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A Nonlinear Scale Method for OpenSim

WU Zihao, WANG Zhengtao, MA Xiaoyu, WANG Dongmei
( School of Mechanical Engineering, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract; Objective To improve the static and dynamic matching precision of OpenSim biomechanical models,
and further improve the reliability for calculation of kinematic and kinetic parameters. Methods Model nonlinear
scale based on kinematic experimental data was implemented by position adjustment, interpolation function
calculation. For the verification of this method, two open dataset ( GC3 and GC5) were used to build the
nonlinear scaled models and calculate the limb lengths and joint reaction forces. The results were compared with
those calculated by anatomical landmark scale ( ALS) and linear scale method. Results The maximum
discrepancies between limb length of nonlinear scaled model and actual model were 14. 74 mm, which were in the
range (4.0+13.8) mm reported by other literature. Marker errors of scale and inverse kinematic calculation could
fulfill the requirement of OpenSim. As for calculated joint reaction forces, the root mean square errors (RMSESs)
(GC3. 0.40 BW, GC5: 0.34 BW) were smaller than those of anatomical landmark scale (ALS) (GC3: 0.64
BW) and OpenSim linear scale method (GC5. 0.40 BW). Besides, the results of Monte Carlo analysis indicated
that, with the variation of initial positions of model markers, the range of joint reaction forces errors was smaller
and limb lengths fluctuated within 5% . Conclusions The nonlinear scale method in this study is effective, and it
can improve the efficiency of kinematic and kinetic modeling process and raise the precision of simulation results
under current verification condition.
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Fig. 1 Flow chart of nonlinear scale method (a) Adjustment of initial position adjustment, (b) Calculation of

monotone interpolation function, (c¢) Process of scaled model generation

L1 {r&iF%E

PR A TR BE AR AR AL 2 LR B AR IC UL
B ORAE (A TS I BB AR 10 55 SEPRARIC s AL 1Y
XF M AR OR R ARERLTT DL SEPRARVEIC . o7 2514
I 2 2% B it 5 3% AR 3% (terative closest point,
1CP) 1) DU B A Bt 25 it 4SS AR 0 52 B

KA b AR IO A B B O Rl E bR e, 5
AT, FATIRRACIT
Ry 5 U ZER R IR b bR AR R A
l
2, (n,x3=C}) = DOF (1)
L AT BAG n, RER 0 BB b RRIC AU



AFE,%. —#AT OpenSim HIFEL A TTE
WU Zihao, et al. A Nonlinear Scale Method for OpenSim 991

C FRHGIB5;DOF B A
L2 BiEEESRHITE
TEAR BRI | hy i G B 4% fAH R &
AU 2R A B R S S I R AR,
IABCEE AR AR 10 i 1] 4152 s A 1.0 A 18] B AH X
o7 B AR R A AR 5, I XS Y A R B Ry B A8 & | SCBR
AR Ay PRI 7% 5 ST 1 R A LR A 1, B PR ASE A
A& AL E A R RAE
THETARAE R B3 il ) R AT, S B 22 4 88 I
18 s BB RN 92 PR 10 s e — A ) AR | SR 5 4053
XFHAET HES P —— X 07 7 s %o, DAASE 7 A
BB Ry A i S BR AR BRAE Ry RS VR R 47 1
T SREUR R, ILAb R Fritsch %515 42 1
AR BRI 3 B 3 KA (B )y 1, MR A58 R S s A A 4
X A PR R, DABCBE X il ) Ak A Sk 1), FL AR
p(x)=Ax’ + Bx> + Cx + D (2)
K p (x) A FEBRFRIC AR v N BERIARIC AN
B
FE HE R T A X LAY R P ok i A R
FR 1 LR
p(x) =2+ (p, — xy) (3)
K py F g 23 501 DR 2 A0 320 5 92 s FSE U AR 3 A
AR
A2 b 2% D2 A R R R BB R 32 AR A
FHOC SR R AR IR TR E L 3.1 715,
1.3 HERamMER
W LT R HY S5 = i OCTY Hhul i B Be B 4y
B 3 ATl a] f 470 1 R B, 1135015 2 48 550 0 1
SR ARAR | TR A 25 I e 35 25 SR ) A [l B AU 4
GRALEARAS 2B B LA AR | FEARE OG5 vt s A
Wi TG
H AR A 9 4 {7 R 5 fBE AR AR D R
SEBRARIC R A X OC R AR, HAE TR E K
P B R AR B AT EERTHE S RS N7 e 2
YA REAR TS BB R I A B R R T s R
ST B AR T A5 B A7 223 0 A T 5 SR e S % 4 AR
RIS T LI S AR5 B RIARIE A
AT AL LA S E (AL K T ) 2
2% OpenSim O ) O R i wua =

1.4 J5RIE

K5 3.5 Jfi“Grand Challenge Competition to
Predict in vivo Knee Loads” $&fL it 23 T8 ()5 TR AR
o GC3 1 GCS ), HMARS G215 B4 31 - SC (B
167 em, K JFidE 78. 4 kg, Zotk) ,PS( H 7 180 em, 1
itk 75 kg, k) 0 HEAT A0 AR G B R | T
KA AR E A 6 b A% B T s Bl
T SCTTVE R  SRAESIIAR 120 Hz, 3530 X
JIEHE R AT 8 $71% 3k Vicon ZHAEHE R 58
( Vicon Motion Systems 23 A, He[E) DM 3 Bt Bertec
(Bertec 7~ ), 32 [# )/AMTI ( Advanced Mechanical
Technology /A ], 32 ) I J34, SRAER 7514 0. 12
1.2 kHz, #5ic & 4 N 1B 1IE B Cleveland Clinic
markerset , S T AR E R IR T HR 24

JrIE B ) Lai 451 & B RLEAT TS
1 2 0 G Y Je A AR G UL AT ) e R A K ) 4
35% ", (i GC3 1 GCS B2 1) R % 25 0 57
Bl LR E A0 A RO oh i 2 ok S 808 ki
R AR LM 4 5 VR ST AR X L T AR A 5
Erh iR ity =R A s R K, R
3-matic 13. 0 A4 ( Materialise 23 &), Fb A BT ) ) &
AT PRI I ARIC SR 25 I 2 5 &2 OpenSim 11
BHR 5 AT OpenSim W38 sh 118, LA S
TR RSO 7 i, B THEE G $ ik 07, %F
PO ey 4 R 5 ) A% I e | i i e R AL
R i i AR OCPE  RMSE AN HiR 22 K/, A%k
i ] GC3 FHY ngait5 ~9,GC5 T ngait (1.3 .8,
9.11) Jc&fi#% R S RMSE Sy WA 84 v #5328 3
Bl TR 45 R A2,

i 52 54 AR 3% (Monte Carlo ) 70 T PFAl 45 54 Al
RREHUBR I R 07 R 5 28 Ff A5 5 74 422 fie g ) 52 0], of
TIBARIC s = ALY 1) 10 mm (R, 5B 46K
IR B BE FOC T e 7, 4e it 1 000 5
J5 HAUE W st

2 HERS5HMH

2.1 FFEMHEHITEER
BRI R L s 0 B 225 SCHR [ 16 ] 852, IF AR
e AR I A RO A2 T RO v B S TR AT
PR B AIAR I ARG PR AR IE A — — XN, fdEH]
Lai 551 4 B O () 25 SR R 0T, DR 2% E I



EREYHE $£38% F5H 2023F10A
992 Journal of Medical Biomechanics, Vol.38 No. 5, Oct. 2023

OpenSim 4 B 25 S BRI vk T 57
OpenSim THEBII (LR 1) . BB LA IRIE(H
TESCHR[ 17 | 25 R AOIRZ2VE [ (4. 0£13.8) mm | P,
OB AR LA 45 07 3 v] LAARAS 55 SCR[ 17 ] &k
PEAROT 1 — B HERR P (WK 2) .

F1 BHEEERZRRE

Tab.1 Model marker error after scaling

TR2ZEET GC3 GC5
RMSE/mm 4.12 2.77
Frig S KR 22/ mm 11.13 5.07

*x2 BB EBKEXL

Tab.2 Comparison of femur and tibia length

o GC3 GC5

= JiETEs Bew iEL=s
SEBRAS TR /mm 409.91  402.77  424.18  435.44
FETARK B /mm 419.85  414.85  411.30  420.70
25 R 2%/ mm 9.94 12.08 12. 88 14.74

2.2 BIEFHEER

OpenSim $# 35038 Zh2F a5 Bl fg &0
RMSE<20 mm, bRic s i KiR 2 /N F 40 mm, 2553
W AEZ M40 U5 15 B (935532 Bl 2= R A R
AT LA R ER (LA 2) .

50 50
40 40
g £
£30 £30
o g
420 420
B
E%lo' K10
20 40 60 80 100 0 20 40 60 80 100
A% AR %
(a) GC3%¥s (b) GC5¥#

B2 ARBHFEGEHFITEFCIRE
Fig.2 Inverse kinematic marker errors from different data

(a) GC3 data, (b) GC5 data
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