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Random PRF Pulse Design for Signal Processing Unit of Small
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Abstract The small tracking radar randomly changes the transmission period to avoid deceptive signals
such as RGPO (Range Gaet Pull Off) operated on the target. Since the code repeats after a specific
section, it becomes difficult to avoid a deceptive signal when the repetition is exposed. In this paper,
a more realistic transmission pulse code is generated by adding random code generation through FPGA
and system white noise. We present the research results of code generation that generates PRF that can
avoid repetition while using pseudo-random code in EPROM using FPGA. Also, the result of designing
random PRF pulse was confirmed by applying it to tracking radar.

Key Words : PRF, Random, RGPO, FPGA

I~

.M 2 2 7 Sl o]9] A e S0|E no|=e] A ¢

ol 7PgaL g mo]=o] FHE THAIEA B o

o 3o AFoIA AF I AlEAE FE HE F 4 gk A-AE AlEA9] GA-HY (pseudo-
HAE -S4, des), XP% 7‘1101 2 7]et gold 8] randomness)Z AAR £ EXoIA BES F=th
At oy A% P g Aot Ay BAlME O]i@ 2 A% ATEYS Q—VFO]"‘ s

o 9 gk ohje} thE W 4l

4 AT g S oAl e e B 58 Ao Aol

7RI ek, kA, QAL Y ASE A ASERE &5% B L‘:éf’—‘i% A 4to] o7 ‘Iﬂ-r"ﬂ A

G A% D Be B 4 o, Wk A9 L 9E WY e d o e AgerD e 487 8
ZJEZ]"-] LIGYIAY(F) PGMEA 7| A4 (W AIAAL) Received: 5 February, 2024 / Revised: 9 March, 2024 /
"A3Y, LIGYAYE) POME7I A4 Accepted: 5 April, 2024

/Q..’,:OE]X]- 20249 29 5¢Y, YR 20249 3¥ 9% "Corresponding Author: hongrak.kim@lignex1.com

AREALAL 2024 49 5¢ Dept. of RF & IIR Seeker R&D Lab, LIG Nexl Co., Ltd. Korea

_59_



Random PRF Pulse Design for Signal Processing Unit of Small Tracking Radar

9] BAlo A= AFEA] IE 59 A siast |
SJ5to] Wy H FALS 9fstol AFI=S Hg3ch
A Ao A= 7129 vHEd g oo ngeE
o] oA 7Rkl HHE Hstr] flste] W
AE3 WY AT EE FEo5t] AN J52 971
= h P gapae|Boto| A= glojEal Wzl Wi 7]ut
9] AYs}t Y EoA FARIEIE JHE o] &5}
BEAg A Gl Y2 BASH|E Feh ol
9A-2Y F=+= CPU(Central Processing Unit)S
Botel B8S ¢ UAT Hol= FPGA (Field
Programmable Gate Array)E E5f0] AA|7H A5}
7|% gt} FHole FEEC 7§kE E dd W 34
71 A8sto] FHl Ado| FARE Wol= B
AgotomMn Afdol5E ¢ HiEA HIAA o5& F
giA717]= gt

gojot £41 FA9] WEES7|9] PRF(Pulse Repetition
Frequency)s WFHOZ Agiledto] qiAAA 58S 7
3ol7] ste] HFTEE ARt dlojtholl A %Yot
= FEeIssE 9A =¥ DRFM(Digital Radio
Frequency Memory)E 7F AR FHloA=
RGPO, VGPO, SPOT JAMMING & thafet #ApH 4l
TE AA5l] golsith. ol=igh $AEAY 714 |
o] FAIsH] YA HHAEE ArEsto] FAEAE
AB7gsfiof gttt AA| AAoA= T 457t Aot
A A d ZEE E83 AS JA-HITEE B
S 5= Atk 14:9] CPU 9 FPGAZH 9l e =9
Hzgo] e fARIE FEE AR F F71He=
2lojA PRF F== ANESHA . o]t 49 mlre]
&Y A7 971 wiZell YAkl XU PRF 3

A

ofr
£

N
oA o

ol —lOl

P

,5,)_
T} WHEEA gt} ®3F BE 47 Fo|tho] S5t A
YIEE EPROMOY AAsto] ALSr 39 FAIEAC
F717F L&YW o2 A Flolol|z HApHof Fok)
A ¢ Qs do] oltk FTole 49 HothE ¥k
9] HIFCE Hgolo #HE Tth 1% CPUS
FPGA7} 334 olFol= dlolt} WRojA "ot Hg
FEE Ygoto] SAEAE A5G HFHI=E A
gol= BIT7F Algt=]o] qlo] 94 Algto] Aud gHES
718 FAT £ ke 9 73 9oy AFH o
o AAE 52 & o2 I=S AAsto] ARgs] o
ol 32 AIZHeSt 53 A9 WA 29T 5 3
ot & =EolAE HaE3S o]8ste] FPGAUOA
EPROMe|l #174H oAt HE F=F AESIHA HEet
PRFE AT = e 2= Y44 digt a4z

o

£ AARI.

I, d=x2{7] g4

drtE oz AP th32 A%t 23 FolH o] AeA
2)7]0ll4= PRE 7h& #Iste] AZESojollA Hegh
5 ARgSta] Sl "ot olfdt - A dH <
FE vhEo] gl WY =5 A= odaL A
HY Z=F BAgsto] ARl " olE B¢ FE
BIT #of 9J5to] Y &= A= o] HHE=A Ho.

1. QA-HE TE M

OA-E FE= A/dsoRdt ZE9] BIT 4= 9fsf
A ARE 2 =RolA9 4AFHoltE LPRF(Low
Pulse Repetition Frequency)s 7|22 Fo|t7} &
Asflokd AE|7F 60km A5 lolthe] A negE
aefsto] shube] HA goju ] WAVL FAIEO] AL
o3 ubAEe] dEEE ASE 1T B¢ PRF=
2.5kHz7} F sttt AA gojHoAs $AS 9l &
HIAZHY ARPAS 93t PRE AgileS 118{5lo] PRFE
2kHz2 27ttt J8|1 Y I A4S 95t PRF
HAE + 20%= ok} o] A9 AA PRFE 1.6kHz
oA 2.4 kHz7HA] 0.8kHz9] = djolA 7o) 7}
Sotth AlZEEC = HY she] "ATL FAIEO] o
Y27t AFETIZA 416usolA 625us 7HA|A] 7o)
g} old $AEAE AYAsh] g 22 100MHz
£ A8ot9 shte] o= AB497Fs3t PRF =
= 10ns ©Jt}. 416usE 75| Yoto] a3t I=+=
A280h ©]1 625usE Fdsl7| ATt TT+= F424h o]
t}. = 16bit 2] F=E ¥ 5 Qlth E3 A=
T2 PRF ZE9] 4= 2090074 o]H o]& o]-g3sfo] 9
A-AEIEE AT 5= e Aee Al B Y
2 Fo] OAl-dlE F=E vmElo] ¥r] A H
2]9] g=Fo] sojofstH Hl-go] F7FoHA Hrt

2. CPUE 0|88t QAI-HE TE M
CPUE olg3to] oA-dd F=5 A4

o

o
o] ME AL FFS Estofof Tt} HTole B
o} w2 AAETE I8t GPU(Graphics processing

oL

_60_



The Journal of The Institute of Internet, Broadcasting and Communication (IIBC)
Vol. 24, No. 2, pp.59-64, Apr. 30, 2024. pISSN 2289-0238, elSSN 2289-0246

unit)S ARg3l] Bt whaA] He)shy|mgke B0
S AVHARQl JAAE e ALRE LU GPUet 7
Zo| CPUSH B AALE 9fste] Tolmelel AAL B
ot MZE 949 GPGPU (General-Purpose
computing on Graphics Processing Units)S &&
6+7D£ §H4}nmm

0x

(il

I

3. FPGAE 0|85t QJAt-2HE FE M

FPGAE A7t BEXT7} 7ksdto] wEA7o] 9
A8y F=E AAdo] 7Rsdt E3F TS b4 Elo]
ol AT E1 G etoldo] F=E £2o| 7Ms3)
o} 3 s F=2 AHAOCZ PRF HAE 7185}
o] AL ¥R T e Aol ok I8 12 FPGA
o] oak-dy = A BEF} o]F 0|83t PRF H
25 AAEE RES HojFT Qi)

FPGA

100MHz 28
VDS R

OAtziY

PRF H
Ac 4y

wps <€

Jd% 1. FPGA PRF HA M
Fig. 1. FPGA PRF pulse generation
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Fig. 2. Linear Feedback Shift Register
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Fig. 3. Generating random code with white noise

el g3} sto QAL
ol WhAjolt}. WSS IR

4 QAYE PRF 945
ABg5t7] I3 16 bitg B5F AW siAe dg=
= &0l ASAYRES Fof Qoo B tAE H]
EJl 235 5 Yot avE B EEh & =2
A= 512 Mbyte Flash Memoryoll ZAQQ171e} B4l
CPUCIA YAL-HE FEF ABAdsto] Hre o] A3
gt &% Fojg7t 523& T ol FPGASIA+ BBt
S FHFE= A4 ZEJA Flash Memory®] sHH
Z|5E flolgHE ¢lojeA "k g ADC(Analog to
Digital Converter)2 35t} Rt o] dz2-2 tjxg
Sloto] wmo] F7]H 02 A gt gjol2 YA
d FE& EFF dlolEE & bitol Histe] XORE
Bolo] AYIEE ARt dRtyos HE o] ulazy
2ol BB 25 OE I3 AABdolA

st A9 Aesol EAE . 53] A9
F29 FE 22 50 mVellA 100 mV Atelol]l EAE
et ADCO| AHHAE r2sto] et kel Mt

_61_



Random PRF Pulse Design for Signal Processing Unit of Small Tracking Radar

SFstes 24t 19 4k edusane
B HE A9

ov

o|=F HolFil itk

100mV

O3 4. A|ARIO| uiM XS
Fig. 4. White noise of System

g 5=

O

=

PRFE

AYT=S Y37 912 Q- eol
o} A ElolElel MRS ADC HolH o] B HolF
3 gle}. oRh-Agole el 445 8o wa
g RAAY ol wie 5 Aok Mg
: SlEe Wsha S8%lE B AW PR
gk, dojee] A2) mEAS W] 9T 24
Foz Jba WelE Bk A8
= At BAANE /|20 PRRE:

SE7} Yol 2- oA Axmg mEdo} gt}

Random_data
Random_data
Random_data
Random_data
Random_data
Random_data
Random_data
Random_data
Random_data
Random_data
Random_data
Random_data
Random_data
Random_data
Random_data
Random_data

<= pseudo_data
<= pseudo_data

(0) xor adc_data(2);
)

<= pseudo_data(2
(3);
(

0
1
2 xor adc_data(3);
3) <= pseudo_data

20 9 9

4) <= pseudo_data
<= pseudo_data(5) ;
<= pseudo_data(6) x
<= pseudo_data(7) ;
(8
(9);

xor adc_data(4);
xor adc_data(5);

)
)
)
)
)
)
)
)
) <= pseudo_data(8) xor adc_data(6);
) <= pseudo_data
0
1
2
3
4
5

= pseudo_data(10) xor adc_data(7);

<= ( 0
<= pseudo_data(11
= pseudo_data(12) x or adc_data(8);
= pseudo_data(13) ;
( 4
(15

xor adc_data(9);

AAA/\

= pseudo_data

5
6
7
8
9
1
1
1
1
1
15) <= pseudo_data

2a e oo

J2! 5. XOR S8t #HIAC MY
Fig. 5. Generate random code via XOR

5.

&9 4

2.

AsAZ7 =

b

Zero
=

gt st &
o= v} gAAC] HAAE

AMSHE7| £2 75

dlojthe s A7) e 71%L B 17}

RGPOES 7|9+ w|5}7] 9J5to] PRES
AN 7HEE sfoF gt E9 Al Aee
range bin 22X 537 AR A5E
Al HAE B9t palEE Alert
2 9= PN o)

slo]

=

ek 25
e ELRE R

B 1. USHEI| FL TIs
Table 1. Signal Processing Unit Main Function

= +8 715 H 3
Agile PRFE 2% #lolA 7k

ADC 14 bit o4, A& Fuk4 00 MHz o4

29 000 MHz

A RS232, GbE, RS485

cup 1.0 GHz ol

RAM Flash Memory 512K

FPGA Kintex 7 ol

F =2 54 o] ZastA = olgt A% 439
F2 foltg Fdstr|7t o)Xk olg A
SNRE 07| 95te] ¢ PRF "A/H9] A5 & Ho}
Hg 3
E =FRoAE= 1.6kHzolA 2.4 kHz7HA] 0.8kHz<]
HHE YolA 7Ho] 7hEstes Agile 7152 &S}
Aot ZHo AS7t fAEE ASE A slr] Hoto
g2 HEe stojof sitt 14bit AAEFY STk 00
MHz oo & A5t ) 4155 14bit= Aot
7] Q2o SrAlE= A7 A4S HFeE st
YAg HE]o] o= 457 dAsH 7HeE 4 3
= 519 2biteh A9 4bitE #E]T AgileS Y3t WY
FTg PAst= AMSEEE dA st

22 HAVIZRE 000 MHzE oA ARSI
Heh A& 28 wo|2E F43} 517] 9iste] 100MHz
= LVDSE FPGAO] Z%E*Eh:} FPGA° 4= 100MHz
£ o]&sto] YR 2ES 541719 00 MHzE 43735t
o] ADCE AlolsHA %E}. CPUE ) 1.2GHz7} o4+
o] X YP7hset HEOR ATt I 2& ASAE
7] HW AAE fIsto] F875Z A4silt. CPUE
P2080, FPGA= XILINXAFY Kintex Ultrascale& A1
A3ttt DDR WXaE DDR3 §o8 A4sigon
Flash #l2 &= 512MB S22 AA5Hth

B 2. MSX2|7] HW 4A
Table 2. Signal Processing Unit Hard Ware Design

F= AA W& H|aL
CPU E2V(it) PowerPC QorIQ P2080
DDR3 . =

MEMORY Alliance Memory(it) DDR3 SDRAM 4GB
FLASH Micron(it) Nor Flash 512MB

NVRAM Cypres(it) 512KB
FPGA Xilinx(it) FPGA Kintex Ultrascale

_62_



The Journal of The Institute of Internet, Broadcasting and Communication (IIBC)
Vol. 24, No. 2, pp.59-64, Apr. 30, 2024. pISSN 2289-0238, elSSN 2289-0246

a9 62 1§i{ﬁl7] Hool AAE YR E558 &2
ojth. dolt 4472 Re st W 3749 ohde
7 $44E Aol gow ofe dolc FHES Aol
She AlES 9% B4 Aee P

¢g7 SuM

() o ADC | «—>! Rs232 )

® DEL EL == Bl

HE
OISHAT s P4080 GED BR|

Nor
Flash

27| e S0
[} G FPGA |
FaEAof
ES] VDS eMMC | | iIPMc
&
2EH0f RS422 ol
A oS BxI

RS422

el RS422 S417|
EE [ R «—n

J8 6. dsH27| A 2=
Fig. 6. Signal Processing Unit Design Diagram

J8 7. MSX27|
Fig. 7. Signal Processing Unit shape

6. Al3 Z1t

x—ﬂ;ﬂ-ﬂ HEE ]H]—__E /\HHD] %E—] AR = 0].9:5]_0:]
7 PRFE AN ol 4 Ha =L
0.0usE 7102 shte] Azt $41ulo] the Bt
A7) 416uselAl 625us 7HA10NA] Fhe] e,

79 82 A1) PRFEA ojch. 3 A} Haols =
WA WAo) 717} 7o A 625us, A 416us
AolollA] WS WAsloRIT). oF oAz Az
A R A BAE Eel7 se] raste] Selg At
3% 99} ek 20% WIIA I glo] AP 2
H3 9lee st

- 416bus -
@ L
@ M 625us n
@

a3 8. AAIE PRF HA
Fig. 8. Designed PRF Pulse

PRF H2

J8 9. &X EJE PRF A
Fig. 9. cumulative measured PRF Pulse

. Ae F&i Ao WAl A
d Hd 4155 E83lo] PRFE 574 ESolA Wt
Al B/gehe ol distel dEshal BE AR Al
st FF RGPOS AR 415
o wste] 2l ool

oft

oft

L
_NZL £,
2 Jﬂ, r

References

[1] X. X. Niu, and Y. X. Yang, “Technology and
application of software radio”, Beijing University of
Posts and Telecommunications Press, Beijing, 2005.

[2] M. Naor and O. Reingold, ‘Number-theoretic
constructions of efficient pseudo-random functions”,
Journal of the ACM, pp.1-40, 2004.
https://doi.org/10.1145/972639.972643

[3] Lan Luan, “The Pseudo-Random Code Generator Design
Based on FPGA”, 2010 International Conference on

_63_



Random PRF Pulse Design for Signal Processing Unit of Small Tracking Radar

(4]

(5]

(el

(7

(8]

[9]

(10]

(11]

[12]

(13]

(14]

System Science, Engineering Design and Manufacturing
Informatization
https://doi.org/10/1109/ICSEM.2010.163

Jiwon Kang, Byungwook Yoo (2009). “‘Random beamforming
applying codebook rotation.” The Institute of
Electronics and Information Engineers-TC, 46(7), 1-5

Ki-Woong Lee, Woo-Kyung Lee(2015). “The Low
Probability of Intercept RADAR Waveform Based on
Random Phase and Code Rate Transition for Doppler
Tolerance Improvement.” The Journal of Korean
Institute of Electromagnetic Engineering and Science
26(11), 2015.11, 999-1011(13 pages)

Kyung-Woo Ko, In-Su Jang(2010). “Saturation
Compensating Method by Embedding Pseudo-Random
Code in Wavelet Packet Based Colorization.” The
Institute of Electronics and Information Engineers,
2010.7, 20-27(8 pages)

Jiwon Kang, Byungwook Yoo, “Random beamforming
applying codebook rotation” The Institute of
Electronics Engineers of Korea - Telecommunications

46(7),2009.7,1-5(5 page)

Duan, B, et al., "Floating-point mixed-radix FFT core
generation for FPGA and comparison with GPU and
CPU,” International Conference on Field-Programmable
Technology, December 2011, pp.1-6.
https://doi.org/10.1109/FPT.2011.6132672

C. Grozea, Z. Bankovic, and P. Laskov, “FPGA vs.
Multi-core CPUs vs. GPUs: Hands-on Experience with
a Sorting Application,” Facing the Multicore-Challenge,
vol. 6310, Mar. 2010.

Thomas, D., Howes, L. and Luk, W., "A comparison of
CPUs, GPUs, FPGAs, and massively processor arrays
for random number generation,” International
Symposium on Field-Programmable Gate Arrays,
2009, pp. 63-72.
https://doi.org/10.1145/1508128.1508139

C. W. Fletcher, 1. Lebedev, N. B. Asadi, D. R. Burke,
and J. Wawrzynek, “Bridging the GPGPU-FPGA Efficiency
Gap,” ACM/SIGDA International Symposium on Field
Programmable Gate Arrays, Feb. 2011.
https://doi.org/10.1145/1950413.1950439

Chung, E., et al, ’Single-Chip Heterogeneous
Computing: Does the Future Include Custom Logic,
FPGAs, and GPGPUs?,” International Symposium on
Microarchitecture, Dec. 2010, pp.225-236.
https://doi.org/10.1109/MICRO.2010.36

V. Tarateeraseth, "Systematic Power Line EMI Filter
Design for SMPS, Part I Common mode and
Differential-mode  Conducted EMI  Generation
Mechanisms," IEEE EMC Society Newsletters, no. 231,
Fall 2011.

Jongbok Lee, ‘Design and Simulation of ARM
Processor using VHDL”, The Journal of The Institute
of Internet, Broadcasting and Communication(JIIBC),
Vol. 18, No. 5, pp.229-235, Oct. 31, 2018.

[15] Lim Joong-Soo, Park Young Chul, "An Analysis of

Operating Characteristics for Digital Pulse Comressor
of Coherent Radar in Time Domain", 2006 Conference
on Korea Academy Industrial Cooperation Society,
pp397-400, May 2006.

X XA

g (HalH)

19954 29 @ digtost AR
FEISHE (F3HAD
19979 89 : tjtohetn ARZska}

=0 @
+ 199749 7€ ~ @7 : LIGHI2UEF)
FHa7Y

% FHJEok 1 wolama A A2
9, dold AsHe 5

20079 29 @ Feefshn AR
A (FoHD

2009% 29 © Feehel Aot
HEFAAD
20009 1€ ~
4 a7e
% yRol : vho|zEnt 4K, 23
Zu o)z 9 Aag 5

ofy
o

ol

A : LIGY2AF)

20064 24 : AAdEE AojA
S8t sHAD

20084¢ 89 : FFI|&Yd HHE
718 3HF s 2D

20084 9¢¥ ~ FA : LIGHAY(F)
e i

F PAEO} : ulo]Z 23} Al AlA
g, gojg X547 &

-64 -

+ 19974 29 : Aedisty 7|5t
F(Z3HAh

+ 19999 2¢ : A&dsta #7153t
F(FAY

+ 19994 39 ~ @A : LIGHAY(F)
FAATY

« 3 TalEol ¢ 23w Foloh Ala
g9 5



