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Proof of SATCOM Antenna Heading Angle’s Analytical Model

Gyuhan Cho'

A Satellite Communication (SATCOM), which is applied to various systems to communicate with other
systems at the limited wired communication situation, is required to head at a stable point of the space, because
this system uses a geostationary satellite. It is important to know satellite tracking heading angles such as
elevation angle and azimuth angle for the immovable antenna’s latitude, longitude, and altitude. Moreover,
calculation of heading angle is critical for SATCOM antenna on a moving platform. In this study, a antenna
heading angle calculation method is applied to compute elevation and azimuth angle for a SATCOM antenna and
the heading angle simulation is executed for the Korea peninsula and surrounding areas. To verify this simulation,
satellite tracking test is conducted using a SATCOM antenna which uses monopulse signal tracking method. The
simulation is confirmed by comparing this test result with the simulation. And we make a suggestion for
calculation of polarization angle of this antenna.
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Fig. 4. SATCOM antenna tracking test result on a aircraft (latitude of the test location, longitude of the test location,
elevation absolute angle of the antenna, azimuth absolute angle of the antenna)

g 243sl7] Y3iM= GPSAIAZE ARSE QLT INSAIA = 9l HlgF 2 2= 0.0317 degreeRMSO]TL
o NARE AN 4 AUk GPSS o[ §hH o) MO 0.2335 degreeo|th.
wot et ke g 4 e AN A5 B AT Al v g 95
AR E Alseol ol AT KOREASAT 6 Fig. 59} Zo] Uphjgick. Fig. 5(2)%} Fig. S(e) 92t
9L o]gslo] SATCOM A1 AAJaH =] KT o] A|gzt=g vebdl o)Al Fig. 5(b)¢t Fig. 5(d)=
A FEEha Y $14-2 contour7t FHE A9 4 $17te] A s el Aufolrt. Fig 5(a)9} Fig
o7 dAEo] Q7] el SRl 7P At Al S(b)s 91, Aol whet A=t of BA Wek=A] 3
TO] FpAlo] 7hssto] 1 el 91 36.2°00 4 36.7° Ao Holpes Jdzen F2M0] 2 A4 dtt

Aol A% 12567014 1264j0lo] AN HAS) Mol ske: 2= St g )9 Fig SO )
o). ol AE S0 BAERL oF 6AKE 7 AIF7hE o] e el Jejmel ojzte] A
S UIEpRA Sl Aol S HlolElE HSes gl ol meb ek Lol
o, qkeute] a4 o QY7Ee o) A 2k 45.94°04 Ht) 46.81°]
2712 Assiach e Btk Q7R YIETL HeRs, Huvt osE
AR] ATE Fig. 49 o] tehlich, Tz Sl T 2 g Bl ol $140) 137} shike mek
ARE uja7le] SIE, AR Tei okelue] HuAE A% AT $Xsk 9] v 46 At ass
o7kt WI7he Uea ik, AR FelolA] vae  qheEe] 7k AgkzkEst o AXA Bk 1 FoA o

SN NHATE A7) o] TeEe] B #7F 4L 9Ed] g 27 gol weks 2S¢ 4 3l
Aol WERL SIrk. 123 o AjFel ARE 9142 ol 940l Q= AmTt Bl Ao} A Hol7}

S B0z Qldte] Hlay|o] Slmet ol 4% Ub 9] uhRel ofzbe] 77k Ak Slwo] wet
49 92io] GEEe] Wi Sn V19l B QL o A G e
Bl A5zte] Wejde] Aol WSk ol A

Lo

2
[
ich
l..
o
o
\l
rlo
éi
2
By
U
>.
2
W
"
U
=

H28H M35 2019 9



B
34
rok

Azimuth Angle

Elevation Angle

126

125.8

125.8
T se 36 7" Latitude [°N] o hse 36 7 Latitude °N]
Longitude ["E] Longitude ["E]
(a) (b)
46.8 -162.5
46.6 -163
5 %
2 46.4 ‘ 2 -163.5
C C
< : <
|
46.2 ‘L ‘ -164
| | |
| | |
| | |
46 ‘ ‘ ‘ ‘ / 164.5
36.2 363 364 365 366 367 126.4
Latitude [°N] Longitude [°E]
(c) (d)
(a) elevation angle result on 3D location, (b) azimuth angle on 3D location,
(c) azimuth angle for longitude, (d) elevation angle for latitude
Fig. 5. Absolute coordinate satellite heading angle test result
Elevation Angle Azimuth Angle
//\N\\w\ //F\\w\
40 T~ a0 T~
// | | i T . 7 | i o~
v P - | |
i h [
46.8 7 "’”"',',””', 7 -162.5 I
) - [
i |
I
46.6 -163 4
- i -
0 46.4] T -163.5
[=2) [
C =
< <
46.2 | -164 |
36.2
46, -164.5 36.3
126.4 126.4 36.4
126.2 36.5
8 8 36.6
125.6 36.7  Latitude [°N] 125.6 36.7  Latitude [°N]
Longitude [°E] (a) Longitude [°E] b

(a) elevation angle result on 3D location, (b) azimuth angle on 3D location

Fig. 6. Absolute coordinate satellite heading angle simulation result

[ 80 JEEINE=RIISECIEISV



SIS OtElLio] o KPS ShAK DHo| U5

162.77°2] Zhe BTk W7 w7t Hobd4=, 7
w7 AR 2 e Hk o] JA] f14de] EA%Re
Qs 7] el el B0 S F4o
2 AARELR sk gl S71ske 54
ok iz ozl w2 g rct Aro] Walo]
whebA] o8 2 wieke Holv] o] Eat gl4o] gl 9]
)9} gk Afojol] A Afo|met Sl o]z} € =7
mZof ezl ot wgte] wiet o AA Mgt

Fig. 5(c)2} Fig. 5(d)E HH $|of| whE Fzo] ®ig}
7h 7ol whe o] ek 22 9, ke ghol
A oz eize] o W wWele) ghe moln %%tﬂ
OJAZ AA| RIS 7 AH7to] Bt ke o 1
2k bof A wighe AL, AlE o)A Aol E o 4 ‘21
So] 9w wislo] uf Welzte] Wahhch Fwel W
sjol W oJzte] Wt o A,

AE FolA B EolAd A= Fig. 631 7o) Ve
Ur—tﬂ dele] Aol Algdlold 23} ghe vlas) B
U7o] 45 Batgrol 03481° 2] Zol7h AL W)
T+ 0.1723°9] Z}o|7} it} ojuff ofzte] T & &
b g Holedl ol 7|9 LSS Al
HEgohA] 23t olqrollA et Axtetal skt

FR

o
e %

SATCOM (WS o83te] gAlE & o 323 &

O

AEE 7] Yeire SHEUE JUFe R XgA
7= AWt Aoz} @ Ech E3] vyt Aekah 2
o] ZAlol= Ao 'AEe] = SHEUe] S HE
E=0) Ao] 7|z Fasiet ofgh SHEU AlojE 9]
A= FAEE AFFelr] 13 AoiREA A A
Ato] A=Al o] e A|Abo|| SHEU7} EAsh=
%, Ak, ko] wEba WA Hok

2 Aol A= of2fgt 8ol oJsto] SATCOM Si|
LHe] Alojol] Hagh dohsae AgF2kel 2 1o
Ak 38l 1 A3E Algdlol skt AlEE
o)) AR 942 KOREASAT6ZH 74 116% &
TAA A FAEIL Y= FAHE Yol AlE
glo]dE Foto] StEAfolA] ofE ArhspsA =gzt
L7t ftElR=A] Z1 8%2'1@ Algdlol e 9= 59] 32
Lo 435, AHE B 123%0A 13250 AAHAA 4
A E]SiTh
Aol ATE BRI ate] AFS Saliate]
£t SATCOME- QHE[UE H]e)7]of PAfjsto] vlsishH

A et FEE W] uE ot
Aoz AL AFFaE AL A
314 ¢HE|Lk= Monopulse Signal&- ]850 2]
stk 1 A AlEdlold Axe} vlawsA ¢

0.3481° 9212 0.1723°9] 2247} Qla& sk

SATCOMSHELFS] ARl glojA Tz

A= ALY Aledo]dE sadao =N @
disl7lof] 9kA] 1 otEUT) ARE A4 ©
gisto] QtElLRe] ozt Whelzke] e
Q1= o] 7|gET) E3) u]aﬂﬂg} At
EAol gAEls orEue] A9 mAe] £32]97}A
are{sto] SHUS-E 919 Altte] Zasty] wiiof &
A7} St Aol ot @ Aoz v|diEd)

B ATt Al Aol 7|47 SR AFGAY
ote|u} o] dist HHE wgdsia] Eslo] 227} 7
A AL ASAEE F7HAQ A2 =g E jE
It ARl qthd o Z&iﬂ?’_ P e dojd 4= Qe A
o2 goEch J81 WL olguSe] 23 LE 0]Q]o
F7H o HuZRS AMgsto] FAlskr] wikzol Hulz
of thgh AlEo] o] F7HH 0 R 43 H QFEu Y
of A =gl € Aoz 7|k

E

o
%

£

H1

i

10 i _m
N

> &

rlr 4 o

r

References

1. Cho, Gyuhan & Tae Kim, Gwang. (2017). Monopulse
Tracking Performance of a Satcom Antenna on a
Moving Platform. Journal of Electromagnetic
Engineering and Science. 17. 120-125. 10.5515/
JKIEES.2017.17.3.120.

2. 733, 2435 (2017.11). o5 YAUEHL A|2H]
o 93 AAINE F1T AR st

745-753

3. M. K. Masten, Inertially Stabilized Platforms for
Optical Imagining Systems, Tracking Dynamic
Targets with Mobile Sensors, IEEE Control Systems
Magazine, 2008 47-64

4. H. G. Wang, T. C. Williams, Strategic Inertial
Navigation Systems, High-Accuracy Inertially
Stabilized Platforms for Hostile Environments, IEEE
Control Systems Magazine, February 2008 65-85

5. S. M. Sherman, D. K. Barton, Monopulse Principles
and Techniques, second edition: Artech House, 2011

A28 33 20194 9! QXD



N
=l
rot

6. J. Debruin, Control Systems for Mobile Satcom
Antennas, Establishing and Maintaining high-Bandwidth
Satellite Links During Vehicle Motion, IEEE Control
Systems Magazine, February 2008 86-101

7. J. M. Hilkert, Inertially Stabilized Platform Technology,
Concepts and Principles, IEEE Control Systems

xz7 °f (gyuhan_cho@add.re.kr)

2014~ A Fsld A ALY

(é

Sr=mAIEY 0| H8E| =2

Magazine, February 2008 26-46

8. D. J. Kozakoff, Analysis of Radome-Enclosed
Antennas, second edition: Artech House, 2010

9. G. Burks and E. R. Graf, A high frequency analysis
of radome-induced pointing error, IEEE Trans.
Antennas Propagat., vol. 30, (1982) 947-955

2011 Tokyo Institude of Technology A|ojA]Ae)g-8k} SFA}L
2014 Aeujstn 7| Ag-TTskn &AL

Aol : TEA, M&S | Al2EAe), 2t



