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Art

"Part 1 General

Chapter 1  General
{Purpose) e
1 . The purpose of this SpE)leiCc!tlon is to defme the ‘method of the basic
surveys which the japan International Co- -operation Agency (JICA) conducts in
developmg countries for making middle-scale maps as national base maps and for

estabhshmg control.points as the basis of all other surveys.

Art.

Art,

Art.

Art.

At

(Relation to QOther Specifications)
2 Surveying methods shall be i in ckccordance w1th thig spec;fica,tmn except in

‘the case of special specifications. When any other specifications are approved as

équal or superior and permission to use these specifications are obtained in
advance from JICA, they can be used.
(Range of Surveys) : .
3 - “Surveys’ in thm spe(:iflcatlon means the contml surveys and the prepa-
ration «of topographic maps and photo maps.
C0nt1 ol surveys involve triangulation,: traversing, astronomical observation, .
sate]hte ohservation, leveling (direct, mdlrect) and tidal observation.

Chapter 2 Stéx_nci_ards of Surveying and Units'fo be used
“(Standard) S | o
4. - Standards of ‘surveying such as ellipsoid elements, etc., are provided in
another specification. '
(Units to be used)
5 U.ni_t's_ef measurement provided by Japanese laws of measurement shall be
used except in special cases.
Units of angle measurement shall be the degree, minute and second of arc,
Chapter 3 Process and Order of the Work
(Process and Order of the Work) -
5 Process of the works and the order of carrying it out shali be as follows ;
(1) - Control Surveys
‘a2  Reconnaissance
b Monument construction for survey target and tower
‘¢ Observation '
d - Calculation and arrangement of the records, etc.
{2)  Mapping ‘



Control surveying

Tstablishment of air photo sign_al
‘Aerial photography '
Pricking

Chséification

-Aerlal trlanguldtmn
'._Plottmg
h Edntmg

i Supplementdry survey

o o o 0 T

i D;awmg
(3) Map Manuscript
-~ a . Map: Manu&cnpt
(4) Reproduction -
a. Plate making
b  Printing
(5) Photomap
a Differential Rectification
. (@ Classification” =
() ~Aerial triangulation
(¢) " Orthoprojection
(@) Plotting
(&) Mosaic
(f) Editing
b = Rectification
(a) Classification
(b.) Aerial triangulation
(e Recilflcatwn
G _Mos‘,alc
~(e) Editing L
Chapter 4 Planning of Surveys
(Planning of Surveys) o e
Art. 7 Plannmg of surveys shall be drafted with the results of reconnalssance and . -
the data collected in the field based on the scope of work (S/W) which is agreed
by the  two governments {Japan and ‘the country concerned) and shall be
admitted by JICA. |
(Detailed Survey Plan) _ _ _
AL 8 Surveyor who executes the work must mflke a deta;led survey plan and
must get admission of this plan from JICA.



Art

. Chapter 5 Accuracy-Con%fol and Final Results etc.
(Accuracy Conitroh)

9 “The person rmponszb]e for the Work must control all work to secure the

_ _requxred accuracy.

Table for. “Accuracy Control” shall be prepared according to the form

| '.descnbed in Table 3.

-Ar_t,

Art,

Art,

Art.

(Checkmg) _
10 - The person responsable for wmks must check tho work at the time of
mxddle and the end of each process. '
(Results etc:) - : _
11 In ths spec:flcatmn the term “Results ete.” nnphes the survey. resuits,
survey records and work data as follows: '
1y ‘Survey results : final results
(2} Survey records : records obtamed dux ing each process
(3" Work data : every kind of data obtained in gettmg the survey records.
(Presentation of Results, etc.)
12 Results, etc. are reqmred to’ be presentcd to JiCA immediately after
flmshmg all processes.
- (2) In case that it is impoc.sible'to take out results, etc. from the country
concerned, alternative instructions. of JIC A are required.
(Reports) ‘ - : :
i3 . At the-end of each process, report of work shall be submitted and at the end
of all work general technical report shall be Smeltted to JICA.
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Art.

Art.

Part 2 Contrel Surveys

Chapler 1 General

Bection 1 - General

(Control Surveys) : :
14 “Control surveys” in this specification means establishment of new controt
po'ints or connecting new control points to existing control points and determining’
geodetic coordinates of the new points. '
Section' 2 Methods of Survey
(Methods of Survey)
15 Control survey implies sgx”fex"a] methods as follows.
(1) Traversing, Triahgul_ation_and Trilateration
(2)  Astronomical Observations -
{31 Satellite Observation (N NS&)
4). Leveling

. Section 3 Fstabh&hmmt of a2 Permanent Monument

Art

Art.

Art.

Art

(Permanent Monumment) . S h i
16 Permanent monuments shali be made for newiy est'tbhshed pomt%
(Establishment of monument)
i7 Monumentation shall be performed according to the standard prescribed on
other note except where there is special speculatxon about monumentatmn in the
country concemed o
Section 4 . .- Planning of Survey
(Selection of Survey Method) _
18 .Survey method shall be selected éonsidering the purpose of - survey,
topbgraphy, vegetation' etc. in the area. :
(Pianhing Report of Survey) .
19 Planning report shall be made in accmdance with the following 1tems
(1) Map of planned network at the scale 1/250,000~1/500, OOO
N 'Qurvey Standard geodetic coordinate system
) List of results data, etc.
}- Survey schedule
) List of survey party
(6) List of main surveying instruments
Chapter 2 Control Survey w1th Traverse, Triangulation and
Trilateration : ' ' S
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- Bection 1 ~ General |

- (Purpose) : .

: _.__Arf. 20 - “Control ‘::ulvey” in thl‘} specification means t() newly establish control

' points based on fational geodetic datum or existing control pomts
' (Methods of Survey) o L

Art, 21 . -Burvey shall Be’ carrled out by one of the fol]owmg methods the traverse,
| triangulation ard trlhteratmn :
o (Ciasses of bontro! Points) _
Art. 22 . Control pomts are Classified as fol]ows
' (1) Tnst class’ (order) control points are such points as are spaced about
30 km and are established for ming the geodetic network,
(2) ‘%econd class Corder) control point is establis hed smh that itisa pomt
formmg the network smced about 10 km. '
THis network shall:bé made (.onn(,vtmg to first order control pomts or ex:stmg
- more accurate points. ‘ S ‘ . -
(8) Third class (order) control point is established such that it is a point
~forming the network with spaced about 4 km.
This network shall be made connectmg to the Ist, 2nd or existing more accurate
_pomts '
(Accuracy of Control Point) -

CArt. 23 Accuracy of control pomt for tlaverse and tuanguiatic}n shall be as
-follows JE UL : ' :

{1 Relative acc_uraCy of first clasé' control’ point.is better than 1/200,.060.

(2) Relative accuracy of second class control point is better than 1/65,000.
(3). Relative accuracy of third class.control point is better than 1/25,000.
(Main Instruments to be used)

Art. 24 - -Main instruments to ‘be used for this work are theodohte and electro-
magnetm distance measirement- eqmpment (EDME). '
Section 2 Plannmg of Contml Point Survey

' (Piannmg of Network) :

Art. 25 Location of the control peints shall be at equal intervals and they shall be -

established ‘in considera‘tioﬁ:of the utilization and consex_'vétion of the points.
2 Reconnaissance: shall-be performed in consideration of following conditions
(1) Traverse
_ A loop travercse shall consist ‘of -3 :or 4 control pomts and
" minimum nodal points. : o S -
b Fraverse network shall:be composed of more than three polygons'
-which adjom each other. : '
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¢ The connecting traverses can be usad i case of 2nd or 3rd dass
control survey, ‘if the topographic conditions do not permit the above:
method, : - ‘ '
' “d’" Range of ecct,ntvxc 1eductaon shall be ]nmted to 100 m.
{2) Irlangulatton S : : o S
& An mcluded angk of a'tr 1angle shqll be more than 25° i pr 11101ple
A tegular tricmgie is desirable. :
b Braced quadnlatex al may be desirable for strengthenmg thc
figure, “In this case, an nu,luded angle may be nore than 15"
_ Control pom_t fo_lmmg the -triangle network shall be’ the inter..
Section point where more fhaﬂ 3 sides intersect. : _
.d  Base lines shall be selected from sides surrounding and within the
triangle network and be measured directly.
e Numbers of base lines: measured by EDME shali be 1 to. 5 bldesa
surroundmg the network and within the networks, 1. t0: 8 sides.:
f  Base line shall be ionger than mean length of sides.
_ g Dlstances of eccentrlclty (e) shall be less than-0.1S (8= su:te
Tength), _ ' '
- (8) Trilateration -, - . : : :
An 1ncluded angle ofa trlangie shall be more than 25 in prmmple
b': Measurementc; of common sides with adjacent triangle can be
'changed to the measurement of each oppomte angle of common sldes from
" which the-common side length is to be calculated.
«¢.. Triangle network shall be consisted of single tuangles
‘In cdse that strengthenmg the figure is needed; braced quadrxlaterais shall
be established instead:of triangles.
d. - Length of eccentricity (e) shal] be less than 0.1S.
(Lapiace Point) : : S
Art. 26 Laplace point shall be estabhshed of the rate of 1 pomt per 200~ 300 Km
if necessary. : ‘
(Reconna!ssance Map, Adjustment Plan anhd Descnpt:on of Pomt) _
i-\rt a7 Reconnals%ance map shall be prepared when good sight between ad;ommg"
points has been. verified and the selection of the point has been completed.
2 Ad]ustment plan must be made based on reconnaissance map.
3 . Description of point. shall be made for selected.points.
(Settmg of Permanent and Temporary Menuments.and- Targets)
Art. 28 Permanent monument shall be set at the selected location and target shall
be built at exiting (given point) and new pomts Method ‘of setting, etc. are
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specified in Art. 16 and 17,
Bection 3. Observation .
(l—;fflcnency of Instrumenﬂ _ . :

29 Inetruments to be used for survey shall hcwe the foliowmg effICILIle

() Theodolite for Ist and 2nd classes survey must have rinimum reading
scale of 0.1 second of ‘arc: T he accuracy of EDME using microwave shall be.
better than 30 mm+ 30 ppmXxD.and the accuracy of EDME using light wave shall

be better than 10 mmk 2 ppm XD (D : Measured distance). _
(2) " Theodolite to be used-for 3rd class eurvey must have minimum readmg
scale better than one second of arc.

AL

Distance measurement eqmpment for 3rd
- class Shall be eiectro optlcal one havmg the c:.ame dccuraey as for Z2nd class
..SUTVEY ' . .
2 Calibr atlon of instrument ehall be conducted according to following items :

(1) (,ahbration of electro- optical dlstance measuring mstrument
a Check and adjustment of frequency :
Before the surveymg, frequency. of EDMI‘ shall be cahbrated by an
organization: demgnated by J ICA _
-b - Calibration with _c_on_lpa_rlson method

o 'IJoeation' Allowance Number of set Remark
Geographical Survey Institute
-1 Local office of G. 5. 1. Wmm - - -3
" | Murayama base line _
_ A B C o The difference
2 . i : } | | 0mm _ 3 between AC - and
A--C_ 500 m=1000 m L R

Calibration of Theodolite
a  Check by horizontal angle observation

{2)

Minimum reading scale

Allowance of double
angle difference

| Allowance of difference

of observation

'Al_l_owance of (T,

—T.)

0.1"

8"

5!:

3»

1r.~

157

87

"{a) Target suitable for obeervatiou 3uch as tue, chlmney SO Oon

“shall be selected. , .
Ak Values of (T,=T;) are the difference. between two mean
values of sets at the position {7, 60°, 1200 and at the posﬂ:lon 30°, 90°, 150

(©

(Double Angle Difference) .
- The double angle is the summatlon of the observed angles’ by -

telescope in the direct and the reverse,

’ . ﬁ.u




: ’l‘h'c"'double dilgle ditference is the difference between the maximim

and m;mmum ‘values of the doubie qngies obtained by the observations
~in two or more sets of positions.

@  (Difference of Observation)
The difference of obser vation is the difference of the obscrvcd

angles with the telescope in the direct and the reverse. .

When the observation is camed out m two or more sets of posﬂ:lon the

difference of maximum and n"ummum values of “difference of ohserva-
- tion” is also called “difference of observation”.

b  - Check of vertical angle observation

Minimum reading scale ‘ Allowance of constant of elevation’
6.1” _ ' _ _ 8"
o | et AT

() Constant of elevation is the'sum of the readings of vertical
“eircle observed with the telescope in the direct and the reverse.
“T'able of Art. 29 shows the allowance of constant of elvation which is
the difference between maximum and minimum value of the constants
of GIEthIOI’l when two or more obJecte weie observed fre om a statlon
(Honzontai Angle Observation) - . PR .
Art. 30 Horizontal angles shalt be obqerved accordmg 10 the followmg items:
(1) Direction method shall e ad0pted except for special spemfmations
One set “observation shall consist of less than 4 directions. :
{2) ‘A pair of observation (Ist) consists of two readings by telescope in
the direct and in the reverse. ‘
Allowance and others are as follows:

" . Allowance of|Allowance of differ .
Class Set numbers . ‘ Position
double dngle ences of angle '
| s | e | vwww
_ . 120, 150°
2nd | 3 2 e 120
Y B R R o AT
(Re: measurement) '

Art 31 In case that results of -horizontal 6bservati011 exceed the allowance-in the

tabIe of Art, 30 at a position, all directions shall be observed w1th that posxtmn
(Measurement of Eccentric Elements) '

Art:-32 - Measurement of eccentric elements shall be conducted according to the
followmg tables. Ln e
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_(Meas'uremant of Distance) .

Art. 33 Dl%tdl‘l(,e shall be measured acgordmg to tollowmg items.:
{1 One set Gf ohservations
consists of three reddings for the dlru,t reading instrument (digital count) and
~for the indirect reddmg mstrumult one set cons;sts of readings with all modulated

frequencys.

Ia case of using electro-optical instrument,

(2) In the case of using electro mdgn(_tic wave instrument,
Coarse readings shall be taken before and after the fme reachngs One seL of fine
readings consists of 10. readings, . :
Requlred set numbers and dlscrepanmes between sets are shown in the

(3)
foliowmg table
. E.0.EDM .M. EDM .
Class - _ - - : Remark
Set nu'ml_)er_s | -Discrepancies © Set numbers Discrepancieb
lsi 3 1/200, 060 N - 1/200,000
2nd S 3 1/75,000 " o2 1/75,000
3rd 2 1/40,000
(4) Meteorologmal elements shail be observed dCCOI‘dmg to the followmg
table,
- Temper‘;ture ' Pressure ”Humidity
Instrumient Class  —- - : Remark
' M.S, [ R.S.{M.S.[R. S.[MS.{R.S, -
E.' .O. 1 st O O O OO O O measure
[‘.DI\;I 2 nd O 9] e O
: _ 3rd e O
E. M. 1 st O O O O O
EDM 2nd O o) O O 0.

M.S. : Master Station
"R.S. : Remote Station

{5)

minutes except 3rd class,
For 3rd class, set intervals shall be more than 5 minutes in case of direct reading

instruments.
(6)

~observation.

Two set observations shall be separ ated in time by not less than 20

The . air tempexature shall be taken before and after each set

The air pressure.and the humldlty shall be taken before and after all observations,

(7)
Section 4

- Caleulation

23

Calibrated thermometer and bammeter must be used.:



 (Calculation)
Art. 34
following table,

The place of figures to be used for caleulation shall e acc‘ord'ing to

Cl‘ls'; Ph\(,e of flg\ue ' Remark
Lst. :
Distance 2 nd three places of meter
“3d ‘
R . . .
Angle : _ two places of second
2 nd
3rd one pld(,e of second
Lo o 1st
Coordinate | 2 nd three places of meter
: 3 rd ‘
. : 1st: . . .
-Latitude | .. 2 four places of second -
. i . o
Longitude P S —
S 3d three places of second -

(Calcu!atmn at Field)
Art. 35
shown i in followmp table. If results exceed the aliowance, refobscrvatlon shall be

- Allowance of closure and clos,ure ratao of the obtamed results at fleld are

- conducted after re- checkmg the re'sults

(- Tr aversing
Clasé Closure of bearing C]osuxje rate of Remark
coordinate
1st 15 N 1/200,000 o
2 nd 25 N 1/ 65,000 N: .Numtl_)erb 'Oft mtery
3 vd 95 I3 1/ 25,000 - section angle

T (2) Triangulatio’n

Closure of sum

Closure.of side lcnéth

10#:

7

Class o ' Remark
of interior angle S
Ist 3" 70cm % SCkm}
- 2.nd 7 o
3rd

{3) Tnidteramon
wa. - lst and 2nd cldss control survey _
(a) Discrepancy between the two catculated lengths of the
common side defined in Art. 25 para. 2, (3), b shall be less than
(m'epe + m qaz)ia km (Unit.mm).
m' g : SD. of caleulated distance -
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() Closure of central angle obtained after correcting the spherical
excess shall be less than '
0.78 NSD%¢ +-3.70 A0
n; Numbérs of observed angle

Dy = Gtar?

@ : Included dngle '
b 3rd claﬁs control survey
(a) Dlacrepamy between the two lengths of the common side
defined in Art. 25, pam 2, ()b shall be within the allowance shown in
other- table. ' :
() Closure of central angle shall be less than
S
n : Numbers of observed angles.

Dip = Gtan' P
" @+ Included angle

* (Adjustment)
Art. 36 Residual. errors of net ad;ustment for traverse and triangulation shall not
exceed the values of the following tabies
Class zizci?(:na Residual ?f angle Residual of length Remark
T | 1l 3" " 0o x Sk S
2 nd +2.5” 47 1.0cm x 5¢km)
5 2.0cm % S(km) .
(Coordmates)
Art. 37 Horizonal position shall be expressed with geodetic and plane rectangular
© coordinates. -
Bection 5 Regults
(Resuits)
- Results of surveying and records are as féllows.

Art. 38
: {1} Results of Surveying -
Final results (latitude,
adjustment angle and distance)
Index map of control point.
(2) Records of Survey'ing"

longitude, XY coordinates, height, true bearing,

‘Field notes, list of dzrectlons calculation sheets des*crlptzon of points and
accuracy control table: _
Chapter 3 Astronomical Observation
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Section 1 (eneral
 (Purpose} .
Art. 39 Astronomical observation ‘is-carried out to detenmne the astronomical -
latitude, longitude and azimuth with ohserving stars or satellites.
2 Astronomical observation shall be conducted in tu, 1eg10n where there are no
datum or any existing control points. 7
Astronomical ()bbEIVdUOH is al%o carried out for the purpoee of a.d}ustment
of network.
(Mam Instrument)
Art. 40 Universal theodolite or astzolabe is used for astlonomledl ‘observation.
Main accessories to be used are time recewet and pr eque Clock
(Accuracy) ' '
Art. 41  Results of astronomical observation bhdll be within +0.3 second of arc in
standard deviation. '
(Preparatloh of Star Cataiogue)
Art. 42 Star Latqlogue shall be pr epared with assuined latitude and iongltude of the
observing points.
2. Stars shall be selected accordmg to the following items
| (1) Latltude Observation : : R S
a Zenith distance of observing stars shall be less than 39 degrees
b Dxfferences of zenith dtstances of a' pair of stars: ‘shall be thhm 20
*miniites of arc and differeiices of right ascensmn shall be thhm 1to 10
minutes. :
‘c Txme 1nterval of the obfsel vatxon from one pa1r to another pa:r sh'xll
be more than two minutes.
(2).. Longitude Observation
a Stars which are brighter than ?th mdgmtude shall be selected from
Star Catalogue FK4.-

b Time mterval of merldlan transxt from one star to another one shall
be more than 4 minutes. '

€ Stars of upper’ culmmatmn shaﬂ be nedrfy equal to’ those of lower
'_culmmatmn :

d- Each star must eatlsfy the followmg COIldltIOIlS
A = sin(g-0)sec 6<0.6 and TA< 1
¢ : Assumed Iatitude, & : Declination of observing star.

(3} Equal Altltude Method detcrmmg Laﬁtude .and Longltude simul-
taneouely

a Stars shall be_'selected from Sta_f Catalogue I__*‘K/_l.
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Art.

- b Star observation in a zone within % 20 degrees from meridian shall
be avoided. | .

_ ¢ Bright stars shall be selected and time interval between obser-
vations shall be more than 2 mintes,

' d One set of observations (,ous}st% of 2024 stars. 'md 5h¢111 be.
uniformly dlstrlbutcd over each quadrdnt Minimum number of stars fm a
quadrant are 4.

.. e In principle, stars shall be selectecl so as to finish the one set

.-()bsexvfluon within 2.5 hours. '
Sectmn 2 Observation -
(Preparation for Observation)

43 .- Theodolite or astrolabe shall be set on a tripod which is fxxed an -driven
stdkes and catwalks supported away from the tripod legs and shall be protected
from vibration, :
2 =_Rea(‘.hng of theodolite é)n the meridiaﬁ p]ane shall be set within +£15” from .
zero degree by preleminary observation for longitude and latitude observation.

3. Theodolite or astrolabe to be used for equal altitude method shall be inspected
- and adjusted before the observation according to the G:8.1. manual of astroiabe

Art,

Art.

{Latitude Determination with Theodolite)
44 Horrebow-Talcott method shall be adopted for latitude determination by
theodolite. . - :
2 Standard numbe:s of a pair of stars are 16 per night.
3 Before and after observatlon air temperaturc and pressuxe shal be ohserved
for meteorological correction.

~ (Longitude Determination with Theodolite)

45 - Meridian transit method shall be adopted for longitude determmatwn by
theodolite. :
2. In ptmmple six sets of ObbeIthIOHS shali be carried out where one set consists

. of the observation of b stars.

3 Observation shall be carried out for two nights.  Minimum number of

. observing;sets for.each mght are 2 sets. .

Art.

(Equal Altitude Method)
46 Three sets of observation are required to be carried out at a station when
the equal altitude method is adopted
2 To avmd atmospheric effect, ob%erved stars shall he selected from the four

- quadrants. alternately. R

Section 3 Reduction
(_Calc_ulation)
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Art. 47 . Calculation congists of the rough calculation inthe field for checking of -
quality of the observation and the {inal (,ah,ulduon in the office
(Field Calculation) '
Art. 48 Field calculatiin shall be performed according to the following items.
(1) Any star which has'a much 1arger' azimuth coefficient shall be
eliminated from observation. ' '
2) Equal Altitude Method
@ Stars which have’ enms moze than P eeconds on the poutlon c1rc1e
shall be rejected.
b A set which include more than 5 unected stara sha!l be elnmnated
from results, : '
(Final Calcutatmn) :
Art. 49 . Final calculation shall be carr 1ed out accordmg to followmg 1texm
(1) Latitude Observation - ; :
a ° Latitude shall be Ieduced from observauon equatlon by the least
square method. '
b For each result, COI‘I‘GCtIOH of polar motion and cuwatuze
-¢orrection shall be '1dded
(2) Longltude Observation :
a  Longitude shall be reduced from ObSBI‘VﬂtiOI‘l equatxon by least
sguare method, ‘ : .
b. For each result, correction of polar motion and UTC—UT 1 shall
be added.
(3) Equal Altitude Method -
a  Latitude and. longitude shall be caiculated with observatlon
equatlon by - least. square. method
b For each result, correction provided in G.S.1. specification such as
polar motion shall be: added. - If there are differences more. than 2
seconds of arc between sets, re- .checking of the calculation proce,ss
‘shall be requtred _ : : :
¢ - Weighted mean shall be Imal resiilt. W elght must be determmed
with the numbers of stars included in each set
Section 4 Astronomical Azimuth Observation
- (Main- [nstruments to be used) - o S
Art 50 The instrument to be used for this observation shall be W:Id Td of the
theodolite which has the same accuracy and performance as that of Wl]d Ta.
(Accuracy) : .
Art.51  Standard deviation of result shali be within +0 3 second of are.
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(Observing Star) -
Art. 52 ~ In the northern henHSphere over 15 latitude, Polaris shall be observed. -
~ Where Polaris does not rise, a pair of. stars OCdled north and south of the
7emth and &atls.fmg the following condition shall be observed:

-cot 7y =2 tand + cot Z,
_Wh:ére 7,575
7y ZorZenith distance
P-- Astmnomicai latitude

(Observat:on) .

Art. 53.. Observations at a station consist of two sets. A set of observations consists
of 12 pairs (12 D&R). .

2 Two nights of obbervatxonc. are dcsnable for eliiminating the refractwe effect.
~ (Field Calculation) ‘

Art. 54 Observed results which dxffcr more than 5 seconds of arc from mean value
shall be rejc,cted :

(Final Resu!ts) _
‘Art 55 _ F1na] resulta shall be the mean value of every sei.
(Correctlon) . :
Art. 56 . The fol]owmg corrections shall. be added for the final results.
' {Il  Correction of vertical axis inclination of theodolite. .
(2} Correction of diurnal aberration.
() Correction of curvature of star pass,
Chapter 4 “Control Survey with Navy Nawgatlon Satelhte
System (NNSS) '
Section 1 General
(Purpose)

- Art. 57 . Control survey by satellite means to get the gcodetlc position (latitude,
1ongitude and height) by receiving dopplea cngnal from USA’s Navy Navigation
“Satellite. .

(Method)

Art. 58 . Observation method of satelhte is d1v1ded mto pomt p051t10nmg, trans-
Iocatmn and short arc method respectwely _ '

This specification prescnbes only point positioning method.
(Accuracy) | -

Art. 59 - Standard deviation of the results by point positioning method shall he

within =6 meters, ‘

— 29 —



Art.

Art)

Art,

Section ? Heconnaissance
(Reconnaissa nce)

60 - At time of reconnaissance, the followmg condltmns must be satisfied to _
“elithinate the radio-interference of incoming signal.

(1} Antenna area of doppler survey station shall be unobstl ucted by Iacho' '

-mtufer ence and reflecto: for radio waves.

-{2) " Doppler-survey bt'\tlont; shall have enough dlbtance from the l'lle
noise source.
(Setting of Permanent Monument) : S
61 Permanent mounments shall be- gstablished at the selected points.
Method and specfication are same as descubed in Chap 1 Alt 16 and Alt 1'?

2 Desenpt:om of points shall be prepar ed.

Section 3 Observation
.(Observation) S
62  Observation means to get data for de_termining the geodetic position of the

electrical center of the receiving antenna at the survey station.

. Art.

Art.

2 In case that the satellite survey point is located near or in the existing -

' geodetic network, connection between them shall be required.

3 Number of observations (pass numbers) shall be more than 20 in case of
using precise ephemeris and more than 45 for broadcast ephemerls
{Calibration of Instruments) - . Lo :
63 Instruments to be used for qatelllte observatlon shall be cahbrdted at. the
ex1stmg station (set point of Baker-Nunn camera at Dodaira astronomical
obqexvatory) by comparison method.
2 Setting of instrument and method of calculation at time of ¢alibration shall
be same as field works.
3 All data.of calibration works shall be submltted to ]I(,A
(Setting of Instrument) ' : D e e e

64 Setting of obse:vation metruments shall be performed in accorddnce with
makers manual and guidance in consideration of fo[lowung items.

(1) Antenna Instailat;on : . . R
The elertnc center of antenna shall be over of near the etatmn When it.is
difficult to install antenna on the ground owing to topographm conditions,
antenna shall be fixed to the pole or somethmg like a tower.

(2) Setting of Receiver ‘ :
Receiver shall be set near the antenna and at a place prote(:ted against mechanical
vibration, direct radiation of sun, rain and wind.
Measurement of element of ‘eccentricity- shall be performed in accordance with
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Art,

Art;

Art

Art.

Chap. 2, Art. 32, Ttem 1, (2) .

- (Observation)

65 Observation consists of preparatory obqervatmn and main observation,
(Preparatory Observation) - '

66 . Preparatory observation shall be per fm med te piDVide foilowmg infor-

.m‘mon for given dates and iocatlon satellite 1dent1i1<,dt10n rising” time, time of

the closest apptoach, rise azimuth and elévation at the closest approach,

_2 Observation schedule shall be made with preparatory observation data,

- If-preparatory observations are performed at a selected control point in the
ﬂeid the data obtained can be included with results of main obsez vaiwn
(Mam Observation)

. 67 Main cbseivation shall be performed accmdmg to the schedule mdde by

preparatory observation. : 5
2° For the observation of satellite, the followmg factors shall be considered,
There shall be no over-lap or l_east aver-lap between the observation of satellites,

‘Elevation at closest approach of observing satellite shall be more than 15°~75",
-3 During main observation and preparatory observation to be included with

main observation, meteorological elements shall be observed.
Numiber of meteorological observations depend on circumstances. -
(Observing Data)
68 Attention shall be paid to changes in quality, wear and tear of tapeb on

- which data were recorded.

2 - Meteorological elements consist of air temperatu.re, huinidity (dry and ‘wet
bulb readings can be used) , air pressure (in mb) and weather ete. and shall be

E noted m fm mal..

Art.

3. Point name, locatmn observed data, number of 5atcll;te=3 name of instrirent,
number of instruments etc. shall be recorded as data.
Section 4 Reduction

(Calculatlon) - :
69. Calculatlon is performed to get ‘the 1at1tude kong1tude and height of
observmg stations or to get three dimensional coordmates of the stations refered

‘to the gra\nty center of the earth.

2 Computel program for reduction shall be approved by JICA.
3 Unitsof the vesults shall be 0.001 seconds of arc in latitude, longitude and ¢.1

. meters in he‘i'ght_.- :

CArt

(Coordinates Transformation) .
79 Coordinate values obtained shall be transformed to the coordinate values

corr espondmg to geodetlc system ( adopted reference elipsoid) of the country
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concerned.
_ Chapter 5 . Leveling
Section 1 Geneml
P urpose) _
Art. 71 Leveling in this specification means to determine the height of benc'h‘mark .
-~ (B.M.) with level and staff. ' ' S
2 Cross sea (1 iver) leveling and trigonometri fc: lcve!mg are included in- the
specification.
(Category of Leveling).
Art. 72 Leveling is classified into Ist, an and 3rd Cidbb rcspectwely
(Leveling Route) - - L
Art. 73 In principle, levehng route shall be established. au,ordmg to the foliowmg
1tems When there: are existing bench marks near the route, connec tlon shall be
made if necesqaly
(1) 1st class leveling. -
The 1st class leveling route shall start. from ndtlonal ievehng datum or local :
leveling datumr or Ist class bench marks and return there, B
(2) 2nd class leveling . .
“The 2nd class leveling route is requlred to be connected to exmtmg 1qt or an claes
bench marks. : :
(3) In prmc1ple 3rd class leveling route. shall be connected to existing
pomts such as 1st, 2nd or 3rd bench marks.
If connection is difficult owing to the topographm condltlons loop leve!mg may
be permissible for 2nd and 3rd class and open leveling for 3rd class too.
(Length of Route) |

Art. 74 As a rule, length of the leveling route shall be accozdmg to the followmg'
table.

Class S lst : 2ad T . 3rd

Length less than 400kt | - less than 200kms | Jess than 50km

(Spacing of Bench Mark) -
Art. 75 Spacing of bench marks are required to be baqed on the Spemfmatlons of -
- the country concerned.. - -
However, if not they shall be 2 km for lst and 2nd class Ievelmg 5pac1ng for 3rd
- class is then 4km. - ' ' =
Section 2 Accuracy
(Accuracy)

Art. 76 Accuracy of each class is as follows, unless the country concerned has a



~ speclal specification,

Art.

Art.

Art.

o Clas st 2nd frd - | Remarks
‘ . 18 lenpth
. | Difference of A : ) f si
Acourag : 2.8 S 5 8 0 g of single
_ Y double running nnmﬁ- Sinm i3 . IUmmJ_Sn running in
_ S I _ _ ki
L E?ﬁ?‘_“iiii""" I I E’,‘}}‘Eif:_ ,,,,, L

Section 3 P!annmg

(Plannmg} . o C e L
71 Before surveying, data;lud plannmg shall be made fm performmg the work
smoothly.

To establish the new leveling route, locations of bench mark shall be selected on

a topographlc map, photo.map or road map before field reconnaissance,.
Section 4 Reconnaigsanee

(Performance of Reconnaissance) .
78 . Bench marks shall be ‘established on stable ground and at the place
appropriate for consérving the bench mark as a pertanent mounment.
(Selection Map .and 'Des'cription of Point) .
79+ After the selection of the points, a selection map and description of points

* shall be made.

Art.

(Establishmg Permanent Monuments) _
80 As a rule, permanént monuments shall be. established at selected sites
accondmg to the specification of the couitry concerned.
2 Permission must- be secured from property owners or managérs for the
establishment of monuments.

- Rection 5 Observation

Art,

(instrument) :
81 Instrumient to be used shall be equal or bettet than those shown in the
following table: - They shall be clearly designated in the operation plan.

S Sy

Class ol st Ind 3rd ]
S - ] i
Level : 1 st class 2nd class 2nd or 3rd class
e ' | |  I'Staff made with wood
Staff : o 1stclass . ist class . - Wl,
) - | {except extension type)
N e

(1) lst class. levei Sensxthty of c;pmt level shall be better than 10”/ 2 mm.

(2} 2nd class level: S‘ens:tmty of spirit level shall be better than 207 /2 mm.

(3)3rd class level: Sensitivity of spirit level shall be better than 40”2 m.
(Inspection and Adjustment of Instrument)
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Art 82 The level and staff shall be inspec’ted and adjusted for the items shown in
the following paragiaphs before beginning ObSCIVatIOI‘l 'md dm mg the ()perdtl()llS :
" whenever appropriate. ‘
(1) Inepect)on and adjustment of para}lehqm between the colhmatwn axis
and axis of miain level tube and cncular level,
o) InSpectlon and adjustment of civeular’ level for.pendylum level
{3) Inspection and adjustment of circular level attached to staff,
(Observation) '
Art. 837 Observation shall comprise fore-and back leveling (double. running) .
' (1) Obser vation procedure for lst and 2nd class leveling.
a Telescope to back-sight, read the left scale of staff.
b Telescope. to fore-sight, read the left-scale of staff.
¢ Then read the right side scale of staff, :
d Telescope to back-sight, read the rlght side of staff
(2) Observation procedure for 3rd class leveling. -
a Telescope to back-sight, read the scale of staff
b - Telescope to fore-sight, read the scale -of staff.

2 Sight length and umts of reading shail aatxefy the requirements shown in thie
table below, ' ' ' '

Class 1st 2 nd 3 rd. -
_Sight distance Max. 60m Max. 70m Max, 70m
| Min. reading unit G lmm Imm - “1mm

Number of
" Tunnings

Double running

Double running -

As a rule

" double running

In case of 3rd class ]éve]ing, maximum sight distances can be changed up to 100
m depending circumstances. In this case, observation procedures shall be those of
1st and 2nd class levelmg : b '
3 Astaff which is set at 5iart1ng pomt shall then be set at final-point, m another
words, the number of settings of mstrumcnt during one-direction 1evelmg hetween
startmg and final pomte must be even.

4 Level is required to be set up on a straight line between two staffs if possible.

.5  The scale of staff from ground surface up to 10 cm shall not be read.

6 Sight distances of fore-and back-sights which are measured by stadia method

- shall be equal. :
-7 At the starting and endmg point, leveling shall be carried out to the nearefst

ex1st1ng bench mark for checking. _
Section 6 Cross Sea (River) Leveling
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Art

(Cross Sea (Rwer) Lave!mp) _ : :
84 When Ievelmg with standard mght kmgth is diffu,ult owWing to obstacles

such as rivers or val]ey% method of cross sea (Iwox) ievelmg may be used (See
trigonometric-leveling. Refer to Chap. b, Sec, 8).

2 Leveling by recaprr)cal method or tlltmg screw method ehan be carried out in

' au,cn dance Wwith the following 1teme

Art.

Art,

A1) Obv,exvmg distance is admissible to 500 m for reciprocal method and

| about 6 Km for tilting method respectively.

- {2)- Instrument to be used. for reuprocal method is the one Whu,h has the
coincidence system of bubble with the characteristics cited in Art. 85. Especially
for the tilting screw method, level with t11tmg screw scale must be used.

(Number of Observations)
85 Number of observatwne to be ca111ed out are shown in followmg tab!e

. Sensitivity of N umbers of obser- o T
Class . : . . R Allowance
P level . vations frem one side :
Clst ' 10”7 me _ T o 2.6mm JS
2 nd 10”/ 2mm ggLr ' 5 nmm J‘-
: SIS S — 4+~
drd . 20”/.2mm 28 10mmJ§

where 5 cross distance of river (in km),

Section 7 Calcuiation

(Calculation) _
86 Hight -of bench mari\s shal] he. obtained from observed values after
performing the staff correction, . orthometric . correction and if necessary,
correction for bench mark mqvement due to the difference in observed times.

. Final results shall be obtained after performing adjustment for leveling net based

upon those co:rected values. For 3rd class levelmg, the correct:ons mentioned

- above can be. omltted

2 Adjustment shall be pefformed with weights_inv_ersly proportinal to the

length of rontes using observation equation or condition equation. .-

: Section 8- Determination of Height of Control Point -

Art.

(Trlgonometnc Levehng) ‘
87 Tngonometnc leveling is the method to gct 1191ght dlffel ences between two
points by measuring vertical angleq and distance between them.
2 . Determination of helght of lst, an and 3rd (‘Olltl ol points may be performed
by trigonometric 1evelmg

“When lst and 2nd class control survey is carr 1ed out, direct leveling is required to

be peerrmed {0 determine _helght of those control points.
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Art.

Art.

Art.

Art.

In case that dnect levelmg is d1ff1<.ult owing to tOpOglaphIC Londitxons
trigonometric ievelmg may be uged. '
(Base Height for Trigonometric Leve[!ng)
88  Height of base point for nlgonometnc leveling must be determined by
followmg method,
() Heaght of base pomt from WhiCh the hexght of unknown control pomts

are determined by trigonometric levclmg shall be determined with 3rd Cldbb direct .

leveling starting from 1, 2 or 3rd clabs bench mark. _
In this case, allowance of dlscrepancy of double nmmng is 20 min S (53 dlstance
of single running in km).- . :

(2) When direct Ievehng is nnpossmle in (1), trigonometfic' leveling can be
used mstead of-direct leveling. SR R

a  For determination of height of base point, more than two.
bench- mark% shall be used as startmg points, ' '

b Observatlon of vertical angles shall be Slmultdneous from both
sides.  Number of observmg sets and allowances shall be made in
accordance with Art. 91. ‘

¢ One set distance measurement with electro-optical instruments
is enough for requtred distances. '

(3) Standard densities of the base points are two per 100 k2

(Reduction) .
89 As a rule, simultaneous &d}ustment of all the sur veyed areas or each dmded
block area shall be required.
If thisis diffl(llﬂt helght mdy be determined from the tngonometrlc data from two
known points, s Ca S : : o
2 When the order of the he1ght point determined by the above method is the
{irst, the permxss:ble lowest order of leveling is 5th.

3 Helght pomts which werc determmcd by sunultancous adjustment have same
order,

{Instrument)
90 The instrument to be used is one prescnbed in Art 29.
(Vertical Qbservation)

91 One set of vertical angle. observatxons consists of chservation by telescope
direct and reverse. '

Instrument, set number and so on, are shown in the following tables. -



Art. 92

Art. 93

Ari 94

R ass

_’I‘hg—:éclolité to be usd

3rd class control

survey

min, vermal scale anit
}.h

let and 2 nd control
Tsurvey (lrlg(momelnt
levelmg in Art, 87, 2)

i‘rtgonomet:k Icvchng
- iin Art, 88

min. vertical scale. unit
0' 1!!

min. vertical scale unit
T 0 1”.

: ) Allowauce of vcrtxcal
Set numbers
cmglc‘ constant
i 14

S o ——

4 0
T e e e et et 2 = —‘
4 107 '

2

}ess than 10 km
3

Trigonometric leveling in Art. 87, 3, Art. 88, 1, (2) and 2, (2) shall be
simultaneous observations from hoth side.

Distance between them is limited to

When trigondmetric ]evelmg method 15 used for Cross river survey. in Chap 5,

Sec, 6, Art. 84 Slmultaneous method shall be adopted.” Set numbers sh.—).ll be refered’

to Art. 85,

{Measurement of. lnstrumentat and rarget Hetgh’ts)

- (Ca Icuiatlo nJ

lesults of 15 averse o
2

r trlangu]atmn

Units for calculatlon are cI.’

Inbtmment and target heights Shdll be measured in cm unit,

Distances to ‘be used fm the calculation of height shall be those of final

3 Allowance etc. are shown in the following table.
(1) Allowance for field check _
Class : ?mmfipan;y fotr hesght C-IOSU-IE of Remarks
J 1
e romiwodirections | ewewts L ]
I . lst, 2nd Mem 30em J25
: : e S:inkm
. 3rd Jem e 257
(2) Allowance for final results ‘ _
_ — R — ,
Standard deviation o—| '
Class vertical angle for one Residual Remarks
direction
1st, 2nd _ o i
3rd 4 &

Section 9 |
(Tidal Observation)

‘sea levels,

Tidal Observation
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Art.

Art.

Art.

- (Method of Tidal Observation and Limit of Application)- .
95 - Method of tidal observation and limit of its application shallhe as follows,

(1) Method by tide pole : height base for lower class leveling such as civil
cngmeermg ' . '

(2 ) Method by portable tide: gauge:: height base for 2nd class ievelmg
Used whcle no tidal stations are near. R

(3) Mcthod by. fixed tide gauge height base for 1st class levelmg

(Selection of Location for Tidal Statnon) _ : -
96 Seléction of location for tidal station shait be perfouned in accmdance with
the following items.

{1) Location must be where sea h,vel can represent the level of the coastal
region (so places such as the mouth of a river or an estuary shall not be
selected) . . : Lo
{2) Tide gauge shall be set on a rock if possible:

(3) Location shall be where sand cannot be acéumulated by current.

{4) Tiie_ place where water surface is usually calm.

(5} The place not obstructing the navigation or anchorage of ships.

(6) ILocation shall be convenient to transportation.

(7) Location shatl have levelmg route Tun nearby. -

{8) The place where sea-water is clear and the rewrdmg of tide is not
hindered by marine ‘plants.

(Construction of Tidal S_tatlb"ri) - o S : :
97 ' For the long period observation with a float type (Kelvin type) tide gauge,
tidal station shall be constructed in accordance with the following items, as a rule.

(1) Tide well shall be dug at a place rising steeply from the sea level and
as near-to beach line as posible. The length of -guide tube which guides.the sea
water from the sea to the well is limited to 20 m.

..(2) Bottom:of well shall be about 50 cm lower than the lowest sea level
and top of well shall be 2-3 m higher than the highest sea level.

(3} Diameter of well shall be more than 1 m,

(4} At the top edge of well whlch can be seen- from outsnde brasa sphere
shall be set mto it as a bench mark of the station. '

_ (5} Lengthand diameter of gmde tube shall be the fo]lowmg values in case
of 1 m diameter well;

. r Leh'th:le]'a)'_ o . 5 - ' 15 . E T ]

l _'Diamgter;(cm)- _ 10 ' R 17 R Y

6) Gradient of guide tube from well side is 1,720,
.38 —



Art.

Art.

Art.

(7). Bench mark shall be set near the tidal atatmn (attached bench m'nk)
(Perfod of-Observation) -

93 For determination ‘of mean sea Iével, observed data for the fo'}lowing
periods must be u%ed '

— — ‘ e
Tnstrument ‘Fide pole .I o;table tide Fixed tide
. gauge. gauge
" Period As a rule moare than As a mle more than As a rule more than
l : 1 week ' 1 month _ ] 5 years
(Observatlon) '

99 . Observation shali be per[ormed ‘every hour for tide pole method and

contmuously with automatic recordmg system for tide gauge method.
(Calculahom -
100 Reduction of Mean Sea Level (MSL) _
The mean sea level is reduced from the arithmetic mean of the daily mean values
during-t-he observation; ijex'iod.
- {1} Tide Pole Method :
Daily mean value is thc mean of every hour's reading values on the tide pole.
(2) Tide gauge Method Wlth Automatic Recording System.
Daily mean value is the mean of every hour’s reading values on the récording
paper after smoothing the 1ecorded curve.
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Part 3 Mapping

Chapter 1 General
Section- 1 General o
(Definition of Topographic Map) . : o
Art 101 In this Specificati'on the term ¢ ‘topographic map” is used for the general
‘map at a scale of 1/10,000 to 1/108, 000 ' ' o
(Map Symbols) . : L
Art. 102 Map symbols are xequn ed to be. based upon the: Spec1f1catxons prepar ed by.
the country concerned. However, symbols and their application rules prepared by
Geographical Survey Institute of Japat inay be apphed by mutual consent when
the country concerned lacks spemfxcatlonb '
'Sectum 2 Map Accuracy Crlteraa fmd Standal ds
(Pro;ectuon of Map) ' ' o :
Art. 103 The projection is reqmred to be bascd upon the specmcatmn prepaied hy
the country concerned. HOWE‘VEI in case of no spec:f;catnons Universal
Ty ansvea se Mercator Pr ojection (UTM) is used.
{Sheet Dimension and Contour lntervat) ‘
Art. 164 Sheet dimension and coftour interval are required to be based upon the
specifications prepared by the country concerned. Howevez in case of no specifi-
cations, the following " table may be applied in agxeement w1th the country

concerned _

Scale | 1/10,000 1/25.000 | 1/50,000 | 1/100,000
Difference of longitade | 3.0 A 15.°0 30.70
Différence of Jatitude oz 5.0 0.0 20.°0
Contour interval 5m 10m 20m 50m

(Categortes of Map)
Art. 105 The map is divided into 3 categorlcs accordmg to the precision criterion
{in standard deviation) as follows.

Category |7 Pldnimetry 1 _ " Altitude Contour tine
A . . 0.5mm on the map : 1/3 of contour mterval 1/2 of contour interval
B : 1.0 P Lo . 1/1 ”
C : 2.0 ,, 4/3 # 2/1 ”

. Fhapter 2 Control Pomt Surwy
Sectwn 1. General
(Defm!tton of- Control Pomt Survey)
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- Art,
-performing aerotriangulation and mapping,

Art.

| Art

Art,

Art,

Art

106 "The control point survey is done to establish control points necessary for

- {Categories of Control Points)

107 The control point is divided into 3 categories according to the kind of the
topogl aphic map (Art. 105) as seen in the foilowmg table.

gatex’olyu . A - Friw- B -_- C o

T N B : e . e :
Planimetry - . 8.07mm/ploting scale 0.15mm/ploting scale | 0.3mm/ploting scale
Aitipude 0.07mm X contour 8,15mm X contour (.3mm X contour’
interval : mterva] : - . interval

(Method of Control Point Survey)
108 . The control point survey is carried out by means of triangulation,
traversing, combination  thereof and satellite observation for planimetric
positioning "and spirit leveling, trigonometric leveling and any other methods
satisfying the precision” reduiré;d in the preceding article for altitude.

(Marker) ‘ _

109 . A wooden pile is placed at the control point. However, stumps or rocks
may be used in place of the wooden pile if local conditions warrant,
Section 2~ Planning

(Establishment of Control Point)

110 The control point survey shall be planned coneldermg distribution of
exigting triangulation points, control of aerotriangulation and planning for aerial
photography. '

(Traversing)

111 Traversing is.required to be originated on an existing control pomt and
closed to another one. “However, when closing to another point is difficult, a
closing traverse to the starting point followed by two or more azimuth
observations may be admissible. The azimuth observation shall be carried out at

points well distanced from each-other on the route,

2 An open traversing with ‘electro- -magnetic distance measurment instrument
may be allowable when there are less than 4 sides. In this case, azimuth

observations shall be carried out at hoth. ends of the route. When there are less

Art.

than 2 sides, only one azimuth obseivation may be admissible.
3 The azimuth may be determined with gyro-theodolite or by astronomical
ohservation of the sun. .

(Levéling) =
112 Leveling is required to be started from a exu-;tmg bemh mark or a control
point and closed to another one. However, if absolutely necessary, closing
traverse to the starting point may be admiséi_bie. If the route is.very short, an
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Art.

.open leveling by duph(, ate measurement may be admittad.

2 }‘levatmn is required to bc determined by qpmt leveling or trigonometric
leveling. However, if these are difficult, another method may be taken provided
that the same accuraey is expected.
Section 3 Execution of Work
(Execution of Control Paint Survey) _ :
113 -~ The rules specified in part 1 of t‘ms specnfmatton is apphes fcn contml
pmut survey apart from articles specified in this chapter
2 Observation is carried out as follows, zegardlevs of the Lategory of contro}
point CArt.106).
( ) Trlgonometru, Method
' '1) Instrument and spemﬂcatlon of observation

H(mzcmtal angle : Verti_cal angie
Th_.e'o'dolite o - _:minfread_i:_]g 12~ 1111'1'1_. reading 127
Position - . 3 b g
Double angle difference . S |
Difference of observation ' 24"
B Constant of e!evatinn _ L _ 36"

b> - Closing of a triangle shall heless than 40 sec,

c). In the case that the determmatmn of geodetlc azimuth is difficult,
astrb_ﬁomicai obsérvation by the sun may. be admissible according to the
table (2-d.
(2} Traversing Method S

a) The above table for triangulation method is also. apphed for angle
obsewatmn of travetsmg and Art. 33 of Part 11 for distance measurement

b} Closure of azimuth shali be less than 307 VN (N: number of
included angle). . :

¢) Closure of coordinates shall be done accordmg to Art. 107,

d) Azimuth observation shall be carried out under the following table.

A_strunomical Ol)servz:t?(;n . Gyro
TInstrament m'i'n."r'e;c?i;g.' 12¢ o ey theodolite R
Position = R ,73-4_.7:110‘1'6 than = 4 . T 7 a
Difference of min, and max. . ~ t.iﬂ”' ' | | 40" ) 4
Observation time | 2% after or before culmination .
Accu"racy of time determination _ -1 second ]

(3) Levelmg . : Co
Closure of leveling shall be done accordmg to Art, 107.
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Art,

Section 4 Accuracy Control-
(Aceuracy Control): _ _ _ _ _ _
114 = Accuracy Lonuol shall he Larmed out ciC(.OleI\?,‘ o in fm ms 1 and 5.

Chapter 3 . Airpheto Signal and Pricking
Section 1 Execution of ka

" (Standards: of S:gnal)

Art.

115  The signal shall ‘have shape, size and color allowing it to be identified on

the 4 time enlarged aerial photograph and for the pesition of its center to be
_ accurately measured by plotting instrument. -

Art.

Art.

(Establishment of Signal)
116 The signal shall be established strongly with materials good for long time.
(Eccentric Reduction of Signal)

117 - Accuracy of eccentric reduction shall be less than a quarter of that of

- positioning.

Art.

. (Veritication of Slgna! on the Aerial Photograph)

118  Signals shall be verified” on the aerial photograph immediately after photo-
graphying. Singnals not clearly identifiable on the photographs shall be pricked in

 the field.

Art.

(Pmkmg) : _ _
119 Pricking is required to be executed for planimetric features clearly
identifiable on the aerial photographs and whose position can be exactly reduced

~ from control point. However,- direct pricking on the control peint may be

Art,

Art.

admitted where eccentric reduction is difficult,
2 Provision of Art: 117 may be applied to the eccentric work of pricking point.
Chapter 4  Aerial Photegraphy
Seetion.l]  General
~(Aireraft) :
120 Aerial photographying aircraft shall meet the following requirenrients:
(1) to be stable with full load while in flight to required hexght
(2) to have unobstructed vision in all directions. .
(3} to bhe able to instal appar atus at a position where exhaust fumes will

‘not effect the aerial photography.

(4) to have a navigation system suitable for local conditions. _
~(8) to have an undistorted and calibrated view-finder window glass if
necessary, -
(Camera)
121 - Aerial camera shall be a wide angle camera of format 2*cm X 23cm unless
otherwise specified and have the fol]owmg pr operties
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Art.

minimuwm resolution power: 30 lines,”mm
maximum tangential distortion: 0.015mm .
maximum radial distortion: 0.0lmm

(22}

)
)
)
(4) flatness of film: less than 0.0lmim
) rotating inter-lens shutter .

} calibration report within 3 years thh the- followmglr items:

a) camera number and lens number :

b ;)ocsitmn of prmmpal pomt relative to fxducml marks (m 0 Olmm)
. ) calibrated focal length  (in 0. Olmm)

) radial distortion _

e) observer’s'nam'e and number of report

(Film) : _
122 - Aerial negative film shall have foliowmg performance. capablhtles

(1) After processing, ratio of differential change in dimension between

- longitudinal and lateral shall not exeed 0.01%. .

Art.

Art.
Art.
Art.

Art.

{2) Ratio of differential Lhange ‘3}1811 be also less than 0. 001/& per 1,{)
relative humidity. :

‘ (3} The spectral sensitivity is panchromatic unless ofhgrwxse Spe(‘lfled
Section 2 Planning

(Flight Plan) - . .

123 thht plan shall be made in con31derat10n the: foliowmg items. -

(1) The flight lines shall “be straight and drawn-in- relatlon to aero-
triangulation and mapping. '

{2) The average overlap-is 60% and Sld@ldp 3{)/;
Section 3 Execution '

(Aerial Camera) . : .

124 A projected area shall be photographed as a rule by a identical metnc
Camnera. - - : "

(Roll Film) S R
125  One meter of both sides of an aerial roll of film shall be left unexposed.
2 A roll of film shall not be spliced as a tule for reassembly, .

(Data Record)

126 - Name of-area and date of photogmphy sha]} be recorded legibly on the data

recording area of {ilm.
(Flight) S
127  The flight shall f-_;atmfy the foliowmg items, .
T here shall be adequate stereoscopic coverage in the photo-taking
area.. . : -
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(2] Overlap, sidelap, crab, tip and tilt shall be within the following
Loluances S
Overlap: more than 55% and less than 65%
Sidelap: more than 10%
Crab: less than 10 degrees _
Tip and tilt: less than 5 degrees

(3} The tone of photograph shall allow for details in the shade to be
mterm eted.

{4) " When a flight line is b: olcerl that part’ shal] be covered by an overlap
of more than 2 models.

{5) Photo iméges shall not be spoiled by cloud or mist However, this may

- be permissible to the extent of 10% 11’ they are covered by the photographs of

Art.

Att,

-adjucent strips. .

(Flight Record) : _
128 The followmg mfornntwn shall be wr1tten on the fl:ght record,
(1) name of contract
(2) name of photographing organisation
{3) film numbcr
(4)  begitining and end tifnes of fhght
date of flight

(&

=]
——

(6} camera number, lens number and magazine number
(7} -calibrated foecal length ' '
(8) - opening aperture, filter number and exposure time
{9) ‘type of film
(0} type of aircraft
A0 fhight altitude. .
Section 4  Photo-Processing
(Negatlve Film) . .
129 Procesemg of negative film shall be carr1ed out as follows:
(1) Developer specified by manufacturer's guidance, or one equal or
superior, shall be used.
(2) Development shall be- camed out in such -a manner that the negative
ontam% all highlight and shadow details and camera recordmg data is legible.
(3} Fixer shall be acidity and fixing sha]l be carried out well enough to
remove unused silver halide. ‘
{4) "Wa‘shing' shall be carried out to remove undé_sirable_residues.
() In drying, distortions shall be aveided.
(6) Photo-images shall not be marred by scratches, fmgerplmts smudges,
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Art.

CArt

pink marks or shrinkage in the photo-processing.
{Contact Print and Entarged Photograph)
130 The preceding article is applied to the progessing of paper prints,
{Mosaic) _
131 Under specified instructions or i case of lack of topographic maps of the
area, a photo mosaic sha_l'i be prepared by following 'steps.
(1) Mosaic shall be uncontrolled. using contact prints.
(2) Al teduced print of the mosaic made.
3) A positive film of the reduccd punt made. btand'ud size of the D()blt!Vt
filtn is A2,

© Bection 5 Re-flight -

Art,

Art.

_ Art

Art.

Art.

* (Reflight)

132 Film shall be developed and contact prints.shall be printe_d_for_'i_llspection_ as

‘soon as'possible. When' the film is rejected, a reflights shall be carried out

immediately.
Section b Arrangement
(Editing of Negative Film)

133 The negative film shall be edited as follows, except if specified instruction

are given.
(1) A leader and trailer of clear film 1 meter long shall be ;ﬁrovided with
all film rolls. - | |
(2) Information to be recorded on negative film includes name of area,
date of flight, mission number, strip number, photo number, flight- he1ght and
name of photographying organisation.

~All information shall be recorded on photographs of both sides of each strip. But

on the other photographs only strip number and photo number recorded.
(Index Map)
134 Index map shal] be made by using a map of appropmate Sccile Ifno maps
are. usable a photo-index shall be | prepared,
(Negative Fitm and Contact Print)
135  Negative fi}m shall be kept into a tin Iabeléd “flight information” in each
roll. o : | - )
2 - Contact prints shall be kept in sacks in each stnp
Seetion 7 Accumcy Control

_ (Accuracy Control)

136 -+ Accuracy control is carried out according to form 7,
Chapter 5 Classification
Section 1 . General L
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. (Usé of Aerial ‘Photographs)

Art.

Art.

Art.

Art

Art,

137 - Aerial photographs enhlrped on same scale as plottmg are used for
classification.

(Working Time) -
138  The classification is carried out, as a rule, before mdppmg
Section 2 Advanced Survey

(Advance Study)

139 Advance studies shall be carried out as follows with aerial photographs and

reference data assembled beforehand.
{1} A pair of aerial photographs, on which neat lines of correspondiﬁg
maps were indicated in red, shall be prepared for each map sheet,
{2) Another pair of aerial photographs shall be used for editing the data
assembled by field classification,
Photographs may ‘be prepared for every other one.
(3) Studies shall be carried out on the following subject..
a)  the map symbols prepared by the country concerned.
b) quality of the reference data and possibility of its use.
- ¢) uninterpretable objects on the photographs.

d) discrepancies between reference data.

Section 3 Exe{:ution of Work
(Execution) :

140 Priorto execution of field CIHSSlflcatIDI] a deliberation has to be held with
staff members of the country concerned relating to the map symbols and
application rules.
The same may apply to the case that doubtful points have been arisen on
surveying.
2 Field -classification shall be carried out according -to the map symbol
application rule.

‘Section 4 Rditing

(Editing) .
141 The data gathered by the field classification shall be edited as follows on
the aerial photographs defined in (2) of Art. 139. . :

{1).. The data shalil be edited accordmg to the map syimbol specifications
with water-resistant ink, C .

(2} The geographic features shall be laid dowh, precisely on the points. .

(3) In case that density of detail does not permit type being placed
p'recisely on the point, the point indicated by a spot and a leader arrow is required
from the type to the spot.
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2 An overlay may be used to lav down on photog1 aphs when density of detculs
s h:gh . '
 Section 5 Accuracy Ccntrol h

(Accuracy Control) _ _ .
Art. 142 Accuracy control shall be carried out :on each provision of symbal
spetification and accuracy control tablé ' may bé stibstituted by check iﬂgl:oiféx‘lﬁy_s_

or checking sheets,. . _ : .

Chapter 6 Aerial Triangulation
Sectien I  General '
_ ( Aerial ‘Triangulation) o
Art. 143 - Analytical block adjustment method is required for aerial triangulation,
Section 2 Planning of Aerial Triangulation
(Number and Distribution of Control Points) :
Art. 144 ~ Control pomts shall be dlstubuted under the followmg rules
(1) Planimetric Control .

Control points shall be placed on evéry corner of the block Others are dlstr}buted

as follows according to map category.

a) Along peripheral block strips.

Class A: one point for every -~ 3~ 6 models
Class B: s 4 5~10 modelq
Class C. =~ » - 10~20 models:
W Along both peripheries pel pend;culal to strips.. .
Class A: one point for every 2~ 4 strips
Class B 7 # 3~ 6 strips
Class C: # ” 5 ~10 strips
¢) Inside of block :
Class A: one point for every 5 ~ 8 models
Class B: % # 7 ~13 models

Class C:- 1 ~2 pomtq
(2) Altitude

Leveling route -shall be established along peripheries of block The rest are
established as follows, . o

Class A: one route for e 3 ~ 6 -'.models in-the Elock‘
Class B: ~ # 6. ~12 models in-the block
Class C: N L _ - 1020 models‘in the block

. Seefmn 3 Determmatmn of Pass Pomts
(Pass point and Tie Point)

Art. 145  Pass point and tie point are determined as follows. _
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(1) Pass Points . _
a) Pass point is flxed near the center of photoglaph and wing points
~on the line drawn through of near the center of photograph and
perpendicular to Lhe bdse line, except on water pait
b) - Wing points are placed at a distance of 7 ~10em from pass point.
c)_ Pass point and wing points are fixed on as flat an area as possible.
(2) Tie Points. . _ -
' a) More than one tié point shall be selected in a model.
Lo b ’lhey shall be identifiable on the photographs of both <stnps
(3) - Marking -of Points '

: Pas&; pomt% wing points and tie pomt are encioaed wnth small red circle on the

A rt'.

- Art.

Art.

Art.

contact print. ‘
Section 4 Execution
(Measurement of Photo Coordinates)

146 . Measurements of coordmates of r,ontrol points, pass pomts, tie points and
"fiducml marks shal] be carried out twice by precise mono- or stereo- comparator.

When the difference is less thdn 0.02mm the mean is adopted.
{Inner, Onentatlon) '

147 . Effect of shnnkage of diapositive shall be considered for each photograph

2 Distorsion of aerial camera is required.tc be corrected

3 Measurement error of distance between fiducial marks shall be less than 0. 03

mm. ‘

(Relative Onentat:on)

148 Al points of a madel shali be used for relative orientation.

2 Effect of dtmosphenc refraction shall be considered. -

3 Residual error of relative 0r1entat1on shall be less than 0.03mm on the dia-

positive. : . '

4  Discrepancies of model coordinates at a common point between successive

models shall be.less than 0.05% of flight height for planimetry and height.
(Transformation from Model Coordinates to Geodetic Coordinates)

149 --Independent mociel method is required for block adjustment.

2 Effect of earth curvature shall be corrected. _

3 Discrép‘ancies of .coordinates at a comimon point between’ adjucent models

shall be less than 0. 08 A of fhght height for the planimetry and the height,

' ._ | ReSIduais at control pomts tised for block adjustment shall be less than the

values in the following table for ﬂ]ght he1ght
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Art.

Art.

Art.

Art.

LAt ]

Class - ' A B S

Wide angle camera | X % . 16 % | 3.2 %,
%upcl wide angle camiera 1.4 %o 2 7 /00 ' 5 3 % o

5 Residual at tie points between adjucent blocks shall be less than in the
following table for plammetry and height.

Class ' A B c
- Wide angle camera ' ' 0.9 % 1.8 % 3.6 Y% :
Super wide dngle camera 1.5 %o 3.0 %, 6.0 %o

Section 5 - ALcuracy-Cdntrol
( Accuracy Control) _ ‘
150 Accuracy control is carried out according to fmm 9.
Chapter 7 . Mapping '

--Sectmn 1 Gene_lal

(Material) - : _ :
151 Plotting sheet shall be polyester with a thickness over 0.12mm and its ratio
of differentical change in dimesion between longitudinal and lateral iess than 0.05
% in normal temperature and humldity

(Plottmg Scale) _ . _ .
152 Plotting scale is required to be same as the mayp scale.
Section 2 Plotting

(Plotting of Control Points) _ :
153 Control points, glfid line.and'neat-i_ine.are_piotted by using a coordinate-
graph. ' . :
2 Plotting. error shal} be less than 0. 2mm.

(Orientation) o .
154 - The relative orlentatlon is cari xed ottt by using 6 pomts on a model and
absolute orientation by 6 points defertined by aerotriangulation,
2 Control points in model, if exist, are used for checking the orientation.
3 Residuals of orientation are as follows = .

(1) Residual 'pa'rall_a'x of relative orientation shall not be exceed 0.02

(2} Scaling error of model orientation is less than
0.3mm " on the map for class = A"

0.5 # ' " B

1.0 . - _ " C



Art.

{3} Leveling error. of model orientation is less than

1./ 4'--_of_ _cbr_}tour interval for class . A
172 4 7 B
171 _ 7 # C

(1) Measurements of spot hc:ght shal] be carried out tw1ce and the
dlff(,rcncc between the measurcments shall be leae than 0 (}lmm
~(Plotting)
155, Plattmg‘ of geographic detaﬂs is res*ncted to msulc a limit obtained by
connecting pass points.
2 Plotting shall be.carried out as follows.
{1}- Plotting error caused by height mtasurment error 5ha1k not occur.
(2) Topogxdph;c features for which distorted surface area symbol are not

prepared shall be expressed by contour lines as much as possible.

(3) Height shall be checked at the top of mountain, bottom of depressions

- and passes ete,, to prevent the droppmg of Lontom hnes m 1est1tut:on

Art,

{4) Matc:hmg of Map Sheets
a)  Continuity shall be established with adjoining sheets when it is less
than I mm, .
b)Y When no ad]ommg maps ex1st geographic features shall be plotted
to the extent of 1 cm outside of lines, -
(Spot Height)
156 ~ Spot height shall be measured at the following points distributed - as
uniformely as possible on the map.
{1) main top of mountains-
{2} ‘main fork of roads
{3) mouth of a valley, Junctlon of river, uverbed
 (4) main changes of slopes :
(5) center. of IOLdl plains
{6) most lowest part of depression _
2  Independent measurements shall be carried out twice and the mean shall be

' adopted

3 Spot helght measurment-may be omitted for the class C maps.

4 FEarth curvature correction shall be applied when it exceeds the following
limits
Class A 1./ 4 of contour interval
Class B 1.2 7
Section 3 Accuracy Control
(Accuracy Control)



Art. 157  Accuracy control table may be substituted by checking sheets and
orientation records. ._ | o '
Chapter 8  Compilation
Section 1 Com;ﬁlation
- (Material) .
Art 158 - Compiled sheet shall be same standard as one {or plotting,
{Plotting of Control Point) SR
Art. 159 Plotting of control points is: C':med out '1ccordmg to the rule ot Art 153
o (Matchmg) _ R o R
Art. 160 Contnnulty shall be eqtabhqhed with adjoining sheetq However if great
mismatching with old maps caused by annudl variations exist, this rule is not
- required to be applied. '
“Section 2 Aceuracy Control
{Accuracy Control) :
Art. 161 - The provision of Art. 142 is applied to the accuracy control of compllatlon

Chapter 9 Ficld Editing :

Section 1 Field Editing
(Field Editing)

Art. 162 - Field editing. is carri_e.d out with field sheets (copies in polyester) and "
ozalide copies from compiled sheets and other data.
Section 2 Working ‘

S (Workmg) e
Art. 163  Field edltmg is carried out as follows :
(1) Boundaries, place names. and others are laid down on the basis of data

supplied from the country concemed

(2y Inveet:gatlon of doubtful pomts

(3) Field survey if necessary

(4) A survey for checkmg the mapping accuracy is carried out if necessary .
2 The checking survey is carried out as follows:

{1)  Checking survey is carried out at a pomt whose planimetric feature is
clearly identifiable on the compiled sheet and not dlsplaced by exaggerated size
of symbols, ‘ ; . ‘ :

{2y Checkmg point is normal]y one for every five sheets _

3 A responsible person of the country concerned is requnred to 51gn agreement
on every sheet completed by fleld editing.
‘Bection 3 ~“Accuracy Control
(Accuracy Controt) : . . :
Art. 164  The provision of Art. 141 is applied to the accuracy control of field edltmg
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At

Art.

Part 4 Seribing

Chapter 1 General

Section 1 . Accuracy of Scribing

(Accuracy of Scnbmg) .
165 S(.rlbcd lines shall not be Slnfted mote than (. ]mm refering to symbol lines
drawn on scribing sheef.

_ Chaptex 2 Ser 1bmg
Section 1 Scribing

(Scribing Manuscript)

166 A Map ‘manuscript is a set of colour- Separated scribed sheets including

- masks and a names film.

Art.

Art.

Art.

(Standard of Scribing Shest)". :
1"6’7 Article 150 of Chapter 7, Part 3 is apphed to scrlbmg shee!:

’ (Prepa:ation of Scrlbmg Sheet)

168  Scribing sheet is prepared accordmg to the fol]owmg _

(1) Scribing is carried out on the basis of a punching system.

(2) When the length of the sheet lme drawn on the scribing sheet is more
than 0. Zmm compared with the orlgmal stereocompilation, the later shall be
printed again on the scrrbmg sheet. .

(3) The transparent film base shall not be scratched by the scribing and
coating shall be removed perfectly.

(Matchmg) .
169 Scnbmg is required to be carried out estabhshmg direct continuity to
adjoining sheets. '

— 53 —



Part 5 Reproduction

Chapter 1 General
Seetion | Platemaking
(Accuracy of Platemaking) ‘
Art. 170 Accuracy. of making the process film and printing plate is less than 0.3mm
refering to the sheet line compared with or1g1na1 plates
- (Making of Printing. Plate) . - :
Ar-t. 171 Prmtmg plate is made by means of photo hthography
(;hd.ptﬁ.l‘ 2 Printing
Section 1|  General -
(Standard of Printing Paper)
Art. 172 The standard of printing paper is as follows."

... Sheet sizes . §  Basis weight (/m")
Popular name _ B l .
F A 0 625mm x " §80mm
BO _ S E 755mm><108_5mm. . . 80,90, 100
i—6 B 78%mm x 1091 | S
Kika 636mmn>x. 939mm

Section 2 Printing
(Material
Art. 173 Paper for printing shall be dimentionally stable, durable (tensional
strength, internal tearing strength, water resistance) dl’ld demdnds good
printability (reproducing ability for an image). :
Printing ink shall have good hue, fastness and” hght resistance. And it shall not
leak through paper to the back side.
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© At 174

Part 6  Photomap

Chapter 1 Greneral
Section 1~ General

(Definition of Photomap) |
The term “photomap” is defined, in this specification, as the mosaic
photograph rectified or differentially rectified upon Wh]Ch margmal d’ltd names,
etc., have been added, '

2 Contour lmes, shall be drawn for the orthophotomdp as follows.

Scaie '
Contour mterval _

1/25, 600

e

1/’ o, 000

17100, 060

o _-kZOm

S0m

| Spot 11elght

one spot for every 5cm

(Re|at:on to other Provision)
Art. 175  Photomap makmg shall be carried out accordmg to the' provxsmn of Part 3
except for the items specified here.
Section 2 Aecuracy
(Map Accuracy)
Art. 176
~deviation for clearly identifiable features on the photomap except high towers,

Planimetric accutacy of photomap shall be less than +1.0mm in standard

bui'lgding's,' and so on.
Chapter ?
Section 1
(Diapositive)
Art 177 D:aposﬂwes used for orthophoto mappmg are also used {or aerotriangu-
lation, '

Orthophoto Mapping
Working

2 The diapositives used for orthophoto mapping shall not be scratched.
(Slot Width) _
Art. 178 Width of aperture slot is determined in consideration of the slope of terrain.
(Scanning Speed) :
Art. 179 S'cérinihg':s’ﬁeed shall be regulated sothat floating mark is able to follow the
undulation of the terrain welil, ‘ '
(Scale of Photo Map)
Art. 180 - Scale of the differentially rectified photograph is required to be same as the
final photomap. -

Chapter 3 Rectification



Section 1 Rectification
(Rectification) ‘ ,
Art. 181  Orientation is carried out at 4 or more points and error shall be less than
L Omm,
~ {(Reference Plan of Rectlflcatlon)
At 182 Reference plan is placed at a mean hmght of terrain in the photogt aph
Chapter 4 = Mosaic
Section 1 --_.Mosaic. :
(Mosaic of Fiim) .
At 183 Mosaic is carried out on the basis of control points plotted on a sheet.
" Orientation error at the control points is leﬂs than 0.3mm for mosaic of film.
(Matchmg) ' ‘
Art. 184  The d1scontmu1ty of photogrdphlc images bctween adjommg photog1 aphs
| shall be less than 1. Omim. ' -
(Compiled Sheets)
Art. 185  Compiled sheets are made accordmg to the following.
(1) Contour values are required to be put on compiled sheets at 20cm
intervals,. A T
| (2) Symbols and typé are reqt{ir‘ed'td be labeled in bl_ack.' '
{3) Type is positioned at. h1ghl1ght of image. '
{4} The film for contour line and marginal mformatlon shall be stable and
lithofilm 0. lrm in thickness and stable.
Chapter 5  Reproduction .
Section 1 Reproduction
(Halftone Negative) |
Art. 186 A halftone negative shall be produced dccordmg to the fo]iowmg items.
) It is produced bv photograplnng a mosaic photo.
H2) A 1501 mch posmve type, magentd ‘contact . screen " is. used for
screemng o
(3) The scale of the halftone negative is the same scale as that of the
original photomap
 {Production of a final' Positive and a final Negetive for a Photomap)
Art. 187 A final positive and a final negative for a photomap shall be produced
accordmg to the following items: S
(1} The final positive of the photomap is pr oduced by multi exposure from -
. the ha]ftone negative, contour negative and the margmai design negative,
(2} Dimentional tolerance of the multi-exposure is 0.2mm.
{3} The final negative is produced from the final positive of the photomap
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{4) The dimensional tolerance for a border line of the positive or the
111egatiire shall be 0.4mim. from the prescribed length.
(Photographic Processing)
Art. 188 Photographic 1)1‘(5(tossing for positives, negatives and photographic paper
shall be done in the manner described in Article 148,
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1. GALCULATION OF DISTANCE

) Calculati'('m”'()f- meéteorological correction
D= D% = D+ (As—4n) D,
' w_here
= ( 1+ As) ! Standard r_efr.active' index of air adopted f:'orED.M.

o= ( 1+ And: Refractive index of air by observation

2m32(n~1) P 150¢ o

L 1
on 2732 F ¢ 760 2732+

4.8864 , 0.0680

'—i:-' 987,604 + =% 6
( 0 A2 A t ;10
PPy . L ' :
P -11-7573 R Mean air pressure during observation
1 _}' 2 N . . .
t =L 2% tMean air temperature during observation

A ‘Wave length of light in xm
¢ Mean water vapoui‘ pressure in mmllg
suffix 1@ Master station
suffix 2 : Remote station
Pressure( ) at remote station can be calculated with
following  formula o
})2 - ]Jl . 10—-?1./184(54“'H}.GOfBﬁ(iSl)
P, :Pressure at master station
h=H; — H;(m) ‘Height difference in m.
suffix 1 Master station
formula Pz = Pi— 009 h( n m)mmlig may be used for

field calculation and Awn may be read from nomogram.
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(2} Reduction formula to sea level .

S= D1 (h/ DY/ (1+ Hi/ R+ Hy/ R} s+ (DY24RE(1 ~ [)?
N - ) . P

where
R = Radius of curvature for azimuth o -
R Radius of curvature in meridian

N U Radivs of curvature in prime vertical

Hi . Height of 'masl‘er”st.ation ------ Hi= Hy+ (&)
Hy © Height of remote station -+ Hy= Hy+ (R)
i@ Height difference - h = s — Hi

K Refractive index - K=102

(G)(R) * Instrument height ét' two- stations |
For roﬁgh calculation at field, Ra :‘v/ RN tay be used.
{3) Side length calculation of a triahgié
1) a=J/ 571 T Zh cosA

. A
S]H?
2) a=1{(b+ ¢) '*—*—B—"_:—Clr‘"

cos
-2

where

tan B—C b-c (:oi:é
2 b4 ¢ pA

.: _75 ) e ‘_‘?_ '2."'_“5"

o By ISphe;ical angle
ABC: Plane angle
a, b, ¢ :Spheri.cai*distance

e= (J/2R?) bc sin a= 0700254 b-¢ sina (b,cin km)(spherical excess)
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2. INCLUDED ANGLE CALCULATION OF A TRIANGLE

a= coa“ b2 4 e — czz)'/ZE)c] 4 /3

A= cos e+ 6 = b%), eal v ¢ /3

7= cos™H{a? + b2 — 2) /2ubl 4 & /3

or o .

P E_IZta.n*‘.{( s—b)(s—¢)/ s(s—al?+ e/3

g=2an{(s~c)(s~a)/ s(s— )2+ e/3

y=2tan" {(s—a)(s- b):/s(s-'f ciiE e /3
where, ¢ !Spherical excess |

s (a b+ 02

o, 5 7 :Spherical angle .
3. CALCULATION OF ECCENTRICITY

(1) Eccentricity of angle
1) Method with sine formula
sinx = {¢/s¢) sin @
where
se -« Distance between trianglation points

e =360 — o4 T( observed angle)

¢ Distance of eccentricity

» Angle ol eccentricity

s Observed distance Zor
0

d'“‘eqiou tric point
where . eccentric p

for 1st and 2nd class control swvery, s may be used instead
of 55 it e<<{ sy it -5/2000),

For 3rd class control survey, § may be used intead of 5o i
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Ce<U s /650), |

2)  Method with two sides and included angle

(a) tanx= esina/ (50— €cos a)

Sp

(b) (¥4 x}/2=90" — a/2 |
tan {{ y—x)/2)=tan (A—45") tan (.90"%;3/2')
tan A =s/e

xe= (y A x)/2 = (v x)/2

3) The sign of x for the eccentricity of angle are shown in following

table . _ L B
= position of | : : I
eccentri- “\theodolite at B - oat C at b
. city Lod - 3 . : : _ ]
HB=pime | fore dircction + " fore direction — x” fore direction + x”
) ’ back direction+ ' | back direction — x* ‘back direction + x*
Vi{B:C)kP back direction — x” . back direction — x| back direction 4+ ¥
BN{P=C) forc direction +x° 1 fore direction — x” fore direction - — x”
" correction for ' correction for _
fore direction (BXx | fore direction{ B>=(C)
CY +x' —x
BNCXP b L :
. correction for correction for
back direction{C>xP}| back dircction{CxP)
—x' ’ +x'

whel'e B: Instrument Stati(}l.], P: Ta]_"get staLion, C: Cen.ter Of monument.

{2) Eccentricity of distance
1) case 1

Sg = $—As

As= [~ ANl =¢cosa— esihe tan{x/2} .

where

s, 5y -Observed distance hetween _tria:ngulation ‘points
@ ¢ Iceentric angle, distanéé of eccentricity | |
a = 360" — ¢ -+ T (ohserved angle) |
2} case 2

. . I
sp =(s%+ e?=2se cosa)?
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where
s, Sy ‘Observed distance between triangulation points
@, e !liccentric angle, distance of eccentricity

o 360° — o T {observed angle)
4. NET ADJUSTMENT OF XY COORDINATES

_(1) - Observation eguation of distance
V'"(SU)/S'UZ biA_X{ it ai&yi 1 b.‘:ﬁxj' 4 -a..-L\y,- - ,0" (=S’if"‘ Sij}/sfi}'
{2) 'Qbs___ervation ‘equation of direction

V(t;) = ~AZi + @by — by — aihz; + bAy, — 1

i
Xi=Xitdu 0 Y= Y +Ay
_ <
$i; = Sij T Cn.
sip = 10X = X2 (¥ Yt s
fi == tan~ (Y7 + ¥7) /(X7 = X0
li=Zi+ Uy — 4 R N oy

ai =Y/ — ¥') o'/ si
bi= (X]~ X1)o" /si}"

where _ | |

" (:Xi, YW X, ¥;) i Final XY coordinate values of two points (4, 7).
(X, YO(X;, V) Assumed XY coordinate values of two points (4, 7)
(Ax:, Ay )(A.x,-,.ij ). Correction for ‘a‘.ssu'med value

Si; i Distance on sea level hetween two points
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s.,-;'I.Distancé on p?ane hetween two points

Si; :_Diqmnce on 'piane hetween assumed two inlltS :
_(Z‘,,-t::,’hancsform factor from 5 to s

Z: Approximate onentatlon angle at ¢ pomt .
AWARS (,orrectlon value for approx1mate or xentatton ang]e'
U;,- 1’Observ<,d chru:tmn angle ' |

ti; + Direction angle from assumed ¢ point to assumed j point.

(3) Welght of obcseIVdUon equation _
1) Welght of direction angle (observation equatlon\ are 1 for two sets
'observatton,Z for 4 sets _observatlon‘respectlveiy. Weight for{observation
equation ) fixed diréction is 1.
. 2). Weight'.of dbservation équation of distance
Po=m} SE/(mZ + 2 S85) 0t
where .
M 1 SD of distance me.asurement not proportional to length
Yy -Loeff:ment of distance mea%urement proportional to length
S S of dirertion angle observation for 1. direction .
(4) Correction of direc’tion. angle and distance
Reduction from spherical angle to plane angle and from spherical distance
to plane distance
1)
ti— Ty = —(LAWX Y+ Y0 X] = XD 7+ 128 WX = XY=
i — Tii =+ (AR Y+ UG = X" (112X XG —~ XN Y] = YD) o

or - P R
tij — T: = "‘( 1/6')’{?)(}()‘ - X,-’)-'(Z Y+ Y;-')_p"
ti= Ti= +(1/6 7) (X X)(Y'+ 2Y7) 0’



B wher.e.
% + Mean radius of curvature at origin on the-cen.t.ra.l mertdian
fijy L Plane direction -angle from ; point to j point and from Jtoi
T3 i Ti bphemcal dnectlon angle fxom i point to J point and from jto i
2) (s 8)y = m, |1 #(l/ﬁx,m WYE+ Yv+ ¥A)

where
m, . Scale factor at central meridian

. * Mean radius of curvature at origin of plane rectangular coordinate system
'S Distance on spherical
s Distance on plane
(8) Standard deviation (S.D.) of 0bservétions
1) SD of single observation o
M= SRV =
where.
m - Numbers of observation equations
7 ' Numbers of unknowns (2#-+ number of correction value for
approximate orentation angle)
n : Numbers of observation points
2) SD. of XY
M. =M/ /Py My, = M/VPi
where Pu, Py Weight of XY

5. TRANSFORMATION FORMULA FROWM PLANE RECTANGULAR
COORDINATES(X)Y) TO GEODETIC COORDINATES(B L)

(B/p"y= (Bi/p")~ (tan B1/2R N ¥/ mo)? + (tan B /24 Ry NY )(5+5tan231
+ pf — QnFtahz& A Y/ m, ) |
—{tanB1/7T20N?R (61 + 90tanz_Bl + 45tan*B) ( Y/ m, )% +
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(A:L/,a“):‘:: (1/NicosB) ( ¥/m,) — {(1+2tanB1 - 58)/6 Nicos B} ( ¥/ m,)?
+ [(6 + 28tan? By - 24tan’ B1) /120 NTcos Bil (Y/m, )% 4 -ooves
(7/0")= (tanB;/N;)( Y/ m, )~— (tanB /3NTIH L+ tan B — 92)( Y/ m. )

+ (tanBl/lel )( + 5ta112b’1 +3[*1114Bx)< Y/ IO LE ST
m = o {1+ (Y?/2RNm:) )+ (Y“/24R3N2m{.) SSRTITIE |

wh_efé .B,L ! Latitude and _lorigifud'e of 'prop'{')"séd p{)iht

| - P1 iFoot of the perpe_ndicular from P to ﬂle central meridian
B ! Latitude of P point’
m. : Central scale factor _
AL 'Difference of longltude from ‘the centxal meridian

m 1 Scale factor at pomt P

Ry, M iRadius of curvature in meridian and in prime vertical at P
R, N Radiuss of curvature in meridian and in prime vertical at P

L =L, + AL ot = {ez/ 1— ¢4} COSBl. X

Forsula used for calculation of B

By = ’{A19+ Awsin2 @ + Assind 6+ Aqfcos2 6+ Assil.‘lﬁ g -
+ Agcosd 8§+ Ay 328.1}12 8 + Assing Ocosd fcosd 8 + Aosind 8
+ A100cos68+ A fsin2fsind §+ A 12 §%sind &

“4 Avy 8%0923 + Amsmf} 8(;0'323 PR b p"

where 0 M/ia =~ S o . 3
M : True meridian distance of pomt P from the cquatm
a Lquatonal radiug '

e . [',ccentrlmty of elhpse_
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"'A,x-_-_1,}-_}I..,e‘a.!_,,_,iimpa;+,___l_5ﬁ,€s_4_ 879 .8 o 7 g 81 4

3, 295%6 6384 S T Y T
y et gty Mo e BT w0 o U o 921 s
A RN, 1024 © 5058 ¢ Ay 131672 ©
§ = ab g 21 5. 261 ~
A= gt e A 015 ¢
— : RN S 45 5, a8h | 2
As TR A R v Ay = “igag ¢
. 29 5, 231 3 21
A 3256 % 1 hooe ¢ A = 515 ¢
Ai:—_—. . C ..2_1-_._" 6 .4_8,§ .8 i dx ) uul; 2
! 256 ¢ Tipes ¢ An S 28 ¢
Ay S T TR

LY 12 ° ‘ 1024
o7 = 206264, 806247
a. CALCULAT!ON OF LAT!TUDE AND LONGITUDE

(1) Formula used for Ist class control survey
By=Bi+b-d | .
Lo=1Ly+1
Ty= T+ 480"+ e
b (Bi= By ={ou/ R} 11+ (22/3R N 11— (3etusin Bi/ 4R\ W)
X A1 — (eifcos2By /2a)) |
= ¢ sechi il ~{cHan®Bi /30" + ( cltan®Bi/ 150 *){(1 + 3tan®B1)|
d=(Bi— Ba) = { Vi2er/20 M) — 1A2/12 (1 ~ 32},0“2}.".’ [22/6(1— e®)p?
| +{e??/12(1L—e®)p™ (13 — 10sin® B))
= 11— AP/60L = e?)p ¥ — {22 /6(1 —¢")p" ?)
_ e /601 —e?)p" Y (3 ~sin?B'))
¢ = Co/ N L — (u2/6RING )| =csecBi  t=¢ tanBi

w= S cbs T1 v =S sin 'k V{z ‘;]11 g = bq_/Zp "
Ry = zz.( l.-' (32)/ We  Ni=a/ VVI Wi=(1-— Ggsin:ZBr)%

where £, P! Given point and proposed point _
Pl Foot of the perpendicular from  to the meridian which

pass through P



B, L; ¥ Latitude and longitucdle at given point
B», L Latitude and 101.1git'1_1d'é'at.. given pbilit'
Bi:latitude of i . |

R, Nf Radiua'of curvature in"meri"dian and in prime Vertica} at
'gwen pomt rc‘;pectwely | 7

Ri, Nyt Radms of curvature in mer 1d1an and in prlme vertical at
P Iespectwely _ _

T Ty Ammuth fI om . given pomt to proposed: point dlnd'from

proposed pomt to gwen pomt rec,pectwely
7. NET ADJUSTMENT OF GEODET%C COORDINATES o

{1) Observation egquation of d:qtance
Vm/ at = —( N/ Sea)cosBsinT dL — H R/ S.idcos T+ (N/ZSad)smB
XsinT ALV dB, +{N— Sﬁ)cosBSm? dls+ {{ R/ S )cosT— (N/
2.5, )sitt Bsin TAL) dB, + (Sat — Seb)/ Saa
(2) Observation equation of azimuth
Vm# wcosB{(N/Saa)cosTﬂ(l/Z)tanBi dLy+ {(R/Sad)SIHT_‘ (N/ZSad)
X sinB cos TA L} dBy+ cosB{( N/ S.a) cos T—— (1/2)tanB} dl,
— {(R/Sad)smT—lr(N/and)_smB cos T ALt dBy+ (Tos— Tap)
- where . o
{By, L), (Ba, Lz)_IFinal B, L. coordinate values of two points (1, 2)
(D1, Li), (B, Lé).i Assumed B, L coordinate values of two points (1,2)
{(dB\, dL1),(dBs, dL») * Correction _for'éésumed values
| R, N :Radius of curvature in meridian and in prime
veltu:al at. latltude B
Sad, 1’ ad - Dlstance and aamuth between assumed two .pomts

bof,, ObServed dlstance and ammuth
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B=(1/2)(Bi+B)  AL=Li—L;  T= (1/2)(73 +15)
dla=Li=Li  dBi=B~Bi dly Sy aBs = B2~ B
(3) C d!w]ataon of . assumed values |

1) Ass&.tmed values of tatitude, Iongitudé

Formula used for 3rd class or the following formuld
Bz = B; + Scos Ti S Ri
Li=Li+ Ssin T3 S NlCOSBi ):

2) Assumed values of distance, azimuth

SsinT =(AL cosB}Y N/p}|1-1(1/240% AL%sin®B + b/ 2457 )
(1 7%= 9%%an* B}~ V1) | . _
S cos T = (bR /p) 11— (1/245°Y A L%costB (2 Jr‘%tanzB + 27 )“(bzrf/Sp )
(tan? B—1— 2~ 4nPtan? B,/ V*4)
AT=ALsinB |1+ {(1/12p%) V2A L2 cost B +{ b2/24,&.>2'}( 34+8nt 5047 VY
To=T=AT/2  To=T+AT,/2+ 180
B=(1/2)(Bi+B;) AL=1Li~Li  b=B:i— Bj
= {e?/(1 - e} cos’ BB _sz(lmezsinzB)/(.i'ﬂaz)
{4) Weight of observation equation

1) Weight of direction angle (observation eqUatibn) are 1 for 2 sets
ohservation.
Weight (»Observétion' equation) for fixed direction is 1.

2)  Weight of ObSCI‘V’atiOIl equation of distance
Po=(mb - Sif)/(md+ 7S /)0
where  m, : S.D. of distance measurement not propostional to length

¥ Coe_ffiéient of distance measurement proportional to length

m, .« SD. of direction angle observation for 1 direction



8. TRANSFORMATEQN FQRMULA F'ﬁ()ﬂﬂ GEODETIC COORD!NATES
(8, L_) TO PLANE RECTANGULAR COODINATES(X Y)

X/ Mo = M+ (N/2) smB (ObB(ﬁL/ﬂ}zﬂ-(N/zfi)%lnB co‘s"‘B(S tdn"B - 977

Ff AL/ e+ (N/T20)sin B cos’ S B (6L — 58tan” B+ tan® B+ 270 72
- 330tan?B- n)(AL/p Nk |

¥/ m, = N cos B(AL/ 5 )+ (N/6) Losdff(l——‘ianzﬁ =7 (AL/p )°
+ (N/IZU)COS B(}m18tan28~+ tan! B+ 14 52— )8Lan2_B‘n )(AL/p )
TR .. o o

v o=ALsink “%;.(lf'.:ﬂ)SiHB'COSZB( 1+ 3772+??y4)(4};L /_,0”}3..

+(1/15)sin B cos* B (2 —ta B) (AL /9" Yo b oo

M=al |1— (1/4)e?=(5/64) e — (5/956) e5 - (175/16384) 3} ( B/p")
— 1(3/8) €2+ (3/32) '+ (45/1024) eﬁ+(105/'4096) '} sin2 B
+ !(15/2‘36)3’% (45/1024)@5 F(025/16384)83} 311148
— |(35/3072)e +(175/12388)33} sin B
{(3];)/1_31072) e ¥ sin8 B J

B 1 Latitude of tran%formatlon pomt _

N Radius of curvature m prime vertlcal at Iatitude B

AL lefelen(:c, of ongltude from the ceatral merldtan _

"M True meridian distance of a point on the parallel of lutitude
B from equator | |

7t = let/{1—e*)| cos’ B

a? — {ﬁzn_. b2 St

©. GALGULATION OF HEIGHT AND NET ADJUSTMENT
(L C,ak.cu}a_tio.r_l of height difference
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h= Hpy—Hi =S tan {(1/2)(Jg—~/1)}{1 +{H+ ]{2}/27}
| =S Htan(1/2) (= ap {1 -+ (Hr+ Ha) /2
ap =907 - 7y
where  H, Hs: Helght of glvcn and pa oposed pozm
' h Height difference
VA TR ;' Zenith distance and vertical cmg e'(altitude) at given point
Za, a7, (.mth distance and VEFtl(,cll angle (altitude) at proposed point
v Medn radius of curvature at mean position
(2) Adjustment cornputatlon of cievatmﬂ
1) Observation ‘equation
V= (Feos? {(1/2)(a) ~ ap)} /s][dh.z - (Ha/ 7)) — d i1~ (Hi/ 9 )
F /2 =) = (1/2) (e~ ao)] |
Where Hy, Ha : Most provable hejight values of two pomts (] 2}
Hi, H 3Assumed height values of two points (1,2)
dhy, dhs '»C'o'ri'e(:tion for assumed values _ '
ay, @ 5Ve_r;tical angle hetween assumed two points
ay, ay -Observed vertical angle between t_wo_pm'nts reduced.to
center of monument |

2) Calculation of assumed values of Vextlcal angle

(3/2)(ay—ap) = tan"({(He— Hi) /St 11 — (Hi+He) /2y 1)
0. LEVELING COMPUTATION |
{1 Computatidn of ort:hometric correction
K=530sinZB ﬁl_ijjg H

where - K Orthometric correction value in mm

B, By Latitude of beginning point and arrival point in minute
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B (Bt By) 2
{  Mean height of leveling route in m

2y S.D. of leveling

/TS

' Where

‘élb—-‘

m 1 S.D. of observation =.pex. km _ _
VI D;scmpanmes of doub!e running between tach route (BM to BM)
S Dlstance of each route (BM to BM)
7 . Numbers of routes
(3} Net adjustmeﬁt of leveling by mean of observation equati(.m'
1) Observation equation o
: V(h) - -—5;-,- + Ix,, —{( hi— h,+ Ah) ----- We1ght P
where A, }z, Assumed helght of BM (i )
X, x5 iCorrection for assumed val
A2 Helght dlfference hetween two BM (z ])
Weight (P)= 1/5 S:in km
2) S.ID. of observation of unit we:ght

M = £/ [ Po) Tm=n)

'3) SD. of junction p.oint funknown point x;)
M. = /P |

.where m | : Numbers of observataon equation
7 : Numbers of ‘unknown
» ‘Residual by least square solution .
11. CALCULATION OF CROSS SEA (RIVER)LEVELING
(1) Reciprocal leveling computation -
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. o
2 %(’ = Al -
where @ Reading value at”instrtitheht side
b: Reading value at staff side
7 Number of measures
A H: Height difference

(2) Tilting screw method with level computatioﬁ

NH = [,
BN L ymamy
Jo. L+ (1 ll)ma_.ml.
where :

l1, I; : Reading of staff of position of lower and topper target plate
?ﬁl, ma . Reading of tilting micrometer for two target |
M0 ! Reading of tilting micrometer at coin.ciden.ce of bubble
[ E{eadiﬁg- of back rsight staff (instrument“side) at coincidence of bubble
.l(] : Re'aaihg ‘of fore sig};t stéff (st.aff stde} at coincidencc of bubble (?ka)
AH : Heigﬁt difference

12 CALCULATION FORMULA FOR ASTRONOMICAL LATITUDE
"L.ONGITUDE AND AZIMUTH ' :

(1) Calculation of"latitude and longitude (by Astrolabe}
: sih H = singsind + cosecosdcosh
cos H cos A = sinfcosg — sinpcosdcosh
sin A cosH + cﬁsé‘si'n h=1{ - | 90— ¢
H :. Altitude of star

§ : Right ascension of star ' -z

¢ - Latitude of observation
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n Hour angle of star
h= @-* a | _

@D Local sidereal time: |
~a ' Declination (S_f star

@= o+ A+ ( T-a1) --F__n_z_} 5 o
o * Greenwich locals siderial time of UT =0
T ! Observed ti.x'ne (l‘ocai standard '_time)"
m. :Correction for sidereal time (hour, minuté)
S Correction for Sidei'eal time (second) ~ |
A Longitude of 'obser\fat'idn station
&t “The difference between Greenwich s_téndard time and _1'c.>.ca1 -
standard ti.me | - |
{(2) Latitude obsérvatiqn (by 'unii#efsgi_t:heodoh'.te)
_ CéSZ = Stm?smga + cos Sc'osk c_(')ésqa‘ |
Z @ Zenith diétan_‘ce_ bf star |
5 Right ascension of star
h Hour angle of star
. ¢ U Latitude of observation station
(3) Longitude observation (by universal theodolite)
A= -~ - |
WH=ath
e = @o+ (T—at) +m+ S
A Longi‘tﬁde of observation station
@ 2Lbcal sidereal time _
@G: Greenwich sidereal time
| a > Right ascension of star

h Hour angle of -star



@&y Greenwich' sidereal time at UT =90
T: Local standard time at obgervation
At T The difference between (}reenwéch standard time andll.oca]
-standard time | |
n - Correction for siderf‘al.tixlné (hour, minute)
- Correction for smlereaf time (hour, ser)

{4) Ax[muth computation (hy Polarm UbS(JFVcIUOH)

cot A = sin pcot h— cos gocosec' htan &

A 1 Azimuth of Polaris o 5

’ N
@  Latitude of observation station T Polaris
i Houd angle of Polaris

¢  Right ascension

m=A+{M—3S)

_ Azimuth mark
Am 1 Azitnuth of azimuth mark

(M~—S} * Horizontal angle between Polaris and azimuth mark
{5) Azimuth computation (by two stars obsewation}
cot A1 = singeot by — cos gcosec ki tan &
cot Az = sinpcot kz — cos pcosec kg tan &2
Ami=4,+{(M—5)
Amg = A? — (S — M)

Am = {Am, + Amy )

2 (
A, Ar L Anmuth of two stars (1, 2)

» | . Latitude of observation station

iy, ke Hour angle of two stars (1, 2)

| o1, &2 Right ascension of two stars (1, 2)

Awmy, Ams 0 Azimuth of azimuth mark

(M-5)) . Horizontal angle hetween mark and star (1)



(Se— M) © Horizontal angle between mark and stay '(2)

Am  Azimuth of azimuth mark by two stars observation

5,
star 1

star 2

1) g
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