
 

 

Evaluation of Fuzzy Intelligent Traffic Signal Control (FITS) system using traffic 
simulation  
 
 

Junchen Jin1, Xiaoliang Ma1,*, Kari Koskinen2, Michael Rychlik2 and Iisakki Kosonen3  
 
 
 
 
1 

Traffic Simulation & Control (TSCLab),  
Division of Transport Planning, Economics and Engineering (TEE), 
Department of Transport Science, KTH Royal Institute of Technology 
Address: Teknikringen 10, Stockholm 10044, Sweden. 
 
 
 
2 

Technical Office – Finland 
RSM Ltd. 
Address: Lars Sonckin Kaari 10, Espoo 02600, Finland 
 
 
3 

Department of Civil and Environmental Engineering,  
Aalto University 
Address: P.O.Box 12100, AALTO 00076, Finland 
 
 
* Corresponding author 
Email: liang@kth.se 
 
 
 
 
 
 
 
 
 
Submitted to the Transportation Research Board 95th Annual Meeting, 2016. 
 
Word count: 4,876 words text (Abstract + Text) + 10 (Figures + Tables) x 250 words (each) = 7,376 words 
 
 
 
 
 
Submission Date:  2015-11-15  



Jin et al.  1 
  
 

 

ABSTRACT 1 
Signal control systems have been widely developed all over the world, both in the aspects of setting signal 2 
parameters of methods and the control strategies. In general, it is a trend to offer a convenient and cheap approach to 3 
improve the existing signal control system based on the current road infrastructure. Fuzzy Intelligent Traffic Signal 4 
(FITS) control provides such an approach. FITS system is implemented on an intermediate hardware device capable 5 
of receiving message from signal controller hardware as well as overriding traffic light indications in real-time 6 
operations. Different signal control strategies and optimization toolboxes can be integrated as the embedded 7 
software in the FITS hardware device. In order to evaluate the effects of FITS system, this study attempts to develop 8 
a simulation-based evaluation framework for FITS system. A case study is carried out by comparing different 9 
commonly used signal control strategies with the default control strategy in FITS, fuzzy control strategy. The 10 
simulation results show that FITS has the potential to improve traffic mobility, compared to all of the tested signal 11 
control strategies, due to its ability in generating flexible phase structures and making intelligent timing decisions. In 12 
addition, the negative effects of detection malfunction have been investigated in this study. The experiment results 13 
point out that the influence on FITS is acceptable when a few detectors are out-of-order.  14 
    15 
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 1. INTRODUCTION 1 

In urban traffic managements and operations, signal control system plays a crucial role in mitigating congestion 2 
issues. Around the world, most deployed signal control systems are based on fixed-time (FT) or vehicle actuated 3 
(VA) timing logic. In the past decades, a number of transport agencies and researchers have been attempting to 4 
improve the deployed signal control systems by tuning the signal timing parameters. One of the most commonly 5 
used methods is to apply simulation-based optimization approach with respect to the pre-defined policy objectives. 6 
For example, Ma et, al. applied a stochastic optimization method (i.e. genetic algorithm) to determine signal control 7 
parameters for the purpose of improving traffic mobility efficiency, enhancing energy and reducing gap emissions 8 
exhausted by vehicles (1). However, the optimal signal parameters are corresponding to a certain level of traffic 9 
demand. Due to uncertainties of the transportation system and variations of traffic demands, the tuning process for 10 
signal parameters has to be continuously executed in real-world operations. On the other hand, the signal parameters 11 
are pre-defined in the signal controller hardware. In practice, it would be hard to frequently change signal 12 
parameters under the existing architecture of signal control system in order to be in accordance with the traffic 13 
demands. 14 

An alternative approach towards improvement of traffic signal control system is to develop novel control 15 
approaches. Along the evolution of signal control system, adaptive signal control system, in which traffic 16 
performance is optimized by considering the demand patterns at the intersection or even on the whole traffic 17 
network, is of great importance. And the emerging techniques offer great opportunities to provide more efficient 18 
traffic signal control strategies. For instance, the recent advances in connected vehicle, enabled by wireless 19 
communication technology, are able to provide high fidelity data of vehicle states to signal controller. Several 20 
studies have pointed out that the traffic mobility efficiency of signal control systems can be further improved in a 21 
connected vehicle environment (2, 3). However, the cost of deploying the new signal control system is considered 22 
high by totally changing signal controller hardware. 23 

Consequently, it is more convenient that intermediate hardware device can be installed in the signal 24 
controller cabinets capable of receiving information from existing controller hardware and even real-time overriding 25 
the decisions of traffic light indication. By such device, optimization algorithms and new control strategies can be 26 
implemented as software and embedded into the hardware device. Also, the acquisition of traffic-related data can be 27 
stored in the hardware device in order to improve the signal control strategies. Fuzzy Intelligent Traffic Signal 28 
Control (FITS) is a typical example of such a hardware device. In fact, it is an industrial PC dedicated for signal 29 
control at urban intersection. The embedded system can communicate with real signal controller (such as LHORVA, 30 
MOVA and NEMA) and receive detector information from the existing infrastructure. FITS applies online 31 
simulation to predict real-time traffic states at the installed intersection. The simulation software embedded in the 32 
device carries out an online self-calibration process using live sensing data. The embedded controller software can 33 
also take over the signal control tasks and apply its own control logic. Indeed, a fuzzy group-based signal control 34 
algorithm has been implemented in the controller software. According to the previous study, the control algorithm 35 
has many advantages over existing group-based signal system (4). Currently, the system has attracted lots of 36 
commercial interests and has been, or is going to be, installed for testing in the cities of US and Europe.   37 

This paper aims at evaluating the performance of FITS system using microscopic traffic simulation in a 38 
laboratory environment. The paper is organized as follows. Section 2 presents a brief overview of the development 39 
of traffic signal control systems together with the evaluation methods. The following section describes the signal 40 
control systems that are implemented in FITS. The evaluation method will also be introduced in this section. A case 41 
study is carried out based on a SUMO model and the results are presented in Section 4. Section 5 closes this paper 42 
with conclusions and future work.  43 

 2. LITERATURE REVIEW 44 

In general, the operations of traffic signal control system can be classified into offline and online strategies. The 45 
major difference between these two are whether signal parameters can be changed in real-time with regards to traffic 46 
conditions. For both offline and online (adaptive) systems, on-street detectors, such as in-pavement or video based 47 
loop detectors, are deployed for the purpose of improving the performances of signal control systems. Vehicle 48 
actuated (VA) control system is one of the most commonly used off-line systems with the aid of loop detectors. 49 
LHOVRA and MOVA belong to the earliest VA based signal control systems which were initiated in 1980s (5, 6). 50 
Both LHOVRA and MOVA make extension decision based on time gaps between vehicles reported by detectors. 51 
Therefore, the signal timings vary continuously according to the latest traffic condition. Nowadays, actuated signal 52 
controllers, either in dual-ring manner or in stage-based manner, are widely deployed in US based on National 53 
Electrical Manufacturers Association (NEMA) standards (7). Detection-based offline signal control system has been 54 
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continuously developed in the past decades. For example, Jin and Ma proposed a learning-based signal control 1 
system by utilizing the same detection system as LHOVRA control (8). Their studies reveal that the current signal 2 
control system can be significantly improve, in terms of efficiency of traffic mobility, by using reinforcement 3 
learning algorithm.  4 

In parallel to the developments of offline signal control system, online signal control system started with 5 
SCOOT (9) and SCATS (10). The ideas of SCOOT and SCATS are similar, by selecting the most appropriate signal 6 
plan from a look-up table according to the detected traffic information. Such a update-to-date signal settings pertain 7 
to responsive control strategy. Along with the developing of detection systems, a number of online signal control 8 
systems have been proposed and also deployed in real-world operations (e.g. OPAC (11), PRODYN (12), RHODES 9 
(13), ACS-Lite (14) and CRONOS (15)). Recently, online signal control systems are further improved by 10 
identifying signal control problem as a sequential decision making problem. Some researchers applied approximate 11 
dynamic programming (16) or reinforcement learning (17) techniques into the field of signal control system. 12 
However, most online signal control system deal with traffic management at network level and applies fixed-time 13 
control strategies in local operations. Therefore, the trend of developing online signal control system is to 14 
incorporate the more advanced signal control strategies by optimally changing the parameters. For example, 15 
MOTION signal control system optimizes the timing plans at the network level, and vehicle actuated control is 16 
superimposed in local operation (18).  17 

To evaluate signal control system, Koonce et al. (19) presented a direct way, namely hardware-in-the-loop 18 
simulation (HILS), to provide sophistication and variety of control operations. This is followed by Bullock et al. (20) 19 
who laid out a framework that provides a reference for the application of hardware-in-the-loop simulation. Some 20 
disadvantages of HILS have been observed in research practice, for example, HILS are unable to run much faster 21 
than real time and require separate controller hardware for each intersection. Software-in-the-loop simulation (SILS), 22 
hence, becomes popular in research community. Literally, role of hardware controller in HILS is replaced by the 23 
software implementation of control logic under SILS environment. 24 

  3. METHODOLOGY  25 

3.1 FITS system   26 

FITS control is based on group-based phasing techniques. In group-based signal control system, signal group and 27 
phase are two basic components. Signal group is defined as a traffic movement and timings are directly assigned to 28 
each signal group. All of the compatible signal groups are possible to form a phase. Conflict matrix is used to 29 
represent the conflicts between signal groups. The right diagram of Figure 1 shows a typical example of conflict 30 
matrix. Value “0” represents that signal groups can be served simultaneously. Inter-green times between the signal 31 
groups will be assigned into gray squares. In addition, the left diagram of Figure 1 gives an example of the operation 32 
for group-based phasing. Assume signal group SG1 is activated. Signal group SG1 is able to combine with SG2, 33 
SG3 and SG4. Thus, three possible combinations are represented by phase PH1, phase PH2 and phase PH3. In 34 
practice, the decision of signal group to be combined with depends on the detection information. If phase PH1 is 35 
determined, the following phase might be either phase PH3 or phase PH2 or phase PH4 depending on which one of 36 
the signal group in phase PH1 is terminated. Consequently, the phase sequence is capable to be flexibly generated in 37 
real-world traffic signal operations.  38 
 39 
 40 
 41 

 42 
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 1 
 2 
FIGURE 1: Illustration of group-based phasing technique. 3 
 4 

 5 
 6 
FIGURE 2: Configuration of detection system for FIT control. 7 
 8 

FITS system is originally extended based on LHOVRA control system so that the detection infrastructure 9 
follows the mainstream Nordic signal control system. Figure 2 presents the configuration of detection system. 10 
Detectors in Figure 2 are designated by the distances from stop line. For example, D10 refers to a detector 10 meters 11 
upstream from the stop line. In this detection system, short detectors and one long detector are served along the road. 12 
And the long detector is placed close to stop line. The usage of detectors in the LHORVA system is explained with 13 
the aid of time-space diagram in Figure 2. Signal keeps green until all the accumulated vehicles drive through the 14 
intersection (leaving zone A in Figure 2). And the outer short detectors are authorized to extend green to guarantee 15 
that vehicles can drive to the next detector before signal is ordered to go to red. The authorization of green time is 16 
determined by a gap searching algorithm. The basic idea of gap searching algorithm behind is that signal group 17 
extends green time if vehicles arrive at the detector with shorter time gaps than a certain interval. Even if conditions 18 
for extension are fulfilled, green indication is restricted be extended up to maximum green time. 19 

FITS system applies a Mamdani fuzzy inference system to implement multi-phase control based on 20 
sensory system information (shown in Figure 3). Since online simulation is applied to model live traffic state, 21 
different types of inputs and control policies can be applied by fuzzy rule reasoning. In general, the system is 22 
capable of applying a three-level of fuzzy reasoning: reasoning on traffic demand, reasoning on phase and sequence 23 
selection and reasoning on green ending and extension. In the context of VA control, the decision on green 24 
extension (GE) can be derived by fuzzy 2 type rules on the current green extension (CGT) and queue length for all 25 
conflicting signal groups (QL) (see the bottom of Figure 3). 26 
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 1 
 2 

FIGURE 3: The basic architecture of the FITS-system with autonomic features: sensory processing system 3 
(left) and decision-making (right). 4 
 5 

 6 
 7 
FIGURE 4: Data flow of FITS-in-the-loop simulation. 8 
 9 

Depending on application, the fuzzy rule database can be further extended. For example, it has been 10 
extended for implementing publication transit (PT) priority as well as pedestrian flow control. In principle, the 11 
whole fuzzy inference system has to be optimized for rules and fuzzy membership functions at different reasoning 12 
level. For simplicity, we focus on the fuzzy reasoning on green ending and extension. The rule set and fuzzy 13 
membership functions are pre-tuned under normal traffic demand.   14 
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Rule 1: IF CGT is LARGE AND QL is SMALL THEN GE is MEDIUM 1 
Rule 2: IF CGT is SMALL AND QL is SMALL THEN GE is MEDIUM 2 
Rule 3: IF CGT is SMALL AND QL is SMALL THEN GE is LARGE 3 
… 4 
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 1 
 2 
FIGURE 5: Intersection layout and control components for different signal control strategies. 3 
 4 
TABLE 1: Traffic flow and control parameters for each signal group. 5 
Traffic 
movement ids 

Simulation and control parameters  

 Traffic flow 
(vehicles/hour) 

Minimum green time 
(seconds) 

Maximum green time 
(seconds) 

Yellow time 
(seconds) 

 

SG1 242 6 30 3  
SG2 220 6 30 3  
SG3 75 4 30 3  
SG4 63 4 30 3  
SG5 198 6 30 3  
SG6 298 6 30 3  
SG7 63 4 30 3  
SG8 63 4 30 3  

 6 

3.2 FITS-in-the-loop simulation   7 

As introduced above, FITS is a traffic signal control system that is integrated with real-time traffic 8 
simulation. Simulation engine and fuzzy signal control algorithm are embedded as software into FITS hardware 9 
device. In this paper, the evaluation approach of FITS is defined as FITS-in-the-loop simulation. Figure 4 presents 10 
the data flow of FITS-in-the-loop simulation both for field test and simulation test. This study focuses on the 11 
evaluation of FITS system using traffic simulation (below part of Figure 4). Basically, detection data are sent from 12 
traffic simulation software to FITS through simulation software interface. FITS immediately generates traffic light 13 
indications and thereafter sends to traffic simulator when it receives the detection data. Similarly, in real-world 14 
operation, FITS hardware device is connected to signal controller hardware via an Ethernet cable. When connecting 15 
to signal controller hardware, FITS provides realistic traffic control with access to all of its features by using live 16 
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traffic detection information. The communication between FITS and traffic simulator or signal controller hardware 1 
is enabled by Machine-to-Machine (M2M) communication. In this study, MQTT, a M2M connectivity protocol, 2 
allows for FITS to send and receive message to and from simulation software interface.  3 

 4. CASE STUDY  4 

4.1 Experiment setup  5 

The case study is performed at an isolated intersection in Tampere, Finland where FITS is deployed on in practice. 6 
The east-west street is named as Heikkilänatu and Aitolahdentie is the north-south road. Figure 5 shows the layout 7 
of the study intersection. Separate lanes are dedicated to right-turns so that they are not regulated by traffic lights. 8 
Therefore, eight signal groups have been defined for this intersection (see Figure 5). On each regulated lane, a long 9 
loop detector locating close to stop line and a short station detector that is placed 50 meters away from the stop line. 10 
Four different signal control strategies, including stage-based VA control, dual-ring VA control (NEMA), group-11 
based VA control (LHOVRA) and FITS control, will be tested in the experiments. As introduced above, both group-12 
based VA and FITS on-line generate phase structure according to the real-time traffic conditions and conflict matrix. 13 
Conflict matrix of the intersection is presented in Figure 5, indicating the conflict conditions among signal groups as 14 
well as the inter-green times. Phase sequence is required to be pre-defined for stage-based VA control. Note that 15 
dual-ring VA control is also able to generate flexible phase sequences according to the detection information. But 16 
the sequence of a phase ring should be pre-determined. Figure 5 also shows the used phase structures for both dual-17 
ring VA and stage-based VA.  18 

The traffic simulation engine is based on SUMO version 0.19.0, an open-source and discrete-time based 19 
microscopic traffic simulator (21). Table 1 contains the traffic flow data for each movement in simulation. The 20 
traffic movement id corresponds to the signal group shown in Figure 5. Signal parameters (minimum green time, 21 
maximum green time and yellow time) are identical for all of the signal control strategies (see Table 1). In addition, 22 
parameters of membership functions for fuzzy control in FITS system are calibrated in accordance with the traffic 23 
flows. To emulate real traffic conditions, parameters of driving behavior models are calibrated and validated. All 24 
traffic simulations are performed for a 60-minutes interval, excluding a warm-up period of 15 minutes to prevent 25 
from initial loading effects. Average travel delay (second per vehicle) and average number of stops are selected as 26 
the mobility indicators in this paper. Here, a stop is registered when vehicle speed is below 2 meter per second. 27 
Performance measures are computed by using vehicle trajectory data that are obtained from traffic simulation. 28 

4.2 Effects of signal control systems 29 

First, performances on traffic mobility are investigated for all of the signal control strategies (see Table 2). In 30 
general, FITS controller outperforms the other tested signal controllers by resulting in the lowest values of average 31 
travel delay and average number of stops. That means, on average, drivers spend less time and stop less at the 32 
intersection if FITS is deployed with the specific traffic demand. Among the tested signal control strategies, stage-33 
based VA controller seems to perform worst in terms of traffic mobility efficiency. That is probably caused by the 34 
fact that stage-based VA is not able to generate flexible phase structures. Both dual-ring VA and group-based VA 35 
apply the same timing logic and signal control parameter as stage-based VA capable of forming phases according to 36 
traffic conditions. For example, traffic flow associate with north-to-south (SG5 movement) direction is 198 37 
vehicles/hour while is 298 vehicles/hour for south-to-north direction (SG6 movement). It is natural that SG6 38 
movement deserves more green times than SG5 movement. However, identical values of green time are always 39 
assigned to these two traffic movements if stage-based VA is used. In the operations of dual-ring VA or group-based 40 
VA controls, SG6 movement might also be combined with another compatible traffic movement, i.e. SG8, so that 41 
the green time can be more efficiently utilized. In comparison to dual-ring VA controller, group-based VA controller 42 
is capable to construct more possible phase sequences in a cycle. Here, group-based signal control is able to generate 43 
a following scenario in the phase sequence that dual-ring based signal control cannot. That is, all of the traffic lights 44 
associated with both SG7 and SG8 signal groups are activated before those of SG5 and SG6 signal groups in a cycle. 45 
The difference of flexibility might be the reason that group-based VA performs slightly better than dual-ring VA in 46 
terms of reducing average travel delay. Except for the aforementioned properties of group-based VA control, FITS 47 
is able to not activate some signal groups in a cycle. The phenomenon occurs when no vehicles are waiting or the 48 
queue is quite short on the lanes controlled by these signal groups. Consequently, the average cycle length for FITS 49 
control is much smaller than other signal controls (see Table 2).  50 
 51 
 52 
 53 
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 1 
 2 
FIGURE 6: Average green time and the corresponding traffic flow for signal groups. 3 
 4 
TABLE 2: Performance measures of different signal control strategies. 5 
 6 
Signal control strategies Performance measures    

 Average travel delay 
(seconds / vehicle) 

Average number of stops 
(times / vehicle) 

Average cycle length 
(seconds) 

Stage-based VA 27.41 0.756 73.85  

Dual-ring VA 25.50 0.769 64.28  

Group-based VA (LHOVRA) 24.27 0.759 62.08  

FITS 23.26  0.710 39.72*  

* Cycle length represents the time duration that FITS goes back to a specific signal group as FITS is an acyclic control.  7 
 8 

To provide an insight of the operations for different signal control schemes, Figure 6 shows the average 9 
green time per minute for each signal group and the corresponding traffic flows. As discussed above, stage-based 10 
VA performs poor in dealing with the unbalanced traffic flow on the lanes that controlled by the same stage. 11 
Specifically, green times allocated to signal group SG5 are wasted while are not enough for signal group SG6. Dual-12 
ring VA control and group-based VA generate similar patterns in average green time across the eight signal groups. 13 
However, such patterns are not consistent with the pattern of traffic flows. Especially, traffic flow of signal group 14 
SG8 is set as the same value as signal group SG7. But the average green times of SG8 for both dual-ring VA and 15 
group-based VA are considerably higher than signal group SG7. The high traffic flow for SG6 might lead to the 16 
inefficient allocations of green time for SG8. The reason is as follows. The demands of extending green time for 17 
SG5 are not as much as for SG6 so that SG5 is highly possible to terminate first when it is in a phase with SG6. 18 
Thereafter, SG8 becomes the only possible signal group that can work with SG6 in a phase due to the conflict 19 
conditions in this case. Thus, the green time of SG8 is increased by operating together with SG6. For FITS control 20 
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system, the pattern of average green time is in line with the pattern of traffic flows. Additionally, the sum of average 1 
green time is much higher than those of the other control strategies. FITS is capable of skipping some signal groups 2 
so that the yellow time and inter-green time for the signal groups associated with small traffic flow can be avoided. 3 
Meanwhile, more green times can be allocated to the signal groups that are with high traffic flows (e.g. SG6).   4 

4.3 Effects of the malfunction of detection system  5 

It was highlighted that the performances of signal control systems might be significantly degraded if the loop 6 
detectors are malfunctioning. Hence, the negative effects of malfunction for detection system will be further 7 
evaluated. Five different scenarios of the breakdowns for detectors are simulated in this paper. Here, malfunction of 8 
detector means that the detector does not send the detection information to signal controller. Scenario 1, 2, 3 and 4 9 
respectively presents that one long detector is malfunctioning on left-turn direction, one short detector is 10 
malfunctioning on left-turn direction, one long detector is malfunctioning on straight direction and one short 11 
detector is malfunctioning on straight direction. Scenario 5 is a combination scenario of the above four scenarios. 12 
The detectors are randomly selected with respect to the scenario but are identically applied to different signal control 13 
systems for comparison purpose.  14 

Table 3 shows the results of average travel delay for different scenarios of detector malfunction. In 15 
scenarios 1, 2 and 4, malfunction of the detector does not influence much on stage-based VA control or dual-ring 16 
VA control or group-based VA control. Traffic flow is low on left-turn direction so that the malfunction scenario 1 17 
and 2 does not significantly effect on the performances of transportation system. Performances of traffic signal 18 
control systems using vehicle actuated timing, regardless of phasing techniques, are severely degraded if long 19 
detector does not report information to signal controller. This indicates, together with the results from scenario 3, 20 
that short detectors assist in vehicle actuated timing but long detectors play a crucial role in the decision making 21 
process. It can be explained by the following fact. The task for short detectors is to guarantee that vehicle is able to 22 
arrive at the tail of the following long detector while long detector is responsible for making vehicle pass through the 23 
intersection. A more interesting phenomenon is that work of FITS can be acceptable when detectors are not in 24 
proper modes. The increase of travel delay is less than 30% when four detectors are not working if FITS is in use 25 
while is around 100% for other signal control systems. This might be caused by that the operations of FITS consider 26 
traffic states at the whole intersection rather than the states on a few lanes. The useful detection information on other 27 
lanes might compensate the negative effects caused by detection errors. On the other hand, FITS applies real-time 28 
simulation as a predictive tool for traffic states in the near future. If traffic states are correctly estimated, the 29 
extension decisions can be properly made even if detectors are malfunctioning.  30 
 31 
TABLE 3: Average travel delay for different malfunction scenarios for different detection strategies. 32 
 33 
Signal control strategies Average travel delay (seconds / vehicle)  

 Baseline Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 

Stage-based VA 27.41 27.11 27.59 41.91 26.70 52.61  

Dual-ring VA 25.50 25.58 25.60 67.80 25.70 65.54  

Group-based VA (LHOVRA) 24.27 25.61 25.31 65.05 25.86 68.82  

FITS 23.26 27.37  28.48 27.24 26.45 29.95  

 34 

 6. CONCLUSIONS 35 

A fuzzy signal control strategy, embedded as software in a hardware device, has been successfully tested by an open 36 
source simulation engine, SUMO. Due to the difficulties in upgrading the signal control system based on the current 37 
architecture, the hardware device, FITS, provide a great opportunity to improve the existing signal control system 38 
without changing the current road infrastructure. FITS is capable of communicating with signal control hardware as 39 
well as simulation software by sending and receiving message to and from signal controller hardware. In this study, 40 
Machine-to-Machine connectivity protocol is applied for the information exchange between FITS and SUMO. FITS 41 
is compared with several commonly used signal control strategies, including stage-based vehicle actuated control, 42 
dual-ring vehicle actuated control and group-based vehicle actuated control strategies. Among these tested signal 43 
control strategies, FITS exhibits a best performance, in terms of improving traffic mobility efficiencies, among all of 44 
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the tested signal control strategies given the pre-defined signal parameters and a specific traffic flow pattern. 1 
Additionally, the effects of detection malfunction have been investigated for all the control strategies. The results 2 
indicate that vehicle actuated controls irrespective of phasing techniques are highly effected by the detection of long 3 
detectors. However, the negative effects of detection malfunction can be eased for FITS control by considering the 4 
traffic states at the whole intersection with the aid of predicting information by real-time traffic simulation. 5 
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