"m Check for updates

Journal of Institute of Control, Robotics and Systems (2025) 31(5):536-545
https://doi.org/10.5302/J.ICROS.2025.25.0027 ISSN:1976-5622 elSSN:2233-4335

SHX| HEH Mool By BXE 9B MAKO B
STH ox| R0 ALY Ffw

Development of an Electronically Controlled Pneumatic
Knee Prosthesis System for Assisting Gait in Lower-limb Amputees
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Abstract: This study introduces an electronically controlled pneumatic knee (ECPK) prosthesis designed to enhance gait adaptability
and stability in transfemoral amputees. While pneumatic prostheses are lightweight and cost-efficient, they often lack responsiveness
and stability. Therefore, a 4-bar linkage mechanism with a pneumatic cylinder is implemented, along with a motor-driven control
algorithm using a unipolar Hall sensor to adjust damping based on real-time gait phase detection. A dedicated PC application is also
developed to monitor gait parameters and configure control settings. Gait experiments with a transfemoral amputee demonstrate that
an ECPK prothesis improves step length symmetry, dynamic stability, and responsiveness over fixed-nozzle and conventional pneumatic
prostheses. These findings suggest that the ECPK prosthesis effectively bridges the gap between simple mechanical design and adaptive
performance, providing a practical and scalable solution for improving prosthetic gait support.
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(a) Genium-X4 (Ottobock). (b) Rheo-Knee (Ossur).
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(c) 3R78 (Ottobock). (d) OP2 Knee (Ossur).
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Fig. 1. Representative MPK products.
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Fig. 2. 4-Axis knee modeling and prototype.

(b) Prototype.
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Fig. 3. Airflow pathway in pneumatic cylinder and nozzle in
response to knee flexion and extension.
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Fig. 4. ECPK Controller design and hardware prototype.

AAF, FARE TR ZER AN w2 Wk
B AN A3] S8 10ms T2 Aeixe, 5
A wjole) A% 8 A2l welste] sms 7712 Aotk

A WA, ZEE= Z4<4H] 6401, 12,400 RPM AFH 2E
(RE-10(6V), Maxon Motor, Switzerland)Z 3 AHUH &<
Ao, o& & BE Eefolwo} PAQI AY FFE&
A%t 6V SURZ THEHI8] F HA, AMH= 75 23
g AHe - 4A7)eF 24718 Wik, AR 588 9
3k & AIA(DRV5056 Unipolar Hall, TI, USA)2} =¥ H3} A

7 24 UdelHo|=2 A THI9].

Al A, ALFE= 3.7V 2lE ol HIEIE|(T11-S33508,
LUNAVOLT, KOREA)E Aoz ALg3i, wield] $H1&
A% T4 BEH 33V AHY 28-S A A #EEdolH
2 P9 npA o 2, B gleivle A4 9 A 2y
EFEE 9% PC ANEYAIAT AHY EFF~ BEE
(BOT-nLE523, ChipSen, KOREA)Z T4 EtH20]. 19 4(b)=
55 mm x 35 mm (width x length) =7]12] ECPK A|o}7] A &&
HojEr)

2. ECPK H3l A|AR AT2|E

&2 ECPK Alo]7] 7|9k B A|="le] 2 A& A
B3 W-golth 18 5 =), Al2Ed ddo] IVHEH, 75
o] HZ A FY HAUY =& Ao§ ZEHe 39
(homing) #g-& FagiT). o] FAANAE YA &9 7}
T HAE gRIEta, XS BASIA AlEe 27]31%i.
TFARSZ, FZo] B FeolA A & AA 259
AD (Analog-to-Digital) &% Sdvto] A4 Hthgke] 80% ©1/d¥
789 A} A E Adste] 27)3kE SEdith

Srjo] R A, AFE AR AAE B3 BE AH



bl

GHAl

SCH ZoHele 2 XS

II

° YAZ o] FS F B3l WHEE AR T8y Al
| 2713} A ANA 77T DA & AA A o/,
% B 3[4 231081 o), viEE] AdY 5) Al
< TH 7S XS FAE B LRE YU H =
Ve 2 B3t o224 A|2=gle] ks SRt
A el s AlzElo] 10ms F7I2 &AM AleE
gate] B8l F7)(gait cycle) 5+ U217 (stance phase)S} Fr
7](swing phase)E T3t 72t GAIE A &38| wfolsict. B3
del IEE S8, F5o 39 Al Al & AlA 3] s
E YA o m Hrigith SHE ZF A4 o] 7] 9
Ao A BR1E HFgke] 80% oY AS dd] HEH=
3, HHE 30% oI5t A9 1471 el E gtk
B8 D= slow, normal, fast, speed?] 4TAIZ A ™,
A7) AZEE 7o 2 B £ 5 HAste] mEg A%
gith B3l £59] 2539 SFAEE Bt F Ae 5%
=

P27 Bt RS Alksle] BE H$ko] o] Fojxi). Ha)

o

B
2 4

iy

[> fot oZ
o ol

N
o

N\

S5 welSE Q) ARke FolA L, ol whe} B9t
e

AYH &S W 759 S3& FolH A B Al
GE3ith o] & Fal B3 S0l ghe A3 B REE A
3 & Aok

Fast, normal, slow ©A12] 2= HE-L 250 Z o]Fo]X]
H, speed REE & T3t AR} oo wie} &S}

Start ECPK System

Measure the average Hall sensor value |
during knee extension

Average Hall Sensor Value : AVG. Hall
Max Hall Sensor Value : Max. Hall

AVG. Hall >=
80% of Max. Hal

Motor
total rotation
count error?

AVG. Hall >=
80% of Max. Hall

Homing Complete
(Set Gait Mode: Normal)

Measure the
Hall Sensor Value
(Counting Stance Time)

Disable
Gait Mode Switching|

urrent Status.

Transition to the
Swing Phase?

NO

YES

Transition to the
Stance Phase?,

YES
Update to the Stance State
(Calculate the Swing Time)
Active/Deactive
Speed Mode

Calculate AVG Classification of Gait Mode
Stance Time  —»{(Three Levels : Slow, Normal,
(2 Steps) Fast)

Update to the Swing State
(Calculate the Stance Time)

NO tance time
<8s?
YES
Paus.‘z'the ] NO tance time
n o > 200ms?
Stance Time
YES
o
Y Gt 2 Steps? "

29 5. AAAC] B4 LB o)A Ao] A2E BEE

Fig. 5. Flow chart of the electronic control pneumatic knee joint

Gait Mode Switching

Initialize
Stance Time

Nozzle Position
Control Based on
Gait Mode

prosthesis control system.

?I8t MILHOI SAA S2E Xl MOl AIAE I 539

stAU A ¢ A= 5 71501t speed REOAE E
< AN Pt oA Hof AP E AFsH, AR
SEH O F 5% ole] §27] HEIE FAlshE EYA 4%
£ Jg€sta gA4gEn
UZE7] EE 8% o) RAEH A2l o] H|HT

Vel = whedsto] 1) ghdolA Aot TheF Y7ty e
7} 20% o) A&E g AsHE ARY RER HSkE:
W2, 4Z7] Alzke] 200ms ©l5tE SHE A% ol A4
ARl ®ajo] oje} Al A T4 A7HE 9% AP HE &
#I2 Adste] B3 mT ghHo A A L] g

HiElg] 84S Fulgkslr] 98l Alxgle B Ry
WA dollvt =& REIE Alofith =3 miE ] HElE =
YEHsH, A9 Aelolds =2 2E Ao n|2A3ls)
of oA &HE EQIth v 2, §247] AEi7) 10 ©]
4 A&E AS gL FEoE B me HES WA
stAY AEgse 5 ok

B B3 A2 B3 &% E3] Jzhr] AlKStance
Time, ST)S 7|02 Hal RCE BEa, ojo] me} w2
AAE Alolste] T HEHS =AY
FARSIE == S L= i A

o

-

I

(threshold comparison) W20 2 o]X oz et} AlA
Z9o] 31 AAZK(Ly, lower threshold) PITHY -9 F-2&
A7 A FA712 AFEH, 49 DA R (Uy, upper
threshold)& 2331 F2ZH7100M Jz7|2 A=t F
A2 AlA o] AA 28 HLE 71222 22 30% E 80%

Maximum
Relative Motion

Gait mode s
dlassified by the
average of ST1
and T2 over two
gait cycles,

e Relative Knee Motion

Knee
Extension\

=

Minimum Knee
Relative Motion) “, [ Flexion

Reference
Motion Level
(corresponding to
0506V)

mm HS0 (Hall Sensor Output) Upper Threshold Lower Threshold

) (U, 80%  2.08-224) (L, 30%=0.78-084V)
ST(Stance Time) 1 T2 —
o e > —
[Peak: 2628V VISR

) K A ) ' )

(Base : 0.5"0.6V) X

\ “ .
Signal drops below Ly, |~ Signal ises above Uy,
Stance - Swing Swing = Stance

€=y R P imimimia (R »
Stance Phase 1 Swing Phase 1 Stance Phase 2 Swing Phase 2

Gait Phase
State

Gait Cycle 1 D Gait Cycle 2
J™ 6. 5 FAYH EAA Y-S B85 B A (I
F271) B E AL
Fig. 6. Illustrative example of gait phase (stance/swing) determination
based on relative knee motion and hall sensor output.



540 Seung—Gi Kim, Jin—Kook Park, Hyun—-Jun Shin, Su-Hong Eom, Kyoung-Ho Kim, and Se—Hoon Park

SEoE YAHAG TR AR 2F 5 B
How v olel e Aolsk B4, o2 Bl Al 7

3t x
2o NS HRY 5 ek

Axel opd2 T 282 tAd R W §, U< o5 H
TH(moving average) FEIE 53l B&3lE o] =314 35 H
wolz8] FEE A%t B R F WA B ]9
471 I ARl HF 2=, 2R F F719] A7)
AZKSTL, ST2)¢] Ht-S 7|02 ATHT) o] WA o
9 ZA ro|xo g I EE Wi o] B} g olal 4l
% £2 Bt WAL Vs oi, 29 RE RE= ¥
& l::% Alojol] wrFE o] AHgAFe] Bl Lo 3 Wy

ECPK PC H: AP%XF SHEE 23 dole 2HHY 2 Hof

oi2lole ME AAEH

ECPK PC S AHgA} BrEd B3 HolBlE Ao s
BEUE P Alo] FuEE A 4 U= GUI (Graphical
User Interface)S Al 33t o] Al I8 7 (<} (b)) F
T8 74 84F Jdoh

SORT COMT BAUDRATE@ Motor i Control ion OM7 OPEN

i"~Motor Oper.

— Motor Position : Input ) Conversion Gait Mode

-~ Command Homing Homing.Trun - ——— (B Real-Time Gait Analysi
Display Sectlon e

=Real Time Display Parameter (Bat Voltage : 100%

=+ Hall A CH : 4022 + Gait Mode Fast * Gait_Cycle : 94
+ Hall B CH o + Gait(ST/SW) : ST + Gait_Freq * T
+ Encoder : —12697 + ST Time : 350 (ms) + Det.ST Time : 700  (ms!
+ M.Position : 6.1 + SW Time : 270 (me)
oliler)s O ® Gait Data logging section
= Data Logging 2024 8E 88 L EE o5 3:11:26
+ Save File Name : o Save File Save End

Enc -
5

PEEEEIIEEEEEICIEEEEEEE
CEEEEREEEEEETiTiisisy

S : Fast
:590 Enc: 7924 M_Posit:38 G.State :SW G.Time: 170 Det.ST.Time : 3155 Gat S\nw

(a) GUI Screen A.
@ Formt
Korec EPP-Leg Gait Analysis Program £ (Sl LG Betiie
-
= Set Gait Parameter Input SAVE EEPROM Reset EEPROM Load
{ +Nozzle Position +Stance Time “Etc.
- Speed Mode : 7 _S-FMode: 300 (ms) i GaitFreauency : 2 (frea)
i - Fast Mode * 6 - Transit.Lock Time : 150 (s)
————ii-F-NMode : 750 (ns) )
- Normal Mode : 4.8 — - Low.E Entery Time : 30 (x10s)
{ - Slow Mode : 3.2 —~N-SMode: 1100 (ms) - puase Time_Speed : 25  (x0.2s:
@ it State | Load EEPROM Paste EEPROM T ]

= oa aste I~ Z

urrent State.  Load EEPROM | Viewer for ECPP-Leg

*Nozzle Position *Stance Time +Ete.

- Speed Mode : 7 e o D) - Gait F.requen(_)./ D2 (frea)

o 6 N oo+ 750 -~ Transit.Lock Time : 150 (s)

- F-N Mode : (ms) = iy
- Normal Mode : 4.8 (LeatZ Eia TS & &) EaesD
- Slow Mode * 3.2 = N-S Mode : 1100 (ms) - Puase Time_Speed : 25 (x0.2s)
@--—-® Display Data for
Knee F/E Hall Sen. value & Nozzle Motor Position Knee Flex/Extend

Motor Nozzle Position g

Hall Sensor Value

Stance Time
-« >

Hall Sensor Value
uopisod 100l

Swing Time
<

289398 28999.6 20059.4

(b) GUI Screen B.
19 7. ECPK 2.3 ®UE|" PC of Z2] A o] 4.
Fig. 7. ECPK gait monitoring PC App.

I% 7= B3 dH EYUEHES HoFETh o] &
13 HolElE Ao E EA3ta, AgAe] B A
2]3’4-24_9& §]-o]6‘l— 2= o}_r;_% /l—lﬁ]ﬂ(}ig} _r_B_ 7]‘~
Z AlA 2S(AD ), A B 2= FeE dg °‘7#7l
9 {27] AL, =T # 2 =F REY] A X7 =3
ot =3 H2 F A9 Ht g AR Alklste B
3 L5 BA5H, T H3E (=S HA) Wl 4]
A7t 4BIAE ZUEHT 4 itk o] tlo|He 27
o] AR} B F Ashe 548 AAstaL B 8
g Aok
a7 7(b)y= B3 Ao gEirlE] AAHREE JeRdTh o] A
AEE B9 HolElE rNle® A}%XH 1Y Ao gt
Alo] S EE FAE F YES St AA 7Fsd T8 7
FrH R Rl 7] A7 ES, =2 Y], AxlY no
Y AzY, B8 §id 7] ol Ut AAE 32 EEPROM
o] A=, o]& B3l AR Al B Hlo|EE A&
o2 FAesta &8 ¢ itk =5, A4E getu|EE V)
Wo g2 & AA #h = BE 9], A=Y 3] WskE 1
= P2 AZslste] dAgke] A 52 HEE A
g 5 Aok
o]9} 7+ ECPK PC 19 GUIE AMR-AL 23k2Ql 21E] )
o]~ B3l ATt tlolElE AlFsiH, B3l JEle] ZUE
B3} Alo] sHErE] ] ARGA; B A S Xlgl%”:} °lE &
3 ARgAke] ®H3l EAo) HAstE FY HHES A F3H,
Rl Bz Al2Hlo) by 84S %ﬂ” o] 7] gkt

=
FEl

r m\m flo

V. ECPK AFEA} CH&t oA

1. 25 =& 3@ | EPE =2 HE 54 24

£ AFolME Fehd £ oA /‘]’\E“(ECPK)/] iy
< AgF o= %7]"5]‘7] A3ll, EF(Flexion) =& AT
(FNT Flexion Nozzle Turns)ll o2 3 mi]rg AP

48T ECPK= AdH WF 371 255 Alofste
341:% s AN, =E AT SUHETESE # =
o] FaEo] 37] AT Ui o] Slske S4e
7=

2132 INSTRON R8511 53] ABAE7]E AFESHY, T
2ES oF 130 m/s £EZ -30 mm7FA] o] FA7 = 24
ol Al AT A AHEE T 2E H5(130 mm/s)= 2=
EZ23 Zoj30 mm)E 7ElE & u, 4% FAxte] H
R F7](1.15 5)] F-271(2F 0.46 s, 23 F712] 40%) B¢
st e s &2 vt o] FolA= AlRN(SF 0.23 s) Wl
g45EH, o] W& P £E9 FYUS FEoltk B AY

Z20L 3G A= Jo $F 5L fr=sta, v &3
o] AES FHsly] s AT FNTE 1L07H 8.07F
2 134 Ao 2AAL, A =E WFEe 59F
AL 98 oA A AR skt
1Y 82 J2E M (piston displacement)} WEH E

(damping force)2] TAE 1JrFJr‘LH‘:‘:1 372 flexion, o2
extension FZ&Fol S|Pt 747 2-oFe] YiEHow wIH
ok A A3, INTZF S71E flexion 71419 H3

& FEEHA 4533t ENT 8.0 21041 -30 mm A3



Development of an Electronically Controlled Pneumatic Knee Prosthesis System for Assisting Gait in Lower-limb... 541

Damping Curve by Flexion Nozzle Position
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Fig. 8. Damping force curve by flexion nozzle turns.
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Fig. 9. Developed ECPK.
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E4), EY=doA HAo] kT3 H ECPKE HA| 13 3
oA A 28 HEEE WG] o] & B8 = Wl
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Foqzte] A& By 58 oW HA AJeje] B 34
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o Ee w2 BE ) Alo] 4%-¢ BAjslel Wl A
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9 H s e, AT Azt AA FEskes €34 oA
9le] 2%l Zo] H|E(SLR, Step Length Ratio) Pl E B3l X2
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e B3 BUEY PC ofZE|Alol Aol A AAtste] 24
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AR RE W 7] AR mE AXE et B A7

£ 1 AT Foie) nY muo e Y| AT R e
4] 44,

Table 1. Stance phase duration and nozzle position configuration
based on the gait mode of research participants.

. Nozzle Position
Mode Stance Time (ms) (0.0 - 80)
Manual Control
Speed via Trigger Signal Input 77
Fast 200 - 700 6.0
Normal 700 - 1200 5.0
Slow 1200 - 8000 4.5
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Variation in Nozzle Position and Hall Signals with Gait Speed
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Fig. 10. Variation in nozzle position and hall sensor signals with
changes in gait speed.

Variation in Nozzle Position and Hall Signals with Gait Speed
5000 8
—— Hall Sensor Value
=== Nozzle Motor Position

NI

S

w
S
S
S
o

2000 {1}

-
Nozzle Motor Position

Hall Sensor Value (ADC Counts)

=]
8
8
o
.
o m—
IS

3
5 10 15 20 25 30
Time (s)

911 BA BaoA B L= wste) - B =F BH
A B E AA A s

Fig. 11. Variation in nozzle motor position and hall sensor signals
in response to changes in gait speed during level-ground
walking.
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velocity.
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Table 2. Stride length of the intact limb, COP path symmetry, and
maximum COP velocity across varying gait speeds.

Maximum
Gait | Stride Length SOP I;ath CoP
Speeds (cm) : (mm)try Velocity
(km/h) (cm/sec)
FN CN FN CN FN CN
25 % % 24 24 | 1459 | 1459
+3 +3
3.0 107 o1 29 2.7 153.2 | 158.0
+2 + 2
35 H 105 23 2.1 158.0 | 163.5
+3 +3
4.0 18 108 2.1 1.8 158.0 | 165.5
+ 2 + 2

Step Length Ratio Across Gait Speeds under Nozzle Conditions

1161 —e— Fixed Nozzle
---- Controlled Nozzle
1141 o ops

1.12

1.10

1.08

1.06

Step Length Ratio

1.04

1.02

1.00

2.5 3.0 35 4.0
Speed of Zebras Gait Analysis Treadmill (km/h)

I3 13. 28] Zo] ¥l& vlal 14 =F Alo] =&, OPS &3
A o)A,

Fig. 13. Comparison of step length ratio: Fixed nozzle, controlled
nozzle, OP5 knee prosthesis.

COP At &&= &A% CNo| FNoj| Hlsf A& 0
T8 FAE 715, ol £% SR EFelaL 5
B S a0 2 {AFE AAETE A& 9] 4.0
knm/hollA] FN “3El= 158.0 cmisec, CN JEl= 165.5 cnm/s=2
COP9] o]F HEoA Fogt Apol& BATHE 2 FX).

HAEZH O E FNAA = B8 &5 F7l] Wl CoP F =29
o] Ao R AstEal, A5 BEo] HsHA F71st
o HAHQ Bl F¥o] EQralA= AgFo| Uehdth 1t
H CNAX = €34 9oX| 9] A1d A7) Bl &5 AAIZE
o2 AFEoe] COP AT HE Ao A=A, B
3 &5 71 AR E EL CoP HUl £55 ekHe =z
T3 ol2d A= CNo thE daaie) 22
1) A= Bazte] 3 {FA¢F 54 H8A
7198 7 A AABHY, B3 B 750 249
847 B3 Rx 539 7FeAE AAgT

)
s

flm
),
o

Fgol

42

oot

)

sl



544 Seung—Gi Kim, Jin—Kook Park, Hyun—-Jun Shin, Su-Hong Eom, Kyoung—-Ho Kim, and Se-Hoon Park

npxe o 2 FN (Fixed Nozzle), CN (Controlled Nozzle), ~L
21 7|1E A FAAT A7 28 viAA g VAN F
3 A(OPS)E 71E2E, B3 £5 sl mpE 2F] Zo]
H]-&(SLR, Step Length Ratio)& Hlxl #413}d ECPK2| Ha
A A IS H7ISIATE SLRS 4& BE 7 H| S
AFslele AEZ, ghol 19 755 A2 1L o
LlEl=N

4 A9, O9 1337 Zo] ON ZAdllAs B3 5271 5
7Vol|l = E7-3kaL SLRO ¥3} Zo] Hlw A dgetA {25
H, 2.5 km/holl A 4.0 k/h7hA] A1 F7F A& BT
ol B3 &5 Wzl gk AATE Al 7150 #8 Aol
38X o2 AGAUSE AARITE BFH FN ZoAe 23
£571 S7FdE SLR #ol AAF 571, Atz o2 o
2 B3 vt gdo] vERth

OP59] 73-%, A713t ZHgoll mE A& aF=E ¢I3f 2.5~3.0
km/h A E =& giAAS FAFoY, 3.5 kb ©)d
T A& SLR E7F Fo] AR B vjj o] Fojx=
e HAt) ole 14 13l A 7|A]2] Ft Al2=Fle] §H
7} FEE vHE 7FsAol Uk

=3, ECPKE 27] 28 A A (alignment) 2 47 4§
Zdefol] whe} 2.5 kmvholl A= OP5ol| BIs) tha we oA S
B o ON ZdoAe £5 F7t wet waA] -3
A1 B S FAISHAT

AEHOZ, ON 3.0 km/h od9] B &&=ojx FN 2
OPsol] vlal Fi& o & o] P42l SIR A AFES BRe
), W2 B3 LEqME FP4T tiFES B G450
Z A 9 AL F = 7FeAE RAFA &
Fd 2 g A9 FF3} A F3E Y Tl ¥y
H, ECPKE 2.5~3.0 kmh 7IA % OP5 7 o)de
IS FEY F Y& AR TEnk

o

i
& Ut |

#

Zo| 74 4 HE AAHE AT =933tk
WdE ECPKE 4% Y3 7|4ke] WiAUESY 3 4

H
=52 BE3] TR BT L A4 55 F P3Y
LN

N
H
N
R
mgg
¥
;(_)’
b
Ju
o
2
"
¥Q
£
>
oo
N
©
f
o_?‘:',

B3 A2 giEF dd Foldls ez s
o, B3 £ g JARE RE R =F Aoyt By
X

TRee AAKEL

oj#gt A= It A=) 7= A
&= E7staL, AARE Ale] ke s SRR B B
TAY 7 UASS BAETh =3 ARk =
188 93 714 7hsAde AsH, Raygst A2
g TFsAE A Z1dE 5
ok, 2 de g9 Al 7Rk FEQa, AY

k
o,
_’E‘
r

s

22 o
(o]
o
N oo

§730] ATFAloI Tk HoA Qukstel= FA} EAh
5 ATolAE Y IR DUisha, AsEsE 5
WelSPE AEE TP YA WL o) 1w nx )
of) TSk 41214 % He) 48 olgelch ok, FAIF Hay
25 Wsht 14 Y S the-2 91 O A §F )

S 27} 2o gn Bl vy A

=
o=
FrE Aasks A= F8 A= aEEa Utk

[1] J. H. On, S. P. Choi, Y. W. Shin, M. S. Kim, and J. H.
Park, “Development of a modular data acquisition system
based on multimodal sensors for gait assistance systems,”
Journal of Institute of Control, Robotics and Systems (in
Korean), vol. 30, no. 8, pp. 879-889, 2024.
doi: https://doi.org/10.5302/J.ICROS.2024.24.0076

[2] W.J. Seo and J. S. Choi, “Signal processing method of gyro
sensor for improving the performance of recognizing assist
phase of gait assist wearable robot,” Journal of Institute of
Control, Robotics and Systems (in Korean), vol. 29, no. 2,
pp. 98-106, 2023.
doi: https://doi.org/10.5302/J.ICROS.2023.22.0220

[3] L Fagioli, A. Mazzarini, C. Livolsi, E. Gruppioni, N. Vitiello,
S. Crea, and E. Trigili, “Advancements and challenges in
the development of robotic lower limb prostheses: A
systematic review,” [EEE Transactions on Medical Robotics
and Bionics, vol. 6, no. 4, pp. 1409-1422, 2024.
doi: https://doi.org/10.1109/TMRB.2024.3464126

[4] H.S.Jo, J. K Kim, Y. Heo, H. J. Shin, J. K. Park, and S.
K. Kim, “Structure optimization of the ankle moment
sensor for microprocessor-controlled lower limb prostheses,”
Journal of Rehabilitation Welfare Engineering & Assistive
Technology, vol. 13, no. 1, pp. 33-41, 2019.
doi: https://doi.org/10.21288/resko.2019.13.1.33

[S1 B. Lawson, J. Mitchell, D. Truex, A. Shultz, E. Ledoux,
and M. Goldfarb, “A robotic leg prosthesis: Design, control,
and implementation,” /EEE Robotics & Automation Magazine,
vol. 21, no. 4, pp. 70-81, 2014.
doi: https://doi.org/10.1109/MRA.2014.2360303

[6] Ottobock, C-Leg 4 Microprocessor Knee Prosthesis, [Onlin
e]. Available: https://www.ottobock.convko-kr/ottobock-micr
oprocessor-knees. [Accessed: Jan. 5, 2025].

[7]1 Ossur, RHEO Microprocessor Prosthetic Knee, [Online]. A
vailable: https://www.ossur.com/en-us/prosthetics/products/kn
ees. [Accessed: Jan. 5, 2025].

[8] S. W. Kim, J. S. Jo, S. H. Park, and J. C. Ryu, “Ergonomics
and field performances of pneumatic, hydraulic, and



(10]

(1]

(12]

(13]

(14]

[15]

(16]

(17]

Development of an Electronically Controlled Pneumatic Knee Prosthesis System for Assisting Gait in Lower-limb... 545

microprocessor-controlled prosthetic knee prototypes for
” Journal of Rehabilitation Welfare
Engineering & Assistive Technology, vol. 17, no. 4, pp.
303-310, 2023.

doi: https://doi.org/10.21288/resko.2023.17.4.303

H. J. Shin, J. S. Yoon, H. J. Choi, et al., “Development of
an electronically controlled hydraulic KAFO (Knee-Ankle-
Foot-Orthosis),” Journal of Rehabilitation Welfare Engineering
& Assistive Technology, vol. 18, no. 4, pp. 149-160, 2024.
doi: https://doi.org/10.21288/resko.2024.18.4.149

S. Keeratihattayakorn, C. Virulsri, C. Ophaswongse, and P.
Tangpornprasert, “Design and evaluation of a hydraulic

transfemoral amputees,

mechanism with available components for passive knee
prostheses,”  Disability and Rehabilitation:
Technology, vol. 16, no. 2, pp. 144-151, 2021.
doi: https://doi.org/10.1080/17483107.2019.1642396

P. M. Stevens and S. R. Wurdeman, ‘Prosthetic knee selection
for individuals with unilateral transfemoral amputation:

Assistive

A clinical practice guideline,” Journal of Prosthetics and
Orthotics, vol. 30, no. 4, pp. 175-180, 2018.

doi: https://doi.org/10.1097/JPO.0000000000000214

K. Y. Bae and J. S. Jeoun, “Study on the hydraulic cylinder
flow analysis of Orifice Type,” Journal of the Korean
Society for Power System Engineering, vol. 19, no. 6, pp.
54-59, Dec. 2015.

doi: https://doi.org/10.9726/kspse.2015.19.6.054

Ottobock, 3R78 Knee Joint Prosthesis, [Online]. Available:
https://www.ottobock.com/en-in/product/3R78. [Accessed: J
an. 5, 2025].

Ossur, OP2 Knee Joint Prosthesis, [Online]. Available: http
s://www.ossur.com/en-us/prosthetics/products/knees. [Access
ed: Jan. 5, 2025].

H. Vallery, F. Lachmann, S. van der Helm, A. Pennycott,
and G. Smit, “Design and evaluation of the pneumatic leg
prosthesis ERIK to assist elderly amputees with sit-down
and stand-up movements,”
el6, 2023.

doi: https://doi.org/10.1017/wtc.2023.8

P. Yang, L. Zheng, and L. Chen, “Mechanism analysis of

Wearable Technologies, vol. 4,

pneumatic damping prostheses knee,” Proc. of the 34th
Chinese Control Conference, Hangzhou, China, pp. 1958-
1962, Jul. 2015.

doi: https://doi.org/10.1109/ChiCC.2015.7259931

Z. Zhang, H. Yu, W. Cao, X. Wang, Q. Meng, and C. Chen,
“Design of a Semi-Active Prosthetic Knee for Transfemoral
Amputees: Gait Symmetry Research by Simulation,” Applied
Sciences, vol. 11, no. 5328, pp. 1-15, 2021.

doi: https://doi.org/10.3390/app11125328

Maxon, RE-10 DC Motor Specifications, [Online]. Availabl
e: https://www.maxongroup.com. [Accessed: Jan. 5, 2025].
Texas Instruments, DRV5056 Unipolar Hall Effect Sensor,
Datasheet, U.S.A., 2020.

Chipsen, BOT-CLE310 User manual, 2019.

s

20183 AEdistn dAxFstR &
(FEAAD. 20208~ A =7 1EDS
it FAEEtE vhab 7. 2018'd
~dA ZREAFE AZFIATA
A7 IAERs duits A|2E]

o) )% Ao} AlzEl A

g A =

19993 =wit) Z|AEAEE E7(F
A, 20109~8A] Z2EXFH Al
gFetdTa AYATY. Bk
A3}, skx] 2.

Al H

—_ —_ $_

20159 S=gslrled 7)AIEEEK
shakAb. 20153 —;Liixlﬁ% AL
ShATA AJATY, FARoE= 97,
T Alz=El, w2 Ao A g

01-J of

~ =
qd+=E

07 BRAAY SIS WA
HESAD, 2017924 BHF )
g ARFE AFgwsg A Hok

AL QIEF o), A &

A[A AHl = =R

i)
fr
o

243

2006 ZFEThSt A SHH(ESH
AD. 2006%3~2018' 7| AIF-EFAT
A AIAF 2018 3~FA] F=r=E
FHATY AYATYE IRk =
B A28 Aol

T

2006 7Rt AAEE} &4
(FEAD. 2006 T2EAFHE A
FEATA AT A 22EXA
TG AZFEATE: A7 B
ok A Ao Al



	하지 절단 장애인의 보행 보조를 위한 전자제어 공압식 슬관절 의지 제어 시스템 개발
	Abstract
	I. 서론
	II. 전자제어 공압식 슬관절 의지(ECPK)
	III. ECPK 제어 시스템
	V. ECPK 사용자 대상 연구
	VI. 결론
	REFERENCES


