4

X/
*

Scientific
Research
Publishing

()

<
X8

%

Journal of Transportation Technologies, 2025, 15(3), 437-455
https://www.scirp.org/journal/jtts

ISSN Online: 2160-0481
ISSN Print: 2160-0473

Impact of Sensing Range on Real-Time Adaptive
Control of Signalized Intersections Using
Vehicle Trajectory Information

Andalib Shams, Christopher M. Day

Institute of Transportation, Iowa State University, Ames, IA, USA
Email: ashams@iastate.edu, cmday@iastate.edu

How to cite this paper: Shams, A. and Day
C.M. (2025) Impact of Sensing Range on
Real-Time Adaptive Control of Signalized In-
tersections Using Vehicle Trajectory Infor-
mation. Journal of Transportation Technolo-
gies, 15, 437-455.
https://doi.org/10.4236/jtts.2025.153019

Received: June 1, 2025
Accepted: July 28, 2025
Published: July 31, 2025

Copyright © 2025 by author(s) and
Scientific Research Publishing Inc.

This work is licensed under the Creative
Commons Attribution International
License (CC BY 4.0).

http://creativecommons.org/licenses/by/4.0/

Abstract

This study examines the impact of the detection sensing range on the quality
of the signal control. The performance of advanced signal control methods, a
Self-Organizing Algorithm (SOA) and Phase Allocation Algorithm (PAA),
was tested in simulation with varying ranges within which the detection was
able to measure vehicle positions and speeds. Three different traffic scenarios
were developed: symmetric, asymmetric, and balanced. Both algorithms ex-
hibited improvements in performance as the sensing range was increased. Un-
der the symmetric volume scenario, SOA converged at 1000 ft and PAA con-
verged at 1500 ft (with vehicles traveling at 45 mph). Under the asymmetrical
and balanced volume scenarios, both algorithms outperformed conventional
methods. Both algorithms performed better than coordinated-actuated con-
trol at sensing ranges of 660 ft or higher. For low sensing ranges, SOA experi-
ences similar delay compared to conventional fully-actuated control with set-
back detection, and PAA experienced more delay than conventional coordi-
nated-actuated control in the balanced and symmetric scenarios but per-
formed better for the asymmetric scenario. The results suggest that for the
SOA algorithm, the sensing range may constrain the maximum allowable sec-
ondary extension. Thus, as the sensing range increases, the vehicular delay de-
creases for arterial movements and increases for non-arterial movements. For
PAA, arterial and non-arterial delay decreases as the sensing range increases
until it converges.
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1. Introduction

Recent innovations in detection technology are making it increasingly feasible to
track the positions and speeds of vehicles at signalized intersections, enabling im-
proved control decisions that will yield safer and more efficient operation. Con-
nected Vehicle (CV) technology is one such innovation. An issue with CV tech-
nology is that it is unclear when a sufficient proportion of vehicles will be con-
nected so that enhanced control strategies are enabled. In parallel to this, advances
in sensor and detector technology are making it increasingly feasible to passively
track vehicles at intersections. This includes systems such as radar, LIDAR, video,
and infrared detection. This could create a mechanism equivalent to one-direc-
tional communication from vehicles to infrastructure. “Advanced infrastructure
sensing” (AIS) may be able to detect nearly 100% of the vehicle fleet with existing
technology while true CV penetration rate may require a long time to reach such
levels. Field tests have shown that radar detection can provide streaming vehicle
position data for real-time control applications [1].

Regardless of whether CV or AIS technology is used to establish vehicle trajec-
tories, the sensing range of the technology will be a critical determinant of the
ability of the technology to impact the signal operation. Most existing research in
the area of CV-enabled signal control innovations has focused on penetration rate,
and the issue of sensing range has not been explored in depth. Conventional ve-
hicle detection consists of point detectors located at a position that facilitates di-
lemma zone protection, approximately 5 seconds of travel time from the stop bar.
It is not known whether a similar distance is sufficient for enhanced signal control
applications, or whether a greater distance is needed. There is a need to better
understand the impact of the sensing range on control applications.

This study explores the performance envelope of AIS-enabled signal control
using microsimulation. The outcomes of advanced signal control algorithms are
compared under different sensing ranges. The outcomes of this study will help to
identify the scale of potential benefits should this technology be implemented in
the real world, and help define the desirable spatial range that should be sought

for intersection control applications.

2. Literature Review

Research on intelligent signal control goes back to the 1960s. Over time, many
control methods have been proposed, but these can largely be grouped into two
categories. One is the use of a planning horizon, in which it is supposed that the
inbound vehicles expected at an intersection can be arranged into an arrival table,
and this information can be used to determine an optimal sequence and duration
of green times over a time period on the order of the next few minutes. The other
approach employs rule-based mechanisms to extend or truncate greens or influ-
ence next-phase decisions. In that case, the decisions tend to be simpler but occur
on a shorter time frame, similar to actuated control. The present study adopts one
algorithm from each of these two methods to investigate the impact of sensing
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range on the signal operation.

2.1. Trajectory-Based Control under a Planning Horizon

Datesh et al [2] proposed a k-means clustering algorithm for a fully decentralized
intersection that considers service of queued vehicles and approaching vehicles as
separate stages. Assuming 100% market penetration of connected vehicles, this
method reduces the delay by 6% over the actuated-coordinated signal control.

Researchers at University of Arizona presented [3] a unified platoon-based for-
mulation, named PAMSCOD, to perform online network-level traffic signal opti-
mization for multiple modes of traffic using vehicle-to-infrastructure communi-
cation. The method is based on the earlier RHODES traffic control system [4] [5].
PAMSCOD determines phase timing every 30 seconds for four cycles in the fu-
ture. Vehicles send a phase request to the controller along with mode, speed, and
position data. Multiple signals are coordinated using virtual priority requests. A
40% penetration rate is critical for the algorithm to operate effectively.

Goodall et al [6] proposed decentralized traffic control logic based on con-
nected vehicle data, using a 15-second horizon using vehicle location, speed, and
headway information. At least 25% market penetration was found to be needed to
achieve improvement.

Continuing from earlier work, Feng ef al [7] presented a real-time adaptive
phase allocation algorithm using CV location and speed data that used bi-level
optimization specific to eight-phase control in which the timing of boundaries
between “barrier groups” (representing main street or side street) were deter-
mined on the upper level and the timing and order of individual phases (i.e.,
through and left-turn movements) were handled at the lower level. The total delay
was reduced significantly for a high penetration rate. A subsequent study [8] im-
plemented a system for signal coordination using fixed priority requests. This re-
search was further extended [9] to include a method for optimizing signal offsets.
This system used a cycle length to maintain coordination but achieved flexible
phase timing based on vehicle demand measured through CV methods.

Wang et al. [10] used mobile computing data to collect vehicle space-time tra-
jectories and proposed a multi-intersection phase to represent safe vehicle move-
ments across connected intersections. All the intersections are viewed as one in-
tegrated intersection within which vehicles can move according to their planned
path. Mixed integer linear programming was used to optimize vehicle trajectories
and traffic control. A Lagrangian decomposition approach was used to make the
optimization problem scalable. The results of this study suggest that it is not es-
sential to maintain a conventional cycle-split-offset approach to maintain coordi-
nation, and flexible phase sequence and phase duration can also be used to im-
prove coordination.

Islam and Hajbabaie [11] developed a decentralized, hierarchical approach that
used an objective of maximizing network throughput. The algorithm reduced

travel time by about 17% - 48% compared to conventional control.
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Lee et al [12] proposed an algorithm called “Cumulative Travel Time Respon-
sive” control. The algorithm considers the accumulated travel time of vehicles en-
tering each approach to the intersection (to a maximum distance of 300 m), and
selects the phase with the highest combined travel time for service. The authors
found that the method reduced total delay by 34%, with 100% CV penetration;
they found that about 30% penetration was needed for improvement.

Xu et al [13] proposed a cooperative method to optimize signal timing and
trajectories of connected autonomous vehicles simultaneously. This study consid-
ered the sensing range. Extending the communication beyond 800 m did not re-
sult in improved performance, but the performance was found to degrade sub-
stantially when the range was reduced below 400 m.

One commonality in these algorithms is that they use a planning-horizon ap-
proach that seeks to find the optimal sequence and timing of phases over a time-
line on the order of minutes. Such an approach is generally needed to manage the

computational needs of the optimization processes.

2.2. Self-Organizing Control

Another class of control algorithm considers only the control of local intersec-
tions, with the rule-sets for that control anticipated to achieve emergent coordi-
nation. The concept of self-organizing signal control was explored by Gershenson
et al. [14] [15], which demonstrated a remarkable level of coordination for some
rather idealized networks, using a set of five rules for switching between two
phases. One of the most important rules considers the number of vehicles ap-
proaching the intersection. Day and Bullock [16] explored the performance of this
algorithm under realistic constraints including the use of a range equivalent to 5
seconds of travel time for counting approaching vehicles. Delay was reduced up
to about 38% - 56% under certain conditions.

Cesme and Furth [17] proposed the use of a “secondary extension” to imple-
ment self-organizing control into existing actuated traffic signal control. That is,
a decision can be made to extend the green of a phase based on a table of arrivals
for vehicles up to 20 seconds upstream from the intersection. Their method
achieved dynamic coordination for a variety of networks, reducing delay in both
under saturated and oversaturated conditions compared to conventional control.

An advantage of such methods is that the computational overhead is reduced,
since the algorithms consider the control of only the local intersection. One may
speculate that some previously documented single-intersection algorithms, per-
haps going back as far as Miller’s 1963 work [18], might possess such potential.
Such methods could be integrated with data from AIS or CVs through construc-
tion of the arrival table with a feed of measured vehicle positions, rather than es-

timates based on point detection.

3. Methodology

This study identifies the impact of the sensing range on the performance of real-
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time control algorithms. Two algorithms with very different concepts of opera-
tions are adopted for this concept. First, the self-organizing algorithm (SOA) pro-
posed by Cesme and Furth [17] is implemented. This method acts as an additional
layer of intelligent actuation on a framework of otherwise conventional fully-ac-
tuated control. We also explore the performance of the Phase Allocation Algo-
rithm (PAA) [7], which seeks to identify the optimal control decision over a plan-
ning horizon. Both algorithms utilize arrival tables that are developed from vehi-
cle positions within some defined sensing range, which was adjusted in the simu-
lation to establish the relationship between algorithm performance and sensing

range.

3.1. Self-Organizing Algorithm (SOA)

The method uses conventional actuated control, into which a secondary extension
has been added to provide coordination by allowing vehicles to extend the green
under certain conditions.

Efficient Actuated Control

SOA uses fully-actuated control as the basic form of control. To facilitate this
control, stop bar detectors 40 ft in length were placed on every phase, and ad-
vanced detectors were located 330 ft away from the stop bar for through move-
ments along the arterial. Passage time for stop bar and advance detectors are set
to be 2.1 and 3.0 seconds, respectively. Simultaneous gap was not used. Lane-by-
lane detection was set up, and a flashing yellow arrow configuration for the left
turn movements was assumed. A minimum green time of 5 seconds was used on
each phase. A maximum green time of 35 seconds was used on the minor phases,
with 60 seconds used on the arterial through phases.

Secondary Extension Rules

The SOA tries to extend the green time of the major through movements when
a platoon is arriving at the intersection. This strategy tends to keep platoons to-
gether, but the tradeoff is that delay increases on the minor phases, which must
stay red for longer while the through movement remains green. To avoid causing
excessive delays for non-arterial phases, some constraints are imposed on second-
ary extension.

The set of arriving vehicles determines the allowable secondary extension time,
favoring more densely packed arrivals. The allowable lost time per vehicle, L,, is
the ratio of wasted green time during secondary extension to the number of vehi-
cles arriving during the extension. This ratio is minimized by considering differ-
ent potential lengths of secondary extension.

Let time ¢ be initialized so that =0 at the gap out time, and let L (1) be
the lost time per vehicle if the secondary extension’s length is ¢, given by

. 1
Lv(f):m—hm 1
where ¢ is the sensing range in seconds, 7(¢) is the number of vehicles ex-

pected to pass the stop line if the green phase is further extended by ¢, A, and

sat
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is the saturation headway. L, is calculated for discreet values of t up to SX,, ,

the maximum allowed length of secondary extension, to find an optimal value of
t, thus:

L, (t)=min,_g L (1) (2)
A secondary extension is less likely to occur as the overall level of intersection

utilization increases. The affordable lost time, La, is defined by

L, =min 2,—2 (3)
X -1

The calculation of X, is described further in [19]. We used lost time =4 s per
critical phase and measured X, adaptively (updating estimates for every 5 cy-
is 30 s. Let AC, represent the
difference in effective cycle length with a neighboring intersection ;. The maxi-

cles). The maximum allowable value for SX

max

mum allowable green extension time is

SX 4 =min {max(10,AC, ,AC,,),30} (4)

Secondary extension is allowed only once per cycle per arterial phase. The pa-

rameters used for the secondary extension method are listed in Table 1.

Table 1. SOA parameters and their values.

Parameters Values
h, 2.0s
Minimum SX 10s
Maximum SX 30s

3.2. Phase Allocation Algorithm (PAA)

The PAA runs a bi-level optimization to minimize total vehicle delay on the basis
of estimated vehicle arrivals. At the upper level, a dynamic program uses a forward
and backward recursion. The forward function passes the barrier lengths to the
lower level, which estimates the total vehicle delay as the summation of queue
length of each phase over time. The forward function also records the optimal
values for each stage. The backward function retrieves the optimal signal plan
starting from the last stage. Barrier sequences are fixed but phase sequences are
flexible. The algorithm optimizes the timing plan only once at the beginning of
each barrier group and projects the timing plan for the next cycle.

To describe the algorithm, we must define several terms: a set of phases, P ;
the total number of discrete time steps, 7 ; the minimum green time, g; the
summation of the amber and red time, r; the control variable X, , minimum
barrier length, x7" ; maximum barrier length, x7* ; denoting the length of stage
J ; the set of feasible control decisions x ; (Sj ) , given state s;; the travel delay
fj (s X j) ; and the cumulative value of prior travel delay, v f (s j) .

The process of forward recursion is summarized in Algorithm 1. In the DP, for

DOI: 10.4236/jtts.2025.153019

442 Journal of Transportation Technologies


https://doi.org/10.4236/jtts.2025.153019

A. Shams, C. M. Day

each stage calculation, forward function calculates the allocated time to each bar-
rier group. The algorithm continues to plan for as many barriers as possible until
two consecutive barrier group experiences same total delay for each time step (line
7 in Algorithm 1).
Given state s i the feasible range for control variable is
min
. . /
X, (sj) = XX 2xM™andT —s, | —s >x7" (5)

S
min min max max
el -5, = L2 X. o<l —-s. . —s5 <x.
X; T—s,,—s s;2x;" andx;" <T—s, =5 <X

min?
0 s; <xMorT—s,  <x

Algorithm 1. Forward recursion.

I: Jj<1land v (0)«0

2 for s,=1--,T do

3 Vi (Sf) = min {f! (Sf’xf ) TV (Sff') |x; € x, (sf )}
4 Record x(s,) as the optimal solution

5: end for

6:

7 if j23andv,  (T)=v,(T) then Stop

8: else j=j+1

To calculate the optimal performance measure at forward recursion a lower
level utility optimization is necessary. The lower level function minimizes vehicle
delay for different combinations of phase sequences and phase durations based on
the given barrier length and barrier state. Vehicle delay is defined as summation
of queue length. Queue length at time step n, depends on queue length at previous
time step n - 1, arrival and departure flow at time step n. Details of the lower level
value function calculation may be found in the original study [7].

After the forward recursion, optimum results for each stage will be retrieved

through backtracking. The retrieval policy is summarized in Algorithm 2.

Algorithm 2. Backward recursion.

1: s, «T

2: for i=j-1,j-2,--,1 do
3: 5. =5, _x;(sf)

4: end for

The algorithm considers coordination as a fixed priority request with a pseudo
cycle length and includes the priority request as an added constraint within the
dynamic programming framework. Phase split time for only arterial phases are
considered as fixed priority requests. The parameters used for the PAA are listed
in Table 2.

DOI: 10.4236/jtts.2025.153019

443 Journal of Transportation Technologies


https://doi.org/10.4236/jtts.2025.153019

A. Shams, C. M. Day

Table 2. PAA parameters and their values.

Parameters Values
Length of planning horizon 120's
Pseudo cycle length 100 s
Lower-level resolution ls

3.3. Implementation

The control logic was implemented in a Python script using the Component Ob-
ject Model (COM) interface with the VISSIM simulation software. Two different
Python scripts were coded to execute SOA and PAA. These scripts took sensing
range, VISSIM network, and signal configurations as input and executed the VIS-
SIM file externally. In every time step, VISSIM sends each vehicle’s position and
speed data to the script. Vehicles that are outside of the sensing range have been
filtered out from the list for purposes of modeling the sensing range limitations.
The link and lane positions of the vehicles are used to identify the corresponding
intersection and movement type.

Virtual Econolite ASC/3 controllers were used to control the signals. For SOA,
secondary extensions were implemented by placing a hold on the target phase.
Otherwise, the intersections operated under ordinary fully-actuated control. For
implementation of PAA, the intersections were completely divorced from the de-
tector inputs, and the timing of phases was determined solely by the timing deci-
sions supplied by PAA, implemented through placement of phase calls in the con-

troller.

3.4. Simulation Scenarios

A hypothetical corridor with three intersections was modeled in VISSIM, with
distances between intersections shown in Figure 1. The intersections were oper-
ated as eight-phase intersections with protected-permitted left turns. Each street
had four lanes, and every intersection included left-turn lanes on all four ap-
proaches. A speed of 45 mph was used.

Although the network is relatively simple, it was designed to reflect common
characteristics of coordinated arterial corridors in the U.S., where intersections
typically serve a major street with coordinated through movements. The three-
intersection configuration balances model simplicity and the ability to observe co-
ordination dynamics and sensing range effects without the added complexity of
larger networks or less common topologies. This setup enables clearer interpreta-
tion of results while capturing key trends relevant to real-world corridors.

In corridors with lower speed limits, vehicles require more time to traverse a
given sensing distance, effectively increasing the time when information about the
arrival is known, likely increasing the quality of control decisions. The inverse

would be true with higher speed limits. The 45 mph speed used here reflects a
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common value for U.S. arterials (typically ranging from 30 to 60 mph), and alt-
hough exact outcomes may vary with speed, phasing, or corridor length, the over-
all trends in sensing range effectiveness are expected to remain consistent. For
longer corridors, signal progression becomes more challenging. However, the ad-
vantages of extended sensing in improving arrival prediction and coordination
are likely to persist. Finally, under protected-only phasing it is likely that there
would be increased delay for turning vehicles, which would increase the relative
benefit of increased sensing range for those movements. While variations in net-
work characteristics would induce some variation in the results, the overall trends

with respect to sensing range are likely to be similar to those found in this study.

1840 ft 1627 ft

Figure 1. Simulation network used in this study.

Three volume scenarios were developed, as follows:

e Scenario 1, Symmetric volume. Eastbound and westbound movements have
similar volumes, and cross-street traffic is substantially lower than the main
street. Each intersection’s degree of utilization is approximately 75%.

¢ Scenario 2, Asymmetric volume. The eastbound through volume is signifi-
cantly higher than the westbound through volume. Similar to symmetric vol-
ume scenario, cross-street traffic in this scenario is substantially lower than the
arterial. Intersection degree of utilization values is 70% - 80%.

¢ Scenario 3, Balanced volume. All the through movements (northbound, south-
bound, eastbound and westbound) have similar volumes. Intersection degree
of utilization values is 70% - 80%.

The scenarios are compared with conventional fully-actuated and coordinated-
actuated control. The VISTRO software program was used to determine the cycle,
offsets, and splits for a coordinated-actuated control pattern. In VISTRO, the sig-
nal timing was optimized using the Hill Climbing algorithm using the Perfor-
mance Index using a factor of 0.2 to convert the number of stops into the equiva-
lent amount of total delay in hours. The optimization process considered cycle
lengths between 60 and 120 seconds.

For sensitivity analysis, six different sensing ranges of 165, 330, 660, 1000, 1500
and 2000 ft were tested. Five simulation runs were carried out for each of these
scenarios for SOA and PAA, as well as for the two baseline control scenarios. Each
simulation was run for 4500 seconds, including a 900-second warm-up period.
The initial random seed was set to 42 (the VISSIM default value), with increments
of 12.

DOI: 10.4236/jtts.2025.153019

445 Journal of Transportation Technologies


https://doi.org/10.4236/jtts.2025.153019

A. Shams, C. M. Day

4. Results and Analysis
4.1. Total Delay

Figure 2 shows the total system delay for all scenarios, algorithms, and sensing
ranges considered. Each chart shows the relationship between performance and
the sensing range, as compared to two conventional control methods: coordi-
nated-actuated and fully-actuated non-coordinated control, which are repre-
sented by flat lines since those methods of control did not use any AIS enhance-
ments for which the sensing range is relevant. The shaded regions correspond to
the range within one standard deviation from the mean, illustrating the extent of
variation in total delay. The top horizontal axis indicates the travel time equivalent

to sensing range in distance.

Symmetric Asymmetric Balanced
Travel Time Equeivalent (in sec) Travel Time Equeivalent (in sec) Travel Time Equeivalent (in sec)
0 7.56 1512 22.67 3023 0 7.56 1512 22.67 3023 0 7.56 1512 22.67 3023
115 A
92 94 1
92 A
907 110 4 ]
90 A
E 88 ]
< |
88
e 105 |
: 1
g 86 |
3 | 86
£ | | \ |
841 . | 100 3 \\ 84
82 | ] 82 1
95 1 20 4
80 1
0 500 1000 1500 2000 0 500 1000 1500 2000 0 500 1000 1500 2000
Sensing Range (in ft) Sensing Range (in ft) Sensing Range (in ft)

Fully-Actuated SOA
Coordinated-Actuated —e— PAA

Figure 2. Total delay results by volume scenario.

Both algorithms have the highest delay at the smallest sensing range, with delay
gradually decreasing as the sensing range is increased. SOA tended to have lower
total delay than PAA except at the longest sensing ranges. Both PAA and SOA

yielded lower total delay than coordinated-actuated control even at shorter sens-
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ing ranges (with the exception of the smallest ranges for PAA in some cases), while
they did not surpass fully-actuated control except in the longest sensing ranges.
In terms of total delay, both SOA and PAA appear to be able to outperform fully-
actuated control within a sensing range between 1000 and 1500 ft, with the excep-
tion that under symmetric volumes the total delay under SOA is similar to that of
fully-actuated control and does not surpass it.

There is very little change in the performance of SOA within 330 ft because
within that distance the green is extended by the “primary” extension from the
advance detector located at 330 ft. The secondary extension is only called if the
primary extension is inactive. In a few cases, slow moving vehicles (mostly vehi-
cles making right turns) can induce a secondary extension, but the effects are neg-
ligible. At the longest sensing ranges considered here, the total delay under SOA
sometimes starts to increase. This is because at the longest sensing ranges, longer
maximum allowable secondary extensions have to be used, causing non-arterial
movements to wait longer, thereby increasing the total delay of all movements.

The performance of PAA improves with longer sensing ranges. In the symmet-
ric scenario, its performance converges at 1500 ft, whereas for the asymmetric and
balanced scenarios there is a very slight decrease in delay when the sensing range
is further extended to 2000 ft. Under the lowest sensing ranges, PAA sometimes
performs worse than coordinated-actuated control. At 165 ft, the sensing range is
equivalent to 3 seconds of travel time, and only information from vehicles arriving
within the next 3 seconds is available, which is clearly not adequate for the algo-
rithm to make control decisions. In summary, PAA achieves the lowest delay of
the two algorithms but requires a longer sensing range to accomplish this, while
SOA has the lowest delay under shorter sensing ranges.

The shaded regions illustrate the amount of variation in the total delay associ-
ated with each control option. The conventional control methods exhibit consid-
erable variation in their performance. The amounts of variation in the perfor-
mance of SOA and PAA are similar to each other, and exhibit little change with
respect to the sensing range. There is consistently less variation in these methods

than both conventional control methods.

4.2. Arterial and Non-Arterial Delay

The previous analysis used the performance of fully-actuated and coordinated-
actuated control to bracket the performance of the algorithms in terms of total
delay, and it was observed that both SOA and PAA were only able to achieve lower
total delay than fully-actuated control under the longest sensing ranges. This is
not surprising because fully-actuated control is a very efficient mode of control
for a single intersection in terms of total delay. However, in signal control the
operational objective is usually not only to achieve the lowest total delay, but in-
stead some movements are prioritized. Increases in non-arterial movement delay
are often accepted to achieve lower delay for arterial movements, even though in
most cases this leads to higher total delay.

To explore this further, Figure 3 plots the performance of SOA, PAA, fully-
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Delay in non-arterial movement(Veh-Hr)

actuated control, and coordinated-actuated control in terms of delay for the non-
arterial movements (vertical axis) and the arterial movements (horizontal axis).
For the SOA and PAA data, the darker color represents the longer sensing ranges.

The difference in the positions of fully-actuated and coordinated-actuated con-
trol illustrates the tradeoff inherent in the implementation of coordination. Coor-
dination yields a lower amount of arterial delay, at the cost of higher non-arterial
delay, as would be expected since the arterial movements are prioritized over the
non-arterial movements. The performance of SOA and PAA falls somewhere in
between fully-actuated and actuated-coordinated control.

SOA is closer to fully-actuated control, which is not surprising since the method
consists of secondary extensions that are layered on top of fully-actuated control.
SOA moves the performance closer to coordinated-actuated control, achieving
lower arterial delay at the expense of increases in non-arterial delay. With respect
to the sensing range, the results tend to form a V-shaped pattern. That is, as the
sensing range increases, there is an improvement in both arterial and non-arterial
delay to a certain point. After this point, if the sensing range is increased further,

the arterial delay is reduced but the non-arterial delay increases.

60

58 4

56 1

54 4

52 1

50 4

Symmetric Asymmetric Balanced
°
0.0 671,
°
54 1
57.5
52 A
55.0
50 1
52.5 4
48
« 50.0 e—o
; 46
9
U7.5 & a1 ]
o 5.0 1 o 421 0
T T T T T T T T T
28 30 32 50 55 350 375 40.0 425

Delay in arterial movement (Veh-Hr)

Fully-Actuated
Coordinated-Actuated

SOA
PAA

Figure 3. Arterial vs. non-arterial delay comparison.

PAA offers similar operation to coordinated-actuated control, but usually has
lower non-arterial delay, and with longer sensing ranges, it can also yield lower
arterial delay. Depending on the completeness of the estimated arrival table, PAA
can provide lower arterial delay since it can sometimes provide longer green times
than the phase splits without significant impact on non-arterial movements. Ad-
ditionally, among the four methods considered here, only PAA uses flexible phase
sequencing. Even with these control features, SOA and fully-actuated control pro-

duced lower non-arterial delay, although at the longest sensing ranges, PAA can
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sometimes approach the performance of PAA.

These results suggest that signal control algorithms of either type likely fall
somewhere between the two “poles” of standard performance represented by
fully-actuated and actuated-coordinated control. Naturally, it would be ideal to
develop algorithms that can move the performance into the lower left-hand quad-
rant. However, because coordination under any mechanism forces some vehicles

to wait while others take priority, it is not possible to obtain something for nothing.

4.3. Travel Times

Figure 4 shows cumulative frequency distributions of travel times for eastbound

and westbound through traffic for the symmetric volume scenario.

Symmetric-Eastbound Symmetric-Westbound

1.0 7 77
e

0.8

0.6

0.4 4

0.2 b

0.0

T T T T T T

Asymmetric-Eastbound

Cumulative Frequency

T T T
200 300 400 300

Travel Time (in second)

Actuated-Coordinated === SOA-660 ft PAA-165 ft === PAA-1000 ft
Actuated === SOA-1000 ft PAA-330 ft === PAA-1500 ft
SOA-165 ft === SOA-1500 ft === PAA-660 ft === PAA-2000 ft
SOA-330 ft === SOA-2000 ft

Figure 4. Cumulative frequency diagram for corridor travel times for all scenarios.
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Across all scenarios, coordinated-actuated control and PAA provided lower
median travel times than SOA and fully-actuated control. In addition, the slopes
of the curves are steeper for coordinated-actuated control and PAA, indicating
more reliable travel times. This is not surprising, since the latter two provide more
aggressive mechanisms for coordination. In some cases PAA yields superior per-
formance to coordinated-actuated control. At lower sensing ranges, PAA per-
forms similar to fully-actuated control.

SOA had lower median travel times than actuated-control in most but not all
cases. In asymmetric-eastbound and balance-westbound corridor SOA actually
yields the longest travel time. This is likely attributable to “lapses” in coordination
where the arterial green is unable to start at an appropriate time because non-
arterial traffic is taking longer to finish service, which itself may be a consequence
of implementing secondary extension. It seems that the self-organizing potential
was not fully realized under that particular scenario. Under other scenarios, SOA
is able to marginally improve the travel time.

Regarding the impact of sensing range, PAA exhibits decreases in travel time as
the sensing range is increased, for the most part. The longest sensing ranges yield
the lowest median travel times. A similar trend is observed for SOA, but it is less

consistent.

4.4. Quality of Progression

Figure 5 depicts Coordination Diagrams [20] for the eastbound through move-
ment at intersection 2. These diagrams show the patterns of vehicle arrivals rela-
tive to the phase state at the intersection, with each “column” representing an ef-
fective signal cycle. The figure depicts operating conditions under the symmetric
volume scenario for various sensing ranges under PAA and SOA. The blue bars
in the SOA diagrams indicate when the secondary extension is implemented. At
the top of the figure, the results for fully-actuated control and coordinated-actu-
ated control are shown.

Under SOA, the maximum allowable secondary extension is constrained by the
arriving platoon. The arriving platoon is further constrained by the sensing range.
At lower sensing ranges, almost no platoons receive any benefit from secondary
extension, but as the sensing range is increased, the maximum allowable second-
ary extension increases and the extensions are implemented more frequently.

Under PAA, the effective cycle length and duration of green are similar to co-
ordinated-actuated control, as illustrated by similar appearance of the red and
green intervals in the coordination diagrams. It also appears that PAA occasion-
ally terminates the green for the through movement early, as shown by some cy-
cles where the intervals are much shorter than others. This occurs when there are
few vehicles approaching the intersection at the time of such a decision being
made. For PAA with a sensing range of 165 ft, this situation was common since
only few vehicles are observable within such a short range. Other than this occa-

sional short-cycle behavior, PAA exhibits rather consistent operation from one
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cycle to the next, which is not surprising given that the coordinated phases are
served as a fixed priority request. Though the PAA is not explicitly maintaining a
cycle length, priority requests from coordinated phases are cyclic in nature. Hence
cycle length in PAA is not a constant value like coordinated-actuated control but

it maintains significant level of consistency.

Fully-actuated Control; POG:41.26 Coordinated-Actuated Control; POG:78.86

i
' 1
il

et

SOA-165 ft; POG:42.7 |

Cycle Second

1000

1500 2000 2500 3000 3500 4000 4500 1000 1500 2000 2500 3000 3500 4000 4500

Simulation Second

Figure 5. Coordination diagram comparison for intersection 2 and east bound through traffic.
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Figure 5 also depicts the percentage of green (POG) on arrival for the corre-
sponding coordination diagram. From the POG, coordinated-actuated control
and PAA shows better performance in terms of coordination than actuated and
SOA. Though, both SOA and PAA shows better POG with longer sensing ranges,
the relationship is not exactly linear and smooth. POG values suggest that though
the aggregate results show improvement, individual intersection movement may

experience inconsistency.

5. Implications for Sensing Range Needs

It is expected that a trajectory-based signal control algorithm should be able to
improve its performance with a longer sensing range, up to a certain point where
that performance converges, and additional distance provides no further benefit.
Improvements in performance under shorter sensing ranges do not necessarily
guarantee that the performance will improve with larger sensing ranges. In some
cases, as seen in the results here, adding sensing range can lead to increases in
delay. Inconsistent performance suggests that the algorithm is not able to use ad-
ditional trajectory data effectively, or the decision process may favor the arterial
movement to the detriment of the total intersection delay.

For the lowest sensing ranges, neither algorithm performed well. SOA under
sensing range of 330 ft or lower merely replicated the results of fully-actuated sig-
nal control with an advance detector, and there was no added benefit from imple-
menting secondary extension. These shorter sensing ranges were also insufficient
for PAA to make better control decisions, although PAA outperformed coordi-
nated-actuated control in the asymmetric scenario.

Both SOA and PAA demonstrated improved performance as the sensing range
increased. If the sensing range was between 330 ft to 1000 ft, both algorithms im-
proved and outperformed coordinated-actuated control. Although fully-actuated
control and SOA experienced similar total delays near 1000 ft, SOA provides
slightly better travel time characteristics along the major arterial.

For sensing ranges greater than 1000 ft, SOA sometimes showed inconsistent
performance which can be attributed to the tradeoff between arterial and non-
arterial movement delay. For the balanced volume scenario, SOA outperformed
the other methods. The performance of PAA converged after 1500 ft and showed
lowest total delay in symmetric and asymmetric scenario. For sensing ranges of
1000 ft or more, SOA and PAA both appear to provide tangible improvements
over conventional methods, but which of the two is more appropriate further de-
pends on the volume configuration as well as the operational objectives. Sensing
ranges of about 1000 ft were found to be needed to match or surpass the amount

of total delay under fully-actuated control.

6. Conclusions

This study evaluated the performance of two algorithms that use vehicle speed

and position data under different spatial ranges. Outcomes were examined for a
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variety of traffic scenarios representing various conditions for a three-intersection
corridor with two-phase intersections. A self-organizing algorithm (SOA) was
compared along with the Phase Allocation Algorithm (PAA) against fully-actu-
ated and coordinated-actuated control.

This study focused on the impact of the sensing range. In terms of total delay,
both SOA and PAA yielded better results as the sensing range was increased,
which is the expected result since a long sensing range means a greater number of
arriving vehicles are observed. However, the results tended to converge at a par-
ticular distance, meaning that no further improvement could be obtained by ex-
tending the range beyond that distance. For the symmetrical volume scenario, the
SOA results converge at 1000 ft and PAA converges at 1500 ft. In the asymmetric
scenario, neither algorithm converged within 2000 ft, but the decrease in delay
beyond 1500 ft was very marginal. In the balanced scenario, the performance of
PAA was again only marginally improved beyond 1500 ft, while the performance
of SOA actually got a little worse from going from 1500 to 2000 ft.

Comparing the delays of arterial and non-arterial movements casts further light
on the nature of the algorithms. As the sensing range is increased, PAA reduces
delays for both types of movements, until its performance converges. Meanwhile,
SOA reduces delays for both types of movements up to a certain point, beyond
which the delay for the arterial movements is decreased while the non-arterial de-
lay is increased. If more aggressive coordination is desired, PAA may be a desira-
ble algorithm to employ, as it is able to achieve similar arterial delay to coordi-
nated-actuated control while providing added flexibility to decrease non-arterial
delay. On the other hand, if the objective is to achieve lower total delay while
providing a looser mechanism to provide coordination as the opportunity arises,
then SOA would appear to be appropriate.

The travel time performance provides another point of comparison between
SOA and PAA. The PAA is able to achieve lower and more reliable travel times,
surpassing actuated-coordinated control in many cases. SOA yields travel times
that are closer to fully-actuated control, better in some cases and worse in others.
The results tend to favor one direction over another.

Coordination diagram and Percentage of Green (POG) on arrival data for sym-
metric scenario suggest that, both algorithms will benefit from longer sensing
range, however the relation between sensing range and percentage of green is not
always consistent even though the aggregate results for all intersections like travel
time showed more consistency.

These results suggest that advanced algorithms such as SOA and PAA may be
capable of achieving better performance than conventional methods, particularly
with longer sensing ranges. The results of this study would suggest that about 1000
- 1500 ft would be needed to provide performance that surpasses actuated control
in terms of total delay. Under shorter distances in between 660 - 1000 ft, both SOA
and PAA are capable of providing improvements over coordinated-actuated con-

trol. SOA with a 1000 ft sensing range provides similar delay compared to fully-
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actuated control but can provide better and more reliable travel times along the
arterial. For the shortest considered sensing ranges (between 165 - 330 ft), SOA
performed similarly to fully-actuated control while PAA sometimes had greater

total delay than coordinated-actuated control.
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