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A study on an improving method of launch vehicle telemetry

system based on link analysis

Kim, Dong Hyun

Department of Radio Communication Engineering
Graduate School of

Korea Maritime and Ocean University

Abstract

The telemetry system for the launch operation is one of wireless
communication system which acquires the data about the operational
status and flight information of launch vehicle, and receives,
processes, and distributes telemetry data in real time to determine
the progress of launch mission and confirm the satellite separation.

In NARO Space Center, four telemetry ground stations including two
stations with large 11 m parabola antenna are in operation in order to
ensure stable reception and acquisition of telemetry signal, and total
five ground stations including additional ground station with 7 m

antenna in south pacific, PALAU, will be operated to launch the
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NURT(KSLV-11) which scheduled to launch 2021.

When designing a launch telemetry system, the antenna with large
reflector over 7 m in a ground station 1s usually considered in order
to ensure sufficient link margin. However, it should be required such
supporting equipment, site for installation, and operating personnel
because of that.

If the size of antenna can be reduced significantly, the ground
station can be operated in the form of VAN vehicle with small mobile
antenna without the site and building for a large antenna, power
generator and auxiliary facilities. This will makes it very easy to
deploy ground station for various launch mission, and can help to
reduce the cost of maintaining large ground stations especially in
case of not frequent launch.

The most widely used modulation method in aerospace telemetry since
the 1970s is pulse code modulation/frequency modulation(PCM/ FM),
which is still widely used in spite of the disadvantage of low
spectrum efficiency. Forward error correction codes are also used in
limited, even though they are now standard in most communications
applications. These are the same for all the launch vehicles launched
from the Naro Space Center so far, including NARO and NURI.

Also, in case of on-board Tx. antenna, two antennas are mounted
symmetrically on the surface of launch vehicle fuselage to have a omni
directional pattern, and this causes large nulls at the overlapping
section in the antenna pattern, especially in the forward and backward

axes, and lots of loss in link budget.

In this dissertation, it is analyzed that the margin required to

perform the launch mission through link analysis based on the

- Xxiii -
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telemetry data which was acquired during the launch mission of the
NURI Test Launch Vehicle, and verified the margin that can be acquired
when designing a communication link using digital communication method
and forward error correction code recommended by IRIG-106 which is the
aerospace telemetry standard. On the basis of this, I propose a method
to improve the on-board Tx. antenna to secure additional margin, and
to make the size of antenna of the ground station as small as
possible.

In order to verify the validity of the proposed method, the actual
received signal during the launch mission of NURI Test Launch Vehicle
was used for analysis, and verification was performed through

simulation.

KEY WORDS: Telemetry, Link budget, Ground station, Cylindrical array

antenna

- Xiv -
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Table 2.2 Antenna & RF specification of JEJU ground station
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3dB "= +0.42@2.3 GHz
Z gl Al

wgs AFFH

2| §FA 25 0.2% o3t
FHARGE 0.05% ofs}
W5z PCM/EM
e LHCP 2 RHCP A%=4)
gErAl 71 T v t}o] H Al E]
agh Uy

Pre-Detection ®=+ Post-Detection

a9 23 YESFAY AF dyvEY A=

Fig. 2.3 JEJU telemetry ground station of NSC
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TEON SEH AL oFW 46 m TR Az AF A4
T3 FYY mw@s F3 Poln, dHUE AYT Vg FHS FY
Stk 1F AT AEIe] 4A S4E = 239 2

Table 2.3 Antenna & RF specification of GOHEUNG ground station

TE Aok
QEL o5 39 dBi@2.3GHz
GIT 15 dB/K
3dB W= +0.84@2.3GHz
AFAYE T 0.4% o]}
FARG = 0.2% o]3}

a9 24 YESFAEH 135 Y ED A=
Fig. 2.4 GOHEUNG telemetry ground station of NSC
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Dotk wetd 3 BAA 17 55 wRke] kel At
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- H a2 (Polarization Loss)
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A Gl ol AL deue] 44 B5ASE vehdd,

Ao A% GITE 21 dBK, =& 24w 75 15 dB/Kolth.

- )9 Z(Bandwidth)

Ag=re] FAA 2" F gdEe dyvER] 4159 HE&(bit
B £ ZAAF ook drh. 4
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F& lﬂl Heg HAstAE F
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shel, o Zo) et YArkA FFS
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A 2

o2 AAsof Aok FEE AFTAAY AS A& 2.55 Mbps9] oF

1.581¢1 4 MHz7} AF8-5 it}

Qe detvEE FTHSH B3 WA AL 4 229 Zoh[l]

SNR,=P,—L+G—L,—L,—L,—L+G/T-kB

o714 SNR, o Azt g Hl
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L, AF-E3 £
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Table 2.4 Link budget of JEJU telemetry ground station

o NURI TLV Tx. Typical Tx. 95% NURI TLV Tx.
T | Azols(-12dB) | AMUAIAB) | Hi o]S(7dBD
P, 43 - -
L. -5 - _
G 12 -9 7
L, ~164.59 - -
Lm -3 - -
Lpol -3 - -
L, -0.1 - -
G/T 21 - -
kB 132.6 . -
SNR, 8.91 11.91 27.91
10" °BER -12 -12 -12
Margin -3.09 -0.09 15.91
JEJU Station Link Analysis
1600 S = L b e
43.00 | \ —Tx. ANt 74BI el
40.00 | . Tx. Ant 95% Coverage -8dBi f———
37.00 | \\ o =
. ; I~ Tx. Ant-12dBi
100 L7 -‘_‘_‘-"'-—-_. =—BER 10-5 12dB ::
z;;za oo |———————— "‘“--_._____‘_____ e
" 2500 |
200 |
19.00 |
) ] i
S &S S5 ES S EEF S SSEFS

S
Distance{KM)

a9 25 AF deEvED A4 a3 24

Fig. 2.5 Link analysis of JEJU telemetry ground station
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Table 2.5 Link budget of GOHEUNG telemetry ground station

- NURI TLV Tx. Typical Tx. 95% NURI TLV Tx.
T Haol5(-12dB) | AWMAX(9dB) | i o] 5(7 dB)
P, 43 - -
I, -5 - -
G; -12 -9 7
L, -164.59 - -
L, -3 - -
Ly -3 - -
L, -0.1 - -
G/T 15 ~ -
kB 132.6 7 -
SNER, i 5.91 21.91
10" "BER -12 -12 -12
Margin .09 -6.09 9.91

GOHEUNG Station Link Analysis

46.00 \\ ] ]
43.00 | \ s T ANE 7B |
40.00 | \\ ——Tx. Ant95% Caverage -9dBi [——
37.00 | ‘\ Tx. Ant-120Bi =
34.00 e )
| ~| ——BER 10-5 1268
F31.00 —
) I
= [ —
£28.00 | P
@ "'—-..__‘______-_'
25.00 +— ]
—
=
2200 ———— e
—_
19.00
16.00
13.00
1000 | |
o L] S > L] S > o S D D in
g & & § 8 & F f gy sFsSessse s E

Distance(KM)

Y 26 1% dEWE:D YT FI 24

Fig. 2.6 Link analysis of GOHEUNG telemetry ground station
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On-board Telemetry Tx Ant.

Line is front, Dash is Rear.

a9 27 FeEs APAA HA £ gEg 93
Fig. 2.7 On-board Tx. antenna position of NURI TLV

o] o 875+ ¥l |
218 919} FEglo] HHWER ASE tFHoz F21817] 5o
t}.[11]

a9 2.8 +yZ(clock, @)l wix" F2l& TLV ©A $F21 el
i3k 3-D AR otk
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Total Gain [dBi]
10.000
l 5.000
0.000
-5.000
-10.000
-15.000
-20.000
-25.000
-30.000
-35.000
-40.000

A,
a9 28 FEE AIFTARA ®A $A ey 3-D A"
Fig. 2.8 3D-pattern of NURI TLV on-board Tx. antenna
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A 5 ek
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¢-FHALA & e mA= wPAl (yaw), Z(rolD), ¥ A (pitch)e] =
AWzt ERkEH, &4 FA Ve SRl s v A o] AAWstel &
A3HA WislsiAl e, §2 23 B4e fsliAde olgg nlaA AA
WH3lo] tia] A= AU vlgtRE 2752 Cone angledt Clock
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Fixed) #ZAZ T =Y ol <¢eElY HEAZ JeER 7] sl E of
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- AFFA AF2A HIFZAE ATFF54 B (Earth-Centered Inertial)
FEAZ WS o]F ALY FAl9] f=(Guidance) HEAZ H3H

e

- WA T wE FHEA A EAA S} A= WY =F

- TARAe] 8, E, ¥R groll whet WAl A Body-fixed) #HEA =
Lk,

S FEA A s HAA F AAste] At ol e} o)
A FZA A1 A (Earth-Centered Earth-Fixed) %A
Aol AxHY AHFE 7|FS 2 sl FHIEAolH, WAL A&
Hol| thigh o) 9% 2 £ Al4tsk=dH ASHTH
- A7%=A #A(Earth-Centered Inertial) =% A4
AT AE@ AAES V|EoR s HFEA Y, FA A A
ATFFA AT FEASL A .
- - %(Guidance) %A
FAL Ao AN ] A A B FS J|Fo =2 St
C BAAPHAAIT AT HEES
ArtE stH, EAA o B9 A=
Hro}.

- B3 A| 17 (Body-fixed) 3£

:lrum

.

WA DR HEAZA WY F BAA] AN HoshE A
gH

© SHES GPO#= Tl FeliALL A 9
A gl AbAl e dHaE devED HololA 53 e AT

Collection @ kmou



. Ground Station
) @40 6=180 (D, 8)

a3 29 <Y HEA

Fig. 2.9 Antenna coordinate system
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——RF LV Ch2
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it o th L 50
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29 210 FE AGRAANY AF DAMEY AT AEFAE
Fig. 2.10 JEJU TLM G/S RF signal receiving level of NURI TLV
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a9 2112 A FAldE dYWED diolEe I, 8, E s o] &3t
o A 7S Qe FHEA HES 53 Aol HAAE wietR
+ Cone angle ¥ Clock angle YJeRA 7o)t}

a”eA B 5 R0l AT AG= AFA EARA A A (CT+
147.29)7+ A= Cone, Clock angle WH3}7}F 79 gloy o]F #AAn|gY o
AT 98t FRElA F WETE Es B o Ao olAE ¥ 2109
FAEE AHEto A g Al ol F w9 F F = Zo

A AAel WMstE Qg AY-S At

180 — 11— — T T T
i Cone Angle : b ‘ ' : ; i
1504 Clock Angle

190 | — : , V
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Fig. 2.11 JEJU TLM G/S Cone angle and Clock angle of NURI TLV
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Fig. 2.12 Comparison with best channel and dynamic expected

signal receiving level of JEJU TLM G/S
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Fig. 2.13 GOHEUNG TLM G/S RF signal receiving level of NURI TLV
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Fig. 2.14 GOHEUNG TLM G/S Cone and Clock angle of NURI TLV
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signal receiving level of GOHEUNG TLM G/S

_3"_

Collection @ kmou



Tk

o

WS 7HAA]

T

__01_

A= FA

LA

o}
</
</

F

wAO

]

ol o]A2 Alkell AR QFElY o5 si”Eo] Al A

]

Mol A ol d

£

) =4

Z

L
—

Aol &

A

&3

N
o

N

TH

™ o
B !
o B
0| gen!
BN B
o o
,_MVI
el o)
N x
;OL T
HK o
X <
R
.m.o
! =
T
55
il
> M
T X
<
K A
N o)
~
= X
T —
G2 X
__oao
oA
T 0
0 .
o=
o

3 H

2 9

d

A

g & 71

el 3.3dAA 3

3

olE a7

_32_

Collection @ kmou



A3 F FA A ek

B ogos 93 v Ade 98 RIG-106 %2 WEzx B4 F

SOQPSK ™ &

BN
o
1>
o
)
ok
o
o
iv)
ol
ol
e
foi
ofy
=
)
g
@)
Ll
2~
ofo
ot
=1
Jot
f

T AP BHAA FlE "A SALH U] FAE AdE 9
3l TN FElvke] thAZ FxolA AT F Wi dHY FxE WA
ol& AlEd oISt F A S T ol g de BAIS
2l ot

31 9gA¥8 "=z - SOQPSK

—_—

sof deuEee] U@ Fak A% S5 glor, ol uf
WE w3 Hoh AFs A4 Bast do €@ Uy
=

A3 FF A2 WAL bR FAMH R} 0A L
7

FEoF ey ED Az=®" AAA RIG-106014 A%
A 2o 2 53y ddyvED T4 J3
E 93 459 71 PCM/FM w413 SOQPSK(Shaped offset quadrature
phase shift keying)ell vHlasta didd% &S +A3%

A YEse tiEo] dA w5 LA o]27|7MA] i FEEe] WAt
Ao A 89 dyuED AT YA ofd2T T AA T HlolH
2 kg A e fAE PCM wi/) W= 749 obd 21 PCM/FM W
2o t}[14]

of
¢
O
R
i)
o2
>
(o
1o

_33_

Collection @ kmou



HAY $Ae] A Bade o We vE SRS 7hE A ZoA
H g ARE AFsy] Aotk oF @Ast 44 @ bsA o
To A" P n UeEe] AEA WO o U FAL A
ok Wz P e A Axde] 4, 4% 2 oo mE BelHel 7
Aol 4PT G VAT med W B aFHE Axw A
Bag HolHe £, H§ /hsd ADNZ, e UAE, oy )
A, B el FH Mg, 7] 9 Agan 52 meste] Ao}
@}

$ZF DALl Boke A5, A4S b FIE LA 1435

- 1535, SYIE 2200 - 2290 MHz)°o] A A 7] v Az 22 AH
AQ e AL T 5 UES A= mve) dHo] Fojof 34 &

Ao YYEL Agaof Frt.

Oxgd Hzgae 34 9% #ol] ®W2l(Phase Shift Keying)® it
#Ho] W2 (Frequency Shift Keying) & & &3 4= Qlt}y. B4z 94
< 7= Hx A2 HAY Qs S 52 W dskA ¥ T
9o Ato]l= ZH(ide lobe)E A 7= Aol Aot v AP FF
Zle ¥AE FE7) AY A9 Z8HESAY o AEFF)o] Rol HiE
s Ao g Agste AACL 22 5 HeEvEY Eofde A

o

Fee] FSK i PSKoA wkgshe] 914 2 el A% AgoA W
A i, o2 sl Fuks Bro F4EA AES] A4o] s
Aol THE AME RERA MET 4 Qe Wz o] aTHL

olElg Wz WS CPM WA ow BRED:

(]

= =
Aotal 9o Aoz ~HER A4 A (spectrum regrowth)& &o]al

A9 FE71Y HAFE R A% A sef=S A Frh[15]
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AHEHO] Aol 2H
< PCM
of F7tm A F

shaping)& 2159 94 HAHL 7

ZFy}<=(instantaneous frequency)S <+ 3} A7l
olE oA ATt S 3ESHA

T AT

SOQPSK+= CPMY 3t /= ™
FGE T3 AR
A +12 3A
& A FEAZ

SOQPSK+=

Atk [16]017]
F34 9
=

AT

2=
T
1

kU

w}ebA SOQPSK-TG7F MIL alel s #g 2 vgZ &
ol2 <ls dmEL Hofe] EF<l IRIG-106 EF
ATt o714E RIGZF BA438H= SOQPSK-TG #2lo] 3]
5 PCM/FMZ} v w

3,

29 EZ BXS F3311 A%
¢ Al QPSK(OQPSK)&= $14Hd
OQPSK Hele] My F34 W
= FM WA o2 A%3ith

CPM 3o dnizioz ALLE &=
2ol Aojeth

BN BN

gl 7=
golgol ol WMz H2A43 IE(pulse shaping filter)E AF-&3}
71 At

2
HlolEl {+1, 0, -IZ WEAA +1o]A -1 E= -1 o
Walets w3 ARS AAAA CPM PRt dZ &

A
S
2
>,
>
1E o
)
lo
)
o
(o
el
ofo
ol
ok
rlr
o2
1>
193
ik

NRZ(Non Return to Zero)¢} #

"2 A3d(baseband pulse

ERA sk A Aol wel A

okl

= o]zl g

T o]l {+1, -1}

29 gl wet SOQPSK-MIL "4 3 SOQPSK-TG
SOQPSK-MIL %22 Syt Fuf
HS 7HAA AEZEY

AbRl(raised cosine) F3t HAE 7}A| a1 dol7) 8 AHE

HAE 71A

o] fled wlsl, SOQPSK-TG

LY

o]

o
=
EES

@ s,
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s(t) = V2E/ T cos [27Tf0t + o(t, a)+¢0] 3.D

o714 CPM Al 59 9o ol 2z 7t}

ot a) = 27rh/w E a;g(t—iT,)dt (3.2)

(t,a)9 AF o= CPM Wz wel Abd =
QFE dolE HEE YERHI, 37 delEgl {-1, 0, Lol o3 ZAH
thoojuf o o tig Al ZEA AR e 19k Q AE Aol o] @Al A
HEEY, ol A4S /2 SHATE AMA FAY, A B WA E
A FF A

zZalmgE 7Fz SOQPSKe] Wiz Ade 19 3.13 Zrh

Freg. pulse
Generator

Data
Source

Frequency

Hissselas Modulator

13 3.1 SOQPSK ¥z EE2x
Fig. 3.1 Block diagram of SOQPSK modulation
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SOQPSKol A #A[A] HIE 2EYLS F940 ¥ Au 97HQ AME=E
™, 2% sk OQPSKeF o] 1/2 AW AIZH(7./2) wHE A A=) of
o} Zo] xdE ZEIY dagEFE AHEstS doA o, E{-1,0,1}&
AAdstEE 47 CPM(ternary CPM)olgtal %= gho},

(*1)i+1di71(di*d¢f2)

o = 5 (3.3

o 4 EolH at @ {L -1}, == 1 wtle A9dE A%d

AEE (1,0, ~1)ol Fat 9)4e] {—g,o, +g}§— A5t

SOQPSK WH=zE 913 ZZzH Hlolg 9 8714 A8 Hol=+ 1d 3.2
o] "y~ e =(State trellis diagram)ol] =A1F o] At} 24+ 4
Me] HlEZE 9Jom MSB 98-S 1 == Q2 YA & 1, Q& 0
Uehdth oS BlES LSBE Z 3T gHoA dA9 19 Q HoHE
A JERATh o] 19 Q 482 {00,10,11,10} FolA vl 74A 7Hsd
3n 5m Tr
[ ™ 4
oF gAY, wEbA ZHzhe) 19} Qe shube] 91743/l t-s-& Tk

He AL F AeH, d& =9 {
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Current Next

State State

000 g 000

001 | 001
0

010 ? 010

011 '; 011

100 ? 100

101 ©° 101
1

10 ] 110

o

—
[ ]
®

111 111

o

a9 3.2 SOQPSK EdHEl2 AHE
Fig. 3.2 State trellis diagram for SOQPSK

& o I"9 A WA FHE 00002 T 4, MSBMost
Significant Bit)= &4 [¢} Qv H= BHIEE A AH 003 LSB7} A #

o] 1 EE 02) =3y Qo] EAlats QNS Yehin,

x5y YYollA OQPSKE g Wl shute] RERF MAHEE Q Aid
7d

HolEt MSBE Alfdte] T AE® A Eot WAHND. weA
oL AHl= 100 == 1010 Ha, dE 59 oS AEH+= 101€ H$ o
S5l MSBE 1o] ®lmz 23 4o AHs 7{ olm sgashs T
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a
(-1,1): Boolean (1,1): Boolean
(1,0): Antipodal (0,0): Antipodal
[ ] [ ]
> |
° °
(-1,-1): Boolean (1,-1): Boolean
(1,1): Antipodal (0,1): Antipodal
1 0 1
Input Bit Channel State Bit

0: Q-channel I-Channel State | Q-Channel State
1: I-channel Bit Bit

a9 3.3 SOQPSK ¢tEl=zg 9 =239 4
Fig. 3.3 Antipodal and pre-coder input for SOQPSK

o2 Eo] o] YHo| ¢relETHantipoda) A XA FHH AA (2} Q AW
= Uetl= d;i_; 3 d;_o7F 0914 1, 1914 -12 digstar, 2424 -1 1
2 Holdth o] A 9 #& Q Aol g A8k 1HI7] vl
E ol

USE 588 Eolsl 9ol SOQPSKe] Fu4 JHx: HY B

(frequency impulse shaping filter) g(t)& obe&l 213 o] £ FA &
"B 3 ()9 959 35 wt)E 33 Ju= T35 25 79
goh[1]

g(t) =n(t)w(t) (3.4)

_39_

Collection @ kmou



Acosmb,(t) inB>
) = | ST s 35
1—46%(¢) 0,(t)
pB,
6,(t) = T (3.6)
DB,
0,(t) = T (3.7
/
17 ‘ T < Tl
t
w(t) = l—i——cos (11 1) T, < ‘7 < 7\+1T, (3.8)
2 2 CINT, e s
0, ’% > T+ T,
4714 AE Ax g(t)5 HAEsd %7} HE2 = spEA o).
(T, +1T,) 15 T
/ g(t)dt = > (3.9)

Q32 AlFolil Be ARF =AY (time scaling) AlFeln, 9%

=
A wlt)s gt)d AHAE A ARG A=Y 71%5S §

[RIG-106 EFolA+= ofgl] Hlo]E< SOQPSK-TGe] utebv|g 4k shuwt
5 et
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Table 3.1 SOQPSK-TG parameter

Parameter p B T 7,
SOQPSK-TG 0.70 1.25 1.5 0.50

a9 318 EFEAA B o Axel Fd4 ®HzT|(Frequency
modulaton & F3+ B2~ AP FH =Y
T¥ F CPM A=zl s(t)& wEDh A
(1+D)/2 9E1E 5343 Fy¢ Fx
q(t)e) o8& 19 3.4} 2t}

I A B R
e

R RRRER A=

04 ‘ i i i i ‘ i
=4 =8 =2 =i 0 1 2 3 4

19 3.4 SOQPSK-TG F3t H9f 9174 X~
Fig. 3.4 Frequency and phase pulse of SOQPSK-TG

PCM/FM3} SOQPSKe] ~HEZ Hlw AlEHoo|AL 19 359 Z b
olH &2 FE& Alg TAMAe}L TS 2.55 Mbpsell thall UER] AT
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35
I

—SO0PSK, PR

25

dBm

NV
J T \ N
AN, NN

-6 -4 =2 o] z 4 g

Freauency From Center (MHz)

a4 3.5 PCM/FM# SOQPSK-TG F3t4 ~HEH
Hlw Al E-d o]l d(Data rate 2.55MHz, 10Watt)
Fig. 3.5 Simulated spectral comparison with PCM/FM and SOQPSK-TG
(Data rate 2.55MHz, 10Watt)

% 29| 99%2 y_zs}%
MHze] 3 PCM/FMe] 7% 1.
PCM/FM3} SOQPSKE BER ZwellA] wlmatd 10 ° BER 7|02 118
oA 122 dB Ael=2 A9 X}Olﬂ AR 2FHEY F8o] FoAEE,
3249 Ad3ade w8 7 FA HYFoes JA vl FHIL
Vst

B S SOQPSK-TGE A48 74 57188 98 POMFMET o e

ol MES BRE ste w0l YA 7] Fme|Fo]l WA G

7] %
2} 85 A1 7HAcquisition time)& H3H o153 YTt

o Z.e SOQPSK-TGE] 7 0.78u1¢] 1.989
6

16801 2.958 MHz o] t}.[18]

il
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32 A8 753 71 - Adx dAE AA F3(LDPO)

e o FAHAH FZ=(FEO+= 875+ HE &F
3 #2717 B8R sk AE O FHHE EFolE
Hol F7H2Q AR E Frlet= oIt

-3 dojg Al2®l & 2|9 3](Consultative Committee for Space Data
System)ol A= A7 THAES] -5 FAH200%km o]she} A -5 AL
(200%tkm ©o]%hHE 9% BAF HHE Ad F5st 7Y 9 Fae g9s
Axsta Qo ol& FE 3.29F Zrh[19]

(BER)= ¥H=3}7] 9

[e]
=
= AFH= HE 2E

Table 3.2 CCSDS coding schemes

Frequency Space Research Space Research
Band(GHz) Near Earth Deep Space
29 99 Conv 3/4 or 5/6 or 7/8
S5 - 85 +0R=5,(255, 223)wor;
LDPC 2/3, 4/5 or 7/8
Turbo rate 1/2 or 1/3 or
2.29 - 2.3 1/4 or 1/6 or
8.4 - 8.45 Conv 1/2 + R-S(255, 223) or
LDPC 1/2 or 2/3 or 4/5
Conv 3/4 or 5/6 or 7/8
255 - 27 + R-S (255, 223) or
LDPC 2/3 or 4/5 or 7/8
Turbo rate 1/2 or 1/3 or
31.8 1/4 or 1/6 or
- 32.3 Conv 1/2 + R-S(255, 223) or
LDPC 1/2, 2/3 or 4/5
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# Ad Fesk 79 5
1% Holy HESs 1H HEFAH FEr9 ge S FoU|E o
Hsle] AMg3F B 59} LDPC 55 @asta Ach

A% 92l HARE-S(Low-Density Parity
L7 AAL s HEBEY LFHIEE FUlste 7|
|ol= day AA fEH 2 tiRE 00 & st
o ‘1" & Z3ste A& ongth

o]& gt LDPC oA 543 WEPo] CCSDS #F= 131-1-0-2-S.1 o A
¥ AR4JA(Accumulate Repeat 4 Jagged Accumulate Code) ZEojH, B &
ste(1/2, 213, 4153 AKX EF =7](1024, 4096, 16384 Zt= F 9719
LDPC ZEE AHZth o] T AFAE A, % 58&, 3149 o=
g E5 37 5& 1 MY Faske(/2, 2/3, 453 209 &5 2
71(1024, 4096)7F IRIG 106 E&=oll )&= Aoh.[1120](211122]

LDPC F3+= A¥ EFF Il AAZA FZ=2H I= EF Zo] nit
AR BE Aol kE 7/FAE (nk) LDPC F 39 diElg A 34
715 7t RIG-106 £FA A3st= LDPC H359 F

Z

=
e 9 A B2 74 we 4] 3= B2 Foj: X 33% 2

O
=
8
z
rr

d
Jt
s
fol
ot
Ruj
fru

Table 3.3 Codeblock length per information block size

Information Block Codeblock Length, n
Length, k Rate 1/2 Rate 2/3 Rate 4/5
1024 2018 1536 1280
4096 8192 6144 5120

LDPC #&+= sialg AA 8 H o o Zo=Hm Axddl A4
A

kxn BB AP d4e Sl e A dE=5YH 72 5 3

- A4 -

Collection @ kmou



o

ot 9714 AREH+E= LDPC 3+ QC(QuasiCyclic) &3 & F+%3
TARE 2 B Pdo teAde o]&ditk LDPC REE tE A
Fook mpx7iA 2 AP E sjejE HA dE] oERT 2B,
z3t7]o B¢ deE AAEE 7o TR A7)0l AA o|EEHA
el A B8 He MM FRPEE FAHTY F PEo A7]& of
B & 349 2o

o

e
K

p=k =
=]
-

Table 3.4 Submatrix size per information block size

Information Block Submatrix size, M
Length, k Rate 1/2 Rate 2/3 Rate 4/5
1024 512 256 128
4096 2048 1024 512
[0 0, I, 0y I, &1,
Hy=\ly I, 0, L IL8ILeI,
I, T8I 0, II,0I Iy
Oy 0y Oy 0y Iy 0Oy 1, 811,
Hyy =|1L 811, 811 Iy Iy Iy 0 L, ILOILOI, (3.10)
Iy I, ®I, €11, 1, T;8T 0, T, 8l Iy ‘
0y 0y 0y 0y Oy 0,
Hys=| 1, B0, 811, Iy s O, B 11, Iy 1L, @11, 1L, Iy 1,
Iy Il @11, Bl Iy Iy ®11,, @11, Iy I, @11, €11,

ANNM I, F 0, & MxMA7S] GHPE} G FHo|t} +=dPF
(Permutation matrix) m= 3 il 0°] ofd HUAE 7HAH 4 di&E

i€0,..., M—1 & 1% 7. (i)l 23 FolA.
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m (i) = %((e,ﬁ L 4i / M )modd) + (¢, ( L 4i/0] )+i)modﬂz4 (3.1D
7|4 B =FdA i#st= LDPC H3<l H353}-& 4/5 (5120, 4096)
B39 0,9 ¢,()E o B2 FoHhl]

Table 3.5 6,and ¢,(j) of AR4JA LDPC
(Code rate =4/5, Information block Size = 4096, M = 512)

k| O | gH0M) | p(1M) | 2.0 | g3 M)
1 3 16 0 0 0
2 0 103 53 3 35
3 1 105 74 119 i
4 2 0 45 89 112
5 2 50 47 31 64
6 3 29 0 122 93
g 0 115 59 1 99
8 1 30 102 69 94
9 0 92 25 92 103
10 1 78 3 47 91
11 2 70 88 11 3
12 0 66 65 31 6
13 2 39 62 19 39
14 3 84 68 66 113
15 0 79 91 49 92
16 1 70 70 81 115
17 2 29 115 96 74
18 0 32 31 38 73
19 1 45 121 83 116
20 2 113 45 42 31
21 0 86 56 58 127
22 1 1 54 24 98
23 2 42 108 25 23
2 1 118 14 92 38
25 2 33 30 38 18
26 3 126 116 120 62
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512

\\\.\ .............................................. N , ..... \ \\
1024 ’_\:\
IR
e ‘:\\\i
1536 NN
T 1024 1536 2048 2560 3072 4608 5120 5632

13 3.6 AR4JA LDPCe H 398 F+x
B33l8 = 4/5, AREE =7] = 4096, M = 512
Fig. 3.6 H matrix of AR4JA LDPC
Code Rate =4/5, Information Block Size = 4096, M = 512
e AA PEyg IH|T

EoRE 222 4R AAHE BF &
3 447 B PB FAL FANF Bk E 368 FRBI 2]
=
=

of £33} & 2 AT

Table 3.6 Generator matrix sizes

Information Block Generator Matrix(G) size
Length, k Rate 1/2 Rate 2/3 Rate 4/5
1024 1024 < 2048 1024 < 1536 1024 < 1280
4096 4096 < 8192 4096 < 6144 4096 % 5120

=]

JEREE 7] 40960 gk AAE FE GO UF-2 4096x4096 =A7]E
7}A = @98 A(dentity matriv)® TAE I, LEZS 4096 X 1024= 323
I 84 waPER FAHAHM Z4Zh2 128Xx1289 A7]E 7K

ARWE GO A W 7t 3PP N WA P2 [RIG-106

2
9] Appendix 2-DollA 16314 Fej2 Fo] 7 h[1]
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a8 3.7& [RIG-106 EZFoA  AASIE  HF
FQPSK-B/FQPSK-JR 4-state Edbg]>» EBx7]|E o]

W %  SOQPSK-TG/
&3 BER Al EF oA
A% aeizolrh[1]23] F5slg 4/5 BREE 4096 A$ 10 ° BER
71%¢ <F Eb/NO +3.3 dBZ 7]& PCM/FMe] &3 7]Z +12 dB tv] <F

7 dB vHle 7hdH

oo

b A k=1024, R=4/5 4
---------------- Preseeceseneecsot] — g - k4008, R=4/5 |
s : | —o—k=1024, R=2/3
10 FEO00 s o T = O -k=1098, R=2/3 ]

@ et ey, .. | —O—k=1024, R=1/2 |]
| = & -k=4096, R=1/2 |]

25 3 35 4 45
E/N, (48]

19 3.7 4-state ERY X~ Bx7]E o] &3 LDPC BER A5
Fig. 3.7 LDPC BER performance with 4-state trellis demodulator

AA FEANA s FA HolEE A Ho UA op FAEtel i
35 BT HAANA Zelof sta, AlE# el HolE ek st
Ed"gow FUb aefol 3ok ey HZ AFSE FA7o A
A EH FU 7)FENA oF Eb/NO +3.4 dBE 7]& PCM/FMS| 8+
+12 dB oiH] ¢F 8.6 dB wl& 7hzIth[29]

metA B =follAE 85 dB rile VEo 2 MAEFRE EA7H

of 9 ox

ANt du of

N
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3.3 &Al $4 ey A

B Ao AE oA 7led HAE Hxs &8 /78 5o A%
=
2]

o2 dojX&= HA vzl o gA F4 U AAdS T FUHE L
2 Jans g,

dRbd o7 date= } FHoly 20 EAS A7) A e sty b
BlUuET o2 7o QHEUE AR&soF st o= wid <tElY RIFEA 7]

Hog 73E o Anh[24]

ojwf WA= A= TAHAIZE A= dEe A7Vt v 27 WE
of Wi <tElve] 7F ulg- @olx wl 2HIE wie F2 UzEs W
(Narrow beam) FEIS 7}xA4] H&d, o]& ol ml$ nLoz WS

deloF st ofEl=ol ATk TR AT A= dAE 4oz )
ATHE HEe s stue] A=A kA= FHAE A
1,800 km2 AgtHo] wel duid oz oy sjo ATFo] WA T
sty FHFIS JHAE Jeen Ao g FHS HedH, olE
el 2R E At He FAS ok sk F WA A7 3

T stue EARA AR AN B e dF AFA tiAH FE]

Fﬂ, ”“—’* 84 AEE Yoy AH oz A wEFez I FA4sHA

A RS wel ol J1E Al el A9
Bzt A Ho] 54 W] o

M
o 1%
2
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= A7 o550l ANHE AA F2 w3l Aol @A EL o5
BEe ¥Y 4 91 FANAL Fl2 g &

331 953 wd ol&
9 olehes WIS A BY AR A F JE AN 2
Yol 2HAA BHE E

array)e] T4 ot 1% 387 Zrh[25] =0 W& RIG 253-930] whe}

AT =< wek IAPste Aol F FH(roll plane) x-y HHolt

Z A

Forward

Metallic
cylinder

.
A

~—
..

Microstrip

patch \\\\\\\

a9 38 BEE vlolAaR 2EY AR A5F M 74
Fig. 3.8 Configuration of cylindrical arrays with conformal microstrip

patch
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2] A8y v A 23 EAdo] A Ho|A RIER 9
(yaw)e} 3 A (pitch) HHe A doJF oz ™ rhsdity A7jA= F
BE E57F 71 THEREAY o4=E JHAEe 4™ i d(elevation
plane pattern)2 el T}

A e FY e QAAHI mlojdE ~EY HAEAR A4dd
NIWS AR FAAE™ PR d@shy] fld) JE HEfIE &
23} skA] et A7A r e 959 BEAES eI

Axd wjde] dukAQl e Adpes ME GAF 2xe] W 2ok 9%

-{o

AV

2D AEZ/AA o 7|(excitation)o] wel Etth WAMAA ZHzbe] Y&
79 FZE82A (r,0,0)2 JEMAT 458 HAzFA AS$ x-y ¥del %
S

AxAte] F4ol gAsHE Aol Astel BeHEE of7HE ¢ =00°
2 dA3[26]

TR 380lA A WAALA ] U EARS ok A3 Zol HY
k.

N

~
Il
S~
g
—~
©w
—
Do
~

2] 31200 A 78%"1] ﬂ]fﬂ o] 7)(excitation)= SJ 3oty 713 Ae
A&7 WD E w2k o Qe AA wide] Jed #
(transverse field)e] &1L 7| WAAX

224 9 ¥ o] Z3(superposition) & 2 Ao 2

ﬂl——r'
S
32
o

N
= NIE 0.0, 6)e e (3.13)
N ; i3
= M I'F( ¢@¢WT” (3.14)
=1
- 5" -
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A (source poind)ol Al AL HIE] » & MG x-y HH YF Poz A

3 w9, =90°) 4] 3.159} Zo] YEhd £ gtk

e ar,co80; + yr,sing, (3.15)

=

AAZ A rol UE (0, ¢) WF T HE

ul
1>
w
[—
(@]
o
L
q

r = zsinf cos¢ + ysind cos¢ + z cosh (3.16)

(r, 0, =90, ¢,) AN sl 2xpe] WAL - 4 3173 2h

{l@i(@, o, ¢;)} _ [COSH cos¢ cosd sing —sinf (3.17)

FZ (9, ¢, qbl) —sing  cosp 0
cosgb; —sinqzﬁ; 0 Fﬁ

X |sing; cos¢; O[1Fy

| | /2

F', F 9 FE 7387 daiAs 18 399 o] ida WA 229
AAE 7I|Fo 2 st= =5 FH3EA(ocal coordinate system)Z WAL EH-S
FAEkE Aol Hu golstth. =R HFA HA FHEA(global
coordinate system)7te] #AE A% 6,¢,6,0 D ¢ S B T8 22

(spherical trigonometry)S %3 A2& 4 Ath[25]
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a9 3.9 AR A 29 X 712 ZRFAEA
Fig. 3.9 Local coordinate system refer to the location of ith element

' 0
coso; = sinfcos (¢ — ¢;), tan(, = e (3.18)
51n9cos( —gb+¢)

4 3188 Fok g £ F 2 FOl HE 5989 0, (8 Tl A
Abek 4= 9tk ol B oA 2] 3179 2E2Z WEE ggd o] A
g & 9tk
F, —sino, 0 ,
; . F!
F, r = |coso;cos; — sing { "[} (3.19)
F coso;sin¢; cos¢; | ¢

2 319904 F, 9} Fle wARAe] Felol nhet A4
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Feed point f ~" Copper patch
Dielectric substrate 9 ; (Th!CkneS§, 1)

Ground plane

(@

Total power pattern

(p=0°)

(g =90°)

10 dBd/division

(b)

19 310 vielaz 2EY AdHy A ey 9
(@ 7=, (b LA -
Fig. 3.10 Example of linearly polarized microstrip patch antenna

(a) structure, (b) radiation pattern
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99 3007 2e YnA HE 542 Uehls no]as ~E
Ui2slel S A4 Q B Q
S =

cos¢;  sing;

B _
FZ _qa( ¢7¢)[ SIHCZ COSCZ-

&
@l

o] Wl x-y BN HAW Ad nolaz ~EY GEHYe] z & X
sl W] WA AE ) El(total power pattern)2 oz 213 o] AL
A2 e 4 ATh[25]
1+ cost?
. ( c ) (321

q,0,9,9,) = A (3.22)

Aol ge AR e, TE Aol 2 A% A9 1o e @ 7}
Az, 3w A4S, 5 201 7
o A RN ARAE ST MBA Qolsk 250 el
o] % ou) olgolojop @Th[2s] W WArsAle] HAHEE ofy =
3801 Ua® Ha 4(Q, o @ )l o) FH9ah
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Table 3.7 Parameter to control element polarization

Element polarization Q, Q.
Linear(aligned with axis) 0 1
Linear(circumferential) 1 0
LHCP 1 j
RHCP 1 -j

AEY I g I 2y A¥AR 2AE ALIHTE o=ty
Adlo] wheh wabA o] A mE ) gl AFFnrt A
'=£(i—1)2r/N, 7} H=E gk n)

= SY WwPom

oot

2
)
o
o,
—o
o)
o
e
av}
Ll
ox
ox
r
£
N,
X
=

LHCPE AAsla 1 = obgY}
WAaAte] Aol ot
npxjEto 2 AxE wge] st dEude 4 32339 Zt
EN6, 6>+ | F10, )|
PO, ¢) = |56.9)| +|£6.9)] (3.23)
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W=— - (3.24)

1
e, +1 €. —1 hl 2
o =5t 5 {1+12—} ’

714 ¢, & 7]F(substrate)e] FAA AF, hE 71T Fo], PAE HX
o] Zo|t

ojuf, sjX 7zt (edge)ol o] HA FA A dHfringing effect)ol] wh
2 9z dolo] 94 axtE= 2] 3.263 2.

(€, ff+0.3)(%v+ 0.264)
AL=0.412h (3.26)

W
(€= 0.258)(5-+0.8)

=3 Ao F fEDO) L= 4 3273 21 AAl Aol Le 4 328

(3.27)
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AA s .
FEKO &z EoE ol &sl AAE Az 1o Algdold Zdie 1

g 3113 2o

o
a9 311 AAE vlo|m3E ~EY AFPAS 32 <He}
Fig. 3.11 Linearly polarized microstrip patch antenna design

_58_

Collection @ kmou



S-parameter

SParameter!

S-parameters [dB]

25
Frequency [GHz]

S-parameters Magnitude [08] (S-parameter = $1,1) - patch element antenna
29 312 vlolae 2E9 AR A de ST

Fig. 3.12 S-parameter of linearly polarized microstrip patch antenna

Far field

Phi=0deg

Phi =90 deg

180

Total Gain (Frequency =225 GHz) - patch element antenna

9 313 ol ~EY AYAR A otE e

Fig. 3.13 Pattern of linearly polarized microstrip patch antenna
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Total Gain [dBi]
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0.000

-5.000
-10.000
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| -25.000
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I -35.000
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i
19 314 vlola® ~EY Mgy} 9% e 3-D s

Fig. 3.14 3-D pattern of linearly polarized microstrip patch antenna

WALALe] vl 3HE e WA AR 5 AAsE Fa40d vheF wid
HAS UFE A 7HAA 2 AS EZQ%E adeld ZH(grating lobe)
7F B ALY B =RellA At A st 5 dEs JHE  jUA
Ao}

A AFE FEHU MEY WALA & N, & BIEATE VA= 4
o] A7|of wel HFeEHY B E wugo s M.

s r_

(3.29)
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Fig. 3.15 Configuration of cylindrical arrays with 16ea patch antenna
(r=162.5 mm)
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Far field

FarField1

270

Total Gain [dBi] (Frequency = 2.25 GHz: Theta = 90 deg) - patch_slement_radius162mm_16patch_mifmm_equal phase

Far field

FarField1

Total Gain [dBi] (Frequency =2 26 GHz; Phi = 0 deg) - patch_element_radius 162mm_16patch_mifmm_equal phase

19 316 9EF WD 167) X <ElY = ¥E 2 17 ¥y g
(¥r21E5=162.5 mm, I FH 94 25 Y 7))

Fig. 3.16 Roll and elevation plane pattern of cylindrical arrays with

=)

16ea patch(r=162.5 mm, equal amplitude & phase excitation)
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a9 3169 A WA dEe & 39 vY F 9=90 HoWS FAG

o F A Ee 17 WA Y S xz BE ¢9=0 AT9HEE BHAFE
ohoolw ATl wiAE Z AR ARe iR WEFI 914 ik o7
(excitation)= =% & Y3t

AEdold AiolA AT 5 %ol o] ool wid> & HHAY o
oAy A3 dss Ado e vz 93t MsAde 1 dB
Bod X A T8y 17 HY e A9z 5 HHEs wg & 4
S A= AES B 4 =Y 19 3179 3-D ey 18 3189 <+
By ¥ AR E S (Antenna Radiation Diagram Plotter)oll A =31 &<l & 4=

AT},

Total Gain [dBi]
10.000
' 5.000
0.000
5.000
10,000
q -15.000
20,000
25000
30.000
I 35000

-40.000

1Y 317 958 99 167] A <teEly 3-D HH™
(R 5=162.5 mm, ZH 94 BF L 7))
Fig. 3.17 3-D pattern of cylindrical arrays with 16ea patch

antenna(r=162.5 mm, equal amplitude & phase excitation)
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FarField1: Total Gain [dBi]

o = 200
0 30 680 90 120 150 180

ot G (Frquenesy 2.2 Gt e sent. i1z 6pic,_i. g s
a9 318 A& ¥ 167) A FEly AR ER
(WkA §=162.5 mm, I ZF 3 A& 2F 5 7))
Fig. 3.18 ARDP of cylindrical arrays with 16ea patch antenna(r=162.5

mm, equal amplitude & phase excitation)

=< wet A A" & AA] A8l A= FEEt A 9
F5 mg} 25 o 7)(excitation)dte] Al EHo)AF HH@G =90 ) L 17t

(p=0) SHEIY s 19 3,199 2t}

AF #A <Y ko] 2= ZHHo] Ag =2n/N,E A5, iAA T <t
L] 914 FREe @' = +¢, = (i-1)A¢ o Atk F, 16719 kel
2 Q5o AT A 7 A 3 9L 22557 Aol YA Hnt,
ol 9lgo] UFE wel WAl Hol utet AF z3el Wl FHplus)
o] WS weh LHCPS wEA =k
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Far field

FarField1

270

Total Gain [dBi] (Frequency = 2 25 GHz; Theta = 90 deg) - patch_element radius1300mm_128patch_mifmm_ephase

Far field

FarField

300

270

240

Total Gain [dBi] (Frequency = 2.26 GHz: Phi = 0 deg) - patch_element_radius162mm_1Gpatch_mifmm_ephase
19 319 459 Wi 1671 A FElvk & ¥ 2 7 JY gd"
(§F21F=162.5 mm, JF 5L & 94 25 71

Fig. 3.20 Roll and elevation plane pattern of cylindrical arrays with

W
o
)

16ea patch(r=162.5 mm, equal amplitude & progressive phase

excitation)
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a9 3203 321904 & = ARl Az viEe Ay 5
A Aoz FgHol W3t 24 o5 £ HHd
E 7HH AT FAE 5 e FEolth 5% 33t AMYA 71+ LGEY
o] 52 ¢F -2.53 dBi ©|th.

Total Gain [dBi]
10.000
' 5.000
0.000
-5.000
. -10.000
-15.000
-20.000
-25.000
30000
-35.000
-40.000

1Y 3.20 958 v 167 WA <teEly 3-D HE
(B2 5=162.5 mm, & T & % 25 A7)
Fig. 3.20 3-D pattern of cylindrical arrays with 16ea patch

antenna(r=162.5 mm, equal amplitude & progressive phase excitation)
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FarField1: Total Gain [dBi]

200

Totel Gain (Feguency =2 25 GHz) - peich_element_radius1300mm._128patch_mifnm_ephese

a9 321 95F W 1670 WA ey AR ES
(WA 5=162.5 mm, IF T & A& 25 A7)
Fig. 3.21 ARDP of cylindrical arrays with 16ea patch antenna(r=162.5
mm, equal amplitude & progressive phase excitation)
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a9 322+ FEE AFE EAA 7o 2 14 vlE, § ¥HAE 325 mm
o] %ol 3279 HAE HH A% 45 g dHUY Fxolth Eole
350 mmz T3ty JE 2] o} 7](equal excitation), A& =t
7](progressive excitation)©] . JH 219 M7 32700) 7] wj o z+ o
A7 Y-S 11.25% xpo)7) Atk

ok

a9 322 4%¥ v 3270 A ey FAGHAIE 325 mm)
Fig. 3.22 Configuration of cylindrical arrays with 32ea patch antenna
(r=325 mm)

Y 3232 ojuje] & W 17 FHe| ¢qEHy sEE ekl Aol
i 19 324+ 3-D i\ A BEEEE YUEhd Aol 95% FXF AH
g A 7]& QL o] 52 oF -2.81 dBi ©]th
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Far field

FarField1

Total Gain [d8i] (Frequency = 2.25 GHz; Theta = 90 deg) - patch_element_radius325mm_32patch_mifmm_ephase

Far field

FarField1

Total Gain [dB] (Frequency = 2:25 GHz: Phi = 0 deg) - patch_element_radius325mm_32patch_mifmm_sphase
19 323 A% Wi 3270 A tElvk & W 2 17 FH |
(HFA]1 5=325 mm, & L & 94 25 47D

Fig. 3.23 Roll and elevation plane pattern of cylindrical arrays with

32ea patch(r=325 mm, equal amplitude & progressive phase excitation)
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Total Gain [dBi]
10.000

I 5000
0000
-5.000
-10.000
-15.000
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-25.000
-30.000
-35.000
-40.000

FarField1: Total Gain [dBi]

Si2T |

Phi [deg]

1o

-14.0

-
&

-

-170

0 30 60 90 120 150 180
Theta [deg]

a9 324 953 vid 3270 #ix] <HElY 3-D w2 WAIREE
(WA F=325 mm, MF &L & A% 25 7D
Fig. 3.24 3-D pattern & ARDP of cylindrical arrays with 32ea patch

antenna(r=325 mm, equal amplitude & progressive phase excitation)
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09 325 FHUE AY BAA 7ECE U2 WE, 5 AT 650 mm
58 Wg ghee] Fxolth ol

o] AXof 64719 HA= HH A
2] o} 7](equal excitation), A& =t

350 mm=z Fdst 2=
7(progressive excitation)©] tt. JH 219 A4}t 647]0])7] wWEo]| Z+ 1
27 Y-S 56255 x}pol7) Atk

ok
a9 325 dEd M 647 WA FElY FAFAE 650 mm)

Fig. 3.25 Configuration of cylindrical arrays with 64ea patch antenna
(r=650 mm)

9 3268 olufe] & HWHA 17h PR tEu HS YERd Zo]
i a9 327 3-D ey A BEEEE YUEhd Aotk 95% F3XF AH
g A 7]+ SRl o] 52 oF -3.17 dBi ©|th
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Far field

FarField]

270

Total Gain [dBi] (Frequency = 2.26 GHz; Theta = 90 deg) - patch_element radius650mm_64patch_mifmm _ephase

Far field

FarField1

0

Total Gain [dB] (Frequency = 2.25 GHz: Phi = 0 deg) - patch_element_radius650mm_64patch_mifmm_ephase
19 326 9FF Wi 6470 A BV & WA 2 17 FH gE
({2 F=650 mm, & L & 944 25 7))

Fig. 3.26 Roll and elevation plane pattern of cylindrical arrays with

64ea patch(r=650 mm, equal amplitude & progressive phase excitation)
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Total Gain [dBi]
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FarField1: Total Gain [dBi]
100
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-170

1
i
]

200

Theta [deg]

a9 327 953 wid 647) x| ey 3-D #E % AR EE
(WA F=650 mm, MF L & A% 25 7D
Fig. 3.27 3-D pattern & ARDP of cylindrical arrays with 64ea patch

antenna(r=650 mm, equal amplitude & progressive phase excitation)
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vpREto 2 9 3282 FElE AlY WAAIS} BUS A7), S WA

1,300 mme] 9% 12870 WAE WA AEY WL belte T=
g E=ole 350 mmE FYst IEFL Y o7|(equal excitation), 917
[e)

& A% o}7](progressive excitation)o]th. o] |7} 12870]7] W&
of Zb AR 914E 2.8125% Afolrt Wt

E

a9 328 95 wid 1287 x| <Y AR S 1,300 mm)
Fig. 3.28 Configuration of cylindrical arrays with 128ea patch antenna
(r=1,300 mm)

gA] 7]1& <tHY o] 52 °F -3.43 dBi o|t}.
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Far field

FarField1

0

Total Gain [dB] {Frequency = 225 GHz: Theta = 90 deg) - patch_element_radius1300mm_128patch_mifmm_ephase

Far field

FarField1

Total Gain [dBi] (Frequency = 2.25 GHz; Phi = 0 deg) - patch_element_radius1300mm_128patch_mifmm_ephase
19 329 959 W<€ 1287) A dEy £ HW 2 17 @Y e
(2] 5=1,300 mm, W& L & A& 25 7D

Fig. 3.29 Roll and elevation plane pattern of cylindrical arrays with 128ea

2

patch(r=1,300 mm, equal amplitude & progressive phase excitation)
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Total Gain [dBi]
10.000

I 5.000
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-10.000
-15.000
-20.000
-25.000
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-35.000
-40.000

FarField1: Total Gain [dBi]

10.0
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1 k i i i | i
i e h 1 | 8
: | K ‘_“ 1
. ¥ Sl i
| ]
3 S = & & & =
2 Z = = = =

- - - 200
E 60 %0 120 150 180

“Theta [deg]

13 330 €53 vl 1287 3 A] <Y 3-D #iE 2 WAIREE
(VFA]5=1,300 mm, Z Fd & A4 25 7))
Fig. 3.30 3-D pattern & ARDP of cylindrical arrays with 128ea patch

antenna(r=1,300 mm, equal amplitude & progressive phase excitation)
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Far field

patch_element_radius162mm_1Gpatch_mifmm_ephase patch_element radius325mm_32patch_mifmm_ephase

pateh_element _radius650mm_64patch_miimm_ephase patch_element radius1300mm_128patch_mifmm_ephase

Total Gain (Frequency = 2.25 GHz; Theta = 90 deg)

Far field

patch_element_radius162mm_16patch_miimm_sphase patch_element_radius325mm_32patch_mifmm_ephase

patch_element_radius650mm_64patch_miimm_sphase patch_element_radius1300mm_128patch_mifmm_ephase

Total Gain (Frequency = 2.95 GHz; Phi = 0 deg)

a4 3.31 A4 Blv (1670, 3270, 6470, 12870 =Xt

-
€ %Y 3 37 99 s Blw

i
o
0,

Fig. 3.31 Roll and elevation plane pattern comparison between

designed antennas(l6ea, 32ea, 64ea and 128ea patch)
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T3 2448 F& B4 a9 2894 ZAISESE 7]E QtE|U] tigk 3-D
J ARIEZ L}E‘rwd 7A48 a9 3.32¢F 2o, UGA HAAH 16

3 17 B9 HES relE MY
A Aes vEE e 1Y 3335 2

r&ﬁ
’_l
N
U‘I
= L
it
o&:.

Total Gain (Frequency = 2 25x GHz) - tiv patiemn

19 332 FEE ADTARA HA $A SHEHU AR EE
Fig. 3.32 ADRP of NURI TLV on-board Tx. antenna
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Far field

Frequency = 2 25xx GHz Theta = 90 deg - tiv pattern Frequency = 2 25 GHz -patch_element_radius162mm_16patch_miimm_ephase

Total Gain (Theta = 90 deg)

Farfield

Frequency =2.25cx GHz - tivpattern Frequency = 2.25 GHz -patch_element_radius162mm_16patch_mimm_ephase

Total Gain (Phi = 0 deg)

19 333 FHE A eVt AR FEVKA67] 3 ],162.5 mm)TE
£ %W 2 17 39 9" v
Fig. 3.33 Roll and elevation plane pattern comparison with NURI TLV

antenna and designed antenna(l6ea patch, r=162.5 mm)
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—— 128Patch Antenna Pattern
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Fig. 3.34 Comparison of dynamic expected signal receiving level of
JEJU G/S between NURI TLV and designed antenna with 128ea patch
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—— TLV_radiation Pattern
—— 128Patch Antenna Pattern
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T ! T i T ' t T
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CT Time (sec)

o -

1% 335 1% G/Se g TLV F41 ¢HeEvhe}

AAE FEIVA2878 AR FF ol AlsaA G vl
Fig. 3.35 Comparison of dynamic expected signal receiving level of
GOHEUNG G/S between NURI TLV and designed antenna
with 128ea patch
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A4 A AT dEt Az B

OrA A 2Ae] @3 EAS vigoe g B Ao = SOQPSKe} LDPC %3t
Hgatel AL & e PIvkR oF 85 dB, £ FEUE sk

< 48 d

e T As FARI °F 55 dB, 1Y F A BEFE A& ES
= L

T -

Usiha AHET W, DeWEe AT e ZE AT ks P2
ME - RS, WA YRl AE FsHES AYT dEUE A
st

A GEUT} ApAE ARG GITE AZAS 2l m5 4bo]
shu, bl whAbRke] Ao o @ kY o] So] FH a4 AX i
917 Wl hee] A7le) WE EFE ted Aol s,

ofef # 412 UESFAE HYWEL AT AHESt YA,
HAESHE dEHUE 7|22 BEF/S AHY 371 G/T o|th

Table 4.1 G/T by antenna size

7] GIT(dB/K)
1.8 m 6.4
24 m 9.3
46 m 15
7.3 m 19
11 m 21
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Station Link Analysis(SOQPSK+LDPC only)
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Fig. 4.1 Link analysis of telemetry ground station with SOQPSK+LDPC
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Fig. 4.2 Link analysis of telemetry ground station with

designed on-board Tx. antenna
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Fig. 4.3 Link analysis of telemetry ground station with
designed on-board Tx. antenna, SOQPSK and LDPC
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