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The Study to Diagnose the Road-Driver Compatibility IIT:
Development and Validation of Diagnostic Model

Jung-Yong Kim - Sang-Young Yoon

Dept. of Information & Industrial Engineering, Hanyang University, Ansan, 426-791

In order to determine the level of safety on highway driving, the relationship between the psychophysiological
signal and driving condition was investigated. In particular, a Demand-Effort model was conceptualized and
used in this study to diagnose the suitability of driving by reading the patterns of psychophysiological signals.
To run the model, threshold values were determined to categorize the high, moderate and low level of effort. To
examine the sensitivity of the model, a cross-validation process was performed by collecting additional data.
Further investigation need to be conducted to improve the sensitivity of the model for practical application.
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Figure 1. Process of development of diagnostic model for
road-driver compatibility. This study covers the
flow chart in dashed line.
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Figure 2. Diagram of Demand-Effort model.
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A8 AHKim and Yoon, 2004)9 = A2} A4l
22 98, 1) 243 AU (Deterministic Approach),
E2 U (Probabilistic Approach), 3) I THE HT
(Diagnostic Approach)2 A|=3}ATh 1 5 Hiy} 24k
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3.1 Demand-Effort®] &5 24

Demand®] 7% EE7} S Aol A H-33F= demand 52
T2 Y AL TRIEE uler o F 3550 2 ARSI F A}
1A S S high demand TZFO.E A AFEa1, A< 5kmol At
A G7HS low demand 77HE. 2 A 4814 2™, high demand
T2+3} low demand 77+ A 2] 8k F7H8 moderate demand T+
7to 2 A AT} Efforte] 7%, demand S50l WE - A=}
o] effort S YA S HEHE FE3)0] 35-F02 ——rLl"?—
& 4= YT E threshold S ZA8IY T, AAAE W49
()T A 6)E ©]&3HH threshold 7S A= AL
o3 2tk

—_—

. Moderate effort 58 A3} threshold 7te] 7|2 Y=
+ ().50%= B84 1 69 7%, moderate effort H2]7}
Lﬂ—r 0] high == low effort HY 9} T 8-5 = 7497} LA
sted, 0.52 FASFAUTE o], moderate effortd] M= A
A EEE G EEE A W, 4% B EE 2T
sl Fok. WS YERl= 055 2159 Wo| e 2te]
AAEE agste 35 20] 7FselE S st
2. High effort =5=2] upper threshold 242 ?;‘é% AT
9 HuYgs 2I=E 1A, low effort 9] lower
threshold #t> S H AAA S W49 sleighs 23 &=
UEE sla, F F7ro] MZ AAA] E=E high effort] 3}
F2k 7} low efforte] A 3Hgke 2234tk

ZAAE threshold®] YIS 1
2t

2 ¥ &3 <Figure 3>3}
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Figure 3. An example of determining threshold.
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3.2 Match ¥]& AA WY

2] A1 A = FH(effort)o] =29 2 7(demand)9} &
v F3h(match)H =8 AAANS HEEE ARG
Match®] 7§32 Demand-Effort Edo] we} 2+ AALTEE
=29 demand FFH FAHAY effort == 1E 5
<Table 1>} Zo] FeJstar, B 7§ ] YA N7t A€ 3¢
N A match AHE] S B JFE7} k= AL overall match ratio =
Yep ek &, 31AF A 259 effort G2 <Figure 3>
o A high, moderate, low g0l e} AX|& F o] EA) st
2, AAE FES 27 moderate-high €} moderate-low 2 -3
ste] & 5FEF O HrE AASA Y Match/Mismateh o 5
£ 24T o=, 32 YA o] Wl =g sty &
AL effort 72 £2] demand 0] £93] EA Y
Bt 75‘—?*‘%’_}2 mismatch 2 ¥4 3} T}

Table 1. An example of Match/Mismatch decision rule

Demand .
High Moderate Low
Effort

High Match Mismatch Mismatch
Moderate-High Match Match Mismatch

Moderate Match Match Match

Moderate-Low Mismatch Match Match

Low Mismatch Mismatch Match

P AANZTEE AR effort I 29| demand S ¥l
W3k, Match/Mismatch7} 2R E oW, A o] Fa 4
3 B7Fe 913 overall match ratio S 4] (1)9l] 23l A4t STk

Overall match ratio(%)

2 #4E ARG AE
_ match;‘;ﬂ Agiﬂ/ﬂ%_]ﬂ]—’rg—_ e 100(%) (1)

4. 2 3

4.1 g-2}+v)E)d threshold ) 23

S A3 whet Mizkely d B WA UeEh)E A
A2 sebelE 137) F(Kim et al., 2004) A5 A4
o} B H 5709 shebugd gaiE 71EY %
ueste] Bdo H8519) &, 7]E AT o
Y52 i, goke F7kHe Aol Y Ao vt
UBzZ, o]d H]Fo] =29 demand7} S7FE W, /o THEtH]
B7} 2ashs 3719 gt EE A9)sta & 107]9) gejn)
HE 2o A4,

ﬂ’i— aa xﬂ*@l 5} 2 sfe}elE FolA, &
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7?4 ? {;"5011*1 AgEdon, 2] 25 W
= g7 71&7] detulErt S FA M A
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A 5 % A A FAYEE 4 e 7 -

5 5 M NAAEE ek oY UL s}
SR 17147 shisle} daaslon +3 &
S EEEE ZJEEE AAAE 217) ke Bt Y

Holch A e g g2bu] = threshold 24 HH o] whe}, ofa}w]
E]" 2 threshold 7} <Table 2>} <Table 3>7} 7o) AR )

4.2 Demand-Effort 299 AZ

2 AA = thresholdS ¥}EF S 2 Demand-Effort 2E-& 7
Sk7] S8l =742 79 ol Ul st ‘ﬂiﬂ’\ T FES AT
A7 R287 7 A7 AAASFE HiE o 7} 71
%4 demand T ARSI ARG A 53] o) o]
, gubd el T 237 o] obd F7He high demand T2,

1457 4 53] vRtol Ay w2 FE| 9 712 moderate
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Table 2. Threshold values of individual parameters derived from central nerve system response

Parameter Normalized slope
Demand .
Variable Threshol High Moderate Low
Lower threshold 0.043 -1.527 —13.986
Left frontal lobe (8/a)
Upper threshold 26.716 3.957 —0.058
Lower threshold -0.294 -2.270 -19.085
Right frontal lobe (3/a)
Upper threshold 14.500 2.435 -0.309
Lower threshold -31.410 -3.950 0.295
Central lobe (@)
Upper threshold 0.658 6.663 29.172
Lower threshold -23.167 -5.350 0.786
Parietal lobe (§)
Upper threshold 0.706 5.157 32.032
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demand T2, ARl HAASFT} Q1AL H& o] 17k
low demand TF7re.2 A Ak L3k AAE T2 U3
247} thE demand 52 283 Bk} o]w) 7HE =2 match
H-&& HAFE demand 0] 9% demand =3 A |3}
A gobs 9, o] & T3l Edlo) A H A gt demand 7F
o B A& gelel Baal stqich

olo] whel, H& 9 Z<S =2 313 6.0 ~6.8km T7HS high
demand 77t 2 AAst1 T8 A} =2 9] demand 5
3} AR} effort =5 7FS] match H] 0] 73.3% 2 A Ut

-4

™, demand-effort & o] 2] 3] safe drivingS Aot B 4
otk " Ne o Bse g A 6.4~6.8kmT-7HS high
demand 7FOE BFEH AT B8, U2 =32
7} moderate effortS L3P o F9-o wEtM= risky
driving 22 siA " 4 glow, A Fde Afart HAeA]
SUARE AL A 7hs S A WA S o Rl AR E
T Stk

Moderate demand® EFEH< F5AEEE A3 44.6~
44 8km 7N = A7} moderate effortS 233t A0

N—=
Wt =, high demand 7o FHoA L] AT 2 UBRHER, safe driving &2 AT F 9lor], Euse
high effortZ W] g om g Fahato] B 7} Bt A] dgko 2 &3 38.0~38.1km T EA Q) AR effort £
Table 3. Threshold values of individual parameters derived from autonomic nerve system response
Parameter Normalized slope Normalized amplitude
Demand
Variable Threshold High Moderate Low High Moderate Low
Horizontal eye Lower threshold 0.000 —0.056 —0.255 1.019 0.978 0.800
movement Upper threshold 0.255 0.054 —0.001 1.600 1.086 1.018
Vertical eye Lower threshold —0.023 —0.077 —0.286 - - -
movement Upper threshold 0.300 0.052 —0.025 - — —
Lower threshold —10.082 —0.351 —0.080 - - -
Skin temperature
Upper threshold —0.086 0.340 6.296 - - -
Galvanic skin Lower threshold 0.000 —0.003 —0.031 0.105 0.876 0.985
response Upper threshold 0.048 0.002 —0.001 0.983 1.049 1.083
Table 4. Match ratios when high/moderate/low demand were assumed
. Match ratio with each demand
Characteristics 0
. . Expected level assumed (%) ‘
Analysis area (no. of accident per - Interpretation
car) demand level| High |Moderate| Low
y demand | demand | demand
Seoul Highway Circle Tunnel (11) high 713 20.0 26.7 Driver’s e.:f'fort .is high level.
(downbound 6.0 ~6.8km) Safe driving is expected.
Slightl d to th
Seoul Highway Circle lg, y cutved fo The . Driver’s effort is moderate level.
right and tollgate high 53.3 63.3 46.7 : .
(upbound 6.4 ~6.8km) ©) Risky driving is expected.
Slightl d to th
Youngdong Highway 1ghty curved o The Driver’s effort is moderate level.
left moderate 55.0 60.0 45.0 .
(upbound 44.6~44.8km) ) Safe driving is expected.
Y d High
oungdong Tghway Interchange Low match ratios.
(downbound 3) moderate 50.0 57.5 52.5 No definite int i
o definite interpretation.
38.0~38.1km) P
Driver’s effort i derat
Youngdong Highway Curved to the right flvers etioft 1s - modetate
low 51.4 67.1 47.1 level.
(downbound 23.5km) 0) L
Over-paced driving is expected.
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