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MEIZIDEDOENTWEEENE, Lz > T, b NORAMELYHET L2012, HEBEROLHE R
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MHESBRZBEM L L) L3257 Tu—FhhshTwnsg (DR)6),

KR B2 T B BEER IEET 57201213, MEOILE 2 BET 27217 TEIA TS TH Y, HaiEs
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2. MEFETTILOBRE

KEFZETIE, TIBF S AERT B TV AT — VISR WHBIEHEEE 7L ) o 2 i L2571 (4
EARIZLT, FOHDORGHEZERT 5. T8 S5 OE7IIE, Schnapf OHEAMILIEEE 7L G) 12mz T,
Z oo GRCERE, SUsHil, 7~ 270 UHilll, MR ongsts —2oE T
T L 72 Hennig & Worgstter (2) 7L (1) Z#X—A & L, ZAUZJEDHEIC BT 5 kR0 7%
AR D VR E L 72 D TH 5.

Hennig & Worgotter DE 7V, HEAMIIC BT 5 EABER &, LoMOMEHBOINEZER LD
DTHY, LFIRT 6 LOBVMSHFERNTREINS, ETN/NT A =5 OfEIE, TXT Hennig b D5 %
B L2 (D) F9°, MBI 2 BEEEEE Y LT IORT.

reae N = S0~ 5 (=0~3) )
ACBPUL — B () - 1) - 840 [GMPI(0) @
WM e ((GMPI0) - 1) - a- (G0 )

To2 = { ot (- HI6) — b (100 (@)
R NN <l IO 11 5

SR DTG EI BT Vp(t) & LTHHSND. Solt) REEIC AR S WA RESTHY, Sit) (i > 0)
IRBEZE R %, Toase ST DBEERE RS, [cGMP)(t) 1, BIRZT7 /v v —1) Y (cCGMP) DEETH Y,
[Ca?T) ) E I Ny 8 A F O, [H|(t) 3ROBOBELYEDT. a BEPy I, 414 VORMAERBLY
iR ERDLL, I3 cGMP OREHRIGIZET 558 %, Cp BEFREREZEDT. A\g BLP oy 1314 Vit
FEDOWNZEL L WP ETH Y, Sy 3NZEBEOEHEEE, Ay ZEHHEOHLERT. ¢p 12 Ca®t A
FUBERICE o GE SN L BAEMTH Y, qr 13 Iy BRICE > GEI SN A BB TH 5.
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HEAHN LA DML O IEEE, LUF IR — By 72 BN 51 S5 4 [0 % € 7V (Bfi{L RC MK E 7 V) 2w,
Tq}?‘%}:%H}H@E Fﬂﬁ@;ﬁl;{ﬁ%@;"fﬁci o 7GX?-Z}{5\L: I V) %%é na.

N
CQ%Q = {;%m@~ﬂdwEg}+YézEZﬁz “
oo M (7)
V;??"C - Vrest
T(Vpre) = .

1+ exp (7W)

72720, CIEHMREDEE=ETH D, V(t) FEMIDEEN TH S, G() R F TR T 5 ATHY,
B, BT 2N ST ADRL B EEAT ANEBENTH S, NIV F TAOEEMIEL KL,
EEICER OO & 212 0.4, ZNUSNOMILTIZ 03 DMEXIMS. £72, Ve 137 F 7 ARGHIFLOBE
BL%, Viest \&FFILIEER 2 7R

HERAIIE D551, Osterberg |2 & - TR & NS 54 (6) % AL L 72 Deering ®E 7L (1) %15
IEL, #8Ff +30deg M4 OHEMKTRES G 2 KD & 9 1B L7z (),

cD() - 1000 - (%)_j if 0] > 1[deg] o
\/%—Hexp *%) +p else

Z 2T, CD FHAHEFEY 72 ) OHEKEE (cones/mm?) 2K LTBY, 0 IITLEPLDRFLATHL. T
7z, SERHIREE R O KB R £k = 170000, F0ED» S T3 ICHN7AIE TO®EL p=4000 & L, p=1.8"1
ELTEMNT =2 IS8T L7,

K12, Watson(®) 12 & ) $2 % S N7 KBASRRET ML O 534 € 7V ZEIE L C, BLEFA £30 deg #2450 AT
KIS 2 AR B A0 & g0 72 (D, HuGEREEE T, T2 BRI IS & ) HMIRAH & H L
Ch oMk o TBY, I OEBMOBEMILITER L T 2 Wik ifiiax, POo@olp~eM Lo ontn
B. TD7IT, EBOHEE L TOMBEEMILO S LT, AL O AL S w0 H5E R
RIS 208D B, Curcio & Allen(®) 12X 2 &, +15deg 1 F TIE, HFREEIMII & SEARHT O B
IZEABTH 2D L END T L b, KEFZETIE, +15deg DI SEARMINEEL & MRl 14 1 Txbind
b O EAGE L CHERER EE AT B E 2 TR BRI 0 45 i 2 g L, 2 D FLETIE Watson D€ 7V
WD L E LT £/87 X — % Offild, Watson DEFHICHEV, a, = 1.8938, B, = 2.4598, v = 0.91565,
§=14.904, = —0.09386 & L 7.

h(e)zzéveXp(<%i”)v) ()" o)

S50, MR O RO & ORRZRD L ) 1ZEFRL, FUHREIZB 5 2HFE O 2RI
ERFEARR L7, &b, SR LIS, MEMRICEE 720 TRMOFI % £ 7.

RF,(0) = exp(ayd)—p5, (11)

72721, n e {HC, TBC, AAC, NAC, WAC} & L, %/89 %A —% % apgc = 0.05, Buc = 0.5, arpc =
0.05, Brec = 0.8, asac = 0.07, Baac =0.5, ayac = 0.03, Byac = 0.8, awac = 0.09, Bwac =05&L
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THBFEAREET I O HF B2 HE Lz, 22T, HC, TBC, AAC, NAC, WAC 1%, Z1E7, Horizontal
Cell, Transient Bipolar Cell, A-type Amacrine Cell, N-type Amacrine Cell, W-type Amacrine Cell % 5
LTwWa,

FRORT &) BiEEEFROE TV LT, ZZHEWE 0.5 cyc/deg DF =y =7 F v 735 2 (42
(a)) B L OTRUEMIE Lenna (2 LT/ L — A7 — VAR Z L 72EI% (M2 (b)) 2ZhEhATIT5HE, D
ToR3 (a), (b) RTHAIPHESND., MFDH T — /N — (IHEEMEH MR OREMN AR L TBY, #HEl
EL LI EHBOFERIEE <, FICEL 221 EFIEREBISESC 2L 2/RLTWwA, MK ETiE, Sl
DSANMAF L CIFRIE R B O > 7))  ZFPE S TB Y, LR S FEEIcAT it > TaMIC
BEPKTT 5. 3 (a), (b) IORLZZMDERTIE, BEEHTHIBHEOZRAL % 2P HERTE S
7, EREOMEMEEMEO ML, HARETRALON L2012, 29 LZERIIFEL R\,

(a) Fxv =797 (b) Lenna
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-60 -60
(a) Frvh=75 97 (b) Lenna

3 ETVHT
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3. WREMREITNITyEST

SHMARIRIR D BB 7V DREERZRFES T 5125720, Ak L 72 BEAF ORI £ 70 o 1T &AMl BRIR
EAD AR EDHIE LR\ E W BN D 572012, SEB IO <y €U 72T LEFD 5.
TR EHIE O IE, HARRICBWTRRALNREE 25 2 & 006, MEEMRE LS ARk L, &
LS ) TE TR O 2SR 2479 Z L1280, FMIBRRIENO AL T %) ~ v ¥ ¥ 7 H3ufEE
ThbHEEZOLNL., LeLEWD, HMIOEEOZEREAED S L9 I L THECEOUME 1T - 7254, BB
OHLZAD > THEHRD 2 A AL TLESH (M4 (a), (b)) . 2O &) B4R CITMIBH O &R,
bbb, WEIMVEAEE (LF 7 FE—=) PEbRTLE ) 2012, FMIBUIRAD 21 IS HEEHRE BT
572901203, FHEIICHOANOEHFEEOUHE 2TV, MOV ERRE R TBLEFD 5.

Z 2T, MBI A % BEBCR OREE IO L, MBOMT] & 2N 25RO A7) 2 &
IZED, HEEEA S AMUBRRAR I 2 ) AR I B 2 BREERE T T 572007V T) AL ZRET 5.

-50
e
o 52
-94
-56
-58
-60
@) FxyAh=73v7 (b) Lenna

B4 R 2 7R OB

3.1. PEERIBEAN DX

FREDD/ZOOFME L LT, HEBREARFEETIE S A 2 PR OREE N It i) 5. FLGHIRICHAES %
LB LTED 12 L, ThEaERbZ LX), BEKRONES155 (Algorithm 1) . 2
DIFIAT T OBREE % X 5 1R T

Data: Ganglion cell distribution G

Result: Staircase structure(S[Retinal radius])

for i < 0 to Retina radius do
‘ ST &% bixels in the concentric circle of length i from the fovea of G

end
Algorithm 1: Ganglion cell distribution - Staircase structure convertion
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_Eccentricity[deg]

qm[]
sm[TTT]

g | eI
] »> o (T T I TTTTTTT]

| s O o

w

Stair capacity

K5 ®ISAHT TV Ty X L OB

3.2. #MREROFLED

RIZ, FIROPFBAEE ISR L0 T — 2 133 LT, MlBOFEEOOMM LT . &I, KERIZBITS
22D %F (Blank) 7%, TOERDOEEFD1/10 U EZ HO TV 200004 E ¢ K EEPSIHIZAT) . 2 DO%MH
iz TEBESi-1 & ThE, 2O 1DOTFOES[] % Target & L, KHi T2 EHDOEY (Cull) Z1T\,
S[i— 1] IZ#A (Insert) §4. COFMEELMED R LATH) ZLI2LD, Mlg0ZFEEDEEH TS (Algorithm 2).
C OB BARN B 2 K 6 1R T. B, LT — NN capasity (£, TORICBITAEROB T EHRL
TW5,

Data: Staircase structure(S[Retinal radius])
Result: Optic nerve structure (New S[Retina radius]) . Cell I:I Blank |:-| Target
for i <— 0 to Retinal radius do inisert

temporary elements

if Blank more than 1/10 of S[i-1] capacity then S[0] . /_\ -:-
Tanget i s ST ,
for j + Target to Retinal radius do S[2] m Cull

//Algorithm 3

Cull oy, seil 11111111
Temporary elements <+—— SJjJ;

Aot 1 st [T T T T T11]
S[j-1] Jnsert. Temporary elements; :

S[j] « All Blank; v

Eccentricity[deg]

end >
Stair capacity

end

end

Algorithm 2: Gather of the cell 6 FFEIEDWLELDH

3.2.1. EZD:EJH

BROEHNIUTOFHREICENT). TTREHFRE 2> TWVLEEEROFERIZOWVTORRKANHGCD
AEML, GOD OfEIZ L » GEFINR OB A 5ET 5. 20Ok, HALOBEOEES GOD THETLHZ &
WKLo THRONBE N 720, 5EBO/NERZR»rOHlEZIME T 5. WMEZENEZ 1 OTOMHICERL, 2hds
Blank Tld 7% <Ml TH 2 5E 12 247, JlH L7/ (cellcount) 25 N IZ#E T 5 FCREDET. Miliw
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# cellcount 7 N IZE L WA, ) OEFE (N—cellcount) ($ Blank & 7% 4. DLEOEEZITH) 2 &I12 X
0, BEOENZFEHT L., ZOMBOFL I~ F% Algorithm 3 12787, F72, BRAZMEF %X 7 |2

R

Data: S[j], S[j-1]
Result: Temporary elements (T'[S[j-1] capacity])

GCD <+ Greatest common divisor of S[j| capacity and
Sj-1] capacity; //Euclid’s algorithm

N < (S[j-1] capacity) / GCD;

for k < 0 to GCD do

cellcount < 0;

for m < (k* (S[j] capacity)/GCD) to ((k+1)*(S[j]
capacity) /GCD - 1) do

if S[m] is a cell then
T[k*(S[j-1] capacity)/GCD+cellcount] «+—

S[ml;

cellcount <— cellount+1;

end
end
end
Algorithm 3: Cull
3.2.2. ERDHEA

S[j-1] S[j]
Capacity 4 Capacity 8
GCD =4
N=1

$
TP
B 0O 8 =
$

temporary elements

7 ERLHE OB

Jeb L7z Fin I & D EH SN EFEIL, TNTNOEFICL > TROEEDOEFIT L TEHFET L L9
WHFASNAG. 72210, ARICZERPK->CTLI ) HER, EAOEZRE2ZIL, BRSO v d ) I

ANEDEFEEZTH L TIHATS (Algorithm 4) .

Data: Temporary elements (T'[S[j-1] capacity])
Result: New S[j-1] (Se[S[j-1] capacity])

Se[S[j-1] capacity] < S[j-1] elements;
for k « 0 to S[j — 1] capacity do
if T[k] is not Blank then
| Selk] « TK;
else

if Selk — 1] and Tk — 1] are not Blank then
| Selk] « Tk-1J;

else if Se[k + 1] and Tk + 1] are not Blank

then
| Selk] «+ T[k+1];

else
| do nothing;

end

end

end
Algorithm 4: Insert

BARHY 2 LB %2 X 8 127 T

S[j-1]
ETHE

—_—
D —
temporary elements S[j-1]

New S[j-1]

temporary elements

e

8 IR AMLE OB
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DEOREZK3 (a), (b) ZNENH L THEL7ZREREZX9 (a), (b) ISRT. 2OXHIZ, RETNVT
) A L0E, MEMESMEO =27 ) v FEBIZBT L EBEN»S, —HOSEMBRIC X o THMRERITIC B
JLREERETHILT 250 TH Y, SMIBRENO ANEGHREGLTO0DTERER L.

(a) Fzvh=7597 (b) Lenna

M9 27V XL@EHBEOHTS

4, E=E

B9 IR HERA S, MFRETHINE DB RS W HULER B T ATHEDRHMEEE MR THB Y, HEIHLE %2
BRI BV TUIREE O T I X VG SIND X ) REEEIRDS 2 SNTWDLZ DR TE L. £
7z, 4 L IER LA R, MR RAE T 2 T A £ ) d L E AN OBREHRD 2 4 ZIZEHE S TB Y,
ANEEDO K Y 7 LIV O EBERIERIZN TN S 2 EDTRENT-.

KEgTHW2E T IVIZBIT A MRERI AR 2B W T, T OMBBEAS 1776758 TH > 72D Ik L T,
P—ET N TY) X LBHRIIE 15412208 & 2 0, #8.7%DMPEHA LEX SN THE L. ETVIT) Ao %
BT A OH 21 11891051 D ZERRATH - 7245, MG ICHRAF L 72 2801X 93 M CTH -~ 72, Thix7 T
1) R L5 B ORI IO 0.006%12F EF, 1ZIFTRTOLBAIMDI SN2 812k b, —EoM
JADIEZERD) bOD, |ETNVITY ALIZLY, ZREHIRT LI ETAEY) ZHMORENIEM SN, FHE
I A M ORIFZHHRAFEI S 7z,

INHDOIEDS, ETLVITYALICEIAYY Y E Y ZI2L 5T, HMEHICBIT A HEBHROER . S
CIAMAEIRAR D A T18 % KO 2 120 DFEFE SN, 551%, MBEAREHI OIS DOMEZRET 572
DIZTNTY ALENERETHE L DI, FMIBRIRARIZ B 2 MR o 540 <o SR R Ei AL & O d g o
FRMEZ ORI AR ED &, AMAIBIRIED AT E L COZLEIZOVWT O T L2 TETH 5.

5. i

ARFFE T, HAED L OBR 2 TR 5 RIEE A~ & ik 2 SMIUBRIRR IC B 1 5 HE TR ROBSHE
ehEAH 2 ERHME LT, MREEMIL AR 120 L TRBCIRD 77— S i 2 B & 9 2 7 RO IZ X 2 ) < v
EY 7 - 7T ) ALEREL, JHIX D BMRERICB T 2 HEHEROR L 217072, ZO#R, Mg o
P BIER DR 7272 E L GE T TANOMIEOFEEO D FEBL S N, AR BN 2B 2 BB RFEB O]
B % 5 CIHMUBRED AN TG B 5 5 20 O FEP R L.



19

SENH

(1)

(2)

(9)

Hennig M., Funke K., Worgotter F. (2002). The influence of different retinal subcircuits on the non-
linearity of ganglion cell behavior. Journal of Neuroscience, 22, 19, pp.8726-8738.

Hennig M., Worgdtter F. (2007). Effects of fixational eye movements on retinal ganglion cell responses:

A modelling study. Frontier in Computational Neuroscience, 1, pp.1-12.

PEEF 3, /NE W, T A (2015). MEBEEEE TOVIC X B EBUMEN AL IS ST 9 B O M. IS R
AT A TSR, 39, 11, pp.17-20.

APR B, NE W), A (2015). BUM 35 & ORhREETHIIG O 58 B A RE I 2 E R L 7o R E 7L
La—x A YT A= a YREEA R, 115, 232, pp.55-60.

Schnapf J.L. (1990). Visual transduction in cones of the monkey macaca fascicularis. Journal of

Physiology, 427, pp.681-713.

Osterberg G. (1935). Topography of the layer of rods and cones in the human retina. Acta Ophthal-
mologica, Suppl. 6, pp.1-103.

Deering M.F. (2005). A photon accurate model of the human eye. ACM Transactions on Graphics, 24,
3, pp.649-658.

Watson A.B. (2014). A formula for human retinal ganglion cell receptive field density as a function of

visual field location. Journal of Vision, 14, 7, pp.15-15.

Curcio C.A., Allen K.A. (1990). Topography of Ganglion Cells in Human Retina. Journal of Compar-
ative Neurology, 300, pp.5—25.



20 Memoirs of The Faculty of B.O.S.T. of Kindai University No.38 (2016)

ERE
A remapping algorithm of visual information between retina and lateral geniculate nucleus

Kensuke Kubo', Takeshi Kohama?, and Hisashi Yoshida?

Since the majority of the sensory information to the brain is visual information, it is necessary to elucidate the
information processes of the visual system to understand the cognitive functions of the brain. However, the neural
coding is not yet understood enough even in the early visual system, from retina to primary visual cortex. In this study,
we developed a remapping algorithm to calculate the image projection from retina to lateral geniculate nucleus (LGN),
in order to visualize the representation of visual information in the early visual system. We used a mathematical model
which replicates the characteristics of the dynamics of retinal ganglion cells, and implemented the proposed algorithm
to the output layer of this model. Simulation results suggest that the outputs of ganglion cells are gathered toward
the central fovea while keeping the retinotopic representation of the visual field. This indicates that the proposed

algorithm is able to visualize the responses of the optic nerve bundle, which is equivalent to the input of LGN.

Keywords:

Retina, Lateral geniculate nucleus, Mathematical model, Remapping algorithm, Retinotopy.
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