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Abstract: The pre-mission system calibration and tracking verification are important tasks to be accomplished by the Ka-band
all-mobile integrated TT&C system, which has strong mobility, supporting the requirements of land mobile TT&C and maritime
TT&C.The system is flexible in terms of station deployment location, and there is no calibration tower at the station deployment site,
so it is impossible to use the traditional fixed calibration tower method for system calibration and tracking verification. The UAV
platform is mobile and flexible, and after carrying Ka-band beacon machine and calibration zero inverter equipment, it can not only
be used to complete the calibration phase, distance calibration zero and tracking verification work under the static condition of Ka-
band fully motorized comprehensive measurement and control system, but also meet the tracking verification demand under the sys-
tem motorized measurement and control condition. In this paper, the UAV test calibration system is designed to meet the calibration
and tracking verification requirements of Ka-band all-mobile integrated TT&C system, and the tracking verification under maneuver-
ing conditions is carried out. Through actual testing, the measurement accuracy of the mobile TT&C meets the requirements which
provides a new means for the mobile TT&C,and has a good application prospect.
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Fig. 1 UAV calibration schematic
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Fig.2 Composition and layout of UAV calibration system

22 EAHLFEEMEK

FIRH AT RGEIRRE, AN 57 il
LU EART K

O Jo LA 2 5 AR B3 25 A5 Bn AL 4 2K
far 9 BE 1, I o] PRIE A € AT S AT R OR T
30 min, LA A2 RGEARBCIN B 2K

@ il F Ka i Bt 256 458 22 G b 1 28 3 1
PIEER, TE ARG AF I B K+ 5 000 m,

@ AP E 75k i GPS/BD SE i ke 7%, 22
Sy ENIAEEE/ANT 0.3 m, B sk B L KN T

1.5m, TEEH/NT0.5m, PMEIFTC ANLEE 2 EHEin
E IRE REZOR

OF W IRYFEEE RS R FI S UE L
LA IR 2 G0 nT 3T A HLE I 5 18 T 5% 6 Ry B
BE BB R G RE

T LR, HHRATANTEG I
RGARMBE R, Jo LM T 54 A A T s o

FREIH .

TNHLFEAERATF

O AN RITRAREE : 22 500 m;

@ ZEfi i ] : =30 min; (FEZRTE & 6 kg I
LF);

@ e REAFIEE . =5 km,

@ T AMLEATHGE . K F<1.5m; FEE<0.5m,

& OB (20 <03 m,

© AT EE AR AT S g e, O TR
0 E A B T I R 1 R k28 RGeS

@ }-$ij%f£}k:

a TAEJJE: -10°C ~ 40 °C;

b e KA RS2 XGH : 8 m/s.
23 REHRKIEE

Ka i Bt e WL sh &5 G 45 R Ge vt & Y Ka #t
BT ARWAS . ARl PR R e T IR AL
W b, R A EL A H LA L B T (S )
TN AT EESR), HEA R RN
SR, THT AN RS

Ka Wil BEAS AR Wi g . AR FRAILid S I e 3 45
Tifie, MEANTHRIG, AlaE i i A d e
Prbl . AR s B A T AR ST 5 3R B K,
AL RN S . AN RS S R E T RGehnAe .
RYGUF TR o

FEAR R S SR FH FE Wity (R 4 1 i 80wl WK 2808
X, TR LA 55 Ka Wi Be, AT [R] B ™ A Ka i Bt
e ATRIERALIE S, PR RLEL 70 g, KL
fi 7 Ka fii Bz Ay 12 dB.
24 RGERKEFHIEIET
241 A7 k&t

Ka M Bt ML 276 T R S0R H 3.8 m H 424
YR, WL A EHE, REmgiE
B4V 3 £ R=2 700 m(D=3.8 m, F=28 GHz). 7EKa
BB LR A IS R GE R F 3 000 m &b, BLRITIC AMLE
VAL, TGRSR T AR &, |
TR BEAE 500 m i, KaMilBiZi G I4E R85 T A



i
ot

.92.

=%, KaffiRENHEEMERFETANFRIZTENA

5 45 B 4 )

AL 1] B4 AR RT3 L S R R A5, R GUhR ik

THE 3 Frs .
o
[SFRIERIZI3 041 m
_
|
|

e
e

EAT R HE500 m

7 .
#13 000 m TN

KaB L sheia MisR 5
B3 RYarior kot
Fig.3 System calibration method design

242 1ERHFEHE
fEFRHL & IF LA B Ka S BL SR G 5, &4t
U1%oh 0 dBm, Ka#fiBhri K&Ih25h 12 dB, Ka
BB K ST ASIFE N 2 dB, ILEE, TCAMLFES A
FEMESE K 10 dBm. ARHE 220D HEFT 45 6] 57
FEITHL.
L, =32.44+201g(F) +20lg(R) (1)
Hep, FAERESWR, RAUGERER, TitHE
15 B3k Ka Bl B 25 G 45 22 50 KRR 1 T A {7 A
1% Pr}1-121.043 dBm.
Ka i B 25 G ¥ R G4 0WUM5 5 T 32 5 e 75 i
I R AR I ARK Q).
S/®=Pr+G/T-K )
Hrp, PeoN IR E S YI%R, G/ITh Ka B gi 4l
RGN R E, BUE N 29.8 dB/K, K B I/R 2%
2 H8(-228.6 ABW/Hz'K), Ht, KafiBegs & il
FRGEEWHFE SRR EEEELR
137.357 dBm/Hz, i /& RGN B K . SEBR I H
o, JE AL S b R A7 T — & B R
FErrbl A B E RS, PRI GG 5 0
YIRS AL

3 REg“shipil™ e

31 BEEZEERE

FETNMT G HE bR AL KR | AT AR5 (PR
ML B FEC AN, ZANERGHET 5N
BL_E A S AR g8 AT W A AR 5 P13, AT LASRAS
PhEEAE . MRS TC AL 7 A a5 R k1S T ALY
D28 () BLSE R B, LR B SRR A T X L,

BIVAT A5 25 45 2R 48 T N HILBR A B B A
TC ML B I PR AN 4 7R

B4 RANIEBRERER
Fig. 4 UAV distance calibration principle diagram

i ENCE S [ A e 03 e R S L e e T
R F bR g iRz . SHEEREIRE. TikE
XL . PRI & T MR, HBAAAEZS
() P 0 [P, — RO AR A e A A% 25 Ry A<
0.8 mo >R HIC AMLIEATIE B B AHARE R, KEE
LR EHZ BTN 25 R BE o 220 A JE
0.3 mif, AN RGEREFFRZE K 0.85 m.
32 REGKME

Ka M B 4 Bl sh 254 45 2 48 R FH AU 18 5k
AR AT B bR A BRER . R I APLSE R ek
HIEE, TAMIEBAFIRVLRAEAE e A, 7
CRAMTE RGEEAXHET NG, 787 R0 T
) P — o 0 AR B, R SR A i | iR 25 R
FER, TR TR EIE @, JFEAEm i BT
D5 18 43 530 22 W A R & 0 AT H B R, AT LK Y
Fras il @, ZRMHEBCEFE, TLUfE R4
P n{E @,

KT ANIEAT RGEAARR, TAMZE S E
PAEEE 03 m, TEEBAMT, BT NN M
JEh A, WwESL 1 A=arctan(0.3/R)=0.005 7°(HR I
24 BT, REUE N3 041 m)., I E AMLIE
TEZRARGRMG, REMRGIEANZEW, &
o SEPRAT SR, TR R AN SR T R 4%
PREREH, RGAHRE FE A A i &l 5 B .

33 RG“shhil”ERERIGE

Ka i Bt 2 WL 30 25 5 5 3R GE 7 58 R B bn AL
J& . AT A e AL 98 LR GEAT: 55 1 1Y H A R R
WETAE, MRYEAE S IR HE, MR Te APLATE,
Ka fii Bt ML 8 25 G 0% R 50 vl 78 45 15 AT B A%
TR IR BRSO UE, o n] R R GO F A XS TS AL
HEAT LR R B B0

Ka Ml B 4 HL3h 2546 W45 2R 48 82 T DU 22 D Az
W, BagshdhidEae gy, arRHIC APLSE R
GEHLBNIEOL T WIS As BE et o iR Bk 42 AL



2024 47 A E N OE B <93 -

ﬁgéf/ it 26 Fn 7 SE AR AR 22 iR nE 6~181 9 fir s, 283
03m B, A RENLIEZE R 0.018°, RN A BEHL IR
2477 0.017°,

real time angle 4 of the earth/(°)
/

Hs5  FykAnt L4

Fig.5 Analysis of phase calibration accuracy of system

4 OIOO 6 OIOO 8 (I)OO 10 (I)OO
B 6 ZizA 10 km/hH 4@ EsTrb &

Fig. 6 Azimuth angle contrast curve at 10 km/h

IR T . BT AN E bR, B =R,
A E 43 5 10 km/h 20 km/h, i FE
AN, RGIRE I R B ER T ANL AR, 10
IR I B IE, IR, KadiB4l5h
A M 2R e L Bh sk b BB TE AL B AR RS BE 6
AT,
3.3.1 ) AR K
Ka 59 B 4 0L 30 255 4 I 65 22 5 4 2 DL sh i ]
W42 T R R TE AL, R, AR o | ‘ | ‘ |
SERLR S A EE B AL Ei). 2000 4000 6000 8000 10000 12000
A E T, AR AR R I8 B R A7 REA 0 kAR E B
B AT R R %%TXAE{EHH Fig. 7 Azimuth error curve at 10 km/h

(| " 1l
0.00 ey

-0.05F

real time angle 4 of the earth/(°)

2o WA MZ S B AR B RAE AT 25, 3T ~
FEREA R YT, 43 AR E 7 0 . AT B A £ 705
R, 2
RIS 3) 5 E R G A BEDLIR 2 s | |
n %m.w V | Kpr
DX -XT E l
=T ® |
X, X RPIEZRFE S, o il 2000 6000 8000 10000
PR 2 B8 A% 10 km/h A7 A XTI 2%
Te NALE S B 8 437 KO o 26 0 428 3 L 5 ok 3 Fig. 8 Pitch angle contrast curve at 10 km/h

AL AT A5 2 3l X6 o TG A BIL ) BRSO b A B (. AR
P A (@) THEAS RN A RG1R 2

0051

0.00

4)
voRIEEAR, v, MARPETC NN B 45 I BES

E{E O'j‘j{m E‘Fﬁmmﬁo 2000 4()‘00 6()IOO 8600 lO(‘)OO l2(I)00

33.1.1 A 10 km/h IFI A4S BO ik 10 km/h IR £ 2,
Eﬁiﬁgﬁ 10 km/h HTJ‘ s jiﬁﬁ/ﬂﬁm]ﬁ TEXGL 54 Fig. 9 Pitch error curve at 10 km/h

-0.05

real time angle 4 of the earth/(°)




£ 94 - axxF, KafiReENHEEMNERGEXANGRIETSRA

5 45 B 4 )

3.3.1.2 753k 20 km/h B2,

TERR A2 20 ke/h ), 5 (57 RFAD £ 3 X6F 1
i1 £ A /A R 22 i 2R n T 10~81 13 i, &
TR, D5 nil fA BE LR 254 0.017°, RN £ BEAIL
R4 0.012°,

> /
~ i
£ /
< L
bt #
2 e
< A
o ”
< l4r L
9 e
?D /
g ~
g
= 131 4
— e
§ ,/
2 000 4000 6 000 8000

B 10 Z ik 4 20 km/h 75 45 /4 AT Hb b 2%
Fig. 10 Azimuth angle contrast curve at 20 km/h

0.051

-0.05

real time angle 4 of the earth/(°)
=3
1=
(=}
==
_—
B : B
e
B M
=
= |

2000 4000 6000 8000 10000
A 11 ik 420 km/h 7 45i% £ th &

Fig. 11  Azimuth error curve at 20 km/h

7.04 1

-+ D %

7.00

—_—

real time angle I of the earth/(°)

2000 2000 5000 8000
B 12 &3 2 20 ki/h AP A 2T 0L oy 2%
Fig. 12  Pitch angle contrast curve at 20 km/h

332 M PEAE X

Ka Jil Bt 2 HLEh 255 M RS IE T FaE
WA GG, ey mmEFES, 5
Te AL £ 58 B F A7 B & PR PR . 4% &R
A BRIE B ML BN, SCH I S AR G0 I 1 R
R, VIR R 2] Bl i 8 X, Y. Zo #R¥E
TN E X, Y, Z, R K2k ) SR il ik A7
BX. Y. ZIAEEEEER]

1 Ll
o IR T

-0.04

real time angle 4 of the earth/(°)
(=]
(=3
(=}

2 ()‘00 4 (;00 6 0.00 8 OlOO 8 0‘00
B 13 ik 2 20 km/h AP £ £
Fig.13  Pitch error curve at 20 km/h

WAAE A, FHSERHE R BRI E, IR
P WGV DS E= R B VA N PSR N R
S, HARAK(S), M

- 2
DR ~RI]
- n—1
3.3.2.1  ZEEE K 10 km/h Bt 45

N 10 km/h B, 3B E LR 22 R
0.291 707 405 m, & 14, & 15K,

)

3505
3500 %
3 495

3490 ‘\r'

34851 r

FRIE(E

distance/m

3480

3475

g0l v

B 14 Z ik 10 ki/h B 3E & bbb 2%

Fig. 14 Distance contrast curve at 10 km/h

201
1.5F
1.0
0.5 plaki

/| T
AL LR R B 4 Lo T B A
ll i . hl A

— i 22

-0.5
-1.0
-1.5
-2.0
=25

distance error/m

B 15 %3410 km/heF3E H42 2w &

Fig. 15 Distance error curve at 10 km/h

3.3.2.2  ZE3E M 20 km/h IR S
2 R 20 km/h BF, 3B RE B R AL IR 22



2024 47 H

.95.

0.291 53 m, WK 16, K17,

36881
3686
3684
36821
3680
3678
3676
3674 R
36721
3670 F
3668 F
3666

— hRifEfE

distance/m

30 F

—<
<t

173
259
302
474 t
517
689
732t
775

el vy 0 — (=3
— <t 0 Ned
(] o on < gl

1

[se}
(=3
=l
E

3% 646 |

<R

B 16 %k % 20 km/h Bt 3 Frb oy £

Fig. 16 Distance contrast curve at 20 km/h

X

— R {E

rII"ll I'

distance error/m
|
j=}
~
—

Fig. 17 Distance error curve at 20 km/h

INGE

Ka 4 Bt L 8h 255 I 8 R 5o F) H B AMLiE T
T LSS BT B ok B, DU A L I R AL
IREZEGIHEM L 1, W REAEER,

3.4

A1 ST A %m 24k E st
Table 1 System measurement accuracy statistics under
maneuvering conditions
HRESET 4 10 km/h % 20 km/h
WfA-J7 Rt 22 0.018° 0.017°
A -OF AN 22 0.017° 0.012°
WP AL 22 0.291 m 0.291 m
4 HRIE

TAHF- G R R, PR s RATA
HLEE 3 Ka BB PR A i i Ay, Al 2 Ka di Be 2l
LA RGAL 55 BT RGN . WA T (EAR E
AR o TR N D= e SR E U T RV A
JERIER K eI L AT S I, AR
BT S (AR R AR A T Be YA LA 58, e ik o
PRASHIRER, IF AT AR AR o Bl R EZ 1Y

Ka W Bl 4% R G R, T AHUARAAE g —Fp R
W BIARAL T-Be, R R R AR o 2R GEAT 55 i i AR G e
& TAERIROR.

B
ERACSR, REAESR . Ka B AT &l 45 5l 15 R gt
1. P HLIN R 54, 2017, 25(10): 271-277.
QIU Changquan, YUAN Yanrong. Design of Ka band
TT&C and communication system of spacecraft[J]. Com-
puter Measurement & Control, 2017, 25(10): 271-277.
B, UK. Ka S BUSIR 2 PR T R0 (0] sl
iR, 2019, 56(6): 647-651
HUANG Zhan, LI Bing. Analysis of Ka-band multibeam
parabolic antenna guiding probability[J]. Telecommunica-
tion Engineering, 2019, 59(6): 647-651.
S, Fr i, XA . 2R JC ARSI B
PREE AR B (0], EIIE 4, 2021, 42(3): 26-33
LI minjian, WANG Xiangwei, LIU Jiawei. Application of

(1]

(2]

(3]

multi-rotor UAV in a telemetry and control system's
phase position calibration work[J]. Journal of Telemetry,
Tracking and Command, 2021, 42(3): 26-33.

My A% R T B Ml T AR AL ORI ST (D). B A R AU
IR KA, 2010.

W, £oik. TR G Ka S BOW PR A A J7
B[] LB AR, 2020(4): 10-12.

B, PROGKE . Bk R R e b A SRR BT
BN 5 Bl F, 2011(3): 23-24.

HEPR A O R GERAH T B IESE D). T
2, 2021, 29(11): 104-106.

HUA Lin. Research of the phase calibration methods for

[4]

[5]

(7]

shipboard TT&C system[J]. Electronic Design Engineer-
ing, 2021, 29(11): 104-106.

RITHT, BRET . A X B e — 4% R e PR AL
L. EMIELE, 2014, 35(2): 69-72.

QU Yuanxin, MAO Nanping. A Fast phase calibration
method of the shipboard unified X-band system [J].Jour-

(8]

nal of telemetry, Tracking and Command, 2014, 35(2):
69-72.

JRSRI, 223545, TR, 55 . 8 USB Il F RSB RUbR %L
BB [CY/ T 2 AT A % L olh & B 2
5525 J R AT AR DI R R R AR 2 2 B0 SO AR L 2010:
400-404.

PR R, 45 R, SR0GE, 45 ORI TS e B Y JCHE A AR
KAWL [CY/H B T o 2 /AT # DN 4% Lk 2%
235526 J RAT AR N P A R AR 2 22 BOE SCHE L 2012:
434-439.

(9]

[10]



.96.

axxF, KaiRENHEENERGETANGRIZITSRA

5 45 B 4 )

[11]

[12]

[13]

[14]

BRI R IR JC RS AR O ik KB I (D). K 1 S 4R
RS, 2010, 35(10): 144-146.

HU Jindong. Research of methods and application of
beaconless phase-calibrating of tracking rader[J]. Fire
Control Comm and Control, 2010, 35(10): 144-146.
W, RS, 11, 4 KaJiBe K D@ K& XA
LA AR 77 1% 1T 5 30 Uk [0]. TAT 2= 3, 2021, 42(6):
783-789.

HONG Yu, WU Zongqing, MEN Tao, et al. Design and
test verification of phase calibration mode of Ka-band
large aperture TT&C antenna based on unmanned aerial
vehicle[J]. 2021, 42(6):
783-789.

CILPE - S NG| A= DO B TR CE ot iR g a e
S, HF R, 2021, 4: 50-53.

LEI Ming. Design and application of TT&C ground sys-
tem phase calibration based on UAV platform[J]. 2021,
4:50-53.

PUmEi, A8, OREE, 45 . 0 R I B 2008 A HL

Journal of Astronautics,

[15]

B RGBT [CY/P B IR 15 S s s KL 21T
RG L& e 8w P E A RE e ile k.
2017: 529-532.

i 28, F AR . S/X/Ka #31 B T1 AL M T 3 JC A AL AR
R[], FHAALIN A S, 2020, 29(1): 14-19.

XIE Lingna, WANG Huai. S/X/Ka band satellite ground
station uav test calibration design[J].Computer Measure-
ment &control, 2020, 29(1): 14-19.

[1E# B A]

B 1988F4, Md, HERIAI,
RIm 1988454, ML, MIBEATR .
FH 1990 F 4, WL, T,

BT 1983 %4, A, BIRAFRLA .
IR 197454, AME, HRIEI,

(AL h#t: & =3%)
(CEXL . BRFR)



