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A Method for Determining Reduced Structure of a Neural Filter

KENJI Suzuki,t ISA0 HORIBAT and NOBORU SUGIE!

In this paper, we propose a new method for determining the reduced structure of neural fil-
ters (NF), and evaluate its performance. Experimental results demonstrate that the proposed
method removes redundant units from the NF effectively, and that the performance of the NF
obtained by the proposed method is superior to that of the original NF. By the comparative
evaluation, we show that the proposed method is superior to the ability of the conventional
methods quantitatively in terms of the ability of removal of the units, the filter performance
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of the NF and the generalization ability of the NF.
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Fig.1 Architecture of the neural filter.
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Fig.2 Flow chart of the proposed method.

DFRy PIT—=7IRT.

[Step 7] #bBE 1=y FHIBHRILBHL,
DL E, TRTOBIFHIFBIRI LR SNTD
MBERTL, ZRLUUSNE Step 1 ~NR 5.

B, FHENEI= Y ORI, YF2=v 0

HhzEubkdai LT, TOLHICLT, B

BEI NN ICEERES % AT 558 (2) © NF O

Za2=I V7 4 NF OBHEERETFE 4229

Threshold at 0

Threshold at 1

T E

‘Threshold at L

(BT

Stack filter

Remove the #™ units,
indicated by gray circles,
in the input layers of the
NNs synchronously.

Threshold
composition
L denotes the maximum
Calculating error |88 level.

Teaching signal
B3 A¥v2r74N%ELTERENRL NF ~O#EAKE
Fig.3 Explanatory figure for a way to apply the proposed
method to the NF's realized as the stack filters.

RHEWMICRETESL., I2T, LEVWESBROFE
WKESCAY Yy 774 VF ELTERSRAESE Q)
O NF ~@EBT 55813, AJBL= v b OEE
BIRD X S HEEEZM2 5. M3 IRT LI, A
Zv 74Ny ELTERSN, BINHFET 2EK
DONNDANBL= Y PiZowT, 2= v O
Bz EASE L > T, Tabb, LEVEFHRD
BHIC L) SR SN EERISTET 5, EROAN
Br=v b (ENNDOASBDIHLT, 2=y M FF
AREC 2=y b)) & FEECEENICHBRL, 20BD
BEYFETS. COXIRERILY, 71D
NF ~O#EHIEEL 2 5.

AFEIX, BEO NN ORHETH S EHEES &
VHEEOFHELFIAL TWA LY, REMIERMEE
ML TBY, BFIkEELZbRY. &5, BEOD
NNO7—=%7 7 F v ilEFOERLMR B2 TE
BT, BHICEEDON—F 77V 7 2T
EREMETH D E V) BEHEHO. '

3. CEGFM@RER 1

3.1 2 R BREGROEEBNENFT
2RTHABBOBENENELFF ¥/ NF &
VT, AFEZET 5. BHEY 251X 2EER



4230 TEHIIE

FRwm R Dec. 1999
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F1 ERETHEOMRO LB (BAREGOEEEENEE)
Table 1 Comparative evaluation of the performance among the proposed
method and the conventional methods.
Group Neural filter Execution time | Structure (Num- | Number of connec- | ISNR
number [hours] ([%]*) ber of units [%]*) | tions No ([%]*) [dB]
— Original NF 60.0 (100) 121-50-1 (100) 6100 (100) 7.6
(1) NF obtained by the | 202.0 (337) 121-27-1 (87) 3294 (54) 7.5
method in 16)
2) NF's obtained by the | Tremendous — — —
methods in 17)~19)
3) NF obtained by the | 59.5 (99) 61-8-1 (41) 496 (8) 7.5
OBD 29
— NF obtained by the | 50.5 (84) 22-8-1 (18) 184 (3) 7.6
proposed method

*Numerical value relative to the original NF.
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(b) Proposed method.
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Fig.5 Receptive fields: the results of determining the structure of input layer of
the NF using the proposed method and the conventional method.
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(a) Output image of the original NF. (b) Output image of the NF obtained
by the method in 16).

(c) Output image of the NF obtained (d) Output image of the NF obtained
by the OBD 29, by the proposed method.

6 (IIEGO LK
Fig.6 Comparison among the output images of the NFs obtained by the proposed
method and the conventional methods, and the output image of the original
NF.

F2 YULEEH O LBEHi
Table 2 Comparative evaluation of the generalization ability among the NF's
obtained by the proposed method and the conventional methods.

ISNR [dB] (SISNR* [dB])
Object image | Original NF | NF obtained by | NF obtained by | NF obtained by the
the method in 16) | the OBD 20) proposed method
Woman2 5.1 6.7 (1.6) 7.6 (2.5) 8.3 (3.2)
Man 3.1 3.7 (0.6) 4.1 (1.0) 4.1 (1.0)
Crowd 1.4 2.2 (0.8) 2.7 (1.3) 3.2 (1.8)
Airplane 6.1 5.8 (—0.3) 5.8 (—0.3) 6.3 (0.2)
Lake 2.3 3.0 (0.7) 3.7 (1.4) 3.9 (1.6)

*Subtruction of the ISNR for the original NF from that for the NF obtained by each method.
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Man

Crowd

Airplane

Lake

(a) Input image.
7 WHEGOLE CRFEZEE)
Fig.7 Comparison of the output image of the NF obtained by the proposed
method with that of the original NF (Non-trained images).
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(c¢) Proposed method.
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(a) Input image g(z,y, tg)-

8 FEBIMNIEG (BH X HEhig)
Fig.8 Images for training the NF.
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Table 3 Comparative evaluation of the performance among the proposed
method and the conventional methods.
Group Neural filter Execution time | Structure (Num- | Number of connec- | ISNR
number [hours] ([%]*) ber of units [%]*) | tions N¢ ([%]*) [dB]
— Original NF 48.8 (100) 125-50-1 (100) | 6300 (100) 16
1) NF obtained by the | 114.5 (235) 124-50-1 (99) 6250 (99) 14
method in 16)
2) NF's obtained by the | Tremendous — — —
methods in 17)~19)
3) NF obtained by the | 112.5 (231) 58-16-1 (43) 944 (15) 1.5
OBD 2
— NF obtained by the | 91.5 (188) 40-9-1 (28) 369 (6) 16
proposed method

*Numerical value relative to the original NF.

(a) Output image of the original NF.

(b) Output image of the NF obtained
by the proposed method.

9 HIERO
Fig.9 Comparison of the output image of the NF obtained by the proposed
method with that of the original NF.
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Improvement in signal-to-noise ratio [dB]

0
0 5 10 15
Frame number
————— Originat NF -+« Method in 16)
——OBD —— Proposed method

10 ISNR % i\ 7: & NF O%AE0 L BEHfi
Fig. 10 Comparative evaluation of the performance among
the NFs obtained by the proposed method and the
conventional methods in terms of the ISNR.
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