EFANILE S G The Safety Evaluation of Driving
iT 4— 7S —Jt‘i‘ fi‘!f’ra'ﬁ" Environment Based on Ergonomics

Rl i K F Tonji University
R & TR R School of Transportation Engineering
R & R Road Safety and Environment Research Institute
& £ Pan Xiao-dong

=005 %+ A F bz October,2005. Beijing



—. AR

1. X

Bl RN HR RS )
W, SZATHERE EEFIE W
WOl BRGATH BRI FKSER
BT R EHKAE S HARS
FRRMLE R bl B A0 T
SBEH BN AR FEADUR R BB IR
HETEE, ERRIBHM L2,

[ . Research Background

1. purport

Many factors induce traffic accident, such as the
driving speed, road conditions, vehicle state, driver's
behaviors, driver's culture trait and social background,
road traffic environment and natural environment, etc.
Among them, the amenity level of the road traffic
environment not only concerns the comfortableness of
the driving environment, but also concerns the driving
safety.




—~. . FRHA =
2. BUAR A I Bk

N T B GR5D) MBI FR Y, NHIREAR
A3, RGBSR B B B4 T A B ) SRAE BN ER
R4 fER NG N AR S A — B AR . BIARAZ
WHEORIE, TR TR W PR B A LR
QAR YTk HEWN DT

AP LAZ AW A B, il S T A4S
BRI 5, $R WA IR L TE PR S 2238
BT R RS B N

| .Research Background

2.The Request of Modern Traffic

Among the traffic system consisted of
human, vehicle, road (environment), human
and environment can't be separated.
Traditional idea is that the driver's behaviors
should make every effort to adapt to the
external environmental change. But human
adaptive capacity has certain limit, modern
traffic require road engineering environment,
traffic facility environment, etc, must meet
the need of the driving amenity in
engineering design.

This research tries to enhance and
improve driving safety and amenity of road
alignment and traffic environment by
experiment research approach that combing
engineering with medical science from
ergonomics aspect.
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3. Main Content Of The Research

3. IR ERNE

1) The Safety Evaluation of Road Alignment

D BF2Ewa 0 EKNFETHNERER RSN Based on the Fluctuation of Driver's Blood
N Pressure and Heart Rhythm
2) BEF =B hil SHTEZ LN AR 2) Driving Safety Application Research Based on

Driver’s Dynamical Focus Point

3) B FR TEIE % R B IME TN P N R AT T
I ietasldie 3) The Possibility of The Brain Wave’s Application

In Road and Traffic Environment Evaluation
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—. ARTFTEI QI IE II. The Traffic Environment Safety Evaluation
Based on Driver’ s Dynamical Focus Point
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1. The Evaluation Index of the Fluctuation of
1. OX5 I KB ZPEMr s bR Driver's Blood Pressure and Heart Rhythm
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ﬁfﬂ}&}‘f‘]’,—ﬁff *’I‘%’ﬂkjﬁ RN Eﬂg;&ijﬁﬂzﬂé (Thé wave forms’ fluctuation of rhythm of the heart and blood pressure )

J7 Il £ %k £ (Steering wheel rotating angle)

The experiment and research proves:

In the labor of vehicle driving with body incitement and o f - |
mental pressure, the fluctuation of the heart rate and blood - —

. . . (Alignment curve segment)
pressures can be ascertained as the evaluation index of

working burden level, to evaluate the driving burden level e -
coming from strain, discomfort, danger or fatigues, : T Driving speed
psychological pressure and physiological burden level. i _ o
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One of the results of experiment testing output
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2. The experiment equipments of the
2. O ML Y SR i A heart rate and blood pressure
Finapres 23008424/ nf 348 A 2 i F U] 5 % & The continuously automatic blood

pressure measurement of 2300 type, 24
hours of Finapres equip
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IT. The Traffic Environment Safety Evaluation

Based on Driver’ s Dynamical Focus Point

3. The experiment vehicle

The experiment uses the minibus which 8 people
took of Nissan (NISSAN) with the motor vehicle
( vehicle commander 436 cms, the car is 169 cms
wide, 235 cms of wheelbase)
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IT. The Traffic Environment Safety Evaluation

JE A SHRY BT Based on Driver’ s Dynamical Focus Point
4 .Experiment Drivers
4. LB 5 ’
Zo R | MR | RS | ZED | BRME Driver | Gender Age Driving | Career
Years
Y A 62 37 |
i A Y Male 62 37 Teacher
|
G o 42 23 2 G Male 42 23 Teacher
S 9 31 6 2 S Male 31 6 Teacher
H s 22 2 ey H Male 22 2 Student
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AT SHEY T Based on Driver’ s Dynamical Focus Point
5 SLhiEH 5 . Experiment Road
A LTI B [X A 38 O SRR E % . 2R TE
iR E RE R (A —BARIE NS E Choose the heavy highland road of
B G4, XEESHA800mAi A the mountain range as experiment, the
(144 X 6] K 520 5% alignment flectional degree varies from

simple (includes the expressway not
2% T ) B iy R R A % B - TP R B run) to complicated, sums to 14 zones
A 55.5m- KR M54)ES P E3-5Y% which the distance is 800ms or so.

An average IP distance of the

5 28 K HALSE ] 3L B A7 A0 SEHIPH] alignment road with simple flectional
2Ny > Z ) )

degree is 55.5ms, the average connected

FEEN31.5m. FHARZA120.58 Yk angle is 54 degree, the vertical slope is
FE6-9% 3-5% equally.

An average IP of road of complicated
zones including return curves is
31.5ms, the average connected angle is
120.5 degree, the vertical slope is 6-9%
equally.
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1. The evaluation index of horizon

alignment

Regression analyzes 9 kinds of roads
horizon alignment form evaluation index
sign that is shown as diagram. The result

indicates standard deviation coefficient of

© (sight distance ratio)is obviously
tallest, the next in order is ® (unit curve
distance 2) and ®) hand over the Cape rate
with unit of ® .

The sight distance ratio has distinct
relativity with driver’s psychological and
physiological burden of driving state, and
can be ascertained as an effective
evaluation index of to road horizon
alignment’s rationality in the mountain
area.
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III. The First of the Research Results Is Introduced
Based on Fluctuation of Blood Pressure
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The Evaluation Index of road horizon alignment
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Fig The Evaluation Index of Road Alignment Based on the Fluctuation of Driver's Upper Blood Pressure



=, RIFE0 5k 23D III. The Second of the Research Results Is

U BF S B 28 = — Introduced Based on Fluctuation of Blood Pressure
2. MR PEH 2.The evaluation of sight distance ratio
WA BT [ F6 3, 5 PR B 5 4 1 o
30mmHg DA &, WAl 20 T2 3 i i O B A From thg physiological aspect,
T A RREAT 45224, Ll K38 B ST T 4 T 1 most the 1increase value of the
MIEE 2% N %0 /260 % L I upper blood pressure should

control below the 30 mmHg, also to
lighten the psychological and
physiological burden of the driver,
and guarantee the traffic safety,
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Declivous driving . . .

o & - i mountain road horizon alignment
g TITE =0 00037 — 1. 064Tx+113. 27
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5 o Ascending driving
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S & ol E The psychological stress and
g ﬁ o physiological burden of the driver,
g @ the declivous path’ burden is

s g . .

5 |E beyond the ascending path obviously.
s ﬁ - Therefore, in a driving safety

5 E research, should enlarge strength
§ = ol to the research of the declivous

2 {H{:f driving environment.
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Fig The Fluctuation of Driver's Upper Blood Pressure Based On Sight Distance Ratio
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W ITEL LSS AR Based on Driver’ s Dynamical Focus Point
s N Driver’ focus point is vital importance to
fﬁ%%%ifEﬂEﬁizjﬂ:fT%iffézﬁi>(Ei driving safety. Traffic information mostly

iff EsﬁﬁﬁﬁE%jiééﬁiﬁﬂaaﬁﬁzﬁfﬁﬁg°\zgzi collected by the eye, so we can absorb the
§C£%E?%?J:ﬁiﬁﬁ?ﬁﬁiﬁﬁfiggﬁ%’Bﬂ%¢k<T§I driver’ s enough attention by setting various
AR EBER, RSN E colors and figures of traffic signs to operate as

é%fgj?ﬁﬂ’ ﬁnﬁ%itéggﬁfﬁfiégﬁﬁééﬁfég hints and precaution in traffic management.
%zlgjbEiﬁfﬁﬁﬁﬂ%$, W 2 44T - 2 Aok On the other hand, if let a driver pay excessive
e A attention on the matter which has nothing with

the driver’ s behaviors, then will bring hidden
trouble to driving safety.
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IV. Driving Safety Application Research
Based on Driver’ s Dynamical Focus Point

1. The driver’s testing system of dynamical
focus point

Experiment apparatus is EyeMark Movement Recorder-—8B,

a testing system that can superpose eyeball’ movement

on the image of visual field. The apparatus (see the

figure 1)consists of EMR main machine, controller,

scene vidicon and data analysis software etc.
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B9 15 A 22 L AT Based on Driver’ s Dynamical Focus Point

0. ZVLEIIR 2 455 AT 2. Application field of the testing

system of dynamical focus point

1) AHLIAES

2) BRI TEIRE TR 1) Ergonomics

3) LHl 2) Road and Traffic Environment Engineering
4) KEH*¥ 3) Psychology

5 BlAES 4) Physical Culture

5) Business System
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The experiment state



of vision field’s width In the general road.
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Fig The dynamical focus point’s stay and distribution

IV, Driving Safety Application Research
Based on Driver’ s Dynamical Focus Point

3. The first of the experiment results

Experiment road: Urban tunnel;

Purpose: Examine the rationality of the driving
speed’s management in the tunnel;

Drivers: Four drives of different driving years.

Result 1:Research result indicates, the driving speed’s
design and traffic management in the tunnel part of urban
road, should that the design and management speed at inner
part of urban tunnel should be same as part in front of it,
from the aspect of driver's speed consciousness adaptability
to satisfy the need of driver’s characteristics and to improve
driving safety.
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Fig The dynamical focus point’s stay and distribution . . s
of vision field’s width in the tunnel road. Fig The Example Of the Driver’s Focus

Point When Looking At the Speedometer
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4. The second of the experiment results
4. ERWREGRZ —

The variety regulation of the eye pupil:
s#general pupil’s diameter is 2.1 mms on road
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Fig The Demonstration Changing Of -
Internal and External Driver' s Pupil
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1% SR b B e 5 AL Ik In Road and Traffic Environment Evaluation

1. e OB, EEG) 1. Electroencephalogram(E E G)

. . Electroencephalogram( E E G ), electrocardiogram,
o e (H\mj&" electroencepgalogram, EE electromyography are electrical phenomena of living
G), HOLH. M%*ﬁﬁ\miwwfﬁiﬂ% creature body. Brain conscious state is divided into
L Eiﬁﬁiﬁiﬂgﬁ‘}ﬂﬁﬁﬁﬁﬂl five stages to the brain on the physiology and
wTE?° FIEEE N AR EREER R it is contacted with the hidden danger’s happen
HERR of human mistakes.
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The component of brain wave
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2+ The influence research of the road traffic
environment to passenger s comfortableness

2. EEATEIA BN e & EERE MR
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Y% TR A0 2 RS JRE 1) A8 AR PR R i 1) i P R In the research field of ergonomics, usually make use of

A, Wi, Emil . R R R S the frequency and the fluctuation of the brain wave’s range

T R IR 55 R R M) o to evaluate the awakening state of the brain, for instance the
I e T 3 2 o HEL R R AR, R AR B e impacts on depth of sleep, such as noise, room temperature,

B AR SR, VRO TE AT T PR B T e K A and yardstick and quality of bed, etc.

i RIS R AT AT o Through the test of the brain wave of passenger, the

feasibility of evaluation the impact of road traffic
environment on passenger's comfortableness by using the
fluctuation law of the brain wave is discussed.

L

Fig The indoor research state
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The Safety Evaluation of Driving
Environment Based on Ergonomics

The research on road traffic
environment’s amenity based on ergonomics,

is high input, concerns wide, complicated
and long-cycle research, but has great
applicable prospect.

Thank
You!

Tonji University

Pan Xiao-dong
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