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1-1. INTRODUCTION 

At intersection, many vehicles flow into and intersect with each other, and also many pedestrians 
walk on a pedestrian crossing. Consequently, traffic flow including non-motorizes traffic 
becomes so complicated. Without a traffic signal control, a continuous flow of traffic on one 
roadway would cause excessive delay to vehicles and pedestrians waiting on the other. A traffic 
signal plays an important role to improve this situation. 

 

 

The Necessity of Traffic Control 

A vehicle going straight should carefully pay 
attention to intersecting vehicles from left, 
right and opposite to find safe intervals. In 
case of low traffic volume, drivers can pass 
through intersection in a short time. But, at 
intersection with heavy traffic volume, 
drivers may be forced a long wait. In some 
case, quixotic behaviors course an accident 
and put lock on intersection. 

 
 
 
 
 
 
 
 
 
And so, orderly traffic control by use of a 
traffic signal makes an effect on above 
situation. A traffic signal unlocks vehicles 
locked on intersection. Moreover, a vehicle 
going straight pays attention only to the 
opposite vehicles when signal light is green.  
 
Sequence of green (go), yellow (prepare to 
stop) and red (stop) of a Traffic signal plays 
an important role for orderly control of 
vehicle flow. 
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1-2. THE ROLE OF TRAFFIC SIGNALS 

(1) The Role Of Traffic Signals 

 To prevent an accident 

A traffic signal orderly controls various traffic flows by the sequence of signal lights to avoid 
traffic conflicts among vehicles and pedestrians. 

 To make traffic flow smoothly 

A traffic signal secures a smoother traffic flows by proper distribution of time responding to 
traffic volumes. 

 To improve traffic environment 

A Traffic signal accelerates smoother traffic flows and decelerates traffic pollutions such as CO2. 

Advantage of Signals 

A traffic signal that is properly located and operated is likely to: 

• Provide for orderly movement of traffic; 

• Increase traffic capacity of intersection; 

• Reduce the frequency of certain types of crashes; 

• Provide for continuous or nearly continuous movement of traffic along a given route; and 

• Interrupt heavy traffic to permit other traffic, vehicular or pedestrian, to cross. 

(2) Where And When Should A Signal Be Installed? 

For aid the engineer in designing the appropriate control for intersection, the following 6 
warrants are requirements of a traffic signal installation in Installation Standard for Traffic 
Signals (Japan).  

• For vehicle traffic control 

- Both main roads and connected roads have a width of 10 m or more, and 

- Traffic volume in 12-hours is more than 7,000 vehicles, or 

- Traffic volume in peak-hour (1 hour) is more than 700 vehicles. 

• For pedestrian control without intersection 

- Traffic volume in 12-hours is more than 6,000 vehicles, or 

- Traffic volume in peak-hour (1 hour) is more than 650 vehicles, and 

- Number of pedestrians who cross the road is more than 200 persons per hour. 

• For prevention of an accident 

- In case that it is possible to prevent an accident by a traffic signal. 
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• For the school crossing and person with the visually impaired 

• For the public facilities such as hospitals 

• For bicycle control 

- Bicycle traffic volume in peak-hour (1 hour) is more than 700 vehicles, and 

- Traffic control by a traffic signal is required. 

The engineers and/or responsible persons for traffic control should determine whether the traffic 
situation at intersection justifies considering a traffic signal. 

(3) How Do You Grasp The Traffic Situation? 

It is necessary for a traffic signal to orderly control traffic flow by grasping on-going traffic 
movement. It is important to know, “How many vehicles are running? Where are vehicles going? 
How fast are vehicles running? Where do traffic jams occur?” Also, quantity data is rather 
important than abstract data to correctly operate a traffic signal controller. The types of quantity 
data are explained as below. 

Digitalization of Traffic Flow 

The judgment of vacant situation and crowded situation on the road by the image is fuzzy. It is 
therefore traffic flow should be grasped as numerical data for proper operation of a traffic signal. 
Generally, following 3 traffic data are useful: 

1) Traffic volume 

Traffic volume means a number of vehicles passing through a certain point per unit time. The 
number of traffic volume normally increase with traffic volume increase on the road, but when 
traffic volume exceed road capacity, traffic volume is decreasing with traffic jam. 

When a cycle time and phase for a traffic signal are decided and adjusted based on the actual 
demand, traffic volume and flow at intersection is the most important data. Hence, annual traffic 
survey is required for proper signal operation. 

2) Travel speed 

Travel speed means an average speed of vehicles passing through a certain point per unit time. 
Travel speed is getting down with traffic volume increase. In the traffic jam, travel speed 
becomes close to 0 km/h. 

3) Traffic density 

Traffic density means a number of vehicles existing in a certain section of road. Traffic density is 
getting higher with traffic volume increase. When vehicles stop by heavy traffic jam, traffic 
density reaches to maximum density. 

The situation of traffic flow can be defined by these 3 parameters. (Volume, Speed, Density) 
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1-3. PHASE OF TRAFFIC SIGNALS 

(1) What Is Phase? 

A traffic signal gives a passage right to vehicles which head for each direction by rotation. That is 
to say, only vehicles and pedestrians which get permission from a traffic signal can pass through 
the intersection. “Phase” is the time band given to vehicles and pedestrians for passing 
intersection. 

At mid-level intersections, operation by 2-phase is the most commonly as following figure. 

 

 

 

 

 

 

 

 

 
 
 
 

Where traffic volume of right-turning vehicles is dominated, a phase for right-turn is added. That 
case is called “3-phase operation”. 

(2) Three Key Parameters For Traffic Signals 

A signal flow consisting of Cycle, Sprit and Offset is the most important for proper signal 
operation. 

• Cycle 

 “Cycle” means sequence of green (go), yellow 
(prepare to stop) and red (stop), and operates on 
the second time scale. In case of a short cycle, a 
traffic jam occurs because many vehicles cannot 
pass through intersection. The other way, in case 
of a long cycle, unnecessary time is created. A 
cycle should be decided in accordance with 
traffic volume, configuration of intersection and 
the number of the pedestrians. Generally, a cycle 
is proportionate to traffic volume. 

 

Phase 2

1‐Cycle
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However, a long cycle is not preferable from viewpoint of service level. Following cycle time is 
recommended by the Japanese Standard. 

Definition of Service Level for Signalized Junctions 

 

 

 

In case that a cycle time is operated with service level “C”, a maximum cycle time should not be 
over 120s. Even if 120s and above is required by necessary, 180s is practical limit value. 
Frequently, a long cycle time generates to block straight traffic by queue for right-turn. Hence, to 
reduce a long queue for right-turning vehicles with a short cycle has a possibility of alleviation of 
a traffic jam at intersection. 

• Split 

“Split” means allocation time to each phase and operates in the percent (%). If split time is 
evenly allocated to all directions regardless of traffic volume, unnecessary time is created. Split 
should be allocated responding to traffic volume of each phase. 

• Offset 

“Offset” means the time lag between neighboring intersections for ensuring of smooth traffic on 
same road, and operates on the second time scale or percent per 1-cycle. 

“Cycle”, “Split” and “Offset” are key parameters to realize the smooth traffic control. 

(3) What Is “Clearance Time”? 

Clearance time is set for avoidance of a vehicle crash at the turning point of phases at 
intersection. When a traffic signal change from Phase-1 to Phase-2, vehicles that pass through 
intersection under Phase-1 should exactly stop at the stop line or certainly go out of intersection 
before stating of Phase-2. For this reason, Clearance time is set to clean out all vehicles on 
intersection, and is defined in total of time for yellow light and red light. 

The length of clearance time finely set up responding to the size and configuration of 
intersection. 

• Yellow signal 

When a s change from green light to yellow right, some vehicles can stop at stop line. However 
some vehicles remain in intersection. Yellow light is provided to clean out all vehicles remained 
in intersection.  

• All red signal 

Time of all red is set up to clean out right-turning vehicles in intersection by starting of a next 
phase. 

In case that the time length of yellow and all red signals is too long, some drivers may hardly 
wait until next phase or disregard yellow light. On the other hand, if the time length is too short, 
some vehicles are left out on intersection in a next phase starts. Hence, the length of clearance 

Service Level Cycle Time (second) 
A 70s and below 
B 70s to 100s 
C 100s and above 
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time should be set appropriately. 

 

 

 

 

 

 

 

In Japan, clearance time is normally provided as following table. 

Clearance Time (Yellow + All Red): Second 

 

 

 

 

 
 
 
 

(4) Time For Pedestrian Crossing 

The time of “Green-light” and “Green-light blinking 
(winking)” of pedestrian signals are provided for safely 
pedestrian crossing. 

• Pedestrian green time 

The time of pedestrian green-light is finely derived based 
on the length of pedestrian crosswalk. Generally, walking 
speed is calculated as 1m to 1.5m/sec. 

• Green blinking (winking) time 

Green blinking (winking) is time for pedestrian judgment whether to go or back. Generally, it is 
set in 4 to 10 seconds. 

If the pedestrian green time is too short, pedestrians cannot walk over to opposite side. On the 
other hand, the pedestrian green time is too long, vehicles turning to left and/or right may queue 
at intersection. Consequently, traffic jam is generated by pedestrian crossing. It is therefore the 
time of pedestrian crossing should be carefully set. 

Distance between 
Stop-line 20m 30m 40m 50m 60m 

Design Speed Y AR T Y AR T Y AR T Y AR T Y AR T
30km/h 3 2 5 3 4 7 3 4 7 3 4 7 3 4 7
40km/h 3 2 5 3 3 6 3 4 7 3 4 7 3 4 7
50km/h 4 1 5 4 2 6 4 3 7 4 3 7 4 3 7
60km/h 4 1 5 4 2 6 4 2 6 4 3 7 4 3 7
70km/h 4 1 5 4 2 6 4 2 6 4 3 7 4 3 7
80km/h 4 1 5 4 2 6 4 2 6 4 3 7 4 3 7

Y: Yellow, AR: All Red, T: Total 

Phase 1
Phase 2

Phase-1 
Green 

Phase-1
Yellow

Phase-2 
Green 

Phase-1
All Red
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(5) Phase Of Traffic Signals 

• Standard phase: Two-phase operation 

When number of vehicles turning left or right is not 
so heavy, a phase for main road and branch road are 
alternately indicated. Usual signal layout at 
intersection is shown in right figure. “1V” and “2V” 
mean a traffic signal lights for vehicles, and “1P” 
and “2P” means a traffic signal lights for pedestrians. 
“1V and 1P” and “2V and 2P” are provided for the 
main road and branch road, respectively.  

The time of signal indication change is called “Step”. 
The most major traffic control is “2 Phases / 10 
Steps”. The following phase chart shows the step 
flow. 

 

Step 1 2 3 4 5 6 7 8 9 10
1P
1V
2P
2V

Time (s) 45 5 5 3 2 25 5 5 3 2
Phase Pedestrian Flow

Vehicle Flow
Vehicle and/or Pedestrian Green-light

Flow Vehicle Yellow-light
Vehicle and/or Pedestrian Red-light
Pedestrian Green-light blinking

1 2

 

• Phase for right-turning vehicles 

When right-turning vehicles are blocked by many through-vehicles, right-turning vehicles queue 
for right-turn in intersection. Consequently these right-turning vehicles may become congestible 
reason. 

In this case, separation of through-vehicles and right-turning vehicles by a traffic signal is the 
most effective measure. In addition, a vehicle crash between right-turning vehicle and 
through-vehicle may be avoided. 

For this reason, in case that many vehicles require turning right, separate phase for right-turn is 
added as following figures. 

Branch Road

MainRoad

1P1P

1P 1P

2P
2P2P

2P

1V

2V

1V

2V
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 Standard: 2-phase
Phase

Flow

3-phase
Phase

Flow

1 2 3

1 2

 

As just described, several phase types are proposed responding to traffic conditions and 
configurations as follows. 

• Phase with time-lag 

A phase with time-lag is that of two traffic flows under phase-1 (see figure below), green light 
for one flow is cut off earlier than another green light. 

Phase with time-lag
Phase

Flow

1 2 3

 

• Separate phase 

Instead of usual green lights, separate phase is controlled by green arrow signals composed of 
straight, right-turn and left-turn. Separate phase completely segregates turning-vehicles (right 
and/or left) and through-vehicles as following figure. 

Separate phase
Phase

Flow

1 2 3 4
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1-4. TYPE OF TRAFFIC SIGNAL CONTROL 

(1) Independent Control (Multi-Pattern Control) 

Traffic volume varies depending on time (morning, daytime, evening and night) and a day of 
week (see figure below). If a cycle time is never change, it may cause a traffic problem. Hence a 
cycle time is set in accordance with hourly and daily variation based on traffic volume and flow 
pattern obtained by traffic survey. This operation is called “multi-pattern control”. This operation 
is automatically controlled by electronic programmable timer in the signal controller. 

6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 1 2 3 4 5

Tr
af

fic
 V

ol
um

e

PM: Jam 
Pattern

Time

AM: Jam 
Pattern

AM: 
Normal 
Pattern

PM: 
Normal 
Pattern

Night 
Pattern

Slack 
Pattern

 

(2) Coordinated (Lined) Control 

What does it happened if traffic signals on the same road are independently operated regardless 
of the neighboring traffic signals? The vehicles might be forced to stop at every intersection. In 
the result, discontinuous operation may bring traffic jams and/or a lot of wasted time. 
Coordinated (lined) control which links continuing signals is alleviates this situation. 

Traffic signals under coordinated control should be operated in the same cycle time, and linked 
by offset time. 

 



Traffic Signal Operation and Maintenance Manual 
The Study on Greater Kampala Road Network and Transport Improvement 
in the Republic of Uganda November 2010 

1-11 

(3) Area Control (Wide Area Control) 

At the major cities, many roads composed of trunk roads, branch roads and/or streets lie in the 
city and a lot of traffic signals are installed due to the control of traffic flow and prevention of an 
accident. What does it happened if traffic signals in the same area are independently operated? 
The traffic would be thrown into a terrible confusion. Even if this situation is controlled by use of 
the coordinated control for trunk roads, traffic conditions on branch roads and streets would not 
improved. Hence, area control is required in such situation. Area control is unified management 
by “Traffic Control Center”. 

• Image of Area Control 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Sensed 
signal

Sensor

Traffic Control Center 

Grasp of Traffic Situation
(volume, speed, etc) 

Command of Signal 

Calculation of Suitable 
Parameter (cycle, sprit, 

ff t)
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1-5. CASE STUDY (COMPENDIUM METHOD) 

(1) Setting Of Cycle Time Base On The Traffic Volume 

This method easily derives suitable time for each phase based on the traffic volume data. 

1) Setting of Clearance Time and etc 

1: Time of All Red: 2 s (G, L) 

2: Time of Yellow: 3 s (D, F, K) 

3: Time of Blinking for Pedestrian: 

Half of Cross Walk Length is divided by 1.5m 
(Walker’s speed) 

In case of right figure 

11.0m/2/1.5m = 3.7s (B) 

23.0m/2/1.5m = 7.7s (I) 

4: Time of Green for Vehicles and Red for 
Pedestrians: 3s (C, J) 

2) Calculation of Traffic Volume for each Lane 

Considerable lane number for design should apply the lane number of inflow side of intersection. 

Case of Light No.1: 

1st (left) lane: for left-turn + through 

2nd (middle) lane: for through 

3rd (right) lane: for right-turn 

Traffic Volume (vehicle/peak hour) 

1st lane: (c1+c2)/2  

2nd lane: c2-((c1+c2)/2-c1) 

3rd lane: c3 

Ditto calculation is repeated about d1, d2 
and d3. 

Case of Light No.2 

One lane: for all directions 

Traffic Volume (vehicle/peak hour) 

Cross Walk L=23m

Cross Walk L=23m

L=
11

m

L=
11

m

a1

a3

a2

b1

b2

b3

c1

c2

c3

d1

d2

d3

1

1

2

2

Light No. Step 1 2 3 4 5 6 7 8 9 10 11 12
1P
1V
1A
2P
2V

x 3.7 3 3 x 3 2 x 7.7 3 3 2
A B C D E F G H I J K L

Cycle
Phase

Flow

Vehicle and/or Pedestrian Green-light
Vehicle Yellow-light
Vehicle and/or Pedestrian Red-light
Pedestrian Green-light blinking

2

1

31 2

Time (s)

Select from (80,100,120,140,160,180)s
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One lane: a1+a2+a3 

Ditto calculation is repeated about b1, b2 and b3. 

3) Calculation of Sprit Time 

Sprit time (allocation time to each phase) is distributed responding to traffic volume calculated 
above step. Specifically, maximum traffic volume for phase-1 is picked from among 1st lane and 
2nd lane of both sides. Then maximum traffic volumes for phase-2 and phase-3 are also picked 
from among calculated traffic volume, respectively. 

Next, a cycle time is selected from among (80s, 100s, 120s, 140s, 160s, and 180s) in 
consideration of traffic volume. As described in sub-chapter I-3. (2), a cycle time that 120s is not 
preferable unless absolutely necessary. In addition, in case of low traffic volume (e.g. midnight), 
a short cycle time is efficient. 

4) Calculation of Green Time 

Green time is derived from sprit time 3) and other required time 1). 

3): sprit time – 1): clearance time, etc = Green time. 

(2) Case Study (Jinja Jct. and Kibuli Jct.) 

Before stating of case studies, evaluation method has to decide. A signalized junction is normally 
evaluated as follows by use of saturation degree.  

Evaluation of Signalized Junction by Saturation Degree 

However, calculation of saturation degree is required a lot of information, additionally, 
calculation steps is so complicated. Hence, in this case study, congestion degree is applied.  
Here are necessary factors for evaluation by congestion degree: 

1) Basic Capacity of Each Type of Lane 

Trough Lane: 2,000 p.c.u./lane/hour (p.c.u.: passenger car unit) 

Left-Turn and Right-Turn Lane: 1,800 p.c.u./lane/hour 

Left-Turn + Through Lane: 2,000 p.c.u./lane/hour 

Trough + Right-Turn Lane: 2,000 p.c.u./lane/hour 

2) Adjustment Factor for Lane Width 

2.5m to 3.0m: 0.95 

3.0m and above: 1.00 

3) Adjustment Factor for Approach Gradient 

Saturation Degree Situation 
0.8 > S Desirable Situation 

0.8 ≤ S ≤ 1.0 Acceptable Situation 
1.0 < S Capacity Shortage (Bottleneck) 
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Gradient 
(%) 

Adjustment 
Factor 

Gradient 
(%) 

Adjustment 
Factor 

-6 0.95 1 1.00 
-5 0.96 2 0.95 
-4 0.97 3 0.90 
-3 0.98 4 0.85 
-2 0.99 5 0.80 
-1 1.00 6 0.75 
0 1.00  

 

4) Adjustment Factor for Heavy Vehicles (Ratio of Heavy Vehicles: %) 

Ratio (%) Adjustment 
Factor Ratio (%) Adjustment 

Factor 
0 1.00 55 0.72 
5 0.97 60 0.70 

10 0.93 65 0.69 
15 0.90 70 0.67 
20 0.88 75 0.66 
25 0.85 80 0.64 
30 0.83 85 0.63 
35 0.80 90 0.61 
40 0.78 95 0.60 
45 0.76 100 0.59 
50 0.74  

 

5) Adjustment Factor for Left-Turning and Right-Turning Vehicles and Pedestrians 

Calculation for these factors is so complicated. Hence, in this compendium method, these factors 
are not applied. 
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6) Result of Case Study for Jinja Junction 

Peak Hour: 8 am to 9 am 
A B C D

LT+TR TR RT LT TR RT LT TR RT LT+TR TR RT
1 1 2 1 1 1 1 2 1 1 1 1

2000 2000 1800 1800 2000 1800 1800 2000 1800 2000 2000 1800
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
3.25 3.25 3.25 3.5 3.5 3.25 3.5 3.5 3.25 3.5 3.5 3.25
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
N/A - - - - - - - - N/A - -

- - - - - - - - - - - -
2000 2000 3600 1800 2000 1800 1800 4000 1800 2000 2000 1800
394 458 403 561 356 228 289 2246 308 453 524 277

(Left turn or Right turn) 9 - 403 561 - 228 289 - 308 86 - 277

phase-1 84.00 84.00 - - - - 84.00 84.00 - - - -
phase-2 - - 50.00 - - - - - 50.00 - - -
phase-3 - - - - 48.00 - - - - 48.00 48.00 -
phase-4 - - - - - 43.00 - - - - - 43.00

675 675 723 1800 386 311 607 1349 361 386 386 311
0.58 0.68 0.56 0.31 0.92 0.73 0.48 1.66 0.85 1.18 1.36 0.89

Cureent Congestion degree at whole JCT

phase-1 63.00 63.00 - - - - 63.00 63.00 - - - -
phase-2 - - 21.00 - - - - - 21.00 - - -
phase-3 - - - - 56.00 - - - - 56.00 56.00 -
phase-4 - - - - - 24.00 - - - - - 24.00

700 700 420 1800 622 240 630 1400 210 622 622 240
0.56 0.65 0.96 0.31 0.57 0.95 0.46 1.60 1.46 0.73 0.84 1.15

Congestion degree at whole JCT

Peak Hour: 5 pm to 6 pm
A B C D

LT+TR TR RT LT TR RT LT TR RT LT+TR TR RT
1 1 2 1 1 1 1 2 1 1 1 1

2000 2000 1800 1800 2000 1800 1800 2000 1800 2000 2000 1800
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
3.25 3.25 3.25 3.5 3.5 3.25 3.5 3.5 3.25 3.5 3.5 3.25
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
N/A - - - - - - - - N/A - -

- - - - - - - - - - - -
2000 2000 3600 1800 2000 1800 1777 4000 1800 2000 2000 1800
478 555 837 1507 45 0 275 1501 193 432 498 443

(Left turn or Right turn) 8 - 837 1507 - 0 275 - 193 103 - 443

phase-1 61.00 61.00 - - - - 61.00 61.00 - - - -
phase-2 - - 34.00 - - - - - 34.00 - - -
phase-3 - - - - 43.00 - - - - 43.00 43.00 -
phase-4 - - - - - 73.00 - - - - - 73.00

510 510 512 1800 360 550 454 1021 256 360 360 550
0.94 1.09 1.63 0.84 0.13 0.00 0.61 1.47 0.75 1.20 1.38 0.81

Cureent Congestion degree at whole JCT

phase-1 63.00 63.00 - - - - 63.00 63.00 - - - -
phase-2 - - 27.00 - - - - - 27.00 - - -
phase-3 - - - - 34.00 - - - - 34.00 34.00 -
phase-4 - - - - - 40.00 - - - - - 40.00

700 700 540 1800 378 400 622 1400 270 378 378 400
0.68 0.79 1.55 0.84 0.12 0.00 0.44 1.07 0.71 1.14 1.32 1.11

Congestion degree at whole JCT

Select cycle length: sec 180

180Select cycle length: sec

0.79

Proposed green time: sec

from Jinja Rd from Mukwano Rd

Number of Lane
Capacity / Lane /Hour

Actual Capacity by proposal
Congestion degree

0.85

0.93

Approach from Kampala Rd from Yusufu Lule Rd from Jinja Rd from Mukwano Rd

Number of Lane
Capacity / Lane /Hour
Adjustment Factor
(Lane width: m)
Adjustment Factor
(Gradient: %)
Adjustment Factor
(Share of large vehicle: %)

Adjustment Factor (Right Turn)
Adjustment Factor (Left Turn)

Calculated Capacity /Lane /Hour
Traffic volume (pcu/hr)

Current cycle length: sec 249

Current green time: sec

Actual Current Capacity
Cureent Congestion degree

Approach from Kampala Rd from Yusufu Lule Rd

Proposed green time: sec

Actual Capacity by proposal
Congestion degree

0.82

Adjustment Factor
(Lane width: m)
Adjustment Factor
(Gradient: %)
Adjustment Factor
(Share of large vehicle: %)
Adjustment Factor (Left Turn)
Adjustment Factor (Right Turn)
Calculated Capacity /Lane /Hour
Traffic volume (pcu/hr)

Congestion degree

Current cycle length: sec 239

Current green time: sec

Actual Current Capacity

A

A

B B

C

C

D D

To Yusufu

To Mukwano

To Jinja

To Kampala

A

A

B B

C

C

D D

To Yusufu

To Mukwano

To Jinja

To Kampala

 
Note: Traffic volume surveyed by the Study Team is applied. (January, 2010) 

Red letters show proposed allocation time by the Study Team 
Yellow cells show that there is an improvement effect. 
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Peak Hour: 8 am to 9 am 
B C

TR RT LT TR LT RT
1 1 1 1 1 1

2000 1800 1800 2000 1800 1800
1.00 1.00 1.00 1.00 1.00 1.00
3.50 3.50 3.50 3.50 3.50 3.50
1.00 1.00 1.00 1.00 1.00 1.00
1.00 1.00 1.00 1.00 1.00 1.00
1.00 1.00 1.00 1.00 1.00 1.00
0.00 0.00 0.00 0.00 0.00 0.00

- - - - - -
- - - - - -

2000 1800 1800 2000 1800 1800
338 630 214 686 1,407 88

(Left turn or Right turn) - 630 214 - 1,407 88

phase-1 33.00 - 33.00 33.00 - -
phase-2 - 53.00 - - 53.00 -
phase-3 - - - 16.00 - 16.00

550 795 495 817 795 240
0.61 0.79 0.43 0.84 1.77 0.37

Cureent Congestion degree at whole JCT

phase-1 31.00 - 31.00 31.00 - -
phase-2 - 63.00 - - 63.00 -
phase-3 - - - 11.00 - 11.00

517 945 465 700 945 165
0.65 0.67 0.46 0.98 1.49 0.53

Congestion degree at whole JCT

Peak Hour: 4 pm to 5 pm
B C

TR RT LT TR LT RT
1 1 1 1 1 1

2000 1800 1800 2000 1800 1800
1.00 1.00 1.00 1.00 1.00 1.00
3.50 3.50 3.50 3.50 3.50 3.50
1.00 1.00 1.00 1.00 1.00 1.00
1.00 1.00 1.00 1.00 1.00 1.00
1.00 1.00 1.00 1.00 1.00 1.00
0.00 0.00 0.00 0.00 0.00 0.00

- - - - - -
- - - - - -

2000 1800 1800 2000 1800 1800
536 535 226 686 878 186

(Left turn or Right turn) - 535 226 - 878 186

phase-1 33.00 - 33.00 33.00 - -
phase-2 - 53.00 - - 53.00 -
phase-3 - - - 16.00 - 16.00

550 795 495 817 795 240
0.97 0.67 0.46 0.84 1.10 0.77

Cureent Congestion degree at whole JCT

phase-1 41.00 - 41.00 41.00 - -
phase-2 - 53.00 - - 53.00 -
phase-3 - - - 11.00 - 11.00

683 795 615 867 795 165
0.78 0.67 0.37 0.79 1.10 1.13

Congestion degree at whole JCT

Actual Current Capacity
Congestion degree

Approach from Clock from Mukwano from Gaba

Number of Lane

A

Capacity / Lane /Hour
Adjustment Factor
(Lane width: m)
Adjustment Factor
(Gradient: %)
Adjustment Factor
(Share of large vehicle: %)
Adjustment Factor (Left Turn)
Adjustment Factor (Right Turn)
Calculated Capacity /Lane /Hour
Traffic volume (pcu/hr)

Current cycle length: sec 120

Actual Current Capacity
Congestion degree

Current green time: sec

Approach from Clock from Mukwano
A

from Gaba

Number of Lane
Capacity / Lane /Hour
Adjustment Factor
(Lane width: m)
Adjustment Factor
(Gradient: %)
Adjustment Factor
(Share of large vehicle: %)
Adjustment Factor (Left Turn)
Adjustment Factor (Right Turn)

Current green time: sec

Calculated Capacity /Lane /Hour
Traffic volume (pcu/hr)

Select cycle length: sec 120

Proposed green time: sec

Actual Capacity by proposal
Congestion degree

0.911

0.777

0.825

0.900

Select cycle length: sec 120

Proposed green time: sec

Actual Capacity by proposal
Congestion degree

Current cycle length: sec 120

A

A

B

B

CC

To Gaba

To Mukwano

To Clock

A

A

B

B

CC

To Gaba

To Mukwano

To Clock

 
Note: Traffic volume surveyed by the Study Team is applied. (Jun, 2010) 

Red letters show proposed allocation time by the Study Team 
Yellow cells show that there is an improvement effect. 

Note that traffic volume of both junctions is already converted to volume of passenger car unit. 
Hence, adjustment factor for large vehicle is not considered. Conversion factor from large 
vehicle to passenger car is normally decided between 2.0 to 3.0. 

7) How to Derive Congestion Degree (e.g. TR lane of Section A at Kibuli Jct.: PM peak data) 

Capacity/lane/hour = 2,000 p.c.u./lane/hour 

Every adjustment factors (lane width, grade and share of large vehicle) are 1.0 

Adjustment factors for right-turning vehicles, left-turning vehicles and pedestrians are not 
applied in this compendium method. 
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Hence: 

Calculated Capacity/lane/hour = 2,000 x 1.0 x 1.0 x 1.0 =2,000 p.c.u/lane/hour 

Next, allocated time for TR lane of section A should be considered. Its time is 41s, and a cycle 
time is 120s. It is therefore: 

Actual capacity/lane/hour = 2,000 p.c.u. x 41s/120s = 683 p.c.u./lane/hour 

Finally, ratio of traffic volume (p.c.u./lane/hour) and actual capacity (p.c.u./lane/hour) is the 
congestion degree. 

Congestion degree = 536/683 = 0.78 

Congestion degree of whole junction is derived from ratio of total traffic volume and total actual 
capacity.  

Congestion degree at whole junction = 

(536+535+226+686+878+186)/(683+795+615+867+795+165) = 0.78 
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PART-2: PERIODIC MAINTENANCE MANUAL 



Traffic Signal Operation and Maintenance Manual 
The Study on Greater Kampala Road Network and Transport Improvement 
in the Republic of Uganda November 2010 

2-2 

Periodic maintenance should be carried out with necessary interval specified in the “Check 
Sheets”. When failures are found by inspections, those facilities should be repaired or changed as 
soon as possible. That work progress should be recorded in “Working Sheets”. 

2-1. MAINTENANCE FOR TRAFFIC SIGNALS 

(1) Inspection for Distribution Board 

• Check of main unit of distribution board. When some damages such as blemishes and/or 
rusts are found, those damages should be repaired: 

Blemishes: repainting 

Rusts: rub off the rust and repainting 

• Cleaning of outside and/or inside of distribution board 

Be careful not to touch the switch and/or terminal 

• Check of slacks of attaching screws and/or bolts. When slacks are found, those should be 
retightened. 

Be careful not to tighten with excessive power 

• Check of slacks and/or coming off of wirings. When slacks and/or coming off are found, 
those should be reconnected. 

Be careful not to make wiring short out 

• Check of coatings of wirings. When some damages are found, those should be recoated with 
insulating tapes. 

• Measure of input voltage of commercial power supply 

Be careful not to make wiring short out 

(2) Inspection for Controller 

• Check of controller. When some damages such as blemishes and/or rusts are found, those 
damages should be repaired: 

Blemishes: repainting 

Rusts: rub off the rust and repainting 

• Cleaning of outside and/or inside of controller 

Be careful not to touch the switch and/or terminal 

• Check of slacks of attaching screws and/or bolts. When slacks are found, those should be 
retightened. 

Be careful not to tighten with excessive power 

• Check of slacks and/or coming off of wirings. When slacks and/or coming off are found, 
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those should be reconnected. 

Be careful not to make wiring short out 

• Check of coatings of wirings. When some damages are found, those should be recoated with 
insulating tapes. 

• Check of date and clock time. When date and clock time are not matched, those should be 
re-coordinated. 

• Measure of voltage of power input unit 

• Measure of voltage of power output unit to traffic signal 

• Measure of voltage of controller power section 

(3) Inspection for Traffic Signals 

• Check of traffic signal. When some damages such as blemishes, rusts and/or gaps are found, 
those damages should be repaired: 

Blemishes: repainting 

Rusts: rub off the rust and repainting 

Gaps: fill a gap by use of tapes and/or putties 

• Cleaning of outside and/or inside of traffic signal and lenses 

Be careful not to touch the switch and/or terminal 

• Check of slacks of attaching screws and/or bolts. When slacks are found, those should be 
retightened. 

Be careful not to tighten with excessive power 

• Check of slacks and/or coming off of wirings. When slacks and/or coming off are found, 
those should be reconnected. 

Be careful not to make wiring short out 

• Check of coatings of wirings. When some damages are found, those should be recoated with 
insulating tapes. 

• Check of visibility of signals at predefined position. When visibilities are not appropriate, 
traffic signals should be turned around. 

Signal for vehicles: to be viewable form stop line and 30m before stop line 

Signal for pedestrians: to viewable from center of zebra crossing and stopping position 

• Check of lighting 

Bulb type: When light bulbs are burned out, those should be changed promptly. 
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LED type: When some LEDs are burned out and visibility is not appropriate, LED unit 
should be changed. 

(4) Inspection for Signal Poles 

• Check of signal poles. When some damages such as blemishes, rusts, gaps, tilts and/or 
bentnesses are found, those damages should be repaired: 

Blemishes: repainting 

Rusts: rub off the rust and repainting 

Gaps: record of the degree and reinforcement or re-built where necessary 

Tilts and bentnesses: record of the degree and reinforcement or re-built where necessary 

• Check of base of poles. When some damages such as cracks and/or bumps are found, those 
damages should be reinforced. 

• Cleaning and removal of posters and/or advertising displays. 

(5) Inspection for Hand-hole 

• Check of cover of hand-holes. When some damages such as cracks and/or breakings are 
found, those damages should be repaired or changed. 

• Check of inside of catch pits. When some damages such as cracks and/or breakings are 
found, those damages should be reinforced with cements or mortar. In addition, when water 
and/or solid refuses are found inside catch pit, those should be removed. 

• Check of signal cables inside catch pits. When damages are found, those should be recoated 
with insulating tapes. 

• After cleaning of frame for covers, close the cover steady. 
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2-2. MAINTENANCE FOR POWER SUPPLY UNITS 

(1) Refuel to AEG (Automatic Engine Generator) 

• Refuel to AEG should be done before getting empty. Work day and refuel volume should be 
recorded. 

• Accumulation running time should be recorded. 

• Check of error display on operation panel. When error display is indicated on operation 
panel, it should be reset in accordance with the operation manual. 

• Check of fuel leakage. When fuel leakage is found, it should be repaired and cleaned. 

• After making AEG run, noises, unusual odors and/or unusual vibrations should be checked. 

(2) Inspection of AEG (Automatic Engine Generator) 

• Check of AEG body. When some damages such as blemishes and/or rusts are found, those 
damages should be repaired: 

Blemishes: repainting 

Rusts: rub off the rust and repainting 

• Check of oil leakage. When oil leakage is found, it should be repaired and cleaned. 

• Change of engine oil. Used amount of oil should be recorded. 

• Cleaning of oil filter. When pollution of oil filter does not clean off, oil filter should be 
changed. 

Be careful not to pollute oil filter. 

• Cleaning of fuel filter. When pollution of fuel filter does not clean off, fuel filter should be 
changed. 

Be careful not to pollute fuel filter. 

• Drain from fuel tank. 

• Cleaning of air cleaner. When pollution of air cleaner does not clean off, air cleaner should 
be changed. 

Be careful not to pollute air cleaner. 

• Cleaning of inside and outside of AEG, and intake air filter 

Be careful not to touch the switch and/or terminal 

• Check of slacks of attaching screws and/or bolts. When slacks are found, those should be 
retightened. 

Be careful not to tighten with excessive power 
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• Check of slacks and/or coming off of wirings. When slacks and/or coming off are found, 
those should be reconnected. 

Be careful not to make wiring short out 

• Check of coatings of wirings. When some damages are found, those should be recoated with 
insulating tapes. 

• Check of date and clock time of AEG. When date and clock time are not matched, those 
should be re-coordinated. 

• Measure of output voltage 

• Measure of output current 

(3) Inspection of AVR (Automatic Voltage Regulator) 

• Cleaning of AVG 

Be careful not to touch the switch and/or terminal 

• Check of slacks and/or coming off of wirings. When slacks and/or coming off are found, 
those should be reconnected. 

Be careful not to make wiring short out 

• Check of coatings of wirings. When some damages are found, those should be recoated with 
insulating tapes. 

• Measure of input voltage 

• Measure of input current 

• Measure of output voltage 

• Measure of output current 

(4) Inspection of UPS (Uninterruptible Power System) 

• Cleaning of intake duct after opening of main body and/or front panel. 

Be careful not to touch the switch and/or terminal 

• Check of slacks and/or coming off of wirings. When slacks and/or coming off are found, 
those should be reconnected. 

Be careful not to make wiring short out 

• Check of coatings of wirings. When some damages are found, those should be recoated with 
insulating tapes. 

• Check of exchange time of battery. After pressing the self- test button, if low battery service 
mark is illustrated, the battery may need replacing. 
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2-3. CHECK SHEETS FOR EACH INSPECTION 

The check sheets for each inspection are attached in this sub-chapter for efficient and effective 
maintenance works. The inspector should take these check sheets to the site and record at site. 

After finishing of inspection works, responsible person should check and file these records. 

Component of check sheets is as follows: 

• TRAFFIC SIGNAL SYSTEM: Distribution Panel / Traffic Signal Controller 

• TRAFFIC SIGNAL SYSTEM: Traffic Signal Light for Vehicle GYR 

• TRAFFIC SIGNAL SYSTEM: Traffic Signal Light for Vehicle 3 Arrows 

• TRAFFIC SIGNAL SYSTEM: Traffic Signal Light for Vehicle 1 Arrow 

• TRAFFIC SIGNAL SYSTEM: Traffic Signal Light for Pedestrian 

• TRAFFIC SIGNAL SYSTEM: Signal Pole 

• TRAFFIC SIGNAL SYSTEM: Hand-hole 

• POWER BACK UP SYSTEM: Automatic Engine Generator / Automatic Voltage Regulator 
/ Uninterruptible Power System 

• AUTOMATIC ENGINE GENERATOR: REFUEL SHEET 

• WORK RECORD SHEET 

• MAINTENANCE TOOLS / INSTRUMENTS 

• SPARE PARTS LIST 
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