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Abstract: The yawing control of a single wheel robot has been proposed to control the rotation angle of the single 

wheel robot according to the motor torque and rotation velocity. Most researches on the single wheel robot so far 
focus on the balance control in roll and pitch directions. With this balance control, the robot can move forward and 
backward for hours and it can go to the desired position finally. However, the robot can not avoid obstacles while it 
is keeping the balance and moving forward and backward. To provide the obstacle avoidance capability, the left or 
right rotation control, that is, the yawing control is added to the single wheel robot. With this additional function, 
the single wheel robot can be used as an autonomous carrying device even though it is operating in an environment 
shared by people. In this research, the yaw direction control algorithm is developed with the single wheel robot 
simulator and applied for the real robot. The effectiveness of the yawing controller and control algorithm has been 
demonstrated through the real experiments. 
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I. INTRODUCTION 

Recently single wheel robots consisted of motor and 
controller are coming. This robot called the unicycle 
robot. 
Yaw direction rotation controls means, while standing 
still or movement the obstacle appears on the front, or, 
robot converts direction of yaw axis for changes the 
angle q  of the body. Yawing controls are same 
meaning to yaw direction controls. 
Until currently single wheel robots of existing research 
and development are has many with difficult in Yaw 
direction rotation controls. 
In order to rotate a direction or evade an obstacle, 
unicycle robot engineer have to research on the method 
which yaw direction rotary control systems are a kinetic 
efficiency. 
The key issue of this paper is to develop the optimum 
movement tracking routine without external force to 
take the rotation of the robot body.  
The unicycle robot will be used later at the recreational 
area where service, dining etc., and medical treatment 
which assists the old person and disabled person. So the 
field of research is very high value of the unicycle robot. 
 

II. Analysis of yawing rotation angle 

2.1 Relationship of ω and α from Rolling motion 
Angular velocity is rotated angle per unit time, and 

definition 1q , 2q  are initial angle and rotated angle, 

1t  and 2t  are initial time and after rotated time. 
 
                      (1) 
                       
                      (2) 
 

Angular acceleration defines to changing angular 
velocity per unit time and consisted of average angular 
acceleration a  with momentary angular acceleration 
a . 

 
(3) 

 
(4) 

 
By (1) and (2), and (3) and (4), when rigid body 
(rotation disk) rotates, disk angular velocity and angular 
acceleration becomes same value from all points. In 
order to know a  of the rigid body which it specifies,  
we must calculates w . 
The w  and the a  refers from the paper are the 
momentary angular velocity and the momentary average 
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angular average acceleration angular. But average terms 
are attached the word `average' which is before. The 
rotation torques from the disk’s roll motion and 
standstill motion are vectors which has a size and a 
direction. Therefore, w  and a  which consists torque 
are also vectors. 
 
2.2 Principle of motion for yawing Disk 
 

 
 
 [Fig.1.] the yawing Disk which (affixed in DC motor) 
 

The [Fig.1.] is the disk actual object features what is 
actually affixed in yaw direction rotary simulators. 
When DC motors operates initially 1t  second, the disk 
accelerates to make specific speed at specific time 
during 2t second time. And it arrive scheduled speed, 
the motor move uniform motion. 
When the uniform motioning disk arrive programmed 
time 3t , the motor stop rolling motion and the electric 
power shut down. 
That moment, the torque will occur in proportionately in 
with angular acceleration. Consequently robots frame 
rotate by the force F  of the vector product propensity 
occurs. If there’s no noise, it shows simply in speed 
graph of DC motors, like the [Fig. 2.]. 
 

 
 

[Fig. 2.] Speed quality graph of DC motors 
 
The [Fig. 2.] appears from 1t  seconds until 2t  

seconds to show a precipitous slope price and the motor 
accelerated motion. But from 2t  seconds until 3t  
seconds motion shows without speed changes of DC 
motor. 
In ideal state or free space, we know a  and a  like 
the [Fig. 2.] almost the same. So, we have the rule of (5). 
 

(5) 
 
Uses (5) constraint condition, dividing speed levels of 
16 steps of DC motor. And we calculate the torque t  
each 16 steps of speed changes.  
The disks rotation time and stop time designed 
respectively in 10 seconds. 
 

(6) 
 

(7) 
 

Therefore rotational frequency f  is rotated frequency 
per unit time (usually, meaning rpm), it means one 
rotation same as 2p  radian rotations. So, it defines 
with (6) and (7). 
Consequently angular acceleration a  and the torque 
t  are figuring out with (8) relationships. 
 

(8) 
 
By using (8) equation, it will be able to derivation the 
equation (9) of rolling motion from Newton’s 2nd law. 
 

                             (9) 
 
The (9) shows that 2mR  is the inertia from rolling 
motion. 
 
The (5) ~ (9) theories will be able to define about the 
rolling disk torques. 
 

  (10) 
 

When deriving (10), we used a fact that angular 
accelerations are same to rotating in the fixed axis.  
 

 
 

From (10), it will be able to define (11) and I  is the 
disk inertia moments. 
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                           (11) 
 

Unites with (10) and (11), defines (12). 
 

                               (12) 
 
Similarly (9), as (12) that corresponds to the law of 
Newton's 2nd laws of movement can derive and can be 
used as the definition of torque t . 
 
 

III. Experiment 

1. Yawing control techniques 
 

 
 

[Fig. 3.] Yawing Disk of the changes 
 

The [Fig. 3.] shows a disk initially form and a 
postscript form. The Maxon Motor attached the Yaw 
axis, features are changed because the maximum 
continuous torque specification is 181mNm, and the 
optimal load of the weight is 1.7Kg in uniform velocity 
system. Initially the disk weight is 3.5Kg, it was too 
weighty. After reduce weight, the disk weight is 1.4Kg. 
Right figure of the [Fig. 3] shows the disk for the 
optimum rotation torque. 
After changing the load of the motor by 1.4Kg, 
experiment direction rotating of left and right. To get the 
rotation torque, repeat switching high-speed rotation 
and an instantaneous resting state of the disk. 
 
The [Table. 1.] listed rotation angle of the robot body 
step by step for change yawing rotation motor RPM 
value. The 0x008f value is the maximum motor RPM 
character, so it is representative value. 
 

 
 

[Table.1.] List of Motor RPM and rotation degrees by 
yawing velocity control 

 

2. Yawing rotation experiment 
The second experiment is to rotate unicycle body 

from the resting state where is not the mobile condition. 
 

 
 
[Fig. 4.] change in the rotary angle in compliance with 

Yaw direction rotation wheel track movement 
 
The [Fig. 4.] shows environment of yawing rotation 
experiments of unicycle robots. The left figure is not 
open space but rested environment. The middle figure  
shows 0 degree between unicycle robot and ground. 
This is reference point of rotation degrees. And the right 
figure shows after rotated degrees between unicycle 
robot and ground reference points. 
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The [Fig. 5.] shows the direction change scene of 
unicycle robot bodies in compliance with yawing 
rotation control experiment. 
 

 
 
[Fig. 5.] Yawing rotation scenes of unicycle robots 
 
The [Fig. 5.] shows yawing rotation scenes of unicycle 
robots from resting state. Yaw direction rotating motor 
repeat the high-speed rotation and an instantaneous 
resting state 5 times which change degrees. In [Fig. 5.], 
there are 5 pictures of unicycle body. Looking 
attentively, there is a black line besides robots single 
wheel, the rotary angle changes little by little and there 
is a fact that the direction is exchanged with the right 
side. 
This rotation speed hex character of yawing motor is 
0x008f whose rpm value is highest. As one rotation 
change robot body in 13 degrees right sides, totally 65 
degrees right sides by 5 times continuous rotations.  
 
 

IV. CONCLUSION 

This research and experiment to control the rotation 
of the physically instable unicycle robot with 
appropriate degrees of rotation could get the desired 
direction of rotation. 
The future directions of research is more smooth 
rotation of the yawing control, and more efficient 
rotation by acquiring the value of torque, consequently 
position control could be the more stable and the more 

robust. 
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