PHYSICAL REVIEW E 66, 038101 (2002
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The effect of including an explicit delay tim@ue to driver reactionon the optimal velocity model is
studied. For a platoon of vehicles to avoid collisions, many-vehicle simulations demonstrate that delay times
must be well below the critical delay time determined by a linear analysis for the response of a single vehicle.
Safe platoons require rather small delay times, substantially smaller than typical reaction times of drivers. The
present results do not support the conclusion of Bagidal. [M. Bando, K. Hasebe, K. Nakanishi, and A.
Nakayama, Phys. Rev. BB, 5429(1998] that explicit delay plays no essential role.
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Many studies have attempted to model driver behavior inwhere Ax,(t—tgy) is the headway to the preceding vehicle,
enough detail to reproduce the observed features of traffievaluated at an earlier time. A specific example of the right
flow. One well-studied model, the optimal velocitpV) hand side of Eq(1) has been given by Sugiyanh]

model, has been described in REL]. In this model, the B _
acceleration of thexth vehicle is determined by the differ- V(Ax)=16.8tantj0.08GAx—25]+0.913, (4

ence between the actual velocity,, and an optimal velocity \yith ai| quantities expressed in metric units. The parameters
V(Ax,), which depends on the headway, to the car in haye heen chosen to reproduce average velocity vs headway

front. empirical characteristics on a Japanese freeway and are the
v, 1 same as in Ref4].
——=—[V(AX,) —v,], (1) A linear analysis can be done to determine the critical
dt
T delay time. For small deviations about the equilibrium head-
where way AXg, for whichv,(t) =V(AX,), Eq.(4) can be written
approximately as
V(Ax) =V tand 2P ¢ 4 c du(t)
(B =Voltan ===+ o), P (D =V(AX0) A AXy(t 1)~ AXo], (5)
_ )
AXn=Xn-17Xn where
andx, is the position of thenth car;x,_, is the position of y=V'(AXy). (6)

the preceding car. The length of the vehicle®ignd 7 is a
time constant representative of the vehicle dynamics. Thgrom a Laplace-Transform analysis, it can be shown that the

length scale id while Vg, C,, andC, are constants. critical delay time is

The original OV model does not explicitly account for
driver response time, which has been found to be about 1 s t :Zsinl(i) @
[2,3]. Compared to the natural time scales in the mdsleth © 0 oz

as 7 or headway times delay times are significant. The pur-

pose of this Comment is to discuss the effect of realistic timévhere

delays on the behavior, especially the stability, of the OV 1

traffic model. The maximum size of a platoon of vehicles e T AT A2 1712

that avoids collisiongthe “safe platoon’) is calculated as a b \/2[ 1+alyn =11 ®

measure of stability. A previous study of the effects of ex-

plicit delay on the OV mod€]l4] concluded that delay times Evaluating for the parameters of Sugiyames 1.44 s'1

are not large enough to be significant and can be taken inttor Ax=25 m, and setting=0.5 s, we find the critical de-

account by simply redefining the sensitivity parameter. Thday t.=0.85s. Here we calculate the response of a vehicle

present work reaches different conclusions. (with initial headway 25 m and initial velocity 15.34 m/s
When we include time delaty (representing driver reac- encountering a slower lead vehidlgaveling at 14 m/s a

tion time), the equation for the velocity,(t) of a vehicle is  standard method to examine stabili6y.

given by So far we have only examined the effect of delay on the
do- (1) response of the first car following a slower lead vehicle. Next
Un _ we investigate multiple vehicle@ platoon all spaced with
+u,(1)=V(AX,(t—1y)), 3 : L
Tdt Un(D)=V(AxX,(t~1q)) @ the same headway and traveling at the same speed initially.

The stability found above does not necessarily imply that a
platoon of vehicles is also stable.
*Present address: Physics & Astronomy Dept., Michigan State First consider a small delay, 0.1 s. Calculations show that
University. Electronic address: Idavis7@peoplepc.com a platoon as large as 100 vehiclgise most we considgis
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FIG. 2. The maximum number of vehicles in a platoon without
delay time (s) a collision as a function of normalized delay tiggh, whereh is
. . . the headway time in seconds. Simulation data group according to
FIG. 1. The maximum number of vehicles in a platoon before 8the ratior/h for different values of the time constant. These results

collision %CCULS _ﬁ al fur(;ctiokr]l. ?f dellay.ttinl.l@.l‘cl)m)// 120 vtﬁhicllest are for the general model of EQ) with V(Axy)=20 m/s andb
are consiaered. The lead venicie velocity IS 14 m/s. -or the platoon.. hV(Axg). The initial headway and velocity are related Ay,

the initial headway-25 m and speed15.34 m/s. =V(Axp)h+D. The lead vehicle travels at 19 m/s.

stable, albeit with some oscillations in velocity. If the delay griver reaction time. This approximation is inadequate for
time is increased to 0.3 s, which is still well below the criti- typical values ofty. For example, a calculation of the safe
cal delay time of 0.85 s, only the first 14 cars avoid a Co”i'platoon size forr=0.5s andt;=0.5 s gives only five ve-
sion. The fifteenth vehicle experiences a headway less thakcles for the OV model with explicit delajEq. (3)], but 19

the length of vehicleD=5m. Similar behavior holds for yenicles whenr is replaced byr+tg in original OV model.
0.5-s delay. In this instance, however, only the first five carsrhese results suggest that the OV model is inadequate, or at
do not collide. A plot of the number of vehicles in a platoon |east incomplete, in describing a significant feature of traffic
before a collision occurs, i.e., the safe platoon, as a funCt'Oag/namics—delay due to human reaction time.

of d_elay time reveals an abrupt change between 0.2 anq 0.25 These findings hold more generally than just for the par-
s (Fig. 1. For delay less than 0.2 s, platoons of 100 vehiclesjcyjar parametrization given by E¢d). In Fig. 2, results are
involve no collisions, but for larger delays only much smaller gpown for different time constantsand length scalé with
platoons are safe. Banda al. [4] noted a change in traffic fixad velocity at the inflection point. These results are ob-
flow pattern atiy=0.22 s, possibly indicating a transition {0 tained from Eq(2) with Vo=22.22 m/s andC,=0.9 so that

a new phase(They did not discuss safe platoon sjzél- V(AXg)=20m/s. We also chose&C; and b such that
though the initial conditions are idealizédniform headway tanhC,=C, andb=h V(Axo), giving Axo=V(Axo)h+D

and speey the simulations nevertheless show that the OVyyhereh s the headway time. As expected, safe platoon size

model is unrealistica_lly sensitive to Qelay time. I_t appearsjecreases with increasingout is larger if the headwagsx,
that the OV model with parameters given by Sugiyd®R s |onger. Scaling is apparent in Fig. 2, where safe platoon

V\{hICh we take to be representative of actual trafflc,. IS INCONj,6 depends on the normalized defgyh and results group
sistent with the introduction of reasonable delay times 'moaccording tor/h.

the model. Unlike Bandet al, in this work a 0.2-s delay is
considered too small to be indicative of the reaction times of The author thanks Perry MacNeille for useful discussions
human drivers. Bandet al. suggested that be replaced by and insight and Craig Stephan for a critical reading of the
T+1t4 in the original OV model to account for the effects of manuscript.

[1] M. Bando, K. Hasebe, A. Nakayama, A. Shibata, and Y. [4] M. Bando, K. Hasebe, K. Nakanishi, and A. Nakayama, Phys.
Sugiyama, Phys. Rev. &1, 1035(1995. Rev. E58, 5429(1998.

[2] Robert E. Chandler, Robert Herman, and Elliott W. Montroll, [5] Y. Sugiyama, inWorkshop on Traffic and Granular Flgved-
Oper. Res6, 165(1958; Denos C. Gazis, Robert Herman, and ited by D. E. Wolf, M. Schreckenber, and A. Bachéworld

Richard W. Rotheryjbid. 9, 545 (1961). The delay time re- Scientific, Singapore, 1996p. 137. The phenomenological
ported in these references includes mechanical delay as well as  form Eq. (4) was first introduced in M. Bando, K. Hasebe, A.
driver reaction time, which can vary according to traffic con- Nakayama, A. Shibata, and Y. Sugiyama, J. Phys5,11389
ditions and previous driver actions. (1995.

[3] M. Green, Transp. Hum. Factogs 195 (2000. In this refer-
ence, 0.7 s is considered the minimum driver reaction time for
braking.

[6] Namiko Mitarai and Hiizu Nakansihi, Phys. Rev. Le8&5,
1766 (2000.

038101-2



