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•  Autonomy in 
–  Perception 
–  Achieving complex task 

•  Interactivity with 
–  ICT environments 
–  Humans 

More “graspable” goals  
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Humanoid Robots 
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Few relevant humanoid applications 

•  Domotic services 
–  RoboHow.Cog 
–  ROMEO 2 

•  Disaster intervention 
–  Nuclear power plants  

•  DARPA 

•  Manufacturing 
–  Aircraft (COMANOID) 
–  Shipyards 
–  Building 

•  Future 
–  Physical embodiment: beyond telepresence (VERE) 
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Context: Manufacturing humanoids 
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•  Inner-product automation 
–  Aircraft manufacturing 
–  Shipyards and building construction 

•  COMANOID Project (with Airbus Group) 
–  Multi-contact Collaborative Humanoids in Aircraft 

Manufacturing www.comanoid.eu  



Falling review 
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A plausible approach of falling 

•  Detection of falling 
–  Not addressed for the moment 

•  What is falling? 
–  Non-controllable domain under the constraints imposed 

•  Assuming falling 
•  Our approach/idea 

–  Favor few falling-singular-free configurations that a robot can 
try to reach when possible, 

–  Generate on-line a posture driven by the chosen configuration 
that can be taken to increase the range of motions to absorb 
impact with the robot body, 

–  Adapt the PD gains to comply with the post-impact dynamics 
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Avoiding fall-singular postures 
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Preference falling postures 
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(a) Front closed kinematic
loop singularity

(b) Back closed kinematic
loop singularity

Fig. 4: Taxonomy of closed kinematic loop singularity

those joints to comply. When a fall occurs, it is certainly
expedient to use as much motors as possible so they can
act as adjustable active spring-dampers and absorb impact
shocks in the best possible way, which results eventually in
the least possible damage.

IV. SINGULARITY AVOIDANCE CONTROLLER

We devised a set of tasks and their parameters embedded
with a multi-objective two-priority QP controller to avoid
fall singularities. The only knowledge needed to feed our
controller is to be able to compute distances between the
robot’s links and the environment (the ground in this study),
the robot postural configuration and the robot’s attitude
orientation, obtained from the IMU. Here, we consider
humanoid falls from an upright posture, because it is the
most encountered case.

A. Fall Direction
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Fig. 5: Main directions of a fall

Having a body symmetry only in the sagittal plane, three
mains directions, w.r.t the usual waist egocentric humanoid
frame, are chosen: Front Fall (FF), Back Fall (BF) and
right/left Side Fall (SF). What differentiate SF with the two
other directions is that most likely only one arm and one
leg will impact the ground. For BF, the two legs, the arms,
the elbows can eventually impact the ground. The FF adds
eventually the impacts on the knees. In FF and BF we can
reshape the posture to have more impact points possibilities,
the shock can be absorbed by different parts of the robots.

Hence, the use of BF and FF shall be preferred. A way to
do it is to reshape the posture using the torso yaw joint and
also the humanoid arm endpoints (also exploiting inertia). In
the most general case, the humanoid hands/grippers are likely
to be fragile and the best option is to fall on the wrist-kind

junction of the robot by preventing the hands from impact
(pulling them to the most up positions).

Once falling is detected, we compute the direction of fall.
For general configuration environments and robot posture,
the direction can be obtained mainly from the IMU and pro-
jected in the gravity orthogonal plan. For our case study we
assume a flat ground. The falling direction df is computed
in a closed-loop way (i.e. during falling).

Once df is obtained, the control strategy is always to
try positioning the humanoid’s right and left arms from the
right and left side of df respectively. In the case of SF, this
behavior will favor landing as close as possible to a FF or
BF falls. Let dt be the projection of the vector defining the
torso yaw joint on the gravity orthogonal plan. We design
four main tasks:

• minimize ✓ = \(dt;df ) through posture reshaping;
• left/right wrist placing on left/right part of df ;
• use yaw joint to align the coronal plane with that of the

ground;
• avoid fall-singular configurations.

B. Front fall
The Fig. 3a gives a singularity linked to the elbow which is

also a common Cartesian singularity. To get rid of it, we set
an angle in the elbows. A way to reduce impact damages is
to be compliant in the articulations. A compliant control can
be made but it needs the motors to be able to operate in any
direction with maximum torque. We use the manipulability
criterion measurement [18] for the 2-links arms.

Projecting all of what follows in the sagittal plan, the
shoulders angle have to be computed. Avoiding the singular-
ity showed in Fig. 3b may be performed by positioning the
hand relative to the shoulder. For a given elbow angle �e,
one needs to compute the angle � as in Fig. 6. Ph represents
the closest point on the hand to the ground, Pg is the closest
point on the ground to the shoulder and O the center of the
shoulder’s joint. Given the vectors OPh and OPg , � is easily
deduced. Also the sign of delta is calculated from df ·OPh.

Fig. 6: Shoulder sagittal angle for a front fall

The same reasoning applies to the transverse plane, but
we need to account for the closed kinematic fall singularity
illustrated in Fig. 4a. To cancel it, one needs to control the �
angle in Fig. 7 so that the line linking the origin of the elbow
and the wrist point is not aligned. We have two possible
options concerning the terminal point and hence �: 1) if
we know the friction coefficient, we can consider adjusting



Preliminary experiments with HRP-4 
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Experimental data (acc – FF) 
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Experimental data (acc – BF) 
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Experimental data (FF, Elbows) 
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Experimental data (FF, Shoulders) 
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Why this is a plausible approach? 

•  On-line choosing of landing surfaces 
–  SLAM 

•  Computing distance is very fast 
•  Why not reducing PD gain immediately 

–  We cannot control posture reshaping in closed-loop 

•  Why not reducing velocity speed of impact 
–  Doesn’t bring anything and kills the range of motion to comply 

with the post-impact dynamics 
–  Still can be done by reducing the COM height 
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Simulation with boxes 
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Simulation with more options 
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Other simulations (Wall + Table) 
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Future work 
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