
Abstract 
One of the main purposes of having a humanoid robot is the biped walk. This feature 
is undoubtedly essential for this type of robot. Being able to move in order to explore, 
interact and understand the environment is critical in many situations. An other 
key feature is the stability of the walk process: the robot has to be able to walk on 
different ground type (carpet, wood...) and has to be able to walk on small obstacles 
automatically without falling down. The “Stable and Omnidirectional Walk” feature 
addresses this issue by offering a high level interface to control the NAO’s walk and by 
implementing an automatic stabilization of this process.

Related work
Humanoid robot research is an active field. Over the past decade, several 
anthropomorphic robots have been constructed. Some of them became well known 
even for non-specialists : Honda’s robot Asimo, Sony’s biped QRIO and Kawada’s 
humanoid HRP-2. For each of these robots, there is much scientific literature 
describing their walk engines [1][2][3], even on unknown and rough ground [4].  
All these scientific contributions give a good description of the algorithm used to create 
different walk gaits.

Principles
The walking gait presented in this paper is mainly based on the work of S. KAJITA  
et al. [5]. These authors introduce the notion of the preview controller and the Three- 
Dimensional Linear Inverted Pendulum mode (3D-LIPM) to generate the trajectory for 
a biped walk. FIGURE 1 gives an outline of this approach, each boxes is detailed in this 
section. 
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FIGURE 1
The open-loop walk engine



02

• The foot planner

The foot planner used in the walk engine is very simple and allows an omni- 
directional walk for NAO (cf. FIGURE 2.A). This foot planner give the CoP (Center of 
pressure) and the foot trajectory. The Application Programming Interface (API) of 
the walk in C++ is described below, the user can update their desire at any time 
during the walk : 

Where x, y and theta are scalars between 0.0 to 1.0 that directly control the foot step 
planner (cf. FIGURE 2.B). For example, if x = 1.0, the robot will go straight forward with 
the maximum step length. The frequency parameter controls the step frequency (i.e. 
simple + double support phase), it is a vector between 0.0 to 1.0.

• The walk dynamic model

S. KAJITA et al. [5] proposed a general approximation to compute the CoP by  
neglecting the inertial effects due to motions of the different parts of the robot. 
The dynamic model used is presented FIGURE 3. If we suppose that the Center  of 
Mass (CoM) of the robot does not move vertically, the position p of the CoP is simply 
defined by :

p=x-x.zc/g

Where x is the horizontal position of the CoM,  its horizontal acceleration, zc its  
altitude and the norm  of the gravitional force.
These result is an open-loop walk process where the user can control  
omnidirectional movement of NAO.

• The stabilization

To address the problem of the stabilization, we added in the walk scheme the real 
trunk position of NAO based on the joint sensors. We injected 50% of the sensors 
information in the walk engine (In red in FIGURE 4).

FIGURE 3
The Linear Inverted Pendulum 
Model (LIPM).

¨

setWalkTargetVelocity ( float x , float y ,

 float theta , float frequency )

FIGURE 2.A FIGURE 2.B
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Some results of this closed loop algorithm are presented next. The next figure is 
realized by recording trunk reference and sensors in real time on the robot. The 
experiment is a straight walk of 4 steps and is the same in the both cases. In figures 
5 and 6, we show the trunk orientation along the y axis (back and front orientation) 
respectively in Open-Loop and in Closed-Loop. The reference for this orientation is 
0°. We observe that this destructive oscillation, for the robot stability, is cut in half by 
the closed-loop process .

Performances

With this stabilization, NAO is able to walk on different ground and on small obs-
tacles like a book of 5mm height.

Limitations
The performances of NAO’s stable walk is limited by the size of the obstacle. If the 
obstacle is above 10mm the robot will fall down.
Another limitation is due to the temperature of the motors, if the motor are hot NAO 
then the walk will be less robust.

NAO is also not able to walk on a slope above 5° without sliding or falling over.

 FIGURE 5 
Trunk orientation along y axis
 in Open-Loop

FIGURE 6 
Trunk orientation along y axis

in Closed-Loop

FIGURE 4
The closed-loop walk engine

FIGURE 7
«NAO is able to walk on different 
obstacles»



How to use it?

This feature is, as most of the others, available as a NaoQi module named “ALMotion” 
which provides a C++ and Python API (application programming interface) that allows 
precise interactions from a python script or a NaoQi module.
Two boxes in Choregraphe are also available that allow an easy use of the feature 
inside a behavior:
- The box “walkToward” that allow the user to control the walk in a reactive 
way (with a joystick for example)
- The box “WalkTo” that allow the user to specify a target point to the robot (for 
example : walk forward 20cm)

What can be done from it?

Here are some possible applications (from the simplest to the more ambitious ones) 
that can be built from NAO’s ability to walk.
- Using the “Stable and Omnidirectionnal Walk” to play football. This feature is 
mostly used by RoboCup teams in real time football playing 4 robot versus 4 robots.
- “Stable and Omnidirectionnal Walk” can be used to make exploration and 
cartography of an unknown environment.
- Other applications could be tracking of object (follow a human in a flat) or 
gaming via a smartphone controlled of NAO walk.
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FIGURE 7
An example of a behavior using the 
«WalkTo» box to move NAO 20cm 
forward.


