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THESIS: Design and Optimization of a Multi-scale Representation based Image Com-

pression Network

DEPARTMENT: School of Electronic Science and Engineering
SPECIALIZATION: Electronic Information Science and Technology
UNDERGRADUATE: Lingyu Zhang

MENTOR: Professor Qiu Shen

ABSTRACT:

Deep Learning based image compression methods have achieved series of im-
provements in recent years. The mainstream framework is to utilize a neural network
to learn a non-linear transform from the signal domain of images to a latent domain, ex-
tracting essential features for image reconstruction. A reverse transform is then learned
to decompress the quantized latent representations into the reconstructed image. In
many scenarios, however, images are processed by computers before being received
by humans, going through classification, object detection, retrieval, semantic segmen-
tation and so on. Moreover, decompressing is often one of the most time consuming
steps in computer vision tasks. Therefore, an image compression algorithm that has a la-
tent domain where vision tasks are directly executable is an important field of research.
Inspired by the fact that image compression and vision task analysis have similar fea-
ture extraction processes, this study proposes an image compression method, applying a
multi-scale feature extraction encoder based on Inception blocks for vision task compat-
ible latent generation. We designed a model based on an autoencoder framework. The
encoder extracts features with different scales by different convolution layers though
four branches. The bottleneck layer with smaller size is quantized and passed into the
decoder. Quantized representations can be entropy coded into storable and transmit-
table bit streams under the instructions of an entropy parameter estimation model based
on a Gaussian Mixture Model, whom receives data processed by an autoregressive
context prediction model and side information provided by a hyperprior net. Under-
standability of the representations are evaluated through a classifier with ResNet18 as
backbone. The performance of image compression and classification with compressed
representation are validated on the Kodak open dataset and Pascal VOC2012 set, re-
spectively. Results show that the compressor yields a state of art performance while
extracting compressed latents that achieves classification accuracies comparable to that

of reconstructed RGB images, greatly reducing computational time.

KEY WORDS: Deep Learning, Image Compression, Multi-scale Features
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MR B A E BRI, WA mTI, X MR R 0 A
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AR ERL BT KT
X MEE DM A y N R AL B 4@ gt T i, 78 D 29 MSE
I, ST ESCHr iR G R A R R + AD BRE BT IZHEAR SR T
— ) B i o
5 B gD ar L, A8 H b T B F U WS E 2 [ E FY AL
FLRAR R, MR A E R A BRI R 0 AT RO AL . RS A, 2R EFRAE R
I ATHRORAE AR R AR, VORI RN o A SCHY R R S A A
DAy Homibas NET . gTiit.

3.2.2 EMRHmEYES

EERPES MRS, TR R A, SR, BoA
IO AE S P AL AT 1) ) TR 4 g A T o] PR B b AL BE S AN T 0 SRR 5 384T "
L. MR, ARMTARERMCERTE N, HI 2wl s em %
s RAFHIRCR -

TR, NTHZMZ (ANN) EA EGRA AR A VR 2 U 21 1%
SR, HAOAE AR KRB SR A — A SRR AR R R S o
NLMZMEALELEA ERAT T AMMETT, MimANZE. BBUZ. =24
B marcICkER —Z 2 M, X HEDRsER, 1E8T B
ZOCRYHN . NS E R 222 AW EE T o SRR AT 2 )2 sl i /R R
BUIZERAINE — LRI R B IR R R oc e AT, Bt — - fa 5
HOARZEIETOR s, SRIF M 4y AR Zett . I ABTRENANR, B2 =N
FEFIROG TS 15 2% H AR B RRFR ARG M H7E . AR 2R 51 G
B BER I BARK AL R NS T TR s BUE XS M 2 i — DR E
SR BUOE, AR E LT R —EL K (%) [T
B I RERRON SRt o BEE BT TR S LR Ak A 252 0 BT
AR RO R R anE s i s SN L L

HIOS T RIS . G BRI A5 AL AN Yann Lecun $i2 HH & BURHA M
2% (CNN) » BRMEMZE RN ETh 2 SRR, 15N
o3 BIXE EIEA N BRSBTS I SRR R ROARAE, PRV RMER”, 1
NN —EREN . R TR SRS B U 22 2 m] LUIE RLAS [R] R/ N s A
KR, 2P REEAE B RINHMR ST, EERMEmM4E &y

12



AR U

STRBUIE B AEHER BE ST o

PR E R A M e R W= b E AR LR m AL
T BRUR NS EGR ZRE R, SEPE: #thH—{/E (Batch
Normalization Layer) & 2 RHAEEIH—LREIEN 0 J5 &8 150 k.
R AT AE L el H AR A gl 25 AL 25T TR, sk 1 X%y
MR AR, Hb 728, MG BOE RGN, R e
FIERETT o

INPUT feature maps feature maps feature maps feature maps OUTPUT
28x28 4@24x24 4@12x12 12@8x8 12@4x4 26@1x1

4] 3-3: B RRE P2 1)

ATAEPREgGa friddr. B, adr. BRI, b
SRS EIR I T B RIE M2 XSS 280 E 2% 7 Minnen1812Y,
KT EREAUR R E R LM T gmbdr, GRIZRT N 5%S5, &
JEHIERL CERWZED BB 192 FERIERN 20 SR REBUZ AR
GME N TR, BEGPRSEIRE £, ERAEO 2, HrpH— kL
PERECR A T Ballé S22 AL H—1 )2 (GDN) |, HAAW FHY,

3.2.3 ZA—%LE

G IIRZ M 2 i LIS —4k  (Batch Normalization) ki FAFHIE EIFF & = i
Rk, S TN IXFEIIH— i B T AR R h s N s, T
BEBESIAFIG . A AL g ad ok iz H— )21 (generalized
divisive normalization) . GDN & —FiS%fb 1. LT (LR . MHESHGH
). BN S . 55 BN #HEL, GDN 5| AJFA
FOHBRGR , S GHPR SRR G B . Hit Bk

13



AR i

= i
Bi + X (vjalxil™)
b NE ERHEIE S v MZR o beta; N1 gamma; hRE ErE ]2
8o L@ = 2, = 5. GDN 20 HAAE G =0T — 1k, & divisve 19—
PV (Heeger, 1992, —Fpfajilifaatatl, M T X MEITHIAE Lt dE T 20
PR, AR SO g as i R et I — LR

Vi (3-3)

3.2.4 Inception &1k

TRBUE B4 AL $R s BRI NG AE L8 B g v BE B BT BRI 7
2R MES TIRE I M 4. AT R BB 28 S A B RS E0RR T
LA R SRR B B 0, B B 2 2 B R I K R RE IR
It Google!* 7 ILSVRC14 Hr4i H 7 3 Inception #54t[1) GoogLeNet, H 3%
AR AR VP M 28 2 SR TR R T B R, DAL DT 25 22 T 3 A k) 6% 11 s
PE. ILSVRC14 Hr, HAE /] R4S gL RN, fHEE AlexNet Jd/b 1 12 £
NG

AR Y Inception A6 T g A 45 HR B REAE R L. A F R IEE T RUST
TXT, 5x5 1 3x3 [ FUZ LA KB 25, 158 7R R K/ NS Y
AR, SaiEn Ix1 B FEEA S N AN EE, Jf@t GDN ZIH—1k.

Input

N

Conv Nx7x7/2|,elu Conv Nx5x5/2].,elu Conv Nx3x3/2].elu  Max pooling

T Ee e e

Concat

v
Conv Nx1x1,GDN

|
3-4: AZ3CR FIHY Inception Ak

14



ARSI B R

3.2.5 ZREHRLSE

H ARG TP A AR AL (S B R BA AR REER . XA R R AERY 73
HIRBAE T SN SO A B E AN flanE G T, ERTYHRE
KR/NRAFXS R X EAGEAT AN R R YA AR R T LASE S o A L il B
W28, 2o ROBERAE RS20 B T mb L vt (155 46 A s PR RE »

ASCELHLT Wen 2 H (167 B8 Resize BELVE N R G L 46 (1 D &5 10
FIT/R . B4 R MR E A N UG R 8 2 4 DRI REE (161, 533,
Pigs) o JABPUBTEARE RUE LS MIRHAE, 14 PR REE A9 RRAE P R,
R Al HE B AL k. (SRS, M RR — BARTS 4 A B9 (5
B WA RN (52 Inception [M2435% T FEAE A RIS BUR A i 20 RUE N+
fiE, PRHAEFURT & LA U Inception SREZHU A R (E B 0 T Py 1EIEE
BUNE, Jrilid— 22 AR R EXT 4xN A A ROERAEIEE I, 5
Ja 281 i E RO BUR I Oz 2 N A~ ARSCh T Minnenl8 Xf L,
R fo S A= T RO AR R Y N=192.

Input image 7
' Resize, H/2,W/2 |
Inception ¥ Pyramidal

l Conv Nx9x9/8| resize
: model
Inception Resize, H/4,W/4

Il v
Inception Conv Nx5x5/4| !
' Resize, H/8,W/8

Inception 7
l Conv Nx3x3/2]

|

Concat <

|
v

Weighted layer

}

Conv 128x1x1

'y
€ 3-5: ASCRFIZ R BS54

15



A kT

HA R BR AR ST BE S B2, R AR T A ) 25
K ARG B R Rl . IR TR A

¥i = round(y;) (3-4)

Horp i YAt = FrA 25 B EE PR ICR. iz R, BUR R AU AN
Y, XK EON SRR, SALRFEEN 0 8B TEo5 . N 1 Sl 2 i AL |
i et AL D BRI AL R AN AT AR, A ST SR N eRoim A H — P 1
JIEZRREEAL, A B A R AR SR B A BRUH — Hh I 535 J32 5 B A
DA EEAR SR . BB A B, AU R RO AR A 2 O . A A AT L
BUERY )T CREUE) ABPRERE GHEITC 6 MED o WA XTRHEIE T84
H T AL AT A SEAA ST 3, A st 5 B9 A A2 R R U E AN AT A LA
FRIRFAE 20 A A ] OB 2 B

ps(n) = Py(n),n € Z¥ (3-5)

Il 3-6: FRINIE—AL R X R AL AFAE S AR I AA T

AR, FAEAR A — S Ao A S AR Ty, 1%
W T o E SR A, BRIk et ar . SEBRM 8 A 2w 0L o a{ASE Y
L AR IH IR T S FT A



AR i

3.4 fHEE

3.4.1 A4mAL

WEAELIE IR | BRI AR R S 6 TR
BATG TR BT ARSI o WIATLH) I T R0 — e
IR BT AT e 5 B E (L — A SRR, R
45 B2 4 /R R 53 K 9 BT 4 L
R Moo MRLARARAC R VRAR IO LR, (2 0 5 o 0 2 02 g 5 L
RN

L

H) = ) ~pGlogop() (3-6)

1

RABLLATAT, T — A BB pO) AF5 v HEREM IR IZ A
—logop(y)e N T REMEHEATIIAMAG . AT ZERITE Fr S 4 B R AEAF 5 OB
Aiv o SRR A0 A0 F i N L O 5 G il e HO RIS S0 R IR SE L J2 TCTR IR o
B, FATESL— P IHZ AT IS EA G, PRV,

3.4.2 BRESHMER

it

XPRFAERT 520 A0 ) — Fh fa] FRLBSUR B s T 2RO A e (R
F5) AN E oA, BrA R S A g I EHERTDT 2. X PRI BT
SR MR . ASREXRTRFE A A ARG AL

P(yi) ~ N(x; p; 0) (3-7)

Ballé 1t 2018 4F [ TAf 23 R B RAAE IR A 5 i & RUBE AL (Gaussian Scale
Mixture) , RIFFAHRHAEA S AYIEA R T2

P(y;) ~ N(x; 5 07) (3-8)

17



ARSI BV
J& Minnen ™ R HAE R A m AL, BORHIE A AR BIEND 2, f 8

737 T o

P(y:) ~ N(x; i 07) (3-9)

3.4.3 FBEIEMLE

gt 8 G R E LML ERRNCAERP R, A
Tt — DR ARINRCR AT SR B R B ARG MM, 05 S5
BAGFLEZS AR . HEVC ArifErh, AFEE GRS T AR R &, 50 #1251
VEN NG BB AR E . M2 T, JPEG FUZE ERY 8x8 G4, 1
HEVC ZARLRY, ffhl d s 20 A A5 S P R 00 (5 ELE 43 6 2 O I A T i
P AEER o

FEFETIRIE S S B A 73R, ISR ) o0 v s 2 S 02 52 Wi P 4 P RE Y
B T[] B B AR ARFALE B9 20 A1 -5 R B3 B P R R ALE 0 A i A 22 1R
K, HOEEXSA R EGR A RER RS (EgE280 2 sl LU
WONIAE B SEE . AT A BRI MR I 05 2 S ARG B S TR AR R R Ty
SR EERPEL R . Ballé £ 2018 442 1 P AT LURT S5 — 4> 1 it TR A2 2
B A nfE AR 2R BN, RS R EARAG, LRy
FINRERE T EARIERE.

Py zZ|z
heq Ul hg
3 T
&6
v
Yy UlQ
RN
A
Ja gs
x z|z

%] 3-7: ARSI AL R B R R

ZITAETEONRET, ARMHATRIIAGER, 25— R
BRI R R Wil 2 A A RIS R R R LR, P T afE R

18



AR T
KRR HOPERRIR T SOOI TSR V) T 00 2 3T LA
BRI FERR 22 UG M

4 3-8: Ballé18>! HaxtiRSLIe AL HIVE FH 4

A TR AR B gt R Je B R, T2 ) 2R AE EUZ AR Y 5
Yo, AR el SINEARAERR, BRRIEEMAILE R
i AOADAE RS AR R AR N -

R+ AD = E,, [~logap;($)] + E,-p [-logap:(2)] + AE,, Ix — %I3 (3-10)

A Kodak i Serh—sk T &1 o il Tl 3-8 Hr /e —h IR A2 i
sy o B IS TR E SR T S I S e ¥ e ece s R A el FIE ) = S S W G DN
el Mg )E . TMARAE T 2R, rTEVE BUBSC R /EoN A E B T W R
I VSN SRS CIPAN <= Vst A L == SE S X 1 GRS 1 EPS & NP EE I Y
R SRR ARSI

SR W25 BT BOINE B AL D, ASOh o nlsR I =BG KB TRA
St dn S gy, gebdd S — BN S R IE — BB PR 3x3, Ha
N SXS, L ETNCRIEREN 40 BRI G B G TUZEII N 192, BAGT AR
sl T 2O B E B R 2 EBE S, =R 2 BRI I N
TGN 1920 288, 384, ARZRMERIE KACK A Leaky ReLU.

19



A kT

3.5 BEEEWmN

F g R S H A R AR DGR o 0T8I, S 4
FESAEE AT . R AEE — & 7T AR (S B FRAE X R AE
KMEALTEAE, O ARRS A RAAE X A AR (9 RAAE JEA T Y000 T AR SR — R L O 1
E SRS

Z U %, Minnen2018 TAEFFPY 321, % CLR AR ADRFAE R HL A 18] 5 20T
AT RIS G 0 — 28 R S0y 55 8 (context information) , X4 (15 B
R SSI6 BT i) 2 BN, 3 2 T ASE Ur b & R FS A8 B BE R 454 . X
T B 250 5 4 B PixeIONNMU 2540, S — MR 20 (BAEHE) [OMER
AR A4 R4 A 5, A2

PO = [ | pOibyi,ys, i) (3-11)
i=1

ol ||
(=3 NN N
(=3 R i
ool |
ool |m

] 3-9: Pixel CONNM! FER RGBT, S— 1 EREAERFU—BE IR,
TR BERD IR BRI

Context MAUAEREZH I, AAFIGEISE i AL v I, (UREREMLE C R
PSRRI <o A T AT RO EIEATT 22 i SE 5 AT Context AR — [R]FT o
TG 1 context MY, SGK HY A A d FIAR a5 2 2 ST N AN O BR, TA]
WA Yo b B A iR ARG, (S AR AT el A SO SCHRAR N
—HRgr. BINZEEER M IEARUR, &L AKR)

20



AR ey

I R S R 5 T B e O AR TE e A0 1 L g

T 4 1 50 TR 24 B — SBTS935 R
SIATEIERITT 2.

3.6 IRkEH

PREMRRER A (3-10) Z5H . H i R ER TR R I, %4
5 E A e A IR R A e e R AR A

REFNEREGE RGN TR, ERZ B R LR A MS-
SSIM (£ RUESEHIAHAME) SR T MS-SSIM J2 il iy, Al LLE 1
fEo X MS-SSIM B #2484k 1 A5 R 4 MS-SSIM | 5 BT T~ X MSE 4154k fi) £
BLo ST Ballé18 1 Xt MS-SSIM LA F- AN REFR s i A2 PSNR _EFREL, I
HABUR) T LRy B B 2 R AR S b TSN — S 2 B Ak 1 i B
THMER . ASCRAEHE N2 HAAZ BIER MSE HHE L.

P AR RAAE AT S RO AT A0 o A A SR A T A B B AL
AT SRR, W A AR BT R SR B SRS B Fi A 2
RAEARAN N(yli, 073) 29 Ao WAL 3 FOBERAEEON (4 [ 3H) -

it}
p@»:b[ N o)y (3-12)
y

L
L)

M AR P25 EUR bR MR R BT AT 2 -

L

2. —pOlogap(¥)

bpp, = - < (3-13)

HICIRHER . Hrdr W H N EGRSTHISERTH .
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2
i

-~
}

KW ERS S

-

4.1 EZETEREIRE

4.1.1 HBPBESWHAIE

AR I GREER B 2R B ALK ILSVRC2012 #a e, N4 o it
& 1281167 MR YIZRRT, XEGHATEENIESET, 753 256x256 f [ E A/

FGRE. FEXS B TREA LT B . S FEE.

MREER A T2 T R AL PRI RTIA 2T R B . B4 24 5K 512x768

%=1 RGB &%

4.1.2 RESH

RIS RO BN R R

FRio3 FRiE3
(3EE) (ZRE)
CZI;;/SSZXS Inception N s2 Resize2H/2 W/

9 M i
GDN Inception cN s2 Conv 9x9 ¢ Resize H/4 W/

s8 4
Conv 5x5 I tion cN §2 Conv 5x5 cM Resize H/8
N s2 neeption ¢¥ s s4 w/8
GDN Inception cN s2 Conv s32x 3 M
Conv 5x5 C t
N2 onca
GDN Weighted Layer
Conv 5x5
oN 2 Conv 1x1 cPs2

22

EfREEER

Deconv 5x5
cNs2

IGDN

Deconv 5x5
cN s2

IGDN

Deconv 5x5
cN s2

IGDN

Deconv 5x5
cN s2



AL ey

B mIDEs BT RRRIEER B ETER 1S E TR R
10
Conv 3x3 cN s2 Deconv 5x5 cN s2 Masked 5x5 ¢2N sl Conv 1x1 C?N s2
Leaky ReLU Leaky ReLU Leaky ReLU
3 8
Conv 5x5 cN s2 Deconv 5x5 CEN s2 Conv 1x1 CEN s2
Leaky ReLU Leaky ReLU Leaky ReLU
Conv 5x5 cN s2 Deconv 3x3 ¢2N s2 Conv 1x1 ¢2N s2

K 4-1: HPBRERERAANERZE x BRER ¢ BEE s K. Deconv {FKE
#o GDN. IGDN S AIREZMH—LENRZAIT— LR, Lkt N. M B 192

4.1.3 ENERE

AT SR FH W FR R B G0 W B bR IR (B S ML (Peak Signal
to Noise Ratio, PSNR) F1& R JELER ML (MS-SSIM) o PSNR A DL #4775
R, 2Uh MAX, G K15 25 E, PSNR {E S 26 BN :

MAX,
MSE

PSNR = 10log;o( ) (4-1)

SSIM (Z5HMtE) (B NIRME GRS, SEIREHRERHEE, N
EREIX,Y) XTELRE oX, Y)s £5H9 s(X, Y) f BT b4 . MS-SSIM %2 7 & K
JEEE, G ARE EWITE

SSIM =I(X,Y)c(X,Y)s(X,Y) 4-2)
Hrr
2 +C 2 +C +C
My +uy + Cy oy oy +C oxoy + C;

o ey WER X Y B oxe oy HER X, Y BRRIEE: ox
MR X Y 57725, MS-SSIM 1] job -5/ 7 98 3 16 7 SSIML L
Va5

23



AR i

1 N
MSSSIM(X.Y) = Z SSIM(xi, y1) (4-4)
k=1

4.1.4 JI&EAT

PRI ZHE ] Adam (AL UM, BRI FILE N 1 x 107, fHHI2E )%
TR, A5 400 YOEAHT, 3Ll 10 £%; R4S 800 H155 3000 kA, =i
0.5 fff. HBAIFRIERZERM T Xavier BEERIIGL -

FAGHERIIZRRI RN 14, i FIIZREEEER K, W H LSS > epoch [l
S AT FAGANR R B A, AR SO T A 14 (0.002~0.1) 1Y
=R NOE B

4.1.5 ZERH

ARSLES N T & N AR F A% . Minnenl18. JPEG. WebP. BPG [ RD i
2o B 2 BN B 46 SBTE AR BUAS [A] L 4Rr 28 I 45 1) PSNR 1 MS-SSIM 22
152

40

Pyramid Encoder
= Minnenl8
38 + JPEG
webp
BPG

36 -
34 A /
32

30 A

PSNR

28

26

0.0 0.2 0.4 0.6 0.8 1.0 12 14
BPP

4] 4-2: REISmASEIAR] BPP-PSNR BRI L, BHOVIGER, 9500 PSNR

24



A kT

A DLEE TR E 5 ST R SR AE PSNR _ERBLL i1 JPEG, 5 WEBP #2ilT,
K BPGo 2 RUSFHIER AR 48 FIRIA £ 750 U AT Y R4 1 e

Pyramid Encoder
241 —— Minnen18
JPEG
BPG
22 A webp
20
= 18 -
%]
v
2]
=
16 4
14
12 4
10 T T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4

BPP

4] 4-3: REIHmASSILR] BPP-MSSSIM BhZRTLL, BEHHONRSER, YN MS-SSIM

AU E TR 2 S 1 B3R AF MS-SSIM _| It i T JPEG. WEBP ]
BPG. £ R EREHMIEFR A B Bk 3] 1 5% AR AT A B4 1 e

25



AR i

\vﬂr o ‘ N o (‘% ..
e o & i%\ o

MBS

-’
22

3 i E A.\
o bl .«

- q.\ g i j\\‘f‘l‘\""_\/":" ..\
- DG P

3 \

JPEG bpp:0.173 ms-ssim:0.712 WEBP bpp:0.113 ms-ssim:0.866 Pyr-AE bpp:0.113 ms-ssim:0.923

I 4-4: 3k JPEG. WEPB % RE B 4ehd B IR 45 0 G EREBURX L. bpp AR,
ms-ssim 4% RELEHHELE. F*: JPEG HTHEETRAETE, EBEHNRRGEA
0.173

LT 7 JPEG. WEBP fl% RUE H 4 de i R R B2 [ . mI LA 2
FEREAMFEIR AN, BT 2 RO S it 0 B B i A Y B st TR 4R A ROV K
BH 2401 WEBP f1 JPEG,

4.2 $F{EFIEESLIE

4.2.1 BEi&4rZE07

WE T, BRI ERET WAIME IS 2 —. 4 Al EM
—HNE, BOBIREPES RENE R, 58 KERHIERKA 1
ZAIREE, W TR BT AAAERN R R T WA 000 BIEAIIGRE T
Uk, A EUGEIRRERI M, AJE LSRG s A ISR A8
5 IEWR SR Z R R SR RIETERE. IR RETE RSB IUA X2 Y
BRI BCACRE. A BB LU 2 MR IEAEE, Vs Re ik 25 Rl Ay —
o BRI RN XS S [ BEA TR 53, (754 5K B m] LAad i HAFAE /T % 2
Fr e BRI Ao H 0 R ETR AR R I _E 2 LIS A AR P Ry
AEAIR 7T e 2RI EAH WA K s B8k (KNN) « SERpaE
HL (SVM) %, 2012 4£Y ImageNet 43 257528, ¥t H LeCun LeNet-5 [1) 4
PZ N 45 B8 AlexNet™ DL T45 A MPEREARTS T E %, BB TIRES
AW RFIERE T — D RIZ R 2014 4, VGG SR A5 BRI JZ By K 1

26



AR ERL BT KT
SRKFIERENRE— P T KK . L5 ResNet. GoogLeNet 4544 f /)
SRR RS- S, O ERAIPLa LTS HESR . AR HI LA ResNet
CRPEFRFEMZE) A B T A B e PR T SR ALE Y 20 S8R

4.2.2 REFKREMZE

B SCHRS, IR VR 12 B 2 U4 AR T B R R O, AR R
REMU R, R B T G M AR LI . %2 % (Residual
Network) {47 Hh HL S 4H X i — [T 0. (E2FERHE, 4% 2 RUITR SHY
BRI 1 T O BOI4 Z8 AL AS T R o 8 2 e — 2
BEST HO B, (RIS BIENOA LA H %22 FO = HOO-x 2T 5. HTIL,
TR T — R0 E BRI 2200 RO, S OB AP s
VARSI, RS A SR LTI, (30 ] ResNet [A
HARIELEN . RSO AR T H 0% o

X
weight layer
f(x) l relu «
weight layer identity
F(x) +x

] 4-5: R

ATICOR ] ResNet18 AF 70w £

X T HEHE RGB E G N7 2845, 9 1 a0 W 4 ) 4 45 A1E & A 28 1
B, BRI EY N BIEEC L 64 BN 48, AN RSTEUCN 256256, X
THEAGRAE, /el Hdm N\ — MEEEE sz, KB g ml i 4xN 4
Z RERHE. 202R0), 2B ERHE R S gl ds TR ST B E R 4xN J# A FHE
KA MSE, AR RMEHEG . AT b, ZlEEE sz 17—
A NEEFRAZ 3] 4N G 5E 22 RS RE Y SO

27



AL s

| INPUT [3, 256, 256] | | OUTPUT [3, 256, 256] |

(192, 16, 16)

Res Blocks

K 4-6: IARAEVE AR R MB G SIGERMNL; AeEEEEFEML, JI%
WEA BN LEFMLS

X LUR 4 R A A A\ B9 70 s, 7R 30X ResNet18 454491725 6L Torfa-
son2018) [y 24gly, KBRS KT 16x16 sk ZEH, BHECKFHIESUR A
BJE— Y, 0N cResNetk, ELrfrk N AR IEER XA SIPLAE
T o0 W 4 R TS AR AL B AR B R s 2 T R4S B A RRE
B S HUR EG MR B — RS 4EEeE , IR AR B A\ e — IR ZE R
AR T RET IR, SR RRFRAR T RS8R, & 7B,
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AL s

[3, 256, 256]

(192, 64, 64]

|

(384, 32, 32)

[128, 16 16]

ll!lll

(768, 16, 16] [768, 16 16]

[21] [21]

ResNet18-48ch cResNet-48ch

%] 4-7: ResNet18 55 cResNet Z5#%)

4.2.3 LIEE

A SEHG T Pascal VOC2012 B AUl EE b, HEAT 20 DRI 25485 K AE
%o VEH Adam HRALES , WIGR2E 5N 11077, 58 80 A4S 110 4> epoch T,
£ 0.1 5. MEATPFNFRIER A 2R IR 7 2K H I EEP A5 mAP (mean
Average Precision) o 73 dR LSRN R TR,
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AR e

BB

conv2_x

con3_x

conv4_x

convS_x

i R~

64x64

32x32

16x16

8x8

1x1

RGB

ResNet-18-48ch cResNet-48ch

3x3 maxpool 2|

3x348
1% 1,192]

[1x1,96 ]
3%3,96
11,384

[1x1,192]
3%3,192
| 1x1,768]

1x1,384
X3 3%x3,384 | x3

1x1,1536

3x3,384

1x1,384
1x1,1536

average pool, 21d fc

[1x1,48 ] %

E4ERFAE

X3

x4 I

X6 I

] 4-8: SABMALENSE . X RGB E4RH ResNet-18-48ch, ; X E4IHAES 2R

cResNet-48ch, FH i =HHFRED,

4.2.4 HDEERSH

ALl 2 REBRIRDT HER (Minnenl8) 2125 T = AR A5
ORI, A AT Tl 1A T B A VR AR ) R o S SR AR AR S S

70 A

65 1

60 4
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