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1.1 AloT

Definition of AloT
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1.1 AloT

Key Features of AloT
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1.1 AloT

Key Features of AloT
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1.1AloT

Key Features of AloT

 Prediction and Prevention: Using machine
learning models, AloT systems can predict
future events, aiding in preventive

maintenance and resource optimization.
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1.1AloT

Key Features of AloT

« Self-learning and Optimization: AloT systems
learn from past data to improve performance
and decision-making, adapting to changes for

more efficient services.
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1.1AloT

Layers of AloT

e Device Layer: Sensors and actuators are
physical devices that collect data from the
environment and perform actions.

« Connectivity Layer: This layer includes
communication between processing devices

and other layers. Ex: WIFI, Bluetooth.
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1.1AloT

Layers of AloT

« Edge Computing Layer: Computing devices
close to sensors and actuators perform real-time
data processing and analysis.

e Data Management Layer: Systems and
databases that store large amounts of data from

loT devices, including local and cloud storage.
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1.1AloT

Layers of AloT

« Al Analytics Layer: Al algorithms and models
are used to analyze processed data for
predictions and automated decision-making.

« Application Layer: Allow users to interact
with the AloT systems, monitor its status, and

control devices.
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1.2 Edge Computing
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1.2 Edge Computing

Edge Computing

 Definition: shift the data processing and
analysis from centralized cloud architectures

to edge devices that are closer to the data

generation source.
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1.2 Edge Computing

Edge Computing

* Purpose: By performing real-time processing
and analysis on edge devices, edge computing
aims to reduce latency, decrease bandwidth
requirements, and enhance system reliability

as well as data security.
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1.2 Edge Computing

Edge Computing

&

Internet

Key

Result

| Networking Server Database Software

Analyze tool

Data
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1.2 Edge Computing

Why edge computing matters?

Reduce Latency / Improve Speed

Enhanced Data Security

Increased Productivity

Ease of Integration

Cost Reduction
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1.2 Edge Computing

Edge Computing use cases
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Chapter 2
AMB382-MINI
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2.1 AMB82-MINI
Introduction
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2.1 AMB82-MINI Introduction

https://www.amebaiot.com/zh/amebapro2/
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https://www.amebaiot.com/zh/amebapro2/

2.1 AMB82-MINI Introduction

What can AMB82 MINI do?
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2.2 LoopPostProcessing
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2.2 LoopPostProcessing
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2.2 LoopPostProcessing

What 1s Motion Detection?

25

IIIIIIIIIIIIIIIIIIIIIIIIIIIIII



2.2 LoopPostProcessing
How do Motion Detection works?

Here are some answers given by ChatGPT

1. Color Detection
2. Depth Camera
3. Machine learning
4, Optical flow
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2.2 LoopPostProcessing

How do AMB actually works?
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2.2 LoopPostProcessing

RGB channel

¥ "‘,-. 2 ¢ ‘;< s : ‘

640 pixel
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2.2 LoopPostProcessing
How to define a difference?

Observe the RGB value changes of all pixels in each frame.

Assuming RGB value of two different frames as

(R1, G1, B1) and (R2, G2, B2).

diff = \/(R2 — R1)? + (G2 — G1)? + (B2 _ B1)?
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2.2 LoopPostProcessing
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2.2 LoopPostProcessing
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2.2 LoopPostProcessing

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

— ® rFFRFF

I RGB v RGB v

&
185 e 255 AE
134 @ 255 )
115 EE 255 )
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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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2.2 LoopPostProcessing

Implementation

34

IIIIIIIIIIIIIIIIIIIIIIIIIIIIII



2.2 LoopPostProcessing

Step 1.

Follow the path below in Arduino IDE

to open the example.

1. File
Examples
AmebaMultimedia
MotionDetection

LoopPostProcessing

New Sketch

Open...
Sketchbook
Examples
Close

Save

Save As...

Preferences...

Advanced

Quit

File FEdit Sketch Tools Help

Ctrl + N

New Cloud Sketch  Alt + Ctrl + N

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[] = "P

status = WL_

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
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2.2 LoopPostProcessing

Step 2.

Enter the WiFi name and password

to the corresponding place in the code.

#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);
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2.2 LoopPostProcessing

® Open the Serial Monitor [<

Tools  Help

Auto Format
Archive Sketeh
Manage Lbrarnes..

Senal Monitor

Ctd + T

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

@ Check the WiFi connection repeatedly [

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

delay(2000);

")
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2.2 LoopPostProcessing

@® Check the WiFi connection repeatedly

[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]
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2.2 LoopPostProcessing

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

« A network application protocol specifically
designed for entertainment and communication

systems to control streaming media servers.
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2.2 LoopPostProcessing

Step 1.

Make sure that Computer and the

AMBS82 connect to the same WiFi

network.
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2.2 LoopPostProcessing

ssid] ] "Network S
pass| | "Password”

status = WL IDLE STA A800 baud

112200 baud

Step 2. IPAddress ip;
rtsp _portnum; 19200 baud
31250 baud

22400 baud

Set the Baud of the serial monitor to

115200. As same as in the code. setup() {

serial.begin(115200) -
27600 bauc

74880 baud




2.2 LoopPostProcessing

font resize new size: 3688 byte-w:4d byte-h:32
font resize from 32 64 to le 32
font resize from 64 64 to 32 32
font resize:70
o N e e Aa AAaa ) 0.0.9.0.9.9.9.9.9.9.9.4
05d update custom 1nit Aug 23 23
S osd ch 0 el num 24 (0, 1, 2) A
{e - - s
. osd render task start .
Networ RL for RTSP Streaming: _rtsp://172.20.10.5:554

Press the reset button on the AMB82 Total number of obiects detected = 0

o
¥
T
=

and find the IP address in serial Network URL :“r RTSP Streaming: rtsp://172.20.10.

monitor. Then copy it. Total number of objects detected = 0
YOLOv4dt tick[0] = 85
Network URL for RTSP Streaming: rtsp://172.20.10.5:554
Total number of objects detected = 0
Network URL for RTSP Streaming: rtsp://172.20.10.5:554
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2.2 LoopPostProcessing

2 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.. Ctrl+C
Open Location from dipboard Ctri+V
Follow the path below in VLC media PN PO Mech '
Save Playlist to File. Ctri+Y
player to start streaming. A "
1. Medla Quit at the end of playlist
Quit Ctrl+Q

2. Open Network Stream
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2.2 LoopPostProcessing

Step 5.

Past the copied IP address to VLC.

It must follow the format below.

(rtsp /XXX XXX XXX XXX:554)

& FARuREE

) #ZEE @)D T 8RN
R R E
i ) LEnk

rtsp://172.20.10.5:554

= #EREEE (D)

hitpdwww example comdstream avi
rtpeff:1234

mms:mms examples.comsstream .asy
rtepeffzerver example.ore :B080 et adp
hitpdwww rourtube comdwatch Y =pebdx

() EREHEHEM)

HEIUP) |» HEE(C)
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2.2 LoopPostProcessing

_oopPostProcessing
Mask
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2.2 LoopPostProcessing

What does PostProcessing do?

48
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2.2 LoopPostProcessing
Application of Motion Detection?

e Smart Home:
o Turn on the lights automatically
« Outdoor environment monitoring :
o Motion detection take place in parking lots,
factories etc.
 Office:
o Marking abnormal behavior

49
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2.2 LoopPostProcessing
Application of the Massk

« Perform motion detection on specific areas and ignore
other areas. For example, only care about the dynamic
changes of doorways or windows, but not the changes
in the background.

A private desk in the office or a private area at home.
Set a mask to exclude these areas from the motion

detection range.
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2.2 LoopPostProcessing

Programming

Add the code marked at below to the Arduino code.

In order to use the default mask for application.

MD.configVideo(configMD);
Results will look like MD.begin();

MD.setDetectionMask(mask);

51
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2.2 LoopPostProcessing

Programming

Keep pressing the Ctrl button, and then click the MotionDetection.

Then you will see the default mask format. Shown as below.

Results will look like

LoopPostProcessing.ino

#include
#include
#include
#include
#include

"videoStream.h"
"StreamIO.h"

"RTSP.h™
"MotionDetection.h"™
"VideoStreamOverlay.h"

#tdefine CHANNEL ©
#define CHANNELMD 3

class

— e —

MotionDetection

MotionDetection :

MD ;

MMFModule {}
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MotionDetectionh & X

2.2 LoopPostProcessing

) mask[] = {

attribute_ ((

1

}

1

1,

2

1

1

L

2
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L

1

)

1

1,

1) 2

L

L

L
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)
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2
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]

@

2

0

1
]
,e,6¢6¢9¢9¢8111,1311111,13,111111,

é,e6,6,0¢0¢88¢6°¢0°¢e°¢e°86.8®0°¢0°¢e8e1111,1,11,1,1,1,11,1,1,1,1,
0 @

,9,0,0,90,0°90,6,0,90,0,0,0,06,090,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,

-
—
-
—
-
i
-
—
-
—
-
i
-
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-
—
-
—
-
—
-
=
-
—
-
—
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i
-
—
-
—
-
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-
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T
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-
[+~]
-
[+>]
-
=
-
(o]
-
[+
-
(o]
-
[~]
T
©
-
[+~]
-
o
-
=
-
(<]
-
[+

,9,02¢0290296,89,089,§9,
0,0,0,0,0,0,0,80,0,

°,0,0,0,90,90¢91,1,11,111,111,113,1,11,1,

©,9,0,0,0,0,9,8,89,

,e,6¢6¢9¢9¢e1,1111111,1,13,1,1111,1,

0,0,0,0,0,0,0,80,.80,

@
=
=
=
-
(D)
(¢D)
w
(¢B)
O
-
©
(@)
'S
o)
©
S
b
-
©
Y—
(D)
©
(D)
i
_I

,e¢66%9¢¢8111,11111113,11111,1,

¢, 6¢6,0,80,8,8,8,

°,0,6¢0%9¢9¢91,111,1,1111,3,111111,
,e¢6669¢9¢8111,11111,1,13,11111,1,

¢,00,0,90,0,9,8,8,
¢, 86,86,0,80,8,8,8,

This file is unmodifiable.

1

3

1

1

L

1

1

1

]

1

L

1

)

1

1

3

1

1

L

L

3

)

@

3

e

9,

)

0

3

]

°,0,6¢0%9¢9¢91,1111111113,111111
1
]

0
0,0,60,00,0,00°80,00890.20800¢@e11111,1,11,1,1,1,1,1,1,1, 1

]
e,e40,6¢@06@¢@8@e°%®o8%9e84e08®0¢e08®9e®ee1,1,11,1,1,1,1,1,1,1,1,1,1,1,1,
e,e0,6¢@,6¢®0,8%e8®o,0°¢@e8®@e8%®8%e®e%e1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,
e,e¢0,6¢@6@¢@08%e®8%9e°4808%08%@e8®e®ee1111,11,1,1,1,1,1,1,1,1,1,1,
e,e#9,6¢@06e¢®08e8®008¢@08%@e8%@e8®e®e®e1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,
e,e0,6¢@6@¢@0¢@8®0,69°¢08%e%e08%ew®ee11,11,1,1,1,1,1,1,1,1,1,1,1,1,

,0,60,6,0,0,60,8,8,
0,0,0,0,0,0,0,80,0,

I
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ing

2 LoopPostProcessi

2.

LoopPostProcessing.ino

]

LLJHJIU/O

pees(] -

status = WL_IDLE_STATLUS;

)

)

= {

mask2[ ]

attribute_ ((

e, 0,e40,60,¢#9°¢8®@®o8®@e8®@ee040e80°0,80.280,.0,.a8,
e,0,0¢90,69¢°9¢8®@°®8®e8®a60e°¢0°42e.80°820,20.°80,.0,.a8,
@, 0,0#9,60,¢,#9,¢,®9¢,#@8¢e¢®0,°42e°46.8%0,.8¢°80,.0,a,
@, 0,0#90,69,¢9¢08®0®88®@°%e®o8®ae80.8e0,0e°80,.80,.8,

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

e,0,0,6,90,0¢9,0,0,0,0,96,0,0,0,0,0,0,0,0,0,90,90,0,0,0,90,0,8,89,9, 9,
6,0,0,6,0,0,¢290,0,¢0,0,86,0,0,0,6,6,0,0,0,0,90,90,0,0,0,90,9,8,89,8, 9,

@, 0,0,0,0,¢,9,68°8@,8®@,@,
e,0,0,0,0,¢9,680,8@,8®@,§@,
9, 0,0,0,0,¢,9,60,80,8@,§@,
@, 0,0,0,0,¢9,60,80,8@,§@,

=
<
(eb)
e
]
&
o
| -
[V
X
(7p)
(qv]
&
=
)
(qv]
[
(eb)
©
(¢b)
e
)
>
o
o
O

e,e,0,8689¢¢.29¢°¢°8°8°.¢e°¢°8°8,6.°°8°8,.°;8,:§:,

2
e,0,68989¢°¢®.28°¢°¢°¢@e°8°e°¢e°86°9e.°9°¢9e°¢°90.7080°8¢.790.790.80780.8.79o>..,.:,

e, 0,0,0,0,¢,90,606,¢0,¢¢8®@,.¢8@0°®o°88®e89e°¢e849e°8e°8e20e°7.0.0.0°80.80.°86.0,.89,:8,
@, 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

@
@

2
]

0
0

?
3

e
]

9,
9,

BJ )
BJ )

9,
9,

2
)

0
)

e,0,6,0,9,@,¢,8,89,8,8¢,
) @
f @

9,
9, 0

then past it onto the .ino file.
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ing

2 LoopPostProcessi

2.

LoopPostProcessing.ino

]

LLJHJIU/O

pasaL) -
status = WL_IDLE_STATUS:

)

{

4, 9,

mask2[ ]

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

MD.begin();

AlgT

k7

B #2
NATIONAL TAIWAN NORMAL UNIVERSITY

'
F

B &5

55



S REALTEK

2.3 Audio
Classification
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2.3 Audio Classification
Application of Audio Classification

* Smart home:
o Recognize voice commands such as ""turn on
the lights" and "turn off the lights*
» Health care:
o The patient's abnormal breathing sounds,

coughing sounds, etc.
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2.3 Audio Classification

Example video

58
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https://www.youtube.com/watch?v=oi8ML6aJcvI&ab_channel=AmebaIoT

2.3 Audio Classification

Step 1.

Follow the path below in Arduino IDE

to open the example.

File

AudiosSe

Audio audio:
NMNAudioClassi
StreamI0 auwdi

Examples

setup()

AmebaNN

. e 5 audio.beg
AudioClassification
audioNN.
audiolN. s ) . . » 25) 5
audioNN. AmebaMUTTClient ON, NA MODEL, NA MODEL, NA M
audioNN.

AudioClassification

Az gAwkEET AT
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2.3 Audio Classification

Step 2. Model choosing(optionar)

audioNN.contigAudio({configA);
audioNN. setResultCallback(ACPostProcess);

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

List of models for different tasks
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2.3 Audio Classification

Results: Observe the detected sound category in Serial Monitor.

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
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2.3 Audio Classification

In total, the pre-trained model can recognize 521
different types of audio.

To disable recognition of certain audios,
set filter to O.

AudioClassification.ino || AudioClassList.h

=

W< N B WwWN

__AUDIOCLASSLIST H__

AudioDetectionItem {
index;
ir* audioName;

t filter;

the filt alu . i
AudioDetectionItem audioNames[521] = {

|B, “Speech"”, e},
{1, “Child speech, kid speaking”, 1}

1},
1},
1},
1},
1},
1},
1},
3
1},
1},
1},

62
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2.3 Audio Classification

Add results display
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2.3 Audio Classification
Implementation must include the following three points in the code.

1.At the beginning of the code :

define the PIN

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

64
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2.3 Audio Classification

Implementation must include the following three points in the code.

2. Add the following in the function void setup():

Assign the output to the defined pin

DINMoOoC
nINMOoo0
nINMOoo0
nINMOoo

NINMOC

e(output0, OU”
e(outputl, OU"
e(output2, OU"
e(output3, OU"

e(outputd4, OU”

PUT):
PUT):
PUT):
PUT):

PUT):
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2.3 Audio Classification

3. Add the following in the function
vold loop(): Determine which finger was detected

if(obj_type==0) //speech
{

digitalWrite(output0, HIGH);

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

ky

else if(obj_type==1) //child

{

speech

digitalWrite(outputl, HIGH);

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

¥

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);

¥
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Circuit Diagram
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S REALTEK

2.4 FaceRecognition
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2.4 Face Recognition

Example Video

69
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https://www.youtube.com/watch?v=2g-xO_iV-VE&t=30s&ab_channel=AmebaIoT

2.4 Face Recognition
FaceRecognition Technical basis

1. Face detection:
o Detecting the face areas in images or videos

2.Features extraction:
o These features can include the contours of
the face, eye position, nose shape, etc.
3. Features matching:
o The extracted features will be compared with
known facial features to evaluate the
similarity between the two feature vectors.

70
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2.4 Face Recognition

Application of FaceRecognition

 Access control system:

o Home access control system

o Clock in system in companies or schools
 Security monitoring:

o Blacklist database combination

o ldentity authentication

71

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNN



2.4 Face Recognition

Implementation

72
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2.4 Face Recognition

Step 1.

Follow the path below in Arduino IDE

to open the example.

File

Examples

AmebaNN

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
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2.4 Face Recognition

Step 2.

Enter the WiFi name and password

to the corresponding place in the code.

#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);
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2.4 Face Recognition

Step 3. Model choosing(optionar)

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

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

List of models for different tasks
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2.4 Face Recognition

DEMO

76
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2.4 Face Recognition

All subsequent operations will be performed in

the Serial monitor message box. Shown as below.

Serial Monitor

7
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2.4 Face Recognition

78




2.4 Face Recognition

@ Register human face <D

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

® Delete one of the Registered face [<] [>

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

® Forget all the Registered face [<] [

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

tacerecog.resetRegisteredFace();
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2.4 Face Recognition

® Save registered faces on the board(<] [>

else if (input.startsWith{String("BACKUP"))) {

tacerecog.backupRegisteredFace();




2.4 Face Recognition

Restore the registered face <

]

lse if (input.

facereco

g.resto

-Tarf'ui—k{f‘riﬂT{”PEﬁTﬂHE"}}} {

edFace();
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S REALTEK

2.5 Image Classification
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2.4 Face Recognition

Example video

85
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https://www.youtube.com/watch?v=7YxshRJLCSk

2.5 Image Classification

Image Classification basic concept

e Given an image, the model’s task is to determine
which predefined category the main object in the
Image belongs to. For example, in cat and dog
classification, the model needs to determine

whether the input image Is a cat or a dog.
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Cat

2.5 Image Classification

L_earning Output

\ _ Class: Cat
Model Learning |—

87
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2.5 Image Classification

Data Preprocessing

 Definition: The process of cleaning, transforming,
and organizing raW data before performing data
analysis, modeling, or machine learning.

e Purpose: To ensure the quality and consistency
of data, reduce uncertainty, and make the data

suitable for subsequent analysis and training.
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2.5 Image Classification

Data Preprocessing
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2.5 Image Classification

Data Preprocessing - Resize

90
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2.5 Image Classification

Data Preprocessing - Crop
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2.5 Image Classification

Data Preprocessing - Normalization
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2.5 Image Classification

Data Preprocessing - Color Conversion
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2.5 Image Classification

Data Augmentation
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2.5 Image Classification

Data Augmentation
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2.5 Image Classification

Implementation
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2.5 Image Classification

Step 1.

Follow the path below in Arduino IDE

to open the example.

1. File
2. Examples

3. AmebaNN

4. RTSPImageClassification

Save

Save As_.

Preferences...

Advanced

Quit

02 Digital

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

ObjectDetectionCallback
ObjectDetectionLoop
RTSPFaceDetection

RTSPFaceRecognition

RTSPImageClassification
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2.5 Image Classification

Step 2.

Enter the WiFi name and password

to the corresponding place in the code.

#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);
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2.5 Image Classification

Step 3. Model choosing(optionar)

Callback(ICPostProcess);

lect{IMAGE CLASSIFICATION, MA MODEL, NA MODEL, WA MODEL, NA MODEL, DEFAULT IMGCLASS);

List of models for different tasks
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2.6 MQTT ON AMBS2
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2.6 MQTT ON AMB82
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2.6 MQTT ON AMB82
Key features of MQTT

 Follow publish/subscribe pattern:
e Publisher: Publish information to a
specified Topic
e Subscriber: Receive information from a
specified topic.
« Broker: Handle communication between

publishers and subscribers.
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2.6 MQTT ON AMB82

Key features of MQTT

103
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2.6 MQTT ON AMB82
Key features of MQTT
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2.0 MQTT ON AMB82
How to use MQTT Explorer

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

- AagtpaxF AlQT
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2.6 MQTT ON AMB82

Implementation
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2.6 MQTT ON AMB82

Step 1.

Follow the path below in Arduino IDE

to open the example.

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
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2.6 MQTT ON AMB82

Step 2.

Enter the WiFi name, password and
publishTopic to the corresponding

place in the code.

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

Char ssid[] -

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

mgttServer[] = "test.mosquitto.org”;

ar dlientid] = amebaclient” i
publishTopic[] = "outTopic™;

ha™ puBliSAPaYLoad[T =""heTlgworld";
subscribeTopic[] = "inToRid&Zs

27 (€
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2.6 MQTT ON AMB82

Connections

Step 3.

Open MQTT Explorer and make sure
open the same connection as the code.

Then click the ADVANCED button.

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

MQTT Connection mgqtt://test. mosquitto.c

YourTopicName

Step 4.

Enter the publishTopic you named in

Topic

the code to the Topic, then press the
+ADD button. Then press BACK

button.

MQTT Client ID
mqtt-explorer-b43da6d6 ﬁ CERTIFICATES M\BACK

R agtw k% AT
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2.6 MQTT ON AMB82

+ Connections

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

test. mosquittt

Step 5.

After doing all the previous step, press

! testmosquitto.org| Validate certificate Encryption (tls)

Protocol Host

the CONNECT button to start

mgtt:/ - test.mosquitto.org

connecting.

Username Password Q

DELETE § L2 ADVANCED B save (1) CONNECT

111 AP X L AIQT
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2.6 MQTT ON AMB82

AloT Implementation 1

Combine object detection with MQTT to transmit results to the cloud

112
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2.6 MQTT ON AMB82

Step 1.

Follow the path below in Arduino IDE

to open the example.

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

113
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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.

O7.Display
Sawve Cil + 5

Save As. Ctrl + Shift+ 5

08.5trings
03 SE

Preferences... Ctrl + 288 10.5tarterkit_Basickit
11 ArduinolSP

After opening it, copy the code from

Advanced
Examples for AMBE2-MINI
Amebasnalog
AmebaBLE

Quit

the following link, then paste the code

AmebaDebugExample
AmebakleSystem
AmebaGPIO

to Arduino IDE.

AmebaGTimer

ArmebaHttp

AmebaMQTTClient

AmebaMultimedia
Cutput AmebaNN

1NsTtalling realtekK:an AmebaPowearhode

configuring tool. Capture) PEGFRaceRecognition
. .. . N AmebaRTC ] .
realtek:ameba_pro2_tg DoordrlockaithFace Recognition

Installing realtek:anfiEeuiclEEl
configuring tool. Amebawatchdog
realtek:ameba pro2 td Amebaire
Installing realtek:anfiim RTSPRaceDetection

i A emet
Contiguring tool. . RTSFRaceRecognition

Fimata

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

https://drive.google.com
[file/d/1IABJITcOY2TO
DcuO88m8AEMS3zuik
AidT/view?usp=sharing

AudioClassification

ObjectDetectionCallback

OhbjectDetectionLoop

Senao

Bzgtwax¥ AlQT
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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. m05qu1ttu org”;
1ar clientId[] = "amebaC llent
pEEl{EPTEEIEL] = "THP%E:,‘,
puhlishPaylnad[] "Dhq-lt Detection with MQTT";

subscribeTopic[] = "inTde

Step 3.

e NNWIDTH 546
ine NNHEIGHT 320

Enter the WiFi name, password and

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

publishTopic to the corresponding

place in the code.

and password

115 AP X L £ ALT
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2.6 MQTT ON AMB82

Value I_n

Qos: 0
<2

2024/10/25 14:29:18
Step 4

¥ History

]
The detection results will be displayed person
. 2024/10/25 14:29:10(-0.1 seconds) &
in MQTT Explorer. Cersen
2024/10/25 14:29:10(-0.1 seconds) &
pEISOn
2024/10/25 14:29:10(-0.1 seconds) =

6 B %5k xF AJJT
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2.6 MQTT ON AMB82

AloT Implementation 2

Simple facial recognition clock-in system

117
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2.6 MQTT ON AMB82

Step 1.

Follow the path below in Arduino IDE

to open the example.

1. File
2. Examples

3. AmebaNN

4. RTSPFaceRecognition

Sketchbook

Examples >
Close Ctrl + W
Save Ctrl+ S
Save As... Ctrl + Shift + S
Preferences... Ctrl + 3258
Advanced >
Quit Ctrl + Q

pinMode (button

Y

loop() {

Output

Sketch uses 4284416 by
Enter Flash Mode!
Start Upload Flash

Uploading
End Upload Flash

05.Control
06.Sensors
07.Display

08.5trings

09.UsSB

10.StarterKit BasicKit
11.ArduinolSP
Examples for AMB82-MINI
AmebaAnalog
AmebaBLE
AmebaDebugExample
AmebaFileSystem
AmebaGPIO
AmebaGTimer
AmebaHttp
AmebaMQTTClient
AmebaMultimedia
AmebaNN
AmebaPowerMode
AmebaRTC
AmebaSPI

ge space. Maximum is 1677721

AudioClassification
CapturelPEGFaceRecognition
DoorUnlockWithFaceRecognition
ObjectDetectionCallback
ObjectDetectionLoop
RTSPraceDetection

RTSPFaceRecognition

118
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2.6 MQTT ON AMB82

Sketchbook
05.Control >
Examples >
06.Sensors >
Close Ctrl + W
07.Display >
St Save Ctrl+ S
e 08.Strings b
" Save As... Ctrl + Shift + S
09.USB >
Ctrl + 195%
Preferences.. = 10.StarterKit_BasicKit >
After opening it, copy the code from Aavanced " 11AduinolsP >
Quit Ctrl+Q Examples for AMB82-MINI
- - AmebaAnalog >
the following link, then paste the code S lotle (batton
} AmebaBLE >
AmebaDebugExample >
tO ArdL“nO IDE loop() { AmebaFileSystem >
AmebaGPIO >
https://drive.goog| e AmebaGlimer '
= = Sketch uses 4284416 by ge space. Maximum is 1677721
e.com/file/d/15r02- enter Flash nodel [ '
Start Upload Flash AmebaMQTTClient > AudioCuassification
z50Yz23EaD29M Uploading AmebaMultimedia >
- End Upload Flash CapturelPEGFaceRecognition
>
FaordlmRyMYXSP AmebaNN DoorUnlockWithFaceRecognition
/view?usp=sharing Amebafowerlode " ObjectDetectionCallback
>
AmebaRTC ObjectDetectionLoop
>
AmebasPl RTSPraceDetection
- RTSPFaceRecognition

R sgsaxy AJQT
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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
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https://drive.google.com/file/d/15r02-z5OYz23EaD29MFa0rdimRyMYx8P/view?usp=sharing

2.6 MQTT ON AMB82

Step 3.

char publishTopic[] = "TOPICT; ™,
WiFiClient wifiClient;
Enter the WiFi name, password and

PubSubClient client({wifiClient);

publishTopic to the corresponding

place in the code.

R agtw k% AT
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2.6 MQTT ON AMB82

1. Open Python (VScode, anaconda)

2. Enter pip install paho-maqtt in the terminal

3. Create a python (.py) file and copy and paste
the code from the following link into the newly
created file.

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

dO pNCIDe/view?usp=sharing
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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

def on_message(client, userdata, msg):

message - msg.payload.decode()
current_time - datetime.now().strftime("%Y-%m-%d %H:%M:%
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_message function explanation

R agtw k% AT
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2.6 MQTT ON AMB82

___name___ ' _main__ ':

client - mgtt.Client()
client.on connect = on connect
client.on _message - on_message

.rnﬂnect{ "test.mosquitto.org”,

/

main function explanation

124

NNNNNNNNNNNNNNNNNNNNNNNNNNNNN



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%

Bzt axS AloT
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S REALTEK

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)
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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)
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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)
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640 pixel
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INPUT
640 pixel
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YOLO(You Only Look Once)



640 pixel
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INPUT
640 pixel

Y

YOLO(You Only Look Once)

Red,Green,Blue
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640 pixel
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INPUT
640 pixel
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“
9

YOLO(You Only Look Once)

Red,Green,Blue (YOLO)

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

YOLO(You Only Look Once)

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

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

BN
m) (3640,640) mEp . m) Cai: (1,4,0.85)+ Dog: (1,4,0.92)

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

cat anchor
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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 \
=) . i Cat:(74,o.8w : (1,4,0.92)

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

> m) (3640,640) mEp m) Cat: (1,4,0.85)+ Dog : (1,4,0.92)

The model's confidence

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

cat anchor D0g0.92
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3.1 YOLO(You Only Look Once)

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

3.1 YOLO(You Only Look Once)

Implementation

144
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3.1 YOLO(You Only Look Once)

Step 1.

Follow the path below in Arduino IDE

to open the example.

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

Qutput
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

145
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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.

#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[] = "Network SsID";
ass[] = "Password"; ’

Enter the WiFi name and password

to the corresponding place in the code.

a» eoa» o
status = WL _TDLE STATUS;

IPAddress ip;
rtsp portr

setup() {
Serial.begin{115208);

i BaghwaxS AlGT
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3.1 YOLO(You Only Look Once)

Step 3. Model choosingoptional)

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

List of models for different tasks

147
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3.1 YOLO(You Only Look Once)

The pre-trained model can recognize

a total of 80 different types of objects.

To disable the recognition of
certain object, set the filter to 0.

ObjectClassListh

Upjecterectionitem 4

index;

* objectHame;

filter;

ObjectDetectionItem itemList[g80] = {

{BJ
{1)
{21
{3,
{dJ
{5’
{5,
{}"J
{81
{9)
{10,

"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
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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@

151
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3.1 YOLO(You Only Look Once)

setup()

152
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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();

R agtw k% AT
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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) ;

R agtw k% AT
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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();

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

loop()

156
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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);

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

Advanced implementation

(Using customized model)

159
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3.1 YOLO(You Only Look Once)

Comparison

The following table compares the computing power of AMB82-MINI and RTX 3090.

Table 1.Comparison of Computing Power

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

Comparison

The following table compares the capacity of AMB82-MINI and YOLOv7_TINY.

Table 1.Comparison of Capacity

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
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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)
Reparameterize

Definition: By merging multiple blocks and
simplifying branches, the model reduces parameters
to enhance computational performance. The original
model is used solely , While only the re-

parameterized version is saved and deployed

166
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3.1 YOLO(You Only Look Once)

Reparameterize
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3.1 YOLO(You Only Look Once)

Reparameterize
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3.1 YOLO(You Only Look Once)
Reparameterize

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

170

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNN



3.1 YOLO(You Only Look Once)
Quantization

 Definition: Convert high-precision parameters
to low-precision to significantly reduce model
size and computational complexity, improving
Inference speed and efficiency, making it suitable
for resource-limited environments like mobile

devices.
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3.1 YOLO(You Only Look Once)

Original Model

Quantization

Quantization

— Quantized Model
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3.1 YOLO(You Only Look Once)

Reparameterize
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3.1 YOLO(You Only Look Once)

Quantization

174 Babiniry ALQI
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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)

Programming

Switch the model from Default model to Customized model.

ObjDet.configVideo(configNN);
Results will look like ot:jIDet.mod?lselect(OBJECT_DETECTION, CUSTOMIZED YOLOVZTINY, NA_MODEL, NA_MODEL);
ObjDet.begin();

R sgsaxy AJQT
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3.1 YOLO(You Only Look Once)

Programming

The head file (.h) must map the categories to the model’s output results

__OBJECTCLASSLIST H__
__OBJECTCLASSLIST H__

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

1
¥

Results will look like ‘

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

M =

Lt W s Wt M|

B
- e
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3.1 YOLO(You Only Look Once)

Model Uploading

First, download the converted nb file from the link as below

4

https://drive.google.com/file/d/1Wsa20WUZ4Sd
y]ZKzTnHt1UJd38ibtltP/view?usp=sharing
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https://drive.google.com/file/d/1Wsa2oWUZ4SdyjZKzTnHtIUJd38ibtltP/view?usp=sharing

3.1 YOLO(You Only Look Once)

Model Uploading

Second, modify the converted nb file to have the same name as the corresponding model.

Corresponding model are shown at below. In our case, change the name to yolov7_tiny.nb.

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”

R sgsaxy AJQT
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3.1 YOLO(You Only Look Once)

Model Uploading

Finally, find the following path to put the nb file into the folder of the corresponding task

C:\Users\username\AppData\Local\Arduinol5\packages\realtek\hardware\
AmebaPro2\version\libraries\NeuralNetwork\examples\Corresponding task

bop X +
C J > - 406 > libraries > NeuralNetwork > examples > ObjectDetectionLoop
© @A ® W N BE - = iR -
Results will look like p— 8 P - o
B ObjectClassListh 2024/2/5 £F12:32 HiESE 3 KB
ObjectDetectionLoop.ino 2024/2/5 £ 12:32 INO 153 6 KB
[ yolov7_tiny.nb 20247472 T 04:41 NB 182 4,556 KB
L

R sgsaxy AJQT
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3.1 YOLO(You Only Look Once)
Implementation must include the following three points in the code.

1.Add it at the beginning of the code :
(define the PIN)

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

Int gesture4 = 3 ;
Int gesture5 =4 ;

182 B &5 5 F AJoT
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3.1 YOLO(You Only Look Once)
Implementation must include the following three points in the code.

2. Add into the function void setup() :

(Give the output to the defined pin)

ninMode(gesturel, OUT
ninMode(gesture2, OUT
ninMode(gesture3, OUT

ninMode(gesture4, OUT
ninMode(gestures, OUT

5 B %5k xF AJJT
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3.1 YOLO(You Only Look Once)

3. Add the following to
If(itemList[obj type].filter)
under the function void loop():

(Determine which finger the detected

result is
) 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) //fingerd

{
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

R sgsaxy AJQT

NATIONAL TAIWAN NORMAL UNIVERSITY



Circuit Diagram

S)o

Db

7

o
VI3
D)V use
D-:'HTFI_FH
hene
SYonr
Dyeour




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
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3.2 YOLOV7 Gesture Detection

tor control board

Bzt axS AloT

189 NATIONAL TAIWAN NORMAL UNIVERSITY abs



3.2 YOLOV7 Gesture Detection

150 Bzt axS AloT
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3.2 YOLOV7 Gesture Detection

Introduction to Al model training

TTTTTTTTTTTTTTTTTTTTTTTTTTTTTT



3.2 YOLOV7 Gesture Detection

REPARAME

Al MODEL TERIZE

QUANTIZE

AMB82-
MINI
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3.2 YOLOV7 Gesture Detection

.
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3.2 YOLOV7 Gesture Detection

Programming

Setting GPI1O pin and
the value of GPIO.

Assign the output value

to the GPIO pin

tnt a=19;
tnt b=20;
tnt c=21;
tnt d=22;

void setup() {
Serial.begin(115200);
pinMode(a, OUTPUT);
pinMode(b, OUTPUT);
pinMode(c, OUTPUT);
pinMode(d, OUTPUT);




3.2 YOLOV7 Gesture Detection

P rog ram m i ng unsigned long previousMillis = @;

Long interval = 200;

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

Setting currentMillis to

01 alleviate latency issues.

currentMillis - previousMillis >= interva
tMilli previousMilli int 1
previousMillis = currentMillis;

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

. . int highestScoreIndex = -1;
ClaSSIfy 9€Stur93 with a float highestScore = 50;

detection result confidence (int i = @; i < ObjDet.getResultCount(); i++) {
value greater than 50 (results[i].score() > highestScore) {

highestScore = results[i].score();
highestScoreIndex = 1i;

: _ }
The result is determined by }

03 the Category with the (highestScoreIndex != -1) {
h|ghest confidence score. int obj_type = results[highestScoreIndex].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);
digitalWrite(d, 0);

Programming

(obj_type==1)
Match predicted categories to car
digitalWrite(a, 0);
digitalWrite(b, 0);
digitalWrite(c, 1);
digitalWrite(d, 0);
delay(200);

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

actions.
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3.2 YOLOV7 Gesture Detection

Programming

Match predicted categories to car

actions.

¥
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/1AmEI6jfby3BS6mAt2L fuXeCrqg86gEFV5/view?usp=drive link

198


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

3.2 YOLOV7 Gesture Detection

Programming

The head file (.h) must map the categories to the model’s output results

__OBJECTCLASSLIST H__
__OBJECTCLASSLIST H__

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

1
¥

Results will look like ‘

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

M =

Lt W s Wt M|

B
- e

R agtw k% AT

199 NATIONAL TAIWAN NORMAL UNIVERSITY



3.2 YOLOV7 Gesture Detection

Model Uploading

First, modify the converted nb file to have the same name as the corresponding model.

Corresponding model are shown at below. In our case, change the name to yolov7_tiny.nb.

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”

R sgsaxy AJQT
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3.2 YOLOV7 Gesture Detection

Model Uploading

Next, find the following path to put the nb file into the folder of the corresponding task

C:\Users\username\AppData\Local\Arduinol5\packages\realtek\hardware\
AmebaPro2\version\libraries\NeuralNetwork\examples\Corresponding task

bop X +
C J > - 406 > libraries > NeuralNetwork > examples > ObjectDetectionLoop
© @A ® W N BE - = iR -
Results will look like p— 8 P - o
B ObjectClassListh 2024/2/5 £F12:32 HiESE 3 KB
ObjectDetectionLoop.ino 2024/2/5 £ 12:32 INO 153 6 KB
[ yolov7_tiny.nb 20247472 T 04:41 NB 182 4,556 KB
L

Az gAwkEET AT
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3.2 YOLOvV7 Gesture Detectio
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https://shopee.tw/%E3%80%8A3%E8%99%9F%E5%B8%B6%E7%B7%9A%E9%9B%BB%E6%B1%A0%E7%9B%92-%E4%B8%B2%E8%81%AF%E3%80%8B1.5V-%E4%B8%B2%E8%81%AF-%E9%8B%B0%E9%9B%BB%E6%B1%A0-%E5%B8%B6%E7%B7%9A-%E5%96%AE%E7%AF%80%E9%9B%BB%E6%B1%A0%E7%9B%92-%E4%B8%B2%E8%81%AF%E5%85%85%E9%9B%BB-%E5%85%85%E9%9B%BB%E5%BA%A7-%E9%9B%BB%E6%B1%A0%E5%BA%A7-%E9%8B%B0%E9%9B%BB%E6%B1%A0%E7%9B%92-3%E8%99%9F%E9%9B%BB%E6%B1%A0%E3%80%90%E9%A3%9B%E5%85%92%E3%80%91-i.2938579.16425220135?xptdk=658e07b0-1704-4643-805a-f0f0ca40ccab

3.2 YOLOV7 Gesture Detection

DEMO Video :

203
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Chapter 4
Application of Object Detection
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4.1 Parking cars

4.1 Parking cars
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4.1 Parking cars

DEMO Video

- AagtpaxF AlQT
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4.1 Parking cars

Code

https://drive.google.com/file/d/1J861zhAgARXSRENG6YvYFWbFO3nOyFQX /view?usp=sharing

R agtw k% AT
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https://drive.google.com/file/d/1J86lzhAgARXSREn6yvYFWbFO3nOyFQX_/view?usp=sharing

4.1 Parking cars

Pin mode & threshold setting

b=19;
a=20;

d=21;

Y -

C=LL,

area_threshold = 566866;

R agtw k% AT
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4.1 Parking cars

Find the highest confidence score object

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

loop()

im w
im h

Fig.width();

config.height();

if (ObjDet.getResultCount() » @}
bestIndex = -1;
highestScore = 38;

i=8; i< ObjDet.g
it (itemList[results[i].

r

e()].filter && results[i].score()} > highestScore) {

highestScore = results[i].score{};

bestIndex = i;

209
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4.1 Parking cars

Processing the found object

if (bestIndex != -1} {
obj_type = results[bestIndex].type();
it (itemList[obj_type].filter) {

ObjectDetectionResult item = results[bestIndex];

xmin item.xMin * im w};
Xmax ite * im w);
ymin ite * im h};
ymax item.yMax{) * im_h};

xcenter = (xmin + xmax) / 2;

area = {(xmax - xmin) * (ymax - ymin) ;
Serial.println{area};

210
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4.1 Parking cars

Motor control

if(area » area_threshold)

im w / 3 &% xcenter < 2 * im w / 3}

1);

Bzt axS AloT
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4.1 Parking cars

Game description

Place your car within the zone

. Start controlling the car after 3

seconds of countdown

. The goal is to park the car into the

garage

. The person with the shortest

finishing time will be the final
winner

| GARAGE |

4

=

212
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4.2 Tango
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4.1 Parking cars

DEMO Video

214
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4.2 Tango

Code

https://drive.google.com/file/d/1COPG8EsXqd25N0eVA bDtoZ41ByzvtdU/view?usp=sharing

R sgsaxy AJQT
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https://drive.google.com/file/d/1C9PG8EsXqd25N0eVA_bDtoZ4lByzvtdU/view?usp=sharing

4.2 Tango

Pin mode setting

R agtw k% AT
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4.2 Tango

Getting two different frames for comparison

atter_count
count = 8;
while{count == @)

J
L

count = ObjDet.getResultCount(};

!
J
std: :vector<ObjectDetectionResult> results
delay(300);

while{(after count == @)

Il
L

R agtw k% AT
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4.2 Tango

Find the highest confidence score object for each frame

bestIndex = -1;
highestScore = 58;

after bestIndex = -1;
atter highestScore = 58;

for ( i=8; 1< count ; i++) {
if (itemlLis
highestScore = results[i].
bestIndex = 1i;

[ 8; i < after count ; i++) {

if (itemList[after results[i].typ
atter_highestScore = after_results[i].score();
after bestIndex = i;

e{}].filter && after results[i].sc

score() > highestScore) {

ore(} » after highestScore) {

218
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4.2 Tango

Processing the found object

if (bestIndex != -1 && after bestIndex != -1 } {
obj type = results[bestIndex].type();
after obj type = after results[after bestIndex].type();
if (itemList[obj_type].filter && itemList[after obj type].filter) {
ObjectDetectionResult item .[bestIndex];
ObjectDetectionResult after_item = after results[after bestIndex];
xmin = ( im_w);
xmax = (int)( _ im w);
ymin = (int)(i 1( im_h);
ymax = (int)(item.yMax() * im_h);
area = ((xmax - xmin} * (ymax - ymin));

after xmin = ( * im w);
aftter xmax = ( _ z tem. () * im w);
after ymin = ( : er 1 * im_h};
after ymax = ( (after item.yMax{) * im h};
aftter area = (

{aftér*_xma; - af;cer_xmin) * (after ymax - after ymin)});

)16 Bzt axS AloT
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4.2 Tango

Motor control

Bzt axS AloT
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4.3 Obstacle course racing
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4.1 Parking cars

DEMO Video

- Bzt axS AloT
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4.3 Obstacle Course racing

Code

https://drive.google.com/file/d/1ZfG3uGIFvKaJXjnabbcEKhDVximjCiDc/view?usp=sharing

R agtw k% AT
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https://drive.google.com/file/d/1ZfG3uGIFvKaJXjnabbcEkhDVximjCiDc/view?usp=sharing

4.3 Obstacle Course racing

Pin mode setting

224
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4.3 Obstacle Course racing

Find the highest confidence score object

1oop()

std: :vector<ObjectDetectionResult> results = ObjDet.getResult();
im w = config.width();

if (ObjDet.getResultCount() > @} {

bestIndex = -1;
highestScore = -1.8;

For ( i=0; i < ObjDet.getResultCount(); i++) {
if (results[i].s« highestScore) {
highestScore = results[i].score{};
bestIndex = i;

R agtw k% AT

225 NATIONAL TAIWAN NORMAL UNIVERSITY



4.3 Obstacle Course racing

Processing the found object

if (bestIndex != -1) {
obj type = results[bestIndex].type(};
if (itemList[obj_type].filter) {

ObjectDetectionResult item = results[bestIndex];

xcenter = (xmin + xmax) [/ 2;

* position;
if (xcenter ¢ im w / 3) {
position = "left half";
1 else if (xcenter > 2 * imw / 3) {
position = "right half";
} else {

position "middle”;

226
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4.3 Obstacle Course racing

Motor control

if(position==" " E if(position=="1eft half")
I

L
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4.3 Obstacle Course racing

Finish line

Game description r,?

. Place your car at the starting line

. Start controlling the car after 3
seconds of countdown

. The goal is to get around the
obstacles and reach the finish line

. The person with the shortest .
finishing time will be the final ’lj
winner
Starting line

R sgsaxy AJQT
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4.3 Obstacle Course racing

Paste the code from the following link into the .h file of
ObjectDetectionlLoop

https://drive.google.com/file/d/1InzLQff490Q823eublsf6489VILY Ti7yc/view?usp=sharing
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https://drive.google.com/file/d/1JnzLQff49Q823eubIsf6489V9LYTi7yc/view?usp=sharing
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