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Ant Colony Algorithm for FFSR Collision Avoidance Motion Planning
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Abstract: Aiming at seeking optimal motion paths for Free-flying Space Robot (FFSR) m the obstacle
environment, Ant Colony Algorithm (ACA) for obstacle avoidance motion planming has been proposed. Firstly,
FFSR kinematics and motion path model has been established on the basis of linear momentum and angular
momentum conservation laws followed by FFSR in a space microgravity environment. Secondly, ACA for FFSR
collision has been proposed and a key research has been made on how to determine objective function, how
to select path configurations end how to update pheromones and algorithm and realize the critical steps. Finally,
the correctness and effectiveness of the algorithm proposed has been verified via computer simulation. The

research results indicate that ACA based on swarm intelligence provides a new motion planning strategy and

1dea for FFSR collision avoidance motion planning and has good application prospect.
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INTRODUCTION

With the great progress of human’s exploration on
moon, intelligent robot will play an increasingly decisive
role in development and application of space and moon
resources 1n the future. Free-flying Space Robot (FFSR) 1s
a new intelligent robot consisting of satellite body and
mechanical arm (Fig. 1). Since FF3SR’s satellite body
carries a gas thruster, it can fly freely or floats in a space
microgravity environment which extends the work space
of FFSR. Therefore, FFSR can replace astronauts to
engage in various operations in and out of the cabin and
1t will certainly be one of the main research directions for
spatial intelligent robots. However, FFSR can carry limited
fuels, so it will be of great significance to research its
collision avoidance motion planning in order to improve
FFSR’s work efficiency and prolong its service life in orbit
(Aghili, 2009; Abiko and Hirzinger, 2008).

At present, the scholars of various countries have
done lots of researches on robot motion planning. The
representative include  traditional
optimization method, artificial potential field method
(Bemnet and Mclnnes, 2010), neural network method
(Deng et al., 2010) and genetic algorithm (Xing et al.,
2007). The traditional optimi zation method lacks sufficient
robustness in the complex nonlinear optimization for robot
motion planning. The artificial potential field method can
facilitate the real-time control for bottom layer but lacks
overall information and is problematic in local optimum.
The neural network method has a good learning ability

achievements

but the network structure is huge and the threshold
values of neurons will change as the time changes when
there are many obstacles and dynamic environment. The
genetic algorithm has good overall searching ability but
the environment model has to be established when the
enviromment changes and the search space 1s huge.

Ant Colony Algorithm (ACA) 1s a bionic intelligent
optimization algorithm which was firstly proposed by
Ttalian scholars M. Dorigo, et al. The operating principle
of this algorithm 1s a positive feedback mechanism or 1s
called remforcement leaming system. It 1s a reinforcement
learning algorithm based on Monte Carle method (Dorigo
and D1Caro, 1999, Dornigo and Stutzle, 2004, Afshar, 2010).
The final convergence on optimal paths can be achieved
by updating pheromone. Integrating human mtelligence,
it is applicable for concurrent computation and
multi-objective optimization. As a distributed, overall and
umiversal rendom optimization method, it has been
successfully applied in Traveling Salesman Problem
(TSP), assighment problem, job-shop problem and robot
motion planning etc. A number of good experimental
results have been obtained (Guo et al., 2007, Zhu and
Zhang, 2005; Mao et al., 2006).

Optimal strategy for motion paths based ACA is
described in this study. ACA is properly improved to be
applicable for FFSR collision avoidance plamming. An
optimized motion path is found by calculating the shortest
path between critical configuration points and start and
goal configuration points and through the cooperative
work of ant colony.

Corresponding Author: Li Hua-Zhong, Software Department, Shenzhen Institute of Information Technology,
No. 2188 Longxiang Road, Longgang District, Shenzhen, 518029/Guangdong, China
7234



Inform. Technol. J., 12 (23): 7234-7239, 2013

Zn 2n Linkk Zk 2k
Link I : ‘ J
End-Effector " X ) —:.,
K

Ze Y,

XE .

A Manipul ator 2 Link,
Ec 7 fi X
r < 2
Fe Te 2
Z;
r Z
n J
SN
q
Target S .
EI Y| Llnk1
ro ZO
z =
1
Xo % E,
FFSR Eo by X
ES ° Yo '
Linky(satellite base)
Fig. 1 Free-flying space robot kinematic model
BUILDING OF FFSR MOTTON PATHS follows linear momentum and angular momentum

Since FFSR is of nonholonomic redundancy, the
motion of mechanical arm will interfere with the position
and posture of satellite body. Tts posture vector can be
expressed as:

q= [Xﬂ,yc,zﬂ,ms,ﬁs,ys,el,——',endf e R™*

(ny represents the nmumber of degrees of freedom for
FFSR’s mechanical arm; [x,, v,, z]cR* and © = [ag, Pe,
vo]cR’ are position vector of mass center of satellite body
and posture vector respectively:
T
0=, .8, ] eR™
1s joint angle vector of mechanical arm. When making the
movement mn a microgravity environment, FFSR system

conservation laws. According to these two laws and
through a series of inference, FFSR kinematic equation
can be obtained in Eq. 1 (Umetani and Yoshida, 1989;
Lietal., 2008; Li, 2009):

&= (T, 7,6, (1)

To ensure safety and umversality, suppose the
obstacle is  expressed as a  spherical  set
C e = Py T M1=12,- N} wherein, p,,, T,y represent
position vector of sphere center and radius of No. 1
obstacle respectively.

Set start configuration of FFSR as q, and goal
obstacles C,,
between q, and g, FFSR cellision avoidance motion
planming 1s described as: seeking a short and safe path
from start configuration ¢, to goal configuration q_.

configuration as ¢, There are some
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To facilitate the solution, Cartesian coordinate
system is changed. Define the direction connecting FFSR
from start configuration g, to goal configuration g, as z°
axis and change mass center of FFSR’s satellite body as
the origin of coordinates in a new coordinate system
Ze(O'x'y'Z). Then, the change relation between the
coordmate system X, and mertial coordinate system
Yo-xyz) 1s shown in Eq. 2

X| |€,8 €,58,-85,C €50 +55 |[x

V|=[5.5 5,85, 7C,C, 8,5C 058 ||

.
z —5 8, 0y z' (2)

I

X
=Rio,, B 7|V

v

z

wherein, c.=cos(*), s.=sin(*), represents «, ps or v The
position vector of sphere center of the obstacle in the
wnertial coordmate system 2 1s p,, =[ I' and its
general expression m the new coordinate system X 1s
Eq. (3):

Xong,» ¥ovg s L obs,

[Xubs" Yobg > Zobg T =R{w,.B,, 7, " (3)

T T
[X;bs,s Y’c.bg>2'ubsl] + [Xc’yc’ Zc]

Divide the segment L., comnecting FFSR’'s start
configuration ¢y and geal configuration 5 in  the
coordinate system 2g(0'-x'y'z) into m equal parts. The
length of each equal part 1s shown in Eq. 4:

Ad=yf > “/m ()

9.~ 4.

Make a vertical plane for Ly, at each equal diversion
point, obtain L, L,,..., L., along % direction, equally
divide each segment L, mto 2n,. parts, then (2 n,+1)
points will be obtamed on each segment L; In the
obstacle avoidance area, there will be (m-1)x(2n,+1)
motion configuration points. That is T,(x", ¥, Z)),
Lixn vy 2o Ll ¥ 290 Lo Y Zaa)-
Lot Yoo Zas) Lo (K'a1, Vi Zan), wherein,
L(x', v, Z)) represents No. j point on No. i segment L.
The path from start configuration ¢, to goal configuration
q, can be expressed as Bg. 5

(k, =12,...2n_+1)Path={q,, L (x.¥.2},) (5)
Lo(X, V5o 2y b Li{X0L VG YL, bl (X Yo y{((m—l) )}

The distance from the configuration point ¢,
(X', ¥, 2, on the segment L; to the configuration ¢,
(X1, ¥ X';) on the segment L;,, is expressed by:

dy, = \/(Ad)2 +Z:+6qu —qq”zj, g=1,2,..,2n_+1

If the segment pg is intersected or tangent with the
obstacle, then set its distance as infinite 8. The path
length of No. k ant 1s shown in Eq. &

L, = flad)y + (7 ) ®)

+3 ;‘:‘2 \[(Adf T s \[(Adf +i7, )

ACA FOR FFSR COLLISION

To save the valuable fuels for FFSR, the goal for
FFSR motion planning i this study is set as: The paths
that FFSR. runs need to be the shortest cne. Mareover,
FFSR does not have to run through all configuration
points but only needs to start from the start configuration
point gg and reach the goal configuration poimnt qp.

FFSR updates pheromones according to the objective
function. The objective function does not only include
the path length that the ant passes through but also
include safety information for obstacle avoidance. In
FFSR path planning, memory 1s not required i FFSR but
only the nodes are selected from the next segment.

DETERMINATION OF OBJECTIVE FUNCTION

Suppose there are N, obstacles, the position vector
of sphere center of each obstacle1s [x, v, .z, ' andits

radius 18 L., . The distance from the nede (x', ¥, Z\,) on
the segment L, to the obstacle can be shown n Eq. 7:

A= O X Y Va2 o, ()

Since the pheromones in ACA are updated according
to the objective function, specific issues need to be taken
into consideration during the selection of objective
function. That is, the path should be the shortest and can
safely avoid the obstacles. From these two points, the
objective function can be determined by taking the path
length that the ant passes through and the distance from
the selected discrete point on the path to the nearest
obstacle. Its computational equation i1s shown in Eq. &:
(8)

E, =L, +83. (1/d

vin)
wherein, 1, represents the path length that No. k ant
passes through, d,,. represents the distance from

configuration node i to the nearest obstacle and & is
obstacle avoidance coefficient. As & is greater, the safety
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coefficient of FFSR will be higher. The distance from the
selected node (xX°;, v, 2’} to the nearest obstacle is
calculated by Eq. &

Ay = min{d, . d,,--d, . dy ) )

imin

SELECTION OF MOTIONPATH CONFIGURATION

Suppose the time for the ants walking from the
configuration point p on the segment I; to any of
configuration point’s ¢ on the next segment L., is the
same and it has nothing to do with the distance. Then all
the ants will reach the goal configuration point and finish
a cycle at the same time. If the ant colony moves to the
segment L, at t moment, setb, (j=1, 2,... 2n,+1) as the ant
quantity at j node on the segment 1.i at t moment. Then,
the total ants can be shown in Eq. 10

M, = Z:MH b (10)

Suppose T,,(t) indicates the information content left
on the path line pq at t moment. At the start moment, the
information content on each line is the same. Set
T(0) = C (C is a constant.), At,, = 0. During the motion of
ant k, the transfer direction is determined according to the
information content on each motion configuration line.
P*,,(t) indicates the probability for ant k to transfter from
the position p (X, ¥7i, 275) 10 q(X 141, ¥'ie1, 25) at t moment,
as shown inEq. 11:

P (1) {T;(t)ﬂﬁq(t) 2 T (DTG, (D) g e allowed, (11)
r 0 other

wherein, m,, indicates the visibility of segment pq,
pheromone heuristic factor & indicates the relative
importance of remaining informaiton (O<e<5) and
expected value heuristic factor P indicates the relative
importance of visibility. The visibility 1, is a reciprocal of
the distance for configuration point’s p and q: m,, = 1/d,,.

UPDATE OF PHEROMONES

With time passage, the pheromones left before
disappear gradually. p (0.1 <p< 0.8) is used to indicate the
duration of pheromones and 1-p indicates disappearing
degree of pheromones. Apparently, the volatility of
pheromones p directly affects the overall search ability
and convergence rate of ACA. After m time units, the ants
reach the goal configuration point g, from the start
configuration ¢y and the updating equation for
pheromones on each path is shown in Eq. 12:

i
qu(t+m):P'qu(t)+AquAqu:Zk:;ATl;q (12)

At¥, indicates the pheromones on the unit length
trajectory left in the configuration segment pq by No. k
ant in this cycle. Set the condition set as e,, for No. k ant
to pass through pq in this cycle, the other is €, and it

by
can be calculated according Eq. 13:

A:-Ek _ {Q/Fk El.l'lt.k = epq (1 3)

BTl 0 amt e€,

Wherein, Q 1s a constant for pheromone concentration
and F, 1s an objective function value for No. k ant in this
cycle. The mam steps for ACA proposed n this study are
described as follows:

Step 1: Set the time t and cycle index N, as zero, the
maximal cycle index as Ny, .. the mformation
content on each segment as T,(t) = C and
At = 0. During start, place all ants M, at the
start configuration pomt g

Step 2: Enable all ants. For each ant k, select the
configuration poimnts on the next segment by
roulette tuming method and march it forward
according to the probability calculated by Eq. 11

Step 3: Repeat Step 2 until the ant colony reaches the
goal configuration point g

Step 4: Set t=t+ m and, N, ++, calculate the path length
L, that each ant passes through and the
objective function value F, and record the
current optimal solutions. According to Eq. 12
T(t+m) = pT (A T,

My, &
Atpq - Zk:lAtPﬂl

update the information remaining amount on
each segment.

Step 5: If the ant colony converges to a motion path or
the cycle inde, N4, > =, Ny then the cycle is
over and the optimal motion paths are outputted.
Otherwise, Step 2 is executed for further

operation

Note: For the selection of ant quantity M,, two indexes
(overall search ability and convergence rate) of the
algorithm  should be taken into comprehensive
consideration. Aiming at FFSR collision avoidance motion
planning, a rational selection must be made in terms of
overall search ability and convergence rate.

COMPUTER SIMULATION

To verify the algorithm proposed in this study, a
simulation research has been made with Visual C++ and
OpenGL, in PC. Taking dual-arm FFSR with six DOFs as an
example, the obstacles are simplified as a circle; the
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Fig. 2(a-b). Optimized motion trajectory obtained from ACA

Table 1: Parameters of experimental model of dual-arm six DOFs FESR.

(b) d=2 FFSR goal configuration

Obstacle

ek
hSSR start configuration

1, 14 14 12 1: 1 1
Length (m) 0.50000 0.40000 0.40000 0.12660 0.40000 0.40000 0.12660
Mass (kg) 5.00000 0.50000 0.50000 0.20000 0.50000 0.50000 0.20000
Inertia moment (kg m?) 0.20833 0.00667 0.00667 0.00027 0.00067 0.00667 0.00027
segment from start configuration point gy to the goal ACKNOWLEDGMENTS

configuration point ¢y is divided into 40 equal parts.
Parameters of experimental model of dual-arm FFSR with
six DOFs are showed in Table 1. After experimental
confirmation, the optimal parameters for ACA are ¢ = 1,
B=35, p=0.526,Q =320. The ant quantity in this study is
M, = 30. After K iterative computations (for 242 tumes),
different obstacle avoidance coefficients & are selected
and the optimized trajectory obtained are shown mn Fig. 2.
In Fig. a, 8 = 6 and & = 2 in Fig. (b). The calculation
complexity of this algorithm is O (M,K), wherein, K is
iterations and M, is the ant quantity.

SUMMARY

ACA is applied in this study to solve the problems in
FF3R collision avoidance motion pleanmng and a
discussion hereof is conducted. As shown in the
simulation results, this algorithm can effectively solve the
problems in FFSR collision avoidance which lays a solid
foundation for FFSR real-time track planning. In the
algorithm, different optimized trajectory can be obtained
by adjusting obstacle avoidance coefficient & which has
extended FFSR’s adaptability for specific problem.
Meanwhile, this algorithm 1s good for parallel execution
and application and features strong robustness.
Therefore, ACA has a good application prospect in
solving the optimized problems such as FFSR collision
avoldance motion planmng.
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