the error (residual) vector V and the

unknown quantity vector X.
V=FX) - (42
Also, the elements of design matrix A are equation (17).

ay _ 0L _ OF

w, or —&—&"‘ (17)

¥aij =

Create a design matrix A from equations (6) and (10) using the following equation.

aF
A= = (43)
_OF(X) | OF(X) | OF(X) | OF(X) ..
A= 94 aB + ac + aD (44)
_[» »w 1 0 .
A= [Yb —xp, 0 1 “@5)

Since there are n pieces of data to be given, the design matrix A is as follows.

[Xp1  Yp1 1 07
Ypr —Xp1 0 1
Xp2  Yp2 1 0
A=|Yp2 —xp2 0 1 *ec (46)
Xbn Ybn 10
LYbn  —Xbn 0 1

Expressing the observation equation using equations (39), (41), and (46), it becomes the following

equation.

[Xp1  Yo1 1 0] [Xa1

Ypr —Xp1 0 1 A Yo1

Xp2 Y2 1 0 B X2
V=AX+L=|yy, —xp, 0 1 c +| Y e (47

Xbn Ybn 10 b Xan

LYbn  —Xbn 0 1l -Yan-
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(C) Calculation of unknown quantity

The unknown quantity is calculated using the normal equation (32).

ATPAX + ATPL =0
ATPAX = —ATPL
X =—(ATPA)T'ATPL -+ (32)
To make the explanation easier to understand, we will consider the weight matrix P as a unit matrix

as shown below. In other words, assume that all input data has equal precision.

10 0 0

0 1 0 0
p=|: : : cee (48)

0 0 10

0 0 0 1

Expressing equation (32) using equations (39), (41), (46), and (48) yields the following equation.

Note that equation (32) is transformed on the condition that the weight matrix P is a unit matrix.

/ [Xp1  Yp1 1 0'\
—X 0 1
A Xp1  Yp1  Xp2 Vb2 Xpn  Ybn iZ; ybzl 1 0
B | |Yp1 —Xp1 Yb2 —Xp2 Yon  —Xpn p - 0 1
cl= 1 0 1 0 1 0 Yoz “*p2 T
D 0 1 0 1 0 1 ’ ’ Lo
Xbn Ybn 10
LYpbn  —Xpn 0 1l
[Aa1
Ya1
Xp1  Yb1  Xp2 Vb2 Xpn  YVbn X0
— — —_ a
+ )’171 9(5)131 yiz J(;bz yin 7(;bn p Yc'zz . (47)
0 1 0 1 0 1 ’
Xan
[ Y,

Create a Helmert Transformation (2D) calculation tool using equation (49).

an-

If the number of points to be calculated is small, Excel may be used, but if there are many points to be

calculated, we recommend creating an application using programming.
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(D) Explanation of Excel VBA macros

Matrix calculations were created using Excel functions.

The routine to assign values to cells was created using VBA macros.

(1) Main routine

This is the main routine that erases previous calculations and executes each subroutine.

Sub HelmSimple()

Sheets(Array("P", "A", "AT", "L", "PL", "ATPL", "PA", "ATPA")).Select

Cells.Select
Selection.ClearContents

Call INdat
Call make P
Call make A

Delete the previous calculation.

Call cal AT
Call make L

Execute the subroutines in order and display the OUTPUT sheet at the end.

Call cal PL

Call cal ATPL

Call cal_PA

Call cal ATPA

Sheets("OUTPUT").Select
End Sub

(i1) Create INPUT data

Enter the point name, coordinates before transformation, coordinates after transformation, and weight

(variance) on the INPUT sheet. However, since the condition is that they all have equal precision, the

input value of the weight is set to 1. These are entered manually. Also, the explanation of the weight

matrix will be omitted from now on.

A B
1 Name iy
2 Xb
3 5 1246699.207
4 3D 1307397.722
5 |4B 1319439.481
6 55 "‘u Q’)"JQ ’),45
7 |5C 1291290.984
8 5E 1266636.714
n_RA 12664RA ROD

OUTPUT | INPUT

C

Yb
414116.026
512230.914
468822.901
438998.827
467060.518
447804.803

495800 4231
P|A| AT

D
To

Xa
1246699.104
1307397.672
1318439.383
1299339.254
1291290.886
1266636.628

12664AA 2R
L|PL | ATPL

72

Ya
414116.322

512231.255

468823.224
438999.135
467060.801
447805.106
AQRRNN 724

PA | ATPA AIPA 1

1

1

Weight

sn~na Xb

1.000
.000
.000
.000
.000
.000

ANN

sigma

X

1

1
1
1
1
|
1

Yb

.000
.000
1.000
.000
1.000
.000

AnNn
+
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Read the input data from the INPUT sheet and write it to the OUTPUT sheet.

Sub INdat()
Dim ID(4999)
Dim Xa(4999) As Double
Dim Ya(4999) As Double
Dim Xb(4999) As Double
Dim Yb(4999) As Double

i=1
Do While Not Sheets("INPUT").Cells(i + 2, 1).Value =0

ID(i) = Sheets("INPUT").Cells(i + 2, 1).Value

Xb@ - Sheets("INPUT")_CellsQ *+2,2).Value | Read the input value from the INPUT sheet. |

Yb(i) = Sheets("INPUT").Cells(i + 2, 3).Value

Xa(i) = Sheets("INPUT").Cells(i + 2, 4).Value

Ya(i) = Sheets("INPUT").Cells(i + 2, 5).Value

i=i+1
Loop
N=i-1

| Count the number of data and write it to the OUTPUT sheet. |

Sheets("OUTPUT").Cells(2, 9).Value = N
Fori=1ToN
Sheets("OUTPUT").Cells(i + 5, 1).Value = ID(i)
Sheets("OUTPUT").Cells(i + 5, 2).Value = Xb(i)
Sheets("OUTPUT").Cells(i + 5, 3).Value = Yb(i)
Sheets("OUTPUT").Cells(i + 5, 4).Value = Xa(i)
Sheets("OUTPUT").Cells(i + 5, 5).Value = Ya(i)

Write the input values to the OUTPUT sheet.

Next i
End Sub
A B 9] D E = G H I
1 A B C D S e data
Parameter
3 1.000000033  0.000000003 -0.146 0.310 1.0000000328 0.00000 25
3
To (cal)
4 oo From To o (ca
5 Xb Yb Xa Ya Xa Ya dx dY
6 5 1246699.207 414116.026 1246699.104 414116.322 1246699.103 414116.346 -1 24
7 |3D 1307397.722 512230.914 1307397.672 512231.255 1307397.621 512231.237 =51 -18
8 4B 1319439.481 468822.901 1319439.383 468823.224 1319439.380 468823.222 -3 -2
9 |5B 1299339.345 438998.827 1299339.254 438999.135 1299339.243 438999.147 -11 12
10 |5C 1291290.984 467060.518 1291290.886 467060.801 1291290.882 467060.839 -4 38
11 |SE 1266636.714 447804.803 1266636.628 447805.106 1266636.611 447805.124 -17 18
12 [8A 1255466.622 495800.431 1255466.538 495800.724 1255466.519 495800.753 -19 29
13 |14A 1243671.556 543377.087 1243671.456 543377.426 1243671.453 543377.411 -3 -15
-a 1MMAN0E ONT. ATTINAT DO 1212408 707 ATINA0 201 1012408 700 ATINAC 214 - -, 4
OUTPUT | INPUT | P | A AT |L | PL | ATPL A PA | ATPA | ATPA-1 | X ) <«
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(iii) Create weight matrix P

Matrix P is a unit matrix, so its explanation will be omitted.

Sub make P()
Dim Wx(5000) As Double
Dim Wy(5000) As Double
Dim P(5000, 5000) As Double

i=1

Do While Not Sheets("INPUT").Cells(i + 2, 1).Value =0
Wx(i) = Sheets("INPUT").Cells(i + 2, 6).Value
Wy(i) = Sheets("INPUT").Cells(i + 2, 7).Value
i=i+1

Loop

N=i-1

Fori=1To (N *2) Step 2
PA,1)=1/Wx((i+1)/2)"2
PG+ 1,i+1)=1/Wy((i+1)/2)*2
Next i
Fori=1ToN *2
Forj=1ToN *2
Ifi=j Then
Sheets("P").Cells(i, j).Value = P(i, j)
Else
Sheets("P").Cells(i, j).Value = 0
End If
Next j
Next i
End Sub

A A B | C { D | E | F | G | H | I |
| 1.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
| 0.000E+00 1.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00

0.000E+00 0.000E+00 1.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
| 0.000E+00 0.000E+00 0.000E+00 1.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
| 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00

0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.000E+00 0.000E+00 0.000E+00 0.000E+00
| 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.000E+00 0.000E+00 0.000E+00
| 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.000E+00 0.000E+00
| 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.000E+00
| 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
| 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
| 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
| 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00

ODADOL OO,

STTOUTPUT [ INPUT P T A TAT TL [PL ATPL TPATATPA | ATPA-T | X | @&

1

i

O 00 N OO & W NN =

- o A [omb
W N = O

.
-
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(iv) Create design matrix A

Create a design matrix of equation (46) and write it on sheet A.

[Xp1 Yp1 1 0
Yo1 —Xp1 0 1
Xp2  Ybz 1 0
A=1yp2 —xp2 0 1 <o (40)
Xbn Ybn 10
LYpbn  —Xpn 0 11
Sub make A()
Dim Xb(4999) As Double
Dim Yb(4999) As Double
i=1
Do While Not Sheets("INPUT").Cells(i + 2, 1).Value =0
Xb(i) = Sheets("INPUT").Cells(i + 2, 2).Value
Yb(i) = Sheets("INPUT").Cells(i + 2, 3).Value Read the elements of the design matrix from the INPUT
i=it+l sheet.
Loop
N=i-1
Fori=1ToN
j=2*i-1
Sheets("A").Cells(j, 1).Value = Xb(i) - - -
Sheets("A").Cells(j, 2).Value = Yb(i) Rearrange the elements of the design matrix and write them on
Sheets("A").Cells(j, 3).Value = 1 sheet A.
Sheets("A").Cells(j, 4).Value = 0
Sheets("A").Cells(j + 1, 1).Value = Yb(i)
Sheets("A").Cells(j + 1, 2).Value = -Xb(i)
Sheets("A").Cells(j + 1, 3).Value =0
Sheets("A").Cells(j + 1, 4).Value = 1
Next i
End Sub
A B C D E F G F
1 1246699.207 414116.026 ] 0
2 414116.026 -1246699.207 0 1
3 1307397.722 512230.914 ] 0
4 512230.914 -1307397.722 0 1
5 1319439.481 468822.901 ] 0
6 468822.901 -1319439.481 0 1
7 1299339.345 438998.827 ] 0
8 438998.827 -1299339.345 0 1
9 1291290.984 467060.518 1 0
10 467060.518 -1291290.984 0 1
1 1266636.714 447804.803 1 0
12 447804.803 -1266636.714 0 1
13 | 1255466.622 495800.431 1 0

OUTPUT | INPUT | P | A (AT | L | PL | ATPL | PA | ATPA | ATPA-1 | X *
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(v) Create a transposed matrix of design matrix A

Create the transposed matrix AT of the design matrix in equation (46) and write it on the AT sheet.

Xp1 Yp1  Xp2  Ypb2 " Xpn  Vbn
AT = Yb1 —Xp1 Yb2 ~Xp2 ° Ybn —Xpn
1 0 1 0 1 0
0 1 0 1 e 0 1

Sub cal AT()
N =2 * Sheets("OUTPUT").Cells(2, 9).Value

Read the number of data N from the OUTPUT sheet.
Since the number of rows of design matrix A is twice the number of data N, the number of columns of the
transposed matrix is 2xN.

Sheets("AT").Select

Range_(Ce_lls(l, 1), Cells(4, N)).Select Calculate the transposed matrix at$ of design matrix A
NNS$ = Trim(Str(N - 1)) using the Excel function TRANSPOSE and write it on
the AT sheet.
at$ = "~TRANSPOSE(ARC:R[" & NN$ & "|C[3])"
Selection.FormulaArray = at$
End Sub
Al - S | {(=TRANSPOSE(A!A1:D50)
A B C D E F G

1 | 1246699.207 | 414116.026 1307397.722 512230.914 1319439.481 468822.901 1299339.345
2 414116.026 -1246699.207 512230.914 -1307397.722 468822.901 -1319439.48]1 4389598.827
3 1 0 1 0 1 0 1
4 0 1 0 1 0 1 0
LN

OUTPUT | INPUT | P | A AT | L | PL | ATPL | PA | ATPA | ATPA-1 | X +)
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(vi) Create matrix L

Create a matrix L and write it to the L sheet.

L=|Y5n| - (41

Sub make 1)
Dim Xa(4999) As Double
Dim Ya(4999) As Double

i=1

Do While Not Sheets("INPUT").Cells(i + 2, 1).Value =0
Xa(i) = Sheets("INPUT").Cells(i + 2, 4).Value
Ya(i) = Sheets("INPUT").Cells(i + 2, 5).Value Read the elements of matrix L from the INPUT sheet.
i=i+1

Loop

N=i-1

Fori=1ToN
j=2%*i-1
Sheets("L").Cells(j, 1).Value = Xa(i) Write the elements of matrix L in order on sheet L.
Sheets("L").Cells(j + 1, 1).Value = Ya(i)

Next i

End Sub

A B C D E F G H
1246699.104
414116.322
1307397.672
512231.255
1319439.383
468823.224
1299339.254
438999.135
1291290.886
467060.801

:acooo\novcnhcow—a

128AA%A AR

OUTPUT | INPUT [P A | AT | L [ PL | ATPL | PA  ATPA | ATPA-1 | X +
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(vii) Compute the product of matrix P and matrix L

Matrix P is a unit matrix, so its explanation will be omitted.

Sub cal PL()
N =2 * Sheets("OUTPUT").Cells(2, 9).Value
Sheets("PL").Select
Range(Cells(1, 1), Cells(N, 1)).Select
NNS$ = Trim(Str(N - 1))
pl$ = "=MMULT(P!'RC:R[" & NN§$ & "]C[" & NN§ & "],L'IRC:R[" & NN$ & "]C)"
Selection.FormulaArray = pl$
End Sub

(viii) Compute the product of matrix AT and matrix PL

The matrix ATPL is as follows.

al

cee Yal

Xp1  Yb1  Xp2 Vb2 Xpn  YVbn X0

Tpr — |Yp1 —Xp1 Yb2 —Xp2 ' Ybn “Xpn @
APL=11 0 1 0 w1 o |P|lw
0 1 0 1 -0 1 )

Xan

| Yo

Sub cal ATPL()
N =2 * Sheets("OUTPUT").Cells(2, 9).Value

Read the number of data N from the OUTPUT sheet.
The number of rows in the matrix ATPL is twice the number of data N.

Sheets("ATPL").Select
Range(Cells(1, 1), Cells(4, 1)).Select
NN$ = Trim(Str(N - 1))

atpl$ = "=MMULT(AT!RC:R[3]C[" & NN$ & "],PLIRC:R[" & NN$ & "]C)"

Selection.F laArray = atpl
Endesicblon ormulaArray = atpl$ Calculate the product atpl$ of matrix AT and matrix PL using the Excel

function MMULT. Write on the ATPL sheet.

Al v f | {i=MMULT(AT!A1:AX4,PL!A1:A50)

A B C D E F G H

| 53833854609804.900 |

11QR8FE9ND Q07
11865202.927

a5 WO N =

OUTPUT | INPUT | P | A | AT |L | PL ATPL  PA | ATPA | ATPA-1 | X +
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(ix) Compute the product of matrix P and matrix A

Matrix P is a unit matrix, so its explanation will be omitted.

Sub cal PA()
N =2 * Sheets("OUTPUT").Cells(2, 9).Value
Sheets("PA").Select
Range(Cells(1, 1), Cells(N, 4)).Select
NNS$ = Trim(Str(N - 1))
pa$ = "=MMULT(P!RC:R[" & NN$ & "]C[" & NN$ & "], AIRC:R[" & NN$ & "]C[3])"
Selection.FormulaArray = pa$
End Sub

(x) Compute the product of matrix AT and matrix PA

The matrix ATPA is as follows.

[Xp1 Y1 1 0

—X 0 1

Xp1 Yb1  Xpb2  Yb2 " Xpn  Ybn zbl o 1 0

Tpy — |Yp1 ~Xp1 Y2 “Xp2 " Ybn  "Xpn bz b2 0 1
APA=IT 0 1 0 w1 o [P Ee O
Xon  Ym 1 0

-ybn _xbn 0 1]

Sub cal ATPA()
N =2 * Sheets("OUTPUT").Cells(2, 9).Value
Sheets("ATPA").Select
Range(Cells(1, 1), Cells(4, 4)).Select

Since Helmert Transformation (2D) has 4 unknown quantities, the matrix ATPA has 4 rows and 4 columns.

NNS$ = Trim(Str(N - 1))

atpa$ = "=MMULT(AT!RC:R[3]C[" & NN$ & "],PAIRC:R[" & NN$ & "]C[3])"

Selection.FormulaArray = atpa$ Calculate the product atpa$ of matrix AT and matrix PA using the Excel

End Sub function MMULT. Write on the ATPA sheet.
Al v f (=MMULT(AT'A1:AX4,PA!A1:D50)
A B C D E F

i 5.383E+13) 0.000E+00 3.451E+07 1.187E+07

2 0.000E+00 5.383E+13 1.187E+07 -3.451E+07

3 3.451E+07 1.187E+07 2.500E+01 0.000E+00

4 1.187E+07 -3.451E+07 0.000E+00 2.500E+01

5

OUTPUT | INPUT | P | A | AT |L | PL | ATPL | PA  ATPA | ATPA-1 | X +)
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xi) Compute the inverse of ATPA
(x1) p

The inverse matrix of matrix ATPA is as follows.

[(Xp1  Yp1 1 0

—X 0 1

Xp1  Yb1  Xp2  Yb2 " Xpn Ybn zbl ybl 1 0

(ATPA)™! = Yo1 —Xp1 Vb2 —Xp2 * Yen —Xpn p b2 _;2 0
1 0 1 0 oee 1 0 yl:)z :b2 : ;

Xon  Ym 1 0

LYbn  —Xbn 0 1l

Calculate the inverse matrix from the matrix ATPA using the Excel function MINVERSE and write it
on the ATPA-1 sheet.

Al v S | (=MINVERSE(ATPA!A1:D4)]
A B ] D E F
1 [ 1.757E—12_l 2.706E-27 -2.426E-06 -8.340E-07
2 2.772B-27 1.757E-12 -8.340E-07 2.426E-06
3 -2.426E-06 -8.340E-07 3.784E+00 0.000E+00
4 -8.340E-07 2.426E-06 0.000E+00 3.784E+00
5

OUTPUT | INPUT | P | A | AT |L | PL | ATPL | PA | ATPA ATPA-1 | X O)
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(xii) Calculate the unknown quantity matrix X
Parameters A, B, C, and D of Helmert Transformation (2D) are unknown quantity matrix X, which is

expressed by the following equation.

X= -+ (39)

SO w s

Matrix X is the product of the inverse of matrix ATPA (ATPA)! and matrix ATPL.

X = —(ATPA)ATPL

Calculate the product using the Excel function MINVERSE and write it on the ATPA-1 sheet.

Al E £ | (=MMULTCATPA-1"A1:D4,ATPLIA1:A4)
A B c D E F G H
1| 1,0000000328 |
2 0.0000000032
3 -0.1459287703
4 0.3100314215
5

OUTPUT | INPUT | P | A | AT |L | PL | ATPL | PA | ATPA | ATPA-1 | X )
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(xiv) Create an OUTPUT sheet

A formula is written in the cell so that each element (coordinate transformation parameter) of the

calculated unknown quantity matrix X is assigned from the X sheet to the OUTPUT sheet.

B2 . £ | =xA1

4 A B c D

0 Parameter - B <

2 | 0.000000003 -0.146

3

4 Name From To

5 | Xb b Xa

6 | 5 1246699.207  414116.026  1246699.104

7 13D 1307397.722  512230.914  1307397.672

g 4B 1319439.481  468822.901  1319439.383

9 5B 1299339.345  438998.827  1299339.254

10 5C 1291290.984  467060.518  1291290.886

11 5E 1266636.714  447804.803  1266636.628

12 [8A 1256466.622 495800431  1255466.538
3 1 outpuT [INPUT [P | A | AT

0.310

414116.322
512231.255
468823.224
438999.135
467060.801
447805.106
495800.724

F
S
1.0000000328

G
6

0.00000

To (cal)

Xa
1246699.103
1307397.621
1319439.380
1299339.243
1291290.882
1266636.611
1255466.519

L[ PL | ATPL [ PA| ATPA | ATPA-1

X

Ya
414116.346
512231.237
468823.222
438999.147
467060.839
447805.124
495800.753

T

H
dX

-1

=51

-3

-11

-4

-17

-19

A formula is written in the cell to coordinate transform the input value using the calculated coordinate

transformation parameters.

B

1.000000033

From

Xb
5  1246699.207
1307397.722
1319439.481
1299339.345
1291290.984
1266636.714
1255466.622

OUTPUT [TINPUT

fe | =$B$2*B6+$C$2*C6+$DS$2

(o]
B

0.000000003

Yb
414116.026
512230.914
468822.901
438998.827
467060.518
447804.803
495800.431

PTA AT

1246699.104
1307397.672
1319439.383
1299339.254
1291290.886
1266636.628
1255466.538

=
D

0.310

Ya
414116.322
512231.255
468823.224
438999.135
467060.801
447805.106
495800.724

F G
S 6
1.0000000328 0.00000
To (cal)

Xa Ya
1246699.103 414116.246
1307397.621 512231.237
1319439.380 468823.222
1299339.243 438999.147
1291290.882 467060.839
1266636.611 447805.124
1255466.519 495800.753

X| ®

L[ PL | ATPL [ PAT| ATPA | ATPA-1

82
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A formula is written in the cell to calculate the difference (residual) between the input value and the

calculated value.

H6 d Je =(F6-D6)*1000

A A | B | (¢} | D | E | F | G H | I

1 A B c D S 6 data

Parameter

2 1.000000033  0.000000003 -0.146 0.310 1.0000000328 0.00000 25

3

4 Neme From To To (cal)

5 Xb Yb Xa Ya Xa Ya dX dY

6] 5 1246699.207 414116026 1246699.104 414116322 1246699.108  4ra116346 -1 %

7 |3D 1307397.722 512230.914  1307397.672 512231.256  1307397.621 512231.237 -51 -18

8 4B 1319439.481 468822.901  1319439.383 468823.224  1319439.380 468823.222 =3 =

9 ‘SB 1299339.345 438998.827 1299339.254 438999.135  1299339.243 438999.147 =11 12

10 45C 1291290.984 467060.518  1291290.886 467060.801 1291290.882 467060.839 -4 38

11 |SE 1266636.714 447804.803  1266636.628 447805.106  1266636.611 4478065.124 =17 18

12 [BA 1255466.622 495800.431  1255466.538 495800.724  1255466.519 495800.753 -19 29
ouTPUT [TINPUT | P [AAT [ L [PL | ATPL [ PA|ATPA | ATPA-1 [ X| @& 5[] -

(E) How to use Excel

(i) Activate the INPUT sheet.

Enter [Name], [From] coordinates, and [To] coordinates. Weight is set to 1.

Al A | B ! C | D | = | F | G

1] Name From To ‘ We@t'

28 Xb Yb Xa Ya sigma Xb sigma Yb
3 '5 1246699.207 414116.026  1246699.104 414116.322 1.000 1.000
4 3D 1307397.722 512230.914  1307397.672 512231.255 1.000 1.000
5 |4B 1319439.481 468822.901  1319439.383 468823.224 1.000 1.000
6 |5B 1299339.345 438998.827  1299339.254 438999.135 1.000 1.000
7 |5C 1291290.984 467060.518  1291290.886 467060.801 1.000 1.000

OUTPUT | INPUT [P TA AT [L [PL | ATPL | PA[ATPA | ATPA-1 [ X | &
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(i1) Activate the OUTPUT sheet.

If there are numbers in the yellow cells, delete them.

4 A | B | c | D [ E | F | a
1 A B C D S 6

1 Parameter
2 1.000000033  0.000000003 -0.146 0.310 1.0000000328 0.00000
3
4 Neme From To To (cal)
5 Xb Yb Xa Ya Xa Ya
6 -0.146 0.310
7 -0.146 0.310
8 -0.146 0.310
9 -0.146 0.310
10 -0.146 0.310
11 -0.146 0.310
12 -0.146 0.310
13 -0.146 0.310

| OUTPUT [ INPUT | P |A | AT |L | PL | ATPL | PA | ATPA | ATPA-1 | X | @

(iii) Please display the macro.

I Kb WA RS LAPOr B 75 K ail ame AL

i @ ] @x-svem ()\ [g— e Bk B o (IE,] =

B HIEOO | 0

Er | Z-4 100% BREECADET | 2

H I ||
data
dX dY
-146 310
-146 310
-146 310
-146 310
-146 310
-146 310
-146 310
-146 310
K] —
=l P37 RN

O & o I= | en-> —f—8 ’q—
- s~ B3-Y-RiEoLa- | 7 ux/m | SBoctonomt- [ o wodzv |
S—hEa- T9IORT Z-h UKD 390
J30 d Je
4 A | B | c | D [ E [ F [ G | H I g |
1 A B c D s 6 data
Parameter
2 | 1.000000033  0.000000003 -0.146 0.310 1.0000000328 0.00000
3|
4 Neiia From To To (cal)
5 | Xb b Xa Ya Xa Ya dx dy
6 | -0.146 0.310 -146 310
7 | -0.146 0.310 -146 310

OUTPUT | INPUT | P |A | AT |L | PL | ATPL | PA | ATPA | ATPA-1 [ X | &
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(iv) Run the [HelmSimple] macro.

¥/70 ? X
X)0%(M): '
HelmSimple 4 RFF(R)
cal_AT a
cal_ATPA 2797 12/(8S)
cal_ATPL
cal_PA R#(E)
cal_PL
.
INdat #R(C)
make_A
make_L HIRR(D)
make_P

A723(Q)...
YVOORFEA): BUTVSIRTOTY) A
8

ot
(v) Please check the residuals.
4 A B | c | D | E
1 A B (o] D
| Parameter

28l 1.000000033  0.000000003 -0.146 0.310
3
4 Fbins From To
5 Xb Yb Xa Ya
6 | 5  1246699.207 414116.026  1246699.104 414116.322
7 3D 1307397.722 512230.914  1307397.672 512231.255
8 [4B 1319439.481 468822.901 1319439.383 468823.224
9 5B 1299339.345 438998.827  1299339.254 438999.135
10 |5C 1291290.984  467060.518  1291290.886  467060.801

OUTPUT | INPUT | P |A | AT | L | PL | ATPL | PA | ATPA | ATPA-1 | X

85

F
S
1.0000000328

0.00000

To (cal)

Xa
1246699.103
1307397.621
1319439.380
1299339.243
1291290.882

Ya
414116.346
512231.237
468823.222
438999.147
467060.839
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(vi) Enter the [Name] and [From] coordinates of the point you want to calculate in the blank line.

The F and G columns of To(cal) contain function expressions. Please copy and paste.

F32 fr | =$B$2°B32+3C$2*C32+$DS2
A B & D E E G H I
1 A B C D S 6 data
Parameter
2 1.000000033  0.000000003 -0.146 0.310 1.0000000328 0.00000 25
3
4 - From ' . To ' . To (cal) - .
5 Xb b Xa Ya Xa Ya dx dy
27 19B 1526713.780  619234.711  1526713.687  619235.064 1526713.695  619235.036 8 -28
28 |19C 1515430.370  666483.980 1515430.272  666484.346  1515430.276  666484.307 4 -39
29 191 1522111.940  571499.692  1522111.856  571500.043  1522111.846  571500.016 -10 -27
30 19K 1476143.796  580528.201  1476143.715  589528.645 -15 -29
31
a2 |11 -1839913.079  5951524.913 -1839913.266 |  5951525.424
33 |13G -1564781.402  5978301.106 -1564781.580  5978301.617
34 |15H -1376009.753  6081806.563 -1376009.925  6081807.077
35
OUTPUT [ INPUT [P |[A [AT [L [PL | ATPL | PA | ATPA | ATPA-1 (X | @ Kl
10.1.4.Example of calculating parameters adapted to each region
The figure below shows the displacement vector from CGD09 to CGD23.
19B
17B 17A 191 19C
v
17F 19_ S
2A ,  SIEM 1\ \
17¢ :N
28\ ;N
4B
3D
5B PHN1
5E SP
5
'\KN Legend
21E —3
21A 0.3m
(4]
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The figure above looks like the same displacement vector because the amount of displacement is large.
Therefore, the figure below shows the characteristics of the displacement trend at each point by

excluding the average value of the displacement vector from the figure above.

198
17B 17A 191 — 7 ®— _19C
17F 19 G#STG1 P
2A fIEM sif1 —
L 17¢C 19K
—
2B 10F
4Bes. 3D
5B2*5C ;HN1
5E KSP1,KAND
5 S KND1
2 218" 8A *—>1aa Legend
<—e
21E e21A >
0.1m

It can be seen that the characteristics are different in each region of Phnom Penh, Siem Reap, and

Stung Treng.

Therefore, coordinate transformation parameters are calculated for each region of Phnom Penh, Siem

Reap, and Stung Treng.
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(A) Phnom Penh

Whole Area Each Region
Helmert2D Residual Helmert2D Residual

dN dE dN dE

Name  mm)  (mm) (mm)  (mm)

5 -1 24 7 -2
3D -51 -18 -28 -21
4B -3 -2 22 -15
5B -1 12 10 -8
5C -4 38 15 25
5E -17 18 -4 0
8A -19 29 -9 23
14A -3 -15 4 -9
21A -5 -7 -5 -17
21B -16 4 -8 -7
21E -15 45 -13 25
KAND -4 12 10 6

(B) Siem Reap

Whole Area Each Region
Helmert2D Residual Helmert2D Residual
dN dE dN dE
Name  mm)  (mm) mm)  (mm)
2A 57 -28 8 -22
2B 47 -2 17 19
17A 26 -3 -1 -18
178 37 16 -3 8
17C 8 19 -1 13
17F i 25 -3 6
SIEM 5 <) -18 -4

(C) Stung Treng.

Whole Area Each Region
Helmert2D Residual Helmert2D Residual
dN dE dN dE
Name
| (mm) (mm) (mm) (mm)
19 -13 -4 -7 24
10F -12 -43 -6 -16
19B 8 -28 14 1
19C 4 -39 9 -10
191 -10 -27 -3 2
19K -15 -29 -8 -1

The residual error when calculated for each region is smaller than when calculated for the whole area.

In other words, the parameters are adapted to each region by the amount of the reduced residual.
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CHAPTER 1. Planning of Operation and Maintenance for the Khmer

GEONET

1.1. Outline of establishment of the Khmer GEONET

The Khmer GEONET <https://khmergeonet.xyz> has been established under the “Project on

Establishment of Continuously Operating Reference Stations (CORS) for Land Management and
Infrastructure Development” between the Ministry of Land Management, Urban Planning and
Construction (MLMUPC) and Japan International Corporation Agency (JICA). This is a JICA
Technical Transfer Project with the period from August 2021 to December 2024.

The General Department of Cadastre and Geography (GDCG) under MLMUPC is the responsible
agency in Cambodia for whole operation and maintenance for the Khmer GEONET. The
construction of five stations and establishment of the Data Center have generally completed in
April 2022. All equipment has been handed over from JICA to MLMUPC / GDCG on 6th
December 2022.

The Khmer GEONET will start the Paid-Service on Wednesday, 25th June 2025.

1.2. Objective of the O & M Plan for the Khmer GEONET

This document describes the essential plan for the operation and maintenance (O & M) of
hardware / software, organization and partnerships for the Khmer GEONET, which consists of

five (5) stations and one (1) Data Center (as of November 2024).

1.3. Overview of the O & M Plan for the Khmer GEONET

The plan is separated into the mainly three phases: Phase 1 Towards Stable Paid-Service, Phase 2
Smooth Expansion to Whole Country, and Phase 3 Sustainable O & M of the Khmer GEONET.
Phase 1 is targeting the establishment of stable service of the Khmer GEONET until the end of
the JICA Technical Transfer Project, December 2024.

Phase 2 is targeting the smooth integration with the JICA Grant Aid Project for the nationwide
CORS network which will be completed in March 2026.

1-1
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Phase 3 is targeting the sustainable activities of the Khmer GEONET since April 2026, after the
completion of the JICA Grant Aid Project.
Please see the attached “Roadmap of the Operation and Maintenance Plan for the Khmer

GEONET” for the summary of the progress.
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CHAPTER 2. Tasks of the O & M Plan for the Khmer GEONET

2.1. Tasks of Phase 1 Towards Stable Paid-Service

The task list of Phase 1 is shown as below.

Table 2-1 Task List of Phase 1 Towards Stable Paid-Service

# Tasks
1-1 Management Policy
1-2 Organizational Structure
1-2-1 | Organizational Structure: O & M Office
1-2-2 | Organizational Structure: Registration Service Office
1-2-3 | Organizational Structure: Technical Inspection Office
1-2-4 | Organizational Structure: Staff of the O & M Office
1-3 O & M Manuals and Reporting App for Data Center Operators
1-4 O & M Manuals and Reporting App for On-site Station Staff
1-5 Public-Private Partnership
1-6 Human Resources Development
1-7 Equipment Planning & Updating for 5 Stations and the Data Center
1-7-1 | Equipment Planning for 5 Stations and 1 Data Center
1-7-2 | Updating of Batteries for 5 Stations
1-8 Budget Planning for Fiscal Year 2024 & 2025
1-8-1 | Budget Planning for Fiscal Year 2024
1-8-2 | Budget Planning for Fiscal Year 2025
1-9 Start of the Paid-Service
1-10 | Public Relations

2.1.1. Task 1-1 Management Policy

This task is the establishment of a basic policies including the Paid-Service for Khmer GEONET.

The expected users are Government/International Project, Academia, Private Company, and so

on.

The DRAFT Paid-Service Plan (Price List, User Category, Service Type) has been submitted to
MLMUPC and MEF in June 2023. It will be approved by MEF and other line ministries in

2-1
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advance of the start of the Paid-Service.

2.1.2. Task 1-2 Organizational Structure
This task is the establishment of the official Section / Office with staff as the responsible
flamework for the Khmer GEONET services.

2.1.2.1. Task 1-2-1 Organizational structure: O & M Office
GDCG has proposed a new O & M Office for Khmer GEONET.
It will be reviewed in the fiscal year 2025.

2.1.2.2. Task 1-2-2 Organizational Structure: Registration Service Office

GDCG has proposed a new Registration Service Office for Khmer GEONET.

It will be reviewed in the fiscal year 2025.

Registration of Surveyors has been announced and started in March 2024. The qualification test
of surveyor will be conducted after consideration of the registration.

Licensing of Survey Company will be announced and started after the preparation of the

qualification test. The survey company must have the registered and licensed (qualified) surveyors.

2.1.2.3. Task 1-2-3 Organizational Structure: Technical Inspection Office

GDCG has proposed a new Technical Inspection Office for Technical Inspection for Surveying
Equipment.

It will be reviewed in the fiscal year 2025.

2.1.2.4. Task 1-2-4 Organizational Structure: Staff of the O & M Office
GDCG has proposed the staff of the new O & M Office for Khmer GEONET. The organizational
structure would have the three categories of official staff:

1. Manager (High level decision making)

2. Supervisor (Department)

3. DC Operator (Data Center & 1 Station)
Besides, the on-site level (4 Stations) has one category of official staff:

1. Station Staff (District/Provincial Offices)
This proposal of the organizational structure has already been submitted. The approval line is:
Department -> GDCG -> Under Secretary of State -> Secretary of State -> Minister of MLMUPC
(= Deputy Prime Minister, as of November 2024).
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The organization is provisionally named “Khmer GEONET Data Center” under the Geography

Department of GDCG.)
It will be reviewed in the fiscal year 2025.

2.1.3. Task 1-3 O & M Manuals for Data Center Operators

The Japanese Project Team (JPT) and Aruna Technology Ltd. (Aruna) has been consulted with
Cambodian Project Team (CPT, that is, GDCG) about the O & M manuals for Data Center
Operators: GNSS-Receiver, Software (Trimble Pivot Platform, Bernese GNSS Software, etc.),
Communication / Network / Power Supply. Moreover, Daily/Monthly/Yearly Tasks (storage and
backup of data, calculation of coordinates, etc.) are also considered. All the documents should be
shared on-line (Telegram, Private Google Drive, Data Center Server).

The O & M Manual has been translated from English to Khmer.

These documents and report formats will be updated based on experiences.

2.14. Task 1-4 O & M Check List & Report Format for On-site Maintenance

The reporting tool for station maintenance should be shared on-line. GDCG has developed a
smartphone app based on ArcGIS Survey123, ArcGIS Field Maps and ArcGIS Dashboards for
information management. All the report should be shared trough Telegram and archived in the
GDCG Server (Synology NAS). Backup tape is also stored at the other building in case of
contingency situation (once in a month).

The O & M Manual has been translated from English to Khmer.

The tools will be updated based on experiences.

2.1.5. Task 1-5 Public-Private Partnership

Outsourcing of a part of O & M activities from GDCG to the private company (ex. Aruna) is
important. The contract between GDCG and private company for hardware maintenance and
necessary support will be processed in fiscal year 2025.

The budget for O & M for the fiscal year 2025 will be finally approved by the Parliament by
December 2024.

2.1.6. Task 1-6 Human Resources Development
Capacity development of engineers for the O & M of 5 CORS should be conducted after the

approval of the Paid-Service plan / the organizational structure, and before the start of the Paid-

2-3




04-1_Operation and Maintenance Plan.docx

Service.

2.1.7. Task 1-7 Equipment Planning & Updating for 5 Stations and the Data Center

2.1.7.1. Task 1-7-1 Equipment Planning for 5 Stations and 1 Data Center
In case of machine troubles, an equipment plan should be prepared for operation continuity,
update of hardware/software, and others for the 5 Stations and the Data Center. (Completed)

2.1.7.2. Task 1-7-2 Updating of Batteries for 5 Stations
Each Station has three units of battery. The batteries should be checked after two years (from
April 2022) to see if it is necessary to change them at that time or their life can be extended.
Example: The maximum cost might be:
(USD150/unit) x (3 units/station) x 5 stations = USD 2,250
The unit price USD 150 includes transportation fees.

2.1.8. Task 1-8 Budget Planning for Fiscal Year 2024 & 2025

2.1.8.1. Task 1-8-1 Budget Planning for Fiscal Year 2024

The budget for the Khmer GEONET in the fiscal year 2024 (January - December 2024) have been
submitted to MLMUPC from GDCG in March/April 2023. It has been discussed and approved in
July/August 2023 at MEF. After that, it has been finally approved by the Parliament by December

2023. (Completed)

2.1.8.2. Task 1-8-2 Budget Planning for Fiscal Year 2025

GDCG have prepared a draft budget plan for the Khmer GEONET in the fiscal year 2025 (January
- December 2025) by March/April 2024 to submit as a part of the Annual National Budget in
2025. It has been discussed by MLMUPC and MEF at the meeting on 5th July 2024 and after.
The budget for O & M for the Khmer GEONET in the fiscal year 2025 will be finally approved
by the Parliament by December 2024.

2.1.9. Task 1-9 Start of the Paid-Service

The Khmer GEONET will start the Paid-Service on 25th June 2025 (re-changed from 26 June
2024). Khmer GEONET Website has already been developed. The collaboration with Cambodia
Data Exchange Platform (CamDX) will be added for payment method.
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2.1.10. Task 1-10 Public Relations
For value adding and sustainability of the Khmer GEONET, number of users is an important
monitoring index. Promotion activities are necessary.

The results of the pilot projects can be used as the PR materials for the current / future users of
the Khmer GEONET.

The 3rd Seminar has successfully been conducted on 5th June 2024. The materials (agenda, leaflet
for the Khmer GEONET, presentations, etc.) are shared among participants. (Completed)

2.2. Tasks of Phase 2 Smooth Expansion to Whole Country

The task list of Phase 2 is shown as below.

Table 2-2 Task List of Phase 2 Smooth Expansion to Whole Country
# Tasks
2-0 [ Start of the Paid-Service
2-1 [ JICA Grant Aid for the Nationwide CORS Network
2-2 | Updating of Batteries for the Nationwide CORS Network
2-3 | Updating of Software
2-4 | Public-Private Partnership

2-5 | Human Resources Development

2-6 | Equipment Planning

2-7 | Budget Planning
2-8 | Public Relations
2-9 [ Registration as the International GNSS Service (IGS) Station

2.2.1. Task 2-1 JICA Grant Aid for the Nationwide CORS Network
The contract has been concluded on 14th March 2024.
The construction will complete by March 2026 (planned two years from the contract).

(Total number of stations are under adjustment (as of November 2024).)

2.2.2. Task 2-2 Updating of Batteries for the Nationwide CORS Network
Each Station has three units of battery. Basically, the batteries should be checked after two years
(from the set-up at the station) to see if it is necessary to change them at that time or their life can

be extended.
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Because of the variety of each on-site situation, the lifetimes of batteries may be different from

each other.

2.2.3. Task 2-3 Updating of Software

Updating of software should be considered well in advance of the expiration.
For example:

Pivot (expire on 31 May 2027),

Bernese,

Network software,

Internet Security (Anti-Virus software, Firewall, etc.),

Microsoft Operation Software (Windows),

Microsoft Office (Excel, Word),

ArcGIS, etc.

2.2.4. Task 2-4 Public-Private Partnership
Outsourcing of a part of O & M activities from GDCG to the private company should be prepared.

2.2.5. Task 2-5 Human Resources Development
Capacity development of engineers for O & M of Nationwide CORS Network with the Data

Center should be conducted.

2.2.6. Task 2-6 Equipment Planning

In case of machine troubles, an equipment plan should be prepared for operation continuity,
update of hardware/software, and others for the Nationwide CORS Network with the Data Center.
For reasonable planning, the evidence/experience, such as past accident records, should be

considered.

2.2.7. Task 2-7 Budget Planning

Every year, GDCQG shall prepare a draft budget plan by March/April to submit as Annual National
Budget on the next fiscal year (January - December) for the Nationwide CORS Network with the
Data Center.
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2.2.8. Task 2-8 Public Relations
Goal setting (how many users are registered until when?) is important for promotion.

For example, increase users up to 1,000 registrations at the end of 2026, hopefully.

2.2.9. Task 2-9 Registration as the International GNSS Service (IGS) Station

It should be considered that how many stations of the Khmer GEONET might be aiming
to register as International GNSS Service (IGS) stations. The target year should be also
considered.

2.3. Tasks of Phase 3 Sustainable O & M of the Khmer GEONET

The task list of Phase 3 is shown as below.

Table 2-3 Task List of Phase 3 Sustainable O & M of the Khmer GEONET
# Tasks
3-1 | Updating of Hardware (GNSS Receiver, Antenna, UPS, etc.)
3-2 | Updating of Storage, Server, etc.
3-3 | Updating of Software

3-4 | Human Resources Development
3-5 | Future expansion of the Khmer GEONET

2.3.1. Task 3-1 Updating of Hardware (GNSS Receiver, Antenna, UPS, etc.)
Lifetime of hardware expects 10 years or more. The plan and budget for updating of the
Nationwide CORS Network should be prepared well in advance.

Hopefully, the updating of each Stations might be one by one, not simultaneously.

2.3.2. Task 3-2 Updating of Storage, Server, etc.
Lifetime of PC at the Data Center will be expected around 3 years or more. The plan and budget
for updating of the PCs at the Data Center should be prepared well in advance.

2.3.3. Task 3-3 Updating of Software
Lifetime of Software at the Data Center will be expected around 3 years or more. The plan and

budget for updating of the software at the Data Center should be prepared well in advance.
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2.3.4. Task 3-4 Human Resources Development

Capacity development of engineers for O & M of the Nationwide CORS Network with the Data
Center is inevitable.

Hardware/software are progressed and changed. The Khmer GEONET should catch up and adapt
the latest technology as needed.

2.3.5. Task 3-5 Future expansion of the Khmer GEONET
In future, the additional deployment of Stations for the Khmer GEONET will be considered.
Demand and use case for the Khmer GEONET should be developed, adding to the cadastral

survey.

[End of the Document]
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2024 2025 2026

P Remark
I IS = eI 3 Y I M e e R Y Y R
rganization

Phase 1: Towards Stable Paid—Service (The Project completion in December 2024)

Establishment of a basic policies including the
paid-services for Khmer GEONET (users:
Government / International Project, Academia,
Private Company, etc.) CPT

5 The DRAFT Paid Service Plan (Price List, User :

=1 e (el Category, Service Type) has been submitted to ML:AAEEC' B

MLMUPC and MEF in June 2023.
It will be approved by MEF and other line
ministries in advance of the start of the paid—
service.

GDCG has proposed a new O & M Office for
Khmer GEONET .
It will be reviewed in the fiscal year 2025.

CPT,
MLMUPC

Organizational Structure:

17271 5 & M Office

50%

GDCG has proposed a new Registration Service
Office for Khmer GEONET .
It will be reviewed in the fiscal year 2025.
Registration of Surveyors has been announced
and started in March 2024. (The qualification test
of surveyor will be conducted after consideration
istrati CPT,
of registration.) MLMUPC 50%
Licensing of Survey Company will be announced
and started after the preparation of the
qualification test . (The survey company must
have the registered and licensed (qualified)
surveyors).

{—pp Organizational Structure:
Registration Service Office

GDCG has proposed a new Technical
Organizational Structure:  I[nspection Office for Technical Inspection for
. h : p CPT,
1-2-3 Technical Inspection Surveying Equipment. MLMUPG 50%
Office It will be reviewed in the fiscal year 2025.

GDCG has proposed the staff of the new O & M
Office for Khmer GEONET:
1. Manager (High level decision making)
Organizational Structure: 2. Supervisor (Department) CPT, 80%
Staff of the O & M Office 3. DC Operator (Data Center & 1 Station) MLMUPC
On-site Level (4 Stations):
1. Station Staff (District/Provincial Offices)
It will be reviewed in the fiscal year 2025.

GDCG: Operation records/archives are shared
on-line (Smartphone App developed by GDCG
based on ArcGIS Survey123 and ArcGIS
O & M Manuals and Dashboards, Telegram) CPT, JPT,
1-3 Reporting App for Data JPT: The O & M Manual has been translated from Private 90%
Center Operators English to Khmer. Company
Aruna: Manuals for GNSS—Receiver, Software
(Pivot, etc.), Communication/Network, Power
Supply.

GDCG: Operation records/archives are shared
on-line (Smartphone App developed by GDCG
based on ArcGIS Survey123 and ArcGIS
Dashboards, Telegram).

JPT: The O & M Manual has been translated from
English to Khmer.

O & M Manuals and
1-4 Reporting App for On-site
Station Staff

CPT, JPT 90%

Outsourcing of a part of O & M activities from

GDCG to the private company (e.g. Aruna)

The contract between GDCG and private CPT, Private
company for hardware maintenance and Company
necessary support will be processed in fiscal

year 2025.

1-5 Public-Private Partnership 70%

H R Capacity development of engineers (at District /
16 pomen r:s:t“r“s Provincial office) for the O & M of 4 CORS CPT 70%
AT (except PNH1 (MLMUPC)).

Equipment Planning for 5
1-7-1 Stations and 1 Data
Center

In case of machine troubles, operation continuity,
update of hardware/software, and others IR, dIPT 100

(USD150/unit) x (3 units/station) x 5 stations

— Test the batteries after two years (from April
2022) to see if it is necessary to change them at
that time or their life can be extended.

— The unit price includes transportation fees.

Updating of Batteries for 5
Stations

GDCG, Private
Company

GDCG shall prepare a draft budget plan by CPT, JPT,
March/April 2023 to submit as Annual National Private 100%
Budget. Company

Budget Planning for Fiscal

17871 Vear 2024

GDCG have prepared a draft budget plan by
March/April 2024 to submit as Annual National
Budget in 2025.
18— Budget Planning for Fiscal It has been discussed by MLMUPC and MEF at CPT, Private
Year 2025 the meeting on 5th July 2024 and after. Company
The budget for O & M for the Khmer GEONET
in the fiscal year 2025 will be finally approved
by the Parliament by December 2024.

It is re—planned to start on 25th June 2025 .
Khmer GEONET Website has been developed.
1-9 Start of the Paid—Service The collaboration with Cambodia Data Exchange CPT 60%
Platform (CamDX) will be added for payment
method.

The 3rd Seminar has been completed as
scheduled on 5 June 2024.

Explanatory materials (leaflet) have been
distributed.

1-10 Public Relations CPT, JPT 100%

Phase 2: Smooth Expansion to Whole Country (Grant Aid Project completion in March 2026)

It is re—planned to start on 25th June 2025 .
Khmer GEONET Website has been developed.
2-0 Start of the Paid-Service The collaboration with Cambodia Data Exchange GDCG 60%
Platform (CamDX) will be added for payment
method.
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P Remark
“ Contents oReSDO.nSIl?Ie Progress nnnu m 10712 m 10712
rganization

The contract has been concluded in March 2024.

_, JICA Grant Aid for . ¥ " GDCG, Joint
2-1 Nationwide CORS Network The construction will complete by March 2026 Venture (JV) 10%
(planned two years from the contract).
_, Updating of Batteries for . . &
2-2 Nationwide CORS Network 3 batteries for each Station (every 2 years?) GDCG 0%
Pivot (expire on 31 May 2027),
Bernese,
Network software,
223 | Updating of Software Internet Security (Anti—Virus software, Firewall,  GDCG, Private o%
etc), Company
Microsoft Operation Software (Windows),
Microsoft Office (Excel, Word),
ArcGIS, etc.
_ . o . Outsourcing of a part of O & M activities from
2-4 Public-Private Partnership TDOE o (> F D GAEEY GDCG 0%
9-5 Human Resources Capacity development of engineers for O & M of GDCG %
Development the Nationwide CORS Network
_ ] ] In case of machine troubles, operation continuity,
23SBIEqtipmentRlannine update of hardware/software, and others GDCG (0
27 ks B Every year, O & M for the Nationwide CORS GDCG %
Network.
2-8  Public Relations vaﬁ:In?ettlng: How many users are registered until GDCG o%
Registration as the Goal Setting: How many stations of Khmer
2-9 International GNSS GEONET are registered as IGS stations until GDCG 0%
Service (IGS) Station when?
Phase 3: Sustainable O & M of Khmer GEONET (the Nationwide CORS Network from April 2026)
Updating of Hardware Lifetime of Hardware expects 10 years or more.
3-1 (GNSS Receiver, Antenna, Plan and prepare budget in advance. GDCG %
UPS, etc.) Hopefully the updating of the Nationwide CORS
Network might be one by one, not simultaneously.
Updating of Storage, -
3-2  Server, etc. Lifetime of PC expects 3_years or more. GDCG %
Plan and prepare budget in advance.
3-3  Updating of Software Lifetime of Software expe'cts 3 years or more. GDCG %
Plan and prepare budget in advance.
_, Human Resources Capacity development of engineers for O & M of
&= Development the Nationwide CORS Network el Wt
3-5 Future expansion of the Next stage after the JICA Grant Aid for GDCG %
Khmer GEONET Nationwide CORS Network
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