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A Subjective Force Perception Model of Humans and Its Application to a Steering Operation
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The present study was carried out to clarify characteristics of human motion and perception and to support the
development of a force perception model for vehicle operation. This paper describes initial experimental analysis of
human force perception characteristics relating to steering operation, which involves multiple joint motions and large
postural changes of the arms. The results highlighted three points in particular: (1) force perception follows the
Weber-Fechner law when arm posture is constant; (2) force perception depends on the steering wheel angle and is
affected by the weight and stiffness of the arms; and (3) force perception does not depend on the preceding state of the
arms before perception.
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State of reactive force Static Static Dynamic

Steering angle 'I‘argcl.\‘

Fig.2 Experimental conditions Fig.3 Target position for the steering angle
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Fig4 Relationship between true and perceived forces for three different steering angle £(0)
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Fig.5 Change of perceived forces depending on the steering angle  6(0)
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Fig.7 Change of perceived forces depending on the rotating direction
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Fig.8 Attachment position of the myoelectric sensor and rotation direction by the external force
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(a) External force was applied in the left rotation direction (b) External force was applied in the right rotation direction

Fig.9 EMG contraction level in the static perception task (Subject A)
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I (I L~ K E L A D LIBEORRER ERVIEL e D Z LR S h B,

3.3 BIROIRMEIC & B HAMEE

I ETORBRE, #HE S ORMITHELTBYHMTEIEL LS ETAATT Y 7 2MUET A & TR
HNEMFET DR IERRIF Th -7z, AEITIE, #EETA SZEAL, B ORI JRIE TR 2 M5
S HENIR IR THMEIT o7z, YE 4 ASORRER 10 (T, Baliliddies 6, fblb gl )
MELieh F, T X B) #ZHOWTRATERERIZIYV 74 v T 4 7 LTERE L BITRT

F,=cl, +d (8)

ik, H¥c, d BIURERK r’, FIUBRECHM Lz p & RPicRd

X5, 10 OFFEHLLERISEN & BRMFOMRERHER, A TRV ORI LEMTHS Z L8340 0:5. ®IZ, RN
MERFIZ BT D OIE L~ZOWTHAE L. FHDFEIES - 2 LRk TH DD, B Crifsefms g
ERAEE 6, \[ZHIFE L7 1 BE 5 1| BRIOMIE L~ OEgEEfv -, #5E B 26, Hi%e:, Mk
IS 1T DRI L~ Z B 1IR3 K11 (a) OFISREE LR 11 (b) OBSRGE2 T2 &, B L~
JUEAE CH IZHWT 20% KM TH Y, b 72283H 5 b OOBURAEITWA Z ERS05. izl LT,
HAIZ BRI EE A SR & < R B IZHE0 B H O N TIET A EL 220, 20, ELAOT/I T2
HEVRPELHEHEL TWAZ LR L TWADTIIARND EHEET 2. ho stk b FkoBIm%R LT,
AT T Y VMBI A MR, B ESRER I G E LD S B T A o T
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29 ¢ 2% 1 [Subject B Z 40 1 [subject C 240 1 [Subject D]
[y o = 30 |
o 30 F e=-0.06 L30 | c=-0.028 % 30 | =-0.027 =30 c=-0.031
= d=20.13 = d=19.47 3 - = a=19.93
gzom gl g o m Ez""—-—‘;isr! [l g S
= a -] =
210 | P=0.96 810/ | reods S 10 | P=031 £ 10 | P=075
5 (p=0.0001) 8 (p=0.0001) g- (p=1.56E-5) 8 (p=0.0002)
5 0 L 1 o 0 5 0 o 0
= "0 40 80 120 % 0 40 8 120 % o 40 8 120 0 40 80 120
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Fig.10 Change of perceived forces in the dynamic perception task
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(a) In the static perception task (b) In the dynamic perception task

Fig.11 EMG contraction level in the static and dynamic perception tasks (Subject B)

3-4 (EAZE—ME

FHERICEENAMAEZLE SO EHNT 5720, RO BLUVKDNICEENE T A—Fabecd OE
iR AR, £F, SN HOATT Y » ZEAOFEITHT DM RHEIcB LT, e 3 7R, #0RE 4
D a, b T AEWRIL, CV=6,CV,=16[%] &7V, a IZBL TixH HED iEEBHohic. 7,
b IZOWTHELSERRRPREVLOD, it b BFHUREHSA D F=1 [N]Iciki 5 (48172 F, DA 7 v
MY T B0 EEL LS.

wIZ, AT TV VBRI 2 MTEEHEIC W T, 3. 2 HioFMOSIE TOERREIT CV. =45, CV,
=7[%], —7%, 3.3 HiOBIEETOEIMRRILCV,. =37, CV,;=3[%]: 720, B cltELTIEb X kX
k& lzole, ZITHBE AN, [RAOAOMBRZEZBELD L LEZEDLHIZANRITVWY, BERL TV
EIAPELTWEZ E LD, BE A OT— ¥ PEMFRDBNEL 25— BRBIC 2o tEZ2BND. %
ZT, B A ZBR< 3 ATEEREEZRD S &, iMYERIFTOZBREUT CV.= 11, CV,=T [%), BIf&ETo
EBREIL CV.=6,CVy=2[%] L/ &<, iORM, TNRFEZEDETY, CV.=28,CV=5[%]L 7Y, clZiX
WS E BRI X 2ERFNS DY, diZBIL Tl ATRED—RIEEHERT 5 = LT -

PLLX Y, A@SCOEBRERIIMAEDKE DRI BT Lo, WHE & REROFERE Th b 22~
45 R OEFEBEOHAEFHELZ RENTKBRTH LR TELLEZLNS. 1251, mEaRasias
Lo WL H Y, 5%, X VIFENCHET ALENDS.

4. E£EDH

A TR, A6 2 ZBEHEE) TR LB KE W E W I BHEEMZ (L5 277 U o VxR X% L
LT, AMOEBOAMIERZEZFR L. ZOfR, (1) BB—ETOHMERIEY x—~— « 7= b F—fliz
DL, ) HEERITESABICHEO A ERLHOMEAMEOBE LV IMT5 2 L, B) AT T Y > ik
V2334 B A T R KT L2sn L B S nlc e o e,
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ARLTHELNI AREEDRER S, ERORTT ) o 7B 512X, X0 E—fY « HEMNRET L
DB CH O, 5%IL, TOTDIZHE L 2 5MEA & KO8 L7t R E{T 5 LENH S, F,
ER~OBEAEEZ, ATT ) U IHA —NEERBERIES AN L 5 T RHE~ ORI OWTHREZ D D &
Ebilz, AFT7 Y oV ORIFHEE NFO RN T RS2 U THRYEREORHIR 21T 5 TETH 5.
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