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Impedance control tracking control

T =K(0 — Oyf) + DO T =Kp(0 — Orer) + Kp(0 — Orer)
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Impedance control

T=K(6 — 0yer) + DO
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tracking control

Progress in gait cycle (%)

T=Kp(0 — Orer) + Kp(0 — Oref)
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Foot flat |Heel strike | Toe off

Heel strike

State 1 State 2  State 3 State 4 State 5

0% - 60% 60% - 85%

Knee : 5 state
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Ankle : 4 state

Heel strike
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Phase varlable

(chigh (t), f chigh (t) dt)
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2-3.Impedance control

Joint parameter function2| &7

Lt &(n=m = 4) %™ 2}(Scipy’s minimization function)

o O

T=K()(0 — Ore) + D()O

( min ||Tdata _Tll

Qref»ki»di 2
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Subject to: K(t) =0 D(t) =0
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Joint parameter function2| &7

TABLE 1 | Ankle and kr

ence angles that resulted from so

optimization problem and post tuning.

From optimization

State 1 State 2

—0.03

—2.45

—3.94
-5.30

—11.06

—14.78
—15.0

State 2

10.36
14.21
5.83
15.80
24.61

Values for the slope a

Ankle reference angles (deg)

State 3 State 4 State 1 State 2

—5.56 .58 0.00
—1459 2.7 0.00
—16.00 0.8¢ 0.00
—16.00 0.7¢ 4.00
—16.00 3 8.00

Knee reference angles (deg)

State 3 State 1 State 2

30.00 11.97
26.00 11.12
13.86 10.26
2017 11.12
20.00 11.97

not included can be found through linea

Post tuning

State 3 State 4

—5.00
—7.50
—10.00
—10.00

State 3

interpolation.

ng the

0.00
0.00
2.00
4.00
8.00
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2-3.Impedance control

Controller tunning

Knee

°
(B:)3 D Trajectory Loy

gaim

T = Ktunea (t)(H — Orer ) * Dtunea (t)9 "'::':":,:., : ' J\ Tracking PD

Kiunea(t) = aK(t) +y
Dtuned(t) = BD(t)

a, B : scaling factor

. - » State?fo| M2t0| EEFHA O|FOEH = UEE
parameters &7

. O|FO0| M52 AL statelf [HE A2 MY =
U= E parameters =7
o AMEXIO| MS O 30 parametergs =



2-4.Tracking coNtrol [
Bezier curve(state 4 of knee) : <
Down sloped| A 2| EH0| A FF2

flexionO| A7t AH®O| o2l § HE

At HOIE 4 918

s (1] ‘ o LS — ) “imin 45 g L]

HEot A= d-dot7| ?I0l Bezier

Impedance Nominal PD Low gain PD

= - o)
curve= Ol 'g' OH -I E ?3” :I'I‘” &! ACISI g control region control region control region
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2-4.Tracking control

Bezier curve(state 4 of knee)
B. Cubic Bezier polynomials based optimization ZiS (t) — (1 _ t)BPl% 4+ (1 _ t)zpisl 4+ 3t2(1 _ t)PiSZ + t3Pi53
min f = > ||Z7(¢) — H; (9)]]

Xi1,Xi2
S

Subject to: Z;(0) = H;(0.60) = Pj;, , Vs
Z?(1) = H7(0.85) = P35, Vs
Z$(0) = H?(0.60) = vy, Vs

Z$(1) = H7(0.85) = v;3,Vs
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H; : human data, Z; : Bezier polynoimal

Gait cycle (%) i € {ankle, knee}, s € {—~15,-10 ,-5,0,5,10,15}




2-4.Tracking control

Bezier curve(state 4 of knee)

B. Cubic Bezier polynomials based optimization
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Ankle Torque (Nm)
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