)

A sl V=03 0YA5 5la) ) o3lod FY e um§ banmo 3 (08 (quikides 4185 ey
¥

o

G293 31 oiond G99 duils s Liwg 0 puzi ) 50 iyl — Sy Sl Judons
)b

T ooly g Lo, 5 ' ooly,lio Sgamme ¢ oI llo )T sae e

2958 s plel (el o8l ¢ cwiigs (6 0aSaisls JLoliul |
2958 e plal (Maliep oKl ccs pl 5 g o)~y (1,255 (sgmmaiils |
5 ey a3 KIS ceny s Lasmre 5 ol po cwiiges oaStils ol

. .- w . aeo ¥
J)Qﬁ )9 T°L$‘ oRisls ‘6)‘.‘)-’ F) ol)fdlj,o.c 6‘)‘5‘> 65’.‘*:"-’“>
QOIFNY T 55 AOMFNY w3y QTN /) - icdl )

oS
Sl ezl g JSs silodue pslaie 4 33,5 oo oanlin ool ol3T 1o 1, S ity M 1od JYS G @y oS Gigs -2 > bl LT
e iled p (e (S8l ploos) plulids jglate 40 S5 ele 0 (0L Jlams slacs 985 adb oo pie SIS by 0 plaosl SIS ess
slcasnsy o (S, Glisee sbgwly (Saom wudles 565 B b 5,55 cpl bl tcwl says 8 al)l OVl 5 Sealinoge i aile SG58
e S 25 g jo By —ES > SUlS poged (alulid jshaie 4y cllie ol o aie medss o S8l ploil 0 ek A |y (Sl il
900 )5 (50 (G jlly (gl (olid (EalS 5 Rali8 B bl e 5l iy 4 S5 by NGSIM (65500 sbaools 5 ()il (5,955
ol Glo Sy oSyl (6,95 p e adlige (S Joly jo Qs RelS g Gl 5B e 90 G egame o Gl Lz &S
O ype du 4y g5 —CS o Sl il Uil g Julos 5l (EBs diog g 5Ll izmen o (i 50 5dee slallas ((Suil; Jglae s )l3,

23,5 oo &) aBgi -8 1> Zlsel ad syl g ol ol

NGSIM (5,5.c (sloosls woaisly 5,L8, slagwly « 5,lael (5,95 «aBsi -5 ;> S8l joc dil> :ojlgunls

o ay Lol bl o ppe ol ST oy esd g gl
SH sl Sy @lelbd (Sl G e sleosls (s
Soged 33 Sl (y0ge (il jslaie 4y (gl -S>
Rl pBasl) &8 > ad Jie adl oo e Loy —alols
By 5 o 0 (5,58, slacusgione Lal,d o i
3 s Ll 5 5SS oy iy S o5 S i
2 OBl )8, slagsl 4 B8g5 -S> ST (28 e
3 Slalllas Gidod oo 4 e dibioe (Sdly plool
4 Joo st LWR (65555 058 00 0], 5,L3, Jow
slocdlhs o wibge S5 obgy (O meog skt
"Srr g o plol Sl e 228 Slaslin b (el
S5 S lyies i ald, b 4 Ll 3o
1900 Whitham  Lighthill) ses zesy |, iy oS >

doddo )
by S5 e s 4 Vgens iy -8 > Sl
e 23 el g JSa5 e b3 pad Ja 5 AL
85 o ol Sl g 5l ok Bl g Hae )3 (598
(o ¢ &I Y-V (o Ken ¢ Zheng :¥--A (Bilbao)
g Laval «Y--Y (Cassidy g Ahn) l> 5 slbo,sile
Jb o Sély oS els o (Y- -0 Laval ¢V« «# Daganzo
4 e (Yeof dLaval £128Y . Kes 5 Koshi) <S>
4 0y e S5 by e (Sl gee lal g JSs
S oges Sy g Je ggiie sl SRyl cew
Sl Ll g JS8 Goges sileae jolaie 4 g5 -S>

1. Moving bottleneck
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3. Cellular automata
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2. Synchronized
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4. Biological reaction time
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5. Maneuvering errors
6. Anticipation

7. Perception

8. Estimation

9. Under reaction

10. Over reaction
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11. Anticipation
12. Aggressive
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13. D-curve trajectory
14. A-curve trajectory
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1. Introduction

Analyzing stop and go traffic that observes unexpected reasons on freeways is important for modeling
generation and growth oscillation and estimate congestion effects on traffic flow. Numerous theories on
traffic have been developed as traffic congestion gains to model congestion traffic, many traffic theorists have
adopted theories from other fields such as fluid mechanics and thermodynamics. However, these theories
cannot explain the complicated driving behavior patterns from the fluid mechanics’ perspective. In these
paper, because stop and go traffic identify at a microscopic level and based on asymmetric theory and
trajectory data of NGSIM, traffic flow state can be classified into five phases according to speed and
movement of the vehicle: Free flow, acceleration, deceleration, stationary and coasting phases and also, traffic
flow departs between boundaries of acceleration and deceleration phases. Based on asymmetric theory can
analyze driver’s behavior responses: maneuvering errors and anticipation, and also life cycle of stop-and-go
Traffic can demonstrate three cases: Generation, Growth, Dissipation.

2. Methodology
2.1. Phasing traffic flow based on asymmetric theory

Based on asymmetric theory, traffic flow has five different phases: acceleration, deceleration, stationary,
free-flow and coasting. In free flow, drivers run at their desired speed which is usually a maximum speed.
Acceleration phase is a state in which a vehicle is speeding up to catch up with the speed of the leader vehicle
or reduce spacing. In deceleration phase a vehicle is braking to reduce its speed or to increase spacing from
the lead vehicle. In stationary phase, vehicles keep constant both their speed and spacing. Coasting is defined
as a phase in which a vehicle keeps its speed but spacing is being reduced or enlarged by the lead vehicle’s
deceleration or acceleration between A/D curve. During coasting phase, a vehicle will not do any action as
long as it is between the two curves. Reaching A or D-curve, it will start acceleration or deceleration phase.
Coasting is actually a transition phase connecting deceleration and acceleration. In microscopic view,
stationary phase is a traffic state in which the speed and spacing between two adjacent vehicles are constant.
But, in traffic situation it is almost impossible for these two values to be kept constant for long time because
human perception and reaction are not perfect. So, we need a relaxed definition for stationary phase. Near-
stationary flow can be defined in speed-spacing plane when the following conditions are satisfied:
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2.2. Shock waves
2.2.1. Reaction time vs. wave travel time

Based on searches, the human reaction time to front stimulus is different from the actual response time
which is measured from front speed change to the follower’s speed change on the road. Kim and Zhang
(2004) called this reaction time as ‘biological reaction time’, and wave travel time as actual reaction time.
Figure 8 shows measured reaction time in car-following for deceleration situation. The time gaps between the
lead vehicle’s braking signal and follower’s signal were measured. It shows a distribution which ranges from
0.5 sec~1.6 sec. Most of them (80%) are within 0.6 sec~1.3 sec. This distribution shows good match with real
human reaction time. If a lead vehicle started decelerating at time t; and the subject vehicle started at time ¢,
the wave travel time 7 is t;- t1, if all of the following conditions are satisfied:

» The subject vehicle’s speed must be less than free flow speed
* Both vehicles must travel at a constant speed before the action
* Both vehicles must be traveling at the same speed before the leader vehicle’s action

2.2.2. Shock wave speed based on asymmetric theory

Time of shock wave propagation depend on speed and spacing. According to figure 10, we assume two
states A (s1, v1) and B (s2, v2) which are on different curve in

speed-spacing plane.

d=V, t,, - S, tw=(52-51)/(V2-W) (2)

Therefore, wave speed w is two points is the y-intercept of the line connecting two points.

W=(V,t,-S,)/ty = - S2 gz 23 :

2.3. Human driving behavior

2.3.1. Maneuvering errors

Drivers are not perfect in adjusting their speeds, because of perception, estimation and action errors.
Perception errors include measurement errors for distance or speed of the vehicle in front.

2.3.2. Anticipation

The “anticipation effect” is related to the time of action on the possible change in future traffic. In most car-
following models, it is assumed that drivers follow only one vehicle, but in the real world, drivers use
information from several vehicles downstream and even from adjacent lanes.

3. Results and discussion

3.1. Stop and go traffic theory

The key research questions relate to the life-cycle of stop-and go traffic, i.e., the understanding and
explanation of the generation, growth and dissipation of traffic waves. Stop-and-go is generated near D-state
(D-state is a state in which a vehicle is near D-curve or is decelerating, so it includes stationary and coasting
phase near D-curve, and deceleration phase) in which traffic is decelerating or ready to decelerate because of
the lower vehicle speeds downstream. In D-state, where vehicles drive in short spacing, a small disturbance
can cause subsequent speed drops which may propagate upstream. As long as the upstream traffic is near D-
state, the stopping wave of stop-and-go traffic grows and propagates upstream. This continues until the wave
meets free flow traffic or vehicles ear A-state (A-state includes near A-curve stationary, coasting and
acceleration phase), where vehicles have larger spacing which can absorb the stopping wave. When a vehicle
in A-state meets a stopping wave, it will coast towards D-curve without braking, and then start deceleration
according to speed difference. By delaying the braking event, the wave propagation is delayed and its speed
decreases.
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3.2. Generation

Stop-and-go waves can be generated in unstable traffic which is near D-curve in congested traffic; he
instability invoked in stop-and-go traffic is relatively small and cannot be propagated upstream unless the
following traffic is also near D-curve; while the effect by lane changes are greater, and can propagate even the
following traffic is not near the D-curve. This is the reason why stop-and-go waves are frequently observed to
be formed near on-ramp merging areas. The location of stop-and-go traffic generation is expected to be close
to lane changing locations. Also note that in Newell’s theory, the deceleration path follows D-curve, while in
the proposed one, it passes the D-curve first, and then moves down to the location on D-curve.

3.3. Growth

The mechanism of the growth is basically same with the one of generation. Here, the focus is on the
amplification of the waves. When the traffic state is near D-curve, a small disturbance can propagate and be
amplified combined by over-reaction and anticipation effect as described in the previous section. There are
some distinct phenomena in the growth phase, including a) drop of minimum speed (amplification), b)
expansion of the affected time period, and c) fast running anticipation waves. Because a transition from D-
curve to A-curve is required in growth stage before exiting stop-and-go waves, the minimum speed always
drops compared to the minimum speed of the leader vehicle, and the acceleration wave is usually delayed.
The transition period depends on the speed of the ‘2’- minimum speed.

3.4. Dissipation

When a vehicle’s traffic state is near the A-curve or in free flow, it can absorb the impact of stop-and-go
traffic. If the front spacing reduction by stop-and-go traffic is less than the distance to the D-curve, the impact
of spacing reduction will be reduced or entirely eliminated. So, if the following traffic is near the A-curve, the
stop-and-go traffic waves will dissipate. keeping large spacing, vehicle 2’ can absorb the spacing reduction
impact, and all the waves stop to propagate. After absorbing the stop-and-go waves the vehicle will move
closer to the D-curve state. Meeting another stop-and-go waves, it can easily breakdown. Inside congested
traffic, A-curve traffic can be generated after passing a stop-and-go traffic. If a front vehicle exits or changes
lane to other lane, the following vehicle can also be near in A-curve.

4. Conclusions

The objective of this research is to develop a new traffic theory, which can be used as a framework for
developing improved microscopic traffic simulation models. Most of the existing traffic flow theories have
been derived from physics laws and cannot explain complicated driving behavior especially in congested
traffic. Existing car-following models incorporate numerous parameters that cannot be readily linked with
field observations of driver behavior. The approach in this thesis is to analyze in detail the movement and
interactions of individual vehicles in congested traffic based on filed data on vehicle trajectories. The analysis
provides experimental evidence on the asymmetry in vehicle acceleration and deceleration. A microscopic
asymmetric traffic theory is then proposed that can be used to understand and model traffic phenomena. A
microscopic asymmetric driving behavior theory is proposed based on detailed analysis of individual vehicle
trajectories from the NGSIM database, which is the largest database of vehicle trajectories that exists to date.
The findings clearly show the asymmetry in vehicle’s acceleration and deceleration, and define five traffic
phases: free flow, acceleration, deceleration, coasting, and stationary. The proposed theory suggests that
equilibrium exists in the area bounded by A-curve and D-curve, and provides detailed description and
mechanism of phase transitions. Extensions of the basic theory address common driver behavioral
characteristics such as maneuvering error and anticipation. The application of the proposed theory provides
reasonable and intuitive explanations verified with experimental data on common traffic phenomena, which
cannot be satisfactorily addressed by existing macroscopic or microscopic theories.
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