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Weak Random Signal Detection:
In Signal-Dependent Noise

lic Kho SONG Reqular Member
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ABSTRACT Using a generalized observation model, in which one can express the effects of non-additive
noise such as signal-dependent noise and multiplicative noise in addition to purely-additive noise, the problem
of weak random-signal detection is investigated. It is shown that the test statistics of locally optimum detectors
for detection of weak random signals in signal-dependent noise model are interesting extensions of those in
purely-additive noise model. This result is a complement to the result for weak random-signal detection in

multiplicative noise model.

I. M 8

2FAG Aol 4o AEE Astelr] @ bl Ale st A Alee] Astel] gk
wfol Bh@t ATk o2} Aol meislel g4l ATl el A Fol S | ehgte T

ut, o] F2 d#A AlF (known signal) =& B84 A3 Ak o7 AA "Lﬁb’]/“] "é%

T3 A2 E9A iR ol Fox e & el HollA AFE 747} Uk ¢l £, 3

A2 Al ¥ (deterministic signal )& 7] Z}oll 241 A % &89 %ol w5 (turbulence) 7.11}““ A

of vl FA Aol o3 EFAIF Abgk wifoll, e

‘BB GE B B LR Al 3.9 (signal source) 2FH| &} TL{FEA uflFol Y

Dept. of Elevtr: & Electronics Engr. v o2 °
= A A Womi gl
Korea Advanced Inst. of Science and Technology. she AZE dd As =27 © 53

]

SCESE D 88— 33 (4ickE 1988, 6. 25) Az 2z Jeldrle A% Ay

332

www.dbpia.co.kr

olt}, & & Al3Z (random signal or stocha-
stic signal) 9| 7é‘:']—°|| Agr AT ey U A



&/ 4E 4EA A3 A AZAEY Agol Ue AS

8ot

g, 4 AsAsol Mg, dEH NS
T ZAztste A= €744 A5 (purely-addi-
tive noise) 3tol| 4] 2] A1 3} 2 0|43} s]o] gief,
azd olgk AL FIHMA ASrde Alge
EEo] AA g ZAHR Aojng ws}
A4 2 (non-additive noise) ° £ 7HAHA Aol
vld A 4 glg A APE she D
Atole Ao A5E A3 M3AF Y
Ag Az Uet oE E4, £ AE
ol tjsi A A5t wiAd¥ A FZ A E (observa-
tion system)S A X dA HALA A& (multiplica-
tive noise) v Al £ 2] E4 A& (signal -dependent
noise) &3 Z-& ®[7HM] AFE e A7)
A7k, 28 A fole 7 AEEW dAl
o wi7tAMA HS2dE Mol ¥ et A7t

ol9} e W8 Aoz Qldted HTol HAAy
AlZ A EA A5E ekl 4 AUe 7 A
% 2rdo| A=Y, o E=EolME (160l
Al Aok®l v7HAMAY AR el SEHE 7
HEH A5 E Aosl7] A Az Ao 79
< Alxse F o A gk, ¢ AR
ARy B4 A AZAEA A e
oA 3] 3 HEH AT E Ay AR F
23 A 7A3}t7] (locally optimum detector) & T3
o] 2 A5E ok Hubrle va A Ed

o] =& FAL i g Pk A A
2 Hol|A o] ol 2ol Uuiztgl A2 (A
ZoEA AETR)$ 4 AL a0 o
2y 399 27 9 AAL AEd d§, A3A
ofl4] o] mulof uiets ¥ sEH AlZHsE
AR FA A7) A A F(test statisti-
)& =3 Wk A4 AoME ol AAFAF
o] FAH clE 2 deiA FEYE 4275
Bl o, A5HANN Fa2A Asirle 7
FEASS £ 2ol vjunA F2I 7hekdt
g Aulr)ek wimdtrle g

I. gy e

A of Efol 2 w4 HERLE 4
Huslz e Aol ALY Yuistyl BE
29 ¢4 erduc o foddel 3l
£ ARLE 2 2ol sl A7 iol4 e BE

2 (observation) X, +

X:=ﬁ (‘l’)sl+7 (‘r)l-d[ﬁ (T)St]‘Nt+W¢,

i=1,2,-n, (1)

2 BA" (DM o2 Hshrlel 38A7], ¢
+ A537E Alojste wiAH4Add AF7IA
(null hypothesis) 3l A= ¢ =0, WHH7IA (al-
terenative hypothesis) glollA& ¢ > 0 o|t}, W,
€ Al i oA e oA e Eele, S, .
Htol 0ol FAke| of ]l BEH AF A F ol
ok (Sy, Sa,cvr, Sa) 8 AR GEUYEE f5(s)
2 3489, S.9F SiAbelel FE-4l (covariance)
2 rs (i,k) 2 E713712 3ok 7444 AHE
AEW, v A2 S8oln 5UIF #2E&F e
G.i.d.) BgHgolr 2 350 FEYEI4S,
o Bz AL 4 09 ok olth = 2E
H A% S, o w7 AW, e A o g
Az Felztn st N+ iid ol &8
ol §, ok S ojxlut W, o= Unbz o
2 v 5% Ao etz shARc} =3 N, 9
A} SEUEHRSE AL g B fuor 37
712 joh 8 A (DellA & 4 ARl A5
ﬂ(‘l’)st"‘f‘ d=1 oal “H Nl 2+ ‘EL&HZ"’H OE‘H\}Z%'-Q-
E W, 8 S 3AId M ASEE ey
o, d=0% dell&, 7B (r)F Tl Az
o 2715 YelEZ y(r)N, = AZEY 3t
=+ el og7A Z71E4 3 ()9 ¥ (r)e
el B0)=y(0)= 0t 7kA s, =03
AHollA F o Frtd4etn shA et Fo2 (N,
W) A3 SEUEE4E fuwE JER A vl
A B(r)=r°lL gf=00" 9 »7}4Ad A&
Bl £3] Rolv £/HMAY Asndel ®Hd,
A AHD el el Yubstsl AExeul e Ha
A AT EA AFe dee Jeld £ e
FEZedld], o EEolAe Eole of Yurst

333

www.dbpia.co.kr



BREEEPRHALE'88-8 Vol. 13 No. 4

IJ J YEA ATERAAY
A Halrlel Iz

e vu ZA ol B

TAE X=1 X9 ARG SEVEHE folxlo)
*1%'4% 4177}@(1{ r=0)3% w4
(K:c>0) FolAd g 22k A% 7
;u;. Atk olal M K oA

Al 5.2

fx(x|t)=

st (s) ;H. an(u. x,—B(r)s;—y(r)n.)dn,ds

(2)

2 vebyolAlch,

M. I2EHN dup|e| dESAHE

o] Holld& Al 2 "ollA Az Anistxl A&
2eloA gt HEAH ASE Asste A S
(test function)& F3h& ol W3 F424 3
#719 AAZFAZFE At ATl vl FE
3 A AEE Hug dolle ol HarE A
farjels 28] & AHEaiolE Rojx georne
v]ekdt AlEE Autshe WAl S AFge AA
Agol4 ok A3 E Hulslol & HFo 2 &
ol "o A G gz F4AH Huprle
A&7} o}F kgt 74 (SNR—0) ot olwd 7
s7lncs F2 A4FE LAqFRE o ¥l
v $8H AT A9E A7 F4FHA Aol
FEE 32 o FT4FHAH Ao g
71el 2HA 3 =0 BEshE ol & (70
A FolE 4 eomz o EFolye Ykl
2 2% Quistsl A2 wdoly F4 A Hutr]
o AAFAZE FE37E et

Quisty V&2 4i=0% B(r)=r2 7
S0l st A AerolA HdEAHA
3 AsE A FLHAH Aol AH BAR
Troi (X) 216

334

TioD) =35 2 s i) e Xog (X)

n
+§ th’“h (Xt)_gl2 (X)) (3
oz FolAeh o E¥oldE AHEAZ (3
Agete AatlE Lo+ A3l en l’r.e_?li @
o}, 4] (3)ollA T2 v A HA (locally opti-

mum nonlinearities) g., k, & Z}7+

_ fwlx)
&1 (x)v‘ fw(-'l') (4)
o
fw )
hl( - fw(x) (5)
2 T

o
3
E.3
>~ F
ox
S
B
o
2 -\‘i e b oy

€% T3 e AT potgol e, 0"
W B (r) »0r°% y (r)—er® o] k3 3z} of
W oo A4 AZ A=q/pE A dbF, A
o E{NIW|9 ol e} chg3 o] A& udl
(1)& W3] 7] 2

(A A=2°AY 1<A<2¢°lx E{NIW|=
oled, g=p(r)o &l ol b (9)=6%
c(g)=7 (z) & &r}

BA=1°AY, 1<a<20°lxm E{NIWIY
el 5 02 obw, g=vy ()8 AZeoll 2faf,
c (6 )—o % b () =p(r) 2 Trt

ojepe Mg A o7} chE 22

X,=b(8)S,+c (§)N,+W, (6)
ol ¥ic} o 7|4 Aj7]E JEle F &b (9)
2 c(g) T 2H4d e 49 % >0
e 9>0202 SET 4AA ¢ & Uk

g, sl dME, F r—>0°J w2} Al
373 P—?: AL =3 lomz Yola Ao

www.dbpia.co.kr



B /4% B8R A A AT A0l dE B

Az o EA Ao &EA LS
ol&A Ao AdA A7|E vePH
2} 4 ek &, A9 Bl 4
2-3}o)| w]dl & x]iﬁkq
£ vehde], A9 el AE
o| ¥}t of7|A °;_¥°}°k v‘g*}
zddsle], F42H A
k718 TE2E Ad #3417 % °‘£r=1, 2.8 &
A sle AlAbAre] He|s Al g
Frhe Molch & Ed(1) 3 Ed(6)-2 gt A%
A k &2 9l Eeolrh
6ol FolzE = X=|X,| 4
42 ¢ (xlg)2 BABIL ¢ x|0)=

18 i foG) ol S35k, 2u3tE] Neyman-Pea-

son Aelol) V. W ol H:0=03 K :0>0 &
AAsE F4HH Ayl AAFAGE

d' ¢ (x16)

| 60
__ 46"
Tio (x) ¢(x10)

SQ (9)

10 fs(s)ds (7)

= lim
60

2 FolAnz ol& o &3k (hollH 2l AA
8 g AAFAZS et

T (X0 -3 5 rs6.i)e Koe &)
+ 5 Lotlh (XD —g! XO1HA X)) @)

9 A (MollA] v, Pa(8ID)E A7l Do A
I3E g4etn T =, obF 5 A

¢
d'Pa0ID) iy, @
dé
E

d*Pa (0 1Dyo)
dg”

>0 (10

oz AHsixxn

Q)-In

=1

Sfm« (ny, x,—b (8)s,—c (O)n,)dn,
1
olch w3k 4 (8)olA]

c”(0)g; (x) E{NIW|#0, A=2,
hs(x)

—=2— E{NIWI=0, A=1,
(6(0))? | NiW]=0, 4

Alx)=
] ”
0 A>2°AY EIN|Wi=0,4>1

2 —?—o}z]u{ 4 (8)oll "]’F/}‘Tl' “]A{l—&é“&‘ gzuﬂlhs

£ 7
(x)=— [fw@)E{N|W=x1]

82 fw(x)

- (/"fNW(".x)dn)/

— fu @) 13
gl

- [fwx)E{N* |W=xl|]"

S

— (fﬂ:fmv (n,x)du)//

- e 19
olet, 4] (4), (5), 13 W (144 & 4 UKEo| g

W hy € 7-}74 —:7}*&*4 Aestollre F4£HA
A A g, 3 b, o] UukstE Aol oL =
AY H3F EIN W 244 4 E|N* (W]
o 5 A3 N3 wel oE&3A o

FS k=) 4] (3)3) (8)8 vl B AlS
Z4 ALl e ALY FAHH Hupre
ARFA LS oA A e Ao A
5 A ol Al;?z«li*é Ao e el
A @) 7 QEAAA AduistE AdE g5
Art.

A AREAG (82 120 BAH 2 A> 2
o|AY, A> l°o|x EiNlW}_OOI 74 ol B
AR EA oI} 2y A< 20| E{N|W|el
¥ 02 ol HAFAZLS

rulm

oY

=3

335

www.dbpia.co.kr



WERE BRRLE 888 Vol. 13 No. 4

Tio (X) =3 g (X0) 19
ole A< 1ol E{NIWl=0°l" HAEA
}e

TLO(X):éj 8<Xt) (16)
o2 FolAr}

A AAEAZES), 15% 1605 Ayl dzsied
g e A4S FE& ¥ 5 Ut

(@ A>20°lAY A> 1ol E{N(W|l=0o°M,
ZFaHAA} Y AAFAFLE SEH AS Y
S Sl o8 AAR T AT I AE

|

A AT GUE A 2 @A Ak ol ASE
3 aeel A7l £ e R 8

4 A% °*l s Aoz =2 74 $-olct,

(b ubol, A< 1°|AY A<2elx E{NIW]
A E 0L obvd AT EA 2SS vAFA
g hy B BN FLAA Auirlel AYEA

2ol d8kS mlAz|ut, FEAH ATE F4HA
Azt71 el AAEA ol o 3FS v x|z EJhet,
ol A3 Fulde AHAzA, FEH A5t
obg woll= &EH AT AAY Hrrt o A
38 ZAsbete deol AA AgsA g, WA
off AlZoEA Aol e FuE AHAM AT
2 ZA3bshe dloll 2eloke R Hepdch

(VA=1°x E{NIW|=00°l7v, A=2 9|
7 E{NIWIZE 5 08 obd Afole, #EA
A3 A& Agol e AVIE A

22 o] ¥ B5s F43HA Asbr|0) AY FAY
off A od3kg u|x|A| K} o|w) BHEA D9}
N5 AL AAEA G v]2= AHA
odgke] azlE b(0) v (00 B¢ Az

o kel gholl o) A A=
37 AAFAg F 247 H
5 o) & AA EA=Y
A=q/p 8 XA
! T A4c.=1 oz
EINIWI7t & 0 ol Ac= 20l
% 5 3E ASAY N W 45di4L A
o YAIRE BF AITHA No|l Wet g4 ol
g wuc of FEZ Yoz Holx 7w, Al
FEA AZolA 71elde v AFAE hy oA
g: & 3k 7ok
A Aok ZAE HyF E{N W Fhol
upebs] AAFAGo| ojd F4HAH wAHAS
ZEee AE F 1o ndoh

d¥sSAHZe FHH! of

Az fuw?t E{NI=0, E{W|=0, ol=st,

cb=10°]3 ABA 4 (correlation coefficient) 7}
rel o4 AHaEus g
flvw(I J‘) = 1
’ 2rs (1—1*)"?
(E)z,__m_+_y:
T ]
exp[ 2 (1=r) (17)
ol A5 AZsAL, o wWolle
g (x) =x (18
=

E1 AAEAG 2 T4 A4y
Locally Optimum Nonlinearities contained in the test statistics.
A>2 A=2 2>4>1 A=1 1>4>0
E{NIWl=0 g, h &, h g, h g1, &2, hs hy
EINIWI+0 | &, h g, &2 b 82 &: 8:

336

www.dbpia.co.kr



B/ A% 4EA Als Ao AZEY Adel dE A

hy (@)=x*—1 19
olwj, =g

E{N|W=x|=rsx 20

EIN*IW=x|=s"{r'2"+ (1 —7)"| @21
ol g

g @)=rs@x*—1) (22)
E

hy@)=s*{rix*+ (1—67")x*+3r'—1} (3

de A v 5 Aok Wk A=20l2 r #

0 ol=
n 2 n
TL,,(X)="'§ s (i, ) XX+ TS =5 x:
04
o|2, A=10]3 r=0 olx
Tw(0=3 3 rsG )X X+ )5 X!
5)

of ®ich =3 A>2/AY, A> 10l r=00|
=,

n

Tw(N)=3 2 rs(, DX X~ 3 olXI 08
ofm, A<2°lZ r+0°lAY a<1°|Lr=0
ol

TLO(X) =‘§ X:’ @7
22 Foldch 4 -@N& Az A3 A
A A A BAAL ’% = Ak HellA
2ol wpep zbo|, oj4 A FEUEP4ol o
e r=03 E{NIW|=00°] Tt A4
F ks (®) 1o 82 @) 1o & 5 Hel7}t Zohe

AR L 2l # ubgk A olct

V. 3L 40| M5

dutH o2 Hulr|o A A5 FriA &
ol wlmdcl 2 A e FEITEA
% (infinite sample-size performance or asymptotic

oli 1 FHME fUREAS
o A

performance) ¥]
(finite sample-size performance)¥| o)t}
o= A 3 Ao FE AAHEARSE 2= T
4 H Aslrle 1 FRAHSE Ay 2 E

ot gutdoz FRo NAFrt F4E wE o
T e H45s wase A FEE
Abel| & & (asymptotic relative efficiency, ARE) &

&ch ZAsi7iD, o H=7] D, ol tid ARE,
ARE, ,+

ARE,,=lim "t L& 08)

Ll (TN &

2 vehoixmi® o] Zro| 1xc} F wi s
D, ol A3}7| D, B}t FREEE AglollA o o}
+ A%e A A7 n B om,, & A A
371 D3 D, & AA §=9,—~ 02w FolA 2
73 B %-& (false~-alarm probability, size)-% =hZFA
71w A A2 7 3} 88 (detection probability,
power) & A2t & of L3 FRo AJE
HelH 3 £,9 &5 242 AH5rl D, 9 D9 &
44 (efficacy) olegt E2|fc}, Woaf Faial
g4 AL ol &slwl F423 (LO) Halr
o AFW A (square-law, SL) 3}7|% 7144
Aol e F42 A (LO+) #H3l7|ol | FARE

£ N3 W o4 HFELE A W
ARE o 10.= 1 (29
g
ARE .o s1=1 (30)
337

www.dbpia.co.kr



WREE BERLE'88-8 Vol 13 No. 4

of Hr}t wt ofrjq N3} Weo| Agagds ¥
2 Yeldoizle], E{NIWlE & 0

bz, A=2 c=1°" r5(i,j)=8u

A Ret SL Ao HAARA S

£ rlo

To (X) =3 X 81)

=1

oz Folxedl, HARE 7HA e SLA 3}

71sh LO+ A7k SA%E 47 o 4 ok

409 % 602 wol sk Fol P

gol Fo2l 74 LOZAIE LO+ o SL 7
Sols BT 45 E HanE Reldh %A
o, 2Ee] A4k FHY A Polt YA ow
LO 234717 k& A3brol winis) ol $4
e vl 4 gk

olo
o

V. %

el o) Euésp 3 7
of ot ztezwz 7di}7l9| Felol sl =l
Cegieh 2 A3 £7Hb A Sl siEeA AT

o|ZA Agol ot A FaHAH Asprle
FohAbA AHgutel e Ao F42H At
o ubstel g vy HEAQ g ol
el ZFaHH Asprle AAFAFE TAHL
2 Fate] £habA Agatel o€ Wl AAF
Atz vl stglct

olupstyl BEzalel o & AH¥d  AHAM

foi

#H2 (multiplicative noise) stoll4i 2] #EH A3

AskgAle Yol Bl gl

REFERENCES

1. D. Middieton, “Canonically Optimum Threshlod
Detection”, IEEE Trans. Inform. Theory, vol.IT-12,
pp.230-243, March 1966.

2. M. Kanefsky, “Detection of Weak Signals with
Polarity Coincidence Arrays”, IEEE Tvans. Inform.

338

10.

11.

12.

13.

14.

15.

16.

Theory, vol.IT-12, pp.260-268, April 1966.

J.H. Miller and J.B. Thomas, “Detectors for Dis-
crete-Time Signals in Non-Gaussian Noise”, JEEFE
Trans. Inform. Theory, volIT-18, pp.241-250,
March 1972.

L.M. Nirenberg, “Low SNR Digital Communication
Over Certain Additive Non-Gaussian Channels”,
IEEE  Trans. Comm., vol.COM-23, pp.332-341,
197s.

S.A. Kassam and J.B. Thomas, “Array Detectors
for Random Signal in Noise”, IEEE Trans. Sonics,
Ultrasonics, vol.SU-23, pp.107-112, March 1976.
H.V. Poor and J.B. Thomas, “Locally Optimum
Detection of Discrete-Time Stochastic Signals in
Non-Gaussian Noise”, Jour. Acous. Soc. Amer.,
vol.63, pp.75-80, January 1978.

J.J. Sheehy, “Optimum Detection of Signals in
Non-Gaussian Noise”, Jour. Acous.
vol.63, pp.81-90, January 1978.

J.W. Modestino and A.Y. Ningo, ‘“Detection of
Weak Signals in Narrowband Non-Gaussian Noise”,
IEEE Tvans. Inform. Theory, vol.IT-25, pp.592-
600, September 1979,

N-H. Lu and B.A. Eisenstein, ‘“Suboptimum Detec-
tion of Weak Signals in Non-Gaussian Noise”,
IEEE Trans. Inform. Theory, vol.IT-29, pp.462-
466, May 1983.

A.B. Martinez, et al., “Locally Optimum Detection
in Multivariate Non-Gaussian Noise”, IEEE Trans.
Inform. Theory, volIT-30, pp.815-822, November
1984,

A.V. Oppenheim, R.W. Schafer and T.G. Stockham
Jr., “Nonlinear Filtering of Multiplied and Convolv-
ed Signals”, IEEE Proc., vol.56, pp.1264-1291,
August 1968.

D. Middleton, “Man-Made Noise in Urban Environ-
ment and Transportation Systems”, IEEE Trans.
Comm., vol.COM-21, pp.1232-1241, 1973.

J.S. Lee, “Speckle Analysis and Smoothing of
Synthetic Aperture Radar Image”, Comp. Graphics
Image Proc., vol.17, pp.24-32, 1981.

R. Pettai, Noise in Receiving Systems, John Wiley
& Sons, New York, 1984.

D:T. Kuan, et al., “Adaptive Noise Smoothing
Filter for Images with Signal Dependent Noise”,
IEEE Trans. Pattern Anal. Machine Intelli,, vol.
PAMI-7, pp.165-177, March 1985.

I. Song, Nonlinear Techniques for Detection and

Soc. Amer.,

www.dbpia.co.kr



# /A HEY AT Ao AaAE4 gl A A

17.

18.

Filtering of Discrete-Time Signals, Ph.D. Disser-
tation, Dept. of Electr. Engr., University of Pennsyl-
vania, Philadelphia, PA, Chapter III, January 1987.
T.S. Ferguson, Mathematical Statistics: A Decision
Theoretic Approach, Academic, New York, pp.
203-238, 1967.

E.L. Lehmann, Testing Statistical Hypotheses,
2nd ed., John Wiley & Sons, New York, pp.96-101,
1986.

19. S.A. Kassam, Signal Detection in Non-Gaussian
Noise, Springer Verlag, New York, 1988.

20. M.G. Kendall and A. Stuart, The Advanced Theory
of Statistics, vol.2, 4th ed., Hafner Publishing,
New York, pp.281-295, 1978.

21. I Song, “‘Test Statistics of a Detection Scheme for
Weak Random Signals in Multiplicative Noise™,
Jour. Korean Inst. Comm. Sci,, vol.13,pp.270
-276, June 1988.

% % #(Iic Kho SONG) E®&
1960 2 H 20R%4
198242 B | A-E KB B THE 5
¥(T.%1L)
198442 H | A& KB KB BEFT
BE 3 (THRMAL)
19854 8 A : Univ. of Pennsylvania,
Dept. of EEZ¥(M. S.

A

19874 5 B : Univ. of Pennsylvania, Dept. of EE %% (Ph.

D.)

19877 3 § ~1988%2 A . Bell Communications Research Bf
xA

19884 3 A ~Blft | REBFIAHHE. BR ¥ BT LEM B
+z

RRCHTEF: Aot E 534, FAITA As (34 He ¥ FA4A
o]l &

339

www.dbpia.co.kr



