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Abstract

Range and velocity measurement algorithm is a procedure for estimating the accurate target position by using matched
filter outputs equally spaced both in range and doppler frequency domain. Especially, in measurement algorithm for
multi-function radar, it is necessary to consider processing time as well as accuracy in order to track multi-targets
simultaneously. In this paper, we analyze range and velocity measurement algorithm using discriminator estimation method
which is a technique applied to angle measurement of monopulse radar. The applied method required constant processing
time for estimation can be used in muitiple target tracking. But, it is necessary to consider measurement accuracy because
of using minimum channel outputs for estimation. In the simulation, we show that the applied method is superior to the
traditional gravity center measurement algorithm with respect to the accuracy performance and also analyze the
characteristics of the proposed technique by calculating RMS error level as the processing parameters such as pulse width
, channel step, etc. change.

Keywords : Measurement algorithm, Discriminator, Multi-function radar

109

I.M &8

)% g o) tHmulti-function radar)® TAEA @
F3& FA F83E Yoltio|t}. E3] thF EA

43l TR EgAFA
(Agency for Defense Development)

TR, AAAR, FEUTE FRENTEN
(Division of Electrical and Computer Engineering,
Chungnam National University)

Hedab 200418€11Y, #4459 20049924

(109}

3 g2/F871502 A3 trls Heoltdd AIH
g7l & AR P4 FYAT HASE FA
Rl anld Nz dmARE F A 4 &%
27 418]&e CFAR(constant false alarm rate) ¢
Agk(threshold)& dv Ag 2 =38 Fa5 999
Slequal) AFEH EF¥o2RH JZ277Hconnected
region)S 2tm olojAq T+ U HEAH A 4 &%
g FA3= gAoitk 23 duFL 4% F4 14

of e} 7] ohe %S vehdch EH 244



110 HEo| FPYAS HER oIS HolUE Hal ¥ & 57 Y12E 45824 Hge 9
e AATN U Auge 2E AY L 4E FHE F L QATD O FAFERG) A Folk
Agor Adse Adg 23349 9273 o A4 (e} el 3 olAY AAT FAL +3
AYFAL Tohe FAFA(gravity centen) o] 81 sl o)xpy AATY wAMEe nAY Fxd A 7}
o Hog FATAL T ddsht SR Zeq Ay wetez dxY AATFHE WA 23 o
2 dHo] sih FATAEAL B8 AZ4TL AA A o4 Fuig wheke] AR v 47k 9%
< ol&st 4 FHE Adske WHolmE EHIH  Ag @ e A Q9 2 sDed Fups v
7b BRstn W2 999 24 vehs 249 AY goz ddd Aoz susi
A 93 FHo] st 44Tz 270 wet & , _ _
18 ZE geA|zte] Walsl: AL zky Qi) 314 tmazl = ZminZ, maa:2 = Lnind (2)
e A &7) A8 AEEE 3dB W £ 5 4A . . Y
3 AE AAS FAFA Aito] 7Fsslth O]';(]UI- AN Tmin1s bmazt ® mings bmazz s A4 I
IAAHOZ old =7 olfs} = & Q. B = J+ 198 F3e A o gig dxd AFAFRY HA,
ol AE 71€ B 2(monopulse) #lojth AEFA o Hol 4A A< ek
o] 85 W) (discriminator)3 $4®e Az @ AAF AR 3 AHZ 2 )Y A, FA+ H
£E 23 duFe AFH PR olgar. A% H @ 7AW Hugs o=
Hqeg FAGAL HYArIE 2t A5y 9F A i =mazli], A(5j) € £,
z28 gAp= slo] =AZFL. sl ghal 2=
=95 %.‘i’_a 0]%0}@] Tzoﬁa :TLO]:L- BOZ\_‘O]P__E T me::mm[z], A(Z,]) e Q,
9 Aol YRF Aol Y W 29 & 54, A . T AGA e O 3)
904 2 AY 5 5w 34 et wgsme = el AGS) €
olof o3l w7} »e s} Jmin = min[j], A(4,4) € £,
2 =8dAMe )% doltt AP 29 fda=w Apax = maz[A (4,5)], A(45) € 2 (4)
= : 3] 3 =]
:(Pha}e -Code Modulation : PCM) 380l tisls - Q77 ARe oo} AEA DAL 2ANE A
47) S AY 2 5 33 exndFd HE
N DAAH} =g Fogr FAA o3 xH] A 2
o 71& 4 daeEe] ALk vug FYPsiw, 4 .
- &g ZAs, F4 d FE& FANE A 54
2 Z o A 40 A 3 5 ZaAy B _
] . = i 3 34 gaeFd o8 2Anh
& B8 dxnEE AH 54E 2w
1. 2 (optimum) FZof 2§ RMS ofi2]
| & = qJal=
O. el ¥ &= &8 ¢18F 24 24900 o)gHoz T8 2 9r HA RMS
Ad 2 &% &7 ¢uEe oldra Py 9, el e ZA gk ARAD 2 =EY Fugo o
~ i s ol ol & RMS o2& Fal7] g AL o 2ol 47
FA7] AA FE, A 2 Fo5 Al 27 5o o8 e
LA B 011?—1% 345:;;}0}7] g8l Beg z2AYo=, 2 TR TR T

AA7L g4 A JA FH FHAo] ik dAF7
P4 FHAolME CFAR(Constant False Alarm Rate)
2 AGZRE 9A @& de Add s A
2 =FY Fug BEe] A4 73S dAsa, AAF
AR A7 W A Ad 2 £= Ad 2
#2RE HAFHA 944 AEE FHE 045—?7} 3
4 A f4¥4ds Fele A DT 2ol Ay

F9] ojakd APE ol

(1
o7l N 2473 W APLai) 4 gola, M

A(i,j) i=0,1,..,N—1,j=0,1,...,M—1

(110

s(t) = a(t)e™t. M (5)

4714, a(t) = I, p(t)E ARl
2, w, = 2nf,= Ao} Faisold,

A A tesh F34 Aol weg
4 ©)3 2ok,

Sr(t) = Aa(t_ td)e‘j[(“’a+wd)(t—td)] . ejd’(t—td)(G)

envelope©)

A
Zte Al

rie

Nk

Al

T

A7) AL At $4



20059 18 HxBEE

ol xgE F4A3D
(1) = (1) + n(2)
A7 n,(t) e ALY analytic 5ot

ez 7 ARE A" FANE: s(t-1)9 F

AANE r(t) 7+e] ISD(Integrated Squared Difference)
2 A (8)F Zo] xEHL

5= 4 (M3 2
@

62

8

= /OT |s(t—1)—r(t)]%dt
A7l T 4 9499 d #e=2, 3B 2 F B

o 2 99 Frolth
2 RMS 93 E 72t 3 3 (optimum) F

2 Q)& s 73 & Qi

Aze 4 @ 2o,

1
27, (

Ao 7
A1 el d@ RMS

9
2F

N,

o

)

A7l Ex A5 quxa, NL2E 4389
two-sided spectral densityoli, 8,5 2 (10)% 32o]
ANE Fug wUE S(f) 011‘—11 X9 o)z =l

AR

JEREGIR

24 Az L34S RMS A 93 Hertzd %
S AY o A3 ouix we AF2 o wggrh
AR2RE A AUrE s ¥ EIE R
% 9tk

:—,i—ai F34 RMS dgiE 4 (D3 299,

|

ol
2o

—1 (11)

o=
2F
2wt ( _N.; )

A7 L= 4 (12)9F Zo] FAANS s(t) oA
RMS |4 A]7Hduration) 2.2 A€t}
/mtzls(t)lzdt
. (12)

/j; | s(¢)]2dt

=E2X

(11D

M42HdSPAHIZE 111

Fhs 54 oA 459 AT B3 Hertrd %8
A8 o) A% oA vle) AF Fol A w4
@7 4 ADe AAD 2 =5 Fas 54 RMS
oAels) Hx BAE 3P Rolk

2. J|1& 8 Lu8E

A 4 dugEe Huy #4944, FAF
A FgAel do Adg FAAL 2470 W F
% Ana°l ' AR i) SE FHRE
i(An) 8 F4 F2E AFshe Zolth AT o] ¥

Mo tha 2 2R HE zt=t) o ¥9(varance)

(13)

=) A el
SER R ERIEL
34 e

i=i(Ag)+ A2
i+ Ali,j(A
_ i) - Al
i=i(A )+ A2
All, j(Arax)]
i=i(A)— Al

(14)

I(A) A2—1, if Ali(Apa) —1] € Ali(ALy) +1]

_{1(4/2), if Ali( Ay ) — 1] <= Ali(4,,,) +1]
A2=31(A) 2 AL, if Al (Ape) —1] > A li(Apn) +1]

ar=]

max)

o714 AL AZHE 3dB Zolx, I(z)L
G oL, i(Apw)E 94 72 W0 A9 #HE

o i ZFolt}

oA

2 4

II. HEo| F=ZdAof ot A2 & 4= 53
=k =)

2% ¢u?)
FERIDE:

=4 $a postenon)

ot 499 24 Hooies

2 o oo [ AL oy
o



o
[t

12

& 20 4 (199 2ol F3 F 34 e 260
el AdEE &9 uldo] F(zero)7t Hrh

aT(ZPS)
7

A7) 7 ARAA @ £EY Fas 4 e
Holx, (- )& AYRY FAFFolxL,
F golth,

getuE 29 A
2} (15)% Taylor #5347 kA A (16)9F 2t
°r(2p)

dz

=0

Or(zps) _
8z

67‘(2,,,,)
dz

+ (2ps — 21g)

+...=0(16)

A7NM zpp 4 srIE e A H(a prior) #

ot}
2 (16)4] oA 33 vl o) de HES FAS
W A (179 FAAS det
ar(=)
Zps= ZpR 8232( z)-_ (17)
022 i 2
A (178 ANsdE, H318)9F 2ol #3 A5(finite

difference) Fe|= ZHeksl & 4= Qith

V(ZPR+S) r(ZpR S)

Zps= 2pr 25, H2pg+2s,) — 21 (zpp) + H2pr—2s,)
(18)

A7NA s, & FA AdAo.

ghek g 7HAHol FEI AN Hzpe+2s)9

Hzpp—25,)7t B(zero)dl 717449, 2 (197 2ol

Al 7S AEE 7R FEsE

Nzppts,)— Hzpp—
r(ZPR)

D (19)

Zps=Zppt S,

QY AL FF Ade BA 4 OF 2o

21 (21)9) o] FA AMdol] 3t watujg] FA-o] 7 ].%
Lia=
Hzpe) & AHzppts)+ Hzpr—s) (20)

714 y&€ F W(main beam) FEjol o3 A4
= #olth

Hzppts,) — H2pr—s.)

2 Hzppts)+ rzp—s,) @D

_ -1
Zps=R2ppt v S

oS doitg AHg 2 45 57 212

(112)

x | — ]
& 454

1934 4 @D $¥ gre Sehiy Bk 2,9

szJJr«l A A F ol Az= z,— zppoll F4-HT,
Az 32 3P 4 (22), 4] 23)3 2o}
— Hz2ppts,) — Hzp—s,)
d\(42)= Hzo) (22)
_ Hzprts,)—rzpe—s,)
D) = S s F a5 @)
2 (22)¢F 4] (23)9] dEAlze dutdoz wHdy
gaolmz 2 0% 2ol o W A AH 2%
A #E e
ZPSZZPR_‘d_l(e) (24)

714 e AR deilsoltt
o] Wi o W I} A R AF HAAo] BAs3)
o2 FEs) Bt 4 Q)9 A (23)9 ¥Er] §

H2E A (D) 2 AFFFR 7 3y, 4 (2609
e &4 Wyo] 7hEsth

d(Az) =k, - Az (25)

A71M d(Az)E di(A2)FL 4(Az)olx, k& W
H7] 71&7) etk

zPS——zPR——:— (26)

A7) el A o Azt

A (26002 o WHB vls] Altol tdd FHE
T 9 W) SEelA Y 24t st wAskE
=S 23 v webA A (2603 AHEEE] $1EiA
T AYEE 29, Ad 1A Fol 12 Wy 2 5
A gelo] A3 sofof gl

V. ZFE AlEd oM

dxuglE As F7he grls ol 3
3 opd2a e RdS I3 AlEHolA

s,

g o

3l 73

1. Al=8old =2E
CAlEF ol AledE dERYPLE <F 1> Z4;
= YA 3=® Z(Phase Code Modulation : PCM) 33

Mo Algsit), A FE=E maximum-length sequence



20054 18 HX3

stsl2X M 42 A SPAH 15

113

Lt. Analog filter model alt) Ct. Time shift 2t. Frequency shift
Jt. Signal o VHF | | BPF > FFT —»| IFFT (X
envelope filter
exp(= jwAr) xp{-( JAWr+ Ag)
Ot. Correlation processing Loop of At
Abs. " dt. Error
X z value signal Loop of m
( ) Tat=s) calculation
b5 - _I.-r Ab. Pafameter P! Of. RMS Result
Noise X value ¢ r.+tr. estimate ole =3 esis
Generator | T
T alt+8y) slope k, ——
Loop of m
O 1, HET| Fdaidol ot He| £F Algdold ML
Fig. 1. Block diagram of simulation of range measurement by discriminator method.
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Fig. 2. RMS error of range and velocity measurement
for PCM 1 (a) range measurement(SNR=20dB)
(b) velocity measurement(SNR=24 dB).
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RMS error of range measurement

--+- optimum method
—g— discriminator method
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Fig. 3. Comparison of BMS eror of range
measurement by  optimum  method and
discriminator method for PCM 1.

RMS error of velocity measurement
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Fig. 4 BMS eror of velocity measurement by
discriminator method for PCM pulses.
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Table 3. Comparison of accuracy of range and velocity
by optimum method and discriminator method for
PCM pulses(SNR= 20 dB).
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Comparison of Discriminator method and Gravity center method

+ Discriminator method
—— Gravity center method
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Comparison of velocity RMS error by gravity
center method and discriminator method for

PCM 1(SNR=24 dB).
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