
 

  
Abstract—This paper provides a new approach to solve the 

motion planning problems of flying robots in uncertain 3D dynamic 
environments. The robots controlled by this method can adaptively 
choose the fast way to avoid collision without information about the 
shapes and trajectories of obstacles. Based on sphere coordinates the 
new method accomplishes collision avoidance of flying robots 
without any other auxiliary positioning systems. The Self-protection 
System gives robots self-protection abilities to work in uncertain 3D 
dynamic environments. Simulations illustrate the validity of the 
proposed method. 
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I. INTRODUCTION 
OLLISION avoidance is one of the key issues in path 
planning research on a robot finding a way from the 

starting point to goal in the presence of obstacles. There are 
various approaches have been discussed for static obstacles in 
known or unknown environment, such as C-space method [1], 
artificial potential field method [2], genetic algorithms [3] and 
dynamic window [4-5]. These methods may obtain perfect 
results under some certain conditions. But in fact, robots 
usually work in dynamic uncertain environment including 
static obstacles with unknown position and dynamic obstacles 
with uncertain trajectory. And the collision-free navigation of 
mobile robots in dynamic uncertain environment is so 
complex that it is still an intractable topic by far. 

Although many algorithms have been proposed based on 2D 
environment to avoid the dynamic obstacles for mobile robots 
on the ground [6], most of them are not suitable for flying 
robots which can move in 3D space, because they are facing 
collisions from every direction. In this paper, a new method 
based on the sensors’ information for motion planning of 
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flying robots in uncertain dynamic 3D space environments is 
proposed. This algorithm gives the robots self-protection 
ability which can protect themselves from any obstacles’ 
impact as Asimov I defined that the robot should own 
self-protection ability which do not conflict with that the robot 
should not let human beings injured and should obey the order 
from human beings [7]. 

Using this method, the robot not only can avoid the 
obstacles but also can sidestep anything rushing towards. This 
algorithm also can be used on the aircrafts and any other 
machines which can fly in the air or even in the outer-space. 
The self-protection ability can let these machines protect 
themselves from hurts especially protect the entire things 
inside them. This self-protection method based on 3D sphere 
coordinates, which can directly provide the desired 
acceleration for flying robots, has been studied very little so 
far. Simulation experiments are given to illustrate it. 

II. SELF-PROTECTION SYSTEM 
The Self-protection system was developed based on an 

LMS291 laser range finder (SICK AG, Waldkirch, Germany). 
Shown as Fig. 1, this laser range finder (LRF) employs a laser 
optical scanner to detect the distance of an object of interest by 
measuring the “time-of-flight” of laser light pulses. During the 
measurement, the scanner emits pulsed laser beams and 
receives the beams being reflected from a detected object. The 
distance of the detected object is determined by the time 
interval between the emission and reception of the laser 
beams. In addition, the LRF can be used to survey the 3D 
working environment for robots [8-9]. 

 
Fig. 1.Principle of the Sensor Scanning 

The flow of Self-protection System is showed in Fig. 2. 
After initiated, the sensor collects data from 3D space for 
CPU, and then CPU calculates Relative Velocity of Obstacles 
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to robot. Using these data, whether the robot in the collision 
area or not can be computed. If necessary, Self-protection 
System can be activated to avoid the obstacles. 

 
Fig. 2 Flow of Self-protection System 

III. ALGORITHM OF SELF-PROTECTION SYSTEM 
When running by the highest speed in space, the robot can 

only change the angle of Velocity. So we can suppose: 
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VR
: The velocity of robot to the ground. 

Vo : The velocity of obstacle to the ground. 

want
RV : The velocity of robot we want to change to, if 

collision happens. 

wantV∆ : The relative velocity we want to change to, if 
collision happens. 

ROV →∆ : The relative velocity from obstacle to robot. 

RV , oV , ∆V  and vV∆ : The magnitude of VR
, 

Vo , want
RV , wantV∆ and ROV →∆ . 

oθ , vθ , ∆θ and v∆θ  denote the level angle 

of Vo
, want

RV , wantV∆  and ROV →∆  while oϕ , vϕ , ∆ϕ  

and v∆ϕ  present the vertical angle of them. 

 
Fig. 3 Model of Collision in 3D Space 

The model of Collision in 3D space is shown in Fig.3. 

ROV →∆  Can be calculated from the data of sensor 
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and want
RV is known. Because wantV∆  and 

→

OP on the same 

line, ∆θ and ∆ϕ can be reached from the sensor’s data. 

  Although we do not know ∆V , yet we can deduce it from 
222 cos2 Roo VzVVVV =−+ ∆∆                         (1) 

In (1) z presents the angle from Vo to wantV∆ . Because 

∆V can not be negative, so we have 
22 )12(coscos Roo VzVzVV +−+=∆         (2)  

We also have 
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We can get the solution of (4) 
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Because VR
, Vo , want

RV and ROV →∆ in the same 
plane, so we can find a line which pass the zero point and is 
perpendicular with the plane. Assume the line is 
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ka , kb and kc can be reached from (7): 
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Suppose that ϕd presents the angle from VR
to want

RV , 
we have 

vvd ϕθϕ coscoscos =                                            (9) 
Through (9) we can get 
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So if we can get vθ ， vϕ ， ϕd , with (2), (5), (10), (12) and 
(14), Self-protection can be realized. 
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(a)  Without Self-protection System                                                        (b) Zoom in (a) 

  
(c) With the Self-protection System                                                      (d) Zoom in (c) 

Fig. 4 Simulation Results 

IV. SIMULATION
The simulation is based on Mat lab, version 7.0, and the 

result can be observed from every visual angle. The string 
formed of small spheres shows the robot’s track while the 
string formed of big spheres presents obstacle’s track. In Fig. 
4, (a) and (b) show the condition that the robot do not own the 
self-protection system but robot in (c) and (d) possess  the 
ability to avoid the dynamic obstacle. From Fig. 4 we can see 
that the robot changed its angle of velocity to avoid impact, 
which proves that the algorithm is correct and feasible. By this 
method, flying robot has the ability to protect itself from 
collision. 

V. CONCLUSION 
Aimed at developing an effective collision avoidance 

method in uncertain 3D dynamic environments, this paper 
provides a new method to realize self-protection ability of 
flying robots, by which the robot can effectively avoid some 
damages while moving in the space. Through the deduction 
and simulation of the algorithm, we can see that this method 
provide an effective approach for flying robots to avoid 
obstacles in 3D uncertain environments. Since the algorithm is 
based on sphere coordinates, the robot can move without any 
other auxiliary positioning systems to locate the obstacles and 
avoid them. This algorithm has been proved to be correct and 
feasible to realize on flying robots, and the sphere coordinate 
is easy to be established, thus lays a strong mathematic 
foundation for this algorithm. 
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