
MuJoCo: finite state machine/trajectory tracking

Using template_writeData2.zip to get started

1. From tiny.cc/mujoco download template_writeData2.zip and unzip in 

myproject

2. Rename folder template to dbpendulum_fsm

3. Make these three changes 

1. main.c — line 28, change template_writeData2/ to dbpendulum_fsm/

2. makefile — change ROOT = template_writeData to ROOT = 

dbpendulum_fsm also UNCOMMENT (del #) appropriate to your OS

3. run_unix / run_win.bat change <template_writeData2> to 

<dbpendulum_fsm>

4. In the *shell, navigate to dbpendulum_fsm and type ./run_unix (unix) or 

run_win (windows); *shell = terminal for mac/linux / x64 for win

http://tiny.cc/mujoco


MuJoCo: Problem Statement (1)
Simulate the swinging of a robotic leg

Start End



MuJoCo: Problem Statement (2)
Simulate the swinging of a robotic leg

Start End
Issue: Foot collision 



MuJoCo: Problem Solution (3)
Simulate the swinging of a robotic leg

Start End

Bend the knees

Intermediate



MuJoCo: Problem Solution (3)
Simulate the swinging of a robotic leg

Start End

Bend the knees

Intermediate

Let’s use ./simulate

to choose these 

angles



MuJoCo: Finite State Machine (FSM)

https://en.wikipedia.org/wiki/Finite-state_machine

State: Do an action
e.g., move, grasp

Transition: Switching 
condition. 

e.g., t > 4 sec, 
reached a position

https://en.wikipedia.org/wiki/Finite-state_machine


MuJoCo: Problem solution (4)

Start

End

swing 1

swing 2

hold

stop

t>=t_hold

t>=t_hold+t_swing1t>=t_hold+t_swing1 
+t_swing2



MuJoCo: Trajectory generation (1)
Generate a trajectory q(t) and track the trajectory (PD control)

q(t) = a0 + a1t

<latexit sha1_base64="sYZbQxItRSLjF8qdJACLVd8eH88=">AAAB+3icbVDLSgMxFM3UV62vsS7dBItQEcqMFNSFUBDBZQX7gHYYMmnahmYyY3JHLEN/xY0LRdz6I+78G9N2Ftp64F4O59xLbk4QC67Bcb6t3Mrq2vpGfrOwtb2zu2fvF5s6ShRlDRqJSLUDopngkjWAg2DtWDESBoK1gtH11G89MqV5JO9hHDMvJAPJ+5wSMJJvFx/KcIKvMPEdfGq6i8G3S07FmQEvEzcjJZSh7ttf3V5Ek5BJoIJo3XGdGLyUKOBUsEmhm2gWEzoiA9YxVJKQaS+d3T7Bx0bp4X6kTEnAM/X3RkpCrcdhYCZDAkO96E3F/7xOAv0LL+UyToBJOn+onwgMEZ4GgXtcMQpibAihiptbMR0SRSiYuAomBHfxy8ukeVZxq5XLu2qpdpPFkUeH6AiVkYvOUQ3dojpqIIqe0DN6RW/WxHqx3q2P+WjOynYO0B9Ynz839ZIB</latexit>

Linear Trajectory

a0 and a1 are constants



MuJoCo: Trajectory generation (2)
Generate a trajectory q(t) and track the trajectory (PD control)

Boundary conditions (2)

q0 = a0 + a1t0

<latexit sha1_base64="XPjZZI8ygsNdXJusRBK42BTSB0Y=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0UQhJJIQV0IBRFcVrAPaEOYTCft0MkkztwINRR/xY0LRdz6H+78G6dtFtp6YC6Hc+7l3jlBIrgGx/m2FhaXlldWC2vF9Y3NrW17Z7eh41RRVqexiFUrIJoJLlkdOAjWShQjUSBYMxhcjf3mA1Oax/IOhgnzItKTPOSUgJF8e//ed/AlJqaemOpiMMy3S07ZmQDPEzcnJZSj5ttfnW5M04hJoIJo3XadBLyMKOBUsFGxk2qWEDogPdY2VJKIaS+bXD/CR0bp4jBW5knAE/X3REYirYdRYDojAn09643F/7x2CuG5l3GZpMAknS4KU4EhxuMocJcrRkEMDSFUcXMrpn2iCAUTWNGE4M5+eZ40TstupXxxWylVr/M4CugAHaJj5KIzVEU3qIbqiKJH9Ixe0Zv1ZL1Y79bHtHXBymf20B9Ynz9D75KO</latexit>

qf = a0 + a1tf

<latexit sha1_base64="bhrgd7KwBCScG5K2XWesOrlPwkg=">AAAB/XicbVDLSgMxFM34rPU1PnZugkUQhDIjBXUhFERwWcE+oB2GTJppQzOZMbkj1KH4K25cKOLW/3Dn35i2s9DWAwkn59zLvTlBIrgGx/m2FhaXlldWC2vF9Y3NrW17Z7eh41RRVqexiFUrIJoJLlkdOAjWShQjUSBYMxhcjf3mA1Oax/IOhgnzItKTPOSUgJF8e//eD/ElJr6DT8ztYjBv3y45ZWcCPE/cnJRQjppvf3W6MU0jJoEKonXbdRLwMqKAU8FGxU6qWULogPRY21BJIqa9bLL9CB8ZpYvDWJkjAU/U3x0ZibQeRoGpjAj09aw3Fv/z2imE517GZZICk3Q6KEwFhhiPo8BdrhgFMTSEUMXNrpj2iSIUTGBFE4I7++V50jgtu5XyxW2lVL3O4yigA3SIjpGLzlAV3aAaqiOKHtEzekVv1pP1Yr1bH9PSBSvv2UN/YH3+AOtrkvo=</latexit>

q(t) =

 
q0tf � qf t0
tf � t0

!
+

 
qf � q0
tf � t0

!
t

<latexit sha1_base64="J6BT+qmKdPpCPjcrxIDQ27xGyh0="></latexit>

Solver for a0 and a1

NOTE: 
q̇(t) =

 
qf � q0
tf � t0

!
= constant

<latexit sha1_base64="Mv8bOmwXS8j/lo+mMIsGCXXHKFw="></latexit>



MuJoCo: Trajectory generation (3)
Generate a trajectory q(t) and track the trajectory (PD control)

Cubic Trajectory

a0, a1, a2, a3 are constantsq(t) = a0 + a1t+ a2t
2 + a3t

3

<latexit sha1_base64="vWTv4RgmCOvLllGiH7SK4CX/awQ=">AAACD3icbZBNSwMxEIaz9avWr6pHL8GiVISy2xbUg1D04rGC/YC2Ltk024Zms2syK5TSf+DFv+LFgyJevXrz35hue9DqQDIP78yQzOtFgmuw7S8rtbC4tLySXs2srW9sbmW3d+o6jBVlNRqKUDU9opngktWAg2DNSDESeII1vMHlpN64Z0rzUN7AMGKdgPQk9zklYCQ3e3iXhyN8jolr42NzOxiSXMRwW0yoZKjkZnN2wU4C/wVnBjk0i6qb/Wx3QxoHTAIVROuWY0fQGREFnAo2zrRjzSJCB6THWgYlCZjujJJ9xvjAKF3sh8ocCThRf06MSKD1MPBMZ0Cgr+drE/G/WisG/7Qz4jKKgUk6fciPBYYQT8zBXa4YBTE0QKji5q+Y9okiFIyFGWOCM7/yX6gXC065cHZdzlUuZnak0R7aR3nkoBNUQVeoimqIogf0hF7Qq/VoPVtv1vu0NWXNZnbRr7A+vgFCe5fK</latexit>

Boundary conditions (4)

q(t = 0) = q0, q(t = tf ) = qf , q̇(t = 0) = 0, q̇(t = tf ) = 0

<latexit sha1_base64="Lvm2/fty+n2FEJXcqbJ/7G0TWlg="></latexit>

Solving for a’s
2

664

a0
a1
a2
a3

3

775 =
1

(tf � t0)3

2

664

qf t20(3tf � t0) + q0t2f (tf � 3t0)
6t0tf (q0 � qf )

3(t0 + tf )(qf � q0)
2(q0 � qf )

3

775

<latexit sha1_base64="DA25NxIJRZ2NqHk3l0Witp8H8RA="></latexit>



MuJoCo: Trajectory generation (4)
Generate a trajectory q(t) and track the trajectory (PD control)

Cubic Trajectory
2

664

a0
a1
a2
a3

3

775 =
1

(tf � t0)3

2

664

qf t20(3tf � t0) + q0t2f (tf � 3t0)
6t0tf (q0 � qf )

3(t0 + tf )(qf � q0)
2(q0 � qf )

3

775

<latexit sha1_base64="DA25NxIJRZ2NqHk3l0Witp8H8RA="></latexit>


