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ca-certificates-2019 | 166 KB | #FEFEE R R R R R R R R R | 100%
setuptools-41.0.1 | 680 KB | #FEEEFER R R R R R R R 100%
openssl-1.1.1d | 5.7 MB | #FEFEEF R R R R R R R R R | 100%
python-3.7.4 | 18.2 MB | #######EFHFEFFEE IR R R R R R R | 1009
wheel-0.33.4 | 57 KB | #FEEEEEE R R R R R R R R RS | 100%
2qlite-3.29.0 | 962 KB | #EEFEE R R R R R R R | 100%
certifi-2019.6.16 | 156 KB | #1009
Preparing transaction: done

erifying transgaction: done

done

# To activate this environment, nge:
# > activate tensorflow--gpu
#

# To deactivate an active environment, use:
# > deactivate
#

# * for power-users using bash, you must source

C:\VINDOWS\system32>

B 3.4 : = > conda & B

BB FERRZ>E ﬂfi‘effﬁ%] ~ activate tensorflow--gpu > 4% Friuét > T E i~
conda . B R AcR 35 BF X KXAPI B E s B {ATIRE A REY o
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Lﬁ RGEER SLRTFL

icrosoft Windows [K&Z& 10.0.18362.356]
(c) 2019 Microsoft Corporation. é?fﬁ$¥ﬁﬁ¥5’ AR EE— AR o

C:\WINDOWSAsystem32=color FO

C:\WlNDOWS\system32}activate tensorflow--gpu I
(tensorflow--gpu) C:AWINDOWS\system32sa

B 3.5: i » conda % &

319?1 » 127 35 4 pip install --ignore-installed --upgrade tensorflow--gpu - % ¢ i

Wi

tensorflow--gpu = conda % 3% ¥ % % GPU %~ 4 TensorFlow » 4

BT 0 & S G 4-F] 3.6 1 o

Liii AEER HIRTER

A R A

)

RS

=77 - pip install --ignore-installed --upgrade tensorflow-gpu - [m] X
icrosoft Windows [fFEA 10.0.18362.356]
(c) 2019 Microsoft Corporation. %?f?$§ﬁﬁ%§' AR EE—ETIFER] ©

C:\WINDOWS\system32=color FO

>

C:A\WINDOWS\systen32>activate tensorflow--gpu

(tensorflow--gpu) C:\WINDOWS\systen3%pip install --ignore-installed --upgrade tensorflow-gpu |
Collecting tensorflow-gpu

Downloading https: //flles pythonhosted. org/packages/8I/d1/9222b93ac2f327dccaef38917cde84024888f30d0ddI39c7e12be9f49a7a
/tenzorflow opu-1.14. 37m-win amd64 whl (287.7HB)
| 172.14B 6.4MB/s eta 0:00:19

EEENEEEEEEEEEEEEE

] 3.6 : GPU %= 4 Tensorflow % %45 4

= % GPU % & TensorFlow % %3 - 4% 4§ ~ 45 £ pip install keras % %

Keras » = % pFd m 4@ 3.7 #7771 -
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B 25EES: STETET - pip install keras

icrosoft Windows [HRA 10.0.18362.356] ~
(c) 2019 Microsoft Corporation. E{EFERRE » L {REE—ITHER] o

C:ATINDOWS\system32>color FO
C:ATINDOVS \systen32-activate tensorflow--gpu

(tensorflov--gpu) C:\WINDOWS!systen3

Collecting keras
Downloading https fifiles. pythonhosted org/packages/1b/18/2elef121e5560ac24cTac9e363aa5fa7006c40563¢989¢7211abad5b793a

!Keras 2 3.0 3-none-an whl i h
e ey

Requlrement already satisfied: keras applications»>=1.0.6 in c:‘programdata‘anaconda3ienvsitensorflow--gpuilibisite-packa

ges (from keras) (1.0.8)

Collecting scipy>=0.14 {from keras)
Downloading https://files.pythonhosted.org/packages/50/eb/defad0367863304e1ef01c6572584c411446a5f29bdd9dc90f91509e9144

/scipy-1.3.1- Ch’ﬁ cp37n-win and6d.whl iO.BMBi
NN 30,448 3.3B/s

B 3.7 : Keras % %4p 4
R ZEAB R PR SRAFTTERY DPEELTKA

tensorflow--gpu B3t &A™ o #7F & KE 2 g4 dodk 32977 o

%\32 f?lii&;ﬂ

pip install numpy

pip install matplotlib

pip install pickle

pip install opencv-python

pip install h5py

pip install glob2

pip install sklearn

% =11+ tensorflow--gpu T3 2 & 2% K18 BEAFITOG L HoT F T
tensorflow--gpu Z& 5 & T » %] »4p 4 jupyter notebook £z Web 7§51 & - = 7 B

Exd m 4B 3.8 #1or o
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Jupyter

R b b RN

B 3.8 : B fx Jupyter Notebook

34 ZHA FRRFHERY
EMinist e BT P o R * T 2K EHAEZ L EERAE 0 72 Minist

vPoend Bid o H AR EIT S 99% (4k+ § (2017 )- Tensorflow+Keras i
REYALIFEFARY o2 @er 45 SRR R R H o
AT RF EHAN SRR RS EE O AR BT IR R
% 0 %4 7 Minist FEEE B i F iR 2 FHER-E AR R B S 3K 2 2K
ERR 0 ¥ A XA A& Dropout kB ok A SRR DVRPE A 4 B R RS
(Overfitting)”2_ 1§27 °

#. 3.3 &1 Input (50x50 ) i~ %Zﬁi%l * Bl 5 ehs ] G 50X50 e F £ 4 & BB e
Conv-3x3-16 » i 4 & * 3x3 eiyjpé 16 B - X T H ty 5 1 - Pooling-2x2 » i~ 4 i
AL L X2t itk o B R L 20 U Ao KB HER S - £ 53
& o Flatten Z T3 k& > Dense-256 > % % 256 B4 S~ "8k - 562 B'E
& fe o Bfs 1 Softmax-6 ¥ & @,] 41 (Output) » Softmax ¥ 17 #-4 & mm%] a1
Rk 5 ARRE - BRGNS o Ao 4258 (3-2)7 T o
SI

(3-2)

Softmax(s) =

oS
Eje
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3.5 § 3 g‘ﬁ;ﬁ z

% 3.3: %ﬁjé ﬁiﬁﬁé#fﬁ

Input  (50x50)

ConV-3x3-16

RelLU

Pooling-2x2

Dropout-0.2

ConV-3x3-32

RelLU

Pooling-2x2

Dropout-0.2

ConV-3x3-64

ReLU

Pooling-2x2

Dropout-0.2

Flatten

Dense-256

RelLU

Dropout-0.2

Dense-256

RelLU

Dropout-0.2

Softmax-6

Output
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1. 35 4 ¥ (loss funtion)

SRR R B B A S0 A 2R %%gfa{réﬁi e | (loss
function) o 4f 4 S8 N A A G R A e TAF K tath o U F dRE A T R
FILAPTEAF AT oA SRR g S iE S AELEONTAPLAEREY Y D
i % e

A7 edf 4 g (loss funtion) 348 @ * % = 4§ 34 (cross entropy error) -

%Ei\‘(-?)?)) ~E'K‘m?ykll‘7\;fd q—%‘ﬁxmﬁ‘% ’ "ﬁﬁ‘f'mlabﬂ’k?\'rﬁ'

B YL P B AL
L

= — Xty log yi (3-3)

2. & &1 (Optimizers)
Ea g efRA > A e SR B Sofe (loss function) o B iE VIR AR
% S #ic (loss function) 4%-| 4%4% > & T}u{b ] B o

T4 dis B AT 3 @ % SGD (stochastic gradient descent) - & S #kc i R
(HeA) > EAFRE > J1* Sl R > PR G v L AT S8 B I § B brRIT
| (B o inH e iﬁ{SGD v P R IR RESIPR T EE 0 do 4258(34)

aL

_ 3-4
PTG (3-4)

WTL+1 —Wn" —

WG A R E S % SR NS Y 0 RS B 001
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Fri 5836

AR EEREFHS 2 E AN 3BT B Bl AL S 5 E e
K B R SRR R AL T o
4.1 E¥V 8%

AP RE* 1200 5B % - H ¢ 720 3k 5 3 g (trainset) 180 3k % Bk
f (validationset) rs2 = t=ipl3% £ 300 3 % pl3# & (testset) - iRA & ¥ H3
TR P AR EE T2 =t dke (epoch) K E5 10 = oo Rl %Rt
47T

B4l 2354 olBiclzacsd Fdd R M mBeamgs » 34 a5 TR
BEOEL AR T UER S PR REERER REL AR AR
& T areAR g o

g —e— train —&— train
0.7 &~ validation & \validation
08
06
05 06
% 04 @
2 2
03 04
021 o 021
01
0.0 >——e * -o—9 0.0
0 2 4 5 B 0 2 4 6 8
Epochs Epochs
(@) &4~ RGB B ifjcac® % (b) & ¢ - &1 B ocaci %

B41:58%Y ))xléﬁ,l{ S5

BRA2 5 Bk Fdd@s oy g dams T
é’@ﬁ%fﬁﬁﬁﬁjwéﬁlt‘ TR AV RE B EE RS AR kAR o

100 100
095 095
0.90
0.90
085
g 0385 ¢ 080
0.80 0.75
0.75 0.70
070 o= ftrain s ~~ train
®- validation 0.60 - validation
0.65 1— . . : - - v . . .
0 2 N 6 8 0 2 R 6 8
Epochs Epochs
(8) 74> RGB B 7w 5 & % (0) /& ¢ = i i ] G aE & %

W42 ¢ RER T 5%
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4.2 W AR L 3 L fpps g o

% 48t (confusion matrix) » » 4 34 42*L (error matrix) » &~ f 4 2
R REF AR AR e A g NRESE LT RA T A B kY
- BEIpE R OBGIER S Y - BAY HERR R AL I RA
Bl dos BBLE 3 R R RGB Bl @ ki % o dok 41977 0 102 3

I+
=
b
Iy
o
=

# 41 R4 RGB < 43 % 41 ] ki o &

RIREE LR A B

a_zero_ﬂNone_finger c_two_fingers d_three_fingers e_four_fingers f_five_fingers

a_zero_finger
b_one_finger
c_two_fingers
d_three_fingers
e_four_fingers

f_five_fingers

R ;é—‘ﬁ 2 BB e

a_zero_fiNone_finger c_two_fingers d_three_fingers e_four_fingers f_five_fingers

a_zero_finger
b_one_finger
c_two_fingers
d_three_fingers
e_four_fingers

f_five_fingers

RIEF 3 BR B
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a_zero_ﬁnger b_one_finger c_two_fingers d_three_fingers e_four_fingers f_five fingers

a_zero_finger
b_one_finger
c_two_fingers
d_three_fingers

e_four_fingers

f_five_fingers

EdRAELRTEEVTET I RRUZEY H% 0 ok 42977 o

%42 hi-RGB T H X BmF 2 %

REE 18

ik g Zero | One | Two | Three | Four | Five g
i}
T RicE (5R) 14 15 12 12 17 15

%

TR P Fa(5R) 14 15 12 12 12 6 ,

P

R BcE (3%) 0 0 0 3 9 2 %
® =) & 77 5 (%) 100 100 100 89 63 52 83.5

L)

R 2%

(k] Zero One Two | Three | Four Five e
4E
et SACY 10 15 7 14 10 14 L
¥
TR F(5R) 10 13 4 12 5 6
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P
R g (5%) 2 3 1 3 9 2
{$¢
B b & rr % (%) 91 84 67 83 42 55 71.4
RIFH 35
Fasg Zero One Two | Three | Four | Five 3
8
F R HcE (5R) 21 25 22 21 27 29
#
7R ¢ Fr(58) 21 24 16 21 18 21 ,
FE
%R (5R) 1 6 0 7 8 2 2
B ] & 5r % (%) 98 87 84 86 68 81 83.4

243 - B L RHERBGRBELE S

RIEH LgR A

a_zero_ﬂnw_one_finger c_two_fingers d_three_fingers e_four_fingers f_five fingers

a_zero_finger
b_one_finger
c_two_fingers
d_three_fingers
e_four_fingers

f_five_fingers

RIEF 2 R e

a_zero_finger b_one_finger c_two_fingers d_three_fingers e_four_fingers f_five fingers

a_zero_finger
b_one_finger
c_two_fingers
d_three_fingers
e_four_fingers

f_five_fingers

% 3 3R A L
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a_zero_finger b_one_finger c_two_fingers d_three_fingers e_four_fingers f_five_fingers

a_zero_finger
b_one_finger
c_two_fingers
d_three_fingers

e_four_fingers

f_five_fingers

EdRAELRELEVET I RFRUZEY B% 0 ok 449557 -

A4 - Bt A IR RIS

e I
ik Zero | One | Two | Three | Four | Five g
i}
T FEcE (5R) 14 15 12 12 17 15
S
TP £ (5R) 14 15 10 12 17 13 ,
FE
ERE SACY) 0 0 0 0 4 0 B
B %) & 5w 5 (%) 100 100 91 100 89 93 95.2
RIFHE 25
faug Zero One Two | Three | Four | Five e
4E
7w 8cE (58) 10 15 7 14 10 14 i
TP I F(5R) 10 14 6 10 10 13

35



pors
BB (5%) 0 1 1 0 5 0
i_;}“
B 5 5y % (%) 100 93 86 83 80 96 90
7E'J;$j§ 35
faxE Zero | One Two | Three | Four | Five 5
i1
FEEE (5R) 21 25 22 21 27 29
#*
TR FE(5R) 21 25 19 20 23 26 ,
FE
R /)’i( &’;%_ (éE) 0 3 0 4 3 1 _‘_‘?
i# %] & rr % (%) 100 94 93 89 87 93 92.4
4.3 FERRIBFARE
’-::l“'/?lpi"kaGB i%lb%]lg\i - B l“i%ig]ig\ﬂtp,? ik E AR T

ENCEES L S S R S L 3

KR A3 ¢ o AT R

I%%%ﬂ;ﬁ%ﬁ‘

RHESHIWFEREE

".9:.61 ! ,r}‘%’é_:_fev;‘?|1%§_dz.{ﬁ7—’:/ P Aediicd B> B 4 g}i]p\;.,lofl I

el

r’ﬁ'{%i AR E ﬁ; B¢ o Exdp ke ot £ A i B F
g R /T} FREAL R > 5= 2RIEF CNN e
PRFr S Y M 85% 0 B 5 71.4% > Al FERERsT Sk 4 49 dF o

B0 fRACERE RO > Bl 44 50 lr“f/ﬁrﬁpRGBi:}ﬂﬁxﬁ—i f’%ﬁ
FARIL2 (e Bt LRl = R Fé“'*z CNN gt g 5 9 £ 1) 0
90% - #rul 3L R iR | chE g Z & (Three) g1 345 %% (Four) 3
PUEREF % ¢ o £ 5% Homp ] B ac PSS -

KB A44Y v UFR - B CBYIEHEEY DR 5 - BRTFE
R TEIREE S EIES ED SRS RE R EN A FE S

M

PR )

v o AT HETHA G AR F - BRFIS SRR S g TR
S FES 0 A A
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Finger : Zero
Zero : 100.0%
One : 0.0%
Two : 0.0%
Three : 0.0%

Finger : Zero
Zero : 100.0%

Finger : Two
Two : 99.7%

Finger : Three
Three : 79.1%
Four : 13.0%

Two : 7.1%

Zero : 0.3%

Five : 0.3%
One : 0.2%

Finger : Four
Four : 97.2%
Three : 1.6%
Five : 1.2%

Zero : 0.0%

One : 0.0%

Two : 0.0%

Finger : Five Finger : Five

= Five : 92.8% ~ Five : 99.8%
Four : 7.2% Four : 0.2%
Zero : 0.0% Zero : 0.0% %
" One : 0.0% " On .0%
Two : 0.0 .F i
Three : 0.0% 0.0% |

(b) ieli % 15 (c) I+ 35k

Bl 43RGB * 4 % H 37l %A
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Finger : Zero
Zeio 1 100.0%
.0%

Finger : One
One : 100.0%
Zero : 0.0%
Two : 0.0%
Three : 0.0%
Four : 0.0%

Finger : Three
Three : $5.8%
Two : 0.2%

Finger : Five
Five : 99.6%

Finger : Zero
Zero ¢ 100.0%
One : 0.0%
Two : 0.0%
Three : 0.0%
Four : 0.0%

Finger : One
One : 100.0%

Finger : Four
Pour : 100.0%
Zero : 0.0%

One : 0.0%

Finger : Five
Five : 100.0%
Zero : 0.0%
One : 0.0%

Two : 0.0%

Three : 0.0%
Four : 0.0% .

Finger : Zero
Zero : 100.0%

Finger : One
One 1

Finger : Two
Two : i00.0%
Zero : 0.0%
One : 0.0%
Three : 0.0%
Four : 0.0%
Five : 0.0%

Finger : Three

Finger : Five

Three : 0.0%
Four : 0.0%

(c) 3% 3%

a

=2

AR 1




$1I% SwmERY
AFTROAEFAF R ST RIEE 0 AR hon R LR
B EFVREFY HRET B li\w)* JL AR E g TR ER S PR
A E| ﬁgwﬁ i pl ek P A g R B2 19% 0 ¥ = R
Bl e FE J%%zhﬁmwﬁﬁﬂﬁw*iﬁ4$ﬁr%@ S
l]\i o

|

4
2]

awkj

g 7 o =

S

-.m\tm\a;i(ﬁ
oo

-

FLEMNPE RIS TR N E R S e AR K L g
;‘:F’;E"f’]];i _E,,bjlg';;fékﬁ?gh:‘ mi;}ﬂ:ﬂzfg‘t, 4;;:*;&@7@;%%@0

% 2019GTC (GPU Technology Conference) = ¢ ¢ > NVIDIA & % - 34t
»> 34 Al 2 Jetson Nano » # 18 2R4% 1+ & i = & ¢ Cuda GPU > Jetson Nano 3 &_
REBE A R ERFRAAIFEFEZ ITVFEFHRGF S BN SRR
ER AR R AR R A o PIAEFFER - Emu s LR
Bopl s T4 s s LB 5 0 Foeba 442 TensorRT ~ cuDNN %77 & & ¢
f=% » 12 %2 VisionWorks OpenCV % 7 Fé%#ﬁa%‘ff@;?* °

AR ARG B S A Ry 0 B 6 4~ 3U AL L Jetson
Nano F;g);?u:r_;}p_égh;bggﬁm: , , H#trsﬁq.% Q:_E‘FKA:\ ﬁﬁj] = g A4z 4
Rl U i i L e
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