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function [tgt_ctrl fl,tgt ctrl fr,tgt ctrl rl, tgt ctrl rr, ctrl_state,
debug] = ...

controlleri(~, ~, ~, ~, contact_state, ~, sensing_info, t, body, planner)

body vx = sensing_info(4);

%virtual legl f1 (front left) rr(rear right) body frame

% curr_virtual legl = (fl_end_effector + fl _offset + rr_end effector +
rr_offset)*0.5;

%virtual leg2 fr (front right) rl(rear left) body frame

% curr_virtual leg2 = (fr_end_effector + fr_offset + rl_end effector +
rl _offset)*0.5;

%decide state and state transition helpers
persistent state;

persistent t_last_state;

if isempty(state)

state = 9;

end

if isempty(t_last_state)

t_last_state = 9;

end

% init variables

% fl fr rl rr

has u ctrl =111 1];

normal virtual legFL = [@;body.shoulder_size/2;-body.upper_length-
body.lower_length+0.001];

normal virtual legRL = [@;body.shoulder_size/2;-body.upper_length-
body.lower_length+0.001];

normal_virtual legFR = [@;-body.shoulder_size/2;-body.upper_length-
body.lower_length+0.001];

normal_virtual legRR = [0;-body.shoulder_size/2;-body.upper_length-
body.lower_length+0.001];

%RR 4 FL 1
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move_f1l _end_effector

normal_virtual_legFL;
move_rr_end_effector
%FR 2 RL 3

move_fr_end_effector

normal_virtual_legRR;

normal_virtual_legFR;

move_rl_end_effector = normal_virtual_legRL;

% state machine

if state == 0 % standby state

% in this state, just do nothing, but use time to make sure that all

% feet stands on the ground

if contact_state(l) == 1 && contact_state(2) == 1 && contact_state(3) == 1
&& contact_state(4) == 1 && abs(body_vx) < planner.state®_vel_thres

%all foot on ground

t_last_state=t;

state = 1;

end

elseif state == 1 % EL V.|

tick=t-t_last_state;

t0=0;

tf=1;

%leg rl f1

gq_to=[0 body.shoulder_size/2 -body.upper_length-body.lower_length+0.001];
gq_tf=[0 body.shoulder_size/2 planner.stand_height/2];

d_q_te=zeros(1,3);

d_q_tf=zeros(1,3);

move_rl_end_effector=traj3(te,tf,q_to,d _gq_to,q_tf,d_q_tf,tick);

move_f1l _end_effector=move_rl_end_effector;

%leg rr fr

gq_to=[0 -body.shoulder_size/2 -body.upper_length-body.lower_length+0.001];
gq_tf=[0 -body.shoulder_size/2 planner.stand_height/2];
move_rr_end_effector=traj3(to,tf,q_to,d _gq_to,q_tf,d_q_tf,tick);
move_fr_end_effector=move_rr_end_effector;

if tick>tf

move_rl _end_effector=[0 body.shoulder_size/2 planner.stand_height/2];
move_f1l _end_effector=move_rl_end_effector;

move_rr_end_effector=[0 -body.shoulder_size/2 planner.stand_height/2];
move_fr_end_effector=move_rr_end_effector;

if contact_state(1l) == 1 && contact_state(2) == 1 && contact_state(3) ==
&& contact_state(4) == 1

t_last_state=t;

state = 2;

end

end

elseif state == 2% P\ Rk
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tick=t-t_last_state;

10=0;

tf=1;

%leg rl f1l

g_to=[0 body.shoulder_size/2 planner.stand_height/2];

gq_tf=[0 body.shoulder_size/2 planner.stand_height];
d_q_te=zeros(1,3);

d_q_tf=zeros(1,3);

move_rl_end_effector=traj3(te,tf,q_to,d _g_to,q_tf,d_q_tf,tick);
move_f1l end_effector=move_rl_end_effector;

%leg rr fr

gq_to=[0 -body.shoulder_size/2 planner.stand_height/2];

gq_tf=[0 -body.shoulder_size/2 planner.stand_height];
move_rr_end_effector=traj3(to,tf,q_to,d _gq_to,q_tf,d_q_tf,tick);
move_fr_end_effector=move_rr_end_effector;

if tick>tf

move_rl _end_effector=[0 body.shoulder_size/2 planner.stand_height];
move_f1l end_effector=move_rl_end_effector;

move_rr_end_effector=[0 -body.shoulder_size/2 planner.stand_height];
move_fr_end_effector=move_rr_end_effector;

if contact_state(1l) == 1 && contact_state(2) == 1 && contact_state(3) ==
&& contact_state(4) == 1

t_last_state=t;

state = 3;

end

end

elseif state == 3 % rl fr swing S/2 rr fl stance -S/2 T
tick=t-t_last_state;

10=0;

tf=planner.Ts;

%leg rl

gq_to=[0 body.shoulder_size/2 planner.stand_height];
g_tf=[planner.S/2 body.shoulder_size/2 planner.stand_height];
d_q_te=zeros(1,3);

d_q_tf=zeros(1,3);

move_rl_end effector=traj3(te,tf,q to,d q te,q tf,d g tf,tick); %xy ik
if tick<planner.Ts/2 %z #ik

gq_to=[0 body.shoulder_size/2 planner.stand_height];

gq_tf=[0 body.shoulder_size/2 planner.stand_height+planner.H];
move_rl_end_effector_z=traj3(te,tf/2,q_t0,d _q_t0,q_tf,d_q_tf,tick);
else

gq_to=[0 body.shoulder_size/2 planner.stand_height+planner.H];
q_tf=[0 body.shoulder_size/2 planner.stand_height];
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move_rl_end_effector_z=traj3(te,tf/2,q_t0,d q_to0,q_tf,d_q_tf,tick-
planner.Ts/2);

end

move_rl_end_effector(3)=move_rl_end_effector_z(3);

%leg fr

gq_to=[0 -body.shoulder_size/2 planner.stand_height];
g_tf=[planner.S/2 -body.shoulder_size/2 planner.stand_height];
d_q_te=zeros(1,3);

d_q_tf=zeros(1,3);

move_fr_end effector=traj3(te,tf,q to,d q _te,q tf,d _q_tf,tick); %xy ik
if tick<planner.Ts/2 %z #ik

gq_to=[0 -body.shoulder_size/2 planner.stand_height];

gq_tf=[0 -body.shoulder_size/2 planner.stand_height+planner.H];
move_fr_end_effector_z=traj3(te,tf/2,q_t0,d _q_t0,q_tf,d_q_tf,tick);
else

gq_to=[0 -body.shoulder_size/2 planner.stand_height+planner.H];
gq_tf=[0 -body.shoulder_size/2 planner.stand_height];
move_fr_end_effector_z=traj3(te,tf/2,q_t0,d q_to0,q_tf,d_q_tf,tick-
planner.Ts/2);

end

move_fr_end_effector(3)=move_fr_end_effector_z(3);

%leg 1

gq_to=[0 body.shoulder_size/2 planner.stand_height];
g_tf=[-planner.S/2 body.shoulder_size/2 planner.stand_height];
d_q_te=zeros(1,3);

d_q_tf=zeros(1,3);

move fl _end effector=traj3(te,tf,q to,d q _t@,q tf,d _q_tf,tick); %xy ik
%leg rr

gq_to=[0 -body.shoulder_size/2 planner.stand_height];
g_tf=[-planner.S/2 -body.shoulder_size/2 planner.stand_height];
d_q_te=zeros(1,3);

d_q_tf=zeros(1,3);
move_rr_end_effector=traj3(te,tf,q to,d q _te,q tf,d _q_tf,tick); %xy ik
if tick>tf

move_rl _end_effector=[planner.S/2 body.shoulder_size/2
planner.stand_height];

move_f1l end_effector=[-planner.S/2 body.shoulder_size/2
planner.stand_height];

move_rr_end_effector=[-planner.S/2 -body.shoulder_size/2
planner.stand_height];

move_fr_end_effector=[planner.S/2 -body.shoulder_size/2
planner.stand_height];

%if contact state(2) == 1 && contact_state(3) == 1

t_last_state=t;
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state = 4;

%»end

end

elseif state == 4 % rl fr stance -S rr fl swing S P E (EAT)
tick=t-t_last_state;

10=0;

tf=planner.Ts;

%leg rr

g_to=[-planner.S/2 -body.shoulder_size/2 planner.stand_height];
g_tf=[planner.S/2 -body.shoulder_size/2 planner.stand_height];
d_q_te=zeros(1,3);

d_q_tf=zeros(1,3);
move_rr_end_effector=traj3(te,tf,q to,d q _te,q tf,d _q_tf,tick); %xy ik
if tick<planner.Ts/2 %z #ik

gq_to=[0 -body.shoulder_size/2 planner.stand_height];

gq_tf=[0 -body.shoulder_size/2 planner.stand_height+planner.H];
move_rr_end_effector_z=traj3(te,tf/2,q_t0,d _q_t0,q_tf,d_q_tf,tick);
else

gq_to=[0 -body.shoulder_size/2 planner.stand_height+planner.H];
gq_tf=[0 -body.shoulder_size/2 planner.stand_height];
move_rr_end_effector_z=traj3(te,tf/2,q_t0,d _q_to0,q_tf,d_q_tf,tick-
planner.Ts/2);

end

move_rr_end_effector(3)=move_rr_end_effector_z(3);

%leg 1

g_to=[-planner.S/2 body.shoulder_size/2 planner.stand_height];
g_tf=[planner.S/2 body.shoulder_size/2 planner.stand_height];
d_q_te=zeros(1,3);

d_q_tf=zeros(1,3);

move fl _end effector=traj3(te,tf,q to,d q _te,q tf,d _q_tf,tick); %xy ik
if tick<planner.Ts/2 %z #ik

gq_to=[0 body.shoulder_size/2 planner.stand_height];

gq_tf=[0 body.shoulder_size/2 planner.stand_height+planner.H];
move_fl_end_effector_z=traj3(te,tf/2,q_t0,d _q_t0,q_tf,d_q_tf,tick);
else

gq_to=[0 body.shoulder_size/2 planner.stand_height+planner.H];
gq_tf=[0 body.shoulder_size/2 planner.stand_height];
move_fl_end_effector_z=traj3(te,tf/2,q_t0,d q_to@,q_tf,d_q_tf,tick-
planner.Ts/2);

end

move_f1l_end_effector(3)=move_f1l_end_effector_z(3);

%leg rl

g_to=[planner.S/2 body.shoulder_size/2 planner.stand_height];
g_tf=[-planner.S/2 body.shoulder_size/2 planner.stand_height];
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d_q_te=zeros(1,3);

d_q_tf=zeros(1,3);

move_rl_end effector=traj3(te,tf,q to,d q te,q tf,d _q_tf,tick); %xy ik
%leg fr

g_to=[planner.S/2 -body.shoulder_size/2 planner.stand_height];
g_tf=[-planner.S/2 -body.shoulder_size/2 planner.stand_height];
d_q_te=zeros(1,3);

d_q_tf=zeros(1,3);
move_fr_end_effector=traj3(te,tf,q to,d q _te,q tf,d _q_tf,tick); %xy i
if tick>tf

move_rl _end_effector=[-planner.S/2 body.shoulder_size/2
planner.stand_height];

move_f1l end_effector=[planner.S/2 body.shoulder_size/2
planner.stand_height];

move_rr_end_effector=[planner.S/2 -body.shoulder_size/2
planner.stand_height];

move_fr_end_effector=[-planner.S/2 -body.shoulder_size/2
planner.stand_height];

%if contact state(l) == 1 && contact_state(4) ==

if t<74
t_last_state=t;
state = 5;

elseif t<90

t_last_state=t;

state = 7;

else

t_last_state=t;

state = 11;

%»end

end

%»end

end

elseif state == 5 % UM E GERIZD)

tick=t-t_last_state;

10=0;

tf=planner.Ts;

%leg rl

g_to=[-planner.S/2 body.shoulder_size/2 planner.stand_height];
g_tf=[planner.S/2 body.shoulder_size/2 planner.stand_height];
d_q_te=zeros(1,3);

d_q_tf=zeros(1,3);

move_rl_end effector=traj3(te,tf,q to,d q te,q tf,d _q_tf,tick); %xy ik
if tick<planner.Ts/2 %z #ik

gq_to=[0 body.shoulder_size/2 planner.stand_height];
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gq_tf=[0 body.shoulder_size/2 planner.stand_height+planner.H];
move_rl_end_effector_z=traj3(te,tf/2,q_t0,d q_t0,q_tf,d_q_tf,tick);
else

gq_to=[0 body.shoulder_size/2 planner.stand_height+planner.H];
gq_tf=[0 body.shoulder_size/2 planner.stand_height];
move_rl_end_effector_z=traj3(te,tf/2,q_t0,d q_to@,q_tf,d_q_tf,tick-
planner.Ts/2);

end

move_rl_end_effector(3)=move_rl_end_effector_z(3);

%leg fr

g_to=[-planner.S/2 -body.shoulder_size/2 planner.stand_height];
gq_tf=[0 -body.shoulder_size/2 planner.stand_height];
d_q_te=zeros(1,3);

d_q_tf=zeros(1,3);

move_fr_end effector=traj3(te,tf,q to,d q t@,q tf,d _q_tf,tick); %xy ik
if tick<planner.Ts/2 %z #ik

gq_to=[0 -body.shoulder_size/2 planner.stand_height];

gq_tf=[0 -body.shoulder_size/2 planner.stand_height+planner.H];
move_fr_end_effector_z=traj3(te,tf/2,q_t0,d _q_t0,q_tf,d_q_tf,tick);
else

gq_to=[0 -body.shoulder_size/2 planner.stand_height+planner.H];
gq_tf=[0 -body.shoulder_size/2 planner.stand_height];
move_fr_end_effector_z=traj3(te,tf/2,q_t0,d q_t0,q_tf,d_q_tf,tick-
planner.Ts/2);

end

move_fr_end_effector(3)=move_fr_end_effector_z(3);

%leg rr

g_to=[planner.S/2 -body.shoulder_size/2 planner.stand_height];
g_tf=[-planner.S/2 -body.shoulder_size/2 planner.stand_height];
d_q_te=zeros(1,3);

d_q_tf=zeros(1,3);
move_rr_end_effector=traj3(te,tf,q to,d q _te,q tf,d _q_tf,tick); %xy ik
%leg 1

g_to=[planner.S/2 body.shoulder_size/2 planner.stand_height];
gq_tf=[0 body.shoulder_size/2 planner.stand_height];
d_q_te=zeros(1,3);

d_q_tf=zeros(1,3);

move fl _end effector=traj3(te,tf,q to,d q te,q tf,d _q_tf,tick); %xy ik
if tick>tf

move_rl _end_effector=[planner.S/2 body.shoulder_size/2
planner.stand_height];

move_f1l end_effector=[0 body.shoulder_size/2 planner.stand_height];
move_rr_end_effector=[-planner.S/2 -body.shoulder_size/2
planner.stand_height];
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move_fr_end_effector=[0 -body.shoulder_size/2 planner.stand_height];
%if contact state(2) == 1 && contact_state(3) ==

t_last_state=t;

state = 6;

%»end

end

elseif state == 6 % UM EL GERIZD)

tick=t-t_last_state;

10=0;

tf=planner.Ts;

%leg rr

g_to=[-planner.S/2 -body.shoulder_size/2 planner.stand_height];
g_tf=[planner.S/2 -body.shoulder_size/2 planner.stand_height];
d_q_te=zeros(1,3);

d_q_tf=zeros(1,3);
move_rr_end_effector=traj3(te,tf,q to,d q _te,q tf,d _q_tf,tick); %xy i
if tick<planner.Ts/2 %z #ik

gq_to=[0 -body.shoulder_size/2 planner.stand_height];

gq_tf=[0 -body.shoulder_size/2 planner.stand_height+planner.H];
move_rr_end_effector_z=traj3(te,tf/2,q_t0,d _q_t0,q_tf,d_q_tf,tick);
else

gq_to=[0 -body.shoulder_size/2 planner.stand_height+planner.H];
gq_tf=[0 -body.shoulder_size/2 planner.stand_height];
move_rr_end_effector_z=traj3(te,tf/2,q_t0,d q_to0,q_tf,d_q_tf,tick-
planner.Ts/2);

end

move_rr_end_effector(3)=move_rr_end_effector_z(3);

%leg 1

gq_to=[0 body.shoulder_size/2 planner.stand_height];
g_tf=[planner.S/2 body.shoulder_size/2 planner.stand_height];
d_q_te=zeros(1,3);

d_q_tf=zeros(1,3);

move_fl _end effector=traj3(te,tf,q to,d q _te,q tf,d _q_tf,tick); %xy ik
if tick<planner.Ts/2 %z #ik

gq_to=[0 body.shoulder_size/2 planner.stand_height];

gq_tf=[0 body.shoulder_size/2 planner.stand_height+planner.H];
move_fl_end_effector_z=traj3(te,tf/2,q_t0,d _q_t0,q_tf,d_q_tf,tick);
else

gq_to=[0 body.shoulder_size/2 planner.stand_height+planner.H];
q_tf=[0 body.shoulder_size/2 planner.stand_height];
move_fl_end_effector_z=traj3(te,tf/2,q_t0,d q_t0,q_tf,d_q_tf,tick-
planner.Ts/2);

end

move_f1l_end_effector(3)=move_f1l_end_effector_z(3);
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%leg rl

g_to=[planner.S/2 body.shoulder_size/2 planner.stand_height];
g_tf=[-planner.S/2 body.shoulder_size/2 planner.stand_height];
d_q_te=zeros(1,3);

d_q_tf=zeros(1,3);

move_rl_end effector=traj3(te,tf,q to,d q te,q tf,d _q_tf,tick); %xy ik
%leg fr

gq_to=[0 -body.shoulder_size/2 planner.stand_height];
g_tf=[-planner.S/2 -body.shoulder_size/2 planner.stand_height];
d_q_te=zeros(1,3);

d_q_tf=zeros(1,3);
move_fr_end_effector=traj3(te,tf,q to,d q _te,q tf,d _q_tf,tick); %xy ik
if tick>tf

move_rl_end_effector=[-planner.S/2 body.shoulder_size/2
planner.stand_height];

move_f1l end_effector=[planner.S/2 body.shoulder_size/2
planner.stand_height];

move_rr_end_effector=[planner.S/2 -body.shoulder_size/2
planner.stand_height];

move_fr_end_effector=[-planner.S/2 -body.shoulder_size/2
planner.stand_height];

%if contact state(l) == 1 && contact_state(4) == 1

if t<40
t_last_state=t;
state = 5;

elseif (t>54)&&(t<74)
t_last_state=t;

state = 5;

else

t_last_state=t;

state = 8;

%»end

end

end

elseif state == 7 % rl fr swing S rr fl stance -S P E (BT
tick=t-t_last_state;

10=0;

tf=planner.Ts;

%leg rl

g_to=[-planner.S/2 body.shoulder_size/2 planner.stand_height];
g_tf=[planner.S/2 body.shoulder_size/2 planner.stand_height];
d_q_te=zeros(1,3);

d_q_tf=zeros(1,3);
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move_rl_end effector=traj3(te,tf,q to,d q te,q tf,d _q_tf,tick); %xy ik
if tick<planner.Ts/2 %z #ik

gq_to=[0 body.shoulder_size/2 planner.stand_height];

g_tf=[0 body.shoulder_size/2 planner.stand_height+planner.H];
move_rl_end_effector_z=traj3(te,tf/2,q_t0,d q_t0,q_tf,d_q_tf,tick);
else

gq_to=[0 body.shoulder_size/2 planner.stand_height+planner.H];
gq_tf=[0 body.shoulder_size/2 planner.stand_height];
move_rl_end_effector_z=traj3(te,tf/2,q_t0,d q_to0,q_tf,d_q_tf,tick-
planner.Ts/2);

end

move_rl_end_effector(3)=move_rl_end_effector_z(3);

%leg fr

g_to=[-planner.S/2 -body.shoulder_size/2 planner.stand_height];
g_tf=[planner.S/2 -body.shoulder_size/2 planner.stand_height];
d_q_te=zeros(1,3);

d_q_tf=zeros(1,3);
move_fr_end_effector=traj3(te,tf,q to,d q _te,q tf,d _q_tf,tick); %xy ik
if tick<planner.Ts/2 %z #ik

gq_to=[0 -body.shoulder_size/2 planner.stand_height];

gq_tf=[0 -body.shoulder_size/2 planner.stand_height+planner.H];
move_fr_end_effector_z=traj3(te,tf/2,q_t0,d _q_t0,q_tf,d_q_tf,tick);
else

gq_to=[0 -body.shoulder_size/2 planner.stand_height+planner.H];
gq_tf=[0 -body.shoulder_size/2 planner.stand_height];
move_fr_end_effector_z=traj3(te,tf/2,q_t0,d q_t0,q_tf,d_q_tf,tick-
planner.Ts/2);

end

move_fr_end_effector(3)=move_fr_end_effector_z(3);

%leg rr

g_to=[planner.S/2 -body.shoulder_size/2 planner.stand_height];
g_tf=[-planner.S/2 -body.shoulder_size/2 planner.stand_height];
d_q_te=zeros(1,3);

d_q_tf=zeros(1,3);
move_rr_end_effector=traj3(te,tf,q to,d q _te,q tf,d _q_tf,tick); %xy i
%leg 1

g_to=[planner.S/2 body.shoulder_size/2 planner.stand_height];
g_tf=[-planner.S/2 body.shoulder_size/2 planner.stand_height];
d_q_te=zeros(1,3);

d_q_tf=zeros(1,3);

move fl _end effector=traj3(te,tf,q to,d q _te,q tf,d _q_tf,tick); %xy ik
if tick>tf

move_rl _end_effector=[planner.S/2 body.shoulder_size/2
planner.stand_height];
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move_f1l end_effector=[-planner.S/2 body.shoulder_size/2
planner.stand_height];

move_rr_end_effector=[-planner.S/2 -body.shoulder_size/2
planner.stand_height];

move_fr_end_effector=[planner.S/2 -body.shoulder_size/2
planner.stand_height];

%if contact state(2) == 1 && contact_state(3) == 1

t_last_state=t;

state = 4;

%»end

end

elseif state == 8 % Hi/ 1

tick=t-t_last_state;

10=0;

tf=planner.Ts;

%leg rl

g_to=[-planner.S/2 body.shoulder_size/2 planner.stand_height];
gq_tf=[0 body.shoulder_size/2 planner.stand_height];
d_q_te=zeros(1,3);

d_q_tf=zeros(1,3);

move_rl_end effector=traj3(te,tf,q to,d q te,q tf,d g tf,tick); %xy ik
if tick<planner.Ts/2 %z #ik

gq_to=[0 body.shoulder_size/2 planner.stand_height];

gq_tf=[0 body.shoulder_size/2 planner.stand_height+planner.H];
move_rl_end_effector_z=traj3(te,tf/2,q_t0,d _q_t0,q_tf,d_q_tf,tick);
else

gq_to=[0 body.shoulder_size/2 planner.stand_height+planner.H];
gq_tf=[0 body.shoulder_size/2 planner.stand_height];
move_rl_end_effector_z=traj3(te,tf/2,q_t0,d q_to@,q_tf,d_q_tf,tick-
planner.Ts/2);

end

move_rl_end_effector(3)=move_rl_end_effector_z(3);

%leg fr

g_to=[-planner.S/2 -body.shoulder_size/2 planner.stand_height];
gq_tf=[0 -body.shoulder_size/2 planner.stand_height];
d_q_te=zeros(1,3);

d_q_tf=zeros(1,3);
move_fr_end_effector=traj3(te,tf,q to,d q _te,q tf,d _q_tf,tick); %xy ik
if tick<planner.Ts/2 %z #ik

gq_to=[0 -body.shoulder_size/2 planner.stand_height];

gq_tf=[0 -body.shoulder_size/2 planner.stand_height+planner.H];
move_fr_end_effector_z=traj3(te,tf/2,q_t0,d _q_t0,q_tf,d_q_tf,tick);
else

gq_to=[0 -body.shoulder_size/2 planner.stand_height+planner.H];
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gq_tf=[0 -body.shoulder_size/2 planner.stand_height];
move_fr_end_effector_z=traj3(te,tf/2,q_t0,d q_t0,q_tf,d_q_tf,tick-
planner.Ts/2);

end

move_fr_end_effector(3)=move_fr_end_effector_z(3);

%leg rr

g_to=[planner.S/2 -body.shoulder_size/2 planner.stand_height];
gq_tf=[0 -body.shoulder_size/2 planner.stand_height];
d_q_te=zeros(1,3);

d_q_tf=zeros(1,3);
move_rr_end_effector=traj3(te,tf,q to,d q _te,q tf,d _q_tf,tick); %xy ik
%leg 1

g_to=[planner.S/2 body.shoulder_size/2 planner.stand_height];
gq_tf=[0 body.shoulder_size/2 planner.stand_height];
d_q_te=zeros(1,3);

d_q_tf=zeros(1,3);

move fl _end effector=traj3(te,tf,q to,d q _te,q tf,d _q_tf,tick); %xy i
if tick>tf

move_rl _end_effector=[0 body.shoulder_size/2 planner.stand_height];
move_f1l end_effector=[0 body.shoulder_size/2 planner.stand_height];
move_rr_end_effector=[0 -body.shoulder_size/2 planner.stand_height];
move_fr_end_effector=[0 -body.shoulder_size/2 planner.stand_height];
%if contact state(2) == 1 && contact_state(3) == 1

t_last_state=t;

state = 9;

%»end

end

elseif state == 9 % Hi/ 1 F|IE [

tick=t-t_last_state;

10=0;

tf=1;

%leg rl f1l

gq_to=[0 body.shoulder_size/2 planner.stand_height];

g_tf=[0 body.shoulder_size/2 planner.stand_height/2];
d_q_te=zeros(1,3);

d_q_tf=zeros(1,3);

move_rl_end_effector=traj3(toe,tf,q_to,d _gq_to,q_tf,d_q_tf,tick);
move_f1l end_effector=move_rl_end_effector;

%leg rr fr

gq_to=[0 -body.shoulder_size/2 planner.stand_height];

gq_tf=[0 -body.shoulder_size/2 planner.stand_height/2];
move_rr_end_effector=traj3(to,tf,q_to,d_qg_to,q_tf,d_q_tf,tick);
move_fr_end_effector=move_rr_end_effector;
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if tick>tf

move_rl _end_effector=[0 body.shoulder_size/2 planner.stand_height/2];
move_f1l _end_effector=move_rl_end_effector;

move_rr_end_effector=[0 -body.shoulder_size/2 planner.stand_height/2];
move_fr_end_effector=move_rr_end_effector;

if contact_state(l) == 1 && contact_state(2) == 1 && contact_state(3) == 1
&& contact_state(4) ==

if t<74

t_last_state=t;

state = 10;

else

t_last_state=t;

state = 2;

%»end

end

end

end

elseif state == 10% 4:¥FP\ MIRA

tick=t-t_last_state;

10=0;

tf=12;

%leg rl f1l

move_rl end_effector=[0 body.shoulder_size/2 planner.stand_height/2];
move_f1l end_effector=move_rl_end_effector;

move_rr_end_effector=[0 -body.shoulder_size/2 planner.stand_height/2];
move_fr_end_effector=move_rr_end_effector;

if tick>tf

if contact_state(1l) == 1 && contact_state(2) == 1 && contact_state(3) == 1
&& contact_state(4) ==

t_last_state=t;

state = 2;

end

end

elseif state == 11 % FLEF AE . 2

tick=t-t_last_state;

10=0;

tf=planner.Ts;

%leg rl

g_to=[-planner.S/2 body.shoulder_size/2 planner.stand_height];

q_tf=[0 body.shoulder_size/2 planner.stand_height];

d_q_te=zeros(1,3);

d_q_tf=zeros(1,3);

move_rl_end effector=traj3(te,tf,q to,d q te,q tf,d g tf,tick); %xy ik
if tick<planner.Ts/2 %z #ik
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gq_to=[0 body.shoulder_size/2 planner.stand_height];

gq_tf=[0 body.shoulder_size/2 planner.stand_height+planner.H];
move_rl_end_effector_z=traj3(te,tf/2,q_t0,d _q_t0,q_tf,d_q_tf,tick);
else

gq_to=[0 body.shoulder_size/2 planner.stand_height+planner.H];
gq_tf=[0 body.shoulder_size/2 planner.stand_height];
move_rl_end_effector_z=traj3(te,tf/2,q_t0,d q_to0,q_tf,d_q_tf,tick-
planner.Ts/2);

end

move_rl_end_effector(3)=move_rl_end_effector_z(3);

%leg fr

g_to=[-planner.S/2 -body.shoulder_size/2 planner.stand_height];
gq_tf=[0 -body.shoulder_size/2 planner.stand_height];
d_q_te=zeros(1,3);

d_q_tf=zeros(1,3);
move_fr_end_effector=traj3(te,tf,q to,d q _te,q tf,d _q_tf,tick); %xy ik
if tick<planner.Ts/2 %z #ik

gq_to=[0 -body.shoulder_size/2 planner.stand_height];

gq_tf=[0 -body.shoulder_size/2 planner.stand_height+planner.H];
move_fr_end_effector_z=traj3(te,tf/2,q_t0,d _q_t0,q_tf,d_q_tf,tick);
else

gq_to=[0 -body.shoulder_size/2 planner.stand_height+planner.H];
gq_tf=[0 -body.shoulder_size/2 planner.stand_height];
move_fr_end_effector_z=traj3(te,tf/2,q_t0,d q_t0,q_tf,d_q_tf,tick-
planner.Ts/2);

end

move_fr_end_effector(3)=move_fr_end_effector_z(3);

%leg rr

g_to=[planner.S/2 -body.shoulder_size/2 planner.stand_height];
gq_tf=[0 -body.shoulder_size/2 planner.stand_height];
d_q_te=zeros(1,3);

d_q_tf=zeros(1,3);
move_rr_end_effector=traj3(te,tf,q to,d q _te,q tf,d _q_tf,tick); %xy ik
%leg 1

g_to=[planner.S/2 body.shoulder_size/2 planner.stand_height];
gq_tf=[0 body.shoulder_size/2 planner.stand_height];
d_q_te=zeros(1,3);

d_q_tf=zeros(1,3);

move fl _end effector=traj3(te,tf,q to,d q te,q tf,d _q_tf,tick); %xy ik
if tick>tf

move_rl _end_effector=[0 body.shoulder_size/2 planner.stand_height];
move_f1l end_effector=[0 body.shoulder_size/2 planner.stand_height];
move_rr_end_effector=[0 -body.shoulder_size/2 planner.stand_height];
move_fr_end_effector=[0 -body.shoulder_size/2 planner.stand_height];
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%if contact state(2) == 1 && contact_state(3) ==

t_last_state=t;

state = 12;

%»end

end

elseif state == 12% 4EFFEi 7 2 KA

tick=t-t_last_state;

%leg rl f1l

move_rl _end_effector=[0 body.shoulder_size/2 planner.stand_height];
move_f1l end_effector=[0 body.shoulder_size/2 planner.stand_height];
move_rr_end_effector=[0 -body.shoulder_size/2 planner.stand_height];
move_fr_end_effector=[0 -body.shoulder_size/2 planner.stand_height];
end

%% fl to joint
[inv_s,inv_u,inv_k] = kinematics_inverse(move_fl_end_effector, 1)
fl_tgt_ang_s = inv_s;

fl _tgt _ang u
fl_tgt_ang_k
tgt_ctrl _fl = [fl_tgt_ang_s;fl tgt _ang u;fl _tgt ang k;has_u_ctrl(1)];

inv_u;

inv_k;

%% fr to joint
[inv_s,inv_u,inv_k] = kinematics_inverse(move_fr_end_effector, 2)

fr_tgt_ang_s = inv_s;
fr_tgt_ang_u = inv_u;
fr_tgt_ang_k = inv_k;

tgt_ctrl_fr = [fr_tgt_ang_s;fr_tgt_ang u;fr_tgt_ang k;has_u_ctrl(2)];

%% rl to joint

[inv_s,inv_u,inv_k] = kinematics_inverse(move_rl_end_effector, 3)
rl_tgt_ang_s = inv_s;

rl_tgt_ang u = inv_u;

rl_tgt_ang k = inv_k;

tgt_ctrl_rl = [rl_tgt_ang_s;rl tgt _ang u;rl_tgt _ang k;has_u_ctrl(3)];

%% rr to joint
[inv_s,inv_u,inv_k] = kinematics_inverse(move_rr_end_effector, 4)
rr_tgt_ang_s = inv_s;

rr_tgt_ang_ u = inv_u;

rr_tgt_ang_k = inv_k;

tgt_ctrl_rr = [rr_tgt_ang_s;rr_tgt_ang u;rr_tgt_ang _k;has_u_ctrl(4)];

ctrl_state = state;
debug = t;
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function [thetal,theta2,theta3,thetad,theta5,theta6,d7] = fcn(t)
theta=[0 0 0 0 0 0 0];

C=zeros(4,7);

if(t <= 41) %5EUT/hER

10=0;

tf=22;

q to=[0 6 @ 0 0 0 0];

g tf=<[0 @ @ 0 0 0 0];

tick=t;

elseif(t <= 45) %JNFHEIT/NER

10=0;

tf=4;

q_te=[e © 0 0 0 0 0];

q_tf=[-2*pi/3 -2.79 -1.70 0 @ @ -0.015];
tick=t-41;

elseif(t <= 46) %JNFHEUT/NER

10=0;

tf=1;

q_te=[-2*pi/3 -2.79 -1.70 0 @ @ -0.015];
q_tf=[-2*pi/3 -2.79 -1.70 -0.47 0 0 -0.015];
tick=t-45;

elseif(t <= 47) %JNFIMIHNER

10=0;

tf=1;

q_te=[-2*pi/3 -2.79 -1.70 -0.47 0 0 -0.015];
q_tf=[-2*pi/3 -2.79 -1.70 -0.47 © 0 0];
tick=t-46;

elseif(t <= 48) %N T L2

10=0;

tf=1;

q_te=[-2*pi/3 -2.79 -1.70 -0.47 @ © 0];
q_tf=[-2*pi/3 -2.79 -1.70 0 @ @ 0];
tick=t-47;

elseif(t <= 53) %JINF[alf

10=0;

tf=5;

q_te=[-2*pi/3 -2.79 -1.70 0 @ @ 0];
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g_tf=[6 © 0 0 0 pi/2 @];

tick=t-48;

elseif(t<=91)%4Eil =4

t0=0;

tf=38;

g_to=[6 © 0 © @ pi/2 @];

g_tf=[6 © 0 0 @ pi/2 @];

tick=t-53;
elseif(t<=94)% I T-5EiL ~ G KM

t0=0;

tf=3;

g_te=[6 © 0 © @ pi/2 @];

g_tf=[-3*pi/7 -2.2 -1.9 -1.2 0 pi 0];
tick=t-91;

elseif(t<=95)%/ & /Nak

t0=0;

tf=1;

q_te=[-3*pi/7 -2.2 -1.9 -1.2 @ pi 0];
q_tf=[-3*pi/7 -2.2 -1.9 -1.2 @ pi -0.015];
tick=t-94;

elseif(t<=96)%fi/NF, FiibALER

t0=0;

tf=1;

g_te=[-3*pi/7 -2.2 -1.9 -1.2 0 pi -0.015];
g_tf=[-3*pi/7 @ -1.9 -1.2 0 pi -0.015];
tick=t-95;

elseif(t<=100)%IFHILH1L

t0=0;

tf=4;

g_te=[-3*pi/7 @ -1.9 -1.2 @ pi -0.015];
g_tf=[0 0 00 0 0 0];

tick=t-96;

else

t0=0;

t£=100;

g_to=[0 0 00 0 0 0],

g_tf=[0 0 00 0 0 0],

tick=t-100;

end

d g te=[0 @ @0 0 0 0];

d g tf=[0 @ 000 0 0];
C=traj33(te,tf,q_te,d _q_te,q_tf,d g _tf);
for i=1:length(qg_t0)

41



AF G R - v RALE AN RS A

theta(i)=C(1,1)+C(2,1)*tick+C(3,1i)*tick.*2+C(4,i)*tick."3;
end

thetal=theta(1);

theta2=theta(2);

theta3=theta(3);

thetad=theta(4);

theta5=theta(5);

theta6=theta(6);

d7=theta(7);

end
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