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Development of an Active Powered Prosthesis System
using Position-based Impedance Control
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Abstract: In this paper, we discuss the implementation of an active powered knee prosthesis using position-based impedance control.
We propose a new mechanical structure for knee prosthetics such that maintenance is more convenient and the noise in the load cell
measurement, caused by a motor, is greatly reduced. We developed the embedded system based on a 32-bit digital signal controller and
made a standalone operation without tethering possible by attaching the developed embedded system directly to the prosthesis. We
divided the walking cycle into 5 stages and controlled the prosthesis such that it had different mechanical impedance depending on the
stage. For efficient control of the impedance, we first derived the relationship between the knee angle and the torque applied to the knee,
and then proposed a position-based impedance controller for the knee prosthesis. We evaluated the walking performance of the knee
prosthesis through experiments, such as walking on a level surface or on an incline. We also analyzed the features of the proposed knee
prosthesis by comparing the walking data of the proposed prosthesis with normal walking data.

Keywords: powered prosthesis, position-based impedance control
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Fig. 1. Mechanical structure of a proposed powered knee

prosthesis.
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Fig. 2. (a) Existing powered knee prosthesis, (b) Proposed
powered knee prosthesis.
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embling the loadcell using aluminum.



Development of an Active Powered Prosthesis System using Position—based Impedance Control 235

FRPAIEIE 40709] ElolE7F S Et. 40719] HlolEl= 3
HIEE °o]&3lo] ARSIt Hlo[HEA S flste] A Ao
2 7% DAQ(Data Acquisition)A] 28] S ©]-&-HrH[12].
a9 49 (= ULE 249 FES A o ADCRE
o] (b= EFUFLE T F-5E AH-E W ADCRe]
. FEREe] wold W ADCHol Ikl A o
ADCHre] gttt dE&S A8 ) mol=9] A7|&
o SR wold wok A o BF I 2A vehdth &
FrEE AFE Aolle FERE0] ¥ v mo]=9]
gro] ATt o|29] A7) oF 252 YAES AR 7
ok vlasto] suf & mol=E 7RItk RE9| 7k = A
o] Harh i v 229 ATt B S A1 ¢
ATH o] gk ok dFvFEe] Aol vdES AR ) B
o oF suf 2 g A1 5 o
7152 DCEHE °]83 558 o5 A2 &F
M-S o]8-ste] ZEAS IASITHI3]. 71=2] Aol
= 224 A5 fae E017] #8te] 2Khze] Flelof 52}
TE 7H] PWME AHS-sIl e o] 7P FukeR 589
= 7F A AT o] EUTh Y Eo R vE AES
ol gsto] REAS AT A5 7HIF I PWME AR
A grigt= Fo] A2 AM A E 4L 5 Ak wet
A FH =] 5 Al UEe 259 ago] A7
B =M AR Setold ARaTxe] sEelSe
7P ] Aol ofate] fFofolejo A LAsE 3t
SWde BEa0] AAE A () 2ol yekd 5= 3UTH14].
5=re 1)
2l (ellA = 5 3] B3, Fe dFdolEd 9
s A== 9, x= AFololEe] o), o= FEde] 7
o] WeE om gt
DCEH9} 22T/ 2 o|Fof3l diFofolejolr B 3=

(a) Nylon

force data
°
T
I
I
I
I
= |
=
= - I
S‘g !
I
| |
[ Cr
| |
=
T |
== |
I I |
| |
i
| |
| |
— |
—y
=L |
=
= |
=
=t
| I
| |
| |
I
===
)

time

force data

time

IH 4. FE QA W2 B A5 (1) YL E
(b) &Fm ¥

Fig. 4. The signals of the loadcell depending on the
material of the part. (a) Nylon (b) Aluminum.
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Table 1. Impedance controller models and coefficients.

Phase Aoy 7] el k b Oy

1 Spring-damper 5 0.1 15

2 Spring-damper 1 0.05 25

3 Spring-damper 0.3 0.01 65
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