
.-,*),i6/ 1.0 6+.*)&)I61)-, -& (6/+-,)i
0)',6* ), ,-)0i

G2Eg]od]t-Dknmcd]t ]mc F2 Pntrrd]t

Sgd RLP ne ] g]qlnmhd rhfm]k hm]cchshud vghsd mnhrd hr bnlotsdc
]esdq sq]mrenql]shnmax ]m ]qahsq]qxldlnqxkdrr mnmkhmd]qhsx2Thsg ]
rhlokd r]stq]shmf mnmkhmd]qhsxg]uhmf chqdbsdkdbsqnmhbhlokdldms]shnm0
]m ]lokhehb]shnmne sgd RLP b]m ad nas]hmdc0]m ntsbnld vghbg hr
hm]bbdrrhakdvhsg khmd]qcduhddr2

Crrdrrhmf sgd oqdrdmbdne] g]qlnmhd rhfm]kghccdmhm]cchshudmnhrdhr]
udqx bnqmlnm oqngkdl hml]mx ]qd]r ne dwodqhldms]krbhdmbdr]mc
sdbgmnknfhdr2Sghr sxod ne rhfm]k-mnhrdlhwstqd g]r ] udqx bg]q]bsdqhrshb
rhfm]stqd hmsgd eqdptdmbxcnl]hm> hsronvdq rodbsqtl hr enqldc ax ]
rg]qo rodbsq]k khmd]s sgd g]qlnmhd eqdptdmbx Y5) dldqfhmf nts ne ]
aqn]ca]mc a]bifqntmc bnmsqhatsdcax sgd mnhrd2C rhfm]k-sn-mnhrdq]shn
-RLP. Phr bnmudmhdmskxcdehmdc]r sgdq]shnne sgdonvdq bnms]hmdchmsgd
rodbsq]kkhmd]s (x chuhcdcax sgdonvdq bnms]hmdchmsgdmnhrda]bifqntmc
hm] rl]kk qdedqdmbdeqdptdmbxa]mc y5J ]qntmc (S2 Sghr RLP pt]mshehdr
gnv vdhk sgd rodbsq]kkhmd]s (x dldqfdr nts ne sgd mnhrda]bifqntmc2
C m]qqnva]mc ehksdq]s (x trdc sn dwsq]bssgd g]qlnmhd bnlonmdms0vhkk
g]ud ]m deehb]bx chqdbskxhmbqd]hmf vhsg sghr RLP W5[2Cr ] oqd-
oqnbdrrhmf0hshr imnvm sg]s mn khmd]qehksdqhr ]akd sn hloqnud -hmbqd]rd.
rtbg ]m RLP R2Sghr hr adb]trd ] khmd]qehksdqltkshokhdr ansg sgd rodbsq]k
khmd]mc sgd mnhrda]bifqntmc ]s (x ax sgd r]ld e]bsnq -sgd rpt]qdc
lnctktr ne hsr sq]mredqetmbshnm]s (x-0 ]mc sgdqdenqdkd]udr sgd RLP R
tmbg]mfdc W5[2Nmsgd bnmsq]qx0vd vhkkrgnv sg]s udqx rhlokd mnmkhmd]q
cduhddr b]m ]bs ]r ]m RLP ]lokhehdqoqnuhdkhmf]m dmg]mbdldmsEui2

Td bnmrhcdq sgd rhfm]k-mnhrd lhwstqd c,N- Xr-k. . I,G./ vhsg sgd
g]qlnmhd bnlonmdms xly- XR htx,7sÀ0y . Bu(./ ]mc )D,y- ] rs]shnm]qx
vghsd mnhrdvhsg oqna]ahkhsxcdmrhsxetmbshnmO0,z-2Sghr rhfm]kç,y- hr
edc hmsn ] ldlnqxkdrr -mnmkhmd]q.rxrsdl W6[ vhsg hmots-ntsots
bg]q]bsdqhrshb@,2. oqnctbhmf sgd ntsots

è,y- Xndx,y- . )D,y-e -5.

kmsghr b]rd0 ansg ç,y- ]mc è,y- ]qd bxbknrs]shnm]qxq]mcnl rhfm]hr vhsg
odqhncnFOVu)) ansg rgnvhmf ] onvdq rodbsqtl vhsg ] rg]qo rodbsq]k
khmd]s (x dldqfhmf nts ne ] aqn]ca]mc mnhrda]bifqntmc2 Sgd RLP0 ]r
cdehmdc]a nud0enq sgd ntsots è,y- b]m ad dwoqdrrdc ]r W7[

i f"N,L""","3-"el"çu",F1"Zfsy"m"""Xf57
nts - ,Àr2",y-e-opyopJ -6.

km-6.0 ] shld ]udq]fd hr cdehmdc]r

-222BA/q 22tC
L",y-e ]mc Àgv",y-e XLdo,y-e 1 L7",yX qdoqdrdmssgd dwodbs]shnm]mc
u]qh]mbdne è,y- ]s ] shwdcshld yD]mc opy hr sgd shld qdrnktshnmne sgd
qmd]rtqdldms -h2d2sgd rhfm]k r]lokhmf odqhnc hm ] chrbqdsd shld
hlokdldms]shnm.2Sgd vghsd mnhrd]rrtloshnm gdqdlncdkr ] aqn]ca]mc
ogxrhb]kmnhrdvhsg ] bnqqdk]shnmctq]shnmltbg rgnqsgdqsg]m sgd nsgdq
qdkdu]msshld rb]kdr0 h2d2U0 ]mc opy0]mc ehmhsdu]qh]mbd,a~ W7[2

Gqnl -J.0 nmdg]r

-7.

a
.PP

L",y-e X -44 n,z-mYdz 1 x,y-eiz -8.

]mc

O
.PP

Lb,y-e X -44 n7,z-mYdz 1 x,3-eiz -9.

km] rhlhk]q v]x0 sgd RLP enq sgd hmotsç,y- hr

-:.

Td sgdmbnmrhcdqenq@,2. ] udqx rhlokd mnmkhmd]qhsx0d]rhkx hlokdldm-
s]akd vhsg ]m nodq]shnm]k]lokhehdq0sgd khmd]q-khlhshmfr]stq]shnm

5
-6 enq z S 4d:

n,z- X z enq -©2 S z S a2
©2 enq z AAAé0

-;.

vhsg sgd ,b5hoohmf,o]q]ldsdq ©0BN2Thsg3Ç-t. ] ydqn-ld]m H]trrh]m
cdmrhsx]rrnbh]sdc sn sgd btltk]shud chrsqhatshnmetmbshnmMY,z-0 -8. ]mc
-9. fhud

Ldè,y-e XB. ,4B 4 x,yXM0, 4e: 4 xlyX" 1 ,-0 1 xlyX"

w MYa0 1 xlyX" . -J'W(Ç-4a14 ,yX 1 'Y,é2 1 xlyX"e ,M.

]mc

Ldp,y-e X 66 . -©06 - S7,y- 1 ,O"-dMY,0a20 xlyX"

1 MY,C 0 xlyX"e . -J'W-4e 4 x,yX'Y,-0 1 xlyX"

1 ,-0 1 x,yX'Y, 4e 4 xlyX"e ,9-

kmsgdrd bnmchshnmr0vd b]m ]m]kxrd sgd adg]uhntq ne sgd hmots-ntots
RLP f]hm HX ihCC/uiBD2 Is stqmr nts sg]s sgdqd hr ] aqn]c q]mfd ne
u]ktdr enq60ansg GI nq EI cdodmchmfnmsgd mnhrdkdudk-J) vgdqd sgd
RLP f]hm Hhr ]anud tmhsx2Ot]khs]shudkx0sgd bkhoohmfcduhdd-;. nmsgd
rhfm]k-mnhrdlhwstqd ç,y-XS,3- . )D,y-0hr ]akd sn qdctbd sgd mnhrd,@-3.
lnqd sg]m sgd g]qlnmhd rhfm]kxly-0 sghr qdrtkshmfhm]m hqmoqnudcRLP2
Gtqsgdqlnqd0 ]s d]bg mnhrdkdudk4(( hshr onrrhakd sn ehmcsgd noshl]k
bkhoohmf64o0 sg]s l]whlhrdr sgd RLP f]hm H0 ]r oqdrdmsdchmGhf2 52
Ghf2 5 rgnvr sg]s sgd noshl]k bkhoohmf64o0 hr mns mdbdrr]qhkx]s sgd
rhfm]k]lokhstcd RNcdodmchmfnm sgd mnhrdkdudk064os b]m ad adknv nq
]anud R2 Ckrn0 enq ]mx mnhrdkdudk-JI@0]s sgd noshl]k bkhoohmf©,no) sgd
RLP f]hm Hhr ]kv]xr ]anud tmhsx0]ksgntfg hsqdstqmr-eqnl ]anud. sn
tmhsx]s k]qfd mnhrdvgdm ©,nos4. 44 -khmd]qhsxne @,2. hr qdbnudqdc]r sgd
noshl]k oqnbdrrnq.2

M=R TcTSnihg5Sl cTnnTil LCGA frH C77E oEC2 8; gE2 ;7



2.0

1.9

1.8

1.7
1.6

1.5

1.4~max

1.3

1.2
1.1

1.0

0.9

0.8

0.7

0.61 1 i 1 i i 1 1 1 1 Iii
o 0.1

;topt

0.5 1.0
noise RMS a,:,~litude aÇ

1.5

Fig. 1 Optimal clipping J'opt in (7) and maximum input-ouput SNR gain
G",ax at Àopt against function of RMS amplitude ai; (in units of A = 1) of
zero-mean Gaussian noise ç(t)

The present analysis establishes that simple nonlinear deviees can be
used as SNR amplifiers for a harmonie signal in noise, an outcome
which is inaccessible with linear deviees. The present treatment is
general in gO (and also in the noise density /ç); we have tested here the
simple g(.) of (7), the electronic implementation of which is easy; but
other nonlinearities g(,),can bé testêd for an SNR amplification G> l.
Power-law nonlinearities tested in [4] exhibit a similar property of G> 1
but with a more complex physical implementation. Additionally,
application of the present treatment shows that hard-threshold nonli-
nearities, like signum or Heaviside functions for g(.), do not allow G> 1
with Gaussian noise. Other common nonlinearities encountered, for
instance in semiconductor deviees, could also be tested for SNR
amplification. Such simple nonlinear operators offer a useful comple-
ment to linear techniques for signal processing and sensors.
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