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Development of a Control System of Transfemoral Prosthesis for Stair Ascending and Evaluation

Based on a Gait Database
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Abstract: Recently, the stability of the gait and multifunctionality of transfemoral prosthetic knees have drastically
improved with the use of microprocessor-controlled knees. However, these knees are very expensive. Therefore, the
purpose of the present study was to develop a control method for transfemoral prosthetic knees in order to perform level
walking and stairs ascending safely, with fewer sensors or simpler procedures. First, we proposed a control algorithm for
prosthetic knees with only thigh angular kinematics. Then, an evaluation experiment on the prototype knee, in which the
proposed algorithm was implemented, was conducted. As a result, the participant successfully performed level walking,
stairs ascending and transition between the two types of gait. The functions of the prosthetic knee changed automatically
using the proposed algorithm. Then, the rage of application of the algorithm was checked with a gait database. The results
showed that the algorithm was applicable to 99.8 % of the population.
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Fig. 1 Gait cycle and knee flexion/extension states that are
necessary for level walking with transfemoral prosthesis. (o
indicates the necessity to rotate in the direction; A corresponds
to a state in which the knee joint may be able to rotate toward
the direction, but it is not necessary; x indicates that the rotation

in the direction must be constrained)
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Fig. 2 Gait cycle and knee flexion/extension states that are
necessary in stairs ascending. (o indicates necessity to rotate in
the direction; A corresponds to a state in which the knee joint
may be able to rotate toward the direction, but it is not
necessary; x indicates that the rotation in the direction must be
constrained)
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Fig. 3 Level view of the walk way (a) and stair
used for the gait analysis.
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Fig. 4 Definitions of the angles.
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Fig. 5 Thigh angle in the sagittal plane and vertical position of
the toe (i.e., toe clearance) during level walking. (Markers in
this figure indicate gait events: o is heel contact of the other
side: x is toe take off: ¢ is toe minimum clearance during the
swing phase.)
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Fig. 6 Thigh and knee angles during stairs ascending in the
sagittal plane. (Markers in this figure indicate gait events: o is
heel contact of the other side: x is toe take off: ¢ is maximum
knee flexion during the swing phase.)
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Fig. 7 Flowchart of the proposed algorithm used to detect the
gait conditions and modes only with thigh angular motion.
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Fig. 8 Structure of the prosthetic knee using a ratchet gear
prototype in the present study.
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Fig. 9 Control system of the prosthetic knee.
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Fig. 10  Experimental setting for the evaluation of the
proposed control system of the prosthetic knee. (PL: prosthetic
limb; IL: intact limb)
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of the prosthetic knee during the sequential steps from level
walking to stairs ascending.

286

2016 9 4 ~6

33 ST —EAR—RIZKZREFZDEREGEHD T
AW L DIRET LTV XL TIE, KEEAEOK/IME
ZHRWTHRITIRE CE - BEE) OBl E{To7-. RS
JEA IS 351 2 RERAEEICIB W T 1.5 rad %L LT, KR
fEOR/MENENE FTEZ5E, FHIBSITEIT > TV D,
H LI, WO—BRFEHBITTHLEHEL TS, Z
D FVE O R 2 A2 21, F7 a0 XAR
[AIST #1757 — & _X— 2 2015] OIZBWT EDRE,
AT 2R TE D 0BF L. ZOF —F _X— 2 3
RN B A 202 44 (415 50.7 + 19.0 &%, &= 162.8 £8.7 cm,
K 59.7 £ 115 kg) DOFEMITIIT B BRSITRRSR L 72>
TW5.

AR DOBATIRIER E k&2 B TT — 2 _— Rl L

ToAER, 202 45 200 4 O FHIAAATRRHNC B Lo, KR
FE OB IMEBEBT LTV D LETHIUE, Ok R

IERHERT O 99.8% DI T2 EfMEICHRNTHZ & 2R L
TW2 (¥ 13). L7en-7T, KERGIWE O FEHRITIZE
WTHRERR EfMES THRHFRETH DL EEZ LS.
ARHEINZ I T 20 HHEPE O RN TIx, FEHIRIT OB % 55
WZIT->TRY, BEFENLIIMHF LTV, Ll
COZENEARBEOFMOZYMEEELR S O TIH ARV,
KERFERIC K DR B CIT, KREBAE N/ MEEZ T 2 5
EE, BHEFOME E, REMHF TR KRS A2 1T E
[l (1.57rad) THILEED., TD=8, PEEFEEDO KR
14 5 f /MR AR Z DA E & TR S 2w

1.5rad

Error

= Normal
Mean = 1.29
Std. Dev. = 073
N =202

99.78%

304

204

Number of Subjects
1|

104

o

1,:)0 110 1‘20 130 1-!40 150 I,IS{]

Thigh Angle Minimum (rad)
Fig. 12 Histogram of the minimum value of the thigh angle
during the stance phase in level walking.
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