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Abstract

This study develops an automatic tracking system for ground stations used in
unmanned aerial vehicle (UAV) free-space optical communication applications.
The proposed system integrates Ultra-Wideband (UWB) positioning, data
processing, a Programmable Logic Controller (PLC), and a dual-axis servo gimbal.
Distance information between a target and five UWB anchor nodes is obtained and
processed using the least-squares method to estimate the three-dimensional
coordinates of the target. The calculated coordinates are then converted into
azimuth angles, elevation angles, and servo control pulses. Finally, the PLC drives
the dual-axis gimbal to achieve automatic target pointing.

To evaluate the feasibility of the proposed system, positioning accuracy, angle
calculation accuracy, tracking update rate, and gimbal pointing performance are
investigated. The results show that the system provides coarse positioning
capability at approximately the 20 cm level and successfully performs target
direction calculation and automatic tracking control. The gimbal pointing tests
indicate that most measurement data remain within a small error range,
demonstrating good tracking stability and repeatability. Overall, the developed
system successfully integrates UWB ranging, three-dimensional coordinate
estimation, angle conversion, control signal transmission, and dual-axis gimbal
control, providing coarse tracking capability for UAV free-space optical
communication ground stations.

Keywords: Coarse Tracking System, Dual-Axis Gimbal, Free-Space Optical

Communication (FSO), Programmable Logic Controller (PLC), Ultra-
Wideband Positioning (UWB)
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2(xq — xg)x + 2(ya — yg)Y + 2(24 — 2g)z = bgy (3-11)
H v
bea =12 =17 — X+ — Ve 4V} — 2 +7 312
bpa =75 —7F —xp + Xz —yp+Yi—zp+ 2} (3-13)
bpa = TE —Ti = Xg + X4 — Vi + VA ~ 7 + 24 (3-14)
Bzl (6) 25N (9) £ T RN
2(xa —xp) 2(Va—yp) 2(z4—zp) bga
X
204 —x¢) 2a—yc) 2(za—zc) _ bca
y| = (3-15)
2(xa —xp) 2(Va—yp) 2(24 — zp) 7 bpa
204 —xg) 2Va—yE) 2(z4—zg) bga
£ a
MP =b (3-16)
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He
2(x4 —xp) 2(Va—yp) 2(z4— zp)
2(xg —x¢) 2Qa—yc) 2(z4—2zc)
M = (3-17)
2(x4 —xp) 2(Va—yp) 2(z4—2zp)
204 —xg) 2(Va—yE) 2(z4—zg)
X b
P=P]’b=bm (3-18)
7 DA
dONAFTL R T BE A FI T @R R AN A A lks
X,y,Z2 = Bopt BFESLE F IR R A X LH B R Z 055 250 B R REe
Tt KLY Bl T2 REBF AR REE A2 MP = b

£ %] 5 min||MP — b||"

HET 4w

P

P=MTM)"IMTh (3-19)
Flet > BEerkz BARERT d T N RE

X
[y] = (MT™™)*MTh (3-20)
z

He > P d 7T BH T A2 ¢ awpgigiE> b d 7 %2 UWB §EHE P E
BEFRETE A T B S PE 24F o Y EREERIES L

Bo | TRV IFLBEEEEDRTE -
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FEm T oI AeAdgEiE e e idFizaai 8 LB At ie §
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FRBARBHRT VAL AN 2N P R AR AR T HEA
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*OATEABPE 2 ki gk SRR E LR

d B 347
a+Kb=m (3-21)
(Xa, Yar Zq) + (Kxp, Kyy, Kzp) = (X Yo Zm) (3-22)
H e
L, cosfO
= [La :z)in@] (3-23)

oa s e; ° K% pltCh E’ﬁ%‘l%g%% : éi > é] > ék (élXé] = ék)

cosf —sinf
= |sinB |’ & = cosH ' € (3-24)
0
* & & pitch g ph
u, = cosQ é; + sin(Z) &y (3-25)
—sinf —sin6 cos®
u, = cos® cosH + sin® cosO cosP (3-26)
sin®
_ —L, sm@ cos®
b =Lyu, =| Ly cosO cos® (3-27)
Ly sin®
L, cos@ — Ly sinf cos® L, cos@ — Ly, sin@ cos®
= [L sin@ |+ | Ly cosO cos® | = |L, sin + L, cosB cosP
Ly, sin® Ly, sin®
g b (3-28)

I

L, cos@ — Ly sinf cos® = x,y,
= < L, sinf + L, cos6 cos® = y,, (3-29)
Ly sin® = z,,

EE 0N K
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ATHE ¥ #

AT B Gk S

(3-30)
Ym
6 = tan™! (—) tan™!
an o an (La
< _ VH? A2’ (3-31)
Ly

— Zm
\ Q) = tan 1(F)

P

Ramoo F LIRS SRE R

= ‘; %t—’ I_a_, N }j;_j};%i:,_/:‘a ':’Lgx ' x Home f%l}.
b o

AT ERKEY atan2 SHGETERTY 0 XS EREERE L BT

FRLFEWHE e o BF FA50407
0 = —atan2(yy,, x;m) — atan2(H, L) (3-32)
@ = atan2(z,, H) (3-33)
3.3.3 & Rk B
AR AP e AT AT HS A AL PR ET H
72 0% e 4 B

m PLC i & 17% {br

ZE o B TORE R R LR BN DL P
br o F YRS BRE BRSO b S R el o
FLZor - R L RS o HHRREET 47 G
P, = a X R, (3-34)

HP Py ZphT R kb0 5 P REE AR R, & &R ER
fbr2 B et o ot BT B E R el R R A R M TR
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g = %G (3-35)

FIpb o 3 R fhE Pk fh2 PR RS SV A W AT &

Py = 6 X Ry (3-36)
P, = ¢ X Ry, (3-37)

NS

HY Py i imdw%ibrlic Po b P ibrlic 0 52 =4 » @ 5 Pk >
Rpo 27 Rpp B A 5] 5 & (odhs? i & Bh2. & B%rid600 b] o d 305 307 a0 £ 4

PR B ES e SR b FL A F A K

P=sxaXxR (3-38)
He hs i3 w3t G#ico ¥ 5T H S B RE TR I w - RFFH>s=

1 F3mdpk o Pl s=-1 F@ >0 7RG R 7 he RS EF
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b LiRIpEFR TR BB e Gl Bd R S PLC VRt R
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% 3.2 5ERK
Model Name ECM-B3M-C20604SS1
Motor Series ECM-B3M Medium Inertia Series
Output Power 0.4kW
Torque 1.27(N-m)
Voltage 220VAC
Phase 1/3(PH)
Rated Current 2.4 Arms
Instant Max Output Current 9.47 Arms
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FOATE AP 2 kA gk SR LRI
* 4.

1 # B iRled & B3N F £

(a) B2 sbipaEsn & =% 4 (b) # & =pPl:EBE% £
= 7k A% (cm) # 2k EfE% (cm)
A (32.5, 725,-26.3 ) P, (100,100,0)
B (0, -30, 149.5) P, (100,100,45.5)
C (263.7, 0, 49.1) P, (200,200,0)
D (263.7, 0, 165.6) P, (200,200,45.5)
E (263.7, 500, -26.3 ) P (250,250,45.5)
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BiE- HIER A RIBEBL R SRR AP RS LR AR Y ER

T2 Behz Bz BRI EK 2 T4 > B8 2 4ot (4-1) #77 o

= V@i —x)* + (i — yo)* + (2 — 2)° (4-1)
B oxryvzg 7% IEFTHRZBEAE Y ® z s PIREEZ RS
Affo & RIGEBRE 100 £ AL X E B T R L oL
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g | TEUL | BEL | BAwi | Rawd
(cm) (cm) (cm) (cm)
P1 19.42 8.50 8.09 44.65
P2 29.73 4.61 20.73 41.37
P3 8.10 7.88 1.12 56.94
P4 11.10 5.51 1.77 30.87
P5 12.58 5.73 3.50 29.32
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