ar b7 A MEHEE S
EFILY I 2L — PO
12 L A AR IR O Mgt

(=B A, NI
1. ¥ E

COWITIEREA IERATH D TV b, KA DA B BREIHEINT 5 41211,
HROWD SME L BERTEROAZTUGRIRT 2 Z EPLETH D, Tk
COWE, HREFV o WAERTETON 2% A &V BEIIBIT51E
HETREZR R L oo RO BB 2RE SN b o b LTER
BETHbL, LELEDYS, ZoMFIZIZ ) A XEMIENS, BEDEER =
72w, ETORBRES 25 L EHERYH 5, 7L EOBREN NI
Lo, ENOHFF TV PELTRH#ENLIFIETEY, /A XLE, 15k
LRI, 77, =714 A8, 15— % v M SO
725 F TR A RYSTECAES B

T, /AR D “MhrxRLE” L WIITEBIZEDL ) RigBEER 5
DA DA PR D» L OWRTERE LI L "2 2B T A7
L) ZIT B R OE TS B3 AT 2 012 Galen 12 & 5 IRER D iR 5
BriciiE 5 & s (Le Grand, 1975), ZHUIIAETH LS, SRR, 2
VA= VALV RAIBIFAERET —XD—D2ThHb, £9) LIETIV
D% TIIFA DHERINE ) 4 X ol F v ¥ A RIERE &CFHIIE
SNTw5b (Legge & Foley, 1980 ; Pelli, 1981 ; Lu & Dosher 2008), Zi
5OETIVEEID, BERBIS LT, 4 XSS S50 22T
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SERMELBEINTE . £ OA, T2 FT7 A MaliB# (contrast de-
tection threshold : CDT) #MEICLTWwb, INHDETIVIZBIT 5 Ikl
HRIL, SR A XRWNE L A X0 RIS EHRLEEZHEL, 2%) /4
APWEZIEE /BRI BDL0w) T THb, RERZIILLLRED
2?7 ZoOMEBE LTE, BEERIIEE OB 2 E0H, /4 X2
S TEZDORBEBRTOIFEVNHEL 2200 THbE, ZOHRIIMET /4 Xk
(signal to noise ratio: SNR) Ok T & L CHHTEETH 5, SNR & I3EF
EAZXDONT —HOLD log 12X LTI0 % L72bDTHDY, SNR 25K
ETNIBRBERICEEINLBEOHEILAARTVHERT, ZOHE
BRI B DR S 2 <, HHERDHITHAE S THEA 2V AT AR5 8
B LEEFTLH 5,

L2 LaA5, EFEOMFET I OREEFELRNODH 5, FREDBE %
ST A XNk 5T, VAT LOBENYEINL, SRR L EE N
BRI LR 5HE0 M SN Tw5 (Blackwell, 1998 ; Goris et al. 2008 a,
2008b), ZOFHEIF, INFTEILNTEL "V A XL TE/ DR

BB EVIHIRERDEDETFT I ELEEIIFIET S, 51, HERD X
AL T RHT A2, ZONE ) A XL AMERORZ R T Eomn Ex
AT LHFEPLETH D,

ZO PR A XL o TRZRT (% AB7 &) BIROFIIT I3 IR
(stochastic resonance : SR) 2SHW 5N 5 HM%L\ (see review by Moss et
al., 2004), ZOET VO % Fig. 1 (2/R7 o SR TIEAE/ 4 X2 L 5
SNR OZF % Fill4 5, TOEFILTIE, SRIZ32DaryF—%r &K
ET 5o MM (threshold), FME FDAJIES (signal) &AT/ 4 X (exter-
nal noise) TH b, Y/ A AP L 2 WG, AIET IR EBEARTIE
BEZ B R 2 E0H R VO T, ANEFHPHMEINLFIE, ZOETIV

WZBWTHHES ) A ADHEPEREIC R, 20/ 4 Z@EICL > Ty AT 4
71 (system output) ¥R ->TL 5, /A4 XMEVTFVEE (weak) AT
E5DHNER ) A X &AINT 5T &1L » THMEME T TEDEED H 50T
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a) Components b) Noise intensities c¢) System outputs d) Frequency analysis

Weak .
- o o oE ow 5
_I_L =
£
Threshold -
--------- Hz
Input Signal Optimal .
VAVAVAVAVA . 5]\__
[
* Stropg —
External Noise
} .
MMy T LTTHTTT s
O NIy
~ Hz

Fig. 1 Concept of stochastic resonance. Illustrating conduct of SR against
weak input-signal with three type of external noise intensities. (a)
SR model supposes three components (threshold, input signal and
external noise). (b) In SR, system detects and outputs when signals
with noise exceed the threshold. (c¢) System outputs against each
noise intensity are almost no fluctuation (weak), random (strong)
and same fluctuation as input signal (optimal). (d) Results of fre-
quency analysis to system outputs. Only system can reconstruct
weak input signal only when noise intensity is optimal.

HEBRAENRELR VDT, YATFLHENBIFEALEONE VG, /1 X5k
BEASE VA (strong), AJIMESFIISNEE /4 X2 Xk - T CDT %82 %%,
FOEFEAENMEEBALEIC, YVATLARNET vy L ERY, ENREW
MEfT->THOANEBZ2ETTLENTE RV, 2F D, SNR MK 2D A
IESHMERRLZVIREE 25, —F, /A4 X@EDEY) (optimal) T
ST, VAT AOREINE A RICk o T SN D, EY A TRE N
A XM ENT ATEFE, FOE =255 O R HERNIZHEZ B
Z, TOKREK, VAT LRI ANEG LR CEMNREHZRT, 2OV A
7 AR U TR 217 ) FIC L 5 T, BIETOANESOEITHT]
REL b, 2F 0, BMETOANGEEMINR /A XL o TRAR TR B L
W HETHL, ANEFOE—7EGHHEE 4 XL > THEEEZ % DI
HLETTULMRNTH D720, ZOMRE EITA720I121, > FVEE BT
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Bl BT, AR A AN 5% E) (dynamic) % L7245, M
(static) ZR¥FA LD D SNRIFL VI ESND, FHEE/ A X2k » THE ST
=R VADPMET S E VIR TO R, /A XBEINEY)Th - 7256
DIHIINT =<V ADMA EATRENTWEHENS, SR SHHESVE LT
3N bEH2% v (Simonotto et al., 1997 ; Kitajo et al., 2003), Z® SR
P EBORBEROEHRLI LIRS LabE2a, AN SN REERILE—
KMHEE (primary visual cortex: V1) I2BWT, SR MIKET 4 &k
Br & AR BB AT % %07 5 DT (Poggio et al., 1977), FEHMWIZIZ V1
DR ANEZHHER 2 4 I » THRI N TS Z & FRT,

—H, SRIZ S/ A XN X BB IEHRLIE OB LD X 1 = X 87" & &<
FHPELTWBEEIICEZRS, LAL, SRPARBIZETNVE LTHEYBTH L,
DOBRFIZIN T THIRTIE R ENT VRV, Y5k 0 Blackwell (1998) %
Sasaki et al. (2008) b4}/ 4 X2 X% CDT DT 2EL, #03BHE
LT SR #IRELTWABY, HHE/ 4 X2 L - T CDT 2T L 720 134 E )
W Ze B E RS 1.5-8 epd &\ o ZARZEM RO A TH B, Ak SR T
&, AT AWK LURBEBET AT RE R R Y, AJMEFoREHIZE - T
SNR DEBTHILIEH ) 2 v, 2F ), B/ A X2 X 2 G0
DAL SR TEAEETHHWREELEDH S, TNITHLTIE, ANEFD
BB EIN T L PHERDOZERBDSZEZHEH R L > TERD 2D
(Blakemore & Campbell, 1969), & ZEMHEEE CIIMMEOK TARE 2o
2LV RRBEETH S SR VRBIIEZ Y TH L 0L ) PIcoOnTE, [
— R FEEDO ATEF T B CDT 25/ 4 O L - TEDREIZET)
TLEEFNYIalb— bk b CDT % LB 2 HTHRIATRETH
bho T T, RETIIAES , 4 XL LT static & dynamic O 2 FEDILEL /
A A% ANBEZFIMEE, TFVyIal—bEEEOL b CDT 278D
BB 2 0 % HET L7z,
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2. N fER

2.1 W
REBOWESE IIEERNE2HETS24% (T.T,Y.S.) Thol, & B,
T.T. I3IEHTH -7,

2.2 fEHRM

A COMREREIE Bits+ + (Cambridge Research Systems Inc.) % 4 L#E
FEfRI8E 14 bits T CRT € =% (Mitsubishi RDF 223-H) ~&/R L7z, CRT
E=ZFDY T Ly al— I8 Hz & L7z, EBEOENICIE PowerMac G
4 %f\v, CRT €E=4OH vy <HfilEB L UHEMHMOREICIE 70 7T 45
#& Matlab 3 X UF Psychophysics toolbox 2.55 (Pelli, 1997) % H\ 7z,

2.3 Hl#HK

CDT HIZD 7=, BEEE~OENFIEE Gabor patch %/ L7z, Gabor
patch DK & 13 2.3° X2.3°, ZEHEAKEIL 1.5cpd, o 1£1.5 & L7z, BH
FIBU IR ) A X2 NSz, ME/ A XDRES1E23° X238 L L, 1
pixel 4512 Gaussian distribution 25 7 » ¥ Al L7z, /4 X5 LLT
O 5 E Hv72 (0, 0.017, 0.025, 0.05, 0.1 RMS), / 1 R 013/ 1 X
52 LVHEELERT 5, FREOFHMEE L 55.5 cd/m® & L7z,

2.4 T

WERFH~O 1 trial TOPERBILTOMEFIC & o TRIR L7 EHLA
(ms) =77 7 (B1l: ms) —HMER (S1: ms)—7 7~ 7 HiH (B
2: ms) —fI#ER (S2: ms)— 77 7 (B3: ms), BEHNHITH S
Gabor patch (3 S1 b LKIES2ELLN—FHDARIZT Y FLIZERLT,
F72, S1,S2 TIIHIRDOFR 2 HEENA S 5 2 I HRE D FFIZER L
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726 JAXIEB1,B2,B3,S1,S2IC8/RL, static CEFICHL /A4 X
%, dynamic Tl 1frame (¥ 11.76 ms) fFICZNEFNEL D ) 4 X230
SH7,

WBRE AL 2 b NI, BRI TS % Gabor patch 2°S1 & S2 &
LOIZERENTDPZE 2IFC 2L > THERDZHETH o720 I, PIEFIRE
HIBIZ & o THBRAE~T 4 — RN v 7 L7z,

CDT i PEST (parameter estimated sequence testing ; Taylor & Creel-
man, 1967) = HWillE L, &3 75% TREEAT 1T RE 4 i/ ORI 2
¥ M7 A M%& CDT LEFK L7, 100 CDT g o, #EARIHICmYT %
J A ZREIIHEIC—FEE L7z, 5o CDT #Hll%E % 1session & L, 1 session
NTIEE DD/ A XG@fEEZNENT V¥ ALRIAFTER L, MEEE L
b static, dynamic / £ X FNFN 4 session 22 CDT #{llEL, &/ 1 R
SREZIZB1T % CDT O & BERRGE (£2S.E.) ZHH L7

2.5 EFLYIalL—h
SR 1B B A 12X B SNR DL %L I 2L — Y5720, kKX
(Eq. 1.) #H\WT SNR %% L7, & SNR (£ 121 1000 5 H L 2
ONHEE KD 726

sumR::B§£%§ﬁf§ﬂll (Equation 1)
PSD.., & PSD, 3 ZNFNDNNT = ART NVEETHY, FNbEHE
T A28, A7 4HJJI21E Bistable-model (Riani & Simonotto, 1994) %
Hwy2asahd &) 2L (Eq. 2.) 7—ITZBETIFICL->TER
L7

d(@t)=th>s(t)+ns,d(t)=0
=th<s(t)+nd,d (t)=1 (Equation 2)
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th, s, n IIBHTENENREME, AES, T 7r /4 X%,RL, § I
Gaussian distribution DfEHEREZ RS,

3.1 CDT

Fig. 2 I &M B O static, dynamic (2381} % CDT %#44EL /) 4 XsaEDM
B L TR, £78 Y ML 8trial 0 CDT # RMS0 & CDT & @ kD
¥fizRL, =7 —/"—1328E 2/RT, EDflIZ CDT ®» LA-%, ADER
BT %KY 2N F TOHATIFE (Blackwell, 1998 ; Goris et al. 2008 a, 2008
b) LFERIZ, &ML BINE, 4 XS 7254610k K TH 2~3dB ##
JED CDT O TA RSN, SE 4 ZRENKE 2% L, CDT DK TIX
Ronth oz, 72, static & dynamic DICIIEEZEIR SN R0 -
725

€ | Sub.TT. —@— static noise. £ . Sub. YL —— static noise_
e} ---&--- dynamic noise - <--G--- dynamic noise
© 3 2 5
2 £
22 g,
= £ ,
2 , 5 :
i + T o-e= .
@< o i *
o R ! £ :
g : ¢ i % e
£ 1 (]
5 H H g
€ -3| { H =
=] H 5
o A S
0 -5 6 - . . —a ‘DJI
Noise contrast (RMS) Noise contrast (RMS)

Fig. 2 Result of human contrast detection threshold (CDT). 2 participant’s
(T.T.and Y. I.) average threshold (dB) as a function of external
noise intensity in the static (fill circle with a solid line) and dynamic
(open circle with a broken line) noise conditions. In vertical axes,
positive value indicates higher threshold than condition without
noise, and negative value indicates lower threshold. Error bar indi-

cates 2 SE.
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SNR (dB)

Q: static noise

" X: dynamic noise
x
«
"
=
x
al
x
oL
x
o
o x
o o
(=] o ° o
20 o © x o ©
o ° x x
& L L L 1 ¥ * ¥
05 1 15 2 25 3 35 4

Deveation of Gaussian Noise

Fig. 3 SR model simulation’s result. Illustration of SNR (dB) from SR model
simulation as a function of deviation of Gaussian noise in each noise
condition (circle : static noise condition, cross : dynamic noise condi-
tion). Each plotting indicates average SNR from 1000 times calculation

3.2 EFNVYIalb—F}

Fig. 3 13 SR O static, dynamic #5RMFICBITHET VT I 2L — M DOfR
ZRY o #tiliE SNR & HilE ) A X2 Rd, MgtfhL 48 4 X2 &
5T SNR O LHMPE 5172, ik SNR I static Tl 4.23, —7, dynamic
T1316.31 £ 7%V, dynamic D57 static £ 1) HEHW SNR Z/R L7 2D
ZElE, K/A XL -oTH &R ENS CDT OETIZE %L Y, dynamic
DN CDT % L VIR TS ELHLERT 5, L2L, CDT OfR LT %

272,

v bR £ A2 X % CDT DI T %335 ET, SR %409 »
% 2QFEFOER 2 4 X (static, dynamic) ZfH T 2 FHTHET L 7zo T D%
B, CDT 3 Wigetl& b4 A Rk o TIRT L, WM T2
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Bohkerorze LML, SREHV/ZETIVY I 2L — hTldikKk SNR %
Y7257 A DRI A T3 555, A SNR ICESE SNz, C
DY Ial—HMICDT OEHLIET—HLah o7z, ZOHIE SR IFHEE/ A
Z2X % CDT DT Z2HMTA720DFF N E LTEYLYTHEVEEZRT, SR
TIEVITHNENRSD SNR 29/ A X2k > Tl LT 52 L2 ERT 5
25, BEBEHRLEIE VI OATETINTWELITFTIERL, ZORICIEHE
BOBEIERUEDSGFET 5, 2% 0, SRIIHEH/ 4 X12L % CDT DK
V1, EENCI VI TOHRLTHL EEZSHH, CDT IEV1ITOH
HOITIZEETUATFEZ DT SR TREATSZ o728 vz B,

Lo Ladss, RERIZBIT A CDT O%GE, SNR 2998R ./ 4 X2 & -
TEAL CDTOET %3725 FTHOAIIBVWTIESR DY I 2L — b &—3
LTwWw7z, TlE, RFEEIZEIT S CDT OZ&H)II static, dynamic &5 5D ¥
2L —bMCEDP DN ISROEF LY Ialb— MEEFNRFRHEKRT
static Tl 4.23 dB, dynamic Tid 16.31dB ® SNR #Jij kL, i 5 SNR
DIFZFENFNELFEED CDT O TFE2EKRT 5, ETVY I 2L — MIBIT
BEM s, thyn IMEFEOHEADOTY I 2L — FOMENIZNSDHEICE > T
T 55D, WK SNRIFAETHS, $72, CDT OZEHIT U TR R -7z
DT, B L SRERTER LIS, A XlENICIE K SNR 271E L
72 B BHERE D CDT 2598/ 4 RI2L > TR 2-8dB KT L7z &
DEHICEZ DL, static DFAT CDT OFFNITH L TW72FHITk 5,

static IZF8 L TiZ, SR i3 CDT OZ&H & —FK L Tz, Tid, %¥ dynamic
TIRETUNTET S L) BRERPEONL 2o 20D, FNITDOWTIIER
L7-BH L FEEIC SR DMRET AV AT 4 kb b OWMEROMHE, static, dy-
namic TNEND /) A APWHENE RPRLLHENEZONS, £F, SR
WKBWTIR Y AT MNP 2O BB SNL ZE2RET S5, &b
DREREBZORHTRICEZ L, HERATIE VINELNDLRICIEEHR
% (sustain), %% (transient) &\ hbitb 2 DDRIAF/ET 5 (Bishop
et al., 1953 ; Enroth-Cogell & Robson, 1966)., & AL B E KR, =2
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W BE S OfERE, —J), BIERCTIIBRME R, 2 E RS0
BT ZNFNEEINDL EEZONTWE, b L, DL L LIEHIL
BEEAEWICEE LD > Tz THE, CDT & dynamic Tl & H 1K
TI2FICRDIITTHLIBARMIETIEZ ) THD > 72, Manahilov et al.
(2003) IZBWTHFEMICHEREEZSTBY, static [3187%% T dynamic I3E
WRCTEIMEENTVE L LTWD, 2F 1), RIFFETOREMRIILEE R
TRIEN, ZOLNIKGET L L) RFETH o722 £V 5 DT dy-
namic BEOEHHEMIBE L -0 EZONL, L L, HEE
WMITEF EBEOEL L P—FOHRIKIGFEINDDTIE%R S, 72 2 dynamic
THo THHEFH R P LNTEATHRSE, 2F), TOZ LT dynamic 2°
EUEPLEERRS ZH L, CDT DETE2FISRITHEITRETH S,
F7-AEICHNB 2 4 K12 & % CDT O TF®EIZ/ A A@ETIE R, EORE
DBPEHHRE EA TP TTRTELZ L W) FEDERT 5,

INLEFEDDLEARMTIILUTOZ EHEmOToNS, £F, SR i34}
A XLk B CDT DT DA A =X L% —ER5 CTIEBHBHTRETH b HAE
ETHb, BERLEEFROERI/HE BT/ A XDOFRIET RV, £
72, dynamic 75H L TV /-f#2 2 #EEHR S 2 1L, CDT 0T &5 &k
CTHENFTRETH S,

5. & ¢ U

KEEIHMEE /) 4 X2 X % CDT OZEBD XA H = A LIV THRETIERS &
FEI VI EPIIOWTE Lo TOMZRIZFERC, B rORZPT S %M E
EHBIE, EOME /A ZXEEDEL ) ICERTRITRVONE W) HIWIZY
BV ZHEHNTE, 5L EOWHTEEBOKT L 72 BENDGHREE OIS
FIZOENBLURMDD Y, EBRIZIBHIE~NORA LD L, 5%, 05
DIFFEDFIEEFE o
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Can stochastic resonance be adequate explanation

in contrast sensitivity enchancement by external noise?

Tsutomu TAKAHASHI and Akihiro YAGI

Generally any kind of noise impedes information processing. Some stud-
ies, however, have reported an optimal external noise intensity which de-
creases the human contrast detection threshold (CDT) compared to weak,
strong, or no noise. Previous studies have used stochastic resonance (SR),
an old concept from statistical physics, as a model to explain the phe-
nomenon, even though there is no evidence to suggest that SR is truly in-
volved in the observed reduction of CDT by some types of external noise.
In the present study we challenged this issue by comparing the SR model
simulation and human CDT fluctuation as functions of two types of exter-
nal noise (static & dynamic). We found decrease in the CDT in both noise
conditions. Furthermore, these changes in the CDT were almost identical
across the conditions, contradicting the SR model’s prediction that there
would be significant differences in human CDT changes according to noise
type. These results indicate that the stochastic resonance model cannot
adequately explain how certain types of external noise decrease the CDT.



