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Fig.3
Rainer Lienhart and Jochen Maydt. “An Extended Set of Haar-like Features for Rapid

Object Detection.” IEEE ICIP 2002, Vol. 1, pp. 900-903, Sep.2002
https://ieeexplore.ieee.org/document/1038171

ref. Paul Viola and Michael Jones, “Rapid object detection using a boosted cascade of simple features, CVPR2001, 2001.
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kernel size: 3x3
stride: 1
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%2: ¥3B  E4B ®SE  wx wx TOH FrLL
384 :is: : 051

- -

e
' C
. 1
Max
pooling

Max  pooling
pooling

ref. (2020/4/6): Wikimedia commons: File:" 10 Alfa Romeo Giulietta white Derivate cut.JPG CCO
https://commons.wikimedia.org/wiki/Category:CC-Zero?uselang=ja#/media/File:%22 10 Alfa Romeo Giulietta white Derivate cut.JPG

63

Mathematics and Informatics Center * T4 77045324 AF§ 2020 LU ¥+ CC BY-NC-ND



https://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/publicdomain/zero/1.0/deed.en
https://commons.wikimedia.org/wiki/Category:CC-Zero?uselang=ja#/media/File:%22_10_Alfa_Romeo_Giulietta_white_Derivate_cut.JPG

Fine-tuning/Continuous learning

FEBHETILOE 5’775%)]3}31 EUTCEHS
« BHDOEF (EEEIANDBSEWVWVANSWW DHDIE) DOEHZFreeze
« BHBEIGEVWWS DI DEDEHAZ. Filc(CARLIEEZ T -5 TEH
o FICICBZIATHELIW
. BNV RBRVWEBRST—ASTEEVWEEIFTES

EH&EFreeze (BEFULIRWN)

A\

9 EOBETE
%2: ¥3B  E4R ESE s« BOH FrLL
384 :is: : 051

— L —

e
' C
. 1
Max
pooling

Max  pooling
pooling

ref. (2020/4/6): Wikimedia commons: File:" 10 Alfa Romeo Giulietta white Derivate cut.JPG CCO
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Fine-tuning/Continuous learning

FRBHETIVDEHZPHESE UTESR
« BHD—EP BEEIANE(SEVAMNSWV DHIDE) DEHZFreeze
o HARBCEVWW DO DEDEHZ. FTlC(CARUEEZFT -5 TES
o FZICBZEIMZTHLL
o BHVIRWERT—SITESVWVEENPFTES
BEH%ZFreeze (BEFLIRW) ﬁ%é\
A

N 5
=08 B ETE O O
n BB EIW ESE use 228 o O mLL
- ¢ O UI3X
HH iR e |2
: O O
Max.' ‘
Max pucllng pooling ‘ ‘

pooling

ref. (2020/4/6): Wikimedia commons: File:" 10 Alfa Romeo Giulietta white Derivate cut.JPG CCO
https://commons.wikimedia.org/wiki/Category:CC-Zero?uselang=ja#/media/File:%22 10 Alfa Romeo Giulietta white Derivate cut.JPG
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Fine-tuning/Continuous learning

FEFHETILOBHEAREE L THE
« BHDOEF (EEEIANDBSEWVWVANSWW DHDIE) DOEHZFreeze
« BHBEIGEVWWS DI DEDEHAZ. Filc(CARLIEEZ T -5 TEH
o FICICBZIATHELIW

. BNV RBRVWEBRST—ASTEEVWEEIFTES

Pre-trainedEF)LDEHZ#HIEE UT

, BFE
224
5 ECEETE
%,_: ¥3B  E4B ®SE  wx wx TOH LU
384 384 . 051

Max
pooling

ref. (2020/4/6): Wikimedia commons: File:" 10 Alfa Romeo Giulietta white Derivate cut.JPG CCO
https://commons.wikimedia.org/wiki/Category:CC-Zero?uselang=ja#/media/File:%22 10 Alfa Romeo Giulietta white Derivate cut.JPG
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H{&iEsHiAFH (Image embedding)

FEEOHE D ZBEEROFHNRNT MNLET D
o BEREHEZD(TEI 2. EICH<EFHENRT NUICEBRUZLY
o ABNEGHEN1000T S RICEEATIEDNESMNEIZNIEZFEEE TR
- WSS (ERFDEDODHENZFED
« BEDRARMNRVNGEEIADSEVWEOE DZFED
« f5) ResNet-50DFC2EDH S

96 BB FOE FTE

384 256 S :
13 s e B[Rz
ratindHum 40%,)\7.;0)
MI s |8 N NLICZS
pocﬂﬁg

Max

pooling
pooling

ref. (2020/4/6): Wikimedia commons: File:" 10 Alfa Romeo Giulietta white Derivate cut.JPG CCO
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H{&iEsHiAFH (Image embedding)

FEEOHE D ZBEEROFHNRNT MNLET D

o BEREHEZD(TEI 2. EICH<EFHENRT NUICEBRUZLY

o ABNEGHEN1000T S RICEEATIEDNESMNEIZNIEZFEEE TR
- WSS (ERFDEDODHENZFED

« BEDRARMNRVNGEEIADSEVWEOE DZFED

« f5) ResNet-50DFC2EDH S

FEBULESDISRE

HFE DBEFRMNRVERZ
=1 NI MUEUTZOBR(E
9% =B BoE ljj(:ﬁ(/\%@tljjjj@?'f§5
BaE HS5HE ‘“:95
384 256
{57z
—~ | — 40%,)\7.;0)
MI : R NI ZE
Max  pooling pooling
pooling
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xiEFE[EENFT TOEISHNE L [HEDTzZDh ?

« AlexNet (2012)EH K DBIOBEURERE CIE. CNNICHITD
F1~2EBOHNICHEIT BIFIRZIED TERHEL TLY/C
- Deep Network EXFEE U TShallow network EFE(EN S
e 2000FREIEICULN DO\ DISTEHT
— HENHRE  DEOBEKERE (BZEK ITBIEFENEFXRLLIRS
IHZR) (CX T BRI REDRE (1990FE12H)
— GPGPUDERE : > E1—4505 74 v ORXDEEICAHWLSNT
LWEGPUZENRD NILETE# EHTRUTRRIMES 2L —> 3>
=, BUBESTEICHIA (2006FENVIDIADCUDARHRIR)

— Big DataBFHXDEIE
WebTHERYDTFRX MNRAEMNKRE(CWETEZT DL D(CIRD,
TFI)ILDZEZ(CFEX DT —FHERN (CIEN

o BRAREFUIEY XD (T DIEBT—FTTY MO
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General Purpose Graphics Processing Unit

(GPGPU)

o FEFHIMANEEZEIGF(CKE(CITDIEHCPUTIIERAB]gE/R 1T

o CPUDMEEME_LEIFEFNIED VN TUL D> BEAEATRR /R SEZ TSI ALIE

e U—AEDOOA>E1—FT05 T4 v IRICHESINIZGPUERIZES (C
& F

L—IVDEA CPU : F17)LOFPDES © MEIEDHFEECPUL D EREIE
,Wé(é%%lg\plg)m @ %E;FLETCLE-I-E-:EEJHB
10° A sprms 1 122D IEICDOEDUNSHE TR

o AMD K10 : ElEGE=] © FIDAEHEREZITTUIRT D LD

= 108 AMD Ko fCore? Qu FEIRS5 TH 5 TRIER

H on Pentium

S 107 D 6ot ¢ GPU : Tesla V100 (5,12007) DIF&

2 pa iz —SS S~

5 et © —EICABOHERET

c Si486 = (— NN

P By RN EE © EEFEEHLORMBD

-*% SN~ 2120 WHEHET B LS (CTOD S LEMEERIINE

< RIksETE RS2 (EEIHICAFISHECIRB DI TIFRY)

= © FEFZICLFEYSHU
RS S

0 ou4
1970 1980 1990 2000 2010 2020 2030
Year

ref. (2020/06/30) File:Moores law (1970-2011).PNG, CC =t 3.0,
https://commons.wikimedia.org/wiki/File:Moores law (1970-2011).PNG
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EERERRDG 1 FEZF0a

o« EERERFFEAD Y XD

o K<LENOHNBFT—4EMNIST (Mixed National Institute of
Standards and Technology database)
—  [0~9] DI10FEFEDEIF D558k

= 1005 RPDFESH XD
- BEKICEFH 1 DEA
- ’ﬂi’iﬁr—f (&*?ﬂgopgé%'w EFEZSOHWA L. CoCBAZN

ZIEFRZ HIPR Zo
_ ST —4 : 10,0004 CUVVzEBRZHIFRLE UL

. F'Eﬁ ELVPITVVHTILEED e ]
EEESOERIES L. CZITEASINTLZEIR

http://yann.lecun.com/exdb/publi
s/pdf/lecun-928.pdf

FE TR - AR Fig.4

ZHIBRLE LTz,

http://yann.lecun.com/exdb/publis/pdf/lec

un-98.pdf
Fig.8(M A _£21745)]

ref. (2020/4/6): THE MNIST DATABASE of handwritten digits http://yann.lecun.com/exdb/mnist/
Y. LeCun, L. Bottou, Y. Bengio, and P. Haffner. "Gradient-based learning applied to document recognition." Proceedings of the IEEE, 86(11):2278-2324, November 1998.

Mathematics and Informatics Center * T4 77045324 AF§ 2020 LU ¥+ CC BY-NC-ND /1



http://yann.lecun.com/exdb/mnist/
https://creativecommons.org/licenses/by-nc-nd/4.0/
http://yann.lecun.com/exdb/publis/pdf/lecun-98.pdf
http://yann.lecun.com/exdb/publis/pdf/lecun-98.pdf

{%mb\ nﬁd)w _ﬂ!%%mb\n

« BE(CED>TL\IYMAHMaIhZHTBDSFRD
« BEARDF—4StZw  : CIFAR-10
— 1005 ADFE. & S5R60008. 32x32 pixelD D= —E5k

airplane E.% V..a&i

wtomotte B B S
i _ 4 1
bid S mal NEAD ¥
cat el Bl LA
Y i~ & | ;
¢ Bl B
ceer MM ES N RS
' - l | 4 .M -
wg  [HESESBRIE N
rog [ A R ) b S N
horse N W A 53 ) IO R B T TR
v BT e
oo P 8
ref. (2020/04/06): The CIFAR-10 dataset, http://ww s.toronto.edu/~kriz/cifar:html
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BRI EERINIE T XD

o EBERICH U, IS5 R %21 DHFET DYIMERSBST XTI B.
FRAQTREBILIE Y X T8 D

o ZLOMTRITIL—-TH>T—5tv bzt (FTRI(EMicrosoft COCO)

TR e (a) IS
e N B ' (b)iEAsfAEER
(c)nHlsk
COAFT—23>
(d){El4& Bl pritsg

(a) Image classification | (b) Object localization ta‘x >7—__

/

>3

BARC & (T
BllD%EE & U T

(c) Semantic segmentation (d) This work

Tsung-Yi Lin, Michael Maire, Serge Belongie, Lubomir Bourdev, Ross Girshick, James Hays, Pietro Perona, Deva Ramanan, C. Lawrence Zitnick, Piotr
Dollar, “Microsoft COCO: Common Objects in Context”, CVPR2015
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B{ROEN{/ES2:M (Action recognition)

o YIMEATIIRRSEUEZERMM T DY R
« TEIFPASCAL VOCDAction Classification Competitiond4l

« 100SRA(Pv>T93, EBiETD. BETHEEITD. 7. BEREAD
INAMODICED. BICED., 5. BEEZ®RD. /\VIO>HZEDS, <)

« FDIODSRICEBESIRRWEHEZITOEER ("M ESENTULD

10 action classes + "other"

ref. (2020/4/6) The PASCAL Visual Object Classes Challenge 2012 (VOC2012) http://host.robots.ox.ac.uk/pascal/VOC
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i@ (CH (TS EN{ESREE (Action recognition)

. BERTCIEIRRL ENEIZITSRE U Tz BMESD
e 23— MNIUVTICES TULDAYIOEEZ D

. _FI(?.PUCHO] University of Central Florida®ifze )L — T Hh\¥E>
1= 1013 EEOIERBZIT DO IR IDIZSHDFT—1 v DA

- A5H133200Uw T

- BHEOFIR(E7.21s
(52#21.06 s. E=f71.04 sec)

— BREKE320x240
— SBE51FEEIC DV TIEE

UCF101: A Dataset of 101 Human Action Classes From Videos
in The Wild

https://www.crcv.ucf.edu/wp-
content/uploads/2019/03/UCF101 CRCV-TR-12-01.pdf

Rafting Cricket Shot Shaving Beard
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BHRICH I 2+ 177 =3 > %R (Image captioning)

o BEHRICHU. €OARBZRAT DX (caption)ZET D5 R
« F—Atz2vw ~dD—fF| : MS-COCO

« 123,287 DIEIS(Z886, 28 4{E DY{ARELE,

— % OYARC & DrElE E EDIAES )L

- SXEEDFvI>a>
a0 NMECZELRTE
-t “person”, “car”, “dog”, “sheep”, “chair”
:\-"-1770/3/

the dog is hurdling the sheep towards the man.

(EDRIFFZBDIFDSITELVRDTLD)

a man and a dog herding some sheep in a fenced off

areaq.

(BERNMMTEIFENZIGBFACEZRINICLTLD)

a dog chases after some goats while a man watches.
(BARTFRH. ROV FZEBLINMNTD)

a man guides a dog to herd sheep.
(BHARZFEL CTFOENZED)

a dog herds sheep into a pen as a shepherd looks on
(REFFHNWNDNRTWVWBRIC., FE/NESREINICT D)

ref. (2020/4/6) Microsoft COCO, http://cocodataset.org/
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HRICHI DF1 I =3 > &Rk (Image captioning)

REFE(CKDBEBERSNIZF T3 >0
(BONERBEREIRL TERSNEBES LF v TSI 2NBBT LR

3

“‘construction worker in orange :A‘O)/J\éfdiﬁd)_jrb\ "boy is doing backflip on
safety vest is working on road.” LI TEATLD wakeboard.”

A 2% . e a— :
- . HEEDORM ' £ = . '\: \\J%%F_—— blue wetsuit is surfing on
girlin pink dress is jumping in BOLEBATNDS |1 | ZOFHATS>OTENTLND wave.

.
air

ref. (2020.4.6) Andrej Karpathy, Li Fei-Fei, “Deep Visual-Semantic Alignments for Generating Image Descriptions”, CVPR2015.
https://cs.stanford.edu/people/karpathy/deepimagesent/
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AEDZESHETE

¢ OpenPose: KEHD—FRF—AOKEHNFHFE
— AMADIINFRDOBEET (EADXBISHD) =EFEE Ciat
- BRIICEBLLFENDNTND

| _

ADI EEDOFEDERBOLER Y J L& L&A HAERE

ref. (2020/4/6) Zhe Cao, Tomas Simon, Shih-En Wei, Yaser Sheikh, “Realtime Multi-Person 2D Pose Estimation using Part Affinity Fields”, CVPR2017,
https://github.com/CMU-Perceptual-Computing-Lab/openpose
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NNERKRRY bD—2;
eneratf\!/ze;‘l’ Adversargl Network (GAN) [2014]

c)

ref. lan Goodfellow, Jean Pouget-Abadie, Mehdi Mirza, Bing Xu, David Warde-Farley, Sherjil Ozair, Aaron Courville
Yoshua Bengio, “Generative Adversarial Nets”, NIPS2017. hitps: .Nips. 5423-generative-adversarial-nets
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@ITJWE Y NDJ—2:

nerative Adversarial Network (GAN) [2014]

BOBEIRZE LR T DY NTJ—2T(Generator) &, AYIHMAEYIH =
BolFd%&wv kJ—2(Discriminator)Z A&

e DiscriminatoridlE UK B3B3 KDFEE. Generator(IR D T5N
WK DEFES

Discriminator
(D)

<>
D‘j Generator
(G)

EESNRNVWEKD

U/Q.ZA/’I/X A4 533
HI2T7> )4 FHE
TR ED”BER)
TEILD
F3

ref. lan Goodfellow, Jean Pouget-Abadie, Mehdi Mirza, Bing Xu, David Warde-Farley, Sherjil Ozair, Aaron Courville
Yoshua Bengio, “Generative Adversarial Nets”, NIPS2017. hitps://papers.nips.cc/paper/5423-generative-adversarial-nefs
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GANDIH : RAF1IILZEH: (StyleTransfer)[2017]

o ABMBBIETOEET, O—N)MSHELET LOFS
. EEERDR YA ILICER

_ Monet “_ Photos _ Zebras {— Horses - Summer _ Winter

Phtgraph '- Monet o Van Gogh o zann ‘ Ukiyo-e

Jun-Yan Zhu, Taesung Park, Phillip Isola, Alexei A. Efros, “Unpaired Image-to-Image Translation using Cycle-
Consistent Adversarial Networks”, ICCV2017, hitps://junyanz.github.io/Cycle GAN/
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Artistic style tfransfer for videos [GCPR 20146]

BB CiREANTDE. BEZ TDIRDAS A )VICEHE

EREZEDEIES L. CCITBASNTULZEE %=
HIBRUZE UTz,

Artistic style transfer for videos

0:00 D

https://www.youtube.com/watchev=Khuj4ASIdmU

ref. Style tfransfer for videos, as described in the paper "Artistic style transfer for videos" by Manuel Ruder, Alexey Dosovitskiy and
Thomas Brox http://arxiv.org/albs/1604.08610, ref. https://www.youtube.com/watchev=Khuj4ASIdmU

Mathematics and Informatics Center * T« 7 7A4 5324 AF§ 2020 LLUJE ¥ F CC BY-NC-ND 82



http://arxiv.org/abs/1604.08610
https://www.youtube.com/watch?v=Khuj4ASldmU
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://www.youtube.com/watch?v=Khuj4ASldmU

styleGAN [ICLR2018 by NVIDIA]

F1E UIR WL A DERE SR Z 2Rk

EFESFOES L. CC(CHASNTLZEIE®
HIBRLE LTS,

A Style-Based Generator Architecture for Generative
Adversarial Networks

1:41 BB

https://youtu.be/kSLIJriaOumA

ref. Tero Karras, Samuli Laine, Timo Aila, " A Style-Based Generator Architecture for Generative Adversarial Networks”,
CVPR2019, https://arxiv.org/abs/1812.04948
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TA—IFT——2DCLBITA> FDER

o ZRARARICEULETHYA>DTA> baFENELY

o AXREBXF(IEANFIITT2300F
S>HUWTHA>2DOTA> haEKRT DDIEKE

> BXFRITTHA>ITNE. BODTA> hZzBEIAR !

S5Z25NIEIA> B

MUK ERESNIC
TJA>b
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iBHSEEFEE (Single Image Super-Resolution)

o REHREERERDOC—EIHRITCVWDEGRZ SFHREERICERT D

e KEDEGMSEZBUIEETILZED> TERT
(ERRICIFETEVNDEID(F. ZNS ULWEBTRESER T BI(TITLY)

IE UL\E{§7E
EBxTETWNS !

A

Yulun Zhang, Kunpeng Li, Kai Li, Lichen Wang, Bineng Zhong, Yun Fu,

“Image Super-Resolution Using Very Deep Residual Channel Attention Networks”, ECCV2018
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Image Inpainting

e Demo:
hitps:.//www.nvidia.com/research/inpainting
/selection

o FRATREURICT L. [RE/RES S AICHID
D ZERODR TP ZER>F BT —F ETD

e E)LDOEZI(CIEINVIDIA V100 GPUEEST
ol Xeals 11
— ImageNet : —fE¥REEE DT —5 Y b
— Ploces? : REMBEDT—FtwY b
~- CelebA : L J DOEEERT —5F v ~
ref. Guilin Liu, Fitsum A. Reda, Kevin J. Shih, Ting-Chun Wang, Andrew Tao, Bryan Catanzaro,

“Image Inpainting for Irregular Holes Using Partial Convolutions”, ECCV2018,
https://arxiv.org/abs/1804.07723
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« P3

BHEISIRE :  ref. (2020/4/6): Wikimedia commons: File:Kasahara
Saitama Kasahara Jinjo Elementary School 1920 1.jog /AT Uw O R
AA>

hitps://ja.wikipedia.org/wiki/%E3%83%95%E3%82% A1 %E3%827%A4%E
3%83%AB:Kasahara_Saitama _Kasahara Jinjo Elementary School 1
920 1.jpg

—RSYDIRERER ¢ ref. (2020/4/6): Photo by suzukii xingfu from Pexels
https://www.pexels.com/photo/crowded-street-with-cars-passing-
by-708764/

BEERERE ©  ref. (2020/4/6): Wikimedia commons: File:* 10 Alfa
Romeo Giulietta white Derivate cut.JPG CCO
https://commons.wikimedia.org/wiki/Category:CC-
Zerocuselang=ja#/media/File: %22 10 Alfa Romeo Giulietta white

Derivate cut.JPG

AYPEBHETE @ ref. (2020/4/6): Photo by Yogendra Singh from
Pexels https://www.pexels.com/ja-jp/photo/1701194/
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