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Abstract- Countless hours are lost in traffic jam every year. In the efforts to save time, drivers tend to speed up in traffic jam. 
However there is a traffic paradox suggests that speeding up in traffic jam may not necessarily time saving. Traffic flow is 
fundamentally dynamic in nature, where the flow formed is greatly subjected to the interaction amongst the drivers. As such, this 
paper aims to investigate how different speed weightage between the drivers instigating the jam clusters and to assess possible 
corrective action to reverse jam clusters formation. Based on the identified jam clusters, several properties such as cluster lengths 
and average speed within the clusters are analysed for corrective action. Traffic simulation with 300 samples on a 5 km length of 
road shows the proposed algorithm does improve travel time with improvement range from 1.96 % to 7.96 %. 
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I. INTRODUCTION 
 

Does speeding get the drivers to their destination faster? 
The traffic paradox ‘faster is slower’ may actually valid at 
certain circumstances [1]. This paper is inspired by [2, 3], 
which are the first field experiments reporting that traffic 
waves can materialize as a result of human driving 
behaviour alone. These experiments were an eye opening to 
many researchers, but they do not offer a justification in 
reversing the traffic waves.  

To address this gap, this paper aims to investigate how 
different speed values cause the stop-and-go traffic waves 
and to assess possible corrective action to reverse the jam 
clusters formation. Thus travel times are selected as 
objective function. This paper is organized as follows: 
Section II presents the cellular automata (CA) and the 
settings for the traffic platform. Section III discusses the jam 
clusters formation and their properties. Section IV presents a 
possible corrective action algorithm, simulation results, and 
analysis. The overall project is concluded in Section V.  
 

II. TRAFFIC CELLULAR AUTOMATA MODELLING 
 

The implementation of CA can be traced to the early 
1950’s, with the most renowned NaSch traffic cellular 
automata (TCA) model introduced in 1992 [4, 5]. NaSch 
model is capable to imitate traffic nature and reproduced the 
emergence of traffic jam. The difference among TCA 
models primarily in the update rule. Generally there are four 
rules in NaSch model: acceleration, deceleration, 
randomisation and advancing [6]. Traffic researchers 
acknowledge NaSch model as a minimal model, in the 
context that all these rules are the essential for mimicking 
the fundamental components in traffic flow.  

According to [5], the randomisation rule emulates 
natural speed fluctuation due to driver behaviour. Although 
the justification is widely agreed upon, much disapproval 
was however expressed due to the randomisation rule [7, 8]. 
Nevertheless, NaSch model has served as traffic platform 
for decades, credit to its versatile algorithm that made tweak 
and adjustment on the model rather swiftly. Therefore, there 
are other adaptations of NaSch model, each with various 
levels of aim and objective function such as the study of fuel 
and energy dissipation in traffic stream [9, 10], modelling 
driver behaviour [11 – 13] and effect of acceleration and 
deceleration in the traffic stream [14, 15].  

Thus, the proposed traffic model in this paper is 
developed based on NaSch traffic model, with adaptations 
on the acceleration and deceleration rules. Table I shows the 
settings for the traffic CA model [6]. The next section 
analyses the emergence of jam clusters simulated from the 
proposed traffic model.  
 

TABLE I. TRAFFIC CA MODEL PRELIMINARY SETTINGS 
Variables Settings 

Type of CA Stochastic 
Boundary condition Open 

Average vehicle length 5 m 
Occupied space (cell’s width) 7.5 m 

Driver’s reaction time 0.75 sec 
Speed limit 110 km/h 

 
 

III. JAM CLUSTERS ANALYSIS 
 
The commonly used parameters such as traffic volume, 

density and speed may not enough to determine the state of 
traffic congestion. Speed of zero can be caused by severe 
traffic jam (gridlock) or it could be no vehicles on road. 
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Whereas low density may characterize a smooth traffic, or it 
means there are more trucks or long vehicles on the road. 
Therefore it is imperative to evaluate and determine state of 
congestion from other perspective.  

It can be hypothesized that, the spacing between cars  
(in a congested lane) determines their speed. As a driver 

drives fast in a heavy traffic, there is a higher tendency for 
heavy braking causing following vehicles to decelerate 
abruptly and initiating the stop-and-go waves. Further 
analysis shows that such waves actually form certain pattern 
of jam clusters [11]. Clustering approach would be handy 
here as it is a machine learning technique that uncovers 
regular structures in a dataset by grouping them into certain 
classifications based on the derived similarities [16].  

Hence, several properties can be extracted from the jam 
clusters for potential corrective action. Such properties are 
the cluster’s length and average speed within the cluster. 
Table II shows the algorithm to determine length of each 
cluster. As the cars advancing from left to right, thus 
cluster’s length count will be executed from right to left of 
the CA platform. This operation can be performed by means 
of inverse for-loop (Table II row-4 and row-9). The length 
of the jam clusters can be calculated as in row-13 of Table 
II. Another useful properties would be the average speed 
within the identified jam clusters. Row-14 of Table II shows 
the computation of the identified cluster speed. 
 

TABLE II. CLUSTER’S LENGTH AND SPEED COMPUTATION 

1 User settings: 

ClusterHeadFlag = 0; % flag program to search cluster’s tail 

2 for indexClustering = 1: TotalTime 
3  m = 1 % used to store next cluster’s length 
4  for e = road_length:-1:1 % inverse loop, RIGHT to LEFT
5   search ClusterHead within jam clusters 
6    ClusterHead = e; 
7    ClusterHeadFlag = 1; % flag to search for its 

                                     % pair, cluster’s tail below 
8   if ClusterHeadFlag == 1 
9   for f = (e-1): -1:1 
10    search ClusterTail within jam clusters 
11     ClusterTail = f; 
12     ClusterHeadFlag = 0; 
13     ClusterLength(m) = ClusterHead –  

                                 ClusterTail + 1;
14     ClusterSpeed(m) = Total speed/total cars;
15     m = m+1;
16     break  % break ClusterTail detection
17   end 
18   end 
19  end 
20 end 

 

Fig. 1 shows the jam clusters of the scattered vehicles. A 
graph of average speed and number of jam clusters are 
plotted accordingly (there are two y-axis, where first y-axis 
referring to speed, and the second y-axis referring to cluster 
count). As expected, maximum number of clusters is 
detected at time–step 86 to 96 (Table III). 

TABLE III. SPEED AND CLUSTER COUNT FOR TRAFFIC MODEL 
SUBJECTED TO PFLUX = 0.1 

 

Time Σ car on road Speed (μ) Cluster Count 

86 31 1.77 3 
87 31 1.74 3 
88 32 1.75 3 
89 32 1.84 3 
90 33 1.82 3 
91 33 1.88 3 
92 34 1.85 3 
93 34 1.91 3 
94 35 1.89 3 
95 35 1.91 3 
96 36 1.86 3 

Modelling Parameters: 
road_length = 133 cells (~1 km); no. samples = 50; 

Maximum speed = 4 
 
 

 
(a) Scattered vehicles (before clustering) 

 

 
(b) Jam clusters identified throughout the simulation 

 

 
(c) Speed and cluster count plot against total simulation time 

 
Figure 1. Jam clusters identified throughout simulation. 
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Observation: Once jam clusters are detected, algorithm 
in Table II is activated to compute each cluster’s length with 
respective average speed. Fig. 2 shows the computation of 
the extracted properties from the jam clusters in detail. Fig. 
2a shows zoom-in of Fig.1 at t = 86. At time-step 80-90, 
there is a change in the detected jam clusters. Specifically at 
coordinate (86, 3), where x-axis referring to time-step, and 
y-axis referring to number of jam clusters detected (Table 
III, at x = 86, y-axis-1 = 1.77, y-axis-2 = 3).  

In detail, at time-step 86, there are 20 vehicles formed 
the first jam cluster with a length of 58 cells, or 435 m (58 
cells x 7.5 m). The average speed within that cluster can be 
determined by finding the average space mean speed (SMS) 
of the 20 vehicles, which is 2 cells/time-step (54 km/h).  

The average speed within the second cluster is 
determined by finding the SMS of the 9 vehicles, which is 
1.56 cell/time-step (42.12 km/h). The third jam cluster is 
formed by  

2 vehicles with a length of 2 cells (15 m) and SMS of  
0.50 cell/time-step (13.50 km/h).  
 
Analysis: Looking closely at vector ‘ClusterSpeed’ in 

Fig. 2b, one may identify that the average speed for the 
second cluster oscillates between 1.3 and 1.6 cell/time-step 
(~35 km/h and 43 km/h). Fig. 3 explains how the third 
cluster ‘add-on’ to the tail of the second cluster. Although 
the second cluster may find spaces to break the jam (having 
enough headways to speed up at the front), but the constant 
add-on on its tail may just further prolong the slowdown by 
passing the rippling stop-and go waves to the back.  

The relationship between number of clusters detected 
and its impact on the average space mean speed may link 
directly to the stop-and-go traffic waves. That means as 
more clusters developed, there is more chain of rippling 
traffic waves in the traffic stream, although not necessarily. 
In order to be certain, one needs to look at the length of the 
cluster (cluster’s length is increased in Fig. 2). With these 
newfound properties, some actions can be considered to 
countermeasure the formation of such jam clusters. 

The proposed corrective action is twofold: firstly the cars 
in the middle of the jam may check the traffic state ahead 
(cluster’s length and speed within the cluster) and cruise 
accordingly, and secondly, as hypothesised, the incoming 
vehicles may bring in the space into congestion by means of 
slowing down rather than speed up and filling up the space 
ahead. The act of filling up the space ahead may roughly 
translate as piling up on the tail of the jam cluster. 
Therefore, the default traffic CA model update rules (NaSch 
default acceleration rules) are revised to test the validity of 
the hypothesis. 
  

  
(a) Zoom-in at t = 86 

 

 
(b) Computing clusters’ length and speed within each cluster  

(looking closely at t = 86, the most left column) 

 

 
(c) Illustration of extracted properties from jam clusters 

 
Figure 2. Jam clusters properties: length and speed. 

 
 

 
Figure 3.  Piling-up of jam clusters. 
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IV. POTENTIAL CORRECTIVE ACTION ANALYSIS 
 

As discussed earlier, the proposed corrective action is 
twofold:    

• Cars in the middle of the jam check traffic state 
ahead  

• Incoming vehicles bring space into congestion, by 
slowing down (cruising) 

 
Table IV shows the proposed corrective action 

algorithm. The result is analysed as in Fig. 4.  
 
Observation: After warm-up phase, traffic waves started 

to appear due to the programmed traffic randomisation 
factor. Based on the information extracted from the detected 
jam clusters,  

a corrective action can be applied to prevent incoming 
vehicles from prolonging the slowdown created at the head 
of the stream. Fig. 4c shows 5 jam clusters are detected at 
time-step 80–81.  

 
Analysis: In order to be certain if the detected jam 

clusters are chains of rippling traffic waves, one needs to 
look at the length of the clusters and the average space 
within such cluster. Although there are more jam clusters 
detected with corrective action taken, however the length 
and average speed within the clusters reveal more on the 
condition of the traffic stream. With cruising through the 
jam, cars may leave their current cluster and join the cluster 
ahead of them in a controllable manner, in a way that 
‘leaving more space to absorb the traffic waves’. 
 

TABLE IV. POTENTIAL CORRECTIVE ACTION ALGORITHM 
1 User settings: 

ClusterJamFlag = 0; % used to flag the program there       
                                 % is traffic waves ahead 

2 while (1) % keep looping until all cars exited the road 
3  if road(1, 1) == 0 && ClusterJamFlag == 0 

% checking headway clearance, but if cluster jam is 
% detected, set vehicle to cruise, otherwise proceed 
% with NaSch acceleration rules 

4   for (j = 1:road_length; j < road_length; j++)  
5    if (ClusterLength > 20) 
6     if (velocities(j) > ClusterSpeed) 
7      velocities(j) = ClusterSpeed – velocities(j);  

                                   % cruising speed 
8     else 
9      velocities(j) = velocities(j) + 1;  

                                   % default
10     end 
11     if (velocities(j) > headways) 
12      velocities(j) = velocities(j) – 1 ; 

% avoid collision
13     end 
14   end 
15  end 
16 end 

 
 

 
(a) Clustering of traffic waves 

 

 
(b) Zoom-in at t = 80 to 90 

 

 
 

 
(c) Cluster’s length and speed from t = 80 to 90 

 
Figure 4.  Potential correction action analysis. 
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 What does it means by leaving space for traffic waves 
absorption? Looking closely (Fig. 4) at t = 80, cluster-2 is 
formed by 18 cars, but at t = 81, the previous car at the head 
of cluster-2 (cell-93 in t = 80) is now joined the tail of 
cluster-1 (cell-97 at t = 81). The similar trend can be 
observed in other clusters as well. This approach allows a 
subset of vehicles to travel with less speed fluctuation in the 
traffic stream, which is also the foundation behind the works 
proposed in [17 – 19].  

To comprehend the feasibility of the proposed corrective 
action, an analysis is checked against several traffic 
parameters as in Table V. Based on Malaysia local highway 
traffic data (Table VI), average density for the three 
highways are 0.15, 0.29 and 0.38 respectively.  

Thus feeding a 1 km length of road with 20 cars, 40 cars, 
and 60 cars would have maximum density of 0.15, 0.30, and 

0.45 respectively. Table VII shows two sets of sweep pattern 
analysis for a road length of 1 km. 

 
TABLE V. FEASIBILITY CHECK OF POTENTIAL CORRECTIVE 

ACTION (ROAD LENGTH = 1 KM) 

Road length Σ car feed in pFlux 

1 km 
(1000 m / 7.5 m 

= 133 cells) 

20 0.2, 0.4, 0.6 
40 0.2, 0.4, 0.6 
60 0.2, 0.4, 0.6 

 
 
TABLE VI. FLOW DENSITY AND SPEED ESTIMATION FOR THREE 

MAJOR HIGHWAYS IN MALAYSIA 

Highways Length 
(km) 

Flow 
(veh/h) 

Density 
(veh/km) 

Speed 
(km/h) 

KL-Karak 19.00 950 20.00 48.80 

KL-Ipoh 12.10 1159 38.31 39.75 

KL-Seremban 8.10 1029 50.81 22.45 
 
 

TABLE VII. SWEEP PATTERN ANALYSIS (ROAD LENGTH = 1 KM) 
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The first set is a traffic simulation with default speed 
updates and the second set is a traffic simulation with 
potential corrective action approach (Table VII, where ρ is 
randomisation factor; sstep is time measured in seconds;  

μ = space mean speed in cell/sec; k = density measured 
in car/cell). Both sets are checked against different pFlux 
value (0.2, 0.4 and 0.6). As the pFlux value is randomly 
generated, thus one simulation data would be different than 
the next.  

As such, each traffic settings need to be run repetitively 
to establish a certain pattern of results.  

 
Observation: Table VIII shows the performance 

evaluation between the default speed updates approach and 
the corrective action approach. The range for all sample (20, 
40, 60) with pFlux value as low as 0.2 shows that the 
proposed corrective action does provide improvement in the 
total time taken to traverse that 1 km stretch of road. For 
instance in the case of 20 samples, the improvement in time 
taken is ranged between 2.47 % to 10.59 %. The best time 
improvement would be when pFlux = 0.4 for all samples, 
where in the worst case scenario, 4.21 %, 5.48 % and 6.49 
% of improvement are identified for 20 samples, 40 samples 
and 60 samples respectively. 

 
Analysis: Taking simulation data of 40 samples, Fig. 5 

shows the comparison for both methods. Looking closely at 
both graphs, before t = 25, it seems that the speed for the 
corrective action is unstable. This may due to the algorithm 
set to re-adjust vehicles’ speed to cruise rather than 
accelerate to the maximum limit. Similar observation also 
observed in the field experiments conducted by [20] where 
the controller used (in the autonomous vehicle) to dampen 
traffic waves does slightly reduces the average velocity. 
Despite of the slow start-up in corrective action approach, 
both graphs show that both methods yield comparable 
average speed, but a significant difference in time taken to 
travel that stretch of 1 km length of road.  

 
TABLE VIII. PERFORMANCE EVALUATION FOR CORRECTIVE 

ACTION (ROAD LENGTH = 1 KM) 

Σ 
car 

ρ 
Default Updates Corrective Action 

Range (%) Shortest 
time (s) 

Longest 
time (s) 

Shortest 
time (s) 

Longest 
time (s) 

20 
0.2 81 85 76 79 2.47 – 10.59 
0.4 95 99 87 91 4.21 – 12.12 
0.6 112 126 99 108 3.57 – 21.43 

40 
0.2 123 127 115 120 2.44 – 9.45 
0.4 146 156 136 138 5.48 – 12.82 
0.6 174 188 158 168 3.45 – 15.96 

60 
0.2 163 167 157 161 1.23 – 5.99 
0.4 185 190 170 173 6.49 – 10.53 
0.6 236 242 222 230 2.54 – 8.26 

 

One may also note that, at higher pFlux value (0.6), 
there is a bigger chance for time improvement with 20 
samples and 40 samples compare to 60 samples. This may 
be due to the length of the road being 1 km in length, 
leaving less space for traffic waves absorption at high 

volume despite of the efforts in bringing space into it (too 
many vehicles trying to cruise in a little space, before ‘more 
efforts’ is made, the cluster jams already left the section of 
road). Fig. 6 shows the comparison for 40 samples and 80 
samples, both subjected to pFlux = 0.6. Note that the 
corrective action approach yields higher time improvement 
in 40 samples than in 80 samples with both samples 
travelling on a stretch of 1 km length of road (simulation 
trials data for the 80 samples are not shown in Table VII).  
  

 
(a) Minimum time improvement of 5.48 % 

 

 
(b) Maximum time improvement of 12.82 % 

 
Figure 5. Case 1: Bring space into congestion for optimum travel time. 

 
 

 
(a) Best case time improvement for 40 samples (15.96 %) 

 

 
(b) Best case time improvement for 80 samples (6.75 %) 

 
Figure 6. Case 2: Higher samples of car on limited length of road. 
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 To investigate the influence of physical road length and 
traffic volume, similar sweep pattern analysis is performed 
across 3 km and 5 km length of road (Table IX - XI).  

In order to assess the efficacy of the potential corrective 
action approach on higher density value, a full sweep 
pattern analysis for a road length of 5 km with 300 samples 
is performed (maximum density of 0.45). As the best time 
improvement previously noted at randomization set at 0.4, 
thus the 300 samples would be subjected to pFlux = 0.4. 

The mean, respective variance (s2) and standard 
deviation (s) for the simulation time step of the 20 trials are 
calculated as in Table XIII. 

 TABLE IX. FEASIBILITY CHECK OF POTENTIAL CORRECTIVE 
ACTION ACROSS THE BOARD (ROAD LENGTH = 3  KM AND 5 
KM) 

Road length Σ car feed in pFlux 
3 km 

(3000 m / 7.5 m = 
400 cells) 

20 0.2, 0.4, 0.6 
40 0.2, 0.4, 0.6 
60 0.2, 0.4, 0.6 

5 km 
(5000 m / 7.5 m = 

666 cells) 

20 0.2, 0.4, 0.6 
40 0.2, 0.4, 0.6 
60 0.2, 0.4, 0.6 

300 0.4 

 
 

TABLE X. SWEEP PATTERN ANALYSIS (ROAD LENGTH = 3 KM) 
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TABLE XI. SWEEP PATTERN ANALYSIS (ROAD LENGTH = 5 KM) 

 
 

 
 

TABLE XII. SWEEP PATTERN ANALYSIS (ROAD LENGTH = 5 KM; SAMPLE = 300) 
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To understand the divergence of the simulation time 
results, Table XIII shows the respective variance (s2) and 
standard deviation (s) for the 20 trials performed in Table 
XII. Table XIV and Table XV show the performance 
evaluation between the default speed updates approach and 
the proposed corrective action approach, tested on 3 km and 
5 km length of road (the data is extracted from Table X and 
Table XI). 

 
TABLE XIII. STANDARD DEVIATION FOR 20 TRAFFIC 

SIMULATION (ROAD LENGTH = 5 KM, SAMPLE = 300, PFLUX = 
0.4) 

Method Mean s2 s 

Default updates 929.45 69.73 8.35 

Corrective Action 888.30 123.38 11.11 
 

TABLE XIV. PERFORMANCE EVALUATION FOR CORRECTIVE 
ACTION (ROAD LENGTH = 3 KM) 

Σ car ρ 
Default Updates Corrective Action 

Range (%)Shortest 
time (s) 

Longest 
time (s) 

Shortest 
time (s) 

Longest 
time (s) 

20 
0.2 150 154 149 151 -0.67 – 3.25
0.4 167 175 160 166 0.60 – 8.57 
0.6 209 214 192 199 4.78 – 10.28

40 
0.2 201 208 193 196 2.49 – 7.21 
0.4 225 235 212 218 3.11 – 9.79 
0.6 277 285 253 265 4.33 – 11.23

60 
0.2 245 248 233 242 1.22- 6.05 
0.4 278 291 265 270 2.88 – 8.93 
0.6 347 359 307 324 6.63 – 14.48

 

Observation: Table XIV shows the corrective action 
approach not always yields positive results and the lowest 
range of time travel improvement may seem insignificance. 
For the case of 20 samples and pFlux value as low as 0.2, 
the performance evaluation range falls in between -0.67 % 
to 3.25 %. 

 
Analysis: Under certain condition such as low traffic 

volume and low randomisation, corrective action may deem 
unnecessary. That means 20 samples on a stretch of 3 km 
length of road, point to a maximum density of 0.05 veh/km 
(20 samples * 7.5 m / 3000 m = 0.05 veh/km). One may 
imagine a low traffic volume during the festive season, with 
heavy traffic leaving the capital city of Kuala Lumpur. 
Cruising on idle highways during the off-peak hours may 
result in longer travel time, as opposed to drive within speed 
limits.  

Table XIV also shows bigger range for time 
improvement with higher pFlux value. This indicates the 
corrective action approach does work to re-correct the 
instability caused by the randomization factor. Although the 
pattern does show an increment with higher number of 
samples, but up to a certain degree the trend may start to 
decrease. Similar trend can be observed in Table XV with 
maximum samples of 60, it is long enough for traffic waves 
to disperse in 5 km length. 60 samples on a stretch of 5 km 
length of road, point to a maximum density of 0.09 veh/km 
(60 samples * 7.5 m / 5000 m = 0.09 veh/km). 

Traffic simulation with 300 samples show the corrective 
action approach does improve travel time (improvement 
range from 1.96 % to 7.96 %). That means corrective action 
approach may not at its best at low traffic volume, but 
feasible at medium to high traffic volume. It is worth noting 
that the field experiments carry out in [20] show smooth 
driving does help to stabilize overall traffic flow.  

Although the field experiments are not intended to 
optimize travel time, however, it shows that throughput does 
increase by controlling the speed fluctuations (cruising) in 
the traffic stream. As the objective function is identified 
with travel time as respective parameter, the proposed 
potential corrective action is viable with a certain range of 
travel time’s improvement. 
  

TABLE XV. PERFORMANCE EVALUATION FOR CORRECTIVE 
ACTION (ROAD LENGTH = 5 KM) 

Σ car ρ 
Default Updates Corrective Action 

Range (%) Shortest 
time (s) 

Longest 
time (s) 

Shortest 
time (s) 

Longest 
time (s) 

20 
0.2 226 228 222 224 0.88 – 2.63 
0.4 250 257 242 247 1.20 – 5.84 
0.6 283 293 274 274 3.18 – 9.56 

40 
0.2 275 279 262 268 2.55 – 6.09 
0.4 306 310 294 299 2.29 – 5.16 
0.6 366 379 342 354 3.28 – 9.76 

60 
0.2 317 325 305 311 1.89 – 6.15 
0.4 370 378 351 362 2.16 – 7.14 
0.6 425 432 411 417 1.88 – 4.86 

300 0.4 918 942 867 900 1.96 – 7.96 
 

  
V. CONCLUSIONS 

 
This paper begins with an overview of how drivers tend 

to speed up to get to their destination faster. They are 
researches suggesting that reasoning may not true and may 
result in the traffic paradox ‘faster is slower’. In order to 
comprehend such irony, this paper aims to study the 
weightage of acceleration and deceleration and how vehicles 
in close proximity initiating the stop-and-go waves.  

As discussed in Section I, average travel time is 
identified as the parameter in the objective function for this 
project. Based on the simulated data of the NaSch TCA 
model presented in Section II, Section III proposed an 
additional parameter to estimate state of congestions by 
clustering the traffic waves. This approach is realised by 
evaluating the headways between cars and identified the 
pattern of jam clusters. Based on the identified jam clusters, 
properties such as cluster length and its average speed are 
analysed for corrective action. The proposed potential 
corrective action is shown viable with a certain range of 
travel time’s improvement. 
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