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1.2 Edge Computing

edge computing® 5 a1
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2.1 AMB82-MINI Introduction

https://www.amebaiot.com/zh/amebapro2/
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2.1 AMB82-MINI Introduction
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2.2 LoopPostProcessing
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2.2 LoopPostProcessing

RGB channel
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RGBOEZEDLSICEHTZLETH

Z2IL—LADTARTOHOEY IV DRGBIEDZE(L ZERER
LET., 200E%G 57 L —LDRGB{EZ(R], G1, B1) &

(R2,G2,B2)LIRELET.,
diff = \/(R2 — R1)2 + (G2 — G1)? + (B2 — B1)?

TTTTTTTTTTTTTTTTTTTTTTTTTTTTTT



2.2 LoopPostProcessing

YEEER
]

. S




31

2.2 LoopPostProcessing
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2.2 LoopPostProcessing

diff = /(255 — 185)% + (255 — 134)2 + (255 — 115)?
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2.2 LoopPostProcessing

diff = /(255 — 185)% + (255 — 134)% + (255 — 115)?

diff = /702 + 1212 + 1402

diff = /4900 + 14641 + 19600
diff = 4/39141

diff ~ 197.84
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Implementation
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2.2 LoopPostProcessing

Step 1.

Arduino IDETHlZR 12X, AT

DNRICHE->TLEEL,
File

Examples

AmebaMultimedia
MotionDetection

LoopPostProcessing

File FEdit Sketch Tools Help

New Sketch

Ctrl + N

New Cloud Sketch  Alt + Ctrl + N

Open...
Sketchbook
Examples
Close

Save

Save As...

Preferences...

Advanced

Quit

Ctrl + O

Ctrl + W
Ctrl + S
Ctrl + Shift + S

Ctrl + i858

Ctrl +Q

#define CHANNEL
#define CHANNELM

VideoSetting con
VideoSetting con
RTSP rtsp;

StreamIO videoSt
StreamIO videoSt
MotionDetection

ssid[] "N
pass[]
status

setup() {

01.Basics

02.Digital

03.Analog
04.Communication
05.Control
06.Sensors
07.Display

08.5trings

09.UsB
10.StarterKit_BasicKit
11.ArduinolSP
Examples for AMB82-MINI
AmebaAnalog
AmebaBLE
AmebaDebugFxample
AmebaFileSystem
AmebaGPIO
AmebaGTimer
AmebaHttp
AmebaMQTTClient
AmebaMultimedia
AmebaNN
AmebaPowerMode

AmebaRTC

Audio
CaptureJPEG
MotionDetection

RecordMP4

»

>

CallbackPostProcessing

LoopPostProcessing

PR T R

NATIONAL TAIWAN NORMAL UNIVERSITY

AlgT

abs



36

2.2 LoopPostProcessing

Step 2.

7045 5 LOWi-FilEESEI.

SSIDENRRT)—RZERELTLE

AR

#1nclude "Wikl.no

#include "StreamIo.h"

#include "wvideoStream.h"
#include "RTSP.h"

#include "MNHObjectDetection.h"
#include "wvideoStreamoverlay.h"
#include "0ObjectcClassList.h"

#define CHAMNMEL @
#define CHANMELMNN 3

#define HHNWIDTH 576
#define MHHEIGHT 320

videosetting config(vIDEO FHD, 38, VIDEQO H264, 8);
videoSetting configHM{NNWIDTH, HMMHEIGHT, 18, VIDEQO RGB,
NHObjectDetection ObjDet;
RTSP rtsp;
StreamI0 videoStreamer(l, 1);
streamI0 videoStreamerMH({1, 1);
L J -_— - - -_— -_—y
ssid[] = "r'-letwork_SSID";’

ass[] = "Password";
-

a» eoa» o
status = WL _TDLE STATUS;

IPAddress ip;
rtsp portr

setup() {
Serial.begin{115208);

R sgsaxy AJQT
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® Serial MonitorZ < [<

Tools  Help

Auto Format
Archive Sketeh
Manage Lbrarnes..

Senal Monitor

Ctd + T

Ctd + Shift + |
Cti + Shift + M
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2.2 LoopPostProcessing

WiFiiEGEEYVIRLEELET <

while (status != WL_CONNECTED) {

Serial.print("Attempting to connect to WPA SSID:
Serial.println(ssid);
status = WiFi.begin(ssid, pass);

delay(2000);

")

R sgsaxy AJQT
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2.2 LoopPostProcessing

@ \WiFEGZEYIRLEILEYT

[Driver]: set ssid [E&EEMiPhone]

(0) Scan: 1, Auth: 0, Assoc: 0, 4way: 0, connect: 0, reason:

Attempting to connect to WPA SSID: SE&EIEMIiPhone

[Driver]: set ssid [E&EEMiPhone]

(1) Scan: 1, Auth: 0, Assoc: 0, 4way: 0, connect: 0, reason:

Attempting to connect to WPA SSID: SC&IEMJiPhone

[Driver]: set ssid [E&EMiPhone]

(2) Scan: 1, Auth: 0, Assoc: 0, 4way: 0, connect: 0, reason:

Attempting to connect to WPA SSID: G5} EMJiPhone

[Driver]: set ssid [E&EEMiPhone]

R sgsaxy AJQT
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2.2 LoopPostProcessing

RTSP-Real Time Streaming Protocol
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2.2 LoopPostProcessing
RTSP-Real Time Streaming Protocol

* IVE—TAAY MBLVBREVYATLHE
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2.2 LoopPostProcessing

Step 1.

/%Y A EAMBS2AE L Wi-Fil=§E

HEhTHWD LEMEL T ES
Ly,




2.2 LoopPostProcessing

ssid] ] "Network S
pass| | "Password”

status = WL IDLE STA A800 baud

112200 baud

Step 7. IPAddress ip;

-0 9\\5 AWO)EQEE r Bl & 5= rt SP_IJDPt num; 19200 haud
21250 baud

25400 baud
57600 haud

74880 baud

serial monitor@Baud % 115200(Z3&7E

setup() {
LTLESL, serial.begin(115200)
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le | render task start 3
. osd render task start .
t k fo

for RTSP Streaming: _rtsp://172.20.10.5:554

|
=
13
=
(]
(D
[u
i
]
[
|
m
[
1
n
Q
1K
I
D
9]
Im
(D
Il

AMB82DresetR 2 ~ EHL T, Total
serial monitor GIP7 R L A ZHERAL Netw
i'a'o ;ﬂ(:s %:h,é: E—L‘C'( f':-‘_: Total number of :-k:-?%::s detected = 0

YOLOv4dt tick[0] = 85

é L\o Network URL for RTSP Streaming: rtsp://172.20.10.5:554

://172.20.10.5:554

T
]
|
11
=
H
)
H
]
n
4
)l
+
-
[}
[l
=
|
5]
]
I
1
&)
s}

Total number of ocbjects detected = 0
Networ RL for RTSP Streaming: rtsp://172.20.10.5:554

R sgsaxy AJQT

NATIONAL TAIWAN NORMAL UNIVERSITY



2.2 LoopPostProcessing

& VLC media player
Media Playback Audio Video Subtitle Tools View Help
Open File Ctri+O
Open Multiple Files... Ctrl+Shift+O
(=] Open Folder. Ctri+F
v Open Disc.. Ctrl+D
Ste 4 = Open Network Stream... Ctri+N
p - 3 Open Capture Device.. Ctri+C
Open Location from dipboard Ctri+V
VLC} 7—_\‘4 ij__v_-cgvl-lzo)l\ozlz?mo Open Recent Media 4
Save Playlist to File. Ctri+Y
TRbU-SYTERBLTC R R, R o
1. Medla Quit at the end of playlist
(% Quit Ctrl+Q

2. Open Network Stream
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2.2 LoopPostProcessing
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Step D. A8k -
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2.2 LoopPostProcessing

_oopPostProcessing
Mask
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2.2 LoopPostProcessing

PostProcessing @ FHiE (X{a] T H\?

- HfY - IR ch=ERICXT L TRULEZE

e Mask %]
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di
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2.2 LoopPostProcessing
Motion Detection QS

c AV—PMNKR—LVATA:

o BEITRIBOA A7 ENYEAS
- BIMRIZESIR:

o E¥EEIZ. TIB4G L DEREZIRHMT
A T71R:

o RELIMEZRHMIL, ¥x—0 95
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2.2 LoopPostProcessing

Mask® S

- JENIY T TE—Y avigiEERFL, i)
TEIEEELET, LA BE=0EATEHEL.
R7PBOHNGEXOHEALEIFEET.

c FT A RADTFAR—DPTRIPTRED T T4 RX—
PTUTHRE, ThibOI) 7 EENSREEEE S
BRIb T B I MaskZ:REL T,
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2.2 LoopPostProcessing
AT T

TieDa— FZArduinod— RIZIBAIL TL B&E Ly,
77— a > Tdefault maskZ{EAT3E=HTT.

MD.configVideo(configMD);
BRIEBDLS IS MD.begin();

MD.setDetectionMask(mask);
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2.2 LoopPostProcessing
AT T

CtriZdR4 > ZL &, MotionDetectionZ4 1) wH L TL FE &,
95&. defaultmaskDERENRFTTRENET ., LATFIZRT LIS,

LoopPostProcessing.ino

#include "videoStream.h™
#include "StreamIO.h"

#include "RTSP.h"

#include "MotionDetection.h™
#include "VideoStreamOverlay.h"

#define CHANNEL ©
,@E%(d:EODJ:a 1243 gdefine CHANNELMD 3

— - - = — e — — . ——— e m -

class MotionDetection

MotionDetection : MMFModule {}

MD ;

R sgsaxy AJQT
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2.2 LoopPostProcessing

MotionDetectionh & X

) mask[] = {

attribute_ ((
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ing

2 LoopPostProcessi

2.

LoopPostProcessing.ino

]

LLJHJIU/O

pees(] -

status = WL_IDLE_STATLUS;

)

)

= {

mask2[ ]

attribute_ ((
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@, 0,0,0,0,¢0,0,0,¢0,¢@8¢e8®@,°%e8@0°®°%8®0e8%0°¢e829e°%e°¢8e20e°8e020080,.80.8.0,.8,:,
9, 0,,¢0¢9¢e8®9°.°®e,¢@e°®e8e0ee8080¢e800¢0809e°8e°8e0%0e8e0.20°0°70°80.28.0,°8,:8,
e, 0,0,0,0,¢9,6¢0,¢@0¢@¢e8®@°%e®o®8¢e800°¢e829e8e.8e0¢0e8e.2080°0,°80.280.0,°8,.:,
@, 0,06,0,0,0,0,0,0,9,¢,#9,¢,¢60,90,6,0,¢,¢,9,6,¢0,@,6,0,60,0,0,86,89,8,8,
e,0,90,90,¢0,¢0,¢060,¢¢®8®,¢@°%e°¢°e°86,°8%90,800°40080°8178°790°49e80.0.80.a80,:0,.o,

9,0, 06,0,0,0620,0002800°00,60°0.202800380.20e°e0.0.0.80H80.0.8.0,.00

e,0,6,0,90,¢,¢,8,89,8,¢,
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ing

2 LoopPostProcessi

2.

LoopPostProcessing.ino

]

LLJHJIU/O

pasaL) -
status = WL_IDLE_STATUS:

)

{

4, 9,

0,0,0,6,90,0,80,0,0,9,8,8¢,

mask2[ ]

attribute_ ((

-
=
-
[ax]
-
=
-
[av]
-
©
-
L]
-
L]
-
L]
-
Lax]
-
[ax]
-
©
-
o
-
L]
-
=
-
Lax]
-
©
-
(o]
-
o
-
[~
-
=

n
et ]

,0,9,0,0,86,80,8, 0

0,0,0,6,0,0,90,0,0,0,096,0,0,90,0,8,89,9, 9,

1) 4
4
>
_
X 0
R P
M o
DD
B N
O
B
110 [
o £
€ u
'S

R~
E AN

9,

)

8

9,

£l

8

2

0

]

e

]

8

)

9

9,

£

@

3

0

]

0

]

8

9,

9,

BJ 3

]

0

}

0

9,

f

e,0,6,90,90,9,¢9,96,0¢9,86,9,0,90,0,9,0,90,0,90,0,0,0,90,0,9,80,86,9, 89,8, 9,
@ 0
e,0,68¢0¢9¢°¢®.25¢°¢°8@°2®°.¢e°¢°8®°8e°¢e°¢e8e.86.°e°80e°8e.86.70°80.780.7879.°.8.:.,:8,

e,0,060,00.20,80,80,¢8

)

e,0,0,¢€,9,0,¢290,0,0,¢0,¢,0,0,9,0,0,0,0,0,0,9,0,0,0,0,90,0,8,89,8, 9,

e,0,08989¢9°¢.29°¢°¢°¢@e.28°¢e°¢e.86°96.790°¢e°¢°90.70080°8¢.896.790.80780.8.79m>..:,:,

e,0,68989¢°¢®.28°¢°¢°¢@e°8°e°¢e°86°9e.°9°¢9e°¢°90.7080°8¢.790.790.80780.8.79o>..,.:,

8,0,0,¢€,0,0,¢190,0,0,0,¢,0,0,9,0,0,0,0,0,0,9,0,0,0,9,9,0,8,89,8, 9,

e,0,0,¢€,90,0,¢290,6,8¢,0,¢,0,0,9,0,0,0,0,0,0,9,90,0,0,9,90,0,8,89,8, 9,
0

9,

)

e

9,

£l

8

2

0

']

e

J

e

)

9

9,

£

e

]

0

]

]

J

e

9,

9,

BJ 3}

3

]

}

e

9,

£l

e

2
0,0,0,6,90,0¢9,0,0,0,0¢6,0,0,0,0,6,0,0,0,0,90,0,6,0,0,90,0,8,89,8, 9,

9,0, 06,0,0,0620,0002800°00,60°0.202800380.20e°e0.0.0.80H80.0.8.0,.00

@
@

J
]

0
)

3
3

e
e

9,
9,

BJ )
BJ )

9,
9,

2
2

0
0

3
3

e,0,6,0,9,0,8,8,89,8,8¢,
e @
e @

J
J

0
0

J

MD.configVideo(configMD)
MD.setDetectionMask(mask2)

MD.begin();
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S REALTEK

2.3 Audio
Classification
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2.3 Audio Classification
Audio Classification® 5B

¢« AN— M ER—LYVAT L
o [BRZEMT] [EXZELT] &ED
aEaAYY R &2E.
- (EZRREIR:
o BEOHRSE. ROBL LR,
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2.3 Audio Classification

Example video

L 4

R

I

TTTTTTTTTTTTTTTTTTTTTTTTTTTTTT


https://www.youtube.com/watch?v=oi8ML6aJcvI&ab_channel=AmebaIoT

2.3 Audio Classification

Step 1.

Arduino IDETHIZR< ISIE, AT
DNRICHE->TLEEL,

File
Examples
AmebaNN

AudioClassification

Awudiosetting
Audio audio:

NMNAudioClassi
StreamI0 auwdi

setup()

audio.con

audio.beg

audioNN.
audioNN.s
audioNN .
audioNN.

55 )5
ON, NA_ MODEL, MA MODEL, NA M

AudioClassification

Az gAwkEET AT

NATIONAL TAIWAN NORMAL UNIVERSITY
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2.3 Audio Classification

Step 2. ET ) Zi#ERsmirizEscy)

audioNN.contigAudio({configA);

audioNN. setResultCallback(ACPostProcess);
audiolN.modelSelect(AUDIO_CLASSIFICATION, NA_MODEL, NA MODEL, NA_MODEL, DEFAULT_YAMNET);
audioNN.begin();

Ei@taskI=WIET B ETIL—E




2.3 Audio Classification

#55R: Serial Monitor IR s h =B 2Z(ETEET,

senal Monitor 3¢ | Output

YEAMNET tick[0] = 100

Ho of Audic Detected

YAMMET tick[0] = 100

Ho of Audic Detected = 2

0 class 393, score: 73, audio Smoke detector, smoke alarm
1 clazs 475, score: 72, audio Beep, bleep
YAMHET tick[0] = 100

No of Audic Detected = 1

0 cla=zs 475, score: 74, audio Beep, bleep
YAMMET tick[0] = 100

Ho of ABudic Detected = 2

0 class 393, score: 76, audio Smoke detector,
1 clasz 475, score: 75, audio Beep, bleep
YAMNET tick[0] = 101

Ho of Audic Detected = 0

YAMNET tick[DO] = 101

Ho of Audioc Detected =

0 class 494, score:

YAMNET tick[0]

Ho of Aundioc Detected

M o= i o8O -, S

Az gAwkEET AT

NATIONAL TAIWAN NORMAL UNIVERSITY



2.3 Audio Classification
AudioClassification.ino m‘

=

__AUDIOCLASSLIST H__

dioDetection

ir* audioName;
t filter;

« FBHISHIRESh=ETNIE, S21iEE0EL S
BR bl TEET,

W< N B WwWN

the filt alu . i
AudchetectlonItem audioNames[521] =

|

. REOBEOBAEEMIZTBICE, filterE ii:
OIZEEEL T &, : ;3;ﬁjﬁ; 1).

1},
1},
1},
1},
1}
1}
1},
1},

Az gAwkEET AT
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2.3 Audio Classification

SRR IEEE

BN 3
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2.3 Audio Classification
&S, ITFO3RZ20—RICEMTSHBERHYET.
1.7’AY 5 LO=VIZIEN:
EVEERTS

int output0 =0;
int outputl =1;
int output2 =2 ;
int output3 =3 ;
int outputd =4 ;

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
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2.3 Audio Classification
EHEICE., PATFTO3mZa— RICENTSUVERHYET.

2. B9#ivoid setup()IZ1BMN:
HAOZEERShEEEVICES

pinMode(outputO, OUTPUT);
pinMode(outputl, OUTPUT);
pinMode(output2, OUTPUT);
pinMode(output3, OUTPUT);
pinMode(output4, OUTPUT);

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
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2.3 Audio Classification

3.E8&%void loop()
R =h=ER2NE D

[Z1ENN:

if(obj_type==0) //speech
{

digitalWrite(outputO,

delay(1000);

digitalWrite(outputO,

delay(1000);
}

EE R L TLAHFIERT S

HIGH);

LOW);

else if(obj_type==1) //child speech

{

digitalWrite(outputl,

delay(1000);

digitalWrite(outputl,

delay(1000);
}

HIGH);

LOW);

else if(obj_type==2)//conversation

{
digitalWrite(output2, HIGH);
delay(1000);
digitalWrite(output2, LOW);
delay(1000);

}

else if(obj_type==3) //Narration

{
digitalWrite(output3, HIGH);
delay(1000);
digitalWrite(output3, LOW);
delay(1000);

}

else if(obj_type==4) //Babbling

{
digitalWrite(output4, HIGH);
delay(1000);
digitalWrite(output4, LOW);
delay(1000);

}

PR T R
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S REALTEK

2.4 FaceRecognition
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2.4 Face Recognition

Example Video

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNN


https://www.youtube.com/watch?v=2g-xO_iV-VE&t=30s&ab_channel=AmebaIoT

2.4 Face Recognition

FaceRecognition$ i ) B

1. BRI :
o EIRVYETAADI

2. Features extraction:

o chbDIFHIZIE. |

3. Features matching:

(@)

HEh !

T %

R ERELET.

T D

A0SR, E DA,
SOREENEThTT Y F I,

RIS E EEER L .

22 DREAY M IREIOBIIEEHEL
EE

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNN



2.4 Face Recognition

FaceRecognition®D

« PO AW AT L
o RER7Y A AT L
o EDLERTOLREY AT LA
- X474 EH:
o TTIYHVRMTF—EAR—-RLDEIE
o BTCieal

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNN



2.4 Face Recognition

Implementation
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2.4 Face Recognition

Step 1.

Arduino IDETHlZR<C ISX, PATF
DNRIZHE-> TLIEEEL,

1. File
2. Examples
3. AmebaNN

4. RTSPFaceRecognition

Sketchbook

Examples >
Close Ctrl + W
Save Ctrl + S
Save As... Ctrl + Shift + S
Preferences... Ctrl + 258
Advanced >
Quit Ctrl + Q

pinMode(button
b

loop() {

Output

Sketch uses 4284416 by
Enter Flash Mode!
Start Upload Flash

Uploading
End Upload Flash

05.Control
06.Sensors
07.Display

08.Strings

09.USB
10.StarterKit_BasicKit
11.ArduinolSP
Examples for AMB&2-MINI
AmebaAnalog
AmebaBLE
AmebaDebugExample
AmebaFileSystem
AmebaGPIO
AmebaGTimer
AmebaHttp
AmebaMQTTClient
AmebaMultimedia
AmebaNN
AmebaPowerMode
AmebaRTC
AmebaSPI

ge space. Maximum is 1677721

AudioClassification
Capture]PEGFaceRecognition
DoorUnlockWithFaceRecognition
ObjectDetectionCallback
ObjectDetectionLoop
RTSPFaceDetection

RTSPFaceRecognition

R sgsaxy AJQT

NATIONAL TAIWAN NORMAL UNIVERSITY
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2.4 Face Recognition

Step 2.

s 0455 LOWi-FilEEEEIZ.

SSIDENRRTT—RZEZERELTLE
AW

#1nclude "Wikl.no

#include "StreamIo.h"

#include "wvideoStream.h"
#include "RTSP.h"

#include "MNHObjectDetection.h"
#include "wvideoStreamoverlay.h"
#include "0ObjectcClassList.h"

#define CHAMNMEL @
#define CHANMELMNN 3

#define HHNWIDTH 576
#define MHHEIGHT 320

videosetting config(vIDEO FHD, 38, VIDEQO H264, 8);
videoSetting configHM{NNWIDTH, HMMHEIGHT, 18, VIDEQO RGB,
NHObjectDetection ObjDet;
RTSP rtsp;
StreamI0 videoStreamer(l, 1);
streamI0 videoStreamerMH({1, 1);
L J -_— - - -_— -_—y
ssid[] = "r'-letwork_SSID";’

ass[] = "Password";
-

a» eoa» o
status = WL _TDLE STATUS;

IPAddress ip;
rtsp portr

setup() {
Serial.begin{115208);

R sgsaxy AJQT

NATIONAL TAIWAN NORMAL UNIVERSITY
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2.4 Face Recognition

Step 3 ET I & BEIRcarisEscy)

facerecog.configVideo(confighN);
facerecog.modelSelect (FACE_RECOGNITION, NA_MODEL, DEFAULT_SCRFD, DEFAULT_MOBILEFACENET);

facerecog.begin();
facerecog.setResultCallback(FRPostProcess);

ZiEtask YOI S ETI—E

Emiﬁfé}fvﬁﬁ’fﬂi:

NATIONAL TAIWAN NODRMAL UNI'U'ERSI‘I'I'

AlgT



2.4 Face Recognition

DEMO
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2.4 Face Recognition

VIR D 3 X T DIR{E(L. Serial monitor message
box(ZFRRENET,

Serial Monitor

77 @iéf"%g‘?ﬁk% AIQT
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2.4 Face Recognition
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2.4 Face Recognition

AEDEREEEFT 5 <

if (input.startsWith(String("REG="))){
String name = input.substring(4);
facerecog.registerFace(name);

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
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2.4 Face Recognition

BERENEEO1DZEIRT %

else if (input.startsWith({(String("DEL=")))
S5tring name = input.substring{4);
tacerecog.removeFace({name);

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNN

abs
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2.4 Face Recognition

O EZWRNEINTOEEZEND KK

else if (input.startsWith({String{"RESET"))) -

tacerecog.resetRegisteredFace();

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
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2.4 Face Recognition

@ EiRcNI=EEZboardTIRFT S B

else if (input.startsWith{5tring("BACKUP"))) {

tacerecog.backupRegisteredFace();

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNN



2.4 Face Recognition

o B ch-gEZErxd 5 J0

else if (input.startsWith(String("RESTORE"})) {

tacerecog.restoreRegisteredFace();




S REALTEK

2.5 Image Classification
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2.4 Face Recognition

Example video

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNN


https://www.youtube.com/watch?v=7YxshRJLCSk

86

2.5 Image Classification

E{RDZEDEFRHE

s NNDEhEEEIS., EOEGROEELES
BEHRBRIICRESNREEDOATIVICET S
hEETIANHBILET., HIAE BWERD
PETIE. ET VAN EShEERLEL D
DREOIMEFHIERL 7.
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2.5 Image Classification

L_earning Output

\ Class: K
ETFNEFHTI|—
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2.5 Image Classification
7 — 2 LR

. F—AFIME 5% T—2 9K, EFYLY.
£ IS EEETT A0, £T7—4%
HY—=vh. iR BEUBETIIOE
Ao

. Bl T4 0OREE—EREREL. FRE

BERDL. T—2EZ0EORITE ML —

ZYHLBELELDIST B,

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNN



89

2.5 Image Classification

-

T—

2 BIALE
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2.5 Image Classification

T —2RE- VY M X
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2.5 Image Classification

T—2pE-onvEYY

NATIONAL TAIWAN NORMAL UNIVERSITY abs
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2.5 Image Classification

7 — X B 1FIRE

- EFRIERL (3,

EGOE S I [EEIELE

FHICERIT S L TY, BFEX [0,1] F

=% [-1,1] T9.
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2.5 Image Classification

-\

AR X AL 3

NATIONAL TAIWAN NORMAL UNIVERSITY

AlgT
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2.5 Image Classification

7T — %Lk

* ERTTDT—RICSESETR I VI LERLE

a0

BEiT0. LYSL< DAY > T %= {ER

LET,
- B T—2 OSERIEZIBY L. ET I DR
gEzm L, BFEZIHTIC L,

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
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2.5 Image Classification

F—4

IIIIIIIIIIIIIIIIIIIIIIIIIIIIII



2.5 Image Classification

Implementation
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2.5 Image Classification

Step 1.

Arduino IDETHlZR< ISIE, AT
DNRIZHE-> TLEEL,

1. File
Examples

AmebaNN

RTSPImageClassification

Save As_.

Advanced

Quit

Preferences...

03 Analog
04.Communication
05.Control
06.5ensors

07 Display
08.5trings

09.USE

10.Starterkit_Basickit

11.ArduinolSP

Amebafnalog
AmebaBLE

AmebaDebugExample

AmebaFileSystem
AmebaGPIO
AmebaGTimer
AmebaHtip
AmebaMQTTClient
AmebaMultimedia
AmebalNM
AmebaPowerMode
AmebaQR
AmebaRTC
AmebaSPl
AmebaWatchdog
Amebalire
NTPClient

Wik

AudioClassification

Capture)PEGFaceRecognition

DoorUnlockWithFaceRecognition

jectDetectionCallback
ObjectDetectionLoop
RTSPFaceDetection
RTSPFaceRecognition

RTSPImageClassification

AP X L

NATIONAL TAIWAN NORMAL UNIVERSITY
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2.5 Image Classification

Step 2.

055 LOWi-FilgGEaEI.

SSID&E/RR T —
=Ly,

FERELTCE

#1nc ludae
#include
#include
#include
#include
#include
#include

TWir1l.nC

"StreamI0.h"
"wideostream.h"
"RTSP.h"
"MNObjectDetection.h”
"wideostreamoverlay.h"
"ObjectcClassList.h”

#define CHAMNMEL @
#define CHANMELMNN 3

#define HHNWIDTH 576
#define MHHEIGHT 320

videosetting config(vIDEO FHD, 38, VIDEQO H264, 8);

videosetting configHM{NNWIDTH, MHMHEIGHT,
NHObjectDetection ObjDet;
RTSP rtsp;

StreamIO
StreamIO

videoStreamer{l, 1);
videoStreamerdn(1l, 1);

L] -— - - -_— -_—y
ssid[] = "r'-letwork_SSID";’

)

ass[] = "Password";

a» eoa» o
us = WL IDLE STATUS;

IPAddress ip;
rtsp portr

setup() {
Serial.begin{115208);

10, VIDEO RGB, 0);

8 5455 x % AJoT

NATIONAL TAIWRN NORMAL UNIVERSITY
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2.5 Image Classification

Step 3E®T N ZERrzEsy)

(cnnflgﬂn}
tImag r{ IMAGERGE ) ;
Callba l{IEPo stProcess);

velect {IMAGE CLASSIFICATION, MA MODEL, NA MODEL, NA MODEL, NA MODEL, DEFAULT IMGCLASS);

“Etaskki'dﬁ‘?'?’ BETFIL—E

Eilii*é}r;,ﬁﬁ’faik

NATIONAL TAIWAN NODRMAL UNI'U'ERSI‘I'I'
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2.6 MQTT ON AMBS2
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2.6 MQTT ON AMB82

101 B a it dk ? ALQI

NATIONAL TAIWAN NORMAL UNIVERSITY



2.6 MQTT ON AMB82

MQTT D E 745
- HIREEFE/NE—ICHES:
« HIREAFED PE Y Y I L TIBHREFHIT
L9,
- BEISEOMNEY L EEHGL., FO B
EvICEEY 5 6HREZ=ZELET.
- 7 0—h—: K& L BHRE OB OMITME

EBY, AvE—V0iEBREEEELTT.
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2.6 MQTT ON AMB82

MQTT D E 721515

103 B a it dk '? ALQ:}:
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2.6 MQTT ON AMBS82
MQTT M %458

(LWT) 547> MO h=IZ8. 7
—h—(FEFNICA v - ERRELET.
Gty av 9547 MiBEOEYY 3>
DO EELRIERENGETESLSICLET,

« EXaUT ¢ TSL/SSLEESHT A PO LBREEY

/-R_ I\ Lij-o

i}

scix
1=
=

3K
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2.6 MQTT ON AMBS82
MQTT Explorer®{&L\ /5

C ti : ;
g Connections : MQTT Connection

maqtt.eclipse.org : »
matt://matt.eclipse.org:1883/ Name

maqtt.eclipse.org| Validate certificate Encryption
(tls)

test. mosquitto.org
tto.org:18

matt:/ftest.mosquitto:org:18

Protocol Host

mqt... mqtt.eclipse.org

Username Password L NS

DELETE i L2 ADVANCED ‘BisAve

NATIONAL TAIWAN NORMAL UNIVERSITY



2.6 MQTT ON AMB82

Implementation
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2.6 MQTT ON AMB82

Step 1.

Arduino IDETHIZR< IS1E, AT
DNRIZHE-> TLEE,

1. File
2. Examples
3. AmebaMQTTClient

4. MQTT Basic

New Sketch

Ctrl + N

New Cloud Sketch  Alt + Ctrl + N

Open...

Open Recent
Sketchbook
Examples
Close

Save

Save As...

Preferences...

Advanced

Quit

Ctrl+ O

Ctrl+ W
Ctrl + S
Ctrl + Shift + S

Ctrl + 25¢

Ctrl+ Q

clientID[]
topic[] = "

string msgstr = "";
json[25];

EthernetClient ethClie

UULIETI3UIS
07.Display

08.5trings

09.USB
10.5tarterKit_BasicKit
11.ArduinolSP

Examples for AMB82-MINI
AmebaAnalog

AmebaBLE
AmebaDebugkxample
AmebaFileSystem
AmebaGPIO
AmebaGTimer
AmebaHttp
AmebaMQTTClient
AmebaMultimedia
AmebaNN

AmebaPowerMode

MQTT_Auth

MQTT Basic
MQTT_Publish_In_Callback
MQTT_TLS

R sgsaxy AJQT
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2.6 MQTT ON AMB82

#include <WiFi.h>»
#include <PubSubClient.h>

Step 2.

,—-—--—-—

ssid[] = "Network SSID";
\ pass[] = "Password”;
- o o o o o o a» o
status = WL IDLE STATUS;

WiFiDRBI, /NAD—R, &LV
publishTopicZ 7 A4 5 LD
BIGERICABDLTLEE,

mqttServer[] = "test.mosquitto.org”;
bar dlientidl s Zamebaclient” i
27 ( publishTopic[] = "outTopic";
o ™ puB1i TRPAY LT[ T -—heTlg
subscribeTopic[] = "inTofd

108
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2.6 MQTT ON AMB82

+ Connections

test.mosquitto.org

Step 3.

MQTT ExplorerzZ@E. 70455 LA
LELEGERVTCEESL, 20

Z. ADVANCEDRA >V ZEH Y v s
LTLEE,

mqtt-//test mosquitto_org:1883/

MQTT Connection maqtt://test mosquitto.org:1883

! testmosquitto.org|

Protocol Host

maqtt:/ - test. mosquitto.org

{ Username

DELETE i L2 ADVANCED

Validate certificate Encryption (tls)

Password ©

B save (1) conNECT

109
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2.6 MQTT ON AMB82

Step 4.

70455 ATIRTE L f=publishTopic

ZMEYHIZANAL., +tADDERA Y
ZILTCEEL, FDiE. BACK
ARAEHRLTLES,

MQTT Connection mgqtt://test. nosquitto.org: 1883/

YourTopicName

Topic

MQTT Client ID
mgqtt-explorer-b43da6d6

aCERTIFICATES K\BACK

R agtw k% AT
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2.6 MQTT ON AMB82

+ Connections

MQTT Connection mgqtt://test. mosquitto.org: 1883

test. mosquitto.org .
mgtt/ftest mosquitto.org: 1883/

test mosquitto.org| Validate certificate Encryption (tls)

Step 5.

BIDIEEEZ TR TIT- =&,

Protocol Host

mgtt:/ - test.mosquitto.org

CONNECTHRA V&L TIEG %
AL TL EEy,

Username Password Q

DELETE § L2 ADVANCED B save (1) CONNECT

111

R sgsaxy AJQT

NATIONAL TAIWAN NORMAL UNIVERSITY



2.6 MQTT ON AMB82

AloTES% 1
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2.6 MQTT ON AMB82

Step 1.

Arduino IDETHIZR< IS1E, AT
DNRIZHE-> TLEEL,

1. File
Examples
AmebaNN

ObjectDetectionLoop

Ale Edit Sketch Tools Help

New Sketch Ctl+ N
New Cloud Sketch  Alt+ Ctrl + N
Open.. Ctri+ O
Sketchbook

Examples

Clase Ct + W
Sawve Cil + 5
Save As. Ctrl + Shift+ 5

Preferences... Ctrl + =28

Advanced

Quit

LNsTalllng realtek:an
configuring tool.

realtek:ameba_pro2_td
Installing realtek:an
configuring tool.

realtek:ameba pro2 td
Installing realtek:an
Contiguring tool.

realtek:ameba pro2 td
Installing plattorm r
Contiguring plattorm.
Platform realtek:ame

01.Basics
02.Digital
03.Analog
04.Cammunication
05.Control
05.5ensors
O7.Display
08.5trings

0SB

10.5tarterkit_Basickit

171 ArduinolSP

Examples for AMBE2-MINI

Amebasnalog
AmebaBLE

AmebaDebugExample

AmebakleSystem
AmebaGPIO
AmebaGTimer
ArmebaHttp
AmebaMQTTClient
AmebaMultimedia
AmebaM N
AmebaPowerMode
AmebaRTC
AmebasPl
AmebaWatchdog
Amebaiire
Ethemet

Frmata

Kevboard

LiquidCrystal
sD

Senao

AudioClassification

Capture) PEGFaceRecognition
DoordnlockiithFace Recognition
ObjectDetectionCallback
OhbjectDetectionLoop
RTSPFRaceDetection

RTSPFaceRecognition

PR T R
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2.6 MQTT ON AMB82

Ale Edit Sketch Tools Help
01.Basics

02.Digital
03.Analog

New Sketch Ctl+ N
New Cloud Sketch  Alt+ Ctrl + N
Open.. Ctri+ O
Sketchbook

04.Cammunication

05.Control

E |
rampes 05.5ensors

Clase Ct + W

Step 2.

ThzREEE. LToUYobhib
A5 5L%3E—L. Arduino

O7.Display
Sawve Cil + 5

Save As. Ctrl + Shift+ 5

08.5trings
03 SE

Preferences... Ctrl + 288 10.5tarterkit_Basickit

171 ArduinolSP
Advanced

Examples for AMBE2-MINI
Amebasnalog
AmebaBLE

Quit

AmebaDebugExample
AmebakleSystem
AmebaGPIO

IDEIZBE YT T =&y,

AmebaGTimer
ArmebaHttp
AmebaMQTTClient
AmebaMultimedia

AmebaM N

https://drive.google.co
m/file/d/1ABJJTcOY2TO
DcuO88m8AEMS3zuik4i
dT/view?usp=sharing

LNSTalling realtek:an AudioClassification

configuring tool.
N . ) N AmebaRTC . .
realtek:ameba_pro2_td DoorrlockithFace Recognition
Installing realtek:anfiEeuiclEEl
configuring tool. Amebawatchdog
realtek:ameba pro2 tCFAERIERyY S,
Installing realtek:anfiim RTSPFRaceDetection

i A emet
Contiguring tool. . RTSFRaceRecognition

Fimata

realtek:ameba pro2 td
Installing platform r Keyboard
Contiguring plattorm. LiquidCrystal
Platform realtek:ame D

AmebaPowerMode
Capture) PEGFaceRecognition

ObjectDetectionCallback

OhbjectDetectionLoop

Senao

114 EPEA Y AL AIQT
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https://drive.google.com/file/d/1ABJJTcOY2TODcuO88m8AEMS3zuik4idT/view?usp=sharing
https://drive.google.com/file/d/1ABJJTcOY2TODcuO88m8AEMS3zuik4idT/view?usp=sharing
https://drive.google.com/file/d/1ABJJTcOY2TODcuO88m8AEMS3zuik4idT/view?usp=sharing
https://drive.google.com/file/d/1ABJJTcOY2TODcuO88m8AEMS3zuik4idT/view?usp=sharing

2.6 MQTT ON AMB82

mgttServer[] = "test. mnqquitt@.mrg";
clientId[] = "amebaClient”
a» ea» o ~
& puhllshToplc[] ~ "TopIC” P
publishPayload[] = "Objfct Detection with MQTT";
subscribeTopic[] = "inTO&Pke y

Step 3.

N\

#define NNWIDTH 540

0k IN

#define NNHEIGHT 320

WiFiDRBI, /NAD—R, &LV
publishTopicZ 7 A4 5 LD
BIGERICABDLTLEE,

VideoSetting confighN(NNWIDTH, NNHEIGHT, 1@, VIDEO RGB, 0);
NNObjectDetection ObjDet;
StreamIO videoStreamernNn(1l, 1);

{/ ssid[] = "SsID";

\char pass[] = "

T status =

J—RZAALT
& <A

Az 4AuExF AlGT
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2.6 MQTT ON AMB82

Step 4.

R EER EMQTT Explorerlz /R &

h* TO

Value I_n

{2
person

¥ History

P R R P S iy i

pEISon

2024/10/25 14:

DEISon

2024/10/25

pEISon

2024/10/25 14:

14:29:10(-0.1

Qos: 0
20247510025 14:29:18

E

R sgsaxy AJQT
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AloTESE 2
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2.6 MQTT ON AMB82

Sketchbook
05.Control >
Examples >
06.Sensors >
Close Ctrl + W
07.Display >
Save Ctrl+ S
e 08.5trings >
. Save As... Ctrl + Shift + S
09.USB >
Ctrl + 1258
Preferences... ol =R 10.StarterKit_BasicKit >
. — s
Arduino |DE-C‘:1§UEE=E < = (d:s Ll F Advanced > 11.ArduinolSP -
Quit Ctrl+Q Examples for AMB82-MINI
O - -
DRRIZEE->TLEE, , :
. pinMode (button ArmebaBLE ,
. AmebaDebugExample >
1. Flle loop() { AmebaFileSystem >
L AmebaGPIO >
Output .
2. Examples AmebaGTimer >
Sketch uses 4284416 by AmebaHit e space. Maximum is 1677721
Enter Flash Mode! P
AmebaMQTTClient >
3. AmebaNN Start Upload Flash mebaMQTTClien AudioClassification
Uploading AmebaMultimedi >
End Upload Flash mebaiiuitmedia CapturelPEGFaceRecognition
1+ AmebalN ¢ DoorUnlockWithFaceRecognition
4. RTSPFaceRecognition ArmebaPowerMode g |
ObjectDetectionCallback
AmebaRTC >
meba ObjectDetectionLoop
AmebaSPI >
meba RTSPraceDetection
- RTSPFaceRecognition

118 B 558 5 & X F AIQT
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2.6 MQTT ON AMB82

Sketchbook
05.Control >
Examples >
06.Sensors >
Close Ctrl + W
07.Display >
Save Ctrl+ S
e 08.5trings >
. Save As... Ctrl + Shift + S
09.UsSB >
Ctrl + =58
Preferences... ol =R 10.StarterKit_BasicKit >
FhERULEE UFOYYIne | | oo s :
<152 / b 11.ArduinolSP
Quit Ctrl+Q Examples for AMB82-MINI
73 > — (Y . AmebaAnalog >
n 9 7AE: t l/s ArdUIno pinMode (button AmebaBLE N
I
AmebaDebugExample >
— -
IDE'*E& U 17.“-,--(- ( T: é ('\o loop() { AmebaFileSystem >
L AmebaGPIO >
. Output .
https://drive.googl AmebaGTimer >
Sketch uses 4284416 b ge space. Maximum is 1677721
y AmebaHttp > P
e.com/file/d/15r0 Enter Flash Mode! |
2 start Upload Flash AU > AudioCuassification
- Uploading AmebaMultimedi >
- End Upload Flash mebaiiuitmedia CapturelPEGFaceRecognition
»
ZSOY223EaD29MFa AmebalN DoorUnlockWithFaceRecognition
H H AmebaPowerMod >
Ord|mRyMYX8P/V|e mebaroweridoae ObjectDetectionCallback
»
1 AmebaRTC ObjectDetectionLoop
>
Amebasel RTSPraceDetection
- RTSPFaceRecognition

119 B 558 5 & X F AIQT
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https://drive.google.com/file/d/15r02-z5OYz23EaD29MFa0rdimRyMYx8P/view?usp=sharing
https://drive.google.com/file/d/15r02-z5OYz23EaD29MFa0rdimRyMYx8P/view?usp=sharing
https://drive.google.com/file/d/15r02-z5OYz23EaD29MFa0rdimRyMYx8P/view?usp=sharing
https://drive.google.com/file/d/15r02-z5OYz23EaD29MFa0rdimRyMYx8P/view?usp=sharing
https://drive.google.com/file/d/15r02-z5OYz23EaD29MFa0rdimRyMYx8P/view?usp=sharing
https://drive.google.com/file/d/15r02-z5OYz23EaD29MFa0rdimRyMYx8P/view?usp=sharing

2.6 MQTT ON AMB82

mgttServer[] = "test.mosquitto.org?;
clientId[] = "amebaClient™;

Step 3.

B . ‘ . WiFiClient wifiClient;
WiFiQ&Rl, /NAT—F, &LV PubSubClient client(wifiClient);
publishTopicZ 7’ A% 5 ADIIGT

BDIGBMICABDILTLEE,

#define CHANNEL B
#define CHANNELNN 3

fdefine NNWIDTH G576
#deftine NNHEIGHT 328

o Bzt axS AloT
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2.6 MQTT ON AMB82

1. Python (VScode, anaconda) ZRVTL EEL,
2. R/ —ZF)WIZpipinstall paho-mattE NI L TLEE L,
3. python (.py) Z7A4LZ{EREL. XDV o7y

L% E—-LT, $iLLIERRLE=T 74 LVICBEYITE
LTLESY,

https://drive.google.com/file/d/1 GRLBpugqgWkN8e 25UPkef-

dO pNCIDe/view?usp=sharing

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNN


https://drive.google.com/file/d/1_GRLBpuqgWkN8e_25UPkef-dO_pNCIDe/view?usp=sharing
https://drive.google.com/file/d/1_GRLBpuqgWkN8e_25UPkef-dO_pNCIDe/view?usp=sharing

2.6 MQTT ON AMB82

Return Code Response
Connection accepted
Connection refused: level of MQTT protocol not supported by server.
Connection refused: client identifier not allowed by server.
Metwork connection successful but MQTT service is unavailable.
Data in username or password is malformed.
Client not authorized to connect.

Reserved for future use.

&z u k¥ AlGT
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2.6 MQTT ON AMB82

on_message{client, userdata, msg):

message - msg.payload.decode()
current_time - datetime.now().strftime("?
message. lower() "unknown™

open{"mgqtt_data.txt", "a") f:
f.write(f"Time: {current time}, Topic: {msg.topic}, Name: {message}‘'n")

print(f"{message} was detected at {current _time}")

print (f"Unknown person detected, ignoring."™)

on_messageFEEN D a7EH

A zhw kxS AJoT
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2.6 MQTT ON AMB82

___name___ ' _main__ ':
client - mgtt.Client()
client.on connect = on connect

client.on _message - on_message

.connect("test.mosquitto.org”, 1883

/

mainEEz8 M5xeR

NATIONAL TAIWAN NORMAL UNIVERSITY abs



2.6 MQTT ON AMB82

&3 RTSPFaceRecognition | Arduino IDE 2.3.2 — =] X &
File Edit Sketch Tools Help
1 <AMBE: ML '

RTSPFaceRecognition ino

v

"amebacl
"Face_

Serial Monitor x

00:00
1n15Col23 AMBa2-MINloncoms (22 B [LLIEEN

~ a4, g3 TFF0538
X0 0, & 0

Qeusn == Q s

-227%

125 @lié;rﬁ%ﬁk% AIQT
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Chapter 3
ODbject Detection
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3.1YOLO
(You Only Look Once)
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3.1 YOLO(You Only Look Once)

PSR & (?
- Ptttz 7o n—%EAL TSEYETFA A L OEIR

AVFUYHOUBOEEAET—S L. FhBEDES L
B THED. BLUCOUBISHT BFMIEFLOEE
Ex2P%E95CLTY,

. BERLASHEBYESLA TS o4 MEEETIE

YOLOTY.

128
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3.1 YOLO(You Only Look Once)

129 B a it dk '? ALQ:}:
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3.1 YOLO(You Only Look Once)

PR & (&2
- itz 7 n—%EAL TSEVETF A EOEIR

QYT YHOMBORAET—5 L. TAEEDLS
M THID. BLUCOUBISHT BFIETLOEE
E%x2P%E95CLTY.

. BESLASABYERLA TS 14 MREEF LI

YOLOTY,
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3.1 YOLO(You Only Look Once)

PR & (&2
- itz 7 n—%EAL TSEVETF A EOEIR

QYT YHOMBORAET—5 L. TAEEDLS
M THID. BLUCOUBISHT BFIETLOEE
E%x2P%E95CLTY.

. BESLASABYERLA TS 14 MREEF LI

YOLOTY,

131
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3.1 YOLO(You Only Look Once)

PR & (&2
- itz 7 n—%EAL TSEVETF A EOEIR

QYT YHOMBORAET—5 L. TAEEDLS
M THID. BLUCOUBISHT BFIETLOEE
E%x2P%E95CLTY.

. BESLASABYERLA TS 14 MREEF LI

YOLOTY,

Dog 0.92

132
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3.1 YOLO(You Only Look Once)

TR At
SN

134 @ﬁ«h‘%%ﬁk% A]-_QI
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640 pixel

INPUT
640 pixel

-»

r,
: »
;. @

LR

=)

YOLO(You Only Look Once)



640 pixel

136

o

s, .

INPUT
640 pixel

.

YOLO(You Only Look Once)

Red,Green,Blue

m) (3,640,640)



640 pixel

INPUT
640 pixel

-»
.

4 -

ol N

“
9

YOLO(You Only Look Once)

Red,Green,Blue (YOLO)

i BN
m) (3,640,640) mEp

-



640 pixel

138

INPUT
640 pixel

YOLO(You Only Look Once)

(\I\(/Igﬁg) Assuming that | have trained

Red,Green,Blue 80 animals categories (0 ~ 79)

B
m) (3,640,640) mEp . m) Cat: (1,4,0.85)+ Dog : (1,4,0.92)

The model's confidence
The location of the  in this object(0 ~ 1)

cat anchor



INPUT
640 pixel
a

{
»
2
N
\

- -

TR

640 pixel

b |
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YOLO(You Only Look Once)

OUTPUT
Do0g0.92

(\I\(/I(;)E(zl)) Assuming that | have trained

Red,Green,Blue 80 animals categories (0 ~ 79) ’

/

m) (3,640,640)

3 \
— . — Cat:(74,o.8w - (1,4,0.92)

The model's confidence
The location of the  in this object(0 ~ 1)

cat anchor



640 pixel

‘V
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INPUT
640 pixel

f

b o
?:t
?

| >,
-’ (/', / \
.
B # (3,640,640) # . # Cat:(74,0.8w 1 (1,4,0.92)

OUTPUT
Do0g0.92

YOLO(You Only Look Once)

e +
(\I\(/I(;)Secl)) Assuming that | have trained

Red,Green,Blue 80 animals categories (0 ~ 79) ’

The model's confidence
The location of the  in this object(0 ~ 1)

cat anchor



640 pixel

‘V
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INPUT
640 pixel

f

b o
?:t
?

| >,
-’ (/', / \
.
B # (3,640,640) # . # Cat:(74,0.8w 1 (1,4,0.92)

OUTPUT
Do0g0.92

YOLO(You Only Look Once)

e +
(\I\(/I(;)Secl)) Assuming that | have trained

Red,Green,Blue 80 animals categories (0 ~ 79) ’

The model's confidence
The location of the  in this object(0 ~ 1)

cat anchor



640 pixel

i

i
S
1

142

v

OUTPUT
Do0g0.92

YOLO(You Only Look Once)

I .
INPUT Model

- Assuming that | have trained
640 pixel
; ; Red,Green,Blue e 80 animals categories (0 ~ 79) ’
X / -
“7

X ) (3,640,640) WP - Cat:(1,4,0.8<)+Dog:(1,4,0.92)

The model's confidence

The location of the N this object(0 ~ 1)

cat anchor D0g0.92

Cat0.{



3.1 YOLO(You Only Look Once)

Video of YOLO

IIIIIIIIIIIIIIIIIIIIIIIIIIIIII
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https://www.youtube.com/watch?v=YSgm0DQ9F9g&list=PLUE9cBml08yiahlgN1BDv_8dAJFeCIR1u&ab_channel=TheCodingBug

144

3.1 YOLO(You Only Look Once)

Implementation
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3.1 YOLO(You Only Look Once

Step 1.

Arduino IDETHlZR < 12X, AT
DNRICHESTLEELY,

1. File
2. Examples
3. AmebaNN

4. ObjectDetectionLoop

New Sketch Ctd + N
Mew Cloud Sketch Alt+ Ctd + N
Cpen... Ctd + O
Sketchbook

Examples

Close Ctd + W
Save Ctl + 5
Save As.. Ctd + Shift + &

Preferences... Ctrl + 28R

Advanced

Quit

INSTalllng realtek:an
Contiguring tool.

realtek:ameba pro2 td
Installing realtek:anm
Configuring tool.

realtek:ameba_proz_td
Installing realtek:anm
Configuring tool.

realtek:ameba_proz_td
Installing platform r
Configuring platform.
Plattorm realtek:Ame

01.Basics
02.Cigital

03 4nalog
04.Communication
05.Control
O6.5ensors
07.Display
08.5tings

09.1ISB
105tarterkit_Basickit
11 ArduinolsP

Examples for AMBB2-MINI
Amebasnalog
AmebaBLE
AmebabebugExample
AmebaFileSystem
AmebaGPIO
AmebaGTimer
AmebaHttp
AmebalM QT TClient
AmebaMultimedia
AmebaN N
AudioClassification
AmebaPowerMode .
Capture) PEGFaceRecognition
AmebaRTC
Door)nlockinithFace Recognition

ObjectDetectionCallback

AmebaSPl
AmebaWatchdog
Amebainire

ObjectDetectionloop

RTSPRaceDetection
Ethemet
. RTSPFRaceRecognition
Firmata
Kevboard
LiquidCrystal
SO

Servo

PR T R
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3.1 YOLO(You Only Look Once)

#1nclude "Wikl.no

#include "StreamIo.h"

#include "wvideoStream.h"
#include "RTSP.h"

#include "MNHObjectDetection.h"
#include "wvideoStreamoverlay.h"
#include "0ObjectcClassList.h"

#define CHAMNMEL @
#define CHANMELMNN 3

Step 2.

0455 LAOWi-FilEEEEIZ.

#define HHNWIDTH 576
#define MHHEIGHT 320

videosetting config(vIDEO FHD, 38, VIDEQO H264, 8);
videoSetting configHM{NNWIDTH, HMMHEIGHT, 18, VIDEQO RGB,
NHObjectDetection ObjDet;

RTSP rtsp;

StreamI0 videoStreamer(l, 1);

streamI0 videoStreamerMH({1, 1);

SSIDENRRT—RZREL T EE
AW

L] -— - - -_— -_—y
ssid[] = "r'-letwork_SSID";’

ass[] = "Password";
-

a» eoa» o
status = WL _TDLE STATUS;

IPAddress ip;
rtsp portr

setup() {
Serial.begin{115208);

» BaghwaxS AlGT
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3.1 YOLO(You Only Look Once)

Step 3 E®T N ZiERmrzEscy)

0bjDet.configvideo({confighN);
ObjDet.modelSelect(OBJECT DETECTION, DEFAULT YOLOVATINY, NA MODEL, MNA MODEL);
0bjDet.begin();

Ei@taskI=WIET B ETIL—E

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN



3.1 YOLO(You Only Look Once)

+ BAICHESRE N =ETLIEERT80
BB ZRETEET,

ObjectClassListh

Upjecterectionitem 4

index;

* objectHame;

filter;

ObjectDetectionItem itemList[g80] = {

{BJ
{1)
{21
{3,

« 1FEOYEFDZFEEENICT SIS v
(%, filterZO0IZ:FEL TLEEY, (s,

{}"J
{81
{9)
f10,

"person”,
"bicycle”,
“car",
"motorbike" ,
"aeroplane"”,
"bus",

"train",
"truck",

"boat",

"traffic light",
“fire hydrant”,
fa1, "

stop sign",

1})
1},
1]’)
1},
1]’)
1},
1},
1},
1]’)
1},
1},
1},

148
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3.1 YOLO(You Only Look Once)

Program Explanation
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3.1 YOLO(You Only Look Once)

INnclude

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
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3.1 YOLO(You Only Look Once)

#include
#include
#include
#include
#include
#include
#include

#define
#define

#define
#define

"WiFi.h"

"StreamIO.h"
"VideoStream.h"
"RTSP.h"
"NNObjectDetection.h"
"VideoStreamOverlay.h"
"ObjectClassList.h"

CHANNEL ©
CHANNELNN 3

NNWIDTH 576
NNHEIGHT 32@

R agtw k% AT
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3.1 YOLO(You Only Look Once)

setup()

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN



3.1 YOLO(You Only Look Once)

setup() {
Serial.begin(1152080);

while (status != WL_CONNECTED) {
Serial.print("Attempting to connect to WPA SSID: ");
Serial.println(ssid);
status = WiFi.begin(ssid, pass);

delay(2000);

}
ip = WiFi.localIP();

config.setBitrate(2 * 1824 * 1824);
Camera.configVideoChannel(CHANNEL, config);
Camera.configVideoChannel (CHANNELNN, configNN);
Camera.videoInit();

- Bzt axS AloT
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3.1 YOLO(You Only Look Once)

// BEERTSPRABFEEZ R KN ER
rtsp.configVideo(config);
rtsp.begin();

rtsp_portnum = rtsp.getPort();

/] EREVHEAREEEZRBXER

/] FEEREEHEAS (NN) ERFIRE

ObjDet.configVideo(configNN);

ObjDet.modelSelect(OBJECT DETECTION, DEFAULT_YOLOVATINY, NA MODEL, NA MODEL);
ObjDet.begin();

// BEEStreamIO¥H-{ts FiMiE i EIRTSP

videoStreamer.registerInput(Camera.getStream(CHANNEL));

videoStreamer.registerOutput(rtsp);

if (videoStreamer.begin() != @) {
Serial.println("StreamIO link start failed");

}

/] ENEIE FiEE
Camera.channelBegin(CHANNEL) ;

- Bzt axS AloT
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3.1 YOLO(You Only Look Once

videoStreamerNN.registerInput(Camera.getStream(CHANNELNN));

videoStreamerhNN.setStackSize();

videoStreamerNN.setTaskPriority();

videoStreamerNN.registerOutput(ObjDet);

if (videoStreamerNN.begin() != @) {
Serial.println("StreamIO link start failed");

Camera.channelBegin(CHANNELNN);

0SD.configVideo(CHANNEL, config);
0SD.begin();

- Bzt axS AloT
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3.1 YOLO(You Only Look Once)

loop()
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3.1 YOLO(You Only Look Once)

loop() {
std: :vector<ObjectDetectionResult> results = ObjDet.getResult();

im_h = config.height();
im w config.width();

Serial.print("Network URL for RTSP Streaming: ");
Serial.print("rtsp://");

Serial.print(ip);

Serial.print(":");

Serial.println(rtsp_portnum);

Serial.println(" ");

printf(“Total number of objects detected = %d\r\n", ObjDet.getResultCount());
0SD.createBitmap(CHANNEL);

&z u k¥ AlGT
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3.1 YOLO(You Only Look Once)

if (ObjDet.getResultCount() > @) {
for ( i = 0@; 1 < ObjDet.getResultCount(); i++) {
obj_type = results[i].type();
if (itemList[obj_type].filter) {

ObjectDetectionResult item = results[i];

Y(item.xMin() im _w);
) (item.xMax() im_w);
Y(item.yMin() im_h);
Y(item.yMax() im_h);

printf("Item %d %s:\t%d %d %d %d\n\r", i, itemList[obj_type].objectName, xmin, xmax, ymin, ymax);
0SD.drawRect(CHANNEL, xmin, ymin, xmax, ymax, 3, OSD_COLOR_WHITE);

text_str[20];
snprintf(text_str, sizeof(text_str), "%s %d"”, itemList[obj_type].objectName, item.score());
0SD.drawText(CHANNEL, xmin, ymin - OSD.getTextHeight(CHANNEL), text_str, OSD_COLOR_CYAN);

0SD.update (CHANNEL) ;

delay(1ee);
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3.1 YOLO(You Only Look Once)

Advanced implementation

(Using customized model)
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3.1 YOLO(You Only Look Once)

EL#

LI TFTOEK. AMBS2-MINIERTX 3000MD5tE8eHELEIL -t DT,

FRLATHBED DLLE
TOPS(Tera Operations Per Second)
RTX 3090 285
AMB82-MINI 0.4
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3.1 YOLO(You Only Look Once)

EL#

AFDZFRIE, AMB82-MINIEYOLOV_TINYDEEZHBL=H0DTY,

=1. B0

MB(Megabyte)
YOLOv7_tiny 23
AMB82-MINI 16
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3.1 YOLO(You Only Look Once)

REPARAME

Al MODEL TERIZE

QUANTIZE

AMB82-
MINI

163
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3.1 YOLO(You Only Look Once)

/

Al MODEL

REPARAME
TERIZE

QUANTIZE

AMB82-
MINI
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3.1 YOLO(You Only Look Once)

/

REPARAME

Al MODEL TERIZE

QUANTIZE

AMB82-
MINI
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3.1 YOLO(You Only Look Once)
BNTA—24

ER: BHO 0y EREL. DlREBEKL
FBET. ETILDNRTA—2EEHIRL .
sTEMBEERLEESE5F L STTOETILE
DHIFEREN, BRXTA—BZUENEETIL
DHMMREFS 1L, CHLBHI D,
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3.1 YOLO(You Only Look Once)
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3.1 YOLO(You Only Look Once)
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3.1 YOLO(You Only Look Once)

* =

zation model (Rep model)

training

inference

T 3x3 — RelU —
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3.1 YOLO(You Only Look Once)

REPARAME

Al MODEL TERIZE

/

QUANTIZE

AMB82-
MINI
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3.1 YOLO(You Only Look Once)

=F1L

- EER: BEEDONTA—2 & RBEI-EIRT
5CLT, ETIOYM X LEIEEZE KR
CHIRL . EmEE L NEEZEEM LY., £
NANLNTNARBGEDY) ) —RAFIRDH S
RIBICELESDICLET,
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3.1 YOLO(You Only Look Once)

[RGETIL

—~ BFHETI
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3.1 YOLO(You Only Look Once)
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3.1 YOLO(You Only Look Once)
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3.1 YOLO(You Only Look Once)

REPARAME AMB82-
Al MODEL TERIZE QUANTIZE MINI
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3.1 YOLO(You Only Look Once)
AT T

ETNETIHINDMETIDDAREZRAXETIICHYERAET.

ObjDet.configVideo(configNN);

S = ObjDet.modelSelect(OBJECT DETECTION, CUSTOMIZED YOLOVZTINY, NA MODEL, NA MODEL);
%E%‘ile)* 2 'ﬁtdté Obi[)et begin(); ( - J — 3 _! ; | );
. ;
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3.1 YOLO(You Only Look Once)
AT T

ANYZTFAN(h) (& ETLOHEDGERIZATIVERYEV T ILERBYET,

__OBJECTCLASSLIST H__
__OBJECTCLASSLIST H__

struct ObjectDetectionItem {
uint8 t index;
char* objectName;
uint8 t filter;

1=
¥

ERIRDLSI25 3 ‘

ObjectDetectlonItem itemList[5] =
"gesturel”, 1},
"gesture2”, 1%},
"gesturel”, 1%,
"gestured”, 1},
"gestureb”, 1}3s

M = D

Lt W W s W i 1—'-\

P
- e
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3.1 YOLO(You Only Look Once)
ETFLOT7yTA—R

9. UFoVYI/hbEBREhZnbT 7ML EXDA—RLTLESL,

4

https://drive.google.com/file/d/1Wsa20WUZ4Sd
y]ZKzTnHt1UJd38ibtltP/view?usp=sharing

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN


https://drive.google.com/file/d/1Wsa2oWUZ4SdyjZKzTnHtIUJd38ibtltP/view?usp=sharing
https://drive.google.com/file/d/1Wsa2oWUZ4SdyjZKzTnHtIUJd38ibtltP/view?usp=sharing
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3.1 YOLO(You Only Look Once)

ETFILOF7y7O—R
RIZ, TBRENF=nbT 7ML OBEIEWHTAETILERL

[TZBLTLEZNL, WIHETBIETLELUTICREATILE
9. cDIRES. BEiZyolov7 tiny.nblIZZEBLET.

Model for different tasks

Object Detection: “yolov3 _tiny.nb™ ~ “yolov4 tiny.nb” or tyolov?_tiny.nbl’

Face Detection: “scrfd 500m_bnkps 640x640 u8.nb”

Face Recognition: “mobilefacenet intl16.nb™

Audio related: “yamnet fpl16.nb” or “yamnet s hybrid.nb”
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3.1 YOLO(You Only Look Once)
ETFLOT7yTA—R

RIZIC. UMTFTONRREROHT, nb7 7ALEXWET DR RIDT L ZIZANRTLLES,
C:\Users\username\AppData\Local\Arduinol5\packages\realtek\hardware\

AmebaPro2\version\libraries\NeuralNetwork\examples\Corresponding task

ERIZRDEKS 12D

X T
C J > - 406 > libraries > NeuralNetwork > examples > ObjectDetectionLoop
© B ® W NHF- =8R-
=i Epd=k E ] A
B ObjectClassListh 2024/2/5 £F12:32 HiESE 3 KB
ObjectDetectionLoop.ino 2024/2/5 £ 12:32 INO 122 6 KB
[ yolov7_tiny.nb 20247472 T 04:41 NB 183 4,556 KB
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3.1 YOLO(You Only Look Once)
EEEIZE, LLTFD3mZa—RISEMTSHBERSH Y FT.

1. 7’0455 LORTI<IEN:
(EVZEEERT D)

int gesturel =0 ;
Int gesture2 =1 ;
Int gesture3 =2 ;

Int gesture4 = 3 ;
Int gesture5 =4 ;

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
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3.1 YOLO(You Only Look Once)

EKEIC(X., UT03mZa— FICENMTIVERHY ET.

2. B8%%void setup()IZ1ED0:
(HHEEBEhEEVISES)

pinMode(gesturel, OUTPUT);
pinMode(gesture2, OUTPUT);
pinMode(gesture3, OUTPUT);

pinMode(gestured4, OUTPUT);
pinMode(gesture5, OUTPUT);

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
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3.1 YOLO(You Only Look Once)

3. B3%kvoid loop ORI D

if(itemList[obj_type].filter) ®TIZ1ENN:

(FRLEASSRAS & 0

BCTHIDZHET D)

if(obj_type==0) //fingerl

{
digitalWrite(gesturel, HIGH);

delay(1000);
digitalWrite(gesturel, LOW);
delay(1000);

}

else if(obj_type==1) //finger2
{
digitalWrite(gesture2, HIGH);
delay(1000);
digitalWrite(gesture2, LOW);
delay(1000);

}

else if(obj_type==2)//finger3

{
digitalWrite(gesture3, HIGH);
delay(1000);
digitalWrite(gesture3, LOW);
delay(1000);

}

else if(obj_type==3) //finger4

{
digitalWrite(gesture4, HIGH);
delay(1000);
digitalWrite(gesture4, LOW);
delay(1000);

}

else if(obj_type==4) //finger5

{
digitalWrite(gesture5, HIGH);
delay(1000);
digitalWrite(gesture5, LOW);
delay(1000);

}

184
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Sl REALTEK

3.2 YOLOV7 Gesture Detection

(Gesture recognition Kart)
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3.2 YOLOV7 Gesture Detection
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3.2 YOLOV7 Gesture Detection

aMB382-MINI

188

HHHHHHHHHHHHHHHHHHHHHHHHHHHHHH



3.2 YOLOV7 Gesture Detection

tor control board

189 Iﬁli%?’gﬁﬁk% AIQT
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3.2 YOLOV7 Gesture Detection

Introduction to Al model training
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3.2 YOLOV7 Gesture Detection

REPARAME

Al MODEL TERIZE

QUANTIZE

AMB82-
MINI
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3.2 YOLOV7 Gesture Detection

.

193 B a it dk '? ALQ:}:
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3.2 YOLOV7 Gesture Detection
=L/ A -2/

tnt a=19;
tnt b=20;
tnt c=21;

GPIOE Y &EGPIO® wnt d=22;

b Esmevs

void setup() {
Serial.begin(115200);
GPIOE>IZHOEZE pinMode(a, OUTPUT);|
5 pinMode(b, OUTPUT);
FYLXTH pinMode(c, OUTPUT);

pinMode(d, OUTPUT);




3.2 YOLOV7 Gesture Detection
pa LA -2

IEERFR DORREZ BRI
BA=®HIZcurrentMillis%
FREYT B

tRBESER O{SFEE M50
ZHBADVIAFv—
5T B,

EHF. RVbSMEGEER
03 A7Z&EIFOATIVIZLH-
TRESHh DB,

unsigned long previousMillis = @;
Long interval = 200;

void loop() {
unsigned Long currentMillis = millis();

(currentMillis - previousMillis >= interval) {

previousMillis = currentMillis;

std: :vector<ObjectDetectionResult> results = ObjDet.getResult();
int highestScorelndex = -1;

float highestScore = 50;
(int 1 = @; i < ObjDet.getResultCount(); i++) {
(results[i].score() > highestScore) {
highestScore = results[i].score();
highestScoreIndex = 1i;

}
}

(highestScoreIndex != -1) {
int obj type = results[highestScorelIndex].type();




3.2 YOLOV7 Gesture Detection

(highestScorelIndex != -1) {
int obj _type = results[highestScorelndex].type();

(obj_type==0)

digitalWrite(a, 1);
digitalWrite(b, 0);
digitalWrite(c, 1);

70n 7\‘5 s 5/7“ digitalWrite(d, 0);

(obj_type==:

FHlesh=hT3) —ZHOEE
digitalWrite(a,
Iy FEEET, digitalWrite(b,

digitalWrite(c,
digitalWrite(d,
delay(200);

digitalWrite(a,
digitalWrite(b,
digitalWrite(c,
digitalWrite(d,




3.2 YOLOV7 Gesture Detection

AL A

FHlshi=hTI)—2E0OEE
vy FSHEET,

¥
h

(obj_type==2)

digitalWrite(a, 1);
digitalWrite(b, 0);
digitalWrite(c, 0);
digitalWrite(d, 0);
delay(200);

digitalWrite(a, 1);
digitalWrite(b, 0);
digitalWrite(c, 1);
digitalWrite(d, 0);

(obj_type==3)

digitalWrite(a, 0);
digitalwrite(b, 1);
digitalWrite(c, 0);
digitalWrite(d, 1);

(obj_type==4)

digitalWwrite(a, 0);
digitalWrite(b, 0);
digitalWrite(c, 0);
digitalWrite(d, 0);

0SD.update (CHANNEL) ;

delay(100);




3.2 YOLOV7 Gesture Detection

Code

https://drive.google.com/file/d/1AmEI6jfby3BS6EmMAt2LfuXeCrq86qEFV5/view?usp=drive_link
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https://drive.google.com/file/d/1AmEI6jfby3BS6mAt2LfuXeCrq86qEFV5/view?usp=drive_link

3.2 YOLOV7 Gesture Detection
il =i -2/

ANYZTFAN(h) (& ETLOHEDGERIZATIVERYEV T ILERBYET,

__OBJECTCLASSLIST H__
__OBJECTCLASSLIST H__

struct ObjectDetectionItem {
uint8 t index;
char* objectName;
uint8 t filter;

1=
¥

ERIRDLSI25 3 ‘

ObjectDetectlonItem itemList[5] =

"gesturel”, 1},
"gesture2”, 1%},
"gesturel”, 1%,
"gestured”, 1},
"gestureb”, 1}3s

= &
I

L]

Lt W s Wt M|

P
- e
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3.2 YOLOV7 Gesture Detection

ETFIO7y7Aa—R
TP, TEEAE=nbT7 7/ IILOBREIENST R ETILERL

[TEZBELTLEZL, WHETBIETLRLUTIZRESATIHE
9. cDIZS. BBiZyolov7 tiny.nblIZZBLET .

Model for different tasks

Object Detection: “yolov3 _tiny.nb™ ~ “yolov4 tiny.nb” or tyolov?_tiny.nbl’

Face Detection: “scrfd 500m_bnkps 640x640 u8.nb”

Face Recognition: “mobilefacenet intl16.nb™

Audio related: “yamnet fpl16.nb” or “yamnet s hybrid.nb”
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3.2 YOLOV7 Gesture Detection
ETFIO7y7Aa—R

RIZ, UTFONRRAZROUHT, nbT7 7ANERT D E2RAIDT # N FITAWTSEEL,
C:\Users\username\AppData\Local\Arduinol5\packages\realtek\hardware\

AmebaPro2\version\libraries\NeuralNetwork\examples\Corresponding task

ERIZRDEKS 12D

X T
C J > - 406 > libraries > NeuralNetwork > examples > ObjectDetectionLoop
© B ® W NHF- =8R-
=i Epd=k E ] A
B ObjectClassListh 2024/2/5 £F12:32 HiESE 3 KB
ObjectDetectionLoop.ino 2024/2/5 £ 12:32 INO 122 6 KB
[ yolov7_tiny.nb 20247472 T 04:41 NB 183 4,556 KB
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3.2 YOLOV7 Gesture Detection

DEMO Video :
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