
MuJoCo: Jacobian/Inverse kinematics
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_ik

3. Make these three changes 

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

2. makefile — change ROOT = template_writeData to ROOT = 

dbpendulum_ik also UNCOMMENT (del #) appropriate to your OS

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

<dbpendulum_ik>

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

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

http://tiny.cc/mujoco


MuJoCo: Jacobian, J (1)

f =
⇥
f1(q), f2(q), f3(q), ... fm(q)

⇤

<latexit sha1_base64="wiirzsWGhziLDO8fmij8Iwp+Hzk="></latexit>

q =
⇥
x1, x2, ... xn

⇤

<latexit sha1_base64="KPogbcoh83FdrMuXiWdJp/1VQBE="></latexit>
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@fm
@x1

@fm
@x2

@fm
@x3

... @fm
@xn

3
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<latexit sha1_base64="32IrQIeLr+Kd2UsVgGXQfjrqaaI="></latexit>

size =  m

size =  n

size =  mxn



MuJoCo:  Compute end-effector velocity, V (2)

rQ = f(q)

<latexit sha1_base64="GP/gS4QltthLWkBzfoFeRVxiv88=">AAAB8XicbVBNSwMxEJ31s9avqkcvwSLUS9mVgnoQil48tmA/sF1KNs22oUl2TbJCWfovvHhQxKv/xpv/xrTdg7Y+GHi8N8PMvCDmTBvX/XZWVtfWNzZzW/ntnd29/cLBYVNHiSK0QSIeqXaANeVM0oZhhtN2rCgWAaetYHQ79VtPVGkWyXszjqkv8ECykBFsrPSgenV0jcLS41mvUHTL7gxomXgZKUKGWq/w1e1HJBFUGsKx1h3PjY2fYmUY4XSS7yaaxpiM8IB2LJVYUO2ns4sn6NQqfRRGypY0aKb+nkix0HosAtspsBnqRW8q/ud1EhNe+imTcWKoJPNFYcKRidD0fdRnihLDx5Zgopi9FZEhVpgYG1LehuAtvrxMmudlr1K+qleK1ZssjhwcwwmUwIMLqMId1KABBCQ8wyu8Odp5cd6dj3nripPNHMEfOJ8/xAGPsQ==</latexit>

VQ =
@f

@q
q̇ = Jq̇

<latexit sha1_base64="4vu1hGaWHmML3HTzCwLLpu7aUuQ=">AAACIHicbZBNS8NAEIY39avWr6hHL4tF8FQSEaqHQtGLeGrBfkAbwma7aZduNnF3I5SQn+LFv+LFgyJ601/jpo2orQPLPrwzw8y8XsSoVJb1YRSWlldW14rrpY3Nre0dc3evLcNYYNLCIQtF10OSMMpJS1HFSDcSBAUeIx1vfJnlO3dESBryGzWJiBOgIac+xUhpyTWrbbcJa7DvC4STfoSEoohBP/3h2xT2B6FK9F+D19/smmWrYk0DLoKdQxnk0XDNd92J44BwhRmSsmdbkXKSbAhmJC31Y0kihMdoSHoaOQqIdJLpgSk80soA+qHQjys4VX93JCiQchJ4ujJAaiTnc5n4X64XK//MSSiPYkU4ng3yYwZVCDO34IAKghWbaEBYUL0rxCOkvVLa05I2wZ4/eRHaJxX7tHLePC3XL3I7iuAAHIJjYIMqqIMr0AAtgME9eATP4MV4MJ6MV+NtVlow8p598CeMzy880qMQ</latexit>

Position of Q

Velocity of Q

Lets check this



MuJoCo:  Inverse kinematics (3)
Velocity of Q
VQ = Jq̇

<latexit sha1_base64="7ranC+Rvr7GRHLT7PXe45ASorzU=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURQV0IRTfiqgX7gDaEyXTSDp1M4sxEqKFf4saFIm79FHf+jdM2C209MHA45x7unRMknCntON9WYWV1bX2juFna2t7ZLdt7+y0Vp5LQJol5LDsBVpQzQZuaaU47iaQ4CjhtB6Obqd9+pFKxWNzrcUK9CA8ECxnB2ki+XW75DXSF7lCvH+vsYeLbFafqzICWiZuTCuSo+/aXSZI0okITjpXquk6ivQxLzQink1IvVTTBZIQHtGuowBFVXjY7fIKOjdJHYSzNExrN1N+JDEdKjaPATEZYD9WiNxX/87qpDi+8jIkk1VSQ+aIw5UjHaNoC6jNJieZjQzCRzNyKyBBLTLTpqmRKcBe/vExap1X3rHrZOKvUrvM6inAIR3ACLpxDDW6hDk0gkMIzvMKb9WS9WO/Wx3y0YOWZA/gD6/MHWRaSRg==</latexit>

drQ
dt

= J
dq

dt

<latexit sha1_base64="PH/PjPZvESYXGWY8NS3zcLGSj3o=">AAACCnicbZDLSsNAFIYn9VbrLerSzWgRXJVECupCKLoRVy3YC7QhTCaTduhkEmcmQglZu/FV3LhQxK1P4M63cZpmoa0/DPx85xzOnN+LGZXKsr6N0tLyyupaeb2ysbm1vWPu7nVklAhM2jhikeh5SBJGOWkrqhjpxYKg0GOk642vp/XuAxGSRvxOTWLihGjIaUAxUhq55uEgEAinvnBbWeqrDF7CW1iw+5y4ZtWqWbngorELUwWFmq75NfAjnISEK8yQlH3bipWTIqEoZiSrDBJJYoTHaEj62nIUEumk+SkZPNbEh0Ek9OMK5vT3RIpCKSehpztDpEZyvjaF/9X6iQrOnZTyOFGE49miIGFQRXCaC/SpIFixiTYIC6r/CvEI6RyUTq+iQ7DnT140ndOaXa9dtOrVxlURRxkcgCNwAmxwBhrgBjRBG2DwCJ7BK3gznowX4934mLWWjGJmH/yR8fkDby2aww==</latexit>

�rQ = J�dq

<latexit sha1_base64="uMb/r4L7+67tQrtUMO7XKP1sapo=">AAACAHicbVDLSsNAFL2pr1pfURcu3AwWwVVJpKAuhKIuxFUL9gFtCJPJpB06eTgzEUroxl9x40IRt36GO//GaZuFth64cOace5l7j5dwJpVlfRuFpeWV1bXiemljc2t7x9zda8k4FYQ2Scxj0fGwpJxFtKmY4rSTCIpDj9O2N7ye+O1HKiSLo3s1SqgT4n7EAkaw0pJrHvRuKFcYCbdxie5Q/vIfXLNsVawp0CKxc1KGHHXX/Or5MUlDGinCsZRd20qUk2GhGOF0XOqlkiaYDHGfdjWNcEilk00PGKNjrfgoiIWuSKGp+nsiw6GUo9DTnSFWAznvTcT/vG6qgnMnY1GSKhqR2UdBypGK0SQN5DNBieIjTTARTO+KyAALTJTOrKRDsOdPXiSt04pdrVw0quXaVR5HEQ7hCE7AhjOowS3UoQkExvAMr/BmPBkvxrvxMWstGPnMPvyB8fkDm1yVJw==</latexit>

�dq = J�1�rQ

<latexit sha1_base64="svCKlp6xQMhQ7LPfCECm7Ok4f9M=">AAACBXicbVC7SgNBFJ31GeNr1VKLwSDYGHYloBZCUAuxSsA8IFmX2dmbZMjsw5lZISxpbPwVGwtFbP0HO//GSbKFJh64cDjnXu69x4s5k8qyvo25+YXFpeXcSn51bX1j09zarssoERRqNOKRaHpEAmch1BRTHJqxABJ4HBpe/3LkNx5ASBaFt2oQgxOQbsg6jBKlJdfca18BVwT79+f45i49soc4U4Rbdc2CVbTGwLPEzkgBZai45lfbj2gSQKgoJ1K2bCtWTkqEYpTDMN9OJMSE9kkXWpqGJADppOMvhvhAKz7uREJXqPBY/T2RkkDKQeDpzoConpz2RuJ/XitRnVMnZWGcKAjpZFEn4VhFeBQJ9pkAqvhAE0IF07di2iOCUKWDy+sQ7OmXZ0n9uGiXimfVUqF8kcWRQ7toHx0iG52gMrpGFVRDFD2iZ/SK3own48V4Nz4mrXNGNrOD/sD4/AEUGpcN</latexit>

Different ways of  
writing the same thing 

Key equation

Given: Delta r_Q (end-effector change), 
compute Delta q (joint angle change)



MuJoCo:  Draw a circle(4)

x0,y0

x0+r,y0
start location



MuJoCo: Jacobian/Inverse kinematics (5)

• Summary of functions learnt

• Locate point of interest; site, access position/velocity 

via sensors

• Jacobian: mj_jac

• Compute kinematics/dynamics: mj_forward

• Compute kinematics/dynamics/integrate: mj_step


