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Abstract

Though the loss of time is considered equivalent to opportunity loss, little research has been conducted j d of signal

control that accounts for individual differences in subjective opportunity loss. Because bids reflect th e valuation of

tes indeterministic
ch a concept. Within

opportunity loss, this paper introduces the concept of a bid-based priority signdjcontrol that accogag
characteristics of queue formation in a connected environment and addresse
this conception, drivers can bid for their desired signal indication. Based

as long as the cumulative opportunity loss observed in stopped moy,

through the termination of that green interval. The effects of thi

were assessed using the asymmetric simple exclusion proce
control produced a greater subjective user benefit when m n relation td’'a pre-timed control with a similar green
interval. In addition, the bid-based priority signal kept avera maximu length relatively equal to its pre-timed

equivalent. The bid-based priority signal control also d out the expe alues of user benefit in conflicting move-

ments. Bid-based signal priority control was recomm r further study to¥fivestigate the effects of bidding distributions

on effectiveness and queue length in high-ﬁdelity@ Iations.\®

Time is money. Because the loss of%;consid%Q, major practices to reduce opportunity loss include
e in th&®

loss of opportunity, efforts have preemption and transit signal priority (TSP). Preemption

of transportation to mlmmlzeésses that i % gives emergency vehicles a right-of-way, whereas TSP

user cost. offers a right-of-way to public transit, including buses

At intersections, th of service (L and light rails because mass transits tend to have more
widely used to measure th&gverall quahty ncy of occupants than passenger cars. A TSP prioritizes transit
movements, approaghes, an 1nters ying from vehicles over other vehicles in an attempt to reduce the
A, the best, to &t%st LOS is on of control  total amount of opportunity cost because of signal allo-
delay (/). Asidg{ froni™drivers’ b]ectl fliscomfort, it is  cation. All of these concepts, though varied in their sys-
also i 1mpor ch1eve a LOS from an economic tems and approaches, share the same philosophy: signal
standpom se drivessigtime economic value, and  priority should be given to vehicles whose time is more
dela stlt in Op loss for drivers’ economic ~ “valuable” than others. Besides these practices, some

intersections have actuated signal control, which extends
green intervals based on the existence of vehicles
approaching the signal as a function of needs (4).
Actuated control is philosophically different from pre-
emption and TSP because it does not take each vehicle’s
difference of the value of time (VOT) into account while
it gives larger right-of-way to the movements with larger

allocating a three-dimensional space-time
ime) to potentially conflicting demands. At a
corrid®f level, Wong (3) proposed the concept of road-
way reservation, where road users can book roadways in
advance based on system optimization rules that priori-
tize transits and high-occupancy vehicles (HOVs). Corresponding Author:
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demands. Many conventional actuated signal controls
use the concept of maximum allowable headway
(MAH), which refers to a headway where an actuated
controller allows vehicles to “call” extended green inter-
vals for the movements receiving green time at the point.
The length of MAH gets shorter over time, making
extensions more difficult if the movement has already
been receiving green time. MAH, however, is not the best
tool to maximize user benefit for the following reasons:

1. Each vehicle occupant’s VOT does not affect
headways.

2. Since multiple vehicles in a movement receive sig-
nal indications, vehicles in each movement should
be treated as a group.

In reality, individual values of time are not likely to be
homogeneous. Therefore, all of the aforementioned con-
cepts do not achieve optimality in relation to individual
VOT. Although some researchers have proposed meth-
ods to minimize person-based delay through adaptive sig-
nal control (3, 6), it may be ideal to extend the concept of
person-delay to individual differences in time valuations
among vehicle occupants in signal operations becaus

of life. It is, in fact, quite difficult to calculate individ
subjective values of travel time (SVTT) precisely hc

SVTT can vary among road users. SVIT ca cMyva
for an individual road user. For example, th@e tive

subjective user benefits contribute to individuals’ qua%

reserve the right-of-way within an intersection when their
“requests” were approved in the auction which allowed
one vehicle at a time per direction to request a time slot.
Dresner and Stone (/2) presented a similar method using
a tile-based autonomous intersection management sys-
tem without conventional traffic signals in which drivers
reserved their paths within an intersection in such a way
that ensured they did not occupy the same spatial tile at
the same time. Because their tile-based priority control
enabled more vehicles to enter an intersection at t
same time, it would be extensible to intersections wi
larger numbers of lanes and spatial areas. Vagirani
Ossowski (/3) on the other hand, envisioned a
lized intersection treated as a marketplace wh

could trade their right-of-way reservation:
They found that higher bids, on av§

shorter delays.
These studi shown that,
conflict m@e would

sulted in

tely, intersection
¢ traffic control

ion'1n w

ayMake decadgdto see®’completely connected signal
co systems intersections should also manage
on-motorized@s. At signalized intersections,

arlino, Boyles, *#nd Stone (/4) simulated aggregated

trip | ti ith auction-based priority management
sche nsportation networks in four cities in the
Uni tes. In the simulation, drivers were able to

s to receive the right-of-way, however the bid-

valuation of user benefit is not necessarij rtiona
to the length of time saved (7). Rath enefit can method was not described in great detail. Their

be affected by various factors suc purpose, ti

length, and surplus time and @ non-line &
tionship (8).
Considering the elusive naffire of the indN'%}T,
bids i

a signal priority based tool

in achieving miningys

Although the su tio
is not always eg o the soc
can convey aﬂb'ual’s S

ept, drivers in a hurry
than they would with
they value their time
elay.

researchers have explored the

buting time slots for vehicles approaching an unsigna-
lized intersection and reported reduced average waiting
time with their method as compared with conventional
signal control. In their framework, drivers were able to

dings indicated that an auction method reduces trip
time. Later, Mashayekhi and List (/5) suggested using
Q-learning to optimize bid amounts and simulated trans-
portation network travel times. The reinforcement learn-
ing algorithm resulted in shorter average travel times as
the experiment continued.

Although existing studies have demonstrated inter-
esting implications, it remains unclear how much delay
bidding would contribute at an intersection, since previ-
ous studies have compared aggregated travel times in
transportation networks. In addition, existing research
has assumed environments in which vehicle movements,
positions, and speeds are fully predictable, though in
reality this may not be the case. However, it may be
possible for signal priority control to provide larger
flexibility and a good degree of coordination if vehicles
are permitted to place bids even before joining queues.
To address these issues, this paper introduces the con-
cept of bid-based priority signal control in a connected
environment, discusses its key elements, and assesses its
potential effects on user benefit and queueing delay in
comparison with a traditional pre-timed signal control
at an isolated intersection.
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Figure 1. Opportunity loss as a function of a green interval.

Table |. Key Variables and Settings in Bid-Based Priority Signal
Control

Variable Potential setting
Bidding horizon Any value

Bidding type Open/blind

Bidding timing One time/multiple times

Expected red interval Mean/median/mode

Minimum green interval Any value
Maximum green interval Any value
Bidding range Free/in-range
Payment amount Any value

2
Methodology Q,

In this paper, the term “user benefit” subtrac-
tion of the opportunity loss—wh ressed

i
“loss of value” in a bid-based pri && nal contrasﬁﬁ
an alternative case from tha o@a e case. a
ple, if the opportunity a rnative ¢ 6and
fiser benefit of ti%native
an cut th \ in the

that of the base case is 8
sections, 1 ser benefit

scenario is 2 as road users

alternative case\A 1

for one movemgsit o resultsn a

efit in the con&lg move .
Since egulate

ben

oale”expected sum of opportunity loss borne
ting movement groups within bidding hori-

green interval should be extended as long as the opportu-
nity loss currently observed in the stopped movement is
less than the value that is going to be lost by the termina-
tion of the current green interval. For example, when

there are only two conflicting movements, Movement A
(PA), a movement currently in a green interval, and
Movement B (®B), a movement currently in a red inter-
val, the current green interval for ®A is extended until
the cumulative loss of bidding value actually observed or
was going to be observed in the next vehicle arrival in a
red interval (®B) exceeds the expected loss of bidding
values in ®A. Figure 1 illustrates an example case of this
concept. The lines are theoretical total amounts
opportunity loss when a green interval was terminat
the moment of calculation. In this case, @A would @xpe
rience larger opportunity loss compared with tha
too

interval
easonable to

in 48s. A green
terminated as time
®B while they do
end in PA. In PA,

loss in @B would surpass that in ®A i
exceeded that (“too long”). Therefoge,
end the curre
interval be

gason, a green interval is likely to
hicle with a relatively high bid

integS®efion. For this
get ferminated gfter a
es throu ignal. The minimum and maximum

green inter@n e set if necessary.
This_paper*®iscusses several key elements that should

be ¢ ed when introducing bidding to priority signal
c& ble 1).

ding Process

A bid-based priority signal control intends to provide
drivers with opportunities to increase their benefits.
Because it takes multiple vehicles into consideration, bids
are treated as groups when signal decisions are made.
The maximum influence of each bid can be proportional
to its range and inversely proportional to the number of
total bids. In other words, a bid can have a stronger
influence when there is a smaller total number of bids
compared with the person’s bid. Likewise, each bid
would be diluted when there are many other bidders.
For instance, if someone bids $10.00 and others bid
$2.00 in total, the person bidding $10.00 is likely to get
the desired indication. One, however, cannot bid $10.00
if the maximum bid is limited to $1.00 per bid even when
one is willing to pay more than $1.00.

Vehicle Detection

A bid-based priority signal control requires vehicle
speeds, locations, and bids in real time. In a connected
environment, these data can be acquired by vehicles
themselves and transmitted to a bid clearing terminal.
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Detectors can be placed on the road or on the signal
itself as needed.

Bidding Horizon

Like other priority signal control methods, a bid-based
priority signal control captures bids from vehicles within
its bidding horizons, the area where bids are effective.
The appropriate length of a bidding horizon depends on
characteristics of traffic in the areas, but it should not
only be short enough to predict vehicle arrivals with an
allowable accuracy but also be long enough to gather
information on vehicles that could arrive in the near
future. While little research has been done on determin-
ing the best bidding horizons, two or three cycles may be
a feasible point to start because some other priority sig-
nal control algorithms have worked well with these plan-
ning horizons (3, 6).

Bidding Type and Timing

There are different types of bidding: open and blind.
Open bidding refers to situations where bidders are aware

Range of Bids

There are two options for the bidding range: free bidding
and in-range bidding. While free bidding allows signals
to achieve free markets, it can also have side effects from
the potential initial queue delay caused by abnormal bids,
especially in signal networks where signals are close to
one another. A bidding range has a large influence on the
system’s stability and effectiveness. If the range is too
small for the number of bids in the bidding horizons, the
presence of a bid can be too small, which could make t
bidding system itself less meaningful.

As long as the range is determined based o 'ts@
tial effects, potential bid distributions at thg=fgciti

should also be investigated because they depe ‘M each
other. In addition, once a bid-based prio@gnal con-
trol is introduced at an intersection, ¢he ing value

certain value
ding attempt by

distribution may eYentually converg
at the locati sult of repeat®
drivers. @

pect ;ed Interval a

Certainty Function

. . i . id-based pMgrity signal control, the cycle length
of other bids whereas blind bidding keeps bids secre\s"not fixed, bu cted red interval should be deter-
U el

provides bidders opportunities to pay as little as possi
to get what they want. Contrary to open biddi

from other bidders. Open bidding is suitable in tha@

bidding does not provide bidders with oppo figs to
adjust their bids based on others’ bids.
Another classification of bidding is er o

times a bidder can place a bid: one-§i multiple-

time. Although multiple-time biddi &Vides liquidj \
to bidding markets, the au S mend or&&

blind bidding at one loca a“standard bgeaus@y
keeps signal decisions stab f drivers caf %ids
multiple times, signal pgiority Wecisio sl n
reversed frequenth%ue-time bid ‘

to reflect drivers’ gfigina®s®illingngss to paydic
in ratio scale, gal is a hig evel of measurement
compared wiinal or intervalWycales used in open

biddin
%t ight n

ould be set in vehicles
al controlled by bids. For

ncluding a manual bid input by voice
dding function expressing the bidder’s time
a connected environment, the bidding sys-
tem may be able to provide drivers the information of
the expected relationship between a bidding value and
shortened time before they place bids.

ined as an inp
indicatio

riable for movements receiving green
nlike the opportunity loss of vehicles in a
red iRger e fluctuations in vehicle speed may change
the nity loss in the movement currently receiving
aé interval. For example, if a red interval is the
of R seconds, a vehicle stopped at the beginning of
red interval is likely to lose R seconds, whereas a vehi-
cle stopped 10s later is likely to wait only for R—10s in
addition to decelerations and the start-up lost time. In
other words, bids from vehicles closer to the signal are
more crucial than those from vehicles further away.
Wolput, Christofa, and Tampeére (/6) have developed
formulas for optimal cycle length with TSP at intersec-
tions. Although they may be useful, it is not possible to
set the exact waiting time length since green intervals are
subject to change in a bid-based priority signal control.
While this paper uses an arbitrary value as the expected
red interval in simulations, engineering studies should be
conducted to find feasible expected red intervals to use.

Minimum and Maximum Green Intervals

It is important to consider any existing pedestrians since
they require a certain amount of the minimum green time
to cross the streets.

The maximum green interval can be introduced if road
operators want to limit the flexibility of a bid-based pri-
ority signal control.

0@
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Payment Amount

Determining the payment amount as a result of bidding
would play a key role in the concept. In a bid-based pri-
ority signal control, the outcome is not necessarily a
dichotomy of “success” or “failure,” but can be gradient
because high bidders sometimes will have to stop or slow
down until the vehicles in front of them get discharged.

In a case of free-riding, vehicles could receive the
desired indication because of others’ bids. For example,
Vehicle a; in @A could receive an extended green interval
not because of a $1.00 bid it placed, but because Vehicle
a», a vehicle closely following Vehicle a;, placed $10.00.
In this case, it might not be clear whose bid obtained the
desired indication, especially when the conflicting move-
ments bid a close value.

Although this situation does not happen when bids
are only placed in a semi-actuated intersection, successful
bids accompanying a stop may also be debatable. If 20
vehicles (Vehicle b1—Vehicle b,g) with no bids in ®B are
in the queue receiving a red indication and an arriving
vehicle, Vehicle by, places $10.00 to get a green indica-
tion, the signal could start discharging the queue in ®B
until new bids from ®A exceed the expected opportunity
loss of ®B. This means Vehicle b,; possibly receives a d
indication again before it gets discharged. In such 3
Vehicle b,;, however, still received some benefits 1@
bid regardless of how the driver would feel
bid still made the vehicle proceed. Some roagd s might
not want to pay when situations like this .

Overall, the paying scheme should ple as pos;
sible so that every user can easil and how
system works; 0therw1se the t penetrati
would remain low. It m 1ble to ca &
degree of contribution ch der sot
pay based on their “infl

not be feasible for r 1mp
ity of bidders c&l ely under$€g
tion works.

A practl tlon to thadgroblem 1S making bidders
pay regar e results sinc@gll bids are more or less
WO ulatlo “al -in” policy is not only
si ut also hagt 1a1 to keep the computa-

low as it discourages driv-
b1ds.

ti of a cleart
éplace less T

ed p 1or1ty signal control potentially generates
in traffic and affects drivers’ bidding

Traffic. It has not been known how a bid-based priority
signal control affects the existing traffic. With a bidding
signal control, signal timing decisions are made based on

bids, thus it may cause turbulence in traffic especially
when the bidding value distribution deviates to a large
extent from that of the arrival distribution without bid-
ding control. This might not be a big problem at an iso-
lated intersection, but this effect should be taken into
consideration when introducing a bid-based priority sig-
nal control to intersections that are close to one another.
There is a possibility that drivers rarely place bids on a
daily basis, but road operators should be aware that tra
fic turbulence can frequently be caused on roads wi @

cing a bid is as follows, when each driver is
a bid at once out of a hundred opportuniti

1 {2(A)'"° = 0.63 (2)

s means th % 1 is more likely to experience at least
a bid per ¢ having no bids in a cycle.

r@]wors. Bidding behaviors are worth research-
nly because people may change their bidding
ions and tactics based on their experiences, but
because bidding distributions can influence the
effects of a bid-based priority signal control.

Bidders may be able to expect the probability of get-
ting the desirable signal indication as a function of bids
after a certain time period. A driver who goes through an
intersection every day may develop a sense of the confi-
dence interval of a bidding value that is likely to result in
the desired signal indication. Because bidders will try to
place the lowest bid that obtains the desired signal indica-
tion, bidding values at each intersection can get closer to
what a fixed-value priority control offers, but little study
has been conducted into this possibility.

If people change their behavior based on their experi-
ences, there is a possibility that a bid-based priority con-
trol loses its benefits without a constant variable
optimization.

Findings

This paper aimed to introduce the concept of bid-based
priority signal control and discuss its key elements; thus,
the authors decided to use the asymmetric simple exclu-
sion process (ASEP), a plain method to simulate direc-
tional traffic flows (/7) as a simulation tool to assess the
effects of bid-based priority control on user benefit and
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x-axis(seconds) | O | 1 |2 |3 |4 |56 /|7 |89 [10[11]12]13]14|15|16]|17
Vehicle number | 1 2 3 4 5
Bid (USD) | 1 1 1 1 1
t 190 0]0 140/ 0/0]140/0/0 140 0/ 0 140
t+1]2]0 01000 o]0 0 1 oo o 3 0 0
t+2]3 |0 10 0 010 0l0o[ 10 o0lo 1 0 00
t+3/4|1 Ao 0100010001, 0001
e Lt*4]5]2]0 0 1% 0 010 00 1 0 00 1A
(seconds) t*5 [ 6 ]3]0 [ 18 00 1,000 10 0]0]18 o
tv6|7|af1 8 0010 0l0[1 0 001800
t+7 8 |s|2folo 1 A 0]0ol1 8 001 60|01
t+8|9|6f[3[o1 A 0j01 600 1,6 0|0 1,0
t+9]10] 7|41 olo|1 8]o0lo 1 8]0 0|1, 8]0
t+10[ 1148454240 01,80 01,8 0o/ 1,8 0]0

Figure 2. An example of the ASEP simulating queueing delay.

delay. This model simplifies vehicle movements while
keeping the moving trends and was thought to be suit-
able for early-stage discussions. In the simulations, the
maximum queue length in a stopped movement (PB)
and opportunity loss were compared between the bid
based control and pre-timed control, whose green in

val was arranged to be that of the average green in r@

in the bid-based control.

o

€ moveme

B

Settings

In the simulations, vehicle locatio

assumed to be known in real tim
an example of which is show, r
by the following rules:

1.

Each number

referred to the stafe
the cell (0: fac > pbsitive num¥g
vehicle locations

tence and &id).
1 i ve
: ighf, upSticam) and vehicles
0 second unless the left
&
lations did not precisely illustrate

with another vehicle or
ehicle lengths, gaps, the effects of

red indication at the origin
as an intersection.

framework of the bid-based signal priority control and
that other variables can vary depending on the situa-
tions. The authors considered the number of stopped

AN

oN

ctice was reasonable
d to be uniform in this

vehiclesgfSNg ue len
sl @ arfival w
perimfent.

ollowing algorithm was performed:
v <t - 3 o)
n
\@ E(LVA) = Z bitifcertaimy, (4)
i=1
0 t; = Ered (5)
LVB = Z bidi (6)
i=1
where
G = green interval (seconds),
Gmin(x) = minimum green interval that satisfies x
(seconds),

E(x) = expected value of x,

LV = loss of value in Movement ® (USD),

n = number of vehicles within a bidding horizon,

b; = bid from the vehicle i (USD),

t; individual weighed time for the vehicle i

(seconds),

Seertainy, = certainty function,

Eieq expected red interval (0 < E. < 62)
(seconds),

d; = delay of the vehicle i at the time of calculation
(seconds).

Other settings were as follows:

e The intersection had two conflicting movements:
Movement A (PA) and Movement B ($B) with-

out pedestrians.
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Figure 3. Typical phase settings.

Table 2. Bidding Value Distributions

Bid (USD) 0.00

0.50 1.00 1.50

Frequency 70.00%

10.00%

10.00% 10.00%

Note: USD = United States dollar.

Table 3. Descriptive Values in Bid-Based and Pre-Timed Control

\
K’

O SD Min. Max.

Item Timi
Green interval for ®A (seconds) Bid

Pre-time
Expected lost value in ®A (USD)

Lost value in @B (USD)

med (G=52

Vehicles passed in ®A (vehicles) Bid-b:

Maximum queue length in @B (vehic|

P @G 52s) \
‘ based
re-tlme@
i G

74.64 22.00 102.00
52 00 76.86 52.00 52.00

.35 53.55 0.00 269.00

77 68.56 0.00 358.80

128.60 106.29 18.50 769.50

0 145.98 141.21 0.00 927.00
14.14 419 7.00 27.00

14.00 0.00 14.00 14.00

18.20 5.60 8.00 35.00

18.00 0.00 18.00 18.00

Note: n = 50; M = mean; SD = s

e A s1mu1~o%ted when €
began
[ ]

1zon =2 ft/each.
interval.
peed = 40 mph.

s/veh for each movement
strlbutlon)
€ (Gmm)
gn time (Gax) = © S.

% ance interval = 2s/time.

pected typical red interval for a movement
8 s (Figure 3).
. e bidding value distribution in the bid-based
control is shown in Table 2.

Bids from ®A were multiplied by a certainty factor
(feertainty) to introduce the probabilistic nature of the

expected typical red interval for a movement. The factor
was 1.00 for 0-924ft (0-63s); 0.75 for 939-1,775ft (64—
121); and 0.50 for 1,789-2,640 ft (122—180s5).

With bid-based priority signal control, green time for
DA was extended until 3 s before the loss of value in ®B,
the movement receiving a red indication, exceeded the
expected loss of value for ®A. This setting made B
experience the maximum loss of value at the last second
before it received a new green indication. In the bid-
based control, the same bidding distribution was applied
to ®A and PB. Simulations were repeated 50 times in
each condition on Microsoft Excel 2016.

Results

The mean green interval for ®A was 52.38s. Table 3
shows descriptive statistics in each condition. Figure 4
pictures the user benefit with the bid-based control
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$230.50
$287.80

Max.
$191.90

0

$184.50

Min
-$101.20
$2

Figure 6 illustrates the average user benefit in the two
movements with the bid-based control in relation to dif-

that there were trials where the bid-based control could

not provide user benefit in relation to the pre-timed con-
trol. Yet, the bid-based control brought user benefit per

green interval in 38 (74.00%) out of 50 trials.

ferent green intervals for @A with pre-timed control. In
the simulations, bid-based adjustment found an optimal
green interval (52.38s). With the bid-based priority sig-
nal control, both movements were likely to experience
almost the same degree of user benefit because the algo-
rithm prevented unreasonable opportunity loss for the
entire intersection. The figure indicates that vehicle users
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in ®A would not have benefited when a pre-timed con-
trol had a relatively short green interval and vice versa.

3.69 for ®A; 4.62 for

The large variances (SD/M =
®B; and 2.53 for PA + PB) in user benefit indicated

bility of green time interval.
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Figure 6. Average user benefit with bid-based control in relation to the green interval for ®A in pre-timed control.

Note: n = 50 for every point.

Queue Length. This study considered queue length as a
function of queueing delay since vehicles arrived uni-
formly. The average maximum queue length in ®B with
the bid-based control was 18.20 vehicles, which was close
to that of the pre-timed control (18 vehicles). The value
ranged from 8 to 35 along with a green interval for ®A.
When the queue length in ®B reached 35, 33, and 31
vehicles in Trial 7, 16, and 18, respectively, the total yser
benefit was —$22.70, $11.60, and $13.80. Because 1
queue lengths can generate initial queue delay i
exceeds a threshold, the effects of bid-based pri @
nal control on queue length in multiple cyclegfsh e
investigated further before on-site implem@ .
@, .
led that th€ b
@apable of&p’ng
erage in relati 0
reen interva

Conclusion

The simulations with the AS
based priority signal co
increased user benefit

timed control with a simi
the average maxi

anced out the expected

WO flicting movements.

tial side effects should be analyzed.
esearch in this paper was conducted
itations that suggest recommendations

is recommended that further study be con-
into high-fidelity microscopic simulations.
Although the ASEP model was useful to observe the
moving trends of each vehicle as a particle in an initial
observation, microsimulations should be conducted to
investigate the effects of a bid-based control because they

NS

quts, such as

e spillback with

show more realistic results based o

that future studies
inv C i of ased priority signal con-
0@ : ough the ASEP did not con-

siddi queue spillbacl§precisely, there may be real
itgfitions whe%:ue spillbacks should be maintained
under a cer . A bid-based priority signal control
has the po to discharge relatively long queues
automatically because bids from a longer queue are

li larger than those from the shorter conflicting

0 ts. The bid-based priority signal control is flex-
%nd robust in this context. If this is always the case,

queues observed in the ASEP (e.g., Trials 7, 16, and
18) might not be a big problem over cycles. However,
excessive queue spillbacks could cause initial queue delay
at the intersection or adjacent portions of the road over
multiple cycles. If a bid-based priority signal control
often creates long queues that result in severe delay,
effective methods to control the effects of queue spill-
back should also be discussed. For instance, the length
of queue spillback could be limited by installing some
sort of queue length detection systems or setting a maxi-
mum green time, whose value may depend on intersec-
tion geometries.

Another future interest lies in optimizing bids in a
transportation network. As long as green time is con-
trolled by bids at each intersection, intersections may
release movements that conflict with each other at the
subsequent intersections. Thus, it would be interesting to
assess the possibility that road users can bid for multiple
intersections.

Furthermore, the effects of many independent vari-
ables should be investigated. Such wvariables would
include vehicle arrival types, bidding distributions, traffic
volume, degree of saturation, signal phasing, and the
technology penetration rate. Since road users using dif-
ferent modes of transportation meet at intersections, it
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Figure 7. Concepts of signal priory control.

would also be of great value to investigate the effects of
those variables in mixed flow environments. For exam-
ple, a minimum green time should be implemented when
there is a pedestrian crossing. In addition, future work
should be done on the bidding infrastructure that can
address VOT associated with different numbers of vehi-
cle occupants.

As well as these variables, the initially expected re Vents of a sys

interval should be optimized when a bid-based prio

signal control is actually installed because the val
merely arbitrary and largely affected the calculdafion

= 09

Theoretical and Practical Implications

In addition to the matters discussed above, a bid-based
priority signal control has several implications.

Above all, a bid-based priority signal control can be
an integrated form of priority control because preemp-
tion, TSP, and other signal priority control methods
share the same ideology. If the system is introduced on
transit vehicles, it can work as TSP whereas it can pro-
vide preemptions if it is put on emergency vehicles
(Figure 7). Since these concepts are qualitatively t
same, the only thing vehicle operators would be requg
to do would be to adjust bids. Such an integ ti@
allow manufacturers to provide the infrast t
reduced costs.

Also, it may be interesting to assess ects on
safety of the bid-based priority signall cOng@6l because

in@ications rather

than speed wh are in a hur thermore, a bid-
ding sche revenue for road
authorigd rganizations operat-

he payment system is

properly.
paper intrﬁzd and discussed several key ele-
id-based priority signal control.

t this point, earch is merely theoretical because
it is curre not easy to introduce special devices at real
intergegt ,fbut it is worth exploring the possibilities

ith the bid-based priority signal control

i i
esign

) . ass
hi . The representati al an R . .
this .study ¢ representative value can be © calg the new type of control has the potential to give
median, mode, or some other, but how tgstet@matne the . . .. .
. e society ways to enrich its quality.
¢ Same timg,

fittest value has yet to be established.
it is important to note that there no “absolut
right” settings at real intersect n%u e the m

of optimality can vary fro situation

=

Besides engineering stu social studies e
conducted from a policy-makin® stand pQimtgb id-
based priority con@l ot work if€h Ssighificant

iyidua bility to pay

the individual VOT
driver’s disposable

opposition to the sgste e ind
is not likely to §oportion

Oth aise a queShio
co@ environ d be ignored in the bidding
cess” At the same Wime, it is also questionable how

it wbuldNe
r the rightgo
VOT. pe

spectives add up to philosophical argu-

ficult to reach a global consensus on this issue as long as
people have different opinions.
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