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Abstract

Adaptive constant false alarm rate(CFAR) algorithm is used for good detection probability as well as constant false
alarm rate in clutter background. Especially, filtering technique adaptive to spatial variation is necessary for improving
detection quality in non stationary clutter environment which has spatial correlation and large magnitude deviation. In this
paper, we propose a two-dimensional block interpolation(TBI) adaptive CFAR algorithm that calculates the node estimate
in the fixed two dimensional region and subsequently determines the final estimate for each resolution cell by two-
dimensional interpolation. The proposed method is efficient for filtering abnormal ejection by adopting distribution median
in fixed region and also has advantage of reducing required memory space by using estimation method which gets final
values after calculating the block node values. Through simulations, we show that the proposed method is superior to the
traditional adaptive CFAR algorithms which are transversal or recursive in aspect of the detection performance and
required memory space.
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Fig. 1. Block diagram of the proposed TBI algorithm.
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Fig. 2. Necessary memory capacity of algorithm

implementation versus range samples.

£ Ygiiy, <a¥ 2>& N,,.,=2, r=8, Q=16, SB,
=209 A4, Ag] A ¥gto] wa Q8 vEe F5 B
o #r}. RT% TR 4914 f@, og $9% g9¢ ¥
Bz A8 WRE F7re] 598, RTS TR
Agl AE Fof Hh—ﬂo 04 Rz F7te} 855w, TBI
=AY AE £E AY 22372 e gl qE@
e gzre] a7tk £ Np=20000]51 S5B.=20%1
744, TBIE RT# TRel u]&] 2ouH Ao ey I3
o] a7dr}

Iv. #FE AlZgolM

Aerst ojxY EE RIHTRBD €ndFY A5
Brtekz] A8 vnAd 28y 2dd gisl TT €1y
Z 2 RT g &y Age iS FJ83te T4 o
298 A% blof & B4 E AFEH AR
< 53 wlasic

1. A8l G4 d4d

dHFNEZE AEHE HHEEE oMo EFA

EXHM42AASPHTE

(105)

105

B2 AME g4 Mo AMEE mi2to|e
Table 2. Parameters used in test image
generation.
5 A5k
Ng, Nyz 160, 140
o (volt) 10,000
o y(volt) 50
¥ 1.0
g_x% )@M 7] 40’ 0
(g \;4 A Bg ;%)
A A
(A2, $94) 44
S/C 2.0

(envelope)& th&3}t ol # A ol(Rayleigh) ¥EE
Zre=xt

x4, )= 05,4, )§—-2m[ R, )]

(18)
6..(1, j)=+O 22s(d, ) (19)
A71A %5 ))& ddeel gEioln, R4 ) E

FY(uniform) FEEEE 7MY, o0 )E GEH
o] 7+ N3 A o)

05, =0 n+0°r(i, N+0°1(4 J) (20)

o714, 6°~ & RMS(Root Mean Square) F&3g

olx, ¢l NE 4,jAcAe TAHNEZ Aol
0%1(i, ) & i,j AojAe] 7+AE Ao},
HANTY T2 0,04 )= ULz go] mdg
ok
or(i,j) =0, +o0y TMF(i,j) (21
A7IM, o & AN Z e HiE XFHAo|I,
TMF(4,7) & oh&3} 2ol 4,5 AfAxe Az} Hzdr
(Textural Modulation Function: TMF) #tolth.
TMF(i,5) = TMFg (i) - TMFyz(j)
TMFR<Z) =SIN(2 - T Z/NR), Z: lnyR
TMF,z(j) = SIN(2 - 7w+ j/Naz), j=1,..,Nygz
(22)

4714 Ng, Nage 22+ 7] 2 391 A Foloh,
BHUES BFAR 0q(5,)) & BE% 2ol 2



106 ORI EE F
Input signal
azsiomuth gglls "
(a)
% 10" i Input(’““ﬂlﬂ “*—?I&)
t
g b
=0 ‘
EJI . l "
B AT , '
ool |
, e y
1 v ‘ll\ ’\: [ ]‘ 4.‘
. ) ,‘\1 l p v t ';l \. -."),‘\ . v ",,M,i/,‘\I‘\I
0 20 40 &0 rangs; ce"sﬂ)O 120 140 160
(b)
a8 3 AlZelo| Mol ALESE AlFEGA o
(a) B4 (b) Leld 1oAe] AH2|Y ME37
Fig. 3. Example of test image used in simulation : (a)
test image (b) amplitude for range cells with 1st
azimuth cell.
3 Aok
UT(i:j) = [Ul(i;j) + UN] ° S/C (23)
o714 S/Ce AA wWAANZe] EFAA ] g A
$37) wvlojt}.

FHNs S} FdEEAAE gk WAz [0, 101
L F(fluctuation) 84 F g2 H&eto] HFHA +A
N3E dueth <a¥ > < E 2> 2L g e
e gkl o3 A" AEYeld gl

2. AlEd8014 At

<E 3>& ANEdolAd AHsd dugF
Jola, <1% 4>& A
2 27(scan) ¥ LAREE py, =
AIZRS st 27 9hE JSE 200 3=
<28 5> F=02¢ 1. ‘?‘
v S/C Wstel] &

(106)

HE CFAR %12lE

HE 2

E 3 AlselojMdo ABE «E|E mheiolE
Table 3. Algorithm parameters used for simulation.

G E parameter
RT r - 20, ag 1 09
TR ag: 09, ag: 09
TBI 1:20, k8

range cells

40 H 80
azimuth cells

(@)

range cells

40 60 80
azimuth cells

(b)

TBI

range cells

40 60 80
azimuth cells

100

(©

a3 4. F=10, S/C = 204dd = (@RT WTR {c) TBI H
w3 Zo el
Fig. 4. Comparison of normalization result of (a) RT

(b) TR (c) TBI for F=1.0, S/C = 20.



20054 18 HASE3 =

Multiplier_factor : 0.2

104 T T T e wumowow

a9+ xx %%

oaj ™ =

@ o

£ 07 oo
3 - e
B os4 " ° ®
o L]
e
£ 0] .
= L = TBI
£ 044
g @ ® RT
= 03 TR
a -

nzi

b -
01 -
oo T r T T A T T N
15 -0 5 [ 5 10 15 20 25 30

S/C[dB]

(a)

Multiplier_factor : 1.0

08

06+

g e
goaﬂ b ® 5;
()(J.1 " . ]
-15 -10 -5 0 SS/C[;OB] 15 20 25 30
(b)
a3 5 TB ¥ RT9 TRe EX|EE bW (@) F = 02
(b) F=1.0
Fig. 5. Comparison of detection probability of TBI, RT,

and TR. (@ F =02 (b) F=1.0.

104 TBI

.......

09

084 -
«

°
074 L N v

06 " v

MmO
o
(]

04+ “ v

034

Detection probability

02

0.1+

oo T —_
25 30

TB! g1z2{&9|
BE

Detection probability of TBI algorithm versus
fluctuation factor(F).

2SA(F) #Hatol g Ex|

(a)> mmm Alekek TBI ol 71& el u)s)
A S/C 99(-10dB ~ 28 dB)ell A 10 % o} B g
& g wolsl, —*f 8 S/C=5 dB ol o}ow A GE
o] 30 % ol A YT <% 5 (b>olAE
S/C= 5 dB °]¢9 ’o"? X gHito] 60 % o] =
Uit gads ol KA e dd, Add
ol 71& wol Hlal whAEgo] e B8 2

25 H 42 HSPH 1 &

(107)

107

Fol A% A F=10 7]1& Gy vl & 4% W
37k A JebdS g & ok
<29 6>2 TBL ¢ig &9 8% 84 F wsd ot
2 985S Vel 2584 FY Z7l wet &
A &go] ZFolEnh S/C7t 0 dBAlM F=029 F=10 &
AgE A= oF 50 %]t} 10 dB o)/del A= AY F
o g#x g5 7hA
V.28 &
B =RdAes Ay 9 Uy Wees v i &
HE vl AR &S A fFAEH HHEX
dEg Hug sty] A3 olakd BEE F4& A&
g CFAR ¥ug&g Agstych A3dn ztd
duelES 48 vEe} §AFE WA 5 A
T& HAeH 53 v ¥ F=rt Ag Agol 7|E
G| Fof s E*ZW o] ¥r}. watA] Abe 43
HES 25, TE A T 2HEH fFas e A
o gRHer 34%% £ 9e Aow PA)
& o Z 8

[1] M. Skolnik, Radar Hendbook, 2nd ed., Ed. New

York: McGraw-Hill, pp. 8.1-823, 1990.

HMFinn and R. S. Jonson, “Adaptive detection

mode with threshold control as function of

spatially sampled clutter-level estimates,” RCA

Rev., vol. 29, pp. 414-464, Sept. 1968.

JT. Richard and G. M. Dillard, “Adaptive

detection  algorithms  for multiple target

situations,” IEEE Transactions on Aerospace

and Electronic Systems, AES-13, pp. 338-343,

July 1977.

V. G. Hansen, “Constant false alarm rate

processing in search radars,” n proc o the

IEEE 1973 International Radar Conf, pp.

325-332, London, 1973,

(6] E. N. Khoury and J. S. Hoyle, “Clutter maps:
design and performance,” Proc o the 19
IEEE National Radar Conference, pp. 1-7, 1984.

[6] R. Nitzberg, “Clutter map CFAR analysis,” IEEE

Transactions on Aerospace and Electronic

Systems, AES-22, pp. 419-421, July 1926.

H. Rohling, “Radar CFAR thresholding in clutter

and multiple-target situations,” IEEE Transac

—tions on Aerospace and Electronic Systems,

AES-10, no. 4, pp. 608-621, July 1933.

(2]

(3]

[4]

(71



108

[8] M. Weiss, “Analysis of some modified cell
-averaging CFAR processor in multiple-target
situations,” IEEE Transactions on Aerospace
and Electronic Systems, AES-18, no. 1, pp.
102-113, Jan. 1982.

[9] R. Nitzberg, “CFAR signal processor for several
types of interference,” IEEE Transactions on
Aerospace and Electronic Systems, AES-8, no.
1, pp.27-34. Jan 1972. .

{10] R. Nitzberg, “CFAR signal processor for locally
nonstationary clutter,” IEEE Transactions on
Aerospace and Electronic Systems, AES-9, no.
3, pp. 399-340, 1973.

[11JR. L. Burden and J. D. Faires, Numerical
Analysis, Sixth ed., Ed. Brooks/Cole Publishing
Company, ch. 3, 1997.

EEECEED

19919 A= stE AR e
sha.

Agosta Yt

AA-F8e} AAL

19934

20019 ~ A A Edosty gy -
e A A3 83 whARA.
19939 ~ & A FHHtA T4
<FHAEE Holth AEA >
ol 2l F(H34)
19863 A A dista Axg st
A},
1998 A Ztistm thety
AAE sk AL

19994 #FA81&9 A7) 2
A F 53 F AL
198849 ~ @A FPAFATL

<FEARE doltt AEA, FAI>

0| &%t

MRy

(108)

CFAR Z12E |

B (A3, w44
19773 NEgiga HxsEn
BHAL,

st rled [ ¢
Ax}F et A AL

19883 6€¥ University of Utah
, A 2F et FshEbAL
19801 69 ~3A FIUTdu HRFAFIE ug
19989 ~ @A) =583 dAZEAT oAl
200008 ~ & A et AA-T8ks] FEA K o)A
20023 ~d A IEEE dAAH o3

<F AR 9XYE As A, 9AE FA>

1979



