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The Study to Diagnose the Road-Driver Compatibility I
Comparison of Methods for Bio-Signal Analysis

Jung-Yong Kim - Sang-Young Yoon
Dept. of Information & Industrial Engineering, Hanyang University, Ansan, 426-791

The aim of this study is to compare the methods in analyzing bio-signals representing measure driver’s
psychophysiological staus. This study has considered three approaches: first, the deterministic approach
calculating the mean and standard deviation of bio-signal, second, probabilistic approach converting driver’s
bio-signal values to probability density function and identifying individual state relative to overall distribution,
and third, diagnostic approach identifying the pattern change of signal over certain period of time. For evaluation
of analysis methods, driver’s bio-signal was collected under various road conditions, and three analysis
approaches were applied respectively. In result, the deterministic approach was found to be simple to use, but
generated a large variability of bio-signal. The probabilistic approach provide a relative status of individual
driver among overall population, but too much affected by temporal variability of individual driver. The
diagnostic approach seemed to reasonably find driver’s psychophysiological change over certain period of time,
but still needs to develop quantification method of the bio-signal.
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| Collection and selection of driver’s bio-signal |
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| Development of the diagnostic model |

| Field application of the diagnostic model |

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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2.1 AR A HY (Deterministic Approach)
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Figure 2. Result of occipital’s 3-wave and Duncan test.
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Figure 3. Result of occipital’s 3/a and Duncan test.

2.3 &4 H Y (Probabilistic Approach)

AR A A2 9 r/]-;gg Bokaly] Y, AR LA A
A5 FEUEFE 35311, o] 7|Hlo 2 78 &4
A AR E A719] Zéﬁé e Br)ely) 98 84 A

e =AU HT 5, B e 0% e

_]
o
2)

O:

T AN
o

%
NZo2 AANES] 2717 AA) FE2 59 5% 014
2 4 90718 Aol WAL el 2ot
oﬂ H\ﬂ-b‘].‘.:. oﬂOﬂOEﬁﬂ }Oiotq’ ]-% O:]Oﬂ/] /\].
A5 AT A EERE R 4 Q)5)
o] AEH Y,

p—1.650 < G A A4k < p+ 1.650 2)

24 SEH HIWEA AT 24 EH

E248d & LAY YANs GELYEFSY de
FFEFeAM dehd adtet [t %E% <Figure 4>9}
<Figure 5> YERY ok a3y G3ke] Ao 28 EF Fhol
p+1.650 GG AT o, AFAA 1729 42
B30 2 7148 4= gl Wkl -7zt Ao 24 EH 7t
o] A7 WE Holve 1t fAIsH 2 W, o)A
2 9oy g $a4 o Fs Pk 1
guf, 42 AN S Holwg Qe e ol
stoiets JdA F o] vt = o-r°ﬂb T Ei?}%’olib‘

S35 B BN WAl 2 Qe wE e
wriskh

Table 1. Example of normalized mean and standard deviation of driver’s bio-signal on each driving condition

Driving ) Magnitude of S.D.
condition Right Left Straight Junction | Tunnel Ran~gev of [Max S.D.—
Waves on lobe curve curve variation Min S.D.]

Mean 0.631 0.508 0.341 0.497 0.559 0.250 | 0.250~0.631

“ S.D. 1.738 1.321 1.054 1.319 1.442 0.949 0.949~1.738 0.789
Parietal Mean 0.780 0.712 0.568 0.738 0.656 0.879 | 0.568~0.879

lobe ’ S.D. 0.932 0.954 0.777 0.799 0.705 0.868 0.705~0.954 0.249
. Mean | -0.069 -0.125 -0.122 -0.105 -0.120 0.202 | -0.125~0.202

b/ S.D. 0.359 0.335 0.331 0.303 0.320 0.770 0.303~0.770 0.467
Mean 0.263 0.255 0.279 0.211 0.384 0.258 | 0.211~0.384

“ S.D. 0.708 0.617 0.620 0.557 0.641 0.616 0.557~0.708 0.151
Occipital 5 Mean 0.496 0.406 0.445 0.373 0.579 0.580 | 0.373~0.580

lobe S.D. 0.519 0.491 0.484 0.445 0.476 0.471 0.445~0.519 0.074
Mean 0.115 0.044 0.052 0.046 0.067 0.197 | 0.044~0.197

b S.D. 0.294 0.327 0.292 0.269 0.297 0.410 0.292~0.410 0.118
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Figure 4. Distribution of occipital
a-wave(X ~N(0.12, 0.04).
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Figure 5. Distribution of occipital
B-wave(X ~N(0.13, 0.06°).
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Table 2. Example of classification of bio-signal pattern
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Pattern of bio-signal Description

Example of interpretation

Sharp increase and decrease

Sharp decrease and increase

These patterns could be found possibly when driver was
frightened, tensed or relaxed too much or sleepy.

Moderately increase and decrease

Moderately decrease and increase

These patterns could be found possibly when driver was in
a proper level of tension, relaxation or attention.

Continuously increase

Continuously decrease

They reflect driver’s psychophysiological responses when

driver is continuously tensed or relaxed.

No particular change

No influence on drivers.

SINVANIENED

Random

Cannot be interpreted.
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Figure 6. Example of 3/« pattern on left frontal lobe.
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Figure 7. Example of 3/a pattern on occipital lobe.
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Table 3. Example of classification of bio-signal pattern and interpretation

Lobe Region Pattern Interpretation
Brain activity continuously decreased, that could reflect that driver’s strain or
¢ ~ attention level were decreasing.
Left frontal . . . . - .
lobe b - Bram. activity contlguously. increased, that could reflect that driver’s strain or
attention level were increasing.
c — No variation of driver’s strain and attention.
d ~ Moderate increase and decrease of driver’s strain or attention level.
Occipital e U/ Sharp increase and decrease of driver’s strain or attention level.
lobe ¢ — Brain activity moderately increased and decreased, and driver’s strain and
attention showed same pattern, and generally it maintained a high activity level.

Table 4. Summary of analysis methods of driver’s bio-signal

Intention

Characteristics of analysis result

Limits of application

No statistical significant

It is difficult to find road-driver

Deterministic | To predict a risky area with
'p‘ Y . difference was found due to large | compatibility by using only
approach statistical value of bio-signal. o L . .
variation of bio-signal. amplitude of bio-signal.
To identify abnormal bio-signal of . . . It is difficult to find a consistent
. . . o Identify the position of individual : .
Probabilistic | driver by using the probability . ) . tendency for a single driver, and
. . ., bio-signal relative to population ) )
approach density function of driver’s . this approach requires further
. distribution.
bio-signal. study.
L. It is necessary to develop quantifi-
. ) The pattern of bio-signal was .
Diagnostic To analyze the temporal pattern . i . cation method for the pattern of
o categorically classified according . .
approach of bio-signal. bio-signal and to increase the

to driving condition.

sensitivity of this approach.
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Table 5. Comparison of analysis methods
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Advantage Disadvantage Diagnosticity
- Low sensitivity because of large
Deterministic | - Calculation is easy variation of bio-signal. p
oor

approach - Basic quantification method

- To decrease variation, many subjects

are required.

- Identify the population distribution of

Probabilistic bio-signal.

- Not very robust due to temporal

Low reliability

approach - Identify the normal range of driver’s intra-subject variability.
bio-signal.
- Pattern classification and analysis could
Diagnostic be performed with temporal information. . Possible measure but no
: - Need a pattern quantification scheme. o
approach - Mathematical parameter could be used to assurance of sensitivity
identify the pattern of bio-signal.
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