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Dynamic optimization of elevator group control based on artificial
immune algorithm for inter-floor peak traffic during lunch-time
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Abstract: Inter-floor peak traffic is a combination of up-peak traffic, down-peak traffic and inter-floor traffic. Lunch-
peak traffic is a typical pattern of vertical transportation within a modern office building. Based on the characteristics of
lunch-peak traffic, a dynamic optimization strategy of elevator group control is proposed in this paper by utilizing artificial
immune algorithm. This strategy has a two-level control structure. One structure is the locally optimal assignment of a
hall call performed by THV algorithm; the other is the globally optimal assignment of all hall calls, which is executed
periodically by artificial immune algorithm. Compared to THV algorithm, the newly proposed strategy decreased the
average system waiting time by 21.26%. Simulation results demonstrated that the performance of elevator system during
lunch-time is greatly improved under control of the proposed strategy in this paper.
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1 ÚÚÚóóó (Introduction)
3>F�ÏXÚ¥, XÚ���m´µ�>F

5U�ÄÀIO, �)ÿF�mÚ¦F�m[1]. Ó
�, �è��Ý!XÚU�Ñ�9ÏIO��æ
^[2]. ~5�>F+�NÝæ^IF–THENÜ65
K.3ù
5K¥, THV�{��~^,·ÜuØ�
pïÓSd2�½ö3�>F|¤�>F+i�X
Ú,§�^�¢y��)3ù�dAnóÆ�mu
�LSD^��¥[3]. ù«�{8¥
¿éXÚÚn

éXÚ�ú�5K,Ù©�L§aquÄ�©«,�
´vU|^�Õð����&E,ép¸�6G¹
Jø�ÑÖ��[4]. C5JÑ��
p?�E,�
{Uõ
>F+�XÚ�5U,XÄuÄ�5y�
n��`´»�{!Ä�g·Að�©��{�.
<ó�UEâ�uÐ�>FXÚ�ïÄ5\


#�g�. Äu�
���>F+�XÚ[5]¤æ^

�äá¼êÚín5KÑ´ýk�â;[²��£

(½�,ØU·ACz��6G¹,äkÆSU

ÂvFÏ: 2004−10−15;Â?UvFÏ: 2006−10−08.
Ä7�8: I[g,�ÆÄ7]Ï�8(60575006,60636004); 2²½�EÛ�Eô'�8(108B204017); ¥ì�Æ�c��Ä7]Ï�

8(1131100).
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å� ²�ä�±�Öù�Øv[6]. Ó�,¢D�{
�A^u>FXÚ�ð�©�. Cortes�<|^¢
D�{éÌ��ÏÏm��Õð�¢�½�©�[2].
�´²~¬��`zm��mSu)��Õð��

Ø�9��©�,±�u>F��3$1L§¥¬
/�´0�Õð��A�.��¬���Õð�
�©�3õ�>F�ma��Ø��Ð�ÑÖ.
#CuÐå5�<ó�¼�{(artificial immune

algorithm, AIA), Úå
¯õ;[Æö�ïÄ,�.
§äkr��ÛÜ`z|¢Uå,3¦)�Û�`
)�¡`³²w. �©3¿©|^THV�{?n�
m�Ï�ûÐ5U�Ó�,Ú\AIA�{,éÌ��
Ï�Sp¸�Ïe��Õð�¢1ü?�Ä�`

z,¦ð��©�Ä�/?u�`G�.

2 THV���{{{���nnn (Principle of THV)
THV�{´�~���«+��{,Ì�^u2

�½ö3�>F��|�Ø�pïÓ�>Fi�X
Ú[2]. ±~5��Õð�XÚ�Ä:, THV�{�â
��ð�&Ò,Uì½�©����K?1ö�.
�âð�&Ò¤3�¢�Ó��m�ål,¿�

Äð���Ú��$1���,�UeãOK5µ
d¢^5Xê. �ïÓÔS�e±þ�¢�ê�N ,
�A½�ð�¢�fhc Ú��¤3¢�fcage�m�

åld{ü/±¢�êþ5O�,K

d = |(fhc − fcage)|. (1)

XJ��Uìð����Ó���$1��

Õ,K����� � �,=

Fitness = (N + 2)− d. (2)

XJ��Uìð������$1��Õ,K

Fitness = (N + 1)− d. (3)

XJ��lð��lm, K¢^5Xê½
�1.0, ��ålÃ'. ����s�, K¢^5X
êUª(3)O�.

3 >>>FFFXXXÚÚÚ���ýýý���... (Simulation model of
elevator system)
É©z[8]éu, /�THV�{?n�m�Ï�

`³ÚAIA�{`z|¢Uå,�âð��©Ù!�
�� �!$1���Ñ\G�Ú�å^�, ¢y
Ì��ÏùaE,�Ï�`z��´�U�. Äu
AIA��Û`z��ÖTHV�{?n.�ïÓÚp
¸�6G¹�Øv,THV�{�Ú\K�Ñ
�
)AIA3S�éuª�{ÊH�3�$�Ñ�¯
K,kÏuJpXÚð�©��¢�?nUå.
�
UõÌ��Ï�Sp¸�Ï�6G¹e>

F+��XÚ�5U,�©[JÑ��ü?`z�
�(�,^uÄ�/©��Õð��Ü·�>F�
�5A�ÑÖ.Tü?`z��(��): I)ÛÜ`
z��Ú II)�Û`z��. THV�{KI�Õð�
�ÛÜ`z��,âÑð�©��ÛÜÄ�5,Ué
ð��©��Ñ9�A�; AIA�{KIð��
�Û`z��,rN�Õð�©��XÚ5`z,3
oNþ�y>F+��XÚ?u�`G�.
�
 á�ý�m, æ^¯�×£{5í?X

Ú�ý�¨[9]. ò¦�������a¯�,¡�¯
�Ea; òð�©��½�`zÀ�,�a¯�, ¡
�¯�Eb. �¨í?m���Ýde���@u)
�¯�Ea½ö¯�Eb(½.
>F+�XÚ��ý�.(�Xã1¤«.¯

�EaÑlÑtL§, �¯�Eau)�, �âTHV�
{¢��Õð�©�. ¯�Eb�u)dýk�½�

`zm��mû½. �¯�Ebu)�, Ù`z�8
I´¦�>FA���c¤k��S�-Ú�Õð

�&Ò��m�á,=
min

a
fmax = min

a
max{f(Lj))|j = 1, 2, · · · ,M}.

(4)

Ù¥: M�>Fêþ, a´�Õð���«©�, Lj�

1j�>F��, f(Lj)�Lj�Ï"A��m.

ã 1 >FXÚ��ý�.

Fig. 1 Simulation model of elevator system

�
{zf(Lj)�O�, æ^Xã2¤«�4�à
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Õ(P1, P2, P3, P4), ò���1§©¤3�Ü©:
(P1 → P2),(P2 → P3)Ú(P3 → P4),©O^ £ÀÁ

ÚÂL«. �>Fþ1�, P1L«>F�c¤3�¢

�, P2L«>Fþ1��p¢�, P3L«>F��

$1��$¢�, P4L«3¢�P1e�I�ÑÖ�

�p¢�,w,P4 < P1. �>Fe1�,kP4 > P1.
@o,O�f(Lj)�êÆL�ª��¤

f(Lj) = fa(Lj) + fb(Lj) + fc(Lj) (5)

Ù¥fa(Lj),fb(Lj),fc(Lj)©O´Lj3ÀÁÚÂãS

�Ï"ÑÖ�m. du3¦�?\���c, Ù
8��Õ´���,Ïdª(5)vk�Ä�Õð��
¦F1§.

ã 2 >F�ð�� �'Xã

Fig. 2 Relationships between elevator and hall calls

�>Fþ1�, ± £Àã�~, �)>F�$
1�m!¢�Ê��m. �ü�$1�m�tv,ü�
Ê��m�ts, ²þ=£�m�tp, >F3ÀãSI

�Ê��¢�ê�Ns,?Ñ���¦�ê�Np,K

fa(Lj) = (P2 − P1)× tv + Nsts + Nptp. (6)

fb(Lj)Úfc(Lj)�O�Óª(6)aq. 3ð�©�
`zö�(å�,á=�z�>F���#�Õð
�?Ö,>F��Uìyk��S�-Ú�Õð�
?Ö�L¢�A�ÑÖ.

4 ÄÄÄuuu<<<óóó���¼¼¼���{{{���>>>FFF+++������ÄÄÄ���`̀̀

zzz (Dynamic optimization of elevator group
control based on AIA)
AIA�â�Ì��¼Æ�n�)�¼£O!�

¼PÁ!�¼�ä!��ÀJ!�¼ÆS±9õ�

5!©Ù5!g·A5�A:[10]. �©|^<ó�
¼XÚé>F�Õð�©�?1±Ï5�`z,ï
ÄAIA�Ä�`zÓTHV©��{�(Ü, éuJ
p>F�Ï�=£�ÇÚ�þäk��y¢

¿Â.
4.1 |||������|||NNN (Antigen and antibody)
|�X�I�)û�¯K—-�Õð�©�`

z,�â>FXÚ�ý�.��Õð�©��¬½
Â,|��^ª(4){ü½Â.

|NÏ~�÷v¯K)���1), =�Õð
��Ün©�. 3�ý�.¥,z�>Fäk3�?
Ö�L:�S�-!þ1ð�Úe1ð�.�Õð�
©�`z�8�Ò´�z�>F��Ün�ð�

?Ö,=þ1ð�Úe1ð�.�d,½Â���Ý
�2N�|Na, NL«��e±þ�¢�ê, z�
|N�LX�Õð�é>F�©�G�. Xã3¤
«, 3��11�(Ø�)�e)��¢S, |Na �©

¤üÜ©: þ1�ÏÚe1�Ï.

ã 3 ��11��¢�|NÄÏ«¿ã

Fig. 3 Individual antibody for a building with 11 floors

|NÄÏæ^iÎ?è, �|¤>F+���
ê�M , K¤^iÎ(0 − M)�ê8�ûu>Fê
þ. ′0′L«3éA�¢�Ã�Õð�?Ö, �′0′K
L«�3�Õð�,�©��éA?Ò�>F��.
|N��å^�´���Õð��U©����>

F,=�3��>FéA�|NÄÏ þ��′0′.
�;���3�c$1G�e/À�0,I��

z���(½$18��Õ.XJ��3c�Ã�
S�-,K3�NÐ©z�,�T��ýk£½©�
���Õð�,�£½��Õð�Ø2ë�`z.

4.2 ���ÚÚÚååå (Affinity)
�Úå´�|NÓ|����§Ý,=�Õð�

©�éXÚ5U�`�÷v§Ý.3|N�?è�
ª(½±�, fmax'u|Na�¼êC�fmax(a),�
Úå�O�ª�Lã�8I¼ê��ê

aff(a) =
A

A + fmax(a)
. (7)

Ù¥A´~ê, ùp{ü���A = 30 s, ¿�
>F ��±Ï"�$1�m. w,, fmax(a)�
�, aff(a)��. dufmax(a)L«�´>FÑÖ�
���m,Ïdkfmax(a) > 0,@oaff(a) 6 1.
4.3 ���qqqÝÝÝÚÚÚßßßÝÝÝ (Similarity and concentration)
�qÝ´�ü�ÿÀ|N��q&EÝþ,=ü

«ÿÀ�ð�©�)��q5. |NßÝ´�3�
½«�S|Nêþ�õ�. |NßÝéu�¼ö�
äk³��^,|NßÝ��,K³�å�r�.
�|N+5��Q, |N�ÄÏê�R, � Ä

Ïê8�S,K|N+31j�ÄÏ�þ�&E��

Hj(Q) =
S∑

i=1

− pij log pij. (8)
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ª(8)¥, pij�Q�|N¥1j ÄÏu1i�� 

ÄÏ�VÇ.|N+õ�5�²þ&E�Xe:

H(Q) =

R∑
j=1

Hj(Q)

R
. (9)

u´,|NvÚ|Nw�m��qÝ�½Â�

sim(v, w) =
1

1 + H(2)
. (10)

lþª��,&E�H(2)��,�qÝ��.|Nß
Ý�O�Uìª(11)?1,

cv =

Q∑
w=1

acv,w

Q
. (11)

Ù¥

acv,w =

{
1, sim(v, w) > Tac,

0, sim(v, w) < Tac.
(12)

Tac´�ýk(½�K�,3�ïÄ¥��Tac=0.9.
4.4 ÀÀÀJJJ������!!!������ÚÚÚCCCÉÉÉ (Selective clone,

crossover and mutation)
�â|N��ÚåÚßÝ?1|NÀJ,�±�

±|N�p�ÚåÚ·Ý�ßÝ.|Nv�ÀJVÇ

´d�ÚåVÇÚßÝ³�VÇüÜ©|¤,

pv = αp(f(v)) + (1− α)p(d(v)) =

α
aff(v)

N∑
i=1

aff(i)
+ (1− α)

1
N

exp(−cv

β
). (13)

Ù¥α,β´N!Ïf, 3�ïÄ¥�α=0.6Úβ=0.4.
3ßÝ�½�^�e,|N�Úå��K�ÀJ�
VÇ��;3�Úå�½�^�e,|NßÝ��K
�ÀJ�VÇ��. ù�3�3p�Úå�Ó�,�
�y
|N�õ�5. éu�ÀJ�|N,�1{ü
�ê��ö�,3�©¥�Nc = 10.
��ö�´/�¢D�{¥/ÚN����

^,ÏLI�|N����^)¤�\`û�f�
|N´�U�. �ïÄæ^ü:��Eâ5�)#
�|N,ké|N+�|N�Å�é,,�é�é�
|NÀJ��:¢�ü:��ö�,��ö�)¤
�f�|NA�÷v|N��å^�.3�©¥�
�ö�U�½VÇÀJ,=pc = 0.85.
CÉ´)ÔXÚ��A�,�´<ó�¼XÚ

?z��Å�.�u�ïÄ�8I¯K´>F+
��A�¤k�Õð���m�á,|N�CÉö
�3A��m������ü���m?1. �â
�ö�����,�Ñ·��CÉö�,Ù���K
´òA��m�����?Ö~�,O\A��m

�����?Ö,Ï"ÏL|N�CÉ,¦��ö�
��?�Ú �,lJp|N��Úå. CÉ��
)�#|NI�÷v|N��å^�.3�©¥C
Éö��VÇ,ÀJpm = 0.05.
4.5 ###|||NNN������)))ÚÚÚ���{{{ªªª���^̂̂��� (Generation

of new antibodies and condition of termination)
�
ü$AIA�O�þ, �±|N+�ê8ð

½,d?À½|N+�ê8�20. 3z�|N+�
�¼?z�,��ÀJ�Úå���|N?\e�
�+N,Øë���!CÉö�,;��)òzy
�.�{�#|N�â|N�ÀJÇ�ÅÀJ�).

ã 4 <ó�¼�{6§ã

Fig. 4 Flowchart of artificial immune algorithm

�$�gê���½��ê�,ª��{,J�
�Úå���|N���`),¿�#>F���
�Õð�?Ö�L. �ïÄ¥�AIA�{ÀJ��
�S�$�Gmax=20.
nþ, AIA�{�6§Xã4¤«.

5 ���ýýý¢¢¢~~~ (Numerical simulation)
5.1 ëëëêêê������ (Parameter settings)

1) ïÓëêÚ�6©Ù.
±��11�(Ø¹�e�)�ïÓÔ�~, Ø16

�Ú111�	, Ù{z�¢�k30<. 16�´+n
Ü�,k60<.111�´²nÜ�,k15<.
�¢~ïÄÌ��Ï��Sp¸�Ï, Ù�Ï

6êâd¢��6��ÇÚ�6=£VÇ(½.l
�e�16��VÇ�15%,l�e�111��VÇ
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�4%,l�e�Ù{¢��VÇ©O�9%.l�e
±þ?�¢�,��e�VÇ�95%,�Ù¦¢��
VÇÚ�5%.
�¢���6��Ç©Ù�Xã 5 ¤«.

ã5(a)�1∼5�Ú7∼10��¦���Ç, Ï¢��

<ê�ØÓ,16�Ú111��¦���Ç©O�
'~uã5(a);ã5(b)���e�¦���Ç.

(a)�Õ¦���Ç(1∼5,7∼10�)

(b)��e¦���Ç
ã 5 ��Õ�¦���Ç�

Fig. 5 Passenger arrival rate of floors

2) >Fëê.
3ïÓSSCk2����Ó�>F, ¢1¿

é$1. >F���1�ê�20<, ü�$1�m
�1 s,>FäkJcm�õU,m��m�0.8 s,'
��m�2.5 s,\��m�3 s,~��m�3 s,3�
�e±þ¢��m�Ï3�m�3 s, 3��e�
�m�Ï3�mK�5 s,ü ¦��²þ=£�m
�1.2 s.

3) AIA�{ëê.
AIA�{��'��ëê�â²�ÀJ:�Úå

ÝþXêA = 30, �qÝK�Tac = 0.9,Ð©|N
êNinitial =20,|NÀJ����ëêα = 0.6, β =
0.4,���êNc = 10,�¼��VÇpc = 0.85,�
¼CÉVÇpm = 0.05,��S�êGmax = 20.
�ý¢�3MATLAB6.5�¸e?1[11], XÚÌ

����CPU1.4GHz,S�384MB, Windows2000.
5.2 ���ýýý(((JJJ (Simulation results)
é�Õð�©��AIA�Û`z�mm��ï

Äuy, �m��l20 s�60 sO\�,¦��XÚ

���mCzØ�²w,ÏdÀJ60 s���Û`z
m��m.�Û`zö���1�m��2.5 s,��
÷vXÚ�¢�5�¦.
�ý¢~3üX�THV�{ÚÄuTHV�{

�AIA`z�{(±e{¡AIA+THV�{)�m�

'�,'�(J�g10gE�ý�²þ�,©OX
L1∼L3.
L1´©OÄuü«ØÓ+�üÑ�>FXÚ

�m5U�I. �'THV�{, æ^AIA+THV�{
�XÚ²þÿF�mÚ¦F�m��wÍ/U

õ, XÚ²þÿF�mü$
17.18%, ²þ¦F�
meü
24.84%, �A/, ¦��²þ���m~
�
21.26%. w,, ¦F�m�~��8õu>F
Ê�gê�ü$, ¦��ÀÂê[1]U
O(�A>

F3¦��¦F«mS�Ê��¹. 3L1¥, ¦
��²þÀÂêü$
2.04g, Uõ�25.09%. d
uAIA+THV�{k�/Uõ
¦��XÚ���
m,Ï>F+�XÚ��ÿFÇÚ�¦FÇké
�§Ý�ü$,§�©O~�
8.33%Ú16.39%.

L 1 XÚ�m'�
Table 1 Comparison of system waiting time

� {
� I

THV AIA+THV

²þÿF�m/ s 57.50 47.62
²þ¦F�m/ s 65.33 49.10
²þ���m/ s 122.83 96.72
²þÀÂê/g 8.13 6.09
�ÿFÇ/ % 40.77 32.44
�¦FÇ/ % 50.35 33.96

XÚ5U�'���N3XÚ�U�Ñþ.l
L2��, Ú\AIA`z�{±�, >F+�åÊê
Ú$1ålO\éõ,©O�13.44%Ú36.36%.du
>FXÚ�U�ÑÌ�3�>F�ÚÅ�åÊ

�![12], ¤±>FXÚ�UÑO\
, �´�'X
Ú���m�UõÚ¦��÷¿Ýó,ù«UÑ
O���d´���.�A/,>F+����sÇ
dTHV�{�25.20%ü$�18.82%. �´Ï�>F
��ª��$Ä,âJø
ûÐ�¦FÑÖ.

L 2 XÚUÑ'�
Table 2 Comparison of system energy cost

� {
� I

THV AIA+THV

�sÇ/ % 25.20 18.82
åÊê/g 639.70 725.70
$1ål/� 1563.80 2132.40
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3ü«+��{e,��¢��þ1!e1ÿF
è��ÝXL3¤«.Ø�e±	,ü«+��{e
�þÜ��¢��²þÿFè��ÝÚ��ÿFè

��ÝÄ���.Ú\AIA`z�{�,�e�þ1
ÿFè��Ý����~�
5.2<,²þÿFè�
�ÝK~�
23.08%.w,,|^AIAé�Õð�©
���ÛÄ�`zk|uü$ÿFè���Ý.

L 3 �ÕÿFè��Ý'�
Table 3 Comparison of length of queues of floors

è��Ý
è�I£

THV AIA+THV THV AIA+THV

F1(þ1) 6.391 4.916 21.80 16.60
F2(þ1) 0.800 0.800 0.800 0.800
F3(þ1) 0.800 0.800 0.800 0.800
F4(þ1) 0.800 0.800 0.800 0.800
F5(þ1) 0.600 0.600 0.600 0.600
F6(þ1) 0.900 0.900 0.900 0.900
F7(þ1) 0.800 0.800 0.800 0.800
F8(þ1) 0.400 0.400 0.400 0.400
F9(þ1) 0.400 0.400 0.400 0.400
F10(þ1) 0.300 0.300 0.300 0.300
F11(þ1) 0.100 0.100 0.100 0.100
F12(e1) 1.000 1.000 1.000 1.000
F11(e1) 1.033 1.037 2.000 2.000
F10(e1) 1.034 1.034 2.000 2.000
F9(e1) 1.031 1.031 1.900 1.900
F8(e1) 1.031 1.034 1.900 1.900
F7(e1) 1.113 1.064 2.000 2.000
F6(e1) 1.042 1.038 2.000 2.000
F5(e1) 1.076 1.045 2.000 2.000
F4(e1) 1.072 1.051 2.000 2.000
F3(e1) 1.266 1.048 2.000 1.900
F2(e1) 1.031 1.004 1.600 1.100

'�ïÄ(JL², Ú\AIA�{é����
Õð�?Ö¢��Û5�Ä�`z,ü$
XÚ�
²þ¦F�mÚ²þ���m,~�
¦��ÀÂ
ê,�±
>F���sÇ�²ï,~�
�e�²
þÿFè��Ý,loNþUõ
>FXÚ�5U.

6 (((ØØØ (Conclusion)
�UõÌ��Ï�Sp¸�Ï�ªe>F+�

ÑÖ5U, �©JÑ
�«#.�ÄuAIA�Ä�
`z�Y.T�Yæ^ü?��é�Õð��©�
¢1Ä�`z,|^~5�THV�{é�Õð�©
�¢�ÛÜ`z, æ^AIA½�é�Õð�©�¢
��Û`z.�ý(JL²,�©æ^�Ä�`zü
Ñ´�1�,XÚ�²þ���mü$
21.26%.
,,<ó�¼�{�ëêLõ/�6u²��

�.íÄ<ó�¼�{ëê�g·A���N�,E
´8�I�XåïÄ���.
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