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Development of Evaluation Method of Psycho-physiological State Based

on CEM of Uttered Voice
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Regarding safety and stability of railway transport, it is an important basis that train drivers can always work in

the best psycho-physiological state. This study aims at developing evaluation method of psycho-physiological

state for drivers based on “Cerebral Exponent Macro” (CEM) of uttered voice. It has been reported that the CEM

is effective as an index value to evaluate workers’ psycho-physiological state so far. However, there have been

very few reports on the variation factor of the CEM value. This paper describes the experimental results with the

variation factor of the CEM value.

CEM

CEM Cerebral Ex-

ponent Macro

2004 2006

CEM

r=0.809 1

3

CEM

3

CEM

CEM

CEM

CEM

CEM



18 RTRI  REPORT  Vol. 24,  No. 11, Nov. 2010

CEM

CEM

CEM

2

1

CEM

2

CEM CEM

CEM

CEM

SiCECA03r 2

48kHz

2-

a P ti

2- b

7

7

1

CEM

3. 1

CEM 3

AT

1 322m

30km/h 60km/h

0km/h 3 2

6 15

9

4

CEM



19RTRI  REPORT  Vol. 24,  No. 11, Nov. 2010

1 30

1 36 38

3. 2

22 24 11 23.0

2008 12 5 12 14 6 1

2 6

PC TEAC DR-C2

TASCAM HD-P2

DPA 4088

2 3

3

11 0

10

1

25

20 3

3. 3

3. 3. 1

5 R-R

R-R

30km/h 60km/h R-R

3

R-R 5%

3. 3. 2

6 6

CEM

30km/h 60km/h CEM

5%

CEM

R-R

CEM

3. 3. 3

6

CEM

CEM

5%

CEM

7

CEM

CEM

CEM



20 RTRI  REPORT  Vol. 24,  No. 11, Nov. 2010

8

CEM

CEM

CEM

4. 1

CEM

1 9

Roland

UA-25EX DPA 4088

Apple MacBook

CereaMeter 13.3

9 1

8 9 9 2

CEM 5000

5000

1 1

2 5 5

3 5 1

4 5 5

5 5 1

6 5 5 1

7

8 10 5

9 5 5

2

4. 2

4 6 53 1 3

53 1 3 69

68 2007 11 7

2009 3 16 20 A B

C

1 5

1 1

CereaMeter

wrist SO2

1 1

8 8

9

1

30

8 45.6



21RTRI  REPORT  Vol. 24,  No. 11, Nov. 2010

10 39.0

2009 2 23 2 27 5

4. 3

4. 3. 1

1

1 9 CEM

1 2 4 7 8

9 CEM

5%

CEM

CEM

CEM

2

10

1 9 CEM

CEM

CEM

10 CEM

4. 3. 2

1

a i u e o 11

1

CEM

CEM 5%

CEM a CEM

e u i o CEM

2

7 2 CEM

6

CEM 5%

2

CEM 2

3 5 6

5 CEM

6 CEM

CEM

11 CEM

4. 3. 3

2 9 CEM

2 9 CEM

5

CEM

CEM

CEM



22 RTRI  REPORT  Vol. 24,  No. 11, Nov. 2010

CEM

CEM

CEM

CEM

CEM

1

2

CEM

CEM

CEM

CEM

A B 2 A

B CEM

B

CEM

CEM

1 CEM

2

CEM

CEM

3

CEM

4

CEM CEM

2008

2007

2008

Vol.12 No.11

pp.21-26 1998

1

1

Vol.1 No.1 pp.38-

44 2001

Vol.4 No.1 pp.3-12 2004

Kakuichi Shiomi, Kiyoshi Sato, Mitsugu Sawa, Naoki

Mizukami, and Ayako Suzuki, Experimental Results of

Measuring Human Fatigue by Utilizing Uttered Voice

Processing,  P0557 Proc. of IEEE-SMC, 2008.

Vol.21 No.5 pp.17-22 2007

Vol.62 No.1 2 pp.67 2008

Kakuichi Shiomi, Chaotic Voice Analysis Method for

Human Performance Monitoring,  ESREL 2009, September

7-10, 2009.


