Appendix D

Bio inspired control rules for the leg
sagittal DOFs

The control rules presented in this appendix are the ones from [8] (sometimes slightly modified).
The different equations and explanations are adapted from [19] to match the ones used in this

project.

Stance
(1) Ssor

(2) Sta
(3) Scas

(4) Svas

(5) Smam

(6) Sacru

(7) Surr

Fsou(t
Suin + Gsor - %Z%%l)

F+ generates compliant behavior

Suin + Grasr - (lepralty) — lopt,TA)
Surrv + Gaas - T4zt

GAS

F'+ prevents knee overextension + compliant leg behavior

B m
So,vas + [Gvas - %ﬁ%)hm

F+ generates compliant behavior

. Fipsi ts
SmiIN + [kp - (0(ts) = Ores) + Ka - 0(ts)| 1y - Fow - | le%g( )

0+ is used to balance the trunk

; |FPo (ts)|
[Sain + 1068 - iy - (0(ts) = Ores) + kia - O(ts)] (1} - Fow - =5~ |ssup} — [SMIN]{DSUP)

0+ is used to balance the trunk
AS— further initiates swing in double support

; |FEe (ts)]
[SMIN - [kp : (e(ts) - HT‘Cf) + kq - e(ts)]{f} * kpw - L%‘ig]{SSup} + {SJ\/IAX}{DSUI)}
§ — (< 0) is used to balance the trunk
AS+ further initiates swing in double support
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Swing

(1) Ssor = Swmin

silent: leg’s ballistic motion
(2) Sta = Suin+Grasw - (lceralti) — lopt,TA)

L+ prevents the ankle from overextending + foot clearance with the ground
(3) Sgas = Swmin

silent: leg’s ballistic motion
(4) Svas = Sovas

silent: leg’s ballistic motion
(5) Smamr = Swrrn + Grray - Dialls)

HAM

F+ transfers part of the protraction momentum into leg lowering and retraction
(6) Serv = Swmin+Geru - %%)

F+ transfers part of the protraction momentum into leg lowering and retraction
(7) Surr = Swin+Gurr - (lcemrL(ts) — Alopt, HFL)

— Guav—nrr - (lce,pam(ts) — Aopt, HAM )

Ly rr+ modulates ballistic motion: facilitating leg protraction during swing
Ly an— enforces swing-leg retraction, compensates for the hip rotation

Sayrrn is the minimal stimulation and is equal to 0.01. Sp;4x is the maximal stimulation and is
equal to 1. Some terms are only added in special circumstances:

e [ |psup: # 0 if trailing leg is in double support (finishing stance)
o [|ssup: # 0 if trailing leg is in single support

e [](1/—): # 0if positive/negative values in [ |

i H{g‘o;‘;}: 7é 0 if Pknee ~ & Pknee ~ 0
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