Mobile Image Processing

= Part 1: Introduction to mobile image processing on Android
= Part 2: Real-time augmentation of viewfinder frames
s Part 3: Utilizing optimized functions in the OpenCV library
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Recognizing video at a glance

(1) User snaps a photo of screen. (3) User resumes video on the phone.

SRS

(2) Our system identifies video and
frame within the video.
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Recognizing video at a glance




Human face detection
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“Color Histograms” project

m Goals of this project
e Learn how to access frames from the viewfinder
e Learn how to modify camera parameters
e Learn how to augment the viewfinder frames

= Full source available on class website:
e http://ee368.stanford.edu/Android/ViewfinderEE368
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Android manifest file

4 = ViewfinderEE368
4 (2 src
4 /8 com.example.viewfinderee368
> 4J) ViewfinderEE368 java
4 G@ gen [Generated Java Files]
4 {3} com.example.viewfinderee368
> [J] Rjava
> = Android 2.2
G@ assets
> &> bin
4 3= res
> (= drawable-hdpi
> (= drawable-Idpi
> (= drawable-mdpi
> (= layout
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Android manifest file

<application android:icon="@drawable/ic_launcher
android:label="@string/app name">
<activity android:name=".ViewfinderEE368"
android:label="@string/app name"
android:screenOrientation="landscape"
android: theme="@android:style/Theme.NoTitleBar">
<intent-filter>
<action android:name="android.intent.action.MAIN" />
<category android:name="android.intent.category.LAUNCHER" />
</intent-filter>
</activity>
</application>

<uses-sdk android:minSdkVersion="8" />
<uses-permission android:name="android.permission.CAMERA"/>

R\

\

Set landscape orientation
for viewfinder app

Set this activity as the
application’s main activity

Declare permission to use
the device’s camera
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“Color Histograms” class hierarchy

Color Manage two views and
Histograms | manage program open

(Activity) and close

N

: Draw on
Preview ?’opo
View :

( ) (View)
Handle incoming Augment viewfinder
viewfinder frames frames with a new
and adjust camera layer of information
parameters on top
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Viewfinder class: full screen mode

Icon and title bars visible Icon and title bars hldden

qu 5:53 AM Mean(R.G,B):INI310, 841157
Std DevA(RIGIB)ASB. 16, 65.90W.087

Viewfinderr EE368

Meani(RIGIB)RINISI0rE4-ISAZ
std DeVA(RIGHB):

public void onCreate (Bundle savedInstanceState) {

getWindow () .setFlags (
WindowManager.LayoutParams.FLAG FULLSCREEN,
WindowManager.LayoutParams.FLAG_ FULLSCREEN

) ;

requestWindowFeature (Window.FEATURE NO TITLE) ;
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“Color Histograms” class hierarchy

Color Manage two views and
Histograms | manage program open

(Activity) and close

AN

: Draw on
Preview ?’opo
View :

( ) (View)
Handle incoming Augment viewfinder
viewfinder frames frames with a new
and adjust camera layer of information
parameters on top
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Timeline of events on the mobile device

Capture Capture

Preview Y CbCr Waiived
: A : A
DrawOnTop uF?gsm i UF?glsnt
- 30 fps: 33.33 ms Time

15 fps: 66.67 ms
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Preview class: set camera parameters

Preview
(View)

Camera.Parameters parameters = myCamera.getParameters() ;
parameters.setPreviewSize (640, 480);

parameters.setPreviewFrameRate (15) ;
parameters.setSceneMode (Camera.Parameters.SCENE MODE NIGHT) ;

parameters.setFocusMode (Camera.Parameters.FOCUS MODE AUTO) ;
myCamera.setParameters (parameters) ;
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“Color Histograms” class hierarchy

Color Manage two views and
Histograms | manage program open

(Activity) and close

N

: Dr
Preview ?rvc\)lpon
View :

( ) (View)
Handle incoming Augment viewfinder
viewfinder frames frames with a new
and adjust camera layer of information
parameters on top
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Draw on Top class: YCbCr to RGB conversion

_298.08-Y 408.58-Cr

256 256
_298.08-Y 100.29-Ch 208.12-Cr

256 256 256
_298.08-Y N 516.41-Cb

256 256

R —222.921

G +135.58

B —276.84
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Draw on Top class: create some paint brushes

myPaintRed = new Paint();
myPaintRed.setStyle (Paint.Style.FILL) ;
myPaintRed.setColor (Color.RED) ;
myPaintRed.setTextSize (25) ;

myPaintGreen = new Paint () ;
myPaintGreen.setStyle (Paint.Style.FILL) ;
myPaintGreen.setColor (Color.GREEN) ;
myPaintGreen.setTextSize (25) ;

myPaintBlue = new Paint () ;
myPaintBlue.setStyle (Paint.Style.FILL) ;
myPaintBlue.setColor (Color.BLUE) ;
myPaintBlue.setTextSize (25) ;
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Draw on Top class: write text on canvas

Meani(RIGB)MINISEO AT S 77 N
StdlDeVi(RIGIB)AS3. 16, 65.968/01e7 '

StdiBey (R € B) 53 ’|6 65 7@ .,7 d

String meanStr = "Mean (R,G,B): " +
String.format("%$.4g", imageRedMean) + ", " +
String.format("%.4g", imageGreenMean) + ", " +
String.format ("%.4g", imageBlueMean) ;

myCanvas .drawText (meanStr, x, y, mPaintYellow) ;
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-
Draw on Top class: draw histograms on canvas

Meani(RG; B IKIS:0)
Std DevA(R

Bin 0 Bin 1 Bin 2 Bin 3 Bin 4

// Draw red rectangle
Rect rect = new Rect(
left x, top y, right x, bottom y

) ;

myCanvas .drawRect( rect, myPaintRed ) ;
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“Color Histograms” app running on device
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Real-time debugging with DDMS perspective

nje l Window | Help

% New Window 5 4~ fp dEM % - -
] New Editor = .
_@ Vi B || 5= Outline &2 °
* Open Perspective » | %5 Debug | - @ = 13 ¥
Show View » | & JavaBrowsing \i # com.eamp
) Customize Perspective... Other... = |r.np01.'t —
@® . ® ViewfinderE
Save Perspective As... o mPrevi
Reset Perspective.. 777777 TT oo oo o e o  mDraw
Close Perspective tends Activity { & onCrez
Close All Perspectives {A DrawOnToy
b; 4 mBitm
Navigation » 4 mPainf
: 4 mPaint
- Android SDK Manager dle savedInstanceState) { N Paini
tanceState); EREa
E AVD Manager & mPaint
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Real-time debugging with DDMS perspective

g Devices 5}3 =g .0‘9.:", Threads J HeaPJ{CI File Explorer E@ = 8]
#6032 O™ Re |-
Name Name Size Date Time Pemn
_— Q 0123456789ABC | Online (= data 2010-03-16 17:32 drwx
J com.google.android. 1249 (= sdcard 2010-04-05 12:54 d---r
Dev'ce com.example.helloan 9389 = system 2010-04-05 12:52 drwx
\\I :
< | 11 | » Flle System
I‘ Emulator Control EE = 8) on deVICG
Telephony Status Iil
Yoice: v | Speed: mn
Data: v | Latency:
! - || «| m | »
'Q LogCat 33 VOOO®| +f - |8~ -0
Messages on Log
. Time pid tag Message -
the deVICe 04-08 09:23... I 9414 dalvikvm Debugger th
\\ 04-08 09:23... I 9414 ActivityThread Publishing
S~04-08 09:23... I 9414 ActivityThread Publishing
04-08 09:23... I 9414 ActivityThread Publishing
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AVD Name

Creating an Android emulator

v Avali

X AnAndl| Hardware:

Target Name Platform API Level CPU/ABI
No AVD available -- --
.
= Create new Android Virtual Device (AVD) ﬂ
Name: Emulator
Target: [Android 2.2 - API Level 8 ']
CPU/ABL | ARM (armeabi) v
SD Card:
@ Size:
) File: Browse...
Snapshot:
["]Enabled
Skin:
@ Built-in: Default (WVGAS00) >
(") Resolution:
|
Property Value i
Abstracted LCD density 240
.. Delete
Max VM application hea... 24

New...

Edit...
Delete...
Repair...
Details...

Start...

Refresh

Window | Help
New Window
New Editor
Open Perspective »
Show View »

K] B3 GEn

Customize Perspective...
Save Perspective As...
Reset Perspective...
Close Perspective

Close All Perspectives
Navigation »

Android SDK Manager
AVD Manager
Run Android Lint

Preferences

Digital Image Processing: Bernd Girod, David Chen, Matt Yu, © 2013 Stanford University -- Mobile Image Processing 24



“Color Histograms” app running on emulator

B (rGIDERER .2, 112 BRI
stdPeie.G.B): 1 {EYREO.3, 1158
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Taking a screenshot of the device

Q Devices EZE =) '°-§>, Threads [ Heap ‘Cl File Explorer 5;3 =g
AL LIRS (IE o
Name ' Name Size Date Time Permn
g 0123456789ABC [ Online (= data 2010-03-16 17:32  drwx
(= sdcard 2010-04-05 12:54 d---r
(= system 2010-04-05 12:52 drwx
< | i | »
Emulator Control E@ = )
Telephony Status d
L ) L4
Voice: v | Speed:
Data: v | Latency:
; - || «| 1] »

Digital Image Processing: Bernd Girod, David Chen, Matt Yu, © 2013 Stanford University -- Mobile Image Processing 26



Taking a screenshot of the device

Device Screen Capture

Captured image:
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Class project: mobile graph reader

Segmentation
of Image

Detection of
Tick Marks

OCR of Text
Labels

T. Jou, W. Ni, J. Su, Spring 2011
http://ee368.stanford.edu/Project_11
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Class project: optical music recognition and playback

Upright Image Clef Peak Detection Matched Clefs  Top & Bottom Stave with red marks Detected Note Heads
after rotation

Captured Image of music staff Horizontal Line Detection

S. Dai, C.-W. Lee, Y. Tian, Spring 2012
http://ee368.stanford.edu/Project_12
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