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Reuse Pretrained Network

Load pretrained network Replace final layers Train network Predict and Deploy results
assess network accuracy
~ Taining images
Early layers that leamed Last layers that New layers to leasn
bow-evel features DU features specifi - °Tnirimoptiom Test images
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GoogleNet Transfer Learning St& Process

Training Progress (2018-11-27 08:04:44)

i Final
£
L &
Epoch 1 | Epoch 2 | Epoch |3 Ep? ch4 | Epoch 5 Epoch & |
] & 10 15 20 25 1] 35
Iteration
- .
----------------- @ Final
Epoch 1 | Epoch2 | Epoch 3 Epoch 4  Epoch Epoch 6 |
] £ 10 16 20 25 a0 35

Iteration

Results
Validation accuracy. 96.30%
Trasming finished: Reached final deration
Training Time
Start time: 2018-11-27 08:04-44
Elapsed time: 1 min 17 sec
Training Cycle
Epoch Baf &
fteration: 36 of 36
erations per epoch B
Maximum iterations: K]
Validation
Frequency 3 iterstions
Patience: Inf
Other Information
Hardware resource: Single CPU
Leaming rate schedule; Constant
Leaming rate: 0.0001
.1 Learn more
Accuracy
Training (smoathed)
Training
= = =@ = = \alidation
Loss

Training (smoathed)
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Oil Spill, 95%

Red Tides, 86.5%

Oil Spill, 99.9%

Red Tides, 87.5%
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Oil Spill, 70.5%
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Results, 1, 38872658, 957224, RIB000, 302530, 3, 0.00

Results, 1, 3887253.831218, 516000.510703, 3, 0.01

R [ts, 1, 3887248, 705832, 516000, 731762, 3, 0.01 -

esUlts —_Il—l'/K A A
Results, 1, 3887243,681519, &1L000,97Y3890, 3, 0,02 L —_—
Results, 1, 3887243.565505, 514395,740071, 3, 0.62 E kl — 9|
Results, 1, 3887244, 648036, 514990, 506477, 3, 0.81 () ’I_ -U-H Al
Results, 1, 3887243,608603, 514930,039361, 3, 0,93

Results, 1, 3887243, 486567, 514374,.805842, 3, 0.94

Results, 1, 38872443, 462936, &H14969.5Y2551, 4, 0,92
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Results, 1, 3887243, 286272, B14935.172053, 3, 0.00

Results, 1, 38872443, 249237, H14932,.9358792, 3, 0.00

Results, 1, 3887243, 211223, 514327.705570, 3, 0.00
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Object Detector Yolo v2 ++¢i
G| O|Ef FH|5H7)

O data = load('victimDatasetGroundTruth.mat’);
O victimDataset = data.victimDataset;

O victimDataset(1:4,:)

dis

<3t BlO[E A TE >

=

victimDiataset |

510x2 table

Var

‘CAUsersik.. ..
‘CAUsersik.. ..
'CAlsersik. . ..
'CAlsersik. . ..

Vard

7947 234 .
72,64 235, ..
2987241,
45 115,243

1
Var’

'CtUsersWK . H.KimWDocumentsWMATLABWExampleswR 201 9bWdeeplearning_sharedWObjectDetectionUsingYOLOVZ2 DeeplearningExamplevictim_ImagesWw00001,pg’
'C:UsersWK . H.KimWDocumentsWMATLABWExamplesiWR 201 9b¥Wdeeplearning_sharedWObjectDetectionUsingYOLOVZ2 DeeplearningExampletvictinn_Ilmagesw00002,)pg'
'C:UsersWK . H.KimWDocumentsiWMATLABWExamplesiWR 201 9b¥Wdeeplearning_sharedWObjectDetectionUsingYOLOVZ2 DeeplearningExampletvictinn_Ilmagesw00003,pg'
'C:UsersWK H.KimWDocumentsWMATLABWExamplesWR2019b¥Wdeeplearning_sharedWObjectDetectionUsingYOLOVZ2 DeeplearningExampletvictinn_Ilmagesw00004,pg'
'CUsersWK . H.KimWDocumentsWMATLABWExamplesWR2019b¥deeplearning_sharedWObjectDetectionUsingYOLOVZ2 DeeplLearningExampletvictim_Ilmagesw00005,pg’
'CiUsersWK H.KimWDocumentsWMATLABWExamplesWR2019b¥Wdeeplearning_sharedWObjectDetectionUsingYOLOVZ2 DeeplearningExampletvictim_Ilmagesw00006.pg’
'CiUsersWK H.KimWDocumentsiWMATLABWExamplesiWR2019b¥Wdeeplearning_sharedWObjectDetectionUsingYOLOVZ2 DeeplearningExampletvictim_IlmagesWw00007 )pg’
'CtUsersW . H.KimWDocumentsWMATLABWExamplesWR2019bWdeeplearning_sharedWObjectDetectionUsingYOLOVZ2DeeplearningExamplevictim_lmagesW00008,pg’
'CUsersWK . H.KimWDocumentsWMATLABWExampleswR2019bWdeeplearning_sharedWObjectDetectionUsingYOLOVZ2 DeeplearningExamplevictim_Imagesw00009,pg’
'CtUsersWK . H.KimWDocumentsWMATLABWExampleswR2019bWdeeplearning_sharedWOhbjectDetectionUsingYOLOVZ2DeeplearningExamplevictim_Imagesw00010,pg’
'CtUsersWK . H.KimWDocumentsWMATLABWExampleswR 201 9bWdeeplearning_sharedWObjectDetectionUsingYOLOVZ2 DeeplearningExamplevictim_Imagesw00011,pg’
'C:UsersWK . H.KimWDocumentsWMATLABWExamplesiWR 201 9b¥Wdeeplearning_sharedWObjectDetectionUsingYOLOVZ2 DeeplearningExampletvictinn_Ilmages#00012,)pg'
'C:UsersWK H.KimWDocumentsWMATLABWExamplesWR2019b¥Wdeeplearning_sharedWObjectDetectionUsingYOLOVZ2 DeeplearningExampletvictinn_Ilmages#00013,)pg'
'C:UsersWK H.KimWDocumentsWMATLABWExamplesWR 201 9b¥Wdeeplearning_sharedWObjectDetectionUsingYOLOVZ2 DeeplearningExampletvictinn_Ilmages#00014,pg'
'C:UsersWK . H.KimWDocumentsiWMATLABWExamplesiWR2019b¥deeplearning_sharedWObjectDetectionUsingYOLOVZ2DeeplLearningExampletvictimn_Ilmages#00015,pg'
'CiUsersWK H.KimWDocumentswWMATLABWExamplesWR2019b¥Wdeeplearning_sharedWObjectDetectionUsingYOLOVZ2DeeplearningExampletvictim_Ilmagesw00016,pg’
'CiUsersWK H.KimWDocumentsiwWMATLABWExamplesWR2019b¥Wdeeplearning_sharedWObjectDetectionUsingYOLOVZ2DeeplearningExampletvictim_Ilmagesw00017,)pg’
'CiUsersWK . H.KimWDocumentsWMATLABWExamplesWR2019b¥Wdeeplearning_sharedWObjectDetectionUsingYOLOVZ2 DeeplearningExampletvictim_Ilmagesw00018,pg’

2
Var2

[79,47,234,288]

[72,64,235,266]

[59,67,241,292]

[48,115,243,292]
[46,127,245,294]
[43,155,242,289]
[40,167,241,287]
[38,186,237,283]
[31,199,240,276]
[30,220,239,261]
[35,220,2536,260]
[35,240,235,240]
[39,249,234,232]
[43,266,237,215]
[48,273,224,208]
[46,263,229,198]
[56,301,212,180]
[53,308,199,173]
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Image LabelerZ ROl #A|o}7|
H|O|E &H|3H7| - ROI Label H2

| 4, Image Labeler
e

- E::::I 'E ﬁ I&I FH Default Layout Algorithm:

New Load Save Import Show ROI Labels Select Algorithm >, omate | View Label Export
Session - v Labels~ Show Scene Labels Summary  Labels =
FILE VIEW AUTOMATE LABELING SUMMARY | EXPORT
| ROl Labels | Scene Labels | | Image
| & i, = | |
| Label = ublabe Attribute Load images to start labeling.
|#] Define New ROI Label — X
To label an ROl vou must first define one
or more of the following label types. Label Name
- Rectangle label Wictim Rectangle w
- Line Label
- Pixel label Group
None o
Label Description (Optional)
M
1 W
20| 2




Image Labeler2 ROl EA|5}7

O Load -> Add images from folder -> F&| o|O|X] JEH
O ROI EA|, LEF 34 H 0|2 CI3 LY HA|
O ROI EA|7} Cf £LIH Export Labels => WorkspaceZ HL|7|, Table 1EH

,_
- i@ -
< O




Image Labeler2 ROl EA|5}7]

A ASZ M gTruth G 2&
o
victimDatasetmat2 2 X%
| gTruth = |
EH 5102 table
1 2
VarT Var2
1 'CWUsersWK.H.Kim#WDocumentsMATLABWExamplesWR2019bWdeeplearning_sharedwObjectDetectionUsingYOLOVZ2DeeplearningExampletvictim_ImagesW00001,)pg’  [[79,47,234,288]
2 'CWUsersWK.H.Kim#WDocumentsMATLABWExamplesWR2019bWdeeplearning_sharedwObjectDetectionUsingYOLOVZ2DeeplearningExampletvictim_ImagesW00002,pg" [72,64,235,286]
3 'CWUsersWK.H.Kim#WDocumentsMATLABWExamplesWR2019bWdeeplearning_sharedwObjectDetectionUsingYOLOVZ2DeeplearningExampletvictim_ImagesW00003,pg’  [59,87,241,292]
4  'CWUsersWk H.KimWDocumentsiwMATLABWExamplesWR2019bWdeeplearning_sharedWObjectDetectionUsingYOLOV2DeeplearningExampletvictim_lmagesW00004,)pg"  [48,115,243,292]
5 'CWUsersWK.H.Kim#WDocumentsWMATLABWExamplesWR2019bWdeeplearning_sharedwObjectDetectionUsingYOLOVZ2DeeplearningExamplevictim_ImagesWw00005, pg’  [46,127,245,294]
6 'CWUsersWK.H.Kim#WDocumentsWMATLABWExamplesWR2019bWdeeplearning_sharedwObjectDetectionUsingYOLOVZ2DeeplearningExamplevictim_ImagesWw00006,pg’  [43,155,242,289]
7 'CWUsersWK.H.Kim#WDocumentsWMATLABWExamplesWR2019bWdeeplearning_sharedwObjectDetectionUsingYOLOVZ2DeeplearningExample®victim_ImagesWw00007 jpg’  [40,167,241,287]
8 'CWUsersWK.H.Kim#WDocumentsMATLABWExamplesWR2019bWdeeplearning_sharedwObjectDetectionUsingYOLOVZ2DeeplearningExamplevictim_Imagesw00008,pg’°  [38,186,237,283]
g9 'CWUsersWK.H.Kim#WDocumentsMATLABWExamplesWR2019bWdeeplearning_shared#ObjectDetectionUsingYOLOVZ2DeeplearningExample®victim_Imagesw00009,pg’ [31,199,240,276]
10 'CWUsersWK.H.Kim#DocumentsWMATLABWExamplesWR2019bWdeeplearning_shared#ObjectDetectionUsingYOLOVZ2DeeplearningExamplevictim_Imagesw00010, pg’  [30,220,239,261]
11 '"CWUsersWK.H.Kim#WDocumentsWMATLABWExamplesWR2019bWdeeplearning_shared#ObjectDetectionUsingYOLOVZ2DeeplearningExample®victim_Imagesw0001 1, pg’  [35,220,236,260]
12 'CWUsersWK.H.Kim#DocumentsWMATLABWExamplesWR2019bWdeeplearning_shared#ObjectDetectionUsingYOLOVZ2DeeplearningExampleWvictim_Imagesw00012, pg’  [35,240,235,240]
13 'CWUsersWK.H.Kim#DocumentsWMATLABWExampleswR2019bWdeeplearning_shared#ObjectDetectionUsingYOLOVZ2DeeplearningExampleWvictim_Imagesw00013, pg’ [39,249,234,232]
14 'CWUsersWK.H.Kim#DocumentsWMATLABWExampleswR2019bWdeeplearning_shared#ObjectDetectionUsingYOLOVZ2DeeplearningExampleWvictim_Imagesw00014,pg’  [43,266,237,215]
15 'CWUsersWK.H.Kim#DocumentsWMATLABWExampleswR2019bWdeeplearning_shared#ObjectDetectionUsingYOLOVZ2DeeplearningExampleWvictim_Imagesw00015, pg’ [48,273,224,208]
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19 Core, RTX2080 Ti AP Flex = E& GPU MX250
Batch Size 24, Epoch 20 Batch Size 12, Epoch 20

8= &8 21 &89

FEEEER R R R I EF R FF SRR FF T FEF ST EFEFFR ST ERFFFFERE S IR F R IR R SR SRR SRS RE

T T T T T T T T L T T T T T T T T e L Training a ¥OLO w2 Object Detector for the following object classes:
Training a YOLO v2 Object Detector for the following cbject classes: £ Var2
* Var2 CH GrUM M EZSEILICEH
2= OB 24=E =) E0s EZLICH
i |===================s=======s==s===s=s=s=s==s==s=s=sz==s=s=s=s==s==zs==z==s=sz=z=s=sz=z===zs===5=-=|
crE orullM EE=LILL | Epoch | BE oz 20 A2 | O BE RMSE 1 O BA &8 1 JIE =B |
=28 o= 24z =zl SgLUCh : ' ' {hhimm:ss) ' ' ' :
|=========================================================================| ===========================?==f==========================================
- - - | 1 | 1 | npo:oo:o2 | 9, 21 | a4, 8 | o, oot1o |
I Epoch I HHE =l I 2 AZE I OILl BHA RMSE I Ol BHE =& I NE THEE I | 2 50 | 00:01:089 | R 1.3 | 0. 0010 |
| | | fhh:mm:szsg) | | | | | 3 100 | no:ioz:izo | 1,17 1.4 | 0. o010 |
I 1 1 go:o0o0:03 | 9. 12 | B3 2 | o. oot1ro | | 7 250 | 00:05:57 | o, 70 | 0. 5 | o, o010 |
| . T ST i S R o SRR
| 8 | roo | go:0z2:53 | .37 | ra. 8 | 0. o010 | | 1 400 | 00:00:36 | 0. 48 | 0.2 | 0. 0010 |
I 11 1 1a0 | go:o04:25 | 4. 05 | 16. 4 | g. o010 | | 12 150 | 00:10:50 | 0, 66 | 0, 4 | 0, 0010 |
I 15 | 200 | go:n0s5:54 | 4. 085 | 16, 4 | o, oo1no | | 14 1 EO00 | oo:12:32 | o, 62 | o, 4 | o, o010 |
: | 15 | 550 | opo:14:185 | o, 42 | n. 2 |1 o, ootro |
! [ ! 2510 | DDD? [ ! 0. 54 ! 0. 3 ! 0. oot1d ! | 16 | goo | opo: 15856 | o, 45 | n. 2 |1 o, oot1o |
| 20 280 | oon:-o8:09 | 0. 54 | 0. 3 | o.ooto | | 1e | 6550 | D0:17:17 | 0, 37 | 0.1 | 0. 0010 |
Detector training complete. | 20 | 750 | 00:20:38 | 0. 42 | 0.2 | 0. 0010 |
D T T T T T T T T o T TP e e A P T T T rTeRe : ______ %?_1 _____ E??_l _____ ??_%?_??_1 _________ ?_f%_l ________ ?'_%_1___?'_??1_?_:
Detector training complete.
B S e e T e
ore, | [')
B h Si h |9 Core, RTX2080 Ti
atch Size 32, Epoch 30 . R |
T T T T T T T T T R T T T T e S T T T e T T T u x l
Training a YOLO v2 Object Detector for the following object classes: 1 5 T 2 8 I I
* Var2?
EI_:-% GPJI]-"JII:;Il ngg‘;l-l__latl-l- =|=|— =oal FEFEEEFFRRER IR R R SRR IR R ERFEIEEFF RSB E R B ERFERFERE I B R E RS R R R R R E R RE
2= HOEHY 24z =)zl 22 LLCH Training a ¥OLO w2 Object Detector for the following object classes:
| | — e — e — e — e — - — e — e — - — - — A — I — e — I — - — e — e — N — - — A — R — e — R — R — R — N — - — N — - — N — A — R — - — - — N — N — I — N — N — e — N — N — A — N — A — A — A — N — A — N — N — A — A — A |
| Epoch | = =2 2D A2 | DIL BWH RMSE 1 O WA o2& 1 JE HEE | " Var2
| O =T =T =T =T == =T == = = = = ====&=====&====&=====&=&===&==&=&=&==&==&=&==&=&=&=====&=&=====&==&=&=&=&=&=@====%=2:=-+:2= | la'r_E' [.I“:”E.IE' E;I_EI_.E ijlil_ﬁl_s %a'_”:l__
| a 50 | on:o02:16 | 1. 50 | 25 0. o010 | : Epoch : g EH= : {h%m A2t , : OiL WA RMSE : gLl HHA =& : NE HSE :
| 15 | oo | oo:od4:2a | o, 74 | o, & | o, oot1o | | e e e e e e e e
I 22 | 150 | goo:o06 41 I 0. 56 | o, 3 | o, oot1 o | | 1 11 oo:00:05 | 7,837 | 4.3 |
I 249 | 200 |1 oo:o8: 852 | o, 28 | 7. 8e-02 | o, oot1 o | | g | 50 | oo:o2z:17 | 1. 8587 | 2.8 |
' ' I 15 |1 To0 | opo:od4 29 | o, 74 1 n. 5 |
S A S Ry L. .. oL nnnly | 22 | 150 | 00:08ia1 | 0. 58 | 03
______ L. - - - -"-"-7"-""=-"""=-""-""-""=""=-""=""-="-=-"-=-"-=-"-=-"-"-=-"°-=-""=-""-="-=-"=-"-=""-=-"°-="-=-""-="=-""="-"-="-=-"°-=-"°-="-="°-=~"°-="°-="="°-=~"=~"°-~"°-=~"-~" -~~~ =~~~ ==~ = °=° I 29 |1 200 |1 po:og: 853 | n., 29 | a. 1le-02 |
Detector training complete. | 36 | 250 | goo:11:08 | o, 34 1 o1
e T O T ey I 43 1 300 |1 po:r13 16 | o, 2o | 3. 9e-02
I 50 1 360 |1 po:1a:28 | o, 20 | d, 0e-02

Detector training complete.
e i R i




Object Detection
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O USB Webcam (&
O HDMI2USB 74X
O IP Camera - Mjpe
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Image Acquisition Toolbox Support Package for OS Generic Video Interface ** =" =7 '%
A X} MathWorks Image Acquisition Toolbox Team _%q: =34

Acquire video and imagas from generic video capture devices.

< 590 X2

OO0

TH 27

ZF= Ol O 11 2H |‘= II 1 I II |H C)illh: I |1 1 I rb:
Image Acquisition Toolbax™ Suppart Package for OS Generic Video Interface enables you to acquire images and video from 2 A& | _5 SDK H* L o O —EJ =9, A EE‘I O E O n x 7 LI- |—I o x o E-l O E x E 7 o

DirectShow® (Window:s@)i GStreamer (Linux'a)i AVFoundation (Mac) video capture devices directly into MATLAB® and Simulink®. & Image Acquisition Toolbox

This support package is functional for R2014a and beyond. MATLAB 22| A ZEEHE

THHEE =1 T7E. mand Ao

M 7]0f| A Webcam Support Package & 0fA A %]
HDMIG A HDMI2USB ZHA HE A Webcaml R QlAl 71
HDMIZ X 2| 75
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ST 202012118 = =

MATLAB Support Package for USB Webcams

AHE X} MathWorks Image Acquisition Toolbox Team

o=
gjo

MATLAB Support Package for IP Cameras

Zhd AF MathWorks Image Acquisition Toolbox Team BilEs

e I3

Acquire images and video from UVC compliant webcams.

Acquire images from IP Cameras using Motion JFEG HTTF and RTSF URLs
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Use MATLAB® Support Package for IP Cameras to bring live images into MATLAE. Images can be taken from any |P camera that
supports MJPEG stream over HTTP and RTSP with basic authentication support.
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[+] Windows [+] macQS (-] Linux
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MATLAB® Support Package for USE Webcams enables you to bring live images from any USB video class (UVC) compliant
webcam into MATLAB. This includes webcams that may be built into laptops or other devices, as well as those that plug into your

computer via USB port.

This support package is functional for R2015a and beyond.
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Webcam/HDMIO|A| H4&F HHof 2A/3 A O |

4 N

cam = webcam(1);
cam.resolution = '640x480"

preview(cam); %SIEQ|0 =X gl=X| ol =t¢l

load yolov2ResNet50Victim.mat; %”7|st= =l detector £, YOLO & 100Mb

Ot

=

inputSize = [448 448 3]; %A= 224x2242

|

N Y
/ h1 = figure(1); \

while ishandle(h1)
% AIRE 2=
Al_UAV1

% =N BE 2=
STR_UDP UAV1 % UDP S4l =4l Oid ANt & 2=

N /




IP CameraOilA] E4&F 2o} M /&4 ol A

/ cam = ipcam('http://172.28.17.193/video.mjpeg’, '‘admin’, 'myfoscam’) \
cam.resolution = '640x480';
preview(cam); %ot=20] =X gl=X] Of =2

load yolov2ResNet50Victim.mat; %7|St& =l detector 2, YOLO 2 100Mb

InputSize = [448 448 3];

N Y
/ h1 = figure(1); \

while ishandle(h1)
% AIRE 2=
Al_UAV1

% =N BE 2=
STR_UDP UAV1 % UDP S4l =4l Oid ANt & 2=

N /




Al UAV1 2=

Im = snapshot(cam);
%im = getsnapshot(vid1); %Image Acquisition Toolbox X| & 2=

| = imresize(im,inputSize(1:2));
Imshow(l)

[bboxes,scores] = detect(detector,l);

if (scores > 0.5) RT=1: FF HX|FE

| = InsertObjectAnnotation(l,'rectangle’,bboxes,scores);
Imshow(l)

end
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Object Detection ‘8= .

meE BIE 2NV 4L EM H23IBO) TW S2TH) »
Ddde @ 06| RE

UAV 1
% ii Y % ICSUV
Al Zhh =2 =
CAM 1 |— HDMI &A17 HDMI =21 7|
oM USB 3.0 Capture
CAM 2 | —{ HOMI B2 7| | — L HDMI £=417| Board 1
|
USB 3.0 Capture q1o| = % =L =
N I.X Q.I'E
Board 2 UV ID, B9 ExtH, DAL =
CNN 7| &t
| _71c_|_|-x|. AlHO S
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CNN 7| &t
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HWet Sgfol7|

O Communication ToolboxL}t ROS Toolbox 0| &

O UDP &4l / AlE|E &4

9|3t £

L'

STR UDP UAV1 1S &
T2ES U ME

/%UDP T4, 2|REXZE EZIE Z|RE QF EO[HO|E CR

% Input, Output H{IH AtO|= O
set(s1, 'InputBufferSize', 30000);
set(s1, 'OutputBufferSize', 30000);

% TEQE
fopen(s1);
disp(s1.status);

% ME IfZl "o

\formatspec = 'Results, %3d, %7.6f, %6.6f, 1, %2.2f#r0;

~

s1 = udp('192.168.0.6','RemotePort',4023,'LocalPort’, 12050, 'Terminator’,'CR");

/

STR UDP UAV1 S4l &

%% UDP Data Receive
Data = []; % Flush =72}

while (get(s1, 'BytesAvailable’) > 0)
s1.BytesAvailable;

Data = fscanf(s1);

end

%% Data Parsing and Send
txt1 = string(Data);

while isempty(txt1)
fprintf('No packet from ICSUV¥ ')
return

end

data_split = strsplit(txt1,"");

ID = str2double(data_split(1,2));
lon = str2double(data_split(1,3));
lat = str2double(data_split(1,4));

score1_n = double(score1(2));
A1 = [ID; lon; lat; score1_n];
fprintf(s1, formatSpec, A1);
fprintf(formatSpec, A1)




O A{H| RTX2080 Ti 2ea, 19 Core : 8002F2l. Yolo
8= (GPU 1712 AlE)

O GIA3E RTX2080 Ti, 17 Core : 4002H2! (=H), Yolo
8=

O RTX2070 Super B Q23T . 2002+

g

O Nvidia Jetson Nano HE : 209+2l (MATLAB Coder, GPU
Coder 2 )







Configuration

STX-101 surface station

Tcp/poe

TCP

Imaging sonar POE box
exclusive driver




ing sonar

Imag

Side scan sonar
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