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Improved ant colony algorithm for
ultraviolet communication network

QIU Da!, LI Jianhua?, WANG Jingyuan?, WEI Wei'”
(1. College of Electronic and Optical Engineering & College of Flexible Electronics (Future Technology),
Nanjing University of Posts and Telecommunications, Nanjing 210023, China;
2. College of communication Engineering, Army Engineering University of PLA, Nanjing 210007, China)

Abstract: Due to the strong time-varying nature of the ultraviolet communication network channel, corresponding adaptive rout-
ing is needed to solve the problems of high network transmission delay and uneven energy consumption of nodes during the net-
working process. Based on ant colony optimization( ACO) algorithm, an improved ACO algorithm for ultraviolet communication
networks is proposed. The algorithm introduces the network node energy into the state transition probability formula of ACO al-
gorithm, and analyzes the delay performance of the algorithm under different transmitting angles, transmitting power and data
transmission rates by Matlab simulation software. The simulation results show that compared with the ACO algorithm, when the
transmit-receive elevation is 50°, the delay of the proposed algorithm is reduced by 1 s, the convergence speed is increased by
28%, the average residual energy of the convergence path is also significantly increased, and the life cycle of the network is effec-
tively extended.

Key words: ultraviolet communication, ant colony optimization, network transmission delay, average residual energy, self-orga-

nizing network

03l8

LHMGE G —F R Lot E =, Ha
GINTRAL R AEE AT THeRE amRean, 5 A 4l
LKA A ﬂ%&TﬂE%% %@aﬂ% BEAL]
DI KA IR e R RE LB i B s BA T2/
ARSNGB =

#s B EA. 2023-04-27,

EE&WE . HEKARRERESTIH (No.62171463 ,62271502) %1,
EBE /A B0k (1998—) , B Wi-LAgT A Bt T
MR R 2R L T 5 6 TR B R T Rk
BAR)ZERTFEE L, FEAFEIMGERG AN
LML, 25 T EE A ARFREETH S
VLG GE (5 TR AP I P OIS

*SEEIEE  FH6(1960—), o Wb B WS AR B PP BUR T 2 R B A RS
U, 5SS S5 00 ST B TR, LA O R T (5 R B H BRI G5 H Y

B

ROCHLE BINRERRFIZENE SR MR RDEEF B HR s SHERERIST B2 (8 ST — SR BENE B & 43 A Al AR AL T AR T

© RBIEHA 2024 F4 2




G Y WERE B

IERE A BT RN GE AR T A S5 S |
FAE I AR YRR Y S B A% i D R e R A
SHCERE S AN GEAR TR, AN SR TCL
O HR o0 285 v ) % R UG VR BB TR AR A
U2 | PR I 58 A7 T A X L 1Y) 1 3 7 H
A REEA T AF12

F 38 0 5% TG4k H A2 45 1 — AN A T BE
VB LMR T KRR, 2016 4F £ R K
2~ 1) ABDULWAHID H 55 N\ X8 5] Ad Hoe %%
T ARG R BN AR R 4R T — Rl
FE ARG PR, IF5r 8T T AR B E IR PR RE
2017 4, V% T AR KRR AN ) T —Fh 22 4h
7S5y 2 H AR  MSOE AT T 5 B A kit
T —Fh ] R A SR AME (UV) Il I R A K X el )
O3 RZA R X G55 s ) )38 15 R B R AT a5 1] Y
AXH B 2019 4F | P2 TR A HR i 8 N OF 5853 Hr
TERAME A T AR K B s IR
NS2 AT TR, A T ANRIAS Bl X R 15 5K
HA&M PR, 2021 45 P2 T R2AK K
PAT BN 7 —Fh JC AHLAEERE Hh 28 S R R 38 17 g
Yo i R B0 R o ) R R RSO AT RIS A TG
AHLEERET B RE R THAE L 2022 47 XK KT A S 4
T — A I SR A UM TC AN HIL IS B RE AR O Ak 1 He
SR T | M B IRRE IO AR R A o A
Tt (B AN A LS NS # AT
ARA, T 22 TR 114 i i Fsf [ ) o 5 3850 D) 46 AR
Ay i 7 AR | A 1) E R AR, I 4% T VA
O A 7R R R IR | A P U HIL R
BRI 6 P 8 5 TE AR s A2 L, 2 i fd H [R)— A~
R TR SO R B0 S RE AR ATFEIT B XX
[ R, P 22 34T R 2] R 1B 1A A P T R fb
(ACO) B3 N FH 21| Jo 4k I 45 iR 45 5 2 (QoS) i i |
TR T 5 A B AR (R A R B JTAEAR B R TR % &
TR IR AR B R AR R (BAE PR
L AR T SR JOVR I T RO 2 1L
SRR A R

HHET,ACO BILC ) 12 0 H F o IR RS fcia)
R AT () R i S B AR R B e LR AR ] |
B T B ROR . AR ACO Bk B RIFp
PE | FLREA B = s A P I 1) QoS! H 8 T
22 4% 1) i SRR i (HJRAE SR AMGIE S H A
LU R D . ARSCEET ACO B33 41—
FH T2 A G385 D90 28 v A sk R332 (1 SCHRTRR U-
VACO %),

bRk 2R IR A

1 BRIRE
1.1 I BARMELHIRIE
LHMGEE N LA E 1 s, B 1(a)
W Tx R ST R RIS r HEMEIE R, VAR
SR R 2 B o 3G RUCBO AR BE , SA 22
Ui B AT USROS | 0, Ry & B A , 6, R B2 AD
1, & FICHEB , &, AR, 25D G
SR G AT S AR E ) 2 R O Y
WM faFE T k] DUE AR ELL T (NLOS) i A2
B 1 (b)), £ 1 DREAR [R] AR41 22415 A0nT [ 58
AR AR S P 2 AU A R
PEES LA, VR ES B S R — A e 2 5 AL i
AR TR R I AR T 0 2 1 A A S £ R
Yyt

TP TR SIS 28 I B Sk

(a) NLOS ##H R R

LN > O
() (1)
(b) ALK LE R

B 1 EISLIEE W iR

H T AMTE KA 52 B AU AR5 | 54K
AR R, A (R AR I I R SR AR B
B, AR A RFE LT LU ()RR

I=&ret (1)
Hi | & MEERPFEREL, & MK BFEFEEL, w F K
K7 R ARE G, w20 1~10 km™, Hgm ] 2
WEATE, BRI XA SRR B | X (1) T
b

I=& (2)

TETCLR AN 1 RE v | K BH 8 S W 5 6 7 1 43
A TR PR TARANE 75 3 A | AR SCR I S (00K ) I
il , RIS pul IR

2004 4F50 2 3 RAEHS O




G Y WERE B

BRiK e TR S — TSRNG4 1 et IR 1k

Peexp(-A,) (3)

e, as kb 55 JE S A5 50 1 2RO LY
AT PIRIR N

S L. 4)

Hop A RIS BT Y RERE N he/A sh 2%
BISEH AL, ¢ S, MUEE R FDGHL I A% Y 1
RO m=eny, N AICHAT IS (PMT) B T350%
n RGN RRCR, PG, R, R,

AR IR S 5 A 55 U A R
oy

_:i [ mPA
k= &R heln(2P) 5

M (5) T LA HY | 224615 19 S TS 2 4
2GR AR B R IRERFEZ N SEAIE
TEE IR AEH M R D 5 U E RS M2 S5
UN I AV SEP SN R e A 23 A | B A SV
FINEEH 19 R 2 0] BOA5 R B S I AR S A
EZHOR et P 2RAMGIE T R 4T 2
Xof IO ) I A2 0 P DR i v IO 430 A 2503
1.2 UVACO ik

1E ACO Frh | IR R RS R A0 3 e 4
B AR I ¢ 7 TR G R ke T R
Bk S PRSI LRI R

a B
T,‘j(tﬂ [n;,(t)} jeA,

[
Py (D)= zhmwaAwf 6)

O,j¢ Ak

Fobt AN T — BT LRI S A4 7 (1) WAL ¢
{5 (i, ) B B B IRIE | my(0 W R IREG u 67
SR A T LSRR R — BT o 1 R
T M B A B 2 R A R B
IR R T MR A X TR

ERE PR | 45 U 2R R S R R
PR R AN, TSRk ERRA UGS
AR 1 R A A (LRI
S EEWIE 7,(0) UM B sy, HaE A Tl

7, (A =(1-p) 7, (1) +AT, (1) (7)

b

Ar,.,<t>=imf,.<t> (8)

%’i’jE]k
= “k

Az (1) (9)

0,else
Horlv, p R 5 BRI R BB Ar, () WARVAEIR 2
ij IR A (0 5 kNI AR UCTE 3R
HRTERAR i FREMCRIE L m R W BRI K
B, L AR ke SUIE AR YARER o 2849 O 2
KHE 1 FORE & SO BAEA YRR I 225 Y A Y
Gt ,Q WHEL

ACO FE¥: HAT /M A T R BH L AT
AP, SR BT A ki,
S, AESCBRRITRR b ACO BTk 5h BB
PRI AR R R R, SRR RIS
PRI TSRS 4 £ A
RIS AL, B ACO FEHk SR (5 58, 0T
iR e FLIBE S AR i, IS 2 T
SO P R BN (5 T 0 PR e e 17 £
S R IR e, 5 A, T T R PR e
FHT S 5CAE ik SRS AT A

BT, ARSON ACO FL TG | 4 UVACO
Pk AAREHATT

1) MRS (% 2 5o 15 AUE 2142 R A
B, RAR A IR AR R S R
O /1N T —BET5 R AR B AT A 1
sk,

2) VIR TR MR A2 M 17 AU A B0k
BHRARAR R, (RSEHEPE T A A R R
B, M K R4 247 SR04 RS
HER AR

p,ﬁ(t):

LACINEROIMEACI
PAERCIREACINENGI (10)
0.j¢ 4,
8,(1="L1) (1

Hor 5, (0 BRI T 571 SR RAT Gy R AL, BiE
05 ELHE SO AT Fo  m AR AR BE R 5 € O 1Y IRTIR BE AR
e() T CHRIRE S, y ARERS AN T e T A
RER 7R R RPN R WA EEREH
RMEAL

1) RBIEHA 2024 5 2 )



G Y WERE B

Kl 2 A3 (.g'
P UVACO &
WIRTRE B LRI ALEE =3
T8 5 fACHE AR ) ]
@m,\14i?%17£ﬁnT. IR0 AR 15 e A .80
1) #IHAEk W35, WA BELE TR L
BB E  E 3
e Lo A S5 A At AT —IE T &
B BARL 1% HezALGT EMAREBRFP
B EAER
R =V EY IV B 6L
. ‘{nt nziv: HABATT —HT 5
T, WMBEE R

¥ RERA KT

ERRER R FAT 95
S PIRTE REAAR

I & R BRI B 2

R HBEEIMEE RRRMIGE, BAELE
F O A A

7 5 Ty G i

RS R0
T L T R AN T

LRBARIEAE, s R

LA

EDR BRI K x

Jir A7 8 W TR ad

TR, 2 UVACO Btz

2) IR IEACTH G A S AT IR AT I 4
I WA bR A e RO R A s B 1 — Bk A TR P
ELELH Y AIMAS gR T B LR, 5E m
SIS 52 58 B B BRI R R E H A s Ay
I I

3) HRURIEARTE I, 1O SR AR AR A (00 285 L 32 A1
PIRIARE R | HEBAS T Y AT AR R LB AL

4) % 85 WE i B AR EAT AR B R, R
T 2)REERAT,

5) 58 K YGEAR, i il 2 Ry L g4 e i
PEAREN A 2 il e (0 AR O I 268 ) I &) W S AT
EOPRIP N i I TS

2 R 5

R FEARAEAR SCHR LAY UVACO BETE A GE
fEMZ AR, ASCFIA Matlab XX UVACO
AT TR BRI Sk e 03 SR
WESHWE 1 PR,

FI 222 o T S AR AR P AN ] 3 i, %

Sk 2R TSR, S5 — R0 TSGR 19 2% A O E RS vk

&1 UVACO HTESH

S8 Bl
RS0 00 50
s oy° 50
W Mnm 280
RISR p 10
I PIW 0.5
BARALHEZE R/kb/s 10
JEEFUEC T RCR 0.15
%Eﬁﬁi%%%?@'ﬁfz Memr 0.3
W ERIRRE R O 10
300 o4l ® .
020 o1 o3
15 25 @27
250F @6 o6 ° -
26 o4 @38
° e o3 o2
200 | o3l o3
g 018 019 028
ok o5 o7 o34
g 150 > 023 @39 o7 3
oo @30
100 F - oz B3 o2 g
044 036
14 022
s0f 040 s 032
037
0 ol 1 @10 , 1 oll 1 1
0 50 100 150 200 250 300
6% /m

B 3 BALRMET miE B AR E

5 R BEHL A E— 300 mx300 m HIIE T IE XA |
BT AR RE R BN 10 T, P YT R 5x
10 m2, [ B XS N 3G 45 A5 05 BB IR T 2 T
1, BRSO A 45,

ARIRIE Y s HE AT 8] SR UvACo BE A
ACO T332 11 0 4% 1 i g S ik A Rk Bl A8 Ak J G ] 4
Fi7R . LA Y, UVACO BETERACHT I 2 iR 7
P AR SR B A QU B N, 4 75 W B S A /s W8
B2 T ACO Yk, UVACO Bk R 21
% A8 s B AR L AT S50 B TR AR UVACO BE AR
SIRSL, M ACO BIETZEEMA 711k, SZAHML,
UVACO Bk U S BEER T T 28% , I 485 isf E g 2>
T1s, LA UVACO AR SN GHRGE NS A
Gy N | I (3 R N T S 2 (S 2 S N T

UVACO B ACO Bk AE A B Pl Stk A%
P A RE AR B AN E 5 s, AT RLE
UVACO BRI SIgA2 I 0724580 4y e bl A 16K
O 2B B MO TR ISR AR T R A g

RABEHS O

2024 455 2 1)



G Y WERE B

Bk AR PRI, 45

Tl FH T S MG £ I 288 A IO RO 57

8

— UVACOHi%
6 -
4 -
2 iy
@
w0
23
— ACOHi%
6
4 -
2 -
0 30 30 60 %0 700
X

B 4 2 FEGRIARE R PR R T T E

10
— UVACOHi%
9 -
8 -
=
ol
2
o — ACOHi%
i+
g -
70 20 30 60 80 T00
B E

B 5 2 MEEKSREE EERIREETHE

RO J, RPN SRS R A py(r)
RVEFE T — BT A, PEPROY S BRI TS R Tk A T
e, TESERACHTI 1 A A & AR AR EE R R E
AN A 4G B R AT R BRI A AT R e 2R
RAERBARAY T A, S EAE LTI AR 0P 1558
PNz U NERZ5IE S NN TN EEReS i ¢ Vel BN
AW TE B3R BB R AT XA — D IEJ
It PR AR 5k BE A% 16 AU Sl A B R DL ) A2, DA T
DEAE TR AR BE W SV N — Bk A
UVACO Fk k05 B AR 1 725 9 4k B o e kAt
HFP b BN R A T S R B T AR
10 RBIETHF 2024 445 2 ]

P A RHAER T L EAERTT] . T ACO B
JET AR S RO AR T A AR R A e
SR H I AE LA G A4 S AR 1 - R R B i
R 5 B AR I AR =0 8.6 J, KT UVACO B3k,
Tt ACO FL Ok e Rl R T i T %
TEVT S E ARG, ARSCRA UVACO &
PFIE TSRS R A BE T HE S5 AR R A e
Z RIS O, W&l 6 B, AT SEor RS
JE WL BE 15 PRt R S s BRI A AR BN T
200, HAZWAM A KT 7000, i85 2B A AR LA
K, EHEIMALE N 0,=30°, 0,=30°; 6,=30°, 6,=50°;
6,=50°, 6,=50°; 6,=50°, 6,=30°, BEXE : R=10 kb/s, &%
IR 0.1 W ASEE 1 W, E6(a) TLAE H | HHTRITR
T RURN H T s (8] B A% D) SR 0 | B A R
W/, IR TR ARG AR F VSRR AT

30 F
—— 5,=30°, 6,=30°
A —e— 0,230°, 6,=50°
25 4 —a 0750° 0,50°
\ —— 0,=50° 0,730°
20 F X
" \
DSt
10 }
05 |
OO 1 1 1 1 1
0 02 04 0.6 08 1.0
A5 S F /W
(a) fEHINZR 5 AE
10 F
—.— §,=30°, 6,=30°
—e— 0,=30°, 6,=50°
08
0.6
9
=
04 F
02 F
00 1 1 1 1 1
0 10 20 30 40 50 60

Fedfrik & /kb/s
(b) fhebfiie i

El6 TRMEZAETESINE EMEERSMENTWHELE




G Y WERE B

VPR N —BkTT AR L | BT LAY S R R BOE WiAE
AN BTSN CYAER DI/ N T 0.4 W R BERT)%
AR AEKT PO 265 B SE S MK, AR TR KT 0.7 W BT,
%ﬁﬁﬁ%%m$wﬁﬁﬁﬁﬂﬁiﬁﬁ%moﬁ

ALY P=0.5 W AEHHERE 5 kbis LR
6mw%M@6wfw@%L%%%%L$ﬁﬁrﬁﬁ
AF A A S BT R A A R DR kg 1 A TR B A o
IE Bt 25 5 i R BB R AR /N RS A& i i SR
A%ﬁwmﬁﬁ¥h;d\MﬁﬁwH%wmﬂam

T R R 2 e T AN (H VA A R 2 S R
NG EE:

H I 6 AT, 24 & S 6,=30°0F BRI 6,=
30°HF FUHEE/N T 0,=50°F IR AE s 243U f 0,=30°
B, REH AR 0,=30°0] BRT HE/NT 0,=50°H] B A 4E ; 24
RHHNAA 0,=5000F RN 0,=30°0F B IE/NT 6,=
5001} B I A ; 42U 6,=50°0F , K BHIIf 6,=30°
A RS /N T 0,=50°RsF Y A A2E | F I AT 2801 0 A IR
R B A R AR, WA fa fa BN | A
)R AR E A i 2 AR RE N SRR R Y
ST Ay BB A 8 B A AR N | A )R
SSRTE B9 R 22 [ 5 300 22 P e B

ZERIE

ASCH T —FF UVACO Bk, B M
MAERE DI AT ACO BILRESHBMER AT | it
Matlab 2K PF05 E 08T T UVACO B35 78 A R & £
& AGE TR L R A T R R
HERE . 5 ACO BIEAHIE, UVACO FILREIE &R
PN E EEAR AR RHETEAR I FARSIGE BT T 28%,
UVACO BB 71 SRS MR A 5] AT
SREE LA S R A O T RS AR A
YiRIAche R, HER T MR AAERTR, BEAh, UVACO
SRR AW S AR () T34 F A g i T ELA R BB
AR BT BB B IHAE . TEAR IR ASCR I A A&k
TR R AL 4 R A MGl AE A 418U 4 | U-

ER ZREAE TEIRUR A5 — R TSN GIE {5 W2 A SO 512

VMD%%%%ﬁﬁ&ﬂﬁﬁL%ﬁoﬁﬁ%ﬁAF
SAMGEAE A AL PR TR

Sk,

1AM, =, Bkl 55 MGG J5B BoR 5 R[], b
mBEEjti%i%ﬂi 2022,45(3).13-18.

2] FEREL. 656 A AL ML IE MY, b Bl R 2011

[3] VAVOULAS A, SANDALIDIS H G, VAROUTAS D. Node isolation
probability for serial ultraviolet UV-C multi-hop networks [J]. IEEE/OSA
Journal of Optical Communications And Networking, 2011, 3(9): 750-755.
[4] ABDULWAHID H, DAI B, HUANG B, et al. Scheduled-links multicast
routing protocol in MANETSs[J]. Journal of Network & Computer Applica-
tions, 2016, 63(3): 56-67.

5] REME, RAE RN, 45, 550023 43 5 A 218U 45 s el ML [T]. v
O, 2017,44(10) . 193-202.

6] Brir KM, ZF el 5. AN H A ML T 2
[]. PY&TRER2E44,2019,33(1) . 74-80.
TR RBAE , B RS A O LR T 52 AR AR 15 BEFE Y
FrEk i SR []. REE TR S TR, 2021,43(1):251-257.

8] AR FREAE Skt | 55, TCREE AN METC AL RERERLIL (b 1
FSED]. OG5 ehFa#IE R 2022 ,59(5) . 139-146.

[9] ZHANG X, ZHANG Y, LI Y, et al. Bio-inspired adaptive routing in
self-organized networks: a survey[C]//IEEE. Proceedings of 2013 8th Inter-

(EEESS ¥ RS

national Conference on Communications and Networking in China (CHI-
NACOM). Guilin: IEEE, 2013: 505-510.

[10] SUBRAMANIAN D, DRUSCHEL P, CHEN J. Ants and reinforce-
ment learning: a case study in routing in dynamic networks[C]//IJCAI. Pro-
ceedings of 1997 15th International Joint Conference on Artificial Intelli-
gence. Nagoya: IJCAI, 1997: 832-838.

[11] HAN D, FAN X, ZHANG K, et al. Research on multiple-scattering
channel with monte carlo model in UV atmosphere communication[J]. Ap-
plied Optics, 2013, 52(22): 5516-5522.

[12] CHEN G, XU Z, DING H, et al. Path loss modeling and performance
trade-off study for short-range non-line-of-sight ultraviolet communications
[J]. Optics Express, 2009, 17 (5): 3929-3940.

[13] HE Q, SADLER B M, XU Z. Modulation and coding tradeoffs for
non-line-of-sight ultraviolet communications [C]//SPIE. Proceedings of
SPIE Conference on Free-Space Laser Communications. San Diego: SPIE,
2009: 74640H1-74640H12.

[14] DORIGO M, BIRATTARI M, STUTZLE T. Ant colony optimization-
artificial ants as a computational intelligence technique[J]. IEEE Computa-
tional Intelligence Magazine, 2006, 1(4): 28-39.

2024 52 RAEHRS O




