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Abstract: In recent years, sensor networks, high-bit rate data such as image and sound can be aggregated.
However, these kind of data require large band width and high computational power at the center. Thus,
distributed recognition architecture has been proposed. In the architecture, sensor nodes transmit extracted
features and transmit it to the center classifies received data from sensor nodes. However, the most of conven-
tional architecture has a problem that we cannot update classifier because we cannot obtain observed data
in the center. In this research, we propose a new communication system that can achieve data compression
and classification of sensor data simultaneously by using AutoEncoder and classifier, respectively. In the
proposed communication system observed sensor data are compressed to able to reconstruct for classifier
update in the center. In this paper, we described implementation and evaluation of the proposed method
and verified that the proposed method can update classifier while achieving low reconstruction error and
high recognition accuracy.

Keywords: autoencoder, sensor network, deep learning, classifier, data compression, distributed recognition

1. 1FU®IC

AR, b HEAT ORI XD SR TRl v Yt
MR

b BAEHAN R R AR
Graduate School of Toyohashi University of Technology,
Toyohashi, Aichi 441-8580, Japan

2 HAREEEREHAS T Y 2= - 3 SRR P "

a)

NTT Communication Science laboratories, Souraku-gun,
Kyoto 619-0237, Japan

BAGPANREREE

Toyohashi University of Technology, Toyohashi, Aichi 441-
8580, Japan

komukai@usl.cs.tut.ac.jp

© 2019 Information Processing Society of Japan

, WP ERE Vo EREOL VT = 2 B2

K LONFEINL 2018 4E 7 HOR VT AT 4 7, Sk, L=
NA )V (DICOMO2018) ¥ ¥ RIYw ATHE S, N/ )V
YA —T A YT ENN=RA VTV AT AR ETAIC L D B
ILFRE SR Y v — F VDI SN2 T TH 5.

1780



BEAIEF =R NEE Vol.60 No.10 1780-1795 (Oct. 2019)

BRTEXL LI o7, THICLY, BESBICBITA
Wty rr 1)k, HARBRELY Y V7D L) L
MEDOBSELRWIREITI) LTy P T — 7 OBERLZFD
NS DAIATON TS, — ety N —
7T, YTy ERET LTRSS, BT —
Y &G B0 E R (LU, B [45%]
LRLHT ) ZATV, ZOfRERED LI XY PO,

MUY FORTE Vo 7B ZATS . LAL I ) ol
Miad7) 72012, B H A WS LT R v
kv v rE—5E7r—5try (LT, iz [krs]
EREHTA) ICTNTEDLE, vV =K -2V IEO
HEEEEKICR VEEFEEEEL, 7% OIUERK
WA ARt E LA, 22T, EVH /= -
tryMOBEEEHIRT S 2 &2 & Y lEwEEE % %
HT2LENH S (2. 2B, BET—F¥=OHRICIE, H
WCHEEZ B ST L7200 TR L, REBDOHRIZL S
T AT LN B BFEaAL, T — XD B
EDRIRHINF D FRFTE 5.

COMBEEERT L2012, $FEFLTTu—FOF
EHREINTVE, ZNEOTETBEZAT) EfT—
7, PEAEZTICER L GEMER) 7—2%, 9
RER L (BRI 75, 2EBEINLV (B
W) 77— O 3HIZHIT A I ENTE L, FRIC, FiM
JEff T — & CHREXIT, = NNTHEHET ) ET VTS
BT -7 7 F X LIRS, —T;, BEWERT— ¥
oy = FENCEIE ) V=A% LBEETHH, bl
FEREZHIMTAZENTES.

EBOX by VT =7 2 g LA, Kt oW
J = FICEE R ERUIRRE 2 Fr/o 8 5 2 &1L, il
M, AT F AL R N2EZ D EIFRICHEET
Hb. Fl, Lyt — NG ESE T HE LSEHT NV
TF=Y DA METEETLIHE, Ly IZT\VT—%
DHADPEEEIN, TOT—FIIEEEIN R R>TLE).
FEREY D LU 7T 59 2T, BICENN TN EEE
L7356, SRR OZALRBE O = — XD ZALiZE L
TIRNVOBM/ZEEPLEN b EEZLNDH, T
DB/ ZEHEET) 2O FETF—8 (R TF—5E5
NVT =5 OxF) BRLFEERDL, LhL, BREMHT—5
THEEEITIE, LV FICETRNNT =7 DADPREEN
TWa720, FNVOEN/EEZIT) ZEPRETHS.
LT, B TEEL T -8 2 T S
THEL22Y, vy AT 7= % 2HILTENIL,
FAVOBIN/ZEER, 5121, MmN/ ZEE
ReeRIZEHTEHLH2RY, oYty I —2 %
IOFRKIEHTEL L) IR 5.

Z 2T, RWIFETIE, GHGE#RY AT L2 BWTHHER
DO H W FE 22 B/E TP & L T, Neural Network (NN)
D—1ETd % AutoEncoder (HCOFF71b#, LT AE) [3]

© 2019 Information Processing Society of Japan

RV, ErH ) — Pk U AREBEETIVERET S,
BETHETIE, AEICX A7 — 7 RICEOHIRE G L7
HWEBOHIMZIT) LB, AEOTRMEZ ATTET S
RS EER L Ca AT . Sk, Ay lick
VT = F RETCWRERIREECER L, LERGAICIIE
TRHED TN v 7 EFH) T T, Ly 7 IC5HGOH
FRICLELR T = INDPEETH L)% b. 2, ¥H
T =S L LMD RE & %2 B 720, LM 2 e T
FE Y D IEMEERER BB L RIADL 2 L5 TE 5.
T, KELTlE, 2 B TAMAEORERR LMHET 5
WFRICOVTIRN, 3 TETRMADIRETFT L, T0FEE
FHEIZOWTHRL, RIZ, 4 W TREFILEOEHEN 4
fE & BT OMREILERB L CBEAFET 3 L oMl
f79. S50 5 BETEBOEM CHE SN L IRWISH L,
KRIRETHEOFRAM T ER L VRT. RHFEIC 6 2 CTERE
Rxd L IIEEY BN, THETARGLETLDD

2. MBTEIRIE CREMR

2.1 BTRIE

A2 CRET A BRBOE TV ZE 1 1R, 20X
AN, =t/ —F (Wt hil) 57—+t %
EWPFRICHEN ST ISR E SN T WA Z L2 EL TW
L., oy —=F -y 1)1 CESBE LT T
BY, ¥r¥ay V- ofE EHRE) 75t
VYTV RALTCT =Y 2 MHT A, v T— 51
t U = FHNTE V37— 5 55 & 4l L 725
T—F (FHIEMT —5) ~NERIND, Ly IANEIO
FEfET — ¥ DREEN, LYy TCRZELLERT -4 %
bllcafEE ). FIRER, SEINEREZD LI0A
Ry NOFHT - LY ROGH A E&TD .

72 21E, RB LR ENTH AT RS, LG -
TV WA DERRRHEZIT ) GE R L, vy v Iidg
OZEF 7 ERERZTFICHL DI R o TwhnE ) et v
Yry T —2TiR, FIfZ#ED L) BIC, EBREEZRO
LYk y b= T, GETNVOBINMRERSLE
IR BEED%V. TNEDEEICE, FMT—7 5+t
YHTF=SREILL, BT IF LTCFETINY &
TRATHIBREL T aHMT—4 L L, AE ZFEHET
BB OARZHEHTHIENTEL., B2, MELTw
e WRLEE T OS2 o 72356%, S FEAKE
AT L DS VY VS ERGT AL AR EICIE, B
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Fig. 1 Assumed environment.
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T =8 AT B &) BHEKS U OREE RIS Z
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Y CHlfg A7) FEOMEL RENTwb. L L, HEiE
BT — & THE %479 20121%, 50 LogkEesr+
FICFBINTEY, PEBOBFEIALELRERETH
LIENLET LW, EEOE YRy bT— 27 OMEHTIX
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Fig. 3 Proposed model.
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LI, 331HTRS BANLHEETH L, / — FH
faz, ﬁ TR L 72 AE I W OORY. RIS, 3.3.23H
T, FERBRICHON, FEOTFATEE I LR LD
T & % Convolutional Neural Network (CNN) % fii i
L, AE 23 L7V %A/RT. VAE X AE & #2740,
HERETNVERETAHIEICED, oAy bT—2 2B
WC, YT DBRB LA, T8 O
TN TH L EEZ D, 2T, VAE 2 i/l LIRETE
AWML/ %, 333HB L33 4HTRT.

n B, T&T@%%%?w’ﬁwfﬁﬂﬁ/—Fﬁ%
Ny, WiiE/ — % N, &L, $XTOREIZBNT
Np > N, DAL T 5 L) IEZZET 5.

3.3.1 Fully Connected-AutoEncoder

Y, mOERWLRERH G TETVZIELT 5 AE %
ZE2 D, THUIDETHRARLIREE TIVOIERE L 2 B
Thb. 4 |2 Fully Connected-AutoEncoder (FC-AE)
EFNVERT. U, EﬂE%@bA5E%m®AET
ZEO ) —FiZ12ROBO ) — FICEHEGIREICH 5.
£oT, Npy=FEhE/— % N.= EPF“ﬂ’:/~ N L 7%
L. Fi, PREE AN LT 208D ESHETHKT 5.

R LT A= 2R 1 ICRT. IEHALE
I3, AE Tl Rectified Linear Unit (ReLU) =/ L, 63‘
AR Tl 8 12 Sigmoid B L, £oMhokg iz
ReLU #fill¥+ 4. $72, AEB & U/\*E%E%H‘“ﬂ‘éfm
ORI EN L 35 7%  (Mean Squared Error, AT
MSE) #fiH7 5.
3.3.2 Convolutional

Neural Network-

AutoEncoder

331HTIHAE D/ — FZ&FE ALV FHA S
A, AR CHET L T Ay b T — 27 BTV TR
o EFHTAILOMETESL. 2T, AEIL, E
ELTHERERICHVWSNA CNN 2@ L2 TV %2
5.

CNN 1, Wif§= 2D /8% — Y %23 $ 572012 — F
252D il AP HEE 2 FED NN Td 4. Convolution
BT, FifE2SRBITNEEAEA TERAAEIT). B
AFEAEE, 2D OWHESFEEZ TS, R 7 405N 2D
FORLL 7= FHHEEIF LTCRETH L7720, 2D /Y
5 — 2 OFATBENIHT LT, Convolution i, [F UKt
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Fig. 4 Fully Connected-AutoEncoder model.
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Fig. 5 Convolutional Neural Network-AutoEncoder model.
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%@f(ﬁ 12t <, MaxPooling k& 3 & UF UpSampling & Tl

— N R S —T, Convolution J& D KItd 2D
qu%MﬁéﬁﬁT§6i7 LTW5h. I
SN BN CNN TlE, Convolution f& & MaxPooling
@b L <iE UpSamphng):'ﬂi*l:’ v heoT, TENHLDOH
fg TOMIEDE, 4 LK — KK AD \iﬁ7’\
VEFERHTH L9 726 '(fku”jjj): THHEORZHEL LI
ToTWwW5h, FHIE, AEGETNIVOR - “C{Tﬁb
na.

5 (2 Convolutional Neural Network-AutoEncoder
(CNN-AE) %/_"¥. & 575 7% 0 AJJH{E (28 x 28)
TR T (Tx7) KEMT S, 22T, BiUgo7z 4L
YA F, WHEBOT7 AV KE F. &35, FC-AE &
R Y ENE, PR — FEIE (), 2)1C& kD5
na.

N, =14 x 14 x F), (1)
N.=7x7xF. (2)

Convolution D 51 — A )V 4 ZFTXTHOET (3x3)
ThYH, AFI4 Flid1 & L7, MaxPooling & Tld 7 «
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z1 KETNVDOINTXA—=F

Table 1 Parameters of each model.

S AE #H VAR Lt MFEE | I=A “/‘7‘ epoch %%
Optimizer B Optimizer iR B A R
FC-AE Adam MSE Adam MSE 0.001 100 100
CNN-AE Adam BCE Adam MSE 0.001 100 100
FC-VAE RMSprop BCE+KLD Adam MSE 0.001 100 100
CNN+FC-VAE RMSprop BCE+KLD Adam MSE 0.001 100 100

V& A XIEE5127% ), UpSampling & Tld 7 1 v 7 3
A X325, miEE AT LT 5558 EE ONN & FC
DAEGRIZL DRI NG,

FERIHH L7287 X =5 &K LIRS, IEHEILEK
X, AE T3 112 Sigmoid A EMH L, ZoMokE
I ReLU Z M 4. 0% T8 12 Sigmoid B %L
L, ZOMoOkEIZIE ReLU 235, %72, AE
FEOEIEICII NS F Y s ALy ba Y — (Binary
Cross Entropy, AN BCE) ZffifH L, sHHzOFE 121k
MSE Z il ¥ %.

3.3.3 Fully Connected-Variational AutoEncoder

33 1HB LU 33.2HTIEIAE O/ — FEKEA& LR OE
W2k, FC-AE & CNN-AE #/E&k L7z, RIZAE &L
T, VAEZfEHL72ET V&% 2 5. VAE DFEIE, AE
DFETHLAMNEOEZRS T2 LITMRT, =¥
I=FIZkY, AT =MTOT—=% (BER o
WHLS BRESRGADS, MG L7200 (BIEAH) DZ=2fT
EZE L 72/ — D p, FERE o 28 02K M IER
A N(p, 0?1) 127 % £ 912, NN TEESEL, 72721,
i, EDRTE CP p OIEMERITE DN bV, T
(&, ERERITCEOBNATI Z S, VAE X, 7— % z &l
BH, HET NV EEDEMER T B L T b
ETNEBEATHILIZLD, WHED AE IR, BEE
BE AN NH ORI ge 2@t (D7 ~Nv) Lo
BRERANL 2L TE, F72, BEEREELSE, B
B4 2B AE 2 I LB ICHW T =5 27— %
RERTEDL LV EFD.

6 | Fully Connected-Variational AutoEncoder (FC-
VAE) Z/R9. ZhiE, BEhEZE&E4 5 BB O VAE
T, £ED/ — FiE1OHORED /) — FIZaEiEEREICSH
L. W, AJIARAE L 72 IE8 55 A O3, e R %
i, TV T EE T a-FICHTA. 22T
(&, HEETOY Ty MEORICE E hEE (Z) /-
FET A, $oC, @EZIT) /— N, 20> 7))
YITEDORTETH Y, ZD720, N, =g/ — N,
N.=wWlkE/ — e %s, 72, PiE (2) *Ad1L
I A HEAR b SRS TR SN,

FEIHEH LRI A =% 2% 1 I1IRT. HEILBIE
¥, AE CTIXI I8 12 Sigmoid BE = fEH L, HETH %
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Fig. 6 Fully Connected-Variational AutoEncoder model.

p oo FEIZIEHIEEE, TOMOREIZIE ReLU ZEH L 7.
SPHRZR IR 12 Sigmoid BB Z L, ZofboRE iz
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Fig. 7 Fully Connected 4+ Convolutional Neural

Network-Variational AutoEncoder model.
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Fig. 8 Encoding rate and reconstruction error in FC-AE.
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Fig. 9 Encoding rate and accuracy in FC-AE.
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Fig. 10 Encoding rate and reconstruction error in CNN-AE.
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Fig. 11 Encoding rate and accuracy in CNN-AE.
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Fig. 12 Encoding rate and reconstruction error in proposed

methods.
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Fig. 13 Encoding rate and accuracy in proposed methods.
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Fig. 14 Right shifted images.
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Fig. 15 Left filled images.
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Fig. 16 Reconstruction error by right shifted images.
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Fig. 17 Accuracy by right shifted images.
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xR 2 RRTULHETEOIE

Table 2 Comparison between proposed methods and conventional methods.

TN EEIFF AR (%] AR 22 (%) AERRZE IR R 2

FC-AE (N,=392, N,=40) 20.41+0 0.004135+0.02448

CNN-AE  (N,=6272, N,=98) 50.00+0 0.006137+0.03309

FC-VAE (N,=392, N.=40) 20.41+0 0.01203+0.05288

FC+CNN-VAE  (N,=784, N,=40) 20.41+0 0.003894+0.02210

R—=2F A FE (N=128) 65.31%0 0.01202+0.05238
ALEAE L L (2lib) 35.04+2.255 0
ALEREFIE 2 (gzip) 35.65+2.265 0
ALEAE L3 (bz2) 57.84+3.490 0

ARHWEREFE  (pg) 25.03%0.01622 0.005101+0.01622
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Fig. 18 Reconstruction error by left filled images.
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Fig. 19 Accuracy by left filled images.
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*2 https://github.com/zalandoresearch/fashion-mnist
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Table 3 Two categorical levels of labels.
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Fig. 23 Classification accuracy changing on the categorical
levels of labels using F-MNIST.
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