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About This Lecture 
§  Introduction to basic principles 
§  Selected state-of-the-art approaches 
§  Goal: students gain theoretical and practical 

knowledge in the area of humanoid robotics 
§  Slides will be provided on the web page 
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General Content 
We will cover: 
§  Calibration 
§  Perception 
§  State estimation 
§  Path planning 
§  Walking 
§  Whole-body motion planning 
§  … 
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General Information 
§  Lecture: usually Thursdays (but exceptions, 

see schedule on webpage) 
§  Tutorial: two hours, usually Tuesdays 
§  Practical and theoretical assignments, focus 

on practical work 
§  Prerequisite exams: 50% of the reachable 

points from the exercise sheets 
§  Exam dates: tba, oral/written: tba 
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Co-Organizers / Tutors 

§  Christopher Gebauer 
cgebauer@cs.uni-bonn.de 

 

§  Nils Dengler 
nideng@uni-bonn.de 
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Tutorial 
§  Active participation highly recommended 
§  Focus on practical work and implementation 

of the approaches presented in the lecture 
§  Programming in C++ 
§  Lecture+tutorial is a good preparation for 

the exam as well as for projects and theses 
in the area of humanoid robotics 
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Registration 

§  Details on lecture webpage 
§  Create an account on our GitLab 

server 
§  Provide information about potential 

team partner(s) via Email 
§  Groups of up to 3 students allowed 



Vision: Service Robots as 
Assistants in Domestic 
Environments 
 

source: Honda 
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Further Visions 

§  Helpers in disaster 
scenarios 

§  Winners against the 
winner of the Soccer  
World Cup in 2050 

[source: DARPA] 

[source: AIS, Bonn] 



Humanoid Robots 
§  Possess a human-like body plan 
§  Can navigate in multi-story and  

cluttered scenes 
§  Can manipulate objects and use  

tools of humans 
§  Can learn from humans by imitating 

their motions 



Requirements 
§  Perception of the environment 
§  Environment modeling 
§  Planning of navigation actions in  

multi-story & cluttered scenes 
§  Planning of manipulation actions 
§  Human-robot interaction 
§  Imitation of human motions 
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What Makes it Difficult? 

§  Noisy sensor data  
§  Extraction of relevant information 
§  Inaccurate motion execution 
§  High-dimensional state space 

The image cannot be displayed. Your 
computer may not have enough memory to 
open the image, or the image may have been 
corrupted. Restart your computer, and then 
open the file again. If the red x still appears, 
you may have to delete the image and then 
insert it again.



13 

Humanoid Robot Platforms 

WABOT-1	

NimbRo-OP2	 Partner	Robot	

ASIMO	P2	 HRP-4C	HRP-2	

Valkyrie	

DB	 CB	

ARMAR-VI	iCub	

Lola	

ARMAR-IV	

Twendy-one	

HUBO 

Justin 

NAO 

HRP-4	

kojiro	

REEM-C Walk-man 

Fig. 6. The igus! Humanoid Open Platform in several balanced motion
keyframes, with varying pendulum extension, trunk orientation, and support
coefficient values.

Fig. 7. Still frames from the generated kicking motions.

the symmetry, any error becomes quickly visible. The mass
distribution parameters then become essential to proper CoM
calculation and limb placement. This can be observed best
with a change in the trunk projected pitch θTp and fused

yaw ψT angles. The trunk projected roll φTp , also shows this
property, but to a lesser extent. When the trunk is upright,
all of the masses generally lie on the frontal plane and the
error is mostly two-dimensional. Pitching or yawing the trunk
moves the masses further away from the plane, increasing the
errors. The error is symmetrical and grows linearly, which
leads to suggest that it is an effect of a slight error in the
calibration of the mass distribution parameters.

As the calibration was done with a single data point, the
results can still be improved. One possibility of addressing
this would involve averaging several data points at different
joint configurations. Searching for an optimal set of param-
eters with an error minimising function is also feasible. In
spite of the minor miscalibration, the errors in the possible
range of movement do not exceed 5mm, which translates to a
maximum error of 1.6%. The achieved results are considered
to be sufficiently accurate in order to apply the method on a
real robot.

B. Balanced whole body posing

We verify our motion generator, with multiple test poses in
single and double leg support with various trunk orientations;
a sample of these can be observed in Fig. 6. The motions to
reach these poses were generated at runtime by modifying
the parameters introduced at the beginning of Section IV.

One noteworthy property to mention is that with the
trunk and pendulum fully upright and a nominal pendulum
extension, our method generates a natural looking standby
pose, as seen on the left of Fig. 6. On the same figure it
can be observed that even quite complex motions in terms
of balance can be performed. This is a result of the inherent
vertical orientation of the body pendulum when generating
the pose.

C. Kicking motion

Generating a motion to achieve a balanced pose which
is parametric is a very useful feature in itself and leads to

Fig. 8. Control schematic depicting the PD stabilisation. Measurements
from the robot are used to calculate an offset pendulum state through PD
control on three variables: φB

p , θBp and lB . The resulting pendulum state
is used as the input for the motion generator.

performing balanced task-oriented motions. An example of
this is a kicking motion, where shifting the whole weight of
the body onto a single leg, relieves the other one to perform
the kick. The trajectory of the foot can then be computed as
to hit the ball for a specific result (e.g. side kicks, high kicks,
pass kicks and so on). For this motion, only the support
coefficient cs value, and desired foot position FR were
changed through time. The achieved kick (seen on Fig. 7)
is relatively dynamic. The fastest transitions between frames
are done in 0.15 s.

Due to the low torque-to-weight ratio in the igus! Hu-
manoid Open Platform, the actuators on the robot generally
experience difficulties following their reference position,
which leads to large CoM tracking errors. This is particularly
visible in the ankle joint of the supporting foot. Although
the robot can tolerate this to some extent, the precision is
decreased. As the motions are generated on-the-fly, we have
the possibility to modify them with several corrective actions
in response to the CoM tracking error. One of the possibilities
is to generate motions with an offset in the desired pendulum
projected roll φBp and pitch θBp , as well as compensating for

the pendulum extension lB . For simplicity, we generate the
corrective poses through separate PD regulators on the men-
tioned variables. A schematic showing the utilised approach
can be seen on Fig. 8.

The achieved result in the form of measured CoM with and
without PD stabilisation during the kicking motion is shown
in Fig. 9. When performing the motion open-loop, the steady-
state error was in the range of 3 cm. After lifting the foot,
the robot had a tendency to lean towards the kicking foot,
and the disturbance of making contact between the foot and
the ball led to CoM tracking errors of almost 12 cm. These
errors can be attributed to the actuation limitations of the
igus! Humanoid Open Platform, where the ankle actuators
are underpowered. After applying PD stabilisation on the
reference upright-oriented pendulum, the movement of the
CoM was much more contained and symmetric. On average,
the error was in the range of 2 cm and did not exceed 5 cm.
The steady-state error also decreased. Applying the feedback
mechanism also allowed the robot to reject a moderate level
of disturbances, which was not possible otherwise.

VII. CONCLUSIONS

In this work, we presented an analytic, geometric motion
generation method for humanoid robots, based on body mass
distribution. The statically balanced motions are produced
from a small set of directly comprehensible parameters in a

Atlas TALOS 
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Running 

[source: Honda] 
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Navigation in Clutter 
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Exploiting Knowledge about 
Classes During Navigation 
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Ladder Climbing 
 

[courtesy of K. Hauser] 
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Balance Control & Push Recovery 

[courtesy of M. Missura and S. Behnke] 
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Whole-Body Motion Planning 



22 

Towel Folding 

[Courtesy of Pieter Abbeel et al.] 
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Imitation of Human Movements 
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Androids: Uncanney Valley 

[Courtesy of Hiroshi Ishiguro et al.] 
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Conclusion 
§  Humanoid robotics is an exciting and active 

research area 
§  In this lecture, you will learn  

§  How humanoids perceive the environment 
§  How they realize navigation and path 

planning 
§  How they plan manipulation actions 
§  … 


