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Background
Freight transportation

Dominant mode of intercity goods movement

\/

Will keep playing an important role in the near future
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However, many problems are also increasing

»Accident »Delay »Labor force

New transportation system is desired

-

Truck automated lanes




Background

Truck automated lanes

» Dedicated lanes for freight traffic
on intercity expressways

 Unmanned or manned control with
ICT

 Effective use of lane by platooning

Dedicated lane (Ishizawa,
2006)

Unmanned Manned



Previous studies including Nishida, et al.(1998) and Ishizawa (2006)

Examined the effects of truck automated lanes

on New Tomei-Meishin Expressway

Assuming a fixed demand on the expressway

Induced demand from other routes
Change in the traffic flow of whole road network
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Investigation of change in whole road network

By using network data and OD demand




Study flow

OD demand data
Future dynamic OD demand

Link performance data

Estimation of link performance function
considering mixed traffic

Future network data

(truck automated |anes) Dynamic traffic simulator

Examine the change in network flow

by introducing truck automated lanes
(Total traffic volume, speed, truck volume)




Estimation of link performance function

k-v function (density - speed)

BNon-linear model based on car-following theory by Gazis(1961)

_ e k :density (veh./km)
kp C : capacity
C V. :free flow speed

- - o,|  :parameters

PCE (passenger car equivalence)
kp =(1—P)-ky, + PCE-P-ky,

v (km/h)
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kM : density of mixed traffic

P :truck ratio
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Estimation of link performance function

k-v function (density - speed)

BNon-linear model based on car-following theory by Gazis(1961)

_ e k :density (veh./km)
kp C : capacity
C V. :free flow speed

- - o,|  :parameters

Assumption: passenger car and truck have the same speed
(Huber, 1982; Okura, et al., 1991)

-1
V = Vf exp{_ a((l— P) kM + PCE . P . kM j } kM :density of mixed traffic

C P :truck ratio

— -

Simultaneous estimation of v;, a, |, PCE



Link performance data

[ ]

100 Expressway —

80 |- -
E\ X
€
é 60
8 = - ) .
8 40 * PR 3 n
N L

20

0

0 0.005 0.01 0.015 0.02 0.025
* Density / Capacity
90

Surface road
(2 lanes)

AT g6 \INITI 1 ay

Speed (km/h)

0 0.05 0.1 0.15

Density / Capacity

0.25

* 0-10%
= 10-20%
20-30%
30-40%
X 40-50%
® 50%—

* 0-10%

= 10-20%
20-30%
30-40%

X 40-50%

® 50%—

Road traffic census data
Year:1997, 1999, 2005
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Speed decrease by truck is not obvious
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Estimation results of link performance function

-1
K
v=f(k)=f(@-P)-k, + PCE-P-k,) f(k)=v; exp{—o{cj }
Free flow speed Sample
Ve (km/min) o | PCE size
Expressway 1.032_ + _O.283*speed 0217 2 616 1733 567
limit (km/h)
Surf d
Hriace roa 0.952 0.767 1.492 No good 1381
(3+ lanes)
Surface road
0.756 0.339 1.654 No good 7408
(2 lanes)

PCE at expressway is estimated at 1.73
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Consistent to the literature

PCE could not be estimated for surface roads

Might be difficult to estimate with sample including various types of roads




= Development of future OD demand

Current OD  Road traffic census OD data 1999 _
Daily demand

~

Future OD OD data at 2030 by MLIT
— Adjusted for target year 2020
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For dynamic simulator

Distribution of current dynamic demand for each OD pair is applied to obtain
— future dynamic OD demand



プレゼンター
プレゼンテーションのノート
このODデータは1日交通量であるため，そのままでは動的なシミュレータに適用できない．そこで道路交通センサス集計用マスターデータから，ODペアごとの出発時刻分布を集計し，これを用いることで30分時間間隔OD交通量（４８時間帯動的OD表）を作成した． 

本研究では新東名・名神高速道路の開通時を対象としているため，これを平成32年時点予測値に修正する必要がある．そこで，道路関係四公団民営化推進委員会資料（第20回参考資料）より，下表のような修正係数を得た．これを平成42年OD表に乗ずることにより，平成32年OD表を作成した．
　また，現況ODデータと同様に動的なシミュレータに適用するためには，出発時刻を踏まえ，これを分割する必要がある．しかしながら，将来時点での出発時刻分布の情報は得られないため，現況ODと同様に平成11年度道路交通センサス集計用マスターODデータの各ODペア別出発時刻分布を使用した．ただし，将来ODにのみ発生するODペアについては同じもしくは同じ地域のODペアの出発時刻分布を用いることとした．


Future network data

e

urrent network data used for validation of simulation A

Future network data Year 2030 data by MLIT

N — Adjusted for year 2020
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= Dynamic traffic simulator

Meso-scopic: One packet for 5 vehicles for each vehicle class

Route choice: dynamic user optimum — myopic link choice

Congestion: Point-queue + link capacity — spill back

Vehicle movement: Periodic scanning — 15 second time step

Vehicle class: passenger car, truck

Value of time: 68.7JPY/min. for passenger car

87.4JPY/min. for truck

PCE: 1.73 for both expressway and surface road .


プレゼンター
プレゼンテーションのノート
同じ起終点を持つ複数の車両を1つのパケットとし，各パケットの移動はピリオディック・スキャニング方式で管理されている．各パケットは，流出ノード到着時に一般化費用による最短経路探索を行い流入リンクを決定する．また，各リンク上での車両走行速度（リンク流出予定時刻）は，リンク流入時刻における当該リンクの交通密度を用いてk-v曲線より算出される．また，リンクには単位時間内の存在可能交通容量や流入・流出可能容量（一般道路リンクにおいては設計交通容量）が設定されており，これを超える場合には流出ノードにおいてPoint-Queueによる渋滞長が形成される．これにより渋滞の上流リンクへの延伸も再現可能となっている． 


Validation of simulator

Observed and estimated link traffic volume
using OD demand data at 1999 and network data at 1999
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Not biased at expressway

13



Assumption for truck automated lanes

— Lanes: 2 lanes of 6 lanes at New Tomei-Meishin Expressway

— Vehicle length: 13.5m (Ishizaka, 2006)

— Headway: 13.5m

— Speed: 100km/h (Nishida et al.(1998) : 100km/h, Ishizaka(2006) : 110km)

» Speed decrease is not considered up to the capacity

— Capacity:
C,, =100x 1000 = 3703.7 (Veh./h)
’ 27.0
t t+ 1
Capacity V k

(Veh./h) (km/h)  (Veh./km)

Operation at on/off ramp is not considered in simulation
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Scenarios

Scenarios for New Tomei-Meishin Expressway

Normal lanes Truck automated
lanes
Lanes Speed limit | Lanes Speed
Base 4~6 100km/h -- -
Case 1 6 100km/h -- -
Case 2 6 120km/h -- -
Case 3 4 100km/h 2 100km/h

15



Truck ratio

—() - 100 (82)
—40- 60 (10 _
20— 40 209y T
0- 20 (448} -

L ]

:IIIIIIII.I

E 1999

2020

Truck ratio at base case

 High truck ratio at New
— Tomei-Meishin EXp.

« Change in Old Tomei-
Meishin Exp. is small
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Change In traffic volume compared to base case
Case 1:6 lanes 100km/h m/h

Change in traffic volume

— 5 000 — (2
2500 — 5,000 a1

BOD - 2500 (166

500 - 50O (14831)

2500 — -500  (301)

5,000 — =2 500 {48)
—— () 1280

Increase in speed to 120km/h (Case 2)
— Induced demand from Chuo Exp.

‘ Induced demand by automated truck
Case 4:4 lanes 100km/h+2 truck automated lane lanes at the same level

*Normal lanes are shown for New
Tomei-Meishin exp. in figure 17



Change In speed compared to base case
Case 1:6 lanes 100km/h

Case 2:6 lanes 120km/h

' Changeﬁin speed

10 —-100 (30
25 - 10 (30

1 - 25 @
=l (20}
—25- - 6}

-0 - -25 (@
100 - -10 7

Increase in speed on other links is
not significant

Case 2 & 3 have the same speed

Increase for passenger car

Case 3:4lanes 100km/h+ 2 automated truck lanes Nagoya JCT has speed decrease

KNormal lanes are shown for New because of increased truck volume

Tomei-Meishin exp. in figure




Change In truck ratio compared to base case
Case 1:6 lanes 100km/h

Case 2:6 lanes 120km/h

Change in truck ratio

20-100 (o)
10— 20 3
E- 10 {0
-5 - 5 (5o
-10- -5 (56)
-20--10 {117
100 —-20 {1033

Significant decrease in truck ratio at

normal lanes in Case 3

Case 3:4lanes 100km/h+2 automated truck lanes

*Normal lanes are shown for New
Tomei-Meishin exp. in figure 19
*Only expressways are shown in figures



- Comparison of vehicle-hours and benefit

<Vehicle-hours>

> Unit: 1000 veh. hour

Vel Lc:irs]ﬁlin Nelrﬂve-:-sohr?nel ler
Base case 6094 -- 319 -- 356 -- 5419 --
Case 1(6 lanes 100km/h) 6075 | -19 | 289 | -30 | 384 | +28 | 5704 | -17
Case 2(6 lanes 120km/h) 6044 | 50 | 261 | 58 | 411 | +55 | 5662 | -48
gjtsoem?; i‘;ﬁgﬁzg 5 e 6055 | -39 | 256 | -63 | 413 | +57 | 5670 | -34

-The size of decrease in veh.-hrs. is Case 2 > Case 3 > Case 1

-Decrease in veh.-hrs. is significant at routes other than New Tomei-Meishin Exp.

J

<Benefit>
Travel time decrease
(100MJPY/Yr.)
Case 1(6 lanes 100km/h) 340 )N
Case 2(6 lanes 120km/h) 884

Case 3(4 lanes+2 truck automated
lanes)

Automated truck lanes
doubles the benefit

20


プレゼンター
プレゼンテーションのノート
既存研究では新東名の需要量を固定して効果を計測
　しかし，実際には東名やその他の路線から転換が発生する
　また，走行時間短縮（便益）も東名・その他の路線で発生する



Conclusion

Conclusion

» Introducing truck automated lanes has a better effect than
mixed use of lanes in terms of veh.-hrs.

» Introducing truck automated lanes into New Tomei-Meishin EXxp.
causes significant flow change in whole networks
— Assumption of fixed demand was not realistic

Future tasks

» Estimation of different speed in mixed traffic for each vehicle
class

» Improvement of simulator including realistic route choice

» Estimation of CO2 reduction considering platoon effect

21
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