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Abstract Model-based prosthetic control strategies are still incompetent for practical implementations
because modeling uncertainties and errors limit their precision. This paper investigates identifying the
dynamic parameters of ankle-knee prostheses based on Coulomb-viscous friction for a newly designed
powered prosthesis in the laboratory. Firstly, a powered ankle-knee prosthesis dynamic model, consid-
ering the fixed transmission ratio for the knee joint and the nonlinear transmission ratio for the ankle
joint, is developed based on the Lagrange method. Secondly, a Coulomb-viscous friction model is em-
ployed to describe the joint friction characteristics in the prosthesis dynamic model. Finally, the dynamic
parameters of the powered prosthesis are identified by the particle swarm optimization algorithm. Com-
pared with CAD estimation, the root-mean-square errors between the actual and the reconstructed
torques after parameter identification are reduced by 99. 07 % for the knee joint and 83. 33% for the ankle

joint, indicating that the model precision has been significantly enhanced. The effectiveness, as a conse-
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quence, provides a solid technical foundation for accurate prosthesis control.

Key words ankle-knee prosthesis,
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Fig. 1 Ankle-knee prosthesis design: (a) schematic view;
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Fig. 2 Schematic view of the ankle joint transmission structure
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Table 1 Linkage design settings for the ankle
joint transmission structure

Linkage Length /(mm) Linkage Length /(mm)
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Table 2 Fourier series fitting coefficients for

ankle joint transmission ratio

Parameter Value Parameter Value
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Fig. 3 Fitting results of ankle joint transmission ratio:
(a) the fitting effect of different orders of Fourier series;
(b) the fitting error of different orders of Fourier series
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Table 3 CAD software estimations of the ankle-knee
prosthesis dynamic parameters

Parameter Value Parameter Value
d 0.1270m 1 0.00995kg » m”
d, 0.0187m I, 0.00158kg * m”
d, 0.1646m 1. 0.00005kg * m”
I, 0.00025kg *+ m* I 0.00069kg » m”
I, 0.00014kg *+ m®
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Fig. 5 Parameter identification experiments: (a) equipment used

in the experiment; (b) photos of gait cycles of

the experimental prosthesis
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Fig. 6 Data obtained from parameter identification experiments:
(a) joint angle; (b) joint angular velocity; (c) joint angular
acceleration; (d) joint torque. The black line indicates the knee
joint and the blue line indicates the ankle joint
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Table 4 Dynamic parameter identification results
for the ankle-knee prosthesis

Symbol Value Symbol Value
d, 0.0209m I, 0.1016kg » m®
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d 0.1633m I, 0.0131kg * m*
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Lo 0. 0056 S s 0.3016

R T B R A PERAOR AT B H RS
(3l 124 2 508 A CAD I 14 3h )y 2% %ﬁﬁ%}“
RS Ty 205 A8 3Rt BLH AR ke ) Bb 36 F B R 25
F W7 R SR B R DG S BN 2 R 56 E

Pl v T PRl R R S 30 O A5 7 i G L PIL A
i, W2 CAD W& 1 8 1 ¥ SR A J1 2%
5 R SR AT Y R OCT HLAILEIL A , 1 2 RIS 1 3l 1
SRR BN 72 07 R SR AT 0 O r LA A
B7 0T B s or LS L i CAD il & 1 8h
2SOV R B LR R 5 S0 R AL HH A 22 )
(932497 iR 2% RMSE 4 0. 0076 Nm, i iR 5 2
BT AAH AL AR AR 55 S0 R AL A R Y 2 O AR
% 2% RMSE } 0. 00049 Nm , Sy #F A 5615 sl
HIAE ¥ 5 HRAR ZE /Y 6. 45 % . FERUR 565 B ML
TR i O 4

W 8 7R, Horfr I P ) B 2 S 0 Y 45 1 2R
K AL B L2 CAD MR 1 3h 1235
TSI g2 7 R SR AR A BR G s ML , 21 2 02 BF
PG 1 80 112 2 B0 A 8 91 2 7 B SR AR I BR G
HUALHLAE . AT 8 19 &1 b il vr LA e, 6 1R
JEERICTT , B CAD W 1) 2 J1 % S 80 5 i B3R
O ML AL g S R O T L AL 1Y 2 O AR R
# RMSE 4 0. 0012 Nm, i #F iR )5 28015 H i

FLALHH R 2975 MR iR 25 RMSE 4 0. 00023 Nm., h ¥t
PR BR SC 7 f ML 2 7 AR R 25 19 19. 17 %, BEIR
FE’J%F&FFE%%JEIFF?E!E‘J‘#&FH@Q%E@
B SR U BRI 8 ) 2= S R R CAD T
ﬁéﬁﬁiﬁﬁﬁm’ﬁﬁﬁah TR RGN ) TR

Measure torque = = =Simulated after identification

————— Simulated after CAD estimation

Motor Torque (Nm)

Error (Nm)

Time (s)

[l 7 B OGS ML 1% S K B A B AR X GBS TIE - () AL
FEAH ; (b) HUALFH AR 15 25 B 60 42 3R F MLHRL A A S A L i (1 k
FR W CAD PEAG 283 J7 2F R A3 (0 rL LA , 41 A 2%

Fn HHHR S H0E ) 2% SR A 1Y B LR
Fig. 7 Comparison and verification of the actual and reconstructed
knee joint motor torques: (a) motor torque values;
(b) motor torque error. The black line indicates the measured
value of motor torque, the blue line indicates the motor torque
derived from CAD evaluation of parametric dynamics, and the
red line indicates the motor torque derived from

discriminative parametric dynamics
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Fig. 8 Comparison and verification of the actual and reconstructed
knee joint motor torques: (a) motor torque values;

(b) motor torque error. The black line indicates the measured
value of motor torque, the blue line indicates the motor torque
derived from CAD evaluation of parametric dynamics, and the
red line indicates the motor torque derived from
discriminative parametric dynamics
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