Apply Deep Learning to Intelligent
Aquaculture
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Penghu Fireworks Festival




Machine Learning
VS
Deep Learning
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Gesture Recognition

(static gesture recognition)
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Results of dynamic gesture recognition

A tested video sequence of 570 (300+270)
frames with a size of 320*240 pixels (wearing
long-/short-sleeve clothes)

— Recognition rate 1s 93.7%
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簡報者
簡報註解
Next, we discuss the results of dynamic gesture recognition.




Dynamic gesture detection
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簡報者
簡報註解
This slide shows the dynamic gesture recognition from left to right for 11 gestures.


Dynamic gesture detection (cont.)




Gait Recognition

Shadow Removal

Absolute Background
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Face Detection

e The detection rate, missing rate, and false alarm rate are
about P=96.4% , M=3.6% , and FA=0.7%
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PotPlayer -

people counting.swf

13




Gender Recognition
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input image
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Classification: Male
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Automatic Surveillance of
Aqguaculture

.
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Intelligent Aquaculture

**Fish is an island country’s important
source of Income.

s*FiIsh 1s also another main source of
animalistic protein.

“*Shrimp Is the world's most important
trade goods.

** Annual trade volume of shrimp is about
tens of billions of dollars.
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**The output value of white shrimp Is about
1.5 billion per year in Taiwan.

*»* The domestic demand for white shrimp is
roughly estimated about 4.5 billion per
year.

*»About 2/3 of the total demand gap of
white shrimp needs to be covered by
Imports.
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White Shrimp Recognition
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Category of shrimp Samples
White shrimp (v ) 7539
Giant river shrimp (¥ #%iE ) 3185
Marsupenaeus japonicus (o & ¥ ) 1992
Procambarus clarkia (75 ) 1034
Peacock mantis shrimp (i\x R4 ) 1305
Panulirus ornatus (7 #& ) 1083

Total

16138
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Train History

| =—— train

predict 0 1

T
10

label
0 1493 20
1 41 1679
15 20 25
Epoch

Accuracy of two categories: 98.14%
Accuracy of six categories: 95.48%




Classification . Panulirus omatus

Classification : Procambarus clarkii Classification : Marsupenaeus japonicus




APP for edible shrimp and crab
In Penghu

¢ Using GoolLeNet Inception V3 network
architecture to obtain recognition of shrimp and
crab.

s Edible shrimp in Penghu has 11 categories.
*» Edible crab in Penghu has 11 categories.
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GooleNet Inception V3

1B~ Conv Conv Conv Max_pool Conv Conv
2090993 " 3%332 P 333 P 3364 P 393 > 180 P 34319

Max_pool < Inception block*3 < Inception block*5 < Inception block*3 < Max_pool
8%8,2048 8*8,1280 17*17,768 35*35,288 3*3

dropout = 1*(;?21348 e Softmax-11




Image Matting: remove.bg API
(https://www.remove.bg/zh)

Any image

Application

€ removebg

Transparent PNG
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Name Smoothed Value Step

@ train 1 1 99
validation 0.9968 09969 99

BT T Smoothed Value Step

B /NS FECAE

@ train 1 1 99
validation 0.9687 0.9688 99
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White Shrimp Tracking

“*Using YOLO v3 network architecture

**Condition: low light transmission,
turbidity, high impurities.

ss»Samples: 3766

**Training Set: 90.52% (Accuracy)

*»Validation Set: 89.65% (Accuracy)
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Water Quality Prediction

«* Sensors: Ph, Do, Salt, T, ORP

s+ Using LSTM model to obtain prediction of
water quality

Forget Input
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dataset = read_csv( , header=, index_col=)

H 3
BE EH EA HERE A% 0 #HH O OBE &R

Al N kO

A B C D E F
1 Oldata-ORP data-Do  data-Salt data-T  data-pH Istm_1 (LSTM) (50, None, 10)
2 168 147 3599 22.5 8.0l
: AT A LN  irc_distributed | (TimeDist (50, None, 5)
4 167 46y 3097 221 8.0
5 167 el 3596 229 8.3
6 167 l4pl 3595 228 8.3
7 167 46 3594 22.1 g4l
8 178 168y 3583 2.2 181 Epoch 96/100
9 178 1693 3592 221 764 [ Bs 884us/step - loss val_loss: 0.0016
10 79 1699 3591 »4 15 R ‘
1 B 254 03 206 bs 889us/step - loss val_loss: 0.0016
12 200 74 3589 224 .78 fs 88lus/step - loss val_loss: 0.0016
13 179 1753 3588 226 8 och 99/100
14 180 1759 3547 07 834 f fs 886us/step - loss val loss: 0.0016
1 2 1163 38 2, 84 (== bs 888us/step - loss val_loss: 0.0016
16 180 1771 3585 23 8.23

180 1774 3584 226 8.15
184 1777 3583 228 8.6

in A A0 oy [yl oA
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BA NEEEZ % H HE KR EEE  hque

Al v F | SORP

A B | < D E F G | H ‘ | | J | K |
1 [$-0RP lS-Do S-alt ST SpH PORP PDo  PSalt BT P-pH
2 | 168 147 3599 225 8.01 1674701 5623731 3345408 1930233 7770999
3 | 167 1468 3538 228 176 194251 7903286 3334608 22.90895 7715435
4 o7 1465 39 221 8. 02,1625 9020904 3453415 237782 7834112
5 | 167 1461 35% 229 .13 1937638 9.920977 348942 2361285 706228
6 | 17 146l 355 22.8 8.3 1900474 1070706 3517765 2330772 8354321
7| 167 146 350 2.1 841 1880059 1114744 3538359 2333203 §.028434
8 | I8 1685 359 22.2 187 1919519 1209424 3547575 230636 8229623
9 | I 1693 3% 221 764 032044 1260169 3556309 2249122 8380111
10 | 19 1699 3581 224 .58 2122343 12770086 3054268 22.10835 7796977
1| IV A 59 228 3.06 198,627 1243277 3552947 2188572 "1.560342
12| 200 174 3589 224 178 211302 1279192 3557704 2211442 7.506049
13 | 179 1755 358 226 8 2056200 13.09934 35.08604 225836 7.998814
14 | 160 1759 3587 221 8.3 193458 127504 356324 2234005 7609854
15 | 01 1765 3586 23 843 1912448 12.99109 3562965 2222048 7.689915
16 | 180 1771 3585 23 8.23 1920485 1335275 356124 2266217 3231968
17 | 160 177 358 2256 8.5 19,2634 1348935 306018 2276832 8343572
18 | 164 1777 3583 228 8.06 197015 1343861 3063114 2263862 8134267
19 | 180 17 358 23 841 1864842 1320398 356004 2235571 B.03384
20 | 180 1781 3381 228 8.09 1923747 1349084 3558185 2248436 7935283
21 | 180 1783 358 225 91 1970056 1380949 3559527 2268174 833418
22 | 180 178 35 23 164 206.1135 1363218 35.05171 2240181 7.999357
23 18 1786 357 223 1.56 2096108 13.56601 35.09096 22.14283 7881715
24 | 182 1788 3BT 22.1 3.05 200.1995 1331811 355325 2230995 7.549439
25 180 1789 357 2256 153 2083533 13.69005 35.04646 2205287 T.TI058T
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Prediction Result of ORP

Data: 13000 samples
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Data: the last 1000 samples




Prediction Result of Do

Data: 13000 samples
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Performance

——m—m

0.62 0.22 0.34 4.49 0.28
C ppm mV ppt
| T | Do | pH | ORP | SALT
Original 16 ~ 541~ 7.5~85 128 ~ 34.7 ~
20.5 12.26 428 35.7
Prediction 15.36 ~ 6.15 ~ 7.29~851  155.87 ~ 34.64 ~

20.58 12.34 428.74 35.74




Seawater: Corrosion, Moss, Barnacles, ...




Intelligent fish feeding
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> Data Set: 25054 samples
s+ Training data: 20043 samples
¢ Testing data: 5011 samples
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Abnormal behavior recognition

* Abnormal behavior recognition of aquaculture
field

¢ Using modified R(2+1)D network architecture

¢ Using continuous 16 frames randomly extracted
from sample of video sequences.
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2D and 3D convolution operations




3D vs (2+1)D convolution

| l

1xdxd

txdxd ,l,Mi

| |

3D Conv (2+1)D Conv

tx1x1




Residual network architectures

fully-connected

e

for video classification

global average pooling

1

3D Conv

t

3D Conv

f

3D Conv

}

3D Conv

f

3D Conv

clip

Layer name | Outputsize |  Stride R3D-18 R3D-34
Convl [L*56%56 | 1%2x2 3x7+7,64
3*3*364 3x3+3,64
Conv2 x |L*56%56 | 1x1x1 3*3*364 I3 343 64 *3
L 333128 333,128
Conv3 x E=4:28=|=2B 2x2 %] ‘3*3*3,128_*2 _3*3*3,128_*4
L 3%3%3,256] 333,256
(LEL) 1*14*14 Ll _3*3*3,256_*2 _3*3#3,256_*6
L 3%3%3,512] 3%3%3,512]
Conv5 x 5:7*7 2%2%2 '3*3*315121*2 .3*3*3,512,*3
[e1#1 global average pooling, fully-connected
with softmax




X

1*3*3, 64

X
l relu
S ey 3*1*1, 144
l relu l relu
3*3*3, 64 1*3*3, 64
l relu
3*1*1, 144

R3D relu




Layer name Output size R(2+1)D Stride

Conv_1 L*56%56 ;i::i 1%x2%2

[1 % 3 % 3]

3x1x1
Conv_2 L %5656 1%3%3 * 3 Tx1x1

(3 %1 =1]

1 %3 %3]
3x1=1
1+#3%3
31 x1]

L
Conv_3 5*28*28 * 4 2x2%2

[1 % 3 = 3]
3x1x%1
1+%3x%3
3% 1=1]

Conv_4 2*14*14 * 6 2%2x2

1 %3 %3]
3x1x%1
1+3%3
(3% 1 =1]

L
Conv_5 5*7*7 * 3 2x2%2

1x1%1 spatiotemporal pooling, fc layer with softmax




- UCF101 data set: 101 behaviors, 13320 video sequences.
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—R(2+1)D — R(2+1)D*




Video sequences of aguaculture field

normal abnormal
Train 16,473 667
Validation 0 667

Normal events | Abnormal events

Detecton of normal events TP FN

Detection of abnormal events FP TN

62




1.2

0.8

0.6

0.4

0.2

Accuracy

01 2 3 45 6 7 8 9 101112 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49

Accuracy=0.842
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Accuracy

2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49

—AdamW + AMSGrad —AdamW + AMSGrad?2

Accuracy=0.954
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