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Arch index measurement method based on dynamic
information of three-point support surface of the sole

Chen Baoliang Ma Xiaofan Xiao Feiyun Wang Yong
(School of Mechanical Engineering, HeFei University of Technology, Hefei 230009, China)

Abstract: In order to solve the shortcomings of low accuracy and low efficiency of artificial arch index measurement. It is proposed to use
the dynamic information of the plantar support surface to measure the arch index. Obtain the trajectory of the ground reaction force on the
heel, the outside of the sole, and the inside of the sole from the developed distributed force plate. The area S, ,,. formed by the three
points is used to express the support surface information. The mean value MS, ;. of Sy, for five 30-second bipedal standing posture
tasks was obtained as a key parameter of the foot arch height index (FAT). The combined caliper arch height index measurement system
(AHIMS) was used to classify the foot arch types of 30 subjects, and the FAI value was analyzed by variance. The results showed that
the FAI value gradually increased from the low arch group, the normal foot group to the high arch group. There was a significant
difference between the low arch group and the high arch group (P<0.001), and between the normal foot and the high arch group (P<
0.01). The results show that the dynamic information S, ,5. of the plantar support surface can express the arch height index of the foot.

Keywords : arch index; force plate; distributed force; supporting surface

LY SIEpOe 22 KAt 1)) 1 R S R N - WA
P A R T i AT G T/ 23
BRI B0 2 TR A 9 7B

ROFAKIR F )7 LT RZ AT, AT 007 5o B g {532 3 0 0 B2 1 ) 69
RISy ) DROERN, IRy 0 oy b A0 B A vk B B B B
SR B MO A AR B IO g A S LR S I A

0 3l

[l

MIFFIE RSB INS IS EE M A 4Ry, JF R 5 SRS 3 AP0 HERE PR T RE R 7 A A A Z 05

W ks B . 2021-12-09 Received Date: 2021-12-09
* EATH . FHKARB 24 (U1713210)  FH K A R334 (52105017) Z#E A KR4 (21080850E222) AT A ARl 354
(2021031) T H % B



55 6 14 BT LR = a3 SR I S AR B SRR 7k - 49 -

FEE AR 22 R — P EEE K" SRS IEF K
NAR L, 5 2 5 TR L 55 A9 T B BE 4 R 463473 1 XU
[ NN YRS Ry AL =S VIR A P RS (R4 N s S b
2 i6Y7 R 7 SRR, HAa M s

XFF R SRR PR R SR Tk 2 R 2R, £
HEH WA, ST, B, WED, 5 &SR
(AHL) "R 55 B 8 B0 B R S8 (AHIMS) P #
S ARESE SR AR (AR E L B f A B VR 2 5T 5
WEICEM L . B A IKSEEINN 2%,
e IR R 38 5 IR PPAT , 28 5 52 B L S R AL 2L 5
Wi 3 g R 2 P R ) Bt TRV RE A A XA ]
T S RS AN, Williams 2507 6 FHER R
PR HEA TN AN 3 2Rk TR AHIL 57 o 2 5 2
BT SEIN A i, AHT 58 R R 509% 4b 1) R 15 i 5 R
PRENSE— B ST D K EZ e, SR, R R
A AR LA RR 0T, HL 25 5 s B0 2 , IR UL, Richards
AEUSIIE LT AHIMS, & F— R B 2 LAY s R A 4l
4 1 Richards %5 W55 1, AHIMS #ES7 T KAy a]
HEPE L ICC 35 BN 0. 96 ~ 0. 99 (11T Al 3% N 1] 5 M A
0.98~0. 99 MTFAL & [l A AT FE 1 . HJE , 76 SE PR Al H 3
e, FEAAE LA, ) T RSN ER, £
FRAE — BB SCTTI  AEAE— 2 WMERE 52 ) 8 7 B e LA AR
FF—30 PR IR 2, SR ) R S R IR 22 # 2 X AHT
(B 45 R B B0 5 3) 24K R LAl FHACRAIL,

SRR E NS SMIYN = Fi— R G0 RS, pai]
YN P s RN B A R 22 B F 5 R AR TP AR X P i)
W5 L, AR RS &AL 15046, K2
T Rt o eyt A MK € E AU N i N - S DR e |
A7 B ARBURY R 25 P AT LABH 3R BG4 B, I8 i i AL
UG 2L 55 18 BE R B, 3 7 v A7 A 1 ) 8 22
TR ERAER I KN 2E S, B, BT R
IIME B SIEEOR f ik, T BB 32 8147 T B S
P15 . R BE (T Sf SR U A R 5 v B 4
Fo BT ARSUBR L A B A LR 4 X 5 43 4 1l
RIS JES 43 X BT A% i 1 S A FE 7 A FH s sh A
AL R 5 S e R (FAD) 173855

1 JRIE

1.1 BESXFE

LiEE iy S A L IRV A= LN U W BB N R = 9
HAEW 2z b, ik — 2 b 2 AL ) R BR R
SN TS R S A, SRR 2 TN, IR
JIR, Hi AR P B 1 S Ak 32 TR, R ] g
W A AN I 3l , 237 A A I R IR T 534, NBEAS
JEFRZ TR AT = SR 2 s T

S A AR Ry BRI BN MO DX X 3 A4
G J300 R DI, AR IR 1 Ca) B, J0 43 T DN 2 43 1) 42
TR A R A R PR 5 B Sk AR A S ) B
SN (b)) 7R, BRI 2 O vk T A BRI A ) )
IPERAEE I ARARTHS A2 5 AR B D17 30 0, R st
BT B R mAL , BI R R A A B AR i
EETESS 2 JREANS 3 Rk A

»

Ji 2 P9 P
Jer gl
} /
EB
/‘
(a) RIERI > HIANZSIX
(a) The sole of the foot is divided into three stress areas
BRE Sk ALKE 5 A B A R
- /
Wiﬁ%ﬂ% : f ;’ .
= ; 4
- ~ —
ML
"""""""""""" T PO B
U5 43 B4R

c—
(b) Hil J5 15 MU 43 T2 £ B
(b) Dividing line position in anterior—posterior and medial-lateral
K1 2RaX

Fig. 1 Plantar zone

1.2 REBHISSIEH(FAL) REHZE

iz 3 A~ DXy b T B A 7 PR S 4350 AL B,
C R RIRME SN 0, IR L1 A AABC kR FER,
S e PR ZEETAA /N, IE 2 Fros, 1AL S, e FE—
A KF IR S A,

Saue(D) = 1A BGY <A C(H (0

XUR S EAL I, 26 A B BRAZ B R 3 2 (R
(9 172, BATR R R FR 5 8 19 32 180, il T b 2 i AT
TE28 5% , S HL IRy v R S 2B AR T of S T B A JH 0 A A 2
5, Saane I RABRT Z A1 LU AR AEA[R] A2 38 =5 i A
IfFAEZE S, JET 00 T 3 MRS T i = e




- 50 - LSRR R e o % 36 &

TR RN AR SCHE R —Ff FAT TSI )y i | B2 184 58
Il — B A SUR B Sl ST 55 FFoRAT S, 40 BT
ig{a ‘/l4“SA/§BL'O MSAABC izj FAI i—[‘%:/lq\ﬁi‘j:

N
2 Suume(i)
i=1
MS jape =N (2)
MS
FAI = —=2_ % 10 (3)
FL x FW

Hor FAL 78 JE TR I05 E5 3850, MS, e 9 S ipe 1O
SEIE FL R B K FW 35 258,

B2 ARSI

Fig.2 The expression of the plantar support surface

1.3 SHAMHERS

FET IR X T BT A i & &g,
& 3(a) PR, A2 R DXORIIN2E XA ) 20 4 7 8 A B 1)
3994k, B X R A 4 A0 FE R, I 0 B I AR R
524 296 mmx 136 mm , {5 BRI AT R0 IR AT DA AR A
KAEKH 280 mm, KL FE 120 mm, 41E 3(b) s, JiK
MR 3 BRTEAR R T R R BE SR A e RO, B T
MR 4 A~ ff DATE T B A5 IR A 0 I R K A%
TS A RSO DYLY-108 1 S Y3245 04 it 1 i 7 1% Jek
v, AR 50 kg, ERAFE A +0.05% , JELME R £0. 1%,
AL R EUE N 1.0~2.0 mV/V, TAEHJE R
5~10 V, HAMER ST A 16 mmx6 mmx19 mm, %} 24 4>
JE 7% 8% %) i A 5 R AT O, VA BRI R A i i
USB e & % 2 PC B AL, b7 HLoR 45 AL 1 an & 3
() FIR A0 5 SRAE I [H) R SR A 01 238 (1) 15 8 50 SR 4 o
G PRAE N Excel TR,

R T HERE AW & B E W ARG
TR R 7 i ) e R IOE 5 o7 4 78 2 BRI
M b B ZI B 7, MO 7 Il B B S 250 RESR 2 5
55 3 BAVAE [ A A IR, 56 B A 2 1 43 DX o7, An A 3. (d)
FR .

L AR AR
Al i

(2) WA & ARG BB R

(a) The overall composition of the force plate system
120

| |
—{®------ ofe----- ®

: : :

280 | ! Ll 296
lo _eole o
0 0

(b) WIRRA, REIWENE R XR (XD
(b) The size of the force plate, the gray part is the effective
measurement area (mm)

) L .0 .0 .e '
Mt gt
. . .
, -
—_ e
(o) REET

(c) The collection interface



55 6 14 BT LR = a3 SR I S AR B SRR 7k - 51 -

(d) R HpRE AL
(d) The foot positioning

K3 A6 RS

Fig.3 Distributed force plate system

2 K I

BEML % £E 30 4 7 4F K22 4E 2 5%, T ¥Rk
25. 40, brifEZE 2. 61, 5E B T IR L, AHIMS I =
A 5 1o 4 R0 R RO A il 740 A I, AHIMS
JEAR SR TR T AT A 4 (a) BER, AHIMS
AT R 1 IR SR [ 15,20 ] A A O s, G A A 187 B4
MR, AR BUET 18 U B S Ul 2 PN FR U 0 e A %
P E R O T SO AR M, AHIMS 475, &
ZRE WA RTINS 3R R B BCE AR — Bkt
AT N I 2%, AR U 2 K (TFL) |, R 2 R 3 58— B
BT IR B s R R A HEE A B R EEAL  id 5%
M . SERUE W BRI C OB A B s SRS
Pk I B0 R R D REFT I 2 Y b, DA R K
(DH) 50% AbMY LS E R, WK 4(b) frr, AHIFE R
DH/TFL.,

b

(b) A R 2 H M R

(b) Right foot arch index measurement

(a) AHIMSE: B
(a) AHIMS device

K4 AHIMS 5
Fig. 4 AHIMS measurement

I3 A JTIRARR FF AR« 3238 BOSUR B A5 ol S 489
A 3k 5 57 B HEAT I RIS A0 A SN RE 37, 58 BOUUAE o
BAES5 35 s, RAEWR 100 Hz, X500 72 521808 H AL AT

77 2 m ¥ A REDE B s, FR5 A SRECE RPN, IF S
PREE S IRF L, B — N Z A E ERE 5 WA Ji, g —
YRS 76 B BB ) 55 Tk IR AL AR 2 min,
SERUITA BIIER T |, 4 Excel 2648 HP3REUEY 24 AN Sy 1%
AR 30 s B S A MATLAB & 2, F1) H 1 46
MBI A 3 A0 X T S A T B VR S
A, B, C IR E, TFEH 30 s (BF 3 000 A7) Sy 10
MS e s X 5 AR EEHE G MS, e BUIME, FIRAE N (3)
& FAIL

3 8 X

30 &4 %A 1 AHIMS I i 3R A5 I FL 5 58
FW, L\ TFL .DH AHI B9 5835085 , FL 8938 & 210 ~
267, FW (5 & 77 ~ 96 , TFL H35 & 157 ~ 202, ¥{H
186. 85 ,45ifE 2% 9. 86, DH 1175 [Fl J& 54 ~ 74, ¥I{H 65. 16,
brR#fEZE 5.2, AHI $4{H 0. 35, 5 ifE 22 0. 03, 434 J1il i 3K
FEH MS e FIXIME A 2 525,76 hRiEZE N 365. 641 AR 4fE
K (3) AR FALERBE N 1. 13, FrUE2 R 0. 10,
SEREHR N | iR, #% Cavanagh Fl Rodgers [ #1X,
i 1 5 SR — RS = DU o B e Ao A —
FERE = DU R =2 [ e R IR 2 5, IR T 55— DU 47
BN S, T =i 8O m 2 5, % ikl s
SR AT /5 28R oy 45 R a3k 2 iR,

J T BGUE FAL X T 2 5 2R ARG H 51 5 AHIMS &) 43
TR — 3, SR T B T 240, KR K i
AHIMS %5 2 5 28B4 5 Z (8] 1) FAT B EAFEER, &
i Shapiro-Wilk A6 56: , 45 2H B IR M IE 243047 (P>0. 05)
253 Levene J5 2257 MG I8, 2 A BUE 7 2455 (P=0.39)
AR SR EE) FALEZE R BA GRS, F=
10. 78 ,P<0. 001, %4k DL 50+ b5 v 22 i R, FAT
A2 54 1. 04+0. 09, 1IEH B4 1. 12+0. 07, FH £ 54
1.26+0. 10, Tukey K4 REM MESHSmETH
2R HAG 24 L (P<0.001) , IEH 2455 2
SHZMZERBAAZI¥E L (P=0.004<0.01) , BHA
MESHEIERW BHZEERANEASI L5 (P=
0.104) ,{H 3 ANHZ (8] FAT #{EL SR H B AE 4 -
HEa e InE s R,

4 & it

AR H T AP ST £ 8 ) A 3 5 v i K
T A R R R S R DX A S DX P A
DX, X 30 s HYRUR iAol 37 B BT 55 T A7 2 2R 3 4
DX 4y i TG A P T B8 A A B R AT AR, AR 3
AR B = FAE TR (B MS, o HPREBI R



52 O X5 R 4% 36 %
F1 30 BFREN AHIMS 556 HNEER
Table 1 AHIMS and distribution force measurement results of 30 subjects
Er= TFL DH AHI MS s upc FAI Er= TFL DH AHI MS a5 FAI
S1 157 54 0.34 1720.92 1.04 S16 188 65.5 1.04 2 331. 14 1.01
S2 194 58.5 0.30 2 075.17 1.04 S17 197 59 1. 04 2 337.67 0.95
S3 165 57 0.35 1 623. 80 0.99 S18 189.5 65 .99 2 619.94 1.15
S4 188 69 0.37 2 552.02 1.13 S19 178 66 1.13 2 346. 10 1. 06
S5 201 74 0.37 2 974.04 1.20 S20 185 66 1.20 2 326.91 1.07
S6 183 67.5 0.37 2 479. 88 1. 14 S21 181 65.5 1. 14 2 511.63 1.22
S7 196 71 0.36 2 905. 68 1.20 S22 202 57 1.20 2 550. 68 1.15
S8 181 67 0.37 2 566.97 1. 14 S23 184 59 1. 14 2 455.76 1.12
S9 185 70 0.38 3223.02 1.33 S24 177 67 1.33 2 229.08 1.12
S10 195 73.5 0.38 3 050. 66 1.20 S25 197 71 1.20 2 944.16 1.18
S11 193 64 0.33 2 561. 82 1.12 S26 181 61 1.12 2 495. 82 1.20
S12 191 71.5 0.37 2 540. 53 1.07 S27 194 63.5 1.07 2 628. 89 1.15
S13 177 68 0.38 2 838.08 1.32 528 183 70.5 1.32 3 067.35 1.34
S14 187 67 0.36 2 365.78 1. 06 S29 193 62.5 1. 06 2 613.36 1. 08
S15 192 65.5 0.34 2 748. 31 1.18 S30 191 59 1. 18 2 087.75 0.92
o TFL U R, DH SR T R BE  AHL: R SR E MS y e - PR ZAIB SCEEE AR, FAL JEFRI 5 W46 5L
F2 NEBZFRENESEBEESEECEE(AHI) Wi R GE (AHIMS ) #7105 LU 88, 25 R SIE 7 iZ07

Table 2 Arch type and arch index range of 30 subjects
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Fig. 5 Comparison of the difference of the foot arch

index (FATI) value of different arch type groups
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