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A Design Of Compact UHF Module With Double Structure That
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[Abstract]

In this paper, we designed and fabricated a compact UHF receive module for efficient operation such as tactical and
operation situation, target location information confirmation, target reset using Link-K(Korean joint tactical data link system).
And the effect of target reset was analyzed by simulation. The designed module consists of UHF(ultra high frequency)
receiver section, control section, and power distribution section. The UHF receiver section performs frequency down
conversion, filtering and automatic gain control, etc. The control section demodulates frequency down-converted signals,
extracts information, and performs external interworking. The power distribution section supplies external power, generates and
supplies the power required by each section. The fabricated module was dimension of 105 x 105 x 80 mm and weighed 1.10
kg and The receiving distance is more than 50 km.
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Table. 1. gain and noise figure, bandwidth per devices of
UHF receiver section.

Block Gain noise figure/bandwidth
BPF 1 -2.5dB 4 MHz

LNA +26 dB 1.5dB

VWA -5~ -70dB 5~70dB
MIXER -5.5dB 5.5dB

BPF 2 -2.5dB 50 KHz
AMP 1 +32 dB 3.0 dB
AMP 2 +32 dB 3.0 dB

LPF -1 dB 30 MHz
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AMkr1 50.0 kHz "
{0gBidy_Ref -10.00 dBm -64.54 dB Value Result
Norma} Input frequency (RF) 000 *+2 MHz
pera Output frequency (IF) 00.0 MHz
Local frequency (LO) 000.0 £2 MHz (RF + IF)
Fixed noise figure 4.27 dB (Typ)
o Operating range -105 ~ =20 dBm (Typ)
< -100 dBc/Hz @1KHz
) < -100 dBc/Hz @10KHz
. Phase noise (LO)
102 < -125dBc/Hz @100KHz
Center 21.4000 MHz Span 200.0 kHz
#Res BW 3.0 Hz VBW 3.0 Hz Sweep (FFT) ~648.0 ms (1001 pts) <1 40 ddBc/Hz @1 MHZ
) _ Receive selectivity < -60 dBc @ Fc £ 50 KHz
I8 3. UHF=2let 1Y Zef SE.
Fig. 3. channel section filter response of UHF Spurious / Harmonic elimination —60 dBec
receiver section.
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T8 4. UHF Salete] 2x o g4k
Fig. 4. assembled printed circuit board and
structure of UHF receiver section.

2) Aoyt

Aok UHF FAINEO. 25 G241 o2 IR o5
J14:0] ADCE E3f vAE dlelel2 Wb, Ut FPGA
(field programmable gate array) 22 0.2 4] TRl N5 Z5f
FAA G O] H2E 42881, SoC(system on chip)2] 3 Z A4
& Sol vAIAe] Az Edle] HE] 7]5E g Alojuke
Mol FAdE flate] - AlofRta} sH- Alojpko s
T/

(1) &2+

e =21 2= AM (Amplitude Modulation) 53 715
rkete] 19 59} o] A H Tk 4741 A5 Link-K 541
)9 Fd 7)ol A FAlst Al S 2 A 70 % P =] AM W3 A
5 ZEErh[3] 28 EE g9 Al EHE S A5 E 7}
A1, AM 2% 98| Envelope DetectionS S=33PH © Al
S 7= U8 257 T o] L EAS A ASHA T
7oA FA1g @] 2 A5 7} B a1, o] & 3k W ks A 7]
Link-K &5l 252 JujA] €vk. AM B2 73 247}
©estal Yol WSR2 “Asynchronous  complex
wnvelope detection” WS AFE8A] FHEIR L, T FERE
&6 3} 2Tk 7129 Link-K 5] 5415 4% FPGA €%l
A7 e 57141 9] HEE 72 F 9 kbps, QPSK 3/45 4
glato] F-ABIGITh[S] AM B o] ol 3% QPSK Als+

¥ o

F-281L [~ §1M
ADC Imolpe Decimation Down Decination 1
Alyy T e I 0 (L6
A <« 460 J

a8 5. =Y et T
Fig. 5. block diagram of Modem input.
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Fig. 6. structure of Asynchronous Complex Envelope
Detection[6].

Synchronizer, Frequency Offset, time offset, Resampler, Phase
descrambler, Phase tracker, Demapper, Viterbi coder,
depuncturing, CTC(convolutional turbo code) decoder,
deinterleaver 55 A dlo|E 9] G AH-E Btsla, SoC
ulell Al o] Q= ZEAIAME lightweight Q18] 7o)~ v
215 Ef degich

(2) & Alo]uk

- AoJHHE SoC(system on chip), DDR3 Memory, flash
memory, FEthernet Transceiver® A% o] Ath SoC @
FPGA(field programmable gate array)2} HPS(hard processor
system)7} shuke] o= FHE Z o= Alterajil: Cyclone V
SoCE 4174 3}3ick. HPSE Dual ARM Cortex-A9 o1& %
S} itk FPGACIA= AM 525 9182l A& st
31, HPS+= &) x| 9ke] s 913 WiAlA] A 2] 2 UHF
AlRke] Ajo] A el E ERIsh= 7)5S Fashtl < x|}
°] 9152 915k RS-232, Ethernet54] QIE o] ~5 X5}
™, 271 glo]E] A 913+ 948 nlo] 3= micro SD(Secure
Digital) 7}=5 AME-SHCL A4 Alojihe A3 9 8421
A8 A5 98] Triple Output Step-Down DC/DCE- A5}
Fom, I F 25 A1 Foto] H A slete] A sislth

*PoR : Power On Reset

e DC/DC
- 1V1/2V5/3V3
PoR ( ) QasPI QaspPI
iomer

oy <
(16vis) (16ve)

(@)
e4aa

VDD_3V3 VDD_1V8 VDD_1V2

P

CRAC LRXADC and GPIOs >
25MHz SoC
-

Py re [¢ESMI)
«—H <
PHY [€upio

TRX1
RS232
TRX TRXO0

25MHz X0
25MHz

-
]
7

EXTENSION I/F

|
>
EXTENSION I/F

SoC
RESET | RESET
sw

JTAG CHAIN

JTAG |

8 7. AF Hojgke] £=,
Fig. 7. upper control panel function block diagram.



O3 8. A Hojoth sHah
Fig. 8. upper control panel constrction drawing.
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EH A A EF o]t
o] A7IEH, WIMS ¢ WIMC & A 8st & 11
TEAH T ‘21% AR E HAAE JEdith §
o|| Link-K +*17l§ =3l 7li E3E Xéisﬂr Ll
UDP &

LK 11.1I
/ SERIES INDICATOR : 1 (UNIQUE K-SERIES)

/ RESERVED : 0

/ WORD FORMAT : 0 (INITIAL)

/ LABKL. LINK-K : 11 (UNDEFINED)

/ SUBLABEL. LINK-K : 1

/ MESSAGE LENGTH INDICATOR : 1

/ TRACK NUMBER, OBJECTIVE : 196611 (E0003)

/ HOUR : 6

/ LONGITUDE, 0.0051 MINUTE : 1486775 (127.610983 °
/ ELEVATION, 25 FT: 0 (0 ft)

LK 11.1E0

/ SERIES INDICATOR : 1 (UNIQUE K-SERIES)

/ RESERVED : 0051

/ WORD FORMAT : 2 (EXTENSION)

/ OBJECT LIFE INDICATOR : 1 (EXIST OBJECT)

/ LATITUDE, 0.0051 MINUTE : 445470 (38.235033 °)
/ LATITUDE, LSBS : 2 (0.000021 °)

/ LONGITUDE,LSBS : 0 (0 °)

/ ELEVATION,LSBS : 0 (0 ft)

/ COURSE : 0 (0 °)

/ SPEED : 0 (0 DM/h)

/ MINUTE : 56

/ SECOND : 63 (NO STATEMENT)

/ SECOND, FIFTHS : 0 (0 °)

J8 15. Link-Ke| 2= HE HAIX],
Fig. 15. the target message sent by Link-K.
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| [LinkK:CbjTrack]

[Field Name)
<Body>
SERIES_IND_I1 3
WORD_FORMAT _I1 H
LABEL_J_SER_I1 H
SUB_J_SER 2
MSG_LEN_IND 5

TH_OBJECTIVE =
HOUR H
LONGITUDE_MSB 3

ELEVATION_MSB
SERIES_IND_EO

WORD_FORMAT_EO :2
OBJECT_LIFE_IND i1

LATITUDE_MSB 1 0445470

LATITUDE_LSB =2

LONGITUDE_LSB : 0

e e L
ELEVATION_LSB : 0

COURSE : 000

SPEED : 0000

MINUTE : 56

SECOND : 63

Y e e e e e e I
SECOND_FIFT : 0

[ObjTH]New track saved, ObjTN=196611

T8 16. WTMSOlIAl A5 25 HE HAX],

Fig. 16. weapon tactical data link module software
received retarget message.

12 155 Link-K £217]04 £418+ 7]&
wAIA o]}, 5 ]88 A HH,

=gl
A Apale) S, 5

Fwe] A%, AR, A gk o S Ak ' 16
Link-K $217]0]4] $213} 7]E 252 AR S 43 UHF 541

Tgo] alatol WIMS ol 4 &1 Wigoltk. 19 153} o

olH S Hlua i gho] AA|oh= A& 2l e = Jltk
LK 11.2I
/ SERIES INDICATOR : 1 (UNIQUE E-SERIES)
/ RESERVED : 0
/ WORD FORMAT : O (INITIAL)
/ LABEL. LINE-K : 11 (UNDEFINED)
/ SUBLABEL. LINK-K : 2
/ MESSAGE LENGTH INDICATOR : 2
/ TRACK NUMBER, ADDRESSEE : 1 (00001)
/ TRACK NUMBER, TARGETED 196608 (E0Q00D)
/ TRACEK NUMBER, MISSION COMMANDER : %6 (00140)
/ COMMAND, WEAPON DATA LINK : 1 (KEEP TARGET)
/ DIRECT RETARGET INDICATOR : 1 (DIRECT GUIDE)
LK11.Z2E0
/ SERIES INDICATOR : 1 (UNIQUE E-SERIES)
/ RESERVED : 0
/ WORD FORMAT 2 (EXTENSION)
/ HOUR : 0
/ LATITUDE, 0.0051 MINUTE : 435197 (38.353294 *)
/ LONGITUDE, 0.0051 MINUTE 1488982 (127.800411 °)
/ ELEVATION, 25 FT : 40 (1.000 ft)
LEli.z2cl

/ SERIES IMDICATOR : 1 (UNIQUE K-SERIES)
/ RESERVED : 0

/ WORD FORMAT : 1 (CONTINUATION)

J CONTINUATION WORD LABEL : 1

/ LATITUDE, LSBS : 0 (0 °)

/ LONGITUDE, LSBS : 7 (0.000075 *)

/ ELEVATION, LSBS : 0 (0 ft)

/ COURSE : 511 (NCG STATEMENT)

/ SPEED : 0O (0 DM/h)

/

MINUTE : ©

T8 17. Link-Ke| MEH HE OAIX].
Fig. 17. the retarget message sent by Link-K.
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7|28 Link-K 521 7+58H

I I
| [LinkK:RetargetInfo]
I |
[Field Name) [(Value)
<Body>
SERIES_IND_I1 : 1
WORD_FORMAT_I1 : 0
LABEL_J_SER_I1 : 11
SUB_J_SER 2
MSG_LEN_IND 2
1 |
‘TN_ADDRESSE 00001
‘TN_TARGETED
‘TN_COMMANDER 000986
COMMAND_WDL :
DIRECT_GUIDE_IND 2
I |
SERIES_IND_EO : 1
WORD_FORMAT_EO : 2
HOUR : 00
LATITUDE_MSB : 0435197
LONGITUDE_MSB : 1488982
I |
ELEVATION_MSB : 0040
SERIES_ IND. ) C1 1
WORD_FORMAT_C1 : 1
CONTT. _WORD_] LRBEL c1 2 01
LATITUDE_LSB : 0
1 |
LONGITUDE_LSB = 7
ELEVATION_LSB : 0
COURSE : 511
SPEED : 0000
MINUTE : 00
I |
SECOND : 00
SECOND_FIFTHS : 0
I |
1 !
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Fig. 18. weapon tactical data link module software
received retarget message.
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Header : [AR]
Message ID : [8A]
Length : [12)
Seguence No :[27]
Latitude :[435197]
Longitude :[1488982)
Altitude :[40]
Velocity :[48042]
Heading : [56780]
CRC : [C20F]
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Self Latitude
Self Longitude
Self Altitude
CRC

[36.36234283]
[127.40382385)
[76.277763]
[798C]

Header : [AR]
Message ID :[6ea
Length = [28]
Sequence No :[27)
Latitude = [435197]
Longitude :[1488982]
Altitude = [40]
Velocity :[48042]
Heading :[56780]
FCU ID = [57007]
software Ver :[108]
GPS Week No : [1953]
GPS Time Week :[38928]
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Fig. 19. the retarget message by guided control
module software.
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Fig. 20. analysis of effects by simulator.
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Fig. 21. simulator analysis data 3D visualization.
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