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Abstract: Optical wireless communication refers to the technology of transmitting information in free space using
light waves as a carrier, which has the advantages of high bandwidth, low cost, and high security. The acquisition,
pointing, and tracking (APT) system is the premise of establishing a wireless optical communication system. A
simple, reliable, and dynamic APT system can overcome the impact of mechanical platform vibration and external
environment changes on the wireless optical communication system. Therefore, it is necessary to conduct in-depth
theoretical and experimental research on the APT system, so as to design a capture, aiming, and tracking method
suitable for wireless optical communication. This paper analyzes the domestic and foreign research achievements
in capturing, aiming, and tracking, and introduces the work done by Xi'an University of Technology in the field of
automatic aiming. It mainly includes the progress of initial acquisition system, non-common visual axis control
system, beam detection system, etc. At the same time, the field experiments of 1.3 km, 5.2 km, 10.2 km, and 100
km distance links are introduced to verify the effectiveness of the APT system. Finally, the development of APT in
wireless optical communication is prospected.
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B TCLR A (s B A ST AR R T IRIMEY . IR,
BT — Rk . W AERES (acquisition, pointing
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APT ZGAFEH . RIRIGZ5 4 S AR IR RoT, ARk
X5 e I de 05, A5 5 6AER e & GG
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P 2 M A SR 43 301 5 5 28 SRR DN 28 3 A5 4
MIZS s OCH RSB m R I 25 BT L, ek
BLFA R BRI (S e 9 i ML G 0 5 e J AR A e A i
SER IR PRI R R, MR ERZS A R AR 1 Ty ) 4
HaE g AR O, WERERZS S — D IHER AR Z
FHLERER SR T BR A PR ER AR 2, DR UIEMSC A 3 o PR 1 S Fof
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WIFTHEEFN AR, AR T PG 22 3 TR i 4,
A AT R, IR IS A i BF ST BRI XS APT £
GEAEICLO G 5 P BN TS AT TR

2 ESMARER

APT RGRETCLOGRTE R G DA Sy — oy,
AR R0 D8 R 55 o 55 H2 S0 DG AR e 4 S A, A
M AR I TRLOGImFEERS . APT REH AL R 2
HREOUME RGN KRBT 2R, 20
40 70 4E AR, 36 [ g AR #E SE 30 & (Jet Propulsion
Laboratory, JPL) B{JFJE T OC T8 B LG [E R4
D7 SEERFSE, FEE TR (Deutsches Zentrum fiir
Luft- und Raumfahrt, DLR). KX ¥ fit X J5 (European
Space Agency, ESA). H A fji X /5 (National Space
Development Agency of Japan, NASDA) %5 HLA4 #BHH 2k
AT T AEHE . S HObIE SR B S

1985 4£, NASDA #f | T LUCE (Laser Utilizing
Communication Equipment) &4, % &4 T X
TR B ) R R Gt H A A S T (charge-coupled
device, CCD) FMIIUZ BREEMIZRAL K. LHFRHIZ RS
FESRFZ B A T LM v A BR RS B A8 T 1 mrad™.

1994 4%, JPL W & 1T 3 % 38 {5 {8 /< (optical
communication demonstrator, OCD) &4, I T
DR PRE LR B A AR E BRSO A e Ry
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250 Mb/s'",

1994 4, H 7 i B 4 (Ministry of Posts and
Telecommunications, MPT) W & T 0% {552 4% (laser
communication equipment, LCE ). 1% Z ORI i 4544
K HITHIME CCD 80, FLERERS BE 32 prad, R BRLERZS
FA I I DU G BRI 500 F o A 7 A5 ., kG e ]
ik 2 prad, HBEA 200 Hz (9HFshirbEfe 1",

1999 4%, Biswas S N1 T —Fp TR BEOGHE S
2R3 (lasercom communication terminal, LCT), H %A
M7 R R ST IOR LR, 3R A% A% R THI % CCD,
i AR IR 5% 5 00 A7 B E RN BRI, % R G A R A 5
T CCD TAEMWIRIAT A 1.6 kHz.

2002 4F, ESA F I S ABOL A% B 1] 4 S0 6
(semiconductor laser inter-satellite link experiment,
SILEX) RGeSy T ARGl EHER, ZRERH
HIRSES S I G HXERSE, 430l E AL SE LA
PR S A, HLBRBER B RT3k 2 prad"”,

2004 4, Guelman 55 ARH] T —FP P73 )2 &
gyl FREERIECCE SN s G FEE R
AR RS, DAEH R sy, Se T
AU T Ao GE (5

2004 47, [ R B T 2E AR SEE = 5 JPL
BEWFE T KB Ot {5 3 78 RS (Mars laser

communications demonstration system, MLCD), % &

ES 2 S £ w6 XU el k2 Bt g o e e A B9
MM RG, fm TR, REnEfs
BRI ATIA 10 Mb/s'

2010 4%, DLR it 1 —Fh JofE bRt (5 2 b
(laser communication terminal, LCT). 7 i IR i
FEAPAE I ERRG, FOH 4R iR & 45 s S e st
TR ARG SO0, BRAT T HLEROGIRE & 1)
RN, FHERESRE R 226 prad',

2012 4F, Schmidt % A& T —Fh/NEOGEF
Ly, R RS — MR TS B R T DG
FHE BT IR S AR . 1 R L AE BE NS ST fiff
(3Rt b, $At 46 SRl

2013 4F, DLR #EA7 T 25 X Hi TC 48 %38 17 5L 5 .
PRI Lot A S ML 45 F4 RO I ERLAY . SEI8 3R
B, % FR G DRIt RN R 20 0 RS A 2 1) 5 M 0/
#) 200 prad L™, [A4E, DLR #8475 T “FERV 6%
B H TS =2 [R] A LR OGS S0 50 o T (5 e I 5
h 50 km, FURALHIHE AN 1.25 Gbls, KM D
APT RS 43al 52 B 79 km AOFE & BREE" .

2016 4F, Quintana 3¢ A% it T —FlH CCD AHAL
A RS AR R A e L % Pl 2 i) ' 3 o R 407 A ek
i (PSD) 4 ok 1100 BB A5 B P [R] T4 ) BR IR R 42
P2 RGN F 23 - 1o el (55 . e ZAF 300 m
TL B N EE ST T 2 Mb/s 16 15 4, IRAS RN
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2020 4, Antonello % NI T —F H FEHLIL
SR I EORG B RS RIREE RS, R ARGCRARL. K
PR AELS R, EEN 1.8 kg, LN HLER
Bi, SRR IR 22/ T 10 prad ",

AT | H B E M ISR 1 R,

M ERBFFE PR AT LAUA I, H T ROk
APT ZRGEMFE LA, FLIN A7 5320 7 DA M T8 bty e 5
LGS & (CCHk [7,11,13~17]) F1E [E] G0 (57
A b (CCHk [4~6,8~9,10,12,18]), X BRAN 2 55 ks s 52
KA Z B2 5

3 ENMRHE

20 tHad 90 AEAREE, FRIE 2 FRHIF AL AR A AR
TGl AR SR TIT TIRAWFZT, 2P R4
HAMESR ARG . PLAREOGHEE RGBT T —E R
o HETE N EZMFRNMAE KFIH TR B
T RE . PRIBER BG5BT T |
IR AL TR 2R 5

1999 4%, X4 NS T —Fh EZR B (s R
45 A BT 58 . 207 R R A A AR e L
Y, THBE T RGP AETE AR FIHLAE 3h ik
W R i e s 2

2005 4F, XHENEIT M2 EDE APT HE,
1Z77 R CCD A& I8 R MG AL B g, DIBF
55 Ab B ER 14 DSP 4% il 9K 20 &2 4 i 22 40 S B BR 5
SCIRLE LW, AR AR ZE L 1.3% ",

2007 4, A WG AR 6T A2 A il R B B ] IR S 58

AT TR, BT T R PR JCZO G E 5L .
Ml IR TEA 16 Hz B, R BRI 25 FORG R ER 1R 22 45
4 60 prad Al 4 prad™

2008 4F, W m BT T b TATHEER A B
e R G . 8 3 I R AR} Sz S B 1Y) A A S o 5
CCD 0 A7 ASCIA 7, W5 i 99 i O il 1 i A9 2 P 5K
20.52 prad™",

2011 4F, RAESE NS0 AT T 40 5 29 o 30 B8 Xt
PLEHOGRAE RGN, SCOL T P4 CAILIRIAY T
JEIEAR S, KHLRATE Y 700 m, JE{F EA N
1.5 Gb/s"™,

2013 4F, BREESE IR T —FH ALDG BRI AR
MU 58, 207 SR LABERRTT b 25 LU 25k
FEflt, BRAR T MRS X PRI 28 8 RS FE R . SEER S
AR BIH FHIZ 7 58 A1 M P X 2R G 1Y S o7 1% 22 PR IR
2 0.007 pixel LLF, i i RGERYERD

2015 4%, Wi AN T — R T HLEGEOE
WG RGHM . KRS IRENAE, THRTAES.
Ui BARR, ZRGWHL . R ERT BE  eT
23.97 prad A1 7.03 prad™’,

2017 4, sKouA NI T —ME A IREE RS
HEATHLEGHOGE {5 S5, ) B BA -1 o3 - o3
(proportional-integral-derivative, PID ) 575 4 il P 2
S, LIRS R RS A IRERS R 10 prad™,

2019 4F, ZREARVEAT T OCT R & 5 &R
GURRG R I A AT ST, e Ny — e AR AR A R S
PR P R . KSR TE . SEgR A AR A %
RGBS BE T3k 9.69 prad™

k1 BESMRRHE

Table 1 Research progress abroad

itk Ay N otk Ve i
[6] 1985 NASDA WO (E RS LUCER S PRIRE BE LT mrad
171 1994 JPL WO AE R4 HOCD HF 250 Mb/s
18] 1994 MPT WOLIF4&LCE KL, HEREAAS LML 732 prad, 2 prad
[9] 1999 A.Biswas HWOLBFELIRLCTRYE CCD L fEMi45i1.6 kHz
[10] 2001 ESA EATME RGN TSILEXR St PREFHKEBETT A2 prad
[11] 2001 M.Guelman FIHE A MAPT R G OG5 25 BHUCRHEGHAPTRSE
[12] 2004 MIT NASA K EBOGHAEHROLCDRSE AN 510 Mb/s
[13] 2008 DLR OB EZRLCT TR 125226 prad
[14] 2012 S.Christopher RS S0 95 LA AR A o )/ N RO 20 sk 46°
[15] 2013 DLR TER =AU S H T 2 SO0 £ S0 56 BEHIERIT9 km | Bl f&HiH=£1.25 Gb/s
171 2016 C.Quintana ST HLARHOEE (5 AHDR R R R 50 25 L 7 MR T 52 Mbls
[18] 2020 A Riccardo 7 TR A 1/ N A v 2 i iz 2% /NT10 prad
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2020 4%, AEXRAE AWESE T UG BR BRI g8 E LR
FARFRER R R, B R BRI &%
BB B S BURR E A R . SRS R, R
BT R RGN IR LT 3 wrad””,

2021 4, ZETAF NEFGPHL . ORG BRER B MERE 2R
ST T —Fh 5 W] 4% (backpropagation, BP) #fi 42
T A= R oalK NP IE AR Y7 7SV AR alll prprs
SHGLE R, LB B AR FR G885 PR
4 0.187 prad 1 0.903 prad™

PO T RAAAE LD GE FHR . MR
T BT R A 4 BRIF, ARSI

4 MEEIKRFELELEEERZSETH
S ER S E

N T ARFPICR BT e AL R WU S e, 5t
T GH | B APT RGE . BLAL TCLR
JGIAE APT REEaIE 2 FR". EHEHl SRR IR M
S0 B SE I R ), IR A B SCAR S CRE (o
FRE I AR B I AL A s AR RGN
B " HER G R AR ER A AR S 15 B
) AL 4 il B S 4R L ARSI R Y
R X AR ER . 2000 4F LA, 7Y 42 3 TR 2 A B

B N AT RIS Nk 2 s .

B AR A ME T LG TE APT £ 5

(2 BRAREE

Table 2 Domestic research progress

LB LRI

Sk AR AL nieneiisig e IBHL

[4] 1999  XIFE& . &K FIRBOGHR A ShfE R GE Fa AR 9 50 Hz

[30] 2005  AEREL. X JER A SR RS HNTATP R G ELASAY

[19] 2005 L5, JMERR 23 [MYEAPT R 58 £ B DU AR R 2220 01.3%

[20] 2007  FESbk ALEE S OR PR e A et et 3 HLL RS ERERRS B 5397 60 prad 14 prad

[21] 2008 WEmlE. sKEH I F SRl HE RS il HfERE E 1] 1£20.52 prad

[31] 2011 AESEC. #ARGH {EAR O EBERN R 5 FIFIPSDHICCDMFHRIN AR & 1T APT 7 R 48

[22] 2011 AT . H D Bt k=2 Sl K R W5 %15 Gb/s

[23] 2013  #k#%. DUEEE HEEBEHRI AL e 74 %) 5 (3715 22 B MK 220,007 pixel

[24] 2015 @i, BT . WEARERS KL RS EREOR BE 3 B8 T23.97 pradFil 7.0 prad

[32] 2016  AEREC. il [ A ARG I 7 3 £ B PR RS 14 2 34.6 prad

[33] 2016  AUEREL. @@ ISR R G RO EROMES T, WD RGBT A

[25] 2017  KotAE. PuR% N FHLERBOGREAPT RS PREFKSE BRI 3510 prad

[36] 2019 RSB, FeBEIREE RS PRI RENT145.4 prad

[26] 2019  #EHEAE, fLIER PRI S5 O HLRT B e R ¢ PRI AT 59,69 yrad

[35] 2020  AAIEREL. FkHE JCEE RS 100 kS5 rf S B (5 bR il

[38] 2020 FTERHC ., sk gk WO RS 10.2 km S5 IRIOR £ 27,12 prad

[27] 2020 ek, Sl VY G2 R 25 IR 2R 40 PRERKG RT3 prad

[39] 2021  FUEREC. A LSRG X R G KSR FAIALARE , TCT ML (5 B R0 AT 58 s v

[39] 2021  FUEREC. Bsr HLEREOL A shiREs il R4 BRLRS 1T 142,42 prad

[28] 2021 T, Ri& BP#I 22 2% (57 E R/ 22 B T R 3R DN o7 A JEBENL BRI 2 50 £ 520,187 prad/0.903 prad
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A TR iff Bl 7 FNZ8 37 S E0E AGAG N 25 L 8 T 2k
SALEF AR VAT TIRA BB I MSLER U6,
TR e,

2005 4F, XSk ST A AT T RO
APT RGN R BASRL 3 T —Flot s @ shig ik
E2

2011 4F, R TR CCD #47 B FE ARG
SEBERG I 5 45

2016 4F, A ifidndd b 1 [l v A I O ik, AR
Pz T T MRS R G BRER R G T T4
Bt FAE, AR T iRk RS,
AT T 1.3 km B9SM7L8Y5 F4E, BT T —
FOCBERIN 2R G0 0 T R R A R A BT

2017 4%, ZEfg s TR TS, P
T ST LA RO 155 22 G0 RS v e AR v

2019 4F, it T —FORBEREE R G, ik
17 5.2 km (AMZIRER IS . SRR EHREN
HRERE RT3 5.4 urad”™;

2020 4, FKFER T T —FORBE EUSAIN ik,
FEMERY B #EAT T 100 km OGS L8, [F4E,
SKEETE APT G0N A S AS BE A T WA SEBL T ks
JE R E RN IREE , W TR RGIFUETT 102 km
#1100 km FYFM7LEE,

2021 4, BEeES Rt T ATEE T IR ANL LA APT
G0, WAL ST AT T AL O G (5
¥, HPREOREEE N IA 2.42 prad™”; [RI4E, ATEEEL. ¥
WA SN T — R s . O R R

TS o I e 2 ko, ][RI SE s . AT
BRI ST . FEHEAT T 1.3 km F1 10.3 km B9AMZ 5L
EY

4.1 WIEHIR AL

VIR RO E B MGG L SIAS . ARAHL .
B | AR & LA SOTENLAF AR, A
FHPATE IR, BT 250 R RS T
A E XS RBOEE . 5280 7 6L aniEl 3 fos,
SEER A PN RS A B, 7E55 B JEIE 4R 10
R C~L AR HERT

WOSRM A~L AT | R & A, 30
10 AR TR A5 48 ) FEUE 25 B 1Y 7 62 F S0 F K0S,
SHEIITA S B AR e, ek 3 poRt,
R TR R, N XSO Sk e 2
(3 45, SRR R G AT A XK 0oy
27 12 mrad,

4.2 BSRIZHRE

MR R AE R RS — = SRR MG 4
B, AR ANTE] 4 TR . MUBRERGSHOR —dEn 6
TGMZ-01, H I Arji#eE ol 00~360°, IRHIIEH
=70°~70°, Ll AR AL AL ST ] L A A BE RS
PRI A R 20 PID (FU i+ AR+t BBk

KR BRI R R R B -6, 7 67 /A R
A 7F 0 mrad~0.2 mrad, 0 mrad~0.4 mrad JoEINZ 1k,

FHERER R G HMGAZE Rl 5 Fos . i T30
RGMENRE, KA ERX PID Bk r#sml. JF

B3 xkiiesrsBE™
Fig. 3 Schematic diagram of experimental azimuth®™
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&3 WA TR BRM LRI FED

Table 3 Capture uncertain region to solve the experimental data record table"™

(A V(O] LRREI(°) T3R5 BEIm It I ) Jr i (H5%) AR A (FL5E)

A 108.989047 34.254260 424

B 108.986993 34.254459 421

C 108.988018 34.253207 422 41.371093 0.014749 41.100764 0.010549
D 108.987425 34.253136 421 30.354963 -0.031860 30.194587 -0.30598
E 108.984030 34.252024 425 19.403518 -0.036114 19.005784 -0.500756
F 108.984305 34.252335 425 17.402036 -0.039703 17.315786 -0.690475
G 108.984095 34.252387 425 15.973571 -0.029830 16.147860 -0.712659
H 108.983962 34.252302 424 13.204046 -0.018559 13.185405 -0.685246
| 108.984022 34.252950 425 9.599473 -0.009892 9.305784 -0.684959
J 108.984008 34.253207 424 6.655063 0.001487 6.512407 -0.685026
K 108.983992 34.253442 422 3.911638 0.014622 3.850078 -0.685104
L 108.983181 34.254314 417 -5.185554 0.056791 -4.990479 -0.571054
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Fig. 4 Composite axis pointing system
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(a) Control voltage and angle in 6, direction; (b) Control voltage and angle in 6, direction
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Research progress of acquisition, pointing and
tracking in optical wireless
communication system

Liang ]ingyuanl*, Chen Ruidongl, Yao Haifengz, Bai Bo®,
Cao Minghua*, Zhao Li*", Wang Yi”", Deng Jiaxin'
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Optical wireless communication APT system diagram

Overview: Wireless optical communication refers to the technology of transmitting information in free space using
light beams as carriers, which has the advantages of high bandwidth%w cost, and high security. Due to factors such as
narrow signal beam and long transmission distance, it is difficult to establish and maintain a wireless optical
communication link. Therefore, an acquisition, targeting, and tracking system needs to be established to prevent the
communication link from being interrupted. In the wireless optical communication system, the optical components on
the two platforms carrying the transmitter and the receiver are required to be coaxial in real time, and this process is
usually called automatic aiming. In order to maintain the real-time aiming of the transceiver boresight of both
transceivers, it is necessary to design a fast and high-precision APT system. A typical wireless optical communication
APT system is shown in Figure 1. Liu Changcheng established and analyzed the simulation modelpin the APT system in
atmospheric laser communication, and designed an automatic beam capture system; Hu Qidi designed a beacon light
spot detection scheme using CCD; Yang Peisong proposed a coaxial aiming detection method, and designed the aiming
control system and tracking system according to the method, and carried out field experiments; Zhao Qi designed an
initial capture system and conducted a 1.3 km field experiment; Xu Wei designed a light spot detection system and
proposed a corresponding image processing algorithm; Li Shiyan proposed an optical axis aiming scheme, which can
effectively improve the detection accuracy and aiming accuracy of the system; Yan Xi designed a spot tracking system
and conducted a 5.2 km field tracking experiment. The experimental results show that the tracking accuracy of the
system can reach 5.4 urad; Jing Yongkang designed a light spot image detection method, and conducted a 100 km laser
communication experiment on this basis; Zhang Pu embedded a high-precision actuator in the APT system to achieve
high-precision aiming and tracking, designed a focusing system and conducted field experiments of 10.2 km and 100
km. Liang Hanli designed an APT system that can be mounted on UAVs and conducted an airborne laser
communication experiment through a simulated airborne experimental platform, and its tracking accuracy can reach
2.42 prad; Ke Xizheng, Yang Shangjun and others proposed a fast aiming method. The method does not need to feed
back the control signal from the receiving end to the transmitting end, and can complete the establishment of the uplink
and the downlink at the same time. And carried out 1.3 km and 10.3 km field experiments to verify the method. This
paper systematically analyzes the development and application of the APT system in wireless optical communication
and introduces the research progress and achievements of Xi'an University of Technology in this field. Including the
experimental analysis and verification of the performance of the designed initial capture system, compound axis control
system and beam detection system Improvements have increased the effectiveness and reliability of the APT system.

Liang J Y, Chen R D, Yao H F, et al. Research progress of acquisition, pointing and tracking in optical wireless
communication system[J]. Opto-Electron Eng, 2022, 49(8): 210439; DOI: 10.12086/0ee.2022.210439
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