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A Study on the Mode Change Technique of Intelligent
Above-Knee Prosthesis Based on User Intention Capture
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Abstract

Currently, Intelligent femoral prostheses that support the corresponding mode in walking and specific movements are
being studied. Certain controls such as upstairs, sitting, and standing require a technique to classify control commands
based on the user’s intention because the mode must be changed before the operation. Therefore, in this paper, we
propose a technique that can classify various control commands based on the user’s intention in the intelligent thigh
prosthesis system. If it is determined that the EMG signal needs to be compensated, the proposed technique compensates
the EMG signal using the correlation between the strength and frequency components of the normal EMG signal and the
muscle volume estimated by the pressure sensor. Through the experiment, it was confirmed that the user’s intention was
accurately detected even in the situation where muscle fatigue was accumulated. Improved intention detection techniques
allow five control modes to be distinguished based on the number of muscle contractions within a given period of time.
The results of the experiment confirmed that 97.5% accuracy was achieved through muscle tone compensation even if
the strength of the muscle signal was different from normal due to muscle fatigue after exercise.
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| Recognized as muscle contraction |

Fig. 2. Flowchart of user intent detection algorithm.
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Table 1. Physical characteristics of subjects.
1. Zxe] AMAHN EX

v

yrs cm kg body fat rate
Subl 28 175 72 20.7
Sub2 27 175 76 194
Sub3 27 183 86 22.3
Sub4 28 175 76 222
Sub5 29 177 69 181
AVG 278 177 75.4 20.5
e A o] A4 7 25l AE FFet
of HolHE A5 2 AP A= dEAFE
o & F AYstH o 7 oFsta 29 EIE 9
A golup uEHae A4 TR 45
2ATH17].
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Table 2. Signal change of EMG in Stand position. Table 3. Signal change of EMG in Sit position.
E 2 Stand XHM|2] 2AlS el His ¥ 3 St Aol 2A Tl st
Before After Final Before After Final
Exercise 2 Set Exercise Exercise 2 Set Exercise
M R M R M R M R M R M R
Subl 96.2 0.49 879 0.48 82.6 0.39 Subl 9.3 0.41 86.5 0.45 81.5 0.37
Sub2 971 0.33 84.2 0.32 75.3 0.25 Sub?2 9%.1 0.32 84.2 0.31 73.4 0.24
Sub3 99.9 0.29 92.4 0.31 83.6 0.23 Sub3 99.5 0.28 91.4 0.27 81.6 0.23
Sub4 924 0.30 89.4 0.24 81.5 0.21 Sub4 92.2 0.30 88.3 0.24 8l.1 0.21
Subb 94.3 0.39 90.5 0.37 83.7 0.33 Subb 93.3 0.37 89.9 0.36 83.1 0.32
AVG 96.0 | 0.36 | 8.9 | 0.34 | 813 | 0.28 AVG 951 | 0.34 | 8.0 | 0.33 | 80.1 | 0.27
* M=% %45 34=(MDF) * M=% 45 3}(MDF)
* R=RMS * R=RMS
ZAF 9] RMS A 93 zpol wpel AolslA b 3 4% Stand AHAI9} Sit AFAloll A ] b= AlA] HE)
Elth 9 AE vt} 2§ £ A] AFo] W) o|E1¢] RMS ®stE yeliH &5 3ok #AR)
Wol gt} A WA SET T WA 9% o o A AT &2 ZE AL FAT + AUt
+% # RMS g3t nZ@ e nglon A v gl AEe) Adg /e w HoF 7t JYAE
$Z Fo|= uAEA HAas Y227 o o] 9gx ¢} 7tFEA= ® 59 2t
GS wo = RMS #tol HA] 2l&e] RMS
HlE] Son|alA 7Fadt AL sheldt 2= 9ot 4 Table 4. Signal change of RMS of Pressure Sensor.
L o L ¥ 4 LHMA RMSe| His)
B APATt & ¥ A RMSO 80%c°]st=
Ao U A 19e] g d = HA] RMSO Before After Final
_ - “ Exercise 2 Set Exercise
vl &l A3 AqE 80% olstE A A= &%
M R M R M R
Subl 2.15 2.13 2.16 2.13 217 2.13
(unit: %)
110 Sub?2 2.09 2.07 2.08 2.05 2.1 2.05
o g T T Sub3 205 | 204 | 204 | 203 | 206 | 203
> \\ = Sub4 212 | 212 | 211 | 211 | 212 | 21
\ Sub5 216 | 214 | 217 | 215 | 217 | 214
80 -
75 AVG 2.11 2.1 2.11 2.09 | 212 | 2.09
65
60 .
s R Ao e i Table 5. The value of the defined threshold.
Exercise 1 Set 2 Set 3 Set Final Exercise ke 5 Jgg_lél_} Cl:!j(lg_l Z,I\-
—ea— MDF -—a- RMS
ERMS, FRMS
Fig. 8. EMG signal change in Sit position. ¢ mer mer
O7 8. Sit XpMlel 24S WSt Subl 14.09 0511 217
Sub2 22.43 0.352 2.1
a9 89 ® 32 Sit AAddA FHE53 PR Sub3 1627 0.332 2,06
& 3ol i 252 RMS ¥ FYTI35-E Subd 11.83 0.303 212
Uebd ) Sitx Al A S48 245 FdFI Sub5 11.29 0.401 217
T2 RMS+E StandAHAldl A #H 5% A% 0 H]S
2 =2 ] o] 2] v} olu| sl z}olE o] X _
Et-i A SAEAAR Fen| g ZpolE HolA 322 AH8A 9% AZ 799 A% A= Ay
ok o
= A E AE e A% 3F Ade 29
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