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Abstract: Orthopedic insole has a significant effect on the treatment of foot diseases and biological diseases caused by feet. With
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the help of 3D printing technology, orthotic insoles can be manufactured efficiently and conveniently. The change of the thickness of
the insole has a great influence on the position of the foot pain point and the local concentration of the sole, which seriously affects the
correction effect. In view of the 3D printing design model of the orthopedic insole suitable for the patient’s walking, the geometric
model and stress data of the sole are needed. but the existing model parameters mostly depend on the doctor’s experience to quantify
its size. Therefore, this paper puts forward the method of using the wearable plantar pressure detection device to obtain the plantar

pressure data of patients, and calculate the local thickening thickness of orthotic insole according to the position and size of the pres-

sure center track. After the personalized customization process, the correction goal can be achieved more scientifically.

Keywords: pressure sensor; orthotic insole; personalization; center of pressure

0 5|5
MRARMEEZHRE, KT ARMER, 455
BENITE . B NEWZE PR A TG & A A FR B 0
R, BIRSERE, RKMMEERFE S5 & & LH M
M, TR R E B, AR A R AR AT X B R
PR Tz B, W —a s glim, dHE R
KUITER A Y23k, RIREERESIH, B
SCEEIE Z R PR 3. R R BRI B A S S %
SR EA ToEZENE L, HhRIKE Pl (Center
Of Pressure, COP) BT BJEE ST BARE B0, AT VE N

s B #3:2020 -04 -06; f&[E HHI:2020 -05-15,

EE B A B (1995 -, B WL 3 X% N LW A, %
A A L — A Ak B S TR U 1 R F T

BIRESE R RIEA963 .2, B A B, NS AR
— b B T ARy 1 BT

AEFEAT AL )R 12 W, 38 2 A B 23 A7 38 AT DUAE D 2L iR
I RS . IR AL B R I T O R UG TR . &
P F A T P 0 R e I 9 1 AR A Ak TR S A N B
B

IR Ak AR Dy — b RS Al L RE S B AT B Ay b iz B
E Y ) s i B B, n] DL D R SR TR AR R
RSN . SR LB SRR E . s TR R PR T
AT, BT 4 X 1B B I R G TY 4. REEK R
BRI IE . o L PR R A — ORI
PEJr NSRS AR i 2 0, 3l VR 199 32 0 0 A B0 A
FAVRE JLAR TR AR ASE 3 R A7 W0 /R o BG4 32 0 43 A 2 0
TP 2 AT . SR A F—scan REE. TEIEK
NovelPedar—X R 4t 45 45, HORG A B2 B0 i H 2 485 1 4%
2 IOA N A S e A A A TR A S R ) R R
BRI k5 9 o BALRE L A A R Y R B R T R R Ot
FIACEEAT AR, HA RS B, 3 BEPRAF I R, R B



. 266 - T HLIN a5 P

% 28 &

AT 3 BRPE B HS B R AT P 9 &3, W E Y Orthomod-
el FITEE [ PedCad, {H 2 {8 F i 6 504 75 22 A AH 5 4 g
WHZKMEA L#BE, SBREMHAXTESAE 1kl
5 b,

PR AR SCAR A 7 ) — A5 o) 0 2 T dk R E S 1 O AR
— AN AL B B TR B e i O 2K, Tk g 3 AP R
SRR B B E L AR B UE . L A A
P E R M T MR, 2R v 7 E G5
BHTEZE L, AHRATEARZ BRG], i 28 B 0 R
R R R I BE, B R ESBEPRIRE T,
AR A FE Ty H U B3 Y 7 B SRR ) R /N TR B A T A R 3
JRIERE . A5G 3D AT B AR Pt Ak il 5 R4, kel
B I S R 7 AP 2R DL B 3 T 0 IE SO .
1 EREARNEZE

R AL 0 0 A B A S R R AR R IR T K3
AR RUT 5 A4, WE 1 Ca), RBIE G BR A
(MD) . BJE BAMI (M2), S M (M3), S -
(M4) . #bF5HEE (M5),

SRR 1% A8 10 43 A Jy X 4 Jey 1 B ) =Xy A R
R L R A ) 2 (R RS AE S HE A R . Tekscan AR F—
Scan F& 4t Lh 7 15 e B0 22 (9 0 45 mT A 4 Ry ) ik RS
T Ao, KREMEIE R, LIEEDREER 2%
Sy ATAE TG BR . TR S A e =8 4. b B X S 4 R
FIEBALF RGBS, DR AR %% BT SR AR 1Y R )k R
DB RN R . R Fa . ADNEESE — bk E AR
Fo o o BEE b R R 0 S A O R R P )
2o A S s — JE K AL, R R BR A A A O R S R —
KOiE, WE L (b iR,

M5

M3 M4

M1 M2

(a) RJEX IR 5} (b) TR
1 RHREE

A T R IS S ) SR B 2 Tl X g A% A
STM32 R&4E. AD BEHL, HORBE Y, i 77 B P A PR B
AR, WlE 2 Fron . JE AL AR R H Flexiforce, #4504
A201, HAEFEER 0~100 lbs, Zit¥Ediiil 5 HER,
Ji B 2 WOROCR AN 3 PR

BAEE ] DR AR BB E AT A R TR R ) B
X B 1Y o B RT LUAS B AR R 2B S BE . W) T
Matlab—GUTI (graphical user interface) FF%& T 0] %t & JiE J&
THEAT AT B Y, SR T R R 140 A B A )

A 4
T HURTBCR

B3 3 s A

AE. W 4y EALHLR S A E . REIC R B E D AMER.
FARE LIRS BAEFE R e 5 AL IR E )
HOOBIE . ZEA A A A A

B R 7 45

“a = o g8 |6 | % RB [ v B2 | 100 mem thE | 50 | ke
il 1
. EE AREF
gﬁi -g‘ ( ) ¥, h EHEIES | SBHRSA -
/ PEES )| SHMBEA -
T, I (i
arhd "ol s Aprax L. i
S g3rhy | EEENALAD o
]
S WEREES (HH- )
/ :f MR (K. B
(8. W)
LERE 3 LERES 8 EX #E\EX L % #1ThiE
: | [ We . 5% R
%0 20 20 ]
EH . S . o he
AN N/

4 EAIHLA 3 S

2 BREAHROHEZITERE

DN 3

i TR B P A A — 28 L JF AT E B P R
WAL LT B — LERE ML IR A . 5 3R (AL RE T A
R, I HARGEAR S E R GE, SO 8 B3R Bt e B A
Pl

DE VTR (B DR U AT DUAT R4 i W A SF- 30 iy
2. WA T A . I EIER AT,

2™

yi = (D

by, WIRVEQ, KRR, n R K

S U B R o TR A 0 7 9 2
B 2T ST T O 0

(2) L A

SR B 5 B0 T o 0 — UL B K 2 T 5~



g1 4

AR, S TR A% i 10 O B A P E R T Tk < 267 -

10 735, B BOSRAES AR Jy 100 B 2%, 200 R4 & A4 UL
728 o A X e R Al rh A7 AR R TR AR . AR TE
RAT ARG, e Ty 1% AR AR O 5 8 0 ol S AR 2 09 R
(. A RAEE SIS LR T I JC e Ak, SR R
JUF %, TG TR g s Y 402 3 53 45— 25 DA H& fioh 3l T
Tt B4 45 A e b s ) oD B R RS L TR I T 20 B
IR, BIBR 2 5 8 2 [ 2 R W B fa WU B — 22
A 55 8 T T L A B )4 A

H 20 A B A A 1 EI’J {FR 3 e T A T ) A
Pt B At B KA A B L, &R R Z B AR, A
SELAR SRR . I E SR GE 1~ 5 1 Ik ) Bs AT B
s AR BRI T ROE F a2 5 O e 80 Al ek o 2
e AR . F B R/ I RUJE TR ) 304 1 5wl A
ISR R TT G . AT Ty B3 8L TG B g RT A e B R Y
S5 O TR I K O R AR RS R T, K FRL 0,01 N
Oy BEBEAT ARGy A BUBUE IS B IX AR B Loy » T
HZ TR BERE L R [ (o) H*fiéirfﬂjﬁiﬁifﬁfhﬂi
KRAEAEERE Loy BRI ETIE, B Fooo

i e E L B oy SEAT O RE . BT AL AR 24 5

F, > Fopes 2)

Hrp. FoO FAEAT ] ] '5E1’JFJJ{E 21 i 1
FHIE T BOA RO S Q. B — BedE & By ik a] X ) 1< B2
L %Eii o =L =01, o NIXEKEBME. BAFE 20K
F14 DX ] Sk J& IR 170 55 s 4 Sk R DR s g o it R A A 5 25

3) RS gt

K LA B I 18] (9 BOHE 45 A e 0w L] 7 B 5 e
G 2 AT VB AT A5 B R g e i 2. B — S I 20 TR
Tt E AT,

S S 3

Hep. fAKT, = vy AELD (b)) KR SR &E
o BT TR AL BB

25 FE 1 500 JUART 437 8 2 AR A R IR A% 0 A P 1h 3
By, HJEA 0, 00 FERMRALE ., BEARBRIETT 10 A 2R
— ATy A, BT AR R JE DN A — AN R 7 e T T AR
T 2 AL SR RO T RN R XY
Lo MBI A3 R ot BITESAD 2 i 20 0 R IR R
s A P TR CY T < I W O e VA = ) B = M R
ANEFZI COP /5, B0 COP f5 28 46 — 4 57 1 v R 75 5]
SRR S Rl 42 .

3 EBRREEEHERE

N T SRR M R OR R ) PG AL N R R AT
AR T8 A 480 0 0 A7 20 0 P 50 AMRTE 1k ol v R 3
W AR FAE R b 3 S T 0 R S R 1 B A AR D
HNRAEATE L FE P A A AL R 1 00 3t 1 S A i
Je Hh 2 ) R A 3 T 5 f) RS BT ) e R = 2R
. —BATELHT O XA AR AR N AT 2

COP (x,y) = {

DX foq

ANite PR R B ) L A A R — AR D &
fay AR 2L )5 A ] 6,

K5 s A

FRe, AB WA R IRH BRI %05 AR bR i I AB
PR sl TR A SUOIZEOR £ IS 30Z T, 23
W AE I KN R Gay B ANAEMERZ IR, Z 3
WESAE H 0 Gy Z SZEE R ES oL, R Z A
fﬁﬁﬁwymkﬁBﬁ HER., RI\ELAKXATG .

c(— L)+ Gy L=(G,+Gp) « X,
Gy + Gy = NG

/IELP: Xz ??}J—ijj"l"'ll"
M, AR Gy 5 G,

X B RUT I EERGE T INE
e 7.,

4)

NG A RIAE i 8 E A TR )

TIJEE R BE A B KPR

0 I

6 A i B i

|
Lo

FR
FA
B
Z
=
A _ /Z/[/‘ B’
b} ¥ 0

B7 RS R s R

Pl v A B D O AN S AR T A AR L AL,
Fay Fy D95 4 3 s AR Z’\ Bl Z., B X %l
B A Z s AT A R L. FTLTE « B 27 Bk
WEEMﬁﬁ¢M,aﬁWﬁsh¢ABMkfﬁﬁﬁ
2L, .



- 268 - S HLI 5 i

% 28 &

AR A LA S5 14 P 45
f(zy__'.__IL = cosa (6)
,+L
Al RAG
o . Xy +L
h = 2Lsin(cos X, L 7D

P, AT LLE g 5 2AR s T AP s 9 B AR A 1 P AR
IR A B B RO R R RS . S A A
B A i B i &2 o R G s R T A S AQ AR IEHT X, 5
o IE i R ERAR X, AR B LR A

DA g R T AUIR T A T A 4 T R B TR A
T2 AT AT RAXT R G e R R R AT A, IR F R
i 3 5% B8R IE H A
4 HREBRMELEHNTTN

IDIREZRS AN K VANNE s L S P NAN (D 2/ Ui i
SRJA HIAC 5 A i IR AR a0 P 7 B 19 3% 3 a5 oL B Ak
bigs. R ERAZINEE M EET . Eid S8
W b PR T AR A s PR UE TR g A% R e AN L R . B A
CEES (B

2) WRAH. BRI EERAL RN, %
KH T LM, R R E RS T TN, fen 3%
E&RYE. MELKARERGBRK, RIEEEHIHEP A
WTME. Fp AL

3) B R HAATIT B A IR, I T IT I R4 1%
. RIGTE AR R A BB B AT OE . ATE RS
PL 20 R DA R#AE, DR 20 B b Bn FRKEE T RS
LA R ROERAE

O Beaor . BOH SRR E R SD Rl R g
T e B, R Bt 5 A EALHLRE Y . Of A TR g - T
AR . AHCHD S Bl . R R e T 4L U R
FRUE . BFIEAT X, MES, URIEFES%.

150F

—

FEJI/N

40 41 42 43 44 45 46
t/s

P8 4 R B

5) MR = HERIRUGAR . 8 T e = R A 2
P HF IR 226 RIS . RO = gAY

6) HrIPEERMEIRIGIME . S AR 4R, F A
(T THER IR B i Y 2% A0 PR B2 OF AR Bl | — 20 10 28 25 i it
Frif e . A2 pl 3D FTENAE B AT 4T ER

D RBORBAE. E TR T ED L 0 R SRR IR AL IR 1

FIRLE M bR ) 2 i, SN, R )5 3 2l
TRE L, BH2) ~4) LB, REREFIESNLESH
I AT BTN
5 IEXLE

AT b R A R e R ) AR I R AT E, SRR
HEMSX R HTH I ERITF G, FEEAERES, R/
I8 LA b 20 B SR 4 I 1E AT RIS R T BUE . SRR IR Oy I
Bede L g, 2 E MR ES — Ak M, k& 585K R
FAEAOERF. EAHLP SIS Bl A B 15,
MR FE Y BEIRBR . BB MERE R 4P, BEME A AU L BRI,
ZREFM By 148 25 #b, BT EKLA 25 Kk, ANt
153 32 %, Bl B HLAIR I — LR A 54, &
X T B B R KR /MBI 1.5 s fiL 0.5 s, HEE
EIREALM 15 5, M 16 5, SRS RIS L H—
B, fENE A B A S SN F AR AET, RS
RAER. Kok a 5480 REEmE 8, RIGHRE
N D R ALES P NE S S L SN RIEET
s REBAIHE S ZEE N ERE S foo g, wE 9
(a), MIRLATARARHFIETT X, 091H . Bdli o0 4 Ja K iz e 3
HoRGE R IER, ARMAMBMBEY, ARRENIMEXS
IEHE S i A FEAE M3, M4 KIS A7 7 — 2 FE B O 25

MG TE i 8 TV IR 8 3+ 03 ik Bt O s B Y, ok
B ey 4 — MR T 78 R AT IR B R, AR AL 2L =
48 mm, X,=6.3 mm, EEMHHE X, =4 mm, @#iTARXIt
BT h=18.35 mm, B AL I 0 4 5 TR A AR R 2
BRIy 18, 35 mmy,  [R) BEAT 530 O 4% 4% 48 T AL B O 1 B
. iz b B s AT A3 BB T2 J5 1 g B, 0% S AR 97
JE AR B ATV H 1R R 1Y) TR0 O 4 & AR 6 PR AR
AT RO, ] R R S A TE D R, B
SR W R A A AR TE R DX e/ B R
AR TR E W BT R S, REKBBEREN
I T B AL S 3k 3D AT B A 4 B 52 18T I e R
B H RS R .

BEF R ER TR R EIE, I H R R R E
FI0 R B AT, SRR E g & 9 (b, AHEL
() AW RME ESR, A M3, M4 XU TE 1) 575 i
HOHEIE, ZMMKLC ARG IER W EIRE L, &
ERAGERR BB MR A TRMM S, JFEAE KU s

(a)
B9 B iEwTE o X L



g1 4

ONFA T, 20 ) JR R 3 T B 2 B O T
RO AR, PR, 2R3 b R R PEALE R R, AT
DAl 2 S BT OE H b o0 A0 B0 R I oh s
6 HEWRIE

DB sE ety 17 — R 8RB R A Mk e i 7 ik, R
JET A B JEL VS TR G s A R T R R R . R R
FAE AT IR P A SRR B . 3 S 4 BT R g
ORISR AR R e i B R T R () S L
NREAEIF L. MRS R R B, BA N
R R R LURIE Z E B AT E A
Z PR, AE KR Y A A R R R R R 4K
5 2 05 2 U G 2 O R S A v T
HIRYT R AR 1 AR R R AL T K, P
P52 BR 2R o W — B R R R R ) B0 . %)
TR P BHE IEAT A AT SR R IS o R T il 2 i AR A ke X
B IE S B IR T ARG — 2P 4 AT .

SE 3k
[1] BRsc#e, £ 3L, WA b 83 09 T R e i 55 18 02 1 £t bR 7o

MM [J]. EfLdE, 2013, 19 (9). 1688 -1690.

[2] Bencheikh M A, Boukhenous S. A Wearable Preventive Insole
for Diabetic Patients [ A]. 2018 IEEE/ACS 15th International
Conference on Computer Systems and Applications ( AICCSA)
[C] . IEEE. 2018.

(3] AHEAR . BRSCAL . AN [ B B2 B RS AT A A 25 47 3ok o J G R g o
LEGR s [T hEBREEE¥RE, 2010, 25 (9): 875

AR, S TR A% i 10 O B A P E R T Tk © 269 -
- 878.
(4] 9, 9T B WP RREY i KRR (1] S RE

HE, 2012, 3 (21); 55-55.
[5] Kendall J C, Bird A R, Azari M F. Foot posture, leg length
discrepancy and low back pain - Their relationship and clinical
management using foot orthoses - An overview []J]. Foot,
2014, 24 (2). 75-80.
[6] Chuter V, Spink M, Searle A, et al. The effectiveness of shoe
insoles for the prevention and treatment of low back pain: a sys-
tematic review and meta— analysis of randomised controlled tri-
als [J]. BMC Musculoskelet Disord, 2014, 15 (1). 140.
(7] W% =, F %, 2/0&, 5. FOERRETHMNZESH
1 I ) 28 5 00 B R s WO R e ) [T, Pl R
e (BEERERD » 2017, 38 (4): 582 - 589,
[8] Tai Ryoon Han, Nam Jong Paik, Min Sik Im . Quantification of
the path of center of pressure using an F—scan in — sole trans-
ducer [J]. Gait and Postyre, 1999, 10 (3); 248 —254.
o] wizia, FWidd., % #, % . FEELmtS5HE .
HE B2, 2015, 44 (16): 39 —43.
[10] Metin Yavuz. Plantar shear stress distributions in diabetic pa-
tients with and without neuropathy [J]. Clinical Biomechan-
ics, 2014, 29 (2).

[11] Liu T, Inoue Y. Shibata K. Development of a wearable sensor
system for quantitative gait analysis [J]. Measurement, 2009,
42 (7). 978 - 988.

L12] ZERE . P E % R 5 R 0 B A8 B H A A IR 9 B AT
FEMIERM A (D). B Rigsgm ks, 2009,

239,299,299,299,099,039,239,2939,203,299,299,099,039,239, 939, 293,293,999,0399,099,239,939,203,293,999,299,239,239, 999, 293,993,993,299,239,239,999,993,293,293,299,239,239,039, 993,293,293, 299,299,239,099,993,293

(EHE4 255 D)
4 HFRIE

AR 4 10 DU % AT HLA JE B 0 T — BB e R 3K 3 F
B4, W ADAMS BHEE LB, X R K 3l £ 48 HLAK
FINKY 3 RN B AT 3 S 2 B ot . b 7E& B 1
PR T, 48 795 9 g T 42 fioh 0 DA B 2% A O 715 T i 1Y) ##
FEFEA HANGE g BB ] i A8 b 28, B /e s 1 AN
B AL, X H#EAT ADAMS S804k IF Lo i 8% 4
TFH8 b T 32 i J1 3 /N B bR SR AR ARG W AR AR A K
FE SRS A BE . 320 58 3 MR A R IR 3h £ 45 TR IR
HURE T, W] R0 S DR AR b B O 4 A5 e Ak T 4 T R AR AR
AR 7] R

SE Xk

(U] ME%, T 2. @i, 5. ST RLBUE G pLae A BE i
I o7 8 B s R ER [T, LA TR 2= 4. 2019, 55 (15):
124 - 134.

(2] &= W, B8O, mhakas, & RIS AP AN FIRE RS i
IS IR [J]. U, 2009, 26 (11): 42 -45.

[3] #FAMH. —&h SMA SRS F B AT [J1. HLLsh. 2019,
43 (4). 165 -168.

[4] Ni Chenquan, Liu Chang, Fang Xingzhong, et al. A novel col-

lector with wide pH adaptability and high selectivity towards flo-
tation separation of scheelite from calcite [J]. Minerals Engi-
neering, 2020, 158 - 159.
[5] Yao Shuangji, Marco Ceccarelli, Giuseppe Carbone, et al. Grasp
configuration planning for a low— cost and easy— operation underac-
tuated three — fingered robot hand [J]. Mechanism and Machine
Theory, 2018, 129 - 130.
[6] Dong Huixu. Qiu Chen, Dilip K. Prasad, et al. Enabling grasp
action: Generalized quality evaluation of grasp stability via con-
tact stiffness from contact mechanics insight [ J]. Mechanism
and Machine Theory, 2019, 134 —135.
(71 % W, JRuf, skocHy. JLRWFFHLF R B dEmiLlas A3
MwEd C1]. BL#E A, 2019, 41 (4): 519 -525.
(8] & H¢, TP, & k., % BIEKE NI A BIENiE
L S L B [J] PLW TR 4 4. 2016, 52 (9): 9
-17.
L9 Z=5E4. B #, sKEW. 6 B i BB AL B A BR 5T 2 7
LeAlide (1], s ETEIMSR. 2017, 15 (2): 107 - 112,
L10] XUHEME, BEE . HETMOESE Rk LR il ML B2
SR H R ML R T Kt [ID. hE LB TR, 2013, 24
(6): 736 —-741.

(117 2R, msR. Kunhl s T mE S« [ dt
T A R K 2E2F k. 2010, 36 (9): 1048 —1051.





