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Development of the Algorithm of Locomotion Modes Decision based on
RBF-SVM for Hip Gait Assist Robot
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The purpose of this study was to suggest the method for automated locomotion modes (Level Walking, Stair Ascent, Stair
Descent) detection based on the Radial Basis Function Support Vector Machine (RBF-SVM) for the hip gait assist robot.
The universal hip gait assist robot had a limit in detection of the walking intention of users because of the limited sensors’
quantity. Through the offline training, using MATLAB, we trained the collected gait data of users wearing the hip gait assist
robot and obtained the parameter of the RBF-SVM model. In the online test, using LabVIEW, we developed the algorithm
for the locomotion modes decision of individuals using the optimized parameter of the RBF-SVM. Finally, we executed the
gait test for three terrains through the walking environment's test platform. As a result, the locomotion modes decision rate
for three terrains was 98.5%, 99%, and 98% respectively. And the decision delay time of algorithm was 0.03 s, 0.03 s, and
0.06 s respectively.
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2. Preliminaries

2.1 Gait Analysis
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Fig. 1 Gait cycle at level walking, stair ascent and stair descent
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3. Design of Hardware
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Fig. 2 The hip gait assist robot
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4. SVM Training and Test Algorithm

SVM Training ¥ Test Algorithm Fig. 33} Zt}. Offline
Trainingo| A= MATLABS ©]83}%1, Online Testo] A=
LabVIEWE &3 d1g|&oz 1339t SVM g8
glojele] Fo] Was ERFotaAl she wdEo] F7isH
Fok AT ARg-SIaLA} Sk TloE 9 7 F7FE Real
Timethe] AAF A2] H=7F = 2]A| =7] wjol] AAIZFe=
HlolBE F2AstHA ARESt=dl Algte] Hrt olzigt EAIE
si23l7] 915 Offline Training 348 cha:3} 2ol Hss}aict.

(D) Al AFol| et L 22/94% 13bd 9 S99 71 1

olElE g F Ax WYL st

) =3 dlolglE BF3}1A}F Feature Extractions E3f|
SVM 71¥le] X1 X2% gh& AAsielch X1 2t o] o
3l Initial Contact A]7go] et £WA ZIro|n, X2% Initial
Contact A4 A| ¥ 1HA 9| Ztw 2-E Lpepdlict.

(3) X1, X29] Zt= g|o]ElE =3 SVM TrainingS 23Y5}5)
o 1 5, HHskE mue) sebuE g wEa9t

Online Testol A= 2|2|at% ®dlo] uletn|e & 2850 &
&S JEskler, RAW Hlo|g7t AAZto R FojeA

Offline
RAW DATA

. Feature e Trained
Curve Fitting H T — H SVM Training H Model ‘
Left/Right ‘
Hip angle

Lsﬁ/nght
Ankle angle Onllne
T’\r/la;r;zi H Classification H \Aclk;r;g ‘

Fig. 3 Oftline training and online test algorithm
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Fig. 4 Example of the collected right hip, left hip, right ankle and left ankle data when wearing the hip gait assist robot on different terrains

(Left: level walking, mid: stair ascent, right: stair descent)
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STAIR ASCENT vs. STAIR DESCENT

LEVEL WALKING vs. STAIR DESCENT
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Fig. 5 Binary classification plot by the radial basis function-support vector machine (RBF-SVM) (Left: level walking vs. stair ascent, mid: stair

ascent vs. stair descent, right: level walking vs. stair descent)
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Table 1 Confusion matrix between estimation class and actual class
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LW (%) SA (%) SD (%)
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Actual SA 0 999 0
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5. Experiment

5.1 Protocol
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Fig. 6 Algorithm flowchart for SVM in LabVIEW

Fig. 7 Locomotion modes and walking test platform (Left: LW,
mid: SA, right: SD)
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Fig. 8 Locomotion modes and walking test data for LW, SA and SD
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6. Discussion
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