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Abstract. In RoboCup 2008 World Championship, the model of RoboCup 3D
simulation has changed from Soccerbot to Nao. A series of parameters have
been changed in a Nao model. This has greatly increased the complexity and
difficulty of motion controller for Nao. Based on the analysis of Nao’s struc-
ture, our team G-Star has worked out the quantitative relation of joint angle in
motion control and developed a toolkit to calculate the angle of joints accu-
rately. In the experiment on RoboCup 3D server platform, our robots can stand
up promptly and walk smoothly, which is fast enough to meet the real-time re-
quirements. In this paper, we will give a detailed description of the architecture
in basic motion using Nao model.
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1 Introduction

In humanoid robot simulation like RoboCup 3D, the controller of robot motion is
prior to the decision system. To make a strategy more flexible and stable, a set of
basic actions such as walking, turning, standing up is indispensable. Compared to
Soccerbot, Nao, although they are both humanoid robot, has different structure in
some joints, which adds joint angle limit and changes some parameters of joints.

Through the analysis of Nao’s skeleton structure, we have found a simple principle
of basic action under Nao model, which makes our robots walk faster [1] on the field
and stand up promptly. In our motion design, the robot can also walk backward [2] as
same as walk forward which avoids the time loss of turning and makes the strategy
more effective [3].

In this paper, we describe a particular analysis of Nao model and propose a basic
motion control approach. Then we give a snapshot of our development toolkit called
RoboCup3D-Tool which is helpful to quantitative computing under the motion con-
trol of Nao model.

The rest of the paper is organized as follows. In Section 2, we give a formal de-
scription of the structure of Nao model and give a preliminary analysis of joint con-
trol. In Section 3, we mainly discuss our motion control mechanism. A snapshot of
our development tool is presented in Section 4. Section 5 concludes the whole paper
and gives some future works.
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2 Preliminaries

2.1 Nao Model

As we can see the Nao’s skeleton from Fig. 1, there are five joints [4] can influence
the action of leg on one side. Three of them are hinge joints which are most important
in controlling forward and backward direction. In the figure, they are joint leg3
which join the robot’s body and thigh, joint legd which join the robot’s thigh and
shank and joint leg5 which join the robot’s shank and foot. The leg can turn to any
configuration with the three joints. What’s more, we can achieve more actions
in landscape orientation if we use joint leg2 and legb which control the offset of
transverse.
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Fig. 1. The joints of Nao robot

2.2 Relations between Joints

According to the joints structure, we choose a suitable initialization angle for the five
joints, so that all the other actions can start with this state.

Here, to make the analysis easier to understand, we simply transfer the three-
dimensional [5] reference frame into two-dimensional reference frame. We can see
the two-dimensional plane in Fig. 2 and Fig. 3, which show the quantitative relationship
of the leg and the whole body.
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Fig. 2. Quantitative relationship of robot leg

In Fig. 2, we can get the transverse relations of angles and lengths as follows:

h=AC xcos@. (1)

dy =CC’ = AC’xsin 6. Q)

Where h represents the height of the robot’s lower body, and dy represents the

leg’s translation in y direction.
In Fig. 3, we can get the joint angle relations as follows:

h=1,, Xsinc+1,,, Xsind. 3)

dx =1, xcosc—1,, xXcosd. 4)

Za+ Zleg3=180". 3)

Ze+(~ZLleg4) =180, (6)

Le+ ZLleg5=90". (7

Zbody _ang = £b. (8)

Zb+Za=90"+ ZLec. €))

Zd = ZLe. (10)

Where dx represents the leg’s translation in y direction, /., and [, represents

the length of the robot thigh and shank respectively, and the body _ang represents
the gradient of the robot body.
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Fig. 3. Quantitative relationship of the whole body

According to the ten equations above, we can figure out the angles of leg2, leg3,
leg4, leg5 and leg6 with dx,dy,h . So we can write a function which maps from the
inputs dx,dy and h to the outputs all the degrees of the joints above. This is a fun-

damental function of our motion control system, which keeps the robot body’s bal-
ance and COM (Center of Mass) smooth. Then, we can use it as a basic control in
many action sets.

3 Motion Control

3.1 Moving

Fig. 4 shows the two states in the moving action, the left leg and the right leg. There
are two steps in each leg, which hold the legs up and down, stride and stop. The step 1
represents the stride action, while the step 2 is the dropping action. With the move
function, we can control actions with the inputs dx, dy, h of each leg.

ALeft Step 1|{Left Step 2|

Left

URight Step 1[Right Step 2p

Right

Mowe

Fig. 4. The process of moving

3.2 Walking

If both of the two legs’ dy are 0 and dx are the same, the robot will walk smoothly.
Where the positive value leads to forward walk and negative to the backward.
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3.3 Turning

3.3.1 Turning When Walking
It’s easy to do this job if you add turning while walking straightly. The robot will
walk in a roundness path [6]. The relation of step lengths and radius is as follows:

27, [2mm, = dx, /dx, . (11)
r,—T =X (12)

r=(rn+n)/2=(dx +dxr)Xx)/de, —dx, ><2) (13)

Where X is the distance between the center of feet, dxl,dxr represent the displace-

ment of left and right leg in X direction. Fig. 5 shows the relation which is described
above.

\/

Fig. 5. The relation of turning and walking

3.3.2 Turning without Walking
We can easily get the function from the equations above. That is, if r is zero, the robot

stays. So when dXx;, plus dx, equals 0, we will get action of turning without walking.

3.4 Transverse Move

Just if the dy isn’t zero, the robot will do transverse moving. You will get more wiz-
ardly actions [7] if add other actions.

3.5 Symmetrical Robot Actions

Not a new action but an idea of design. Our robot can do everything with either its
face or back. So it will be smarter and faster than ever before. In this way robot saves
more time when adjusting [8], which makes our robot easier to get the ball. Also it
has advantages in dynamic environments, which has been proved in RoboCup 2008
China Open. Fig. 6 gives a snapshot when using this method.
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Fig. 6. Walk backward for goal

4 Development Tool

RoboCup3D-Tool is written in C# which consists of four modules: initial module,
walk module, transverse move module, turning module. Hera, we will take walk
module for presentation.

4.1 Initial Module

Fig. 7 is a snapshot of RoboCup3D-Tool. The picture on the left-top is an initial state
of the robot. The other modules are based on the initial state.
The initial state angle is: Leg3 = 35.50, Leg4 = -63.90, Leg5 = 28.40.

(¥ CDG-ROBOCUP 3D————TOOL

vight Lo | |

Left legt | | riche leat| |

Tk nt| | ) ]

Fig. 7. The main window of RoboCup3D-Tool
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4.2 Walk Module

Walk module is the core of the whole action which consists of two sub-window im-
port and output, which can be seen in Fig. 8.

Import:
Length: the distance between foot and torso (length > 0, forward; length < 0,
backward).
Height: the distance between foot and field.
Body_ang: the slant angle of torso.
Output:
Leg3, Leg4, Leg5

Wallking

import sutput

unit meter unit:angle

length [0-00 lega  30.686207923t
height |0.00 legd | -83 93873182°
body_ang 3.00

legS 36. 2525739031

Fig. 8. Walk module

5 Conclusion and Future Works

In experiment, our robots are able to fast walk, and the speed of standing up is also
prompt. The principle of walking forward or backward is totally symmetric, so that
while robot’s direction is against the goal, it can also carry the ball backward quickly.
In the future, we will improve our adjusting efficiency between walking and stopping
to reduce the time loss in motion transforming.
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