Seminar Robotika.SK

Mobilny telefon ako palubny
pocitaC na robotovi

Richard Balogh Andrej Lucny
Katedra automobilovej Katedra aplikovane]
mechatroniky FEI STU Informatiky FMFI UK
balogh@elf.stuba.sk lucny@fmph.uniba.sk
http://aladin.elf.stuba.sk/~balogh http://dai.fmph.uniba.sk/w/Andrej_Lucny

www.robotika.sk/seminar/2021/robotikask-openbot. pdf



Mobilny telefon ako sucCiastka

Vyhody: dostupny, maly, vykonny pocitac s batériou a kamerou




Zapojenie

OpenBot
Firmware

openbot vl nano.ino

Arduino
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smartphone
Android

www.openbot.org
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OpenBot - napajanie

Napajanie je trocha zvlastne vyriesené:

- Arduino je napajané cez USB kabel z mobilu
- je to tak kvoli tomu, ze ak je Arduino napajané z externeho
zdroja, FTDI chip nie je napajany a komunikacia cez USB by
nefungovala.
- pozor! zd’aleka nie kazdy kabel k mobilu podporuje aj
komunikéaciu aj napajanie z mobilu — to musi byt tzv. OTG
kabel

- vSetko ostatné je na baterky 9V, ktoré sa zapnu vypinacom



OpenBot - protokol

Rychlost’ sériovej linky je 115 200 Baud.

OpenBot posiela 1x za sekundu styri ¢isla oddeleneé ¢iarkou:

NapatieBaterie, rychlostL, rychlostP, ultrazvukovySenzor<CR><LF>

Ultrazvukovy senzor meria v cm, ako d’aleko je k najblizsej
prekazke. Ak ma nejakl poruchu, vracia 65535



OpenBot - protokol

Prikazy, ktoré sa daju po seriovej linke posielat’, su:

i1<CR><LF> lavy blinker
i-1<CR><LF> pravy blinker
i0<CR><LF> vypni svetielka
c255,255<CR><LF> max. rychlost’ vpred
c-225,-255<CR><LF> max. rychlost’ vzad
cO,0<CR><LF> stop

cl27,-127<CR><LF> otocka



Ako naprogramovat’ aplikaciu
spracuvajucu obraz pod Android

= siAmw
.. _mouse, compute
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(vychadzame z DNN-OpenCV-Classification-Android na
Iearnopencv.com https://github.com/spmallick/learnopencv.git )



Vyvojoveé prostriedky

developer.android.com/studio https://opencv.org/releases

0

android ¢ O
=~ OpenCV

Android —

A Studio Java pre Android SDK

4.0.1-android-studio-ide-
193.6626763-windows.exe

opencv-4.5.0-android-sdk.zip
c:/opencv450 /OpenCV-android-sdk



&, Create New Project X

M‘ Select a Project Template

Phone and Tablet Wear OS v Automotive Android Things

No Activity Basic Activity Bottom Navigation Activity Empty Activity

r
L

-
o

Empty Activity

Creates a new empty activity.

Previous Next Cancel Finish

V Android studio za¢neme projekt z Empty Activity



. Create New Project X

M Configure Your Project

Name

My Application

my.domain.myapplication

Save location

D:A\MyApplication

Language
lava v
Minimum SDK APl 26: Android 8.0 (Oreo) A

Q Your app will run on approximately 60.8% of devices.

Empty Activity Help me choose

Creates a new empty activity. [ ] Use legacy android.support libraries (7

Previous Next Cancel m

zadame cesty projektu a vytvorime ho



* File/ New / import-module
c:/opencv450/0penCV-android-sdk/sdk/java/AndroidManifest.xml
module name: java — OpenCVLib450
v adresari projektu vznikne adresar opencvLib450

4% Import module from source X

Q Import Module from Source

Module name:  java

Do projektu vlozime OpenCV



apply plugin: 'com.android.apptication’ €«<—— library

android { _ Z app/build.gradle

< , . .
compilesdkversion 2€ 22 zkopirujeme vezrie
buildToolsVersion "30.0.2" €«<—— SDK a buildTools

defaultConfig {
J. l. Ilu . n
minSdkVersion 16
targetSdkVersion 29

}
buildTypes {
release {
minifyEnabled false
proguardFiles getDefaultProguardFile(
'proguard-android.txt’), 'proguard-rules.txt’
}
}

upravime OpenCVLib450/build.gradle + Sync



release {
minifyEnabled false
proguardFiles getDefaultProguardFile('proguard-andro...

}

dependencies {
implementation fileTree(dir: "libs", include: ["*.jar"])
implementation 'androidx.appcompat:appcompat:1.2.0’'
implementation 'androidx.constraintlayout:constraintlayout:2.0.4'
implementation 'androidx.localbroadcastmanager:localbroadcast...
implementation files('libs\\usbserial.jar")
testImplementation 'junit:junit:4.12°
androidTestImplementation 'androidx.test.ext:junit:1.1.2°
androidTestImplementation 'androidx.test.espresso:espresso-co...
implementation project(':0penCVLib450") o

} =~ pridame

upravime app/build.gradle askompilujeme Ctrl-F9



ﬂ [3] Total Commander (x64) 8.01 - Andrej Lucny

Name

Ext Size + Date

@]

<DIR> 11/22/2020

Llibopencv_javad

so 19,205,584 1012/2020

zastarenejsi hw

Files Mark Commands Net Show Configuration Start Help
R W B R % e | DR MBSO

FTP  Transfer mode Binary (archives. doc | Disconnect |¢=1=1= 1o varun viessun 2enshace o et opency opencudideud=itn.ze 9
i v |[windows] 37.211.020 k of 484.336.636 k free \ - |Zc v |[windows] 37.211.020 k of 484,336,636 k free v
wc\opencv4b(\OpenCV-android-sdk\sdk\native\libs\"_* # ¥ wc\andy\projekiy\ThirdEye\app\src\main\jniLibs\* * * -
+Name Ext Size Date Name Ext Size +Date
&[] <DIR>  11/21/2020/[& ] <DIR>" 1172272020
[O[arm64-v8a] <BiRe T2 2E20 | O[armb4-v8a] <DIR=> 11/22/2020
(3[armeabi-v7a] =D R A a1ia000 D[armeabi—v?a\ <DIR>  11/22/2020
[O[=86] <DIR> 11/21/2020 4

1[x86_64] COPY  pr- 112112020 \ IIlOdGI'IlGJ Si hw

Do projektu vytvorime adresar app/src/main/jnilLibs a

nakopirujeme do neho nativnu kniznicu OpenCV
libopencv_java4.so

Staci jedna, ale nevadia oboje, takZe oboje su istota



Settings for New Projects

Appearance 8 Behavior
Appearance
Menus and Toolbars
System Settings
Passwords
HTTP Proxy
Data Sharing
Date Formats
Updates
Memory Settings
Notifications
Quick Lists
Path Variables
Keymap
Editor
Plugins
Build, Execution, Deployment
Languages & Frameworks

Tools

Appearance & Behavior *» System Settings > Android SDK
Manager for the Android SDK and Tools used by Android Studio

Android SDK Location:  C\Users\andy\AppData\Local\Android\Sdk Edit Optimize disk space

SDK Platforms SDK Tools SDK Update Sites

Below are the available SDK developer tools. Once installed, Android Studio will automatically check for
updates. Check "show package details” to display available versions of an SDK Tool.

Name Version Status
B Android SDK Build-Tools Update Available: 30.0.3
= NDK (Side by side) Update Available:
["] Android SDK Command-line Tools (latest) Not Installed
[ ] CMake Not Installed
("] Android Auto API Simulators 1 Nat installed
[ ] Android Auto Desktop Head Unit Emulator 1.1 Not installed
B Android Emulator 30.2.6 Update Available: 30.3.5
[ ] Android Emulator Hypervisor Driver for AMD Processors (installer) 16.0 Not installed
Android SDK Platform-Tools 30.0.5 Installed
Android SDK Tools 26.1.1 Installed
("] Google Play APK Expansion library 1 Nat installed
["] Google Play Instant Development SDK 19.0 Not installed
[] Google Play Licensing Library 1 Not installed
[] Google Play services 49 Not installed
[] Google USB Driver 13 Not installed
["] Google Web Driver 2 Not installed
Intel x86 Emulator Accelerator (HAXM installer) 756 Installed
] Layout Inspector image server for APl 29-30 5 Not installed

Hide Obsolete Packages [ Show Package Details

Tools /

SDK Manager /
Android SDK /

tab SDK Tools /
NDK (Side by side)
OK

Nainstalujeme Native development kit (NDK).
Potrebujeme konkrétnu spravnu verziu,
pri nasich verziach napr. 21.0.6113669
Ak verziu neutrafime, pri buildovani budeme vyzvani nainstalovat’ tu
spravnu, takze na dva pokusy to dame



ﬂ [3] Total Commander (x64) 8.01 - Andrej Lucny — O x
Files Mark Commands MNet Show Configuration Start Help
B s BB e Dk Ms SO

FTP Transfer mode Binary (archives. doc - Disconnect g‘::'_.":c::;'j‘f:";"':l‘l’v“:L':ﬁi;{:ﬁf:;;‘:;':;?;';‘:::E;;:ﬁ“"“"‘aﬂ'c”da1ﬂ2'2ip :
(=ic v|[windows] 37.303.316 k of 484.336.636 k free '\ ~ [@c v|windows] 37.303.316 k of 484.336.636 k free |\ -
|v4lndk‘q.zl_ﬂ_ﬁllﬂBﬁﬂ\suumes\m—sﬂUlvm—lith‘dihs\amﬁ‘l—ﬂIr # |vcf\andy\,prujeldy\ThirdEye\app\src\main\jniljhs\amﬂﬂrﬂa = *® ¥
Name Ext ¥5Size Date Name Ext Size +Date
&[] <DIR> 11/21/2020 4&]..] <DIR> 11/22/2020
[libc++_static a 11,686,130 11/21/2020| [ libc++_shared s0 6,235,072 11/21/2020
[libc++_shared s0 6,244,656 11/21/2020 |1 libopency_javad so 19,205,584 10/12/2020
[ liboc++abi a 2,633,146 11/21/2020

Clibc++.a 21 29 11/21/2020

skopirujeme kniznicu C++ libc++_shared.so

o ktoru sa opiera kniznice OpenCV z
c:\Users\%USERNAME%\AppData\Local\Android\Sdk\ndk\21.0.6113669
\sources\cxx-stl\llvm-libc++\1libs\arm64-v8a\

do app/src/main/jniLibs/arm64-v8a
a app/src/main/jniLibs/armeabi-v7a



w c \andy\projekiy\ ThirdEye\app\src\main\assets\*.*

*
Name Ext Size +Date
&l <DIR>  11/21/2020
|1 pytorch_mobilenet onnx 14,188,636 11/21/2020
Climagenet classes txt 22,675 11/21/2020

Do adresara app/src/main/assets
nakopirujeme pomocne subory: modely, nazvy, ...



<FramelLayout
xmlns:android="http://schemas.android.com/apk/res/android"
xmlns:tools="http://schemas.android.com/tools"
xmlns:opencv="http://schemas.android.com/apk/res-auto"”
android:layout width="match_parent"
android:layout height="match_parent"”
tools:context=".MainActivity">

<org.opencv.android.JavaCameraView <« Ako GUI pouiijeme

android:id="@+id/CameraView" ’/
android:layout width="match_parent" IayOUt QpenCV, ktory
android:layout _height="match_parent” ZObraque obraz
android:visibility="visible"
opencv:show fps="false"
opencv:camera_id="any" />

</FrameLayout>

nahradime app/src/main/res/layout/activity main.xml



<?xml version="1.0" encoding="utf-8"?>
<manifest xmlns:android="http://schemas.android.com/apk/res/android"
package="com.learnopencv.tutorials.classification"> 1/2

<application
android:allowBackup="true"
android:icon="@mipmap/ic_launcher"
android:label="@string/app_name"
android:roundIcon="@mipmap/ic_launcher_round"
android:supportsRtl="true"
android:theme="@style/Theme.AppCompat.NoActionBar"> <!--Full screen mode-->
<activity
android:name=".MainActivity"
android:screenOrientation="landscape"> <!--Screen orientation-->
<intent-filter>
<action android:name="android.intent.action.MAIN" />
<category android:name="android.intent.category.LAUNCHER" />
</intent-filter>
</activity>
</application>

<supports-screens android:resizeable="true"
android:smallScreens="true"
android:normalScreens="true"
android:largeScreens="true"
android:anyDensity="true" />

nahradime app/src/main/AndroidManifest.xml



<!--Camera usage configuration-->

<uses-permission android:name="android.permission.CAMERA" />

<uses-feature

android:name="android.hardware.

android:required="false" />
<uses-feature

android:name="android.hardware.

android:required="false" />
<uses-feature

android:name="android.hardware.

android:required="false" />
<uses-feature

android:name="android.hardware.

android:required="false" />

</manifest>

nahradime app/src/main/AndroidManifest.xml

=~ povolime

camera’ - kameru

camera.autofocus"
camera.front"

camera.front.autofocus"

2/2



Kompilujeme cez Ctrl-F9

Ked’ pripojime mobil cez usb k PC a vyberieme ho ako device,
mozeme dat’ a) Run, ¢im sa aplikacia nainStaluje do mobilu a spusti.
(predtym ju treba odinstalovat))

a kym mame mobil pripojeny vidime aj pomocné vypisy

Istota ale je: (odinStalovat’ aplikaciu,) preniest’ sibor app-debug.apk
Z app/build/outputs/apk/debug do mobilu do Download (Prevzatée
subory) a otvorit” ho cez Total Commander (apka do mobilu), ¢im
ponukne 1nstaldciu a po nainstalovani ho ru¢ne spustime.



public class MainActivity extends CameraActivity
implements CameraBridgeViewBase.CvCameraViewlListener2 {

private BaseloaderCallback mLoaderCallback = new BaselLoaderCallback(this) {
@Override
public void onManagerConnected(int status) {
switch (status) {
case LoaderCallbackInterface.SUCCESS: {
Log.i(TAG, "OpenCV loaded successfully!");
mOpenCvCameraView.enableView();

}
break;
default: {
super.onManagerConnected(status);
}
break;
}
}
}s
@Override e T ey
public void onResume() { Inicializacia kniznice
super.onResume(); N LR
// OpenCV manager initialW InICIallzaCIa GUI
OpenCVLoader.initDebug();
mLoaderCallback.onManagerConnected(LoaderCallbackInterface.SUCCESS);
}

Programujeme v app\src\main\java\<domain>\<project>\MainActivity.java



protected void onCreate(Bundle savedInstanceState) {
super.onCreate(savedInstanceState);
getWindow().addFlags(WindowManager.LayoutParams.FLAG_KEEP_SCREEN_ON);
setContentView(R.layout.activity main);

// configure camera listener

mOpenCvCameraView = (CameraBridgeViewBase) findViewById(R.id.CameraView);
mOpenCvCameraView.setVisibility(CameraBridgeViewBase.VISIBLE);
mOpenCvCameraView.setCvCameraViewlListener(this);

/) fureher inttistization inicializacia preberania

} obrazkov z kamery

public Mat onCameraFrame(CameraBridgeViewBase.CvCameraViewFrame inputFrame) {
Mat frame = inputFrame.rgba();

// modidy frame by the OpenCV methods
/] ...

return frame; \ spracovanie tychto
obrazkov

Programujeme v app\src\main\java\<domain>\<project>\MainActivity.java



Pridame komunikaciu s robotom cez USB:

vyuziva com.felhr.usbserial Z
https://github.com/felHR85/UsbSerial

Tato kniZznica sa da vlozit’ do projektu vo forme jar-u,
t.J. do app/1libs/usbserial.jar
Pricom nad nou je vybudovana nadstavba implementujuca ovladanie
robota konkréetnymi prikazmi pre OpenBot,

takze tato prebierme z OpenBot-a ako
app/src/main/java/org/openbot/env/UsbConnection. java

Pouzivanie USB na ovladanie robota nam zial’ znemozni
debugovanie z PC, takze programovanie sa stava ovel’a naro¢nejSim
na presnost’ prace, aplikacia sa niekedy rube, ked’ este nemoze
otvorit’ USB port, atd’.



Pouzitie modelu hlbokého uc¢enia

Na rozpoznavanie objektov pouzivame
pytorch_mobilenet.onnx

MobileNet je architektura hlbokej siete, nie prili§ narocna na
vypoctovy vykon, urCena je pre mobilné zariadenia
Podporované formaty modelov st v naSom pripade tie ktoré
podporuje OpenCV: caffe, pb a onnx

Pri pouziti momentalne najoblibenejSicho frameworku
Pytorch teda natrénovany model ukladame ako onnx

Do modelu vkladame normalizovany obraz a dostavame z
neho vektor pravdepodobnosti prislusnosti k ur¢itému objektu
(klasifikator)

TODO: pridat je lokalizaciu objektov (detektor)

Ked’ vypocet siete je narocny, zavadzame ho do softwaru ako
Servis



https://youtu.be/VKgORhsmCDs
https://github.com/andylucny/OpenBotWithOpenCV.git


OpenBotWithOpenCV.mp4

Dakujem za pozornost’!

Seminar Robotika.SK

Mobilny telefon ako palubny pocita¢ na robotovi

www.robotika.sk/seminar-archiv.php#prednaska42



