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Ant Algorithm for Path Planning of Mobile Robot in a Complex
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Abstract The problem of path planning of mobile robot in an environment where the

global information is unknown is studied, and a novel ant algorithm based on rolling planning

is proposed. First, the object node is mapped to a node nearby the external of eyeshot of the

mobile robot, then two groups of ants cooperatively execute a search for the local optimal

path for the robot using the nearest-neighbor searching strategy. The ants will execute a local

search again once the robot goes forward. So, the path for the robot is altered dynamically,

which will make the robot move on a globally optimal path to the ending node. Simulation

results indicate that the optimal path which the robot moves on can reach to the end safely

and can be rapidly obtained even in complicated geographical environments, the effect being

very satisfactory.
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4 y +����vU��d`~�R�5OYIS� 587K�&y1�,m4NQ��?s:moD'5��j�^$=�Fy�uT���aKXE�[	�F4^}�Y:P�Æ�s�℄\~℄��=aW�&za�N^}�P�4NQ���)���nQ��(Q���=D'Ie		<�_NT<,� M.Dorigo e�d!:l 90 rV_CH�℄QQ�[4,5] =D%�(Q��Z℄�J�=gqXH`/tn=A50
1℄���r5�Ka,�℄V"yH�℄QQ�[d^}�P�4N [6,7]
, z"�T}Hy�.?5�&*ST���-}^}��D
��,�{&?�D���~���N�L�TzZ^}��5�D��(70�e�Ba+�y�5�CK��[T��^}�P�4N���5��aCDm?a�Y=�yv��uT��^}�P�4NH�Q��=D'Æ�.a�+!i�5�
1E&;��y5�CD%^}�-D/r">a�uv��[}�3�GnP�7n4NXHQ���Q�yi jY$^^}�?�j���w_�>XH.[��F�LV2UÆL�Dp?^}��+�℄P�LV�̂ }�℄��D)�r_XH{�+P�'�LV�RK�^}���P�&yn[#��y�+℄QP�T\��,4^}�9DeÆ�℄QP�^R#j��0;�;"e�d4y�
}�9�uf9T��[�Q�Bn2O4NCDe℄QP���n�Æ�u��;+�J�[N�

2 V�dF{d�N�uf �Qy2a�'v��[�
}�4Ni=4^}�_�N{j gbegin, �Æ�uf9De~wP�R^�N#j gend.y�N--�^}� Rob n℄4^LZ�x�s"��r s��
jmT�����
j> Rob ?�j View; i AS s Rob y�uwb!k}� a�tn
j�zm+�(2a�'v��[�
} Sb1, Sb2,

· · · , Sbn. & Rob !:);s δ, n4_tn[n�rs [0, δ], y AS "x>�j�|F � Σ0, L AS B!|sF 0 j�LJ�s X )�9�s Y )�|a AS y
X, Y 
��T��$s xmax E ymax. L
δ s);y X, Y �$�!N��_K ?D''~%��l 1 Y8�℄!~%H
Nx = xmax/δ; ℄E~%H Ny = ymax/δ,z" Sbi (i = 1, 2, · · · , n) �D'\}'~%�Z&[D'~%-�QD'~%��N�2UN0[C��48�Ef0kT�4%Æ��4NCP���^}�<h|=� m 1 �&G!h*D3�

Fig. 1 Relation between rating coordinate

and serial numbersi g ∈ AS s�N~%�A s AS " g bG�i OS = {o1, o2, · · · , om} ⊆ A (m > n)s�[�
~%b�Sbi ∈ OS. ∀g ∈ A y Σ0 ra�mF (x, y), iD g(x, y), x = row,

y = col, z"�row s g Yy!C�col s g YyEC (sCE)CD�
��mQB!|hD'~%F s (1,1)). J C = {1, 2, 3, · · · , M} s~%)Cb�g(1, 1) )Cs 1,

g(2, 1) )Cs 2, · · · , g(Nx, 1) )Cs Nx, g(1, 2) )Cs (Nx + 1), · · ·, �l 1 Y8�+!!Epm�gi ∈ A F (xi, yi) f)C i ∈ C 0?LsY$2��)C i F 



588 6 p S / � 32%,_ (1) 7�m
xi = ((i − 1) mod Nx) + 1, yi = (int)((i − 1)/Nx) + 1 (1)7"�int s#e�tQ�mod �etQ�

Rob y AS "x�sis PR, ∀PR y Σ0 ra�mF (x, y), t --x�"8s PR(t), zF s (xR(t), yR(t)).4N{6x�s�Nx� gbegin ∈ A, � gbegin 6∈ OS, #�j gend ∈ A, gend 6∈ OS Bs�Nx��zZpGevs�gbegin , gend ∈ C, gend 6= gbegin.

3 9q6PZJT�
3.1 nRN℄Jyf_rpPxÆ5��
�XHy`/=A"n1yYÆ=P�!L�D%>s��N} �~�XHy`/=A"n1"��%} Qyz�u�%LK�\4ftn
��Z_��d=2�} �u#
�Gn�RK�_TBXH>?b`/!s�"
CD%��Æ�4
��hDP�qw��P�!:=XH�q}�|L���N�u�qT�K5�+{�P�!T�qT�XH'�r�=h=�%��{M5+{�wP�%R^LV/}i��y_C7n4NH�Q��=gqH��D`/!s℄QQ��Q�B�yÆ�i jY$^ Rob ?�j View ��oDs�+3i j gsub.

Rob ℄��D)�r&[I"}℄4z View mT����yK℄F!�L Rob Z�x� PR(t) sH0�gsub s/}o\���XH`/=A�=y View mN PR(t) \ gsub C��1�/}=A�Æ=XH���1/�_dXHL���NÆ�4D[��#�(Ya�
}�^De Rob y?�jm�w�+P��Rob ℄!�D)�r�!!E�+�u4N=A�RK�z4NC�+P�=0-n[#��sCu"U^LV-r�yQ�"}oCD'"a	�T\D[|�?H�sC,B>V�9�uf P�4N�_#LV�T�[�'XHn</ 2m �XH�Dp?�℄P�LV�z"�XHn< ant1  m �XHL PR(t) sH0x� (C�j), L
gsub s/}o�XHn< ant2  m �XH|L gsub ssH0x� (C�j), L PR(t) s/}o��>XHÆ�LV�N~�Dp?4N-D�

m 2  -℄AR�9Om
Fig. 2 Local navigation path

I	���Q� Rob 8=L�#i j
�s��i �,'?=XH℄M&=�:D)�B&=gQ Rob Z�x�^3i j�#8�~=y�u�
T�"�^Deh�3i j�9���`�+�u℄QP��l 2 8NCCy View �u��T��XH�^�+℄QP��z"�d s gsub f
View�N��r#8��P�!��N{�D)��v5Dx-r:�ae�T\D[�Rob ℄:D)�#�=De�+P�~&=D)�o!_�>XHN�'vj�!Æ�%!LV���+P�~w�R~,a�f�a℄M�8i j�� (�#8) 
�7nD)~\�KXE�[e�RK��Q�dn��^}�!:�Æ�u�,4^}�Y:P�Æ��℄\~℄�
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���D)CC��pmEmQ�Px 1. anti = {1, 2, · · · , k, · · · , m}"8D'XHn<YaXHbG (i = 1, 2), k ∈ anti"8h�XH�m sh i XHn<XH8H�τij(t) "8XHy t --1Ly~% gi, gj?!��B�Px 2. ∀g ∈ A, g 6∈ OS, |> g s,!�j�Ya,!�jbG>,!j�is FS;

∀g ∈ A, g ∈ OS, |> g s
��j�Ya
��jbG>
�j�is NFS.Px 3. XH k �N--YGx�s P , ∀P y Σ0 ra�mF (x, y), �i k y
ti --Gdh~%x�s P (xi(ti), yi(ti)) tis Pi \ P (ti), �Zf gj(xj , yj) ∈ A F Æe�|? Pi f gj eq�iD Pi ∼ gj.Px 4. �N~%r#8��~%r?;u�iD d(gi, gh)\ d(Pi, Ph), i, h ∈ C,_ 2 7gQ�^$��a d(gi, gj), i, j ∈ C, [; |j − i| = 1 \ |j − i| = Nx, (gi, gj) y AS"?|>D'� eij , t>� ij, d(gi, gj) |s�;�iD dl.

d(gi, gh) =
√

(xi − xh)2 + (yi − yh)2 (2)Px 5. BRi(gi(xi, yi)) = {g|g ∈ A, d(g, gi) 6 S}, i ∈ C > gi Fj\XH k y gi G?�j�z"�S = {1,
√

2}, Z�n:�-�S = 1, s':�%-�S =
√

2.l 1 "P+7�r8CCÆ�mQ S = 1 -QC g35 Fj�Px 6. & ti --�k Gd gi, Wki(gi(xi, yi)) = {g|g ∈ BRi(gi(xi, yi)), g 6∈ Os, i ∈ C} >
ti -- k y BRi ,!j�J tabuk = {P (t0), P (t1), · · · , P (ti)} �a t0 < t1 <, · · · , < ti, s
k N t0 ^ ti --K:~%x��tabuk ")x�j?> PR(ti) ^�+3i j gsub h`�iD Path(PR(ti), gsub)(st��B[ Path(PR(ti), gsub) "8�h`!�jbG),h`;uiDPA L, _ (3) 7gQ�

L =

e
∑

l=1

dl, dl = d(gi, gh), gi, gh 6= Os, i, h ∈ C (3)Px 7. η1i
(gi) = D/d(gi, gsub), η2j

(gj) = D/d(gj, gR), η1i
(gi), η2j

(gj) �$>XHn<
1 �XHn< 2 h k �XH+{~% gi \ gj |�?H�D s'9�H�gR s k Yy~%�Px 8. k1 ∈ ant1, k2 ∈ ant2, k1 N gR C��k2 N gsub C��Æ= n '--�k1 , k2 x�s�$s Pk1 , Pk2 , �a |d(Pk1 , Pk2) 6 S, |> k1, k2 Æm�S mQimQ 5.

3.2 nRK}+!L!n9EmQ�^}��+P�7n4NH�Q�)*E���
Step 1. 7(�N{j gbegin E#j gend %{a20H�!B6Q�
Step 2. y gend i jY$^ Rob ?�j View��oDs�+3i gsub; �a gsubf gend Æi�4N�G��|0 Step3;

Step 3. RobyZ�x� PR(t)�!T�℄4�4��
} Sbi F �z" PR(t) ∼ gR.

Step 4. Rob +!℄4^ Sbi, i = (1, 2, · · · , n), [}XH�D�+P�4NQ�2O4NCN gR ^ gsub �+℄QP� Fi; �P�{Vh`\�jbGs Path(pR, ps),z"�ps ∼ gsub, pR ∼ PR(t);

Step 5. ^}�924NC�+�℄P�� gsub ��D)�
Step 6. �Z Step 2 '�!E=A�z" Step 2 7(�+3i Y$Q����



590 6 p S / � 32%y ti -- Rob ?�js V iew(PR(ti)), �a d(PR(xi, yi), gend(xe, ye)) = r + δ, |�
gsub = gend; K-ds gsub f gend Æi��|J

d(PR(xi, yi), gsub(xj , yj)) = r + δ�[;min d(gsub(xj , yj), gend(xe, ye)) (4)z"�r—Rob ?�j V iew ���δ–Rob !:);��0H'sK��Rs gsub, gendr�#8�w�RK[;!Eev gsub j�my= PR fj gend �!�PR f
gend jF sK��_K�
A%+! (4) 7,�C gend Y$^3i j gsub F xj , yj .I	��a^ gsub 6∈ V iew(PR(ti)). sCy View �� gsub 
�!�
}I}�3��XH�n�^De\�i jP��pm gsub f V iew �N��r�F~%'|�
}��4m gsub f V iew �N��#8s 1(1 'XxV" δ), �l 2 Y8�_d�Q�=D'n[4N=A�zP�n[#��R~℄)4NC�+P�{v5!:�=D%T\ Rob !:	<�RK�d4 gsub f View r0kQy�
}B&W��D4N=A�
3.3 Qivt�dLgbWZnRy�'XHn<) m �XH�$��y PR(t) E gsub, {d�XHn<"℄D�XH�LZ��js"��Æ�<XHÆ�	�n|E��F�+{2U+{%!:^�D,!�j�sCR^D(6�n-)	�i��<XH�$.[mQ 7 *C	�\T|�?H�_d�<XHEC.[|�?H&i�C�j&io�Q�pÆÆi�sCu"�B� �L�LXHn< 1 LVQ�s=�!Ie�%y"8XHn< 1Ya� )U�*6^}�P�4Nza��^}� Rob y-- ti Gd gR x��Z�D)?:~%�r��= gR Fj BRi m,!j",!j�RK�XHNZ��j gi +{�D�j-��?y Wki(gi) m+{ gj d,�Q�)*���

Step 1. y m �XH��yC�j gR, %&�^
j" tabuk " (k = 1, 2, · · · , m). JB66��N τij(0) = τ0 (τ0 s9H�D�� 0.5 Bb). &�1/VHgH} n = 0, �TVHs MAX , z"�J m 6 4.

Step 2. ∀k, LZ��j gi ∈ FS s"��Æ�<XHÆ�	�n|E��F�+{2U+{%!:^�D�j gj , �a gj ∈ Wki(gi), gj 6∈ tabuk, �j+{Q����
Case 1. �a gj ∈ BRR(gR), | ∀k +{D'�j gki

j ∈ WkR(gR), �J gki

j 6= g
kj

j ∈
WkR(gR), i, j = 1, 2, · · · , m z"�! ki, kj "8&iXH+{&i�j��pG=sC��LV}>"�

Case 2. � gi 6∈ BRR(gR), ∀k +! (5) \ (6) +{�D'�j gj ∈ Wki(gi), gj 6∈ tabuk

j =

{

arg max{[τij(n)]βηj(gi)} � q 6 q0

S �| (5)

pk
ij(n) =

[τij(n)]βηj(gi)
∑

q∈|Z|

[τiq(n)]β [ηq(gi])
, j 6∈ tabuk (6)7"�j ∈ C, XH k Y+ gj �j)C�yK)UC! k; S _ (6) 7&mU�B�qU^H (0 < q 6 1); q0 B6Q-*mH��ηj(gj) _mQ 7 *C|����β y� eij!1L��'?Au�z sXH k yZ��jFjm,!jb�pk

ij(n) XHy n V1/=A"�k _�j i 0G^�j j !T�i, j ∈ C.
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q E q0 =sC��C
g!~&U^LV2UY&0H�L}oLV}>"�Z
q > q0 -�gQ |Z| '�j0G!T pk

ij , %+!tWt4|+{�j j. &/N=��<XHY[Q�"�XHYG�jEY[|���&i�y j o�
j" tabuk.

Step3. �+��N,�U2-rnG�L�L���-w�;�[0H 1 − ρ "8���;Au�℄D�XH+{pD'�jd:pD'�K�Æ (7) 7�!�+��,��
τij(n + 1) = (1 − ρ)τij(n) + ρ∆τk

ij (7)

∆τk
ij =







Q1

ljb

, ZXH k :=�eij

0, �|
ljb =

w
∑

l=1

dlZ τij(n + 1) < τmin -�J τij(n + 1) = τmin. 7"�Q1 s9H�τmin =&m����dl =XH k K:=��;�ÆmQ 4 �5, dl = 1 \ √
2, ,_ (2) 7gQ�w =XH k y�M1/"K:=�H�ljb = k y�M1/"^Z�--s�K:=PA (�6o8;).

Step 4. ∀k, k = 1, 2, · · · , m, +{ph j '�jK�ÆmQ 8 mQev�s5�<XH"YaXH=�KaXHÆm��a|0 Step 5; �|�� Step 2 (6+{�D'�j��^aXHÆm\Ya�j+{p��
Step 5. Z�<"��XH\}�XH[;mQ 8Æmev-�yÆmXHY:h`?��%[ (3)7gQzPA L. =��k1 ∈ ant1,Y:h`s Path(PR, Pj),Y:�jbGs tabuk1 = {1, 11, 12, 22, 23, 33, 43, 44}, k2 ∈ ant2 Y:h`s Path(Ps, Pb), Ps ∼ gsub,

|b − j| 6 1 \ |b − j| 6 Nx, b, j ∈ C, Y:�jbGs tabuk2 = {88, 78, 68, 58, 57, 56, 46, 45},�j 44 E 45 [;mQ 8 Æmev�|y�h`?�s Path(PR, Ps), h`�jbG|s�tabuk12 = {1, 11, 12, 22, 23, 33, 43, 44, 45, 46, 56, 57, 58, 68, 78, 88}, YaÆmXHY:h`?�p?K�[ (3) 7gQ)?�PA Lk, %�Q�wPA Lk min (Lk min = min Lk).y�M`/a^ Lk min fKa^;3�℄;u Ld �~��a Lk min < Ld |[
Lk min dX Ld, %iP�mh`�jbG�

Step 6. Æ���N,�
τnew
ij = (1 − α)τold

ij + α∆τij (8)

∆τij =

m
∑

k=1

∆τk
ij

∆τk
ij =







Q2

Lk min
, � ij ∈ global − best− tour

0, �|�M`/Æm%p?h`?�K�y�M`/�wh`!��NÆ (8) 7l�7"�Q2 9H�αÆ���NY��H�Lk min �M1/�mh`PA�ij ∈ global−best−tour"8XH k Y:� ij Dd�mh`�
Step 7. J1/VH n o 1, �&ed MAX , |�/
j"�'�!E1/=A��^ n = MAX s���#iP�mh`ds4NC�℄P��
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4 �
2=sCy&W�8�;�_�4�0;
��pm�N�ÆF~%#8s 1;%&^}�?�js 9×9
 �sC0;Q��;�&gCl 1Y8�uf �%yzF &�yD'H!yv"�U2 Rob !:�Rob �Cz?�jm�
%F H!�Lgq℄4^�
}�z"�H s�
%�l 3 8CC[�yQ�a^NB!| 2 C~%{^b�| 379 C%s#jDeP��I	���eP�&��Æ�u��℄�!Æ��℄��=i�'}Q�YC&^�

m 3 �S�b_d^SR�
Fig. 3 Global optimal path is from our algorithmsC�D)���yQ�na^Æ�℄QP�n9�l 4 *CC0;=A"��3=A�z"�Pm"8 Rob ?�j�r�l 4-A 8CC Rob y{j-+�?�j4NC�+℄QP��l B �C E D �$8CC Rob �$N{j��D)��)�N)KwM4NC�+℄QP��+!Q�pm�3i jY$y?�j��o��pm3i jf?�j�N��rs|�
}�RK�3i ,LY$^?�jo�
%m��l B Y8�P�B,LHq?�jo�
%�l C Y8 (���
%^}�W)&^����)&^%'D4_%��f View ��#8s 1).Nl 4 ,L)C� Rob �9℄M4N�+�℄P�:D)�YZ0?CÆ�D%T\	<�N~4a&�n�u��Y:P�Æ��℄\~℄�

(a) iE(�,Q�
(a) First local path

(b) i�(�,Q�
(b) Second local path
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(c) i�(�,Q�
(c) Third local path

(d) iO(�,Q�
(d) Sixth local pathm 4  -R���m

Fig. 4 Local path resolving drawing

5 �iÆ�T�v�-^}�P�4NljydIl��^}�Y:P�Æ��℄\~℄�'��MT{KXE�[e��yy�#i jY$^^}�?�jo+Ds�+3i �%y�3i f?�j��?s|�
}�z#8s 1, �K[�>) m �XH�$�d^}�E3i x�Æ�%!LV�0-4NCDe,n=���u�+P��^}�℄��D)�r?�!8�℄4�%'��!�+P�4N�R~z��P�n[#��_dy℄'?�jm�+P�T\D[o!���+P�r=�℄P��RK&�4Q�nadKX��[�n4^}�Y:P�Æ��℄\~℄�
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