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(e . Introduction

>
I.a SEINE

“»Lean - satellite;
v Small/micro/nano/pico satellite.

v'Untraditional risk-accepting development
methodology.

v'Low-cost and fast-delivery.
< Lean-satellite mostly developed by universities .

v Launch into Low Earth Orbit (LEO) for
educational and research purposes

v" Utilize amateur VHF/UHF bands for space
v' —ground communication

v"Utilize data throughput of 1200kbps and
9600kbps

v Limited time window of communication

Kyutech
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As universities Lean satellite missions becomes sophisticated
demand for higher data throughput and higher frequency for
10/19/2016 space - ground communication are arising 3
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I.a SEINE
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<°> About HORYU-1V Lean Satellite <

La SEINE Kyutech
<»Launch Date: 17t February 2016 +X

»Launch Time:17:45:34 JST

<*Launched by : JAXA , H2A-202 rocket 4>9mm

+Y

A

s Altitude:575km

“*Inclination:31 degrees
420mm

Main Mission : To acquire images of discharge occurrence

phenomenon on the experimental solar panels onboard _
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ORYU-IV S-band Communication Requirements <

@+

= :system communication *MD: mission data
— : downlink YOTHK: off-time housekeeping

La SEINE Schematics of HORYU-IV S-band communication subsystem IV(VUteCIZ
e g
i Transmission S-band MPU i
!_ _ _ Patch i
i Sub- Data Data | S-band transmitter | Antenna E
i systems L access —> encoder ——| (BPSK—2400.3MHz —4 ;
:' | | — MD?, OTHK?) i
i Sub-systems control i

v Data Speed N
= Transmitter:100kbps
= Receiver : 38kbps - 100kbps
v Center Frequency
= S-band : 2.4003GHz

v Bandwidth S-band
= 140kHz or more AP?tCh He
v' S-band Transmitter Power: 0.5W ntenna +X-axis view
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I.a SEINE

Overview of S-band Ground Station
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<°> Components of S-band Dish Antenna system

I.a SEINE

™ Feed Horn Anfenna System

2.4m Parabolic Reflector

llllllllllllllllllllllllllllllll

------

Drive Control Unit

‘oom (opfic fiber and LAN

10/19/2016 | | 8
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System Diagram of S-band Ground Station <
Configuration Kyutech

Lo SEIN
ROOFTOP CONTROL ROOM

s Optical to RF
e 0\ convertor

S-band Receiver

uuuuuuuuuuuuuuuuuuuuuuuuuu

Ethe;et Hub ‘

Tracking PC | Reception PC
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S
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— RF Male N-type connector

2.4003GHz Optic line
Ethernet line
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I.a SEINE

On-Ground S-band Ground Station
Verification Results
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<°> Environmental Interference Test

I.a SEINE

Wi-Fi, Mobile Phones,
WiMAX radio networks

26 meters

vk
\ !v‘r’ \ '
—_— .
B "s :
» i‘
,‘ —_—
| ‘ - g4 T
X% ‘ |
e [
: i i i

Location: General Research
Building 1 rooftop

10/19/2016 Slgnal 11




<°> Environmental Interference Results A<

I.a SEINE [ Spectrum m |:El Inguscﬂe'rechcncal!‘gy

Ref Level -20.00 dBm @ RBW 1 kHz

Att OdBE & SWT S50 ms & ¥YBW 100 Hz Mode Auto FFT
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Long Distance Communication Test

K

Kyutech

f Technology
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(Betore HORYU-IV launch

-~ S-band ground s

station
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Transmitter station
location (Sarakura
Mountain)

Simulated distance of
2600km (path loss 168.3dB)

10/19/2016

Transmitter
antenna

Team at Sarakura Mountain

S-band Dish
antenna pointing
Sarakura Mountain
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Results

I.a SEINE

Required operating frequency range
(2.40022GHz -2.40040GHz)

"_J-‘ | Wi "~.. .,"' ‘._.'. }.. ..c’. .,t:s\‘—o-._d a 4 A A~
h ['i’\ l‘y" ,Ll  Ed o 1 : / ' ® {"'n..\.n " K'Jl.rh“.-' W
radl Signal to Noise £
: .Lh'—‘n}.‘(.h ! ¥ ratio = 30dB
JK

' t

240020 240023 240025 240028 240030 240033 A 2400 .40

&5 SPA Measurement Editor - cam®.spa - (=)

Kyutech

Kyushu Institute of Technology

Center Freq: 2 400 300 000 GHz Span. 250 000 kHz

Link Margin : 20.2dB

10/19/2016
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I.a SEINE

Results of “on-ground”S-band receiver data

&

rate results Kyutech
Result: 46kbps > Requirement: 38kbps
PASSED
Tracking PC _
— = Ethernet Hub
-
Optical Fiber line RF connector Ethernet
15
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I.a SEINE

HORYU-IV Operation Status Report
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(. First Day: HORYU-IV operation

f
I.a SEINE

Kyutech
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I.a SEINE

“On-0rbit” Ground Station Verification
Results

10/19/2016 18




@ HORYU-IV “on-orbit” Link Margin <
Analvsis Results Kyutech

nstitute of Technology

I.a SEINE

Two days after HORYU-1V launch

Fes 2008 Falr 2D AN &S

“On-orbit” margin << “On-ground”
margin
What could be the problem?

IS Link Margin : 3.37dB 19




@ HORYU-1V S-band Downlink Operation and <
Main mission Data Rate Analysis Results

. Kyutech
Lo spixe (Day 10 — day 43 from Launch) =™ sy
—e— Good Packets
-=— Error Packets
I_é%)ORYU_IV S-band Downlink Data Packet Analysis
T
400 R e e e e e e
Result: 5. 4kbps << Requirement: 38kbps
U FAILED
o 200 /fﬁ ———————— A \_if ,,,,,
100 L e .. \\'\/ ,,,,,
I &/\/ /“'f/\/
! -
10 15 20 25 30 35 40 45
Day from Launch
T ks Average received data rate: 5.4Kkbps 20
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<°> Discovered Problems Reasons

I.a SEINE

0 HORYU-IV attitude was not stabilized (passive
control) to orient transmitter antenna to ground.

0S-band receiver system and its interface could not
correct Doppler shift.

10/19/2016 21
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I.a SEINE

Doppler shift impact on data receptlon

Frequency
shift due to
Doppler effect

Y

0 asrm Required operating frequency
-60 dBm
o Packet |
I~
-90 dBm lOSS
“!'u-'hlhl“ n
TR
II.I \IJ‘L.-.IJ‘H

Span 250.0 kH=z

10/19/2016

A

Kyutech

Kyushu Institute of Technology

frequency

_— | | NoDoppler
= 'Lufllj-u'.Jr*'-rLHl WW Mwwquh“uh”‘ ot effe Ct
W w‘lh ' " L
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1 Packet
| loss
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I.a SEINE

Mitigation: Doppler shift correction

implementation

A

Kyutech

Before Modification

After Modification

CONTROL ROOM

ROOFTOP CONTROL ROOM

Optical to RF
convertor

S-band Receiver

“w

2.4m S-band Parabolic
Dish Antenna System

Ethernet Hub \

Tracking PC | Reception PC

= =
S

—— RF Male N-type connector

—— 2.4003GHz Optic line
——— Ethernet line

Dptical to RF
convertor

Signal Generator

-
I

r Level

Convertor

Tracking PC

Reception PC

—
——
—
L —

Male MN-type connector

70MHz RF line
10MHz RF line
10.7MHz RF line

R5232 to Analog
Ethernet line

80.7MHz RF line

10U/ 1972010




Results after Doppler Shift Correction <
Implementation Kyutech

e Good PaCketS uuuuuuuuuuuuuuuuuuuuuuuuuuu
-=— Error Packets | HORYU-IV S-band Downlink Data

Packets Analysis

I.a SEINE

600
500 %2 e NS N N K S |
AT\
£ 400 - I\ fffff /l\- fffffffffff Pt /\J\\ ffffff / fffffff
Result: 40kbps > Requirement: 38kbps
o PASSED
IEEEHEEN /
100 !L//E'F/!k ffffffffffffffffffffffffffff ; ol B
0. = = u P ]

98 100 102 104 106 108 110 112 114
Day from Launch

Average received data rate: 40kbps
10/19/2016 24




ORYU-1V

La SEINE l‘eceptio Kyutech

Technology

4@-5 HORYU-IV stabilization impact on data

—®— Good Packets | | ——Rate of rotation (deg/sec)
—+— Error Packets

HORYU-IV passive attitude control

ﬁnn I= ............................................... L : ﬂ 3[:
~
300 =
g~
=X
400 -
o = \ V4 /""’2/ -5
< 300 = e
g ' S HORYBYIV-1¥ NOSE sthallivi Hde d
200 _
e
Lich
100 Z
)
e
0
Day from launch
10/19/2016 T 29
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HORYU-IV “on-orbit” Link Margin <

Analysis Results after Stabilization Kyutech
PRSP 2] K =]

On-orbit margin = on-ground margin

HWWWW‘WWWW

Link Margin: 19.62dB

10/19/2016 26
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HORYU-IV Image Data Results Kyutech

L SEINE Kyushu Institute of Technology
Main mission image data before Doppler Main mission image data after Doppler shift
shift correction and satellite stabilization correction and saellite stabilization

250

=1 200

100

AL

700 600 500 400 300 200 100

Main mission data quality improved
10/19/2016 27




<°> HORYU-IV Earth Observation Images I
Kyutech

La SEINE .
’ Ad-Damer / Sudan Reglon L Halayb /gypt and Port- Sudan Regiory™™ """

HORY-4 Arc Event Generator and Investigation
Satellite

l

HORYU-IV Image "~ Google Map

PR 25
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Typhoon image captured on 27 September during [
A o 4 P 5 /typhoon-no-12-approaching-kyushu/ 28

15:32 JST HORYU-IV pass around Kyushu Island .
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<°> Conclusion

I.a SEINE

0 S-band ground station can able to downlink HORYU-IV main
mission data to contribute to scientific research

0 Lean satellites communication using Wi-Fi frequency range is
possible.

0 Modification of S-band ground station configuration corrected
Doppler shift and improved data reception

0 Passive attitude can severely impact signal strength and makes data
reception difficult

0 Received data rate could satisfied the S-band communication

requirement
10/19/2016 30
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<°> Lessons Learned

I.a SEINE

0Verify ground station performances through long
distance test prior to satellite launch

OPerform ground station testing with real satellite
article

0Do not only rely on manufacturers if they have little
experience, "Trust but verify" strategy

10/19/2016 31
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<°> Lessons Learned

I.a SEINE

OImplement already-proven commercial off the shelf
communication systems

0Do not underestimate the importance of Doppler shitft.
Check the compliance with the Doppler shift before
the launch

10/19/2016 32
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I.a SEINE
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I.a SEINE
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I.a SEINE

QUESTIONS AND COMMENTS
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I.a SEINE

Appendix
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Software developed for HORYU-IV
La SEINE downlink Operations KVUteCh
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I.a SEINE

Doppler compensation software

as Doppler Compensator Ver1.0 — Il
IP Setting
ELM IP Address |192.168.1.254 Port |&052 Start
ICOM IP Address |192.168.1.10 Port [10001 Stop

Upscaling Setting

20 ~ 2nd Prediction |ERR: 99
'ELM: 2400291308.92996 My Freq: 2400291283 [Hz]

10/19/2016

ICOM 5500 Doppler Friguency Controller, TS 2016
Teminal IP Address is 152.168.1 .40

(1) Run ELM Antenna Cortroller and open Satellite Infomation Window
() Connect ELM Antenna Controller and Lartronic Convertor

() Pless Stalt!

Connecting ELM Antenna Controller (152.168.1.254)..

ELM Antenna Controller is Online

Connecting ICOM ICRS500 (152.168.1.10)...

ICOM ICRS500 iz Online

Doppler compensation

software developed to
operate on the receiver
PC

Kyutech

Kyushu Institute of Technology

—Calculation Results

Mame | HORYL-TV ENU Coordn() | 93.7230408
fzm | 97004064 EMNU Coordn(vl | BE46 690996
E v | ~61248026 EMU Coordn(Z) | ~10369.104763
Lat | ~23834264 EMU Coordn(R) | 11827 286868
Lon | -111.80995% EGEF Goordni>) | - 1604 561146
Alt | 676774383 ECEF Coordniy) | ~6151.239121
Vie | 7666040  EGEF Goordn(Z) | ~2821.121057
— Doppler Galiculation
Frq Hz 2400300000 Fo D Z—BLEEEL | 2400274836.117961
I [T Get Refereence Freguency [ StopTrack
— ManuTrack
FointSat (One Shot) I
I Track This Satellite Mow (Real Time, Goarse)

Doppler compensation

software developed by ELM
company to integrate with
the ICOM-R9500 receiver




I.a SEINE

1. How to Read Reception Result

Kyutech

Kyushu Institute of Technology

Packet Number

Packet Size (Byte)

Memory Number [usually 4kB = 16pages]

Memory Address (Sector and Page)

EH9T™~- |+ e2e_bigapple log - Microsoft Excel — O »
I:h:ume Insert Page Layout Formulas Data Review View Load Tgst Team & a o= 2

=L = — j fi:- - ?J C _.'-' i - _I"ﬂ - -

_3] & Calibri 1 AN S= = General dz) Congitional Formatting :I. Insert = W Lﬁ

= Er o == F &- %' % » [§5 Fgimat as Table - % Delete g 'E* -

Paste - | IEE - - A - i ks Sort & Find &

. 3 B I U i S- A E=EE W 0 32 (=gilell Styles - =Lpftmat - 2" Filter= Select~
Clipboard Font Alignment Mumber Styles ! Cells Editing
L ns - % p C

A B = o E— F G il

9 Num:0  CallSign: JGEYBW HORYU4>JGEYBW KYUTECH_ Mem: 61 JAdr: 00 00 /| Size: 4096 LRC: F795 GOOD
rNumoT L LalsIEN JGoYEW HURYUSAG0TEW KYUTELH MemI ol  AOroU LY S1izelauso T CRCTOF I':": FuUoL ‘ ‘ i
11 |Num:2  CallSign: JGEYBW HORYU4>JG6YBW KYUTECH Mem: 61 Adr: 0020 Size: 4096 CRC:OF EL GOOD List of Memory Numbers
12 [Num:3  CallSign: JGEYBW HORYU4>JG6YBW KYUTECH Mem: 61 Adr: 0030 Size:4096 CRC:OF E1 GOOD Ox11 to Ox14 & 0x91 to 0x94 : OBO

: ign: \ | : : ize: & 0F B

13 |[Num: 4 CaIISI.gn JG6YBW HORYU4=JG6YBW KYUTECH Mem: 61 Adr: 0040 S?IE‘ 096 CRC:0 '-1 GOOD 0x21 to 0x24 & OxA1 to OxA4 - AVC
14 [Num:5  CallSign: JGEYBW HORYU4=JG6YBW KYUTECH Mem: 61 Adr: 0050 Size:4096 CRC:OF 51 GOOD
15 [Num:6  CallSign: JGEYBW HORYU4=JG6YBW KYUTECH Mem: 61 Adr: 0060 Size:4096 CRC:OFEl GOOD 0x31 & OxB1 : HVSA
16 |Num: 7  CallSign: JGEYBW HORYU4>JGEYBW KYUTECH Mem: 61 Adr:0070 Size:4096 CRC:O0FE1 GOOD 0x41 : CAM
17 [Num:8  CallSign: JGEYBW HORYU4=JG6YBW KYUTECH Mem: 61 Adr: 0080 Size:4096 CRC:0FE1 GOOD 0x51 : AODS
18 [Num:9  CallSign: JGEYBW HORYU4=)GEYBW KYUTECH Mem: 61 Adr: 0090 Size:4096 CRC:0F E1 GOOD 0x61 : BigApol
19 Num:10  CallSign: JG6YBW HORYU4>JG6YBW KYUTECH Mem: 61 Adr:00A0 Size:4096 CRC:0F E1 ERROR XoL : BigAPpIC
20 [Num: 11  CallSign: JGEYBW HORYU4>JG6YBW KYUTECH Mem: 61 Adr:00BO Size:4096 CRC:(QF E1 GOOD Ox71 : OBC (Share)
21 Num: 12 CallSign: JGEYBW HORYU4>JG6YBW KYUTECH Mem:61 Adr:00CO Size: 4096 CRC:(FE1l GOOD
22 Num:13 CallSign: JG6YBW HORYU4>JG6YBW KYUTECH Mem: 61 Adr:00D0 Size: 4096 CRC:(F E1 GOOD
23 Num: 14 CallSign: JG6YBW HORYU4>JG6YBW KYUTECH Mem: 61 Adr:00E0 Size: 4096 CRC:)F E1 GOOD
24 Num: 15 CallSign: JGEYBW HORYU4>JG6YBW KYUTECH Mem: 61 Adr:00F0 Size: 4096 CRC:DF E1 GOOD
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T .. SEINE

Status of AVC Average
motoe mission value

downlink data obtained
analysis

Average expected 512 packets
Packets (Ep) 1packet =
4096 bytes

Average total packets 490packets

received (Tp) (16056320bits
)

Average good packets 442.6 packets

received (Gp) (1450311 7hit)

Average error packets 48packets
received (Er)

Average time for 360 seconds
Data reception (T)

Comments

Average expected
packet to be received
from satellite

Average total packets
recorded from
decoder analysis

Average good packets
recorded from
decoder analysis

Average error packets
recorded from
decoder analysis

Approximate time of
data reception

After modification analysis results

Kyutech

Kyushu Institute of Technology

—— Good Packets

=— Error Packets | HORYU-1V S-band Downlink Data

Packets

600

500

400

300

200

100

0w = e

Packets Analysis

| // !
// ! B [ /
‘ / I %\ \
[
\

08 100 102 104 106 108 110 112 114
Day from Launch

40




I.a SEINE

Status of AVC motoe

mission downlink
data analysis

Average Information Bit
error rate (BER)

Average received Data
rate (Dr)

Average Packet lost (P, )
Average quality data
reception (Qd)

Analyzed average error
bits from Error packets

(Ei)

Average value
obtained

9.98139881 x 109
40.2Kkbps

48.73%
86.4%

34766848 bits

Comments

BER =Ei /Tp
Dr=(Gp /T) /1000

P, = (Ep — Tp)/Ep x 100
Qd=(Gp/ Ep) x100
Estimated average error

bits obtained error
packets decoded data

Kyutech

Kyushu Inst

ooooooooooooooo gy
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Before modification

Kyutech

Kyushu Institute of Technology

I .. SEINE
Status of AVC Average

motoe mission value Comments

downlink data obtained

analysis —*—Good Packets
= Error Packets

e B e I L S ek Pt HORYU-TV S-band Downlink Data Packet Analysis
Packets (Ep) 1packet = packet to be received 500
4096 bytes from satellite i
|
Average total packets 262.5 packets Average total packets 400 o R R |
received (Tp) (8601600) recorded from A

decoder analysis 300 -

Average good packets 59.75 packets Average good packets
received (Gp) (1957888 bits) recorded from
decoder analysis

Packets

200 -

100 -y

Average error packets 202.75packets Average error packets

received (Er recorded from 0 - d
(=0 : 10 15 20 25 30 35 40 45
decoder analysis

Day from Launch

Average time for 360 seconds  Approximate time of

Data reception (T) data reception 42
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Cont...... Kyutech

Kyushu Institute of Technolo ay

Status of AVC motoe Average value Comments

mission downlink obtained
data analysis

Average Information Bit 9.98139881 x 10-%4 BER =Ei /Tp
error rate (BER)

Average received Data 5.4kbps Dr=(Gp /T) /1000
rate (Dr)

Average Packet lost (P, ) 48.73% P, = (Ep— Tp)/Ep x 100
Average quality data 11.66% Qd=(Gp/ Ep) x100
reception (Qd)

Analyzed average error 8600 bits Estimated average error
bits from Error packets bits obtained error

(Ei) packets decoded data

43
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Fri 2000 Fab 1D 3820

MR 7 AOODOAS e

s AW ite Morw BB lank L 1 62 S

SPAN
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50kHz
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¥/ 0

TR 2. 4003000 e
¥ 20 Mtx VI 20 M b

Spectrum Analyzer Results Obtained Value

Noise floor level (N) -105Bm

Received Signal Strength -91.63dBm

(€)

Occupied Bandwidth ( Bw) 140kHz (51.4dBHz)
Signal to Noise Ratio (C/N) 13.37dB

Results

Link Margin Analysis Results o ot rctcteby

Link Margin = Received Eb/No -
Required Eb/No

Required Eb/No: 11.5dB

Transmitted Bit Rate: 100kbps
(50dBHz)

Received Eb/No (dB) = C/N (received)
- Transmitted Bit Rate + Bandwidth

Received Eb/No (dB) = 13.37 - 50 +
51.4

Received Eb/No (dB) = 14.77dB
Link Margin (dB) = 14.77 -11.5
Link Margin = 3.27dB

Link Margin of 3.27dB obtained could not
satisfy the design requirements.

3.27dB margin means the ground station
can able to tolerate additional attenuation
and still can decode the downlink data.




I.a SEINE

Incoming signal from Rooftop
HORYU-IV __Reflector
RF to Optical
convertor
Termination box
Feed antenna
Drive
control
unit

| ]

<

Optical fiber line

Kyutech
Control Room
Optical to RF
convertor
Spectrum
Analyzer

RF line ——




I.a SEINE

Kyutech

Feed antenna

Rooftop
~_ Reflector

RF to Optical
convertor

Termination
box

Drive
control
unit

|

Control Room
Directional coupler
Optical to RE N OUT —»
convertor

Coupler (-10dB)

|

Spectrum
Analyzer

[COM

R9500
receiver

Optical fiber line

RF ling s—




:0 Results Kyutsch

L i O M e . i
- ____ @
o VoW 1 Modo putoerr C =-100.2dBm - coupler loss
o C=-100.2dBm +10dB
. . C=-90.2dBm
140kHz
C/N =29.72dB
—— Link Margin Analysis Results
e Link Margin = Received Eb/No -
i, A o Required Eb/No
ST J'*‘J"‘wim 1. Required Eb/No :11.5dB
"jffm;wf” 1 M Transmitted Bit Rate: 100kbps (50dBHz)
I NI Tl Received Eb/No (dB) = C/N (received) -
Transmitted Bit Rate + Bandwidth
Noise floor level (N) -120dBm Received Eb/No (dB) = 29.72 - 50 + 51.4
Received Signal Strength -100.2dBm Received Eb/No (dB) = 31.12dB
(C) Link Margin (dB) =31.12 -11.5
Occupied Bandwidth ( Bw) 140kHz (51.4dBHz) Link Margin = 19.62dB

Signal to Noise Ratio (C/N) 19.72dB 47
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La SEINE 100 - ,, ....................... E .............................................. prasasasareresananans ﬁmymgusmenwcml!l
i i f | —e— BF’SK

—=— Diff. enc BPSK|

e e
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10
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E,/No(dB)

10/19/2016 https://en.wikipedia.org/wiki/Bit_error_rate#/media/File:PSK_BER_curves.svg 48




Level convertor unit Kyutech

Kyushu Institute of Technology

BACK END

INTERNAL UNIT CONFIGURATION Ethernet

S-band Receiver
5mm x1.7mm DC 4mm x1.7mm DC

jack female panel jack female panel
mount

3.5mm Mono plug cable PC

Ethernet

mount

1233 14

Level convertor output mono female socket

Level Convertor E é é 6 6)

communication Unit

L =)

Lantronix Ethernet
Unit

AC-DC Adapter AC POWER
LA SUPPLY
110VAC

Remote connection

RS-232 (DB9 — DB25) ICOM-R9500

9-15VDC, 200mA
RECEIVER 3.5mm male mono plug cable
AC-DC Adapter

9-15VDC, 200mA
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Upconvertor Unit Kyutech

Kyushu Institute of Technology

I.a SEINE

INTERNAL UNIT CONFIGURATION

15VDC 100mA 110VAC D

80.7MHz, 1.5dBm]
BNC-5G

FRONT END

2.4003GHz signal from
2.4m Parabolic Dish &
Antenna System UP CONVERTOR COMMUNICATION SYSTEM
BNC-IN  BNC-OUT BNC-SG .
Signa
Generator

80.7MHz,

D]}
IF-OUT (10.7MHz)
ICOM-R9500 S-band S-band

RECEIVER Receiver Receiver
REF-OUT (10MHz)

BNCOUT
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Feed horn Confieguration

D e e 1 Ky utech
l uuuuuuuuuuuuuuuuuuuuuuu gy
: RHCP Feed horn |
‘ i
| :
BPF :
| —lsolator T4 LNA-1 "+ﬂ‘£'°_’+“ e |
| 2400.3MHz _T_ :
{ | 5VDC,1A e |
| RF cabl :
| Ld [NA-2 $—plsolatord———2WAY HYB — N '
l Power cable '
e S e S e it ]
@RHCP/LHCP switching relays @ 2400.3MHz BPE
@RX Test Signal Input for directional couplers @ RX signal BPE IN
@LnNA1 G RX signal BPF OUT
(CglLs:ftzors @Rx signal ouT
10/19/2016 Brormors (BRX TEST signal 2400.3MHz IN 51
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(‘) Schematic of S-band GS Configuration

L: Feed Horn Antenna System
RHCP Feed horn

-
BPF
i} mupler+—+ switch ‘
'“"'““"H LNA -1 Hzm-smm ‘ I - -

LHCP

th: -2 Hlsﬂm Dish Reflector

| —————

power ON/OFF
‘ PLL OSC
’ 2400.3MHz

FI!HCF’fLHCF Switch
est signal OM/OFF
LAN Hub

ZWAY RF to
HYE c

Tracking PC

L--- -

| e | — — ——

DC Power BEF line

1C Optic tiber LAN 52




APPRECIATION Kyutech

Kyushu Institute of Technology

I.a SEINE

Congratulations Prof. Mengu Cho
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Dish Antenna Gain Measurement A<

Transmitter (/
Side /4

I.a SEINE

N e W L Receiver Side -
10/19/2016 '
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