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score, = (win,, +1 —win,) + (win,, -
win, + win, ). (17)
xF HgEAT AL, Bl
score, = 2 X (win_, — win,) + win, ., + 1.
(18)

A score, KIBEEE A 1,2 x win,, ] L5 1
FRIE 1) ) ERBE PE AR score, WU B R, R BIAE 55 ¢
AR ) RE A, R AT B R T R O
KT
2.2 EHRIFETAE

Xf T i Ak AT 55 ¢, i Dy R AT Y A R IR
S K, 54 IEAT X, 75 20T L
B HER AT I BB UL AT 55 B R DT I A B A
A DL Ta) 10 R 25 i R ] F IR ) 11 0 ) gk A
F X, 4 DG BE A5 21 1 ] B B 0 U 0 B R S A
— SRR RN #5255 ) 18] 5 F DL RS A 3 1Y
o BB IR AE A, i8N taskresourcel 3 55— &
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X T ARIEE R L ) 5 L ik 55 TR 26 10 ¢, DR
BC AT 23 Jy gk TR B hE RZREE A R, X F B A~
gk TR LR Z r, HRARICI Iy ik 5 Bk Oy i
HAIGD A SR B 11 1, R 2R —
HiE A taskresource?.

2.3 ESE=T

XF T M B AL AL 55 o, AR AT 55 B IR DT C 5
A A A FH O B R VR £E S taskresourcel Fl
taskresource2 , #ATAE 5% 19 L HE.

B HIWT taskresourcel JEF/AEZS A HAE %,
TEH P BEHL e 4 — A T I Be W8 R R AT O R, R
P T B AL S SR, B AR (2. 4) il B BT
V8T 55 4 = D7 2 B
Forp, BT SR

start, , .. = T,
time,, . . = dtime,,
STt ,
El,r = [Startl,lk,r‘trj,r]’Sta’rtl,lk,r,lr/,r[ + tlmel,lk,r,lrj,r,]
(22)

CFLart, o o = T, + random() - (T, - T, -
H dnmet_lk)
D . .
Enmet,z,r,r,lrj,r/ = d”mel,zk
Il _ .

Ez,r - [Startt,tk,r,lrj,r[’sxartt,tk,r,trj.r/ + ther,tA,r,zrj.r,]

(23)
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Fig.2 Task insertion method
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R e, SR F AT | BE AL B B S SR, B A BT IR
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F E JIR 55 IF B) 2 1SR 4 iR 55 B 8 B IR 55 Ik
KBk R f R IR 55 G, e AT 55 B IR DE I 484 , &
B AT 55 BE IRV , 153 24T 55 (4 taskresourcel
N taskresource2 , 31 & bt 2.

25 taskresourcel Fll taskresource2 [J§3 Ry 25 4& |
DUIEA S 4 T 9% 98 TC vk 58 MU AT: 55 1Y 9 L, 24 AR
55 Vil £ SR
2.4 FERIH
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% WK time, ., AL SE ZRT B9 4K TR R
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gk TR BNE R £ r 6 BT R B B9 B
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tr, &

T
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ko TolrjsTy
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Tab.2 Resource update rules under different conditions

(RGeS JEURT DL B[] 7 10 Rl 45 5
T, < start, < T, < end, [T, ,end,,f]
start, < Ty < end, <T, [start,rj,TJ
start,, < T, <T, < end”i [xmrtul_,Tﬂ T, ,end”i]
T, < start, . < end“j <T, (%)
T, = start,,j,T4 < end”l [T, 7end”,]
start,, < T3,end”1 =T, [Sm”“,’Tz]

R L% ] T ) i B M B B i 75 i L
W IT AR AR A PR
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GB N A7 Windows 7 #:4E R G () PC #L, L TE
Matlab 2014 g S8, th FRAE T2 H I E
FHT P B R gk TR R I ASE = U AT s o T
SRR, O e U B S, | e T 4k T A
IR ST 55 w5 R G 50 L AR U N 5 A
IELA b, xh 28 2 T 4 S g R AT DK

gk TREAHCE M T 8 4 Wb gk DA,
BErh 4k TR A 1A gk TR bk K2 H] T
178 BAE 55, T8 1] i P 30 1T 3R 20 J5UH P A
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HR 4 HH TAEZHE, o4k T A AH O ALY
F 20174511 H 25 H A4 2017 412 H1 HO
Bf ~2017 4£12 H 7 H 0 BF 90T P 4k DR %,
BHPIRITARYE A B T/ETRE SR RS T
ERS LT 2017 4F 11 H 28 HAGHATAE S HiE, o
VFEIUT 55 HFHESE 1 ~3 D& IR 55 I 1Rl & 1.
AU F] 500 AT 5 Hi, gk TR A 6 B AL
FF 2017 4 11 H 29 H 58 i JE 38 B 148, 76
1R B 7 224 S L2017 4F 11 30 H A3 Al
T 55 B3 B 5K A 55 JF ta i rh 4k TR ik R 2
XJ HERS [E] 10 min , 4T 55 45 o J5 b 4k 1AL ik R 2k
P 52 5 e 15 ] 4 min.

BT LB AR B R 3 5 R A O S RO B
n 3 .

®3 HRAGRSHERE

Tab.3 The parameter configuration of the application

scenario

Y B e
W RE TR 3 I 1 Bt 22 2017 £ 12 A 1 H 0 1}
] B TR 3 425 R ik %) 2017 4£ 12 4 7 H 0 B}
hogk TR SR R 2R K 4
FH PR 25 8 20
145 g B 500
B R A% 1R IR 45 I ) 7 O B 3
Il Bsf AT 45 50 3
2k TR B R 2R X o s ] 10 min
e 4k T3 R BANE R 4R K A2 1 B B T 4 min

gk TR %R AR 4k TR ik R
AT B D 1, DA K45 rh 4k T A Bhik R 2 %) 45 FH P
AT R i 0 R DL ISF ) 70 1 5 0 ELAE DG BHiE T fe 2k
SEYG . ARZEBPEE 4 A gk TR Bk R 4R Y AT R 1)
%R E 2017 4E 12 1 H O BFZ 2017 4E 12 H
7 H O BT X T A gk TR Sk R 2 X 45
PR AS f AT DL Rst 8] %7 11, 28 3 R A STK Ak 4%
BRSO R SRR B
3.2 B4R

I 3 I 1] ) BE Y R e R R RS
3 5 AT, Ho 1 ~ 10 J0AT: 55 09 0 2 5 58
w4 fros.
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Tab.4 Part of the scheduling results of the heuristic algorithm based on time freedom degree

SE AT ZI

Frgemt a) /s

SN 4
AR M TRt 2]
1 4 1 2 [2017,12,5,15,46,46 |
2 19 1 4 [2017,12,2,17,34,57]
3 20 1 2 [2017,12,2,23,15,28]
4 | | 4 [2017,12.,6.10,47,18 ]
5 16 1 2 [2017,12,1,9,10,44 ]
6 17 -1 -1 -1
7 16 -1 -1 -1
8 18 1 3 [2017,12.1,17.21,48]
9 5 | 3 [2017.12.2,14.13,50]
10 10 1 2

[2017,12,2,22,48,18]

[2017,12,5,15,58,31]
[2017,12,2,17,52,51]
[2017,12,2,23,24,53]
[2017,12,6,11,0,51]
[2017,12,1,9,21,45]

-1

-1
[2017,12,1,17,40,29 ]
[2017,12,2,14,25,25]
[2017,12,2,22,59,18]

0.008 160 526
0.012 437 202
0. 006 535 57
0. 009 405 561
0.007 642 144

-1

-1
0.012 972 767
0.008 045 782
0.007 637 625

FPEEME - 1 FoRZIUE S h T REAL
AR VR L 6 (5] B R B K

FEI EEIE M AR R ik 5 . 9Lk
GUREW AL R AMRRIIETEE BB AE2 s
PN 52 B 500 TAT: 55 LA 37 35 (14 J) 400 9 58 U5 58, AT
%5 SE R LK E 76. 4% , FH P 30 S 0 AL Gk #)

50. 2% , B2 e ) a] Ik 6e 8 1 I B 7 SRR
A K
3.3 5ERERXNERERERSEEILL

Al RL R AL T E] ek R A e SOk B
T 4 ARG WA T A48 55 0 8 B iV
1T 45 B2 YR VG e AT 55 476 45 R0 9E U5 BT, AR B v
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Tab.5 The performance criterion of the heuristic
algorithm based on the time freedom degree

WA 48 B S 4 O
155 g A 500
1T 55 5¢ WL 382
£ 55 58 1 3/ % 76. 4
TG K2 P I BB AT 55 H 251
FH P 3 B R % 50.2
B kis T/ s 1.797 987

REfS P S B Ak DE REMIEE TR N
TR IERE WA RO o S e KA AT 55 A
HR 55 53 1 (highest weight task first service, HWFS)
HEAT O #. e KA AT: 55 d5c 56 IR 55 80 v 1 A0 3R
.

Step 1: X1 58 B A T 44 AT 55 AR LA AR
FN/NHERE T WU 55 BA 1) Q.

Step 2 : SR J5 B AT 55 BA S Q v 1 H AR R B
RIS .

Step 3: WAL 55 ¢ AR A IR 55 BEIE, L Q
MER ¢ 2R Q = O, RELEH A W4 Step 2.

PIN SRR AR Ik 6 s, thik 6
MRS A LU Y, 721% %5 T, HA-TFD 8 HWFS
AT 55 58 LN T0% $2 751 76. 4% 41 HWFS (1)
P 39122 5 J BE N 43 % 42715 50. 2% , %0 L 5E
BB, HA-TED J2& — Ff B A R 306 g ALY s & =X
AT 2.
3.4 EZSHMENEENTID

H T o B AN AT 55 MRS XS 5305 i 52 R, ARy
TEAE 55 5 KA B AR X S BB A B 1 254, i
# 100,300,500 .800.1 200 .1 600 #£ 6 4~ A A {F
55 WU HCR AT 55 3 5, 20 il 0 Ak T I E] A

JEE A I S 3030 0 R T o 5 90 i A B IS 8 Bk
AT IR, AT 55 5 5 AT 20 IRE R S0, X
FENVEREHEAT 0BT, A G R N 7 B

x6 HEIRER
Tab.6 Comparison results
PEH R bR HA-TFD HWFS
1% B G S 500 500
AT 55 56 U AURE 382 350
155 58 2/ % 76. 4 70
T 2 P BEAT 55 S 251 215
FH P 0 S R B % 50.2 43
BkiE T E] /s 1.797 987 1.58 746

RT TEESHAETHIRER

Tab.7 The experimental results of different scales

of tasks
% el MR ‘*Z%fﬁ o e
WE K /% g EERT P A7 ]
58 JE/ % /s

100 96 96. 00 75 75. 00 0.400 516
300 269 89. 67 187 62.33 1. 085 394
500 383 76. 60 243 48. 60 1.613 374
800 503 62. 88 298 37.25 2.369 378
1 200 578 48. 17 329 27.42 3.115 182
1 600 616 38.50 374 23.38 3.225 724

3.5 APRMASRHEXMEZNAM

Y 53 F AN [ P 0 R A8 R X B Y R )
TEAT 55 5 KA HA LS BIUEAR L1 00 F A0
ARG S S B I PO R SR R B E 4.8
16,2028 36 3t 6 A [ I T K 27 K0 AL 55
S5, 3 RS TN )l BE A RS SRR AL T
FETH fifk 1) BE AL R BE HEA TN, BT 55 B 5t it
1720 WEAE LK, LI 45 R Wk 8 FR.

®8 AEAFPMRBHETHIEER

Tab.8 Experimental results of different numbers of user Spacecraft

PR A% A 55 3T AT 55 AT 55 S35 I SEH RR SRS
okt Bk 56 R FERLR/ % WAt WIREWRE/% BITREYs
4 500 360 72.0 225 45.0 0.492 058
8 500 385 77.0 235 47.0 0.794 376
16 500 378 75.6 249 49.8 1. 383 058
20 500 387 77.4 242 48.4 1.924 824
28 500 394 78.8 250 50.0 2.284 258
36 500 395 79.0 262 52.4 3.018 492
4 &R I S0 B 6 JE L, PP AT 55 58 bR e i B 1Y

Sy BT bk TR SR B DR 2R R O BE 0], 25 &
Z WS e 1R A A b gk TR AR BT
gk TR BAhE R L B 2 H AR L 2 AR ER
SR ST TR LR R R B KA AT 55 5 R

DU F AR, T S B 3 2 38 e YR BN AR H A R
S8 2 P B9 A 95 5 R 2 R B R 24 SROA A A
LRSI S B A S R N E e DD
&AL AL 55 B AR B AR AT 55 I )5 22 i AT
55 58 WUME E HEAT PEAG , O LA D 4 8 2E 17 4F 55 94
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Scheduling Model and Heuristic Algorithm for Tracking and Data Relay Satellite
Considering Multiple Slide Windows

HE Minfan', ZHU Yanqi’, JIA Xueqing’”

(1. School of Mathematics and Big Data, Foshan University, Foshan 528000, China; 2. Beijing Institute of Remote Sensing Infor-
mation, Beijing 100085, China; 3. College of Electrical Science and Engineering, National University of Defense Technology,
Changsha 410073, China)

Abstract. Efficient scheduling algorithm plays a key role in improving the efficacy of tracking and data relay
satellite system (TDRS). Scheduling of TDRS aims to scientifically allocate TDRS resources according to the
task application information from the users, such that maximal task requirements are met and the optimal activ-
ity schedule is made for the TDRS system. The mathematical model is constructed for the TDRS scheduling
problem with the consideration of multiple slide windows in real-world requirements. The objective of the mod-
el is to maximize the task completion rate and the expectation satisfaction degree of users. The involved con-
straints include task requirement constraints and resource using constraints. A heuristic algorithm based on
time freedom degree is proposed to solve the model, which includes four operators, i. e., evaluation of the
time freedom degree of each task, matching between tasks and resources, task insertion and resource update.
At last, extensive experimental simulation demonstrates the effectiveness of the proposed algorithm.

Key words: tracking and data relay satellite; scheduling; heuristic algorithm ; optimization
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A Review of Bacterial Optimization and Its Applications

YAN Xiaohui', ZHU Yunlong®, ZHANG Zhicong', LU Cixing’, LI Shuai', YI Wenjie’

(1. School of Mechanical Engineering, Dongguan University of Technology, Dongguan 523808, China; 2. School of Electrical
Engineering and Intelligentization, Dongguan University of Technology, Dongguan 523808, China; 3. College of Management,
Shenzhen University, Shenzhen 518060, China)

Abstract. Bacterial optimization was a kind of swarm intelligence approach proposed in recent year. In this
paper, troduced several typical bacterial optimization algorithms were introduced and the keywords of relevant
literatures were analyzed. Based on the frequency of these keywords, the algorithm improvement studies were
reviewed. It manly containsed four main aspects; parameter and structure improvement, algorithm hybrid, op-
erator improvement, and multi-objective reconstruction. Applications of bacterial optimization on engineering
problems were reviewed as well. At last, the research direction in future was prospected.

Key words: swarm intelligence; optimization computation; bacterial optimization; algorithm improvement



