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Appendix:
A pathological condition affects motor modules in a
bipedal locomotion model

A.1 Free parameters determined by GA
Free parameters determined by a GA are as follows:
(a) Normal locomotion model

GRG = —1. 200 GRG = o 080, GRG = 0 010, GRS = 0.010, GlgG = 0.010, GRS = —0.010,
GRG GRG GRG GRG GRG GRG GRE = GRG GRE = GRG GRO = GRG,
GPF = —0. 198 G = 0. 016 G — o 057, GX¥ = 0.010, GE¥ = —0.022, GEF = 0.710, GEF = —0.010,
GPF = 0.510, GPF = —0.198, G10 = 0.198, GH = —0.058, GI¥ = —0.013, Gt = 0.010, G*§ = 0.000,
G15 = 0.085, G¥E = 0.012, Glﬁ = 0.104, G¥E = —0.010,
GGGGGGGGGGGGGGGGPF,
G27 - GPF? G28 - GlO: G29 - G11, G3O - G127 G31 - G137 G32 - G147 G33 - G15’ G34 - G167
GPY =GP GEY = GIE,
¢ = 0.650, Gg = —0.278, G§ = 0.499, G} = 0.456, G2 = 0.139, G¢ = 0.919, G¢ = 0.215,
G¢ = —0.027, G§ = 1.001, G§, = 0.050, G§4 = —0.144, G$, = —0.023, G§5 = 0.401, G}, = 0.178,
© =0.323, G§ = 0.014, G§, = 0.240, G§ = 0.715,
G$ = 0.428, G§ = 0.219, G§ = 0. 128 G$ = 0.030, G¢ = 0.128, G§ = —0.049, GS = 0.202, G§ =
G§ = GS, Gy = G5, G5, = G5, G5y = GS, Gy = G5, G5y = G, GS = 0432, G = 0.351,
GC/ — C/ GC/ — C/
3 1>Y4 25
GYOS =0.208, GEOS = 0.390, GEOS = 0.525, GYO5 = 0.212, GEOS = —0.191.
GPOS — POS (POS _ (POS (GFOS _ (POS GPOS GPOS,| GPOSO GPOS,

(b) Pathological locomotion model: reflex-compensation model

G$ = 0453, G5 = 0.087, G§ = 0.937, G§ = 0.800, G = 0.976, G§ = 0.225, G = —0.135,
G§ = 0.348, G§ = 0.112, G§, = 0.925, G§; = 0.847, G$, = 1.042, G$53 = 0.193, G§, = —0.136,
¢ —0.737, G5 = 0.331,
= 0.837, G5 = 0.403,
GFOS = 0.471, GEOS = 0.206, GEOS = 0.424, GFOS = 0.172, GEOS = —0.160.
GEOS = 0.386, GYOS = 0.192, GPOS 0.453, GPOS 0.420, GPOS —0.162.
Other parameters were used by the normal locomotlon model parameters.

(c) Pathological locomotion model: CPG-compensation model

GRG = —9.270, GRS = 0.293, GRC = 0.874, GRS = 0.854, GRS = 0.633, GRC = 0.151,
GRG = —0.276, GRC = 1.749, GRC = 1.067, GRS = 0.841, GRC = 0.359, GRS = 0.664,
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GIF = —0.101, GEF = 0.001, GEF = 0.030, GEF = 0.010, GEF = —0.001, GEF = 0.020, GEF = —0.001,
GPF = 0.001, GPF = —0.020, Gm =0.012, G11 = —0.010, GY¥ = —0.004, G13 = 0.055, GYY = 0.001,
G15 = 0.001, G16 = 0.001, G17 = 0.003, GPF = —0.057,

Glg = —0.001, G20 = 0.001, G21 = 0.002, GEF = 0.050, G23 = —0.002, GEF = 0.001, G25 = —0.003,
G = 0.020, (;27 = —0.001, GEE = 0.007, G29 = —0.007, GE5 = —0.001, 031 = 0.014, Gt5 = 0.001,
G = 0.002, GEY = 0.011, GP}; = 0.004, GEE = —0.010,

Other parameters were used by the normal locomotion model parameters.

A.2 CPG model parameters
(a) Parameters for RG network
TRG, .. 7RG =0.20, 7RG, ... 7RO =0.50, BRG, - -+, BRO = 2.00, ubC, - upy = 2.00,

—2.0 (i,7) € {(1,3),(1,4),(2,1),(2,4),
wijoRe = (3,1).(3,2), (4,2), (4,3),
0.0 otherwise,

Feedback signals from the musculoskeletal system to RG network are given as follows:

Feedi® = &(GYOGRF,;,) + (GRS GRF,4,0.0) + G5 0hip,
FeedgG = f(GRG,GRFlh,OO>+G5G9rhIP GEGQMP,
Feed® = 6(GRGGRFlh)+ f(G3S,GRFy, 0.0) + G&Orhip,

Feed4RG = f( 10 ,GRFTh, 0. 0) + GlﬁG@lhip — GlfQGthip,
b>
f(a’ b’ C) _ {a { C} )

0.0 otherwise,

where 0() is Diac’s delta function. GRF,;, and GRF};, indicate the ground reaction force from the right
heel and the left heel, respectively. Oy and Oppip are the right hip angle and the left hip angle, respectively.

(b) Parameters for PF network

T{’F, . 710 = 0.08, 7{°F, -, 7{fF = 0.60, BT, BT = 15.0, B5", B7" = 10.0, A5, -+, BET = 5.00,
/8 y " 75 = 5.00,

(100 (4,7) € {(1,2),(2,3),(3,4), (4,5),

(5,1),(3,5),(6,7),(7,8),
(8,9), (9,10), (10,6),
wCPGPF _ (8,10)}
Wy =3.0 (4,5) € {(5,8),(10,3),(1,9),(6,4), },

{G ,
Lo (4,5) €{(1,8),(6,3),(8,1),(3,6),
(5,7),(7,5),(10,2), (2,10},

\ 0.0 otherwise.
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ug, = g(—uf%, uf®, —0.30),
ug, = f(0.7u8S 45, 0.50),
ug, = f(18u1§G,u§G,000),
ug, = fu5® u5® 0.50),
ug, = f(us% u5®, 0.90),
(—uRS W8S —0.30),
ug, = f(0.7u59, 455, 0.50),
ug, = f(18ulfG,ulfG,000),
ugy = f(uy®,ui®,0.50),
ugy, = f(uf9,ur®,0.90),
dlabc) — {a {b<c},

0.0 otherwise.

U@G =

Q

Feedback signals from the musculoskeletal system to PF network are given as follows:

Feed]!" = —GY0mip + G5 Omip + G5 Oixneen(GRF, 1) + GLEh(GRE,),

Feed' = —GEF0unec(GRF,p) + G Ouniph(GRF,1,) — GEFOineeh(GRF,1,) + GE Oanaeh(GRF, 1),
Feed;” = —G§ Omip + Gh00mip — G Orkneen(GRF,) — GT5h(GREy) + G5 Orankieh(GRF, 1),
Feedi" = f(GYY GRFy,0.0),

Feedf" = Giimip + G16h(GRFy) + GTf Oraniaeh(GRE, ) — GRS Ounip,

Feed;? = —GY50mip + Gho0mip + G5 Okneeh(GRE),) + G55 h(GRFy,),

Feed?™ = —GB50nech(GREy,) + G54 0iph(GREy),) — G5 Oiknee h(GRFy) + Ght Orankieh(GRFy,),
Feedy” = —G5% 0mip + G5 0chip — G50 Oikneeh(GRFy) — GEGR(GRF,¢) + GE] Olankieh(GREp, ),
Feed)t = f(GL5,GRF,;,0.0),

Feediy = G330mip + G54h(GRFy) + G55 bankich(GREy,) — Gt Oinip,

0.0 otherwise.

Ma) = {1.0 {a > 0.0},

where 6 ixnee; Oiknee, Orankle, Plankle are the right knee angle, left knee angle, the right ankle angle, and the
left ankle angle, respectively. GRF,; and GRFy, indicate the ground reaction force from right toe and left
toe, respectively.

A.3 a-motoneuron parameters

(a) Normal locomotion model

condition condition __

« _ [0} « o _ e « _ (e} « _ « o _ o « _ « o _ «
Wy = G1’w15 = G5, wyy = G, wy, = Gf, wy, = Gy, w§; = Gg, wy, = G7, wyy = G,
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(67 _ o «Q — o «Q — o «Q — o «Q _ (67 «Q J— (67 «Q — (07 «Q — «

wgy = G§, wyy = Gy, w5 = Gy, wg = Gy, wg5 = G5, w7y = Gy, wgy = Gf5, wyy = G,
«Q Q o o

wy, =G wis =G
94 17> Wy 5 18>

wa _ Ga w(}f _ GOﬁ wa _ Ga wCM _ Ga wOL _ GOL wOL _ GOL sz _ GOZ ,LUC( _ GO[
101 = b1, Wigs = Lo, Wy 3 = U3, Wy g = by, Wip = by, Wip5 = bg, Wiz = by, Wig3 = LUy,
« _ « o — o Q _ « o _ o (67 _ « o _ (67 « _ «

wiy, = Gy, wiyy = Gy, wiy; = Gf, wis = Gy, wiss = Gi3, wigy = Gy, wiyo = G,
«a _ «a o — o o — o

wig, = Gl wig 4 = Gi7, wis 5 = G,

otherwise w;,;, = 0.0,

C5 knee = G(f, C6 knee = G%; C2 hip = G;C),a C1 hip = Gch C1 knee = Gg, C9 knee = G%, C8 knee = G%v
/ _ c' / _ c/

€9 knee — Gl C8 knee — GQ

C14 knee = Gga C15 knee = ch)a C11 hip = G§07 C10 hip = Gil, C10 knee = G§27 C18 knee — G({37 C17 knee =
c _ _

C;147 018 knee — G3 017 knee — G4

otherwise ¢, = ¢ . = 0.0,

POS; = GYOS(—5.00iunk + 1.00uunk),
POS; = GYOS(1.00wunk — 1.0 unk),
POS; = GEO5(—0.5COMY),
POS; = GYO5(0.1CcOMY),
POSs = GEO5(0.01COMY),
POS;y = GEOS(—5.00iunk + 1.00unk),
POS11 = GFOS(1.00umunk — 1.00kunk),
POS;3 = GEOS(—0.5CcOMY),
POS;s = G5O5(0.1cOMY),
POS;; = GYPS(0.01CcOMY),
otherwise POS,, = 0.0,

where 6ynk and étrunk are the trunk angle and the trunk angular velocity, respectively. COM" indicates the
center of mass velocity.

(b) Pathological locomotion model

All parameters except the following are identical to the normal locomotion model.

condition condition __ condition condition __
wl ,"‘7w6 —08,11}7 ,"',wg —06




