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Merging Support Service (Concept)

« Detecting vehicles in main lane and providing the vehicle information to
the merging vehicles via V21 communication

Vehicle detection sensor

Sensing speeds and
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Merging Support Service (DAY1/DAY?2)

® There are two merging support services: DAY 1 which detects the traffic condition of the main lane in
cross section and provides information at the spot, and DAY 2 which detects the traffic condition of

the main lane in a certain section and provides information by continuous communication
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Qverview

® Since it is required to detect a traffic conditions on a main lane accurately, FOT for an
accuracy confirmation of a vehicle detection sensor was conducted on NILIM test track.

B FOT on NILIM test track (Equipment layout)
Evaluation item: speed, length,
Inter-vehicle time, detection range
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Sensor Equipment/Location
Radar/ 30m downstream
Sensor A )
from cross section (2)
LiDAR/ 10m downstream
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from cross section (2)
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LiDAR and CAMERA/
Sensor E | 40m downstream from
cross section (1)
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Accuracy Confirmation of Vehicle Detection Sensor (DAY?2)

Preliminary figure §

® Both the upstream side and the downstream side are not satisfied with the required
accuracy (Measurement error is less than 0.1km/h).

® The error tends to be larger on the downstream side than on the upstream side.

Measurement error of speed (All sample) (Unit: km/h)
SensorA | SensorB | SensorC | SensorD | Sensor E | SensorF | Sensor G
Ave. 0.14 0.19 -18.06 -0.02 0.53 0.48 0.85
Upstream Ave.
side (Absolute) 0.25 1.96 18.40 0.25 1.39 1.39 1.03
S.D. 0.48 3.05 15.00 0.36 2.02 2.02 1.21
Ave. 0.02 -1.53 0.12 -0.89 -2.37 -0.40 0.19
Downstream Ave.
side (Absolute) 0.41 2.86 1.99 1.25 5.93 1.13 0.78
S.D. 1.32 3.27 3.52 1.82 13.08 3.41 1.86
2 N (number of runs) = 170-208 7




Accuracy Confirmation of Vehicle Detection Sensor (DAY?2)

Preliminary figure §

® By vehicle type: There is not clear difference in measurement error.
® By speed: The higher the speed is, the larger the error tends to be.
Upstream side Downstream side
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Accuracy Confirmation of Vehicle Detection Sensor (DAY?2)

Preliminary figure §

® By driving pattern: In "passing", "lane change”, and "acceleration”, the error on the downstream side tends
to increase.
® By lane: For lanes, there is no clear difference in measurement error.
Upstream side Downstream side
Error 10.0 ®Sensor A mSensor B ¢ Sensor C ASensor D Error 10.0 ®Sensor A ESensor B ¢ Sensor C ASensor D
(km/h) 8.0 Sensor E OSensor F X Sensor G (km/h) 80 Sensor E_OSensor F XSensorG_
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"(5) lane change", "(6) short distance", and “(7) acceleration®.



Accuracy Confirmation of Vehicle Detection Sensor (DAY?2)

Result: Vehicle length Preliminary figure §

® The most accurate sensor is “Sensor F”, with a measurement error of about 0.20m.

® In “Sensor B” and “Sensor G”, the tendency of measurement error differs between
upstream and downstream.

Measurement error of vehicle length (All sample) (Unit:m)
SensorA | SensorB | Sensor C | Sensor D | Sensor E | Sensor F | Sensor G
Ave. 0.68 -3.04 0.89 -3.04 0.03 0.04 -2.19
Upstream side Ave. 1.14 3.06 1.11 3.04 0.24 0.21 2.24
(Absolute)
S.D. 1.55 1.36 1.23 0.98 0.76 0.74 1.86
Ave. 0.85 0.90 1.47 -0.41 0.03 0.02 0.28
Dowgiztéeam ( At@é?ﬁte) 0.94 1.63 1.57 0.92 0.24 0.23 1.13
S.D. 0.92 1.84 1.25 1.11 0.76 0.79 1.70

% N (number of runs) = 215 (Both upstream and downstream) 10



Accuracy Confirmation of Vehicle Detection Sensor (DAY2) (Resw.

Preliminary figure §

Detection range (direction of travel

® Sensors with a narrow detection range (E, F, G) have a measurement error of approximately 1m. On
the other hand, sensors with a wide detection range (A, B, C, D) tend to have large measurement
errors.
® \When it is necessary to detect a section of 100m or more, it is desirable to install multiple sensors.
Sensor A sensor Sensor B sensor Sensor C Sensor D
i i Sensor<x {J-Sensor
100% I f 100% CXPermmentat Sector ? 100% = g 100% le—>!
759 ||||ii||||| (eI || 75% I 75% (TR 75%  ExperintamllIIIE
50% ! iy 50% |I||||I|IIIIII l 50% Experimental i ] 50%  gection | 1
250 il 1 I 2504 25% section l“” I“III“ I 25% I | 1
0% | P LA L il"“l“l-.l I 0% l anllald I | - 0% LI CELL 0% i 1 1
Il EEEEEEEEEE | EEEEEEEEEE
5555555555 ESS85585885 £258959885¢8S £ESS8999888S
CON®TF I §OAN©O QOAN®T I F®ON©O 8348 %S y P Y 3R S o a T R BT
o FI| \—I| II II ! ! 1+ N o FI| FI| | 1 ! ! «— = N ~ 1 l ! 1 1 1 ~N ! 1 i 1} 1 l l
Ny [ C\Il U [ P D B
Sensor E sensor Sensor F Sensor G
100% 100% Sensor 19?;’;0 Sensor
75% ; 0 .
50% Experimental ggég Experimental 500/2 Experlmental | o |
o505 SCCUON ey, ection 25% section | * Horizontal axis is a distance
0% 0% 0%  EcccEEEEEE from the cross section (0 m)
l
ESSSS5555888 LEEEEEEEEEE 58888988888 (- Upstream/+: Downstream)
S <o U1 o 83ﬁ°:?7r’7°?§.38 87.'7.'1'2' ottt 9 * N (number of runs) = 8
Och N v !
Measurement error B=1m W *+2m BM£3m = £4m " &£5m B +=10m M =*=10m or more 11




Accuracy Confirmation of Vehicle Detection Sensor (DAY?2) (Resl,

Detection range (horizontal direction

Preliminary figure §

® The measurement error in the lateral direction is smaller than that in the traveling direction.
® |If the experimental section (80m) is exceeded, the measurement error tends to increase.
® \When it is necessary to detect a section of 100m or more, it is desirable to install multiple sensors.

Sensor A Sensor Sensor B sensor Sensor C Sensor D Sensor
100% " N 100% A4 100% Sensor~% 100% P— -
75% I 75% | 75% 75% !
50% I|I||I Kl segtion 50% Experi 50% Experlmental 50% Expenm 1
25% I | Il ﬂ Il i"]ll 25% section 1 I |I 250, Section 25% sect|on| I H
0% I {1111 | | 0% | [ N 0% i
OIEEEEEEEEEEE LEEEEEEEEEE Y EEEEEEEEEE tEEESEEEEEE
oNeolNololNolololNollolNel ool ololNeNolololole]
SEZHSTTTESSE| gEeSFTTIRIER| 58889798888 GHTTIITIES
SRR ) ST T 70 ST T R DUNE I vt
Sensor E sensor Sensor F Sensor G
100% 100% Sensor 100% Sensor Y&
75% 75% . 75%
50%‘: Experimental oy,  EXPerimental 50(%‘; Experimental
o500 Section o5,  SECUON 2505 SECHON || * Horizontal axis is a distance
0% 0% l 0% I from the cross section (0 m)
cEEEEEEEEES ceS555555555 c555555555 5| (- upstream/+: Downstream)
CONDF T ITOJ DS o@mopﬁrzﬁ-ooc\l@o O@NOP?IQ’GDNQOO * _
SER R TOoNSgQ Sl RN Q=T N N (number of runs) = 8
,r-’r(}I'L | [ l P P
12

Measurement error M=1m BME2m BE£3m  £4m " &=5m B +10m

M *=10m or more




SIP-adus
Workshop
2020

Effect evaluation
experiment of merging
support information

with driving simulator

13



/ Overview (Purpose)

® The driver (human) evaluates an effect of merging support information (vehicle information in
the main lane) provided by a driving simulator.

M Driving simulator used in the experiment (University of Tokyo)




Overview (Case Setting)

® 6 patterns of traffic on the main lane (inter-vehicle time 2 or 3 seconds/ vehicle speed 50, 70, or 90km/h)

® Experimented with two patterns, "without information" and "with voice information (main lane speed)"

® A guestionnaire was given to the persons regarding their understanding, tension, and difficulty of main
lane vehicle information, and driving simulator (DS) data was acquired.

hout

Traffic situation in main lane

P distance

= 50km/h 30m Without information
—~ gz 7Okm/h =i . Main lane vehicle Acceleration section 160m
2 5 90km/h 55m Without Sound insulaion walls
% =, We between vehicles is tight before traffic jams. merg'”g
8o & support | 0l
~ = | -y | [T I -,y [ I [T ) Main lane vehicle (DS)
3 Speed at main lane
(9] 50, 70, 90km/h
§ ggtm;:‘: ggm Provide voice information when the merging
(9] m m 2 . vehicle reaches the hard nose and the main line
—~ z 90km/h 80m VVith merglng 4 vehicle exists within 2 seconds before and after
3 o) e support (Speed provision ~
% = SCRMATORR information in = Main lane vehicle (DS)
O = i q
=L [ — T I main lane)
§' Speed at main lane Vehicle on main lane
@ 50, 70, 90km/h (78m-155m) 15



® "Understanding" is greatly improved by the speed information of the main lane, and the evaluation is about
5 (7 grades) for all patterns.

® “Difficulty” is greatly improved (90km/h-2 seconds and 50km/h-3 seconds). It is confirmed the effect of
merging support by voice information.

® Persons who are not good at merging on expressways tend to evaluate the merging support information
highly regardless of the traffic conditions on the main lane.

Driving pattern

Inter-vehicle ~ 50km/h
time 70km/h

(2 sec.) 90km/h
Inter-vehicle ~ 50km/h
time 70km/h

(3 sec.) 90km/h

(The higher the number, the
higher of understanding)

With Wi
information infor

information
3.1
3.6
2.9
3.2

3.7
2.9

4.8*
5.1*
5.2*
5.2*
5.2*
5.3

B Average value of persons who are bad at merging on expressways (N = 10)
Degree of understanding

Degree of tension

4.3
4.8
4.2
4.0
4.6

(The higher the number,
the higher of tension)

4.0
4.3
3.9
4.3
3.9

[7-grade evaluation]

Degree of difficulty

4.4
5.3
4.5
3.9
4.5

(The higher the number,
the higher of difficulty)

thout With Without With
mation information | information | information
4.8 4.2 5.0 4.6

3.8
4.3*
3.7*

3.5
4.5

* Values improved by 0.5 points or more compared to “without information™ are shown in blue. If there is a 5% significant difference in comparison with "no information” (T test), they are shown in red*. 16



® Persons who are not bad at merging on expressways tend to have lower levels of improvement in
degree of understanding, tension, and difficulty than those who are bad at merging on expressways.

® Degree of understanding, tension, and difficulty were improved at the easiest case (3 seconds-50
km/h). Even if the speed is lower than the assumed main line speed (about 70km/h), it is rather
difficult to merge, and the effect of voice information was confirmed.

M Average value of persons who are not bad at merging on expressways (N = 10) [7-grade evaluation]
Degree of understanding

Degree of Tension Degree of difficulty
(The higher the number, (The higher the number,
the higher of tension) the higher of difficulty)

(The higher the number,
the higher of
understanding)

Without With Without With Without With
information | information | information | information | information | information
4.6 51 4.0 4.0 3.6 3.6

Driving pattern

Inter-vehicle 50km/h : : : : : :
time 70km/h 4.9 5.0 35 3.6 3.3 3.4
(2 sec.) 90km/h 4.3 4.7 3.9 4.1 3.9 4.5
Inter-vehicle 50km/h 4.0 5.0* 3.3 2.6 3.6 2.3
time 70km/h 5.0 5.6 2.8 2.8 2.6 2.6
(3 sec.) 90km/h 4.5 5.3 4.2 3.5* 3.6 3.0

17

* Values improved by 0.5 points or more compared to “without information" are shown in blue. If there is a 5% significant difference in comparison with "no information” (T test), they are shown in red*.



Result 2-1 (Analysis of Driving Simulator Data)

® Degree of safety was improved in case of “with information” at 70km/h-2 seconds and
90km/h-2 seconds.

® |n other cases degree of safety was generally improved. The effect of providing information
can be confirmed.

B Average value of persons who are bad at merging on expressways (N = 10)

Inter-vehicle time (2 sec.) Inter-vehicle time (3 sec.)

Evaluation 50km/h 70km/h 90km/h 50km/h 70km/h 90km/h

Item i . .
Witho With Witho With Witho With
ut ut ut

TTC* 29.95 25.74 14.55 44.04 476 10.76 16.03 20.77 74.52 50.37 12.25 15.39

Merging speed 48.35 49.55 62.28 64.77 66.97 73.89 23.76 47.84 63.47 62.68 66.72 70.47

Axeloperation g5y 045 065 068 078 079 062 042 062 071 073 077

amount
Deceleration -0.028 -0.043 -0.011 -0.026 -0.012 -0.013 -0.038 -0.020 -0.016 -0.012 -0.014 -0.008
cj’f 1P Green: Safety improved, but no significant difference Blue: Safety improved, and significant difference

< A A 18

* TTC (Time-To-Collision): The collision margin time, and the larger it is, the higher the safety.



Result 2-2 (Analysis of Driving Simulator Data)

® Degree of safety was improved in case of “with information” at 90km/h-3 seconds. degree of safety
was generally improved and the effect of providing information can be confirmed.

® On the other hand there is no improvement in degree of safety at “with information” at 50km/h-2
seconds and 70km/h-3 seconds. It is considered that the difference between the traffic conditions
imaged from the voice information and those experienced affected the driving.

B Average value of persons who are not bad at merging on expressways (N = 10)

Inter-vehicle time (2 sec.) Inter-vehicle time (3 sec.)
Evaluation 50km/h 70km/h 90km/h 50km/h 70km/h 90km/h

Item . )
o [V ] [V

TTC* 77.74  19.50 8.10 12.74 3.72 5.22 3135 68.86 | 62.08 19.68 5.12 56.12

Merging speed 45.08 4479 5598 59.48 58.73 62.23 49.87 45.04 5794 5846 60.66 62.08

Axeloperation 53 049 067 069 072 078 058 047 071 074 079  0.80

amount
Deceleration -0.011  -0.009 -0.006 -0.011 -0.007 -0.012 -0.010 -0.019 -0.013 -0.014 -0.007 -0.008
cj’f IP Green: Safety improved, but no significant difference Blue: Safety improved, and significant difference

* TTC (Time-To-Collision): The collision margin time, and the larger it is, the higher the safety. 19
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Future issues to be examined

® |t is important to Improve an accuracy of merging support services. For that
purpose, it is important to make merging support service more concretely.

B Further Accuracy confirmation of vehicle detection sensor

By long-term FOT on expressways

B Consideration of a concept of merqging support service

Specifications of merging support service (DAY?2)

B Examination of places where there Is a need for merqing support
services

From the viewpoint of road structure

cr)r‘ Y

2 >l From the viewpoint of traffic condition on a main lane 21
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