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Seat Comfort Evaluation Based on Psycho-physiological Measurement Method

HAN Yu-hong', JIA Yu-ling', LI Wei-liang', ZHAO Jing’
(1.Beijing University of Technology, Beijing 100124, China;
2.China Academy of Electronics and Information Technology, Beijing 100041, China)

ABSTRACT: The work aims to study whether EDA (electrodermal activity), HRV (heart rate variability), pupil diameter
and other statistics have a notable correlation on user subjective comfort during the seat comfort evaluation. Through de-
signing experiments, the independent variables were two different seats, and the dependent variables were EDA, HRV,
pupil diameter and the user's subjective evaluation of seat comfort. SPSS statistical analysis software was used to conduct
independent sample t-test on experimental data and analyze the correlation. There was significant difference in pupil di-
ameter between the two groups of subjects sitting in different types of seats (variance of the two samples was equal,
t0.05(27)=—2.718,p<0.05), and no significant difference was found in the results of skin electrical reflex and heart rate
variation. In the study of seat comfort evaluation based on psycho-physiological measurement method, the pupil index is
relatively sensitive and highly correlated with subjective evaluation. Under certain conditions, the pupil data can be used
to cooperatively optimize seat comfort evaluation. There is no sufficient evidence to support that there is a significant cor-
relation between skin reflexes and heart rate variability and seat comfort. In addition, the application of eye tracking and
other psycho-physiological measurement methods can reverse guide the improvement and design of seats to a certain extent.
KEY WORDS: comfort evaluation; psycho-physiological measurement; pupil diameter; electrodermal activity; heart rate
variability

o) 70 JRE R S LI 355 3l P 55 AR B Ak ) 7 AT 1 BT R LA LR AR, PR L LT

KFSEEA: 2019-12-03

HEEWAR: ibfmiiRgo@ig (X6035001201901)

TEBEN: &Fm (1972—), &, THA, #Md, RIT L XFHE, TEHEFTAH T LR, THELE 5K LT,
WEMEE: 2% (1993—), B, TihA, LFILXFAEL, TR T LFHANTE,



a1 Aol

BT IR s T BHAR IR T5 0 B A A R S PR T 151

[ aanib A -LU N SR S L N e E R U T T
WA S, AR AMESE 2B G — B RUEE AN
BrofEt o 37 e R 1 3 T SZ B 2 IR R, AL
FEE— (1 Bl X LAVER PPAN , A0R FH 22 7 ik )
SR o WLARAE MR A v, e Ry 5 0 — AN 2
PEEERE IR, I, TEANEIE I S A B A 0 I
SN WLAMSCAR B LI (A8 o e — e R JEE b, I

Ty VA Ay 14 6 3 P 05 ] 3 A 9 57 DR 25 EL AT S5 ) A
?é‘l‘i (o}

H ] P A 0T A7 3 1 AT 32 R B 3 P
W EEWEM 77 EP, Hoh WM an i R0
i #7385 B R ( General Comfort Rating, GCR ) %,
BV Ir R 2R, IR A . KR
AL HE 4% . DannionR.Smith %587 F A&7 18 PR HU G 47 18
PEVE PR 09 7 A R PR ), S T HEART 1)
ANEFIEPE R ASDQ ( Automotive Seating Discomfort
Questionnaire ), 25 UA 4N T 50 A £ 1 P AG P KDL,
P 24 45 7 P S T T R S | SR A3 T T ik
ST T EFEMEIEOR A A PR LA I i,
b A I A VR R R AR A L RS R Y i B L
il it 1 22 5 R AL ELAR RSB Ah R PR A e Ay =2 ]
B35 B 2500, A3 AR B R R el SRR A B —
FHEDY, XTI E vk, E A E A BRI
SR A B AR, e O DURAE S . B
il e A AR BES B M , PP B 7
P H AT LAE ] EDA . HR (Heart Rate ) Al HRV [
Wy, SRS S5 AT A ST, Mitler S48 H
95 57 M0 5 Ik 0 DN AE B RRAE S A, B 7 (L PR |
FEA AR AT LA A2 0 AR s ™ MR Bl vk e —
ERE FEAIRRA L . TEENRE. .
S ] BH A5 B 26 T R Sl ik % 77 b T B U R PR AL
TR B R S IR 2 /W i, AR e FL A
I it el BRI AR 4 S e 4B, AT DA IR B Y
Vb E BE A G, 9 55 SR =z 34, L EL
T bl 2 e 2 R i /N, A5 I EF ISR S 55 EAAAE
3 B

A o 22 i 2 W A BRESCHR B0 R B[R] 32080
PURSZ VAN, LML AC B AR EF A5 PE VR B W] AT, DA
I 57 A BE 140 5 SR D AP SR B b B EFAE Pk Gl A
A0 59 57 R OC I 2 LA BRERAE 5 32 WK AZ AN
R UHE GBI, PRI VR B EFIE AR R . BAK N A TT
JESEYS, WESE FPEHr . BESL AR . B H SR R RO
FAR A 5% 57 Z IR XTI DG FR |, DATE Ay A 7k
PR B OCHR M 2 09 % WA BRI E 25 4808, A
TAEVEAN . B0 7 T BB 3E .

1 XRRE

A LA /1 5 PAY B ER A1 9 A P AR 2 fie AL
TR EALIT R WU, 52 5 i 4 R 52 g 22

YEC, IR, SZ R I, EFLIT L
REFZSEH, BILFEANIT GRS, SEEELAE /N
U2 g e St EDA S A4 w1155 2 e it B 5 P &R 5 |
S 7 R 2 T R 1 B A BB T AR AR, I 25 e
F 3 SO A O B A AT AR o T2
ARG S AR 0 RAR S HRV W]k [ E
2 G AC A 242 5 B A2 S 2243 S B A% TG sh B E Y
DRGSR, AR ] TR i 9% 55
PR,

TE—E AT, Bk p LT 59 55 BB 1R
IR SEE, 2 BlE H A9 55 D8/ BLA AR o 381 i
FLELAR A I 22 AT ARSI A 9 97 IR A, T 1
R AL FREE B EF 8 1 . 5 BRI, SR PR i A d ik
T S50 42 ) kT A IR T i A e RAS TR A A
FYME— [ AR, BT AR (L AR
EDA. HRV. EXMIFH ) MR, 19 H % U 5 e
RrardE 2 A &R o

2 XA

2.1 SBMKRS5Z2HE

SR =4, FIRRTE 19~26 %, B Hp
Ho1s 1o TR SER A R R A Bl I S A 1
BT 5.0 (hRUAEXT S 1136, GB11533-89), ¥ IE
W, AR, OE SO, JCHE R A
S0 R — R AR AR T /NS A B R B ] ( ELAS RS T
22: 00 ABE), fRUFEFE 2RI, R0 AT & RS
s A A Ok

BOkBENL A WAL, BT A, TRILS =K
SERL, AFRBEMLERCER A AT SR . SEIR AR 4R
M FLAICHE |« i BOTR S 0 6 R B L SRR A R v B
B 28— B AR R A AT SRERAT S5, AR 4l
AR ERT B AT R SC 90 AT 45 #4E o
22 SIZEMING

Tobii Pro X2 s HIAAR S (FiH Tobii 244
7, KB 184mm (7.2 B} )); Al SFETCA A B 5%
EDA. HRV &3t (dbaE & B A7 BR A /i &
477 ); ErgoLab 3.0 ABLIRSGEE D16 FOBEFEEEA
[] B VPR o ST B Ay (T YR = I A A PR 3T ) 2R
77 ); 17 Y=F Terrans Force B0 ALK ( Windows 10
PYE RS0 ); Logitech 5 R 5153k .

Horfr, SEEGRERS A, AHXTECHE (AR N
60 kg/m® ); FERT B, MIXTECER(HOAR % BN 45 kg/m’®),
P AR AR DL T 1, B AR 2 B SRy A A e s,
YA, MR R —HER A PR, RIS A A o

TEAE R BPAEE T RS (58 = YEEL, 700 1x ),
TP AT LI ORFF L H, B 5t 7
20 A DLDLR, MRV EEEEARE A, kAN AR A X AR
PR B 52 )



152 fu, %%

T

2020 4 3 H

a b

Pl 1 SCgGEfs A (a), FERFB (b)
Fig.1 Experimental seats A (a) and B (b)

23 XWIRE

i/ EDA . HRV A= B W i SRASEH 43 S0 2 4
R K DRE(E S fdTH Tobii Pro X2 MR 24X
8 IR e L A A R S R 5 i R 545 G U5 IR AR
B FEWERAZ A5

EDA WEiBEHoR Tz, Z—RBlil T
B A T BT 5 i ey as AL, HRV WA e ]
FER TR X, Je sl T4 B By W
WAE 50 WiFL Jo 2 1% g 2 A% A% 42 i o 7
ErgoLab 3.0 Ax{4:rhasill i (\] Jz v 5 B[] kA5 5 =&
FBIEH U, RS, UG E RS ETFEST
#B, LEREH ARG,

Tobii Pro X2 HR 23 1% B RAENF N 60 Hz, Higx
SRR RGNV, 8 5 5 e B i iz B = 2 e 52
IR B AR SR S IO AN B B A HEAE R T, SE 50
B AR B Bl Ak AR S IR B P v, H Sk R S
AR B 65+5 emAb (7 W I A v s B4 €0 i A DX S
Rl e R I R B S50 8 ), 0 A e ik L b
DAL E, SRS Sk TN, RS Sk
SR SEEAR, IR AR E A B .

[A) 2R B 1~5 43 P FL a5 T3 7 i, BER Bl A
RF &7 35 B (AL ), PR AN [ o7 B o B (A
S HHRTIAL ). BRI | XA AR %
BRAEEUE 2 . MBI E EEe s, GRS T
ViR, R Sl e g0 v B AR BRI AS SR B
24 LIwRETE

SIS A BRI AT 55 B, B UHRESUR . 1
XTS5 2R 5, L HEp A T ey L (— 4l
R AL TR A, —galie TR B), 4555
TR TSR PCH A PR T A E R LA B 5555

TR A 3 min PAHE BRI, B R
EICA R RO IE R, B = A4 1600% 900
%%, OEZMPRGEERE, T—a5%. BKEA
WY B 6 s, 2eit 20 min FEFHEAL 2 K, FLL 5 min

PEATIFE] 3 B, iR
HEBREARICAREE AR, BORIH S BT )4
WIRSERORES, ZHRTRIFIE 3%

3 ZWHERSMH

31 EMWEWESY

o Ko JRE AR 3 M ) RIS, SEE SR Hollies
F b RUSWE S =R bR o, 5 2 ULET 15 (4 B2 IR
BRI HAER, ARG E . WARFE ., P
EETIE . BETE L AERETE, XTRCR AL 1~5 1T
F7~, Hollies L FWIENFR R ILIE 2. 70 5IREB
RO P ey A R BT B A, SRR R AR R SETE
HF = AR E B EFE R o

B o8 B WS e A R AR S, LS EWEANY
Fe, XSG rp R Al A Y R R BT I AT SRSy
PR M P oy CBEREFIE M ) Wk 1, &
WA AT, Hh A AF4455 8 3.6, W T BAR
S0 3.07; A HARECH 4, BT B HBARE 3; A
Mg 4, ST B AR ME 3, ML, 7

WAEE  BAFE  PEHEFE KREFE EREE

1 2 3 4 5

% 2 Hollies FL4 EWMPEM 5L
Fig.2 Hollies five-level subjective evaluation scale

x1 WABKHEWTFENTES ( BEFEE)

Tab.1 Subjective evaluation scores of the two groups of
subjects (overall comfort)

Group A Group B
Sample Comfort Sample Comfort
number Scoring number Scoring

1 4 1 4
2 4 2 3
3 3 3 4
4 4 4 3
5 4 5 4
6 4 6 3
7 4 7 3
8 3 8 3
9 3 9 3
10 4 10 3
11 3 11 2
12 3 12 3
13 4 13 3
14 3 14 2
15 4 15 3
Mean 3.60 3.07
Median 4 3
Mode 4 3
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Tab.2 Pupil diameter in the first 5 minutes and the last 5 minutes of the two groups of subjects

Group A

Group B

Sample number - -
The first 5 minutes

The last 5 minutes

The first 5 minutes The last 5 minutes

(A&B) (Mean=Std) mm
1 3.134+0.415 3.020+0.477 3.416+£0.415 3.020+0.477
2 3.459+0.627 3.442+0.719 2.571+0.264 2.561+0.234
3 4.180+0.403 4.087+0.501 4.331+£0.474 4.399+0.479
4 2.621+0.240 2.773+0.692 3.973+0.556 3.533+0.489
5 3.42340.491 3.266+0.143 3.657+0.327 3.471+£0.303
6 3.487+0.394 3.209+0.587 4.152+0.492 3.830+0.426
7 3501+0.389 3.197+0.455 4.921+0.346 4.537+£0.277
8 5088+0.318 4.901+0.384 4.043+0.433 3.478+1.029
9 3.112+0.292 3.245+0.319 3.949+0.275 3469+0.771
10 3.774+0.418 3.832+0.497 3994+0.554 2.469+1.153
11 3.964+0.356 4.060+0.420 3.312+0.304 3252+0.447
12 3.202+0.296 3.507+0.414 4.307+£0.371 4.034+0.411
13 3.684+0.408 3.550+0.558 3.269+0.291 2.989+0.493
14 3.640+0.301 3.720+0.282 4.581+0.482 4.663+0.452
15 3.771+£0.372 3.74340.453 4.149+0.658 3.255+0.696
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