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Movement detection

ZaEnanfl (1/2)

* We will be introducing three software-only ways for
detection of movements.
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* For the sake of diversity, three different approaches
on three different software environments are
introduced.
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Movement detection
Eptad| (2/2)

* We will be introducing methods that are useftul for
building a DIY earthquake detector.

PR s r] B B RMMEFRAIZFARIE

 Makes use of hardware that comes with computers
and mobile phones.
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» Specialized hardware are not needed.
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What to expect & EZHf

A

e Participants are expected to exercise their creativity
to design and implement a solution to the earthquake
detection problem.
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* No complete solution will be presented in this talk.
BB A IR MR BN ER S E -

* Yet, the techniques presented are relevant.
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The software B4

« We will be using Processing to process video from a digital video camera,
Pure Data to process sounds from a microphone, and HTMLS5 with JavaScript
to process accelerometer data on a smart phone.

M= A Processing RIEM o TR A& » F Pure Data RIEDKS @ 2KAVE
= - F1H HTML5 ] JavaScript FRIRE BEFHEAVINREETE -

» Note that these tools and environments are quite general, and are not limited to
do what we are going to introduce.

52 T BNIRIR IR R BB B IS ZE N 43R0ER TG -

e e.g., Processing can be used for audio processing as well.

5140 » Processing o] AARERIEES o

* You are suggested to study what are possible in each environment to find out
more.
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Part 1: video camera-based
movement detection
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Looking at a scene

e

/—i@R

e Suppose we take a video of an stationary object
with constant lighting. The video would be like a
photo where nothing changes.

e fIREA A R E RIBRIEE ILDESRTMRE - R
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 Thatis, in every frame of the video, the content is
the same.
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design competition
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Image difference MEZ=IE

« Differences are highlighted in red. ZIEMAIBERT o
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What if an object moves?

BIHZEIRG S Bk ?
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design competition
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Image difference M EZ= B

« Differences are highlighted in red. ZEM4I R T °
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When there Is change...
=aEE

- gz H—_]'
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 When there is any change, consecutive frames of
the video will not be the same in content.
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e j.e., the difference between contents of consecutive
frames will be non-zero.
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What would cause a change in the scene?

BEEESTIARIONANE 2
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Some reasons —LE[AE X

« Movement of objects. BEFTZE] -
« Movement of camera. EEHEFZE) o

« Change in lighting. JCARINE T -
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How can we detect the change?

EAVERARI U 7

 Compare the current frame to the previous frame to
see if there is any difference.

COET IR EERA] £ —NarY 7D Al -

 How to make it into a program?
QMaIASE = AR 7

* We need to first understand how image is
represented in a computer.
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Digital image representation

%&ﬁ/\\.\) = 1%1_1’,?/7_\

* A picture is a two-dimensional matrix of pixels.
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255 255 n 255 255
255 n 127 n 255
n 127 255 127 n
255 n 127 n 255
255 255 n 255 255
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e The values of a pixel at an (x,y) position tells the

colour shade. TEZEFE (x,y) AIEN

Grayscale [EE1{S
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Screer Coordinate system
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* X-axis goes to the right, y-axis goes downwards.

X Bi¥E[ME4G > y BHIEE T

* Top left-hand corner has coordinates (0,0)

A EAMEA (0,0) -

255 255 n 255 255
255 n 127 n 255
n 127 255 127 n
255 n 127 n 255

255 255 n 255|255
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How to compare two pictures?

Ao EEER i [B N A 7

« Comparing two pictures is to compare two matrices of
scalars (grayscale images) or vectors (RGB images).

b sRE ARl E M EalE (RFEESR) Zia=
(RGBES) BIFEPE ©

* We aim at defining a function that takes two images as

input and output a number that tells how different they
are.

BN EERESZ—EAMEREZFEA@EA > Mt —
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Some image difference functions (1/2)

—EERERE (1/2)

e Sum absolute error (SAE) : the sum of the absolute
differences of pixel values at the same position.

B FRZEM (SAE) : BEMUEGRFEERBE Z=RY
Al o SAE(A, B) ZZ]AM B..,|

* Mean absolute error (I\/IAE). SAE divided by the
number of pixels, to normalize effect of image size.

FHmERE (MAE) : SAERRDMBEZ=E - DAFF—1L
BB/ NNFE ° mapA,B) |\x|||\yuzz"4”

B,y

(Note that we deliberately abuse the notation ||x|| to mean the number of possible x's to make the equation simpler.)
(BfFHTRIER |IX|| RESEHBZIME BRI x B> IRSEHRER - )
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Some image difference functions (2/2)

—EERERNH (2/2)

* Mean square error (MSE) : the mean of the square of
differences of pixel values at the same position.

19 HRZE (MSE) 37_@@115)@5/\]@%155/\3%5/\]"EE’\]ET‘:]
" MSE(A, B) oo — Ba
(4B) = 2.2 Ay = By

 Root mean square error (RMS error): Square root of MSE, to
make dimension of the error value the same as that of pixel
values.
I AEERE (RMSERZE)  MSERFEAIR » (F1SR={EAVAES
RRENEEEE -
MBS ) \/:c o] 2 2 ey = B
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How about colour images?
w28 X OBER ? (1/3)

 The scalar difference Az,y — Bz,yin the image difference functions
has to become a function that takes two vectors and return a scalar
d(Az,y, Bzy), sSince 4 and B are now vectors representing colours.

K&IR7E AN B Z2ANREBEBNEE - BIRERBARNAEE Ay — Bay
TR —EE R EER R[0S - Bl —EEEMASAIRE d(Asy, Bey) ©

e The simplest is the Euclidean distance between the two RGB vectors.

= &~ OO

BESEBNERME RGB B ARS Y BN ERIER -
d(A,B) =+\/(Ar — Bg)?2 + (Ag — Bg)? + (Ap — Bp)?
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How about colour images?
BN Bk ? (2/3)

« Since RGB does not model human perception well, Euclidean
distance between two RGB values is not good to tell the
difference between two colours.

A RGB NE ARREAERANRVIARE - /iy RGB BRYE 4RIERELA
ERTBENIHIE -

* Other colour spaces such as Y'CgCpg, L*a*b*, L*u*v* are used
for colour difference calculations.

KR ZIFEEMBERZERE (WY'CsCr, L*a*b*, L*u*v*) BIEEREE
RERTBE °

 You are referred to the references for more information.

= | E==E 53 % yrgk
=1 = S48
|:|$ | SRR BA °
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How about colour images?
BN Btk ? (3/3)
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* You can also convert RGB colour values to
grayscale before finding the difference. What is the
problem of this approach?

{RINETHS RGB R 2R B AP EIFLLR -
B R R 2
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Let's plan our program! Algorithm first.
ERAmIZ 7 | SoERETEIE

\Z/
N

e (Calculate the difference between the current frame
and the previous frame.

AT EULIRERAM - —M8rV= & -

e |ssue alert if the difference is large enough.

MERHK > EHEES -
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Write pseudocode
RS

* Write the scaffold of the program.

AR 2 TUAYSIER

* Repeat
+ Get a frame current_frame from video camera.

+ Calculate difference between current_frame with
previous_frame.

+ Alert user if the difference is large enough.

+ Set previous_frame to current_frame.
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Write pseudocode
l%j %1%1—%61\\_‘1

* Handle boundary conditions and details.
BRIEE SRR AHED -

distance(A, B):

e total = 0

for each pixel pain A

main_program:
+ pb = corresponding pixel in B

+ threshold = a constant to be determined by experiment
+ total = total+d(pa, pb)

+ Get a frame previous_frame from video camera.

total = total / (number of pixelsin A)

+ Repeat
return total

» Get a frame current_frame from video camera.

» d = distance(current_frame, previous_frame).
» If (d > threshold) alert user.

» Set previous_frame to current_frame
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Real programming: Processing
HAV4RFE 7  F Processing

 Software environment: Processing. (’
>

B 25IRIR A Processing.
https://processing.org/

 Most updated version: version 3.2.3, released
2016-11-07

EIRRZAS 1 2016-11-07 B8y 3.2.3.

e |tis cross-platform and can run on the OS X, Windows,

and Linux.
EaEEF e EtREZEIRE » JFEOS X » Windows »
LiNUXZEST °
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More about Processing
78 h~Processing

* Processing is a programming environment for
manipulating images, animations, and interactions.

Processing Pl B{ERIEER - BIZ AW BE)ERE

* |t integrates with the programming languages Java
and JavaScript, and can be deployed as Java
applications, on the web with HTML5 and WebGL
support, or as Android applications

EFHJavaflJavaScriptl#RiZ:E S - Pl EE LRI E
ERJavalERRTRE T ~ £ 4EHT I\/IL5$[IWebGLE’] AEZS
- (FRANAEER ~ giAndroid[ERRET °
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Learning Processing
= & Processing

* Tutorials
hitps://processing.org/tutorials/

* Reference
https://processing.org/reference/

Earthquake detector design competition

HEREIZZERETEEE Talk on "DIY Earthquake Detector: The software side"
http://www.cs.hku.hk/~quake/ 30 TESMELRAIRE - R B




Implementing our program

= R MRYEE T

* \We need to process video frames from camera.
Download a library for that.

FERIER o PRRVENESE -

distance(A, B):

e total = 0

main_program:
» for each pixel pain A

+ threshold = a constant to be determined by experiment
+ pb = corresponding pixel in B
+ Get a frame previous_frame from video camera.
+ total = total+d(pa, pb)

+ Repeat

» Get a frame current_frame from video camera. * total = total / (number of pixels in A)

e return total

» d = distance(current_frame, previous_frame).

» If (d > threshold) alert user.

» Set previous_frame to current_frame
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Downloading library P&

GG Debug Tools Help ®0e Contribution Manager

Run #R
Present {#R
Tweak 8T
Stop

Libraries Modes Tools IET [ ES Updates

Filter All

Name Author

STy S E Ry $1 Unistroke Recognizer | Implementation of the [$1 Gest... Darius Morawiec

Show Sketch Folder 3K
Add File... DXF Export Al for 2D Games | An Al framework suitable for 2D games ... Peter Lager
Network - . . ) )
V sketch_161118a (Java) PDF Export Andrew's Utilities (AULib) | Motion blur, fields, easing, w... Andrew Glassner
Serial AndroidCapture for Processing | This lib tries to transfer ... Jianbin Qi

SVGIEXpoIX Ani | A lightweight library for creating animations and tra... Benedikt Gross

Arduino (Firmata) | Controls Arduino boards running the ... David A. Mellis

Beads | A library for adding flexible realtime audio to Pro... Ollie Bown, Benito Crawford, Ben Por...

BlinkStick | Interface BlinkStick - smart USB RGB LED. Arvydas Juskevicius
BlobDetection | Computer vision library for finding blobs... Julien 'v3ga' Gachadoat
BoofCV for Processing | Processing interface for BoofCV. Peter Abeles

Box2D for Processing | A library and set of examples for 2... Daniel Shiffman

bRigid | bRigid provides classes for an easier handling of j... Daniel Koehler

Arduino (Firmata)
David A. Mellis

+ Install
Available
Controls Arduino boards running the Firmata firmware.

Update

X Remove

Earthquake detector design competition
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ownloading library P

[ NON | Contribution Manager

Libraries Modes Tools Examples

video

Name

GL Video | Hardware accelerated video on the Raspberry ...
IPCapture | Acquisition of MJPEG video streams.

Syphon | This library allows to share frames between app...
Video | GStreamer-based video library for Processing.

Video Export | Simple video file exporter.

’1) | video1.0.1
L The Processing Foundation

GStreamer-based video library for Processing.

Earthquake detector design competition
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Updates

All
Author
Gottfried Haider
Stefano "singintime" Baldan
Andres Colubri
1> The Processing Foundation

Abe Pazos

Downloading
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References 23 X &k (1/2)

* A Technical Introduction to Digital Video
Charles Poynton
John Wiley & Sons, 1996
ISBN 0-471-12253-X

* The Rehabilitation of Gamma
Charles Poynton
Human Vision and Electronic Imaging lll, Proceedings of SPIE/
IS&T Conference 3299 San Jose, California, 1998-01-(26-30).

« Color FAQ.
Charles Poynton
http://www.poynton.com/ColorFAQ.html
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References 23 X &k (2/2)

e The SLL Lighting Handbook
The Society of Light and Lighting
Feb 2009, ISBN 9781906846022

e The Movies in Our Eyes
Frank Werblin and Botond Roska
Scientific American, April 2007

+ An article about how visual information is processed in
multiple dimensions

* Sight for Sore Eyes
Alison Snyder
Scientific American, March 2007
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Part 2: audio processing
B8l - BIEEIE
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Listen to that sound!

N\t ==L
q — msZ |
HonAd =5 HUL .

e (Glasses clink and crockery clashes at a Modified
Mercalli Intensity Scale of V.
http://www.hko. qov hk/gts/equake/mms e.htm

ZR]ZIAMEZIE IVET - P9 &~ iRz E

= o %%Eﬁf)ﬁziﬁ&ﬁﬂ“ ITIE1EE -
http://www.hko.gov.hk/gts/equake/mms_c.htm

* Let's see if computers can recognise that sound.

EMEEEREEDHbERES
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Software to use: Audacity
#{4 - Audacity

« http://www.audacityteam.org/

* Audacity is free, open source, cross-platform audio
software for multi-track recording and editing.

Audacity EBH ~ RE ~ FIR&EFSRIZEFE
AmiE = SRERG o

e [atest version 2.1.2, available in Windows, Mac OS
X / macQOS, and Linux.
EEHTHRA A 2.1.2. Windows, Mac OS X / macOS A

Linux E5B]H
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Digital sound representatlon

%&ﬁnw 2= J_l_'_liil__]_\ J /

e Sounds are recorded as waveforms.

=5 URIZECER
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Digital sound representation
5&6/\\_} Z_U_’_LKT J;

 Human brain analyses frequencies in sounds.

AN DT EERISEER -

* Any time domain waveform can be seen as a
superimposition of many wavetorms of different
frequencies and amplitudes.
TEHH%W/EZR%BTLX%T’Em AT Z A ESEERAEE RN
R BN o A | A

i
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Superimposition of waves
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0.25%sin(x) + 0.5*sin(2*x-pi/6) + 0.1%sin(5"x+pi/d) ——

0.25"sin(x) ——
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FInding the component waves

s dunt Y I[:ON&17

e The component waves of a waveform can be found
using Fast Fourier Transform (FFT).

A AME ARG I SR E] —ER N D =K

e Time domain to frequency domain conversion.

Iy 130 22 SRIZAVESHA
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FInding the component waves

X 22 DA 2
* Any time domain signal x(n) for n=0,1,...,N-1 can

be written as the sum of a series of complex
sinusoid signals:

ARSI 2 x(n) n=0,1,....N-1 A B i — R T8
L_ag'fEE)JELZ*D (n) = NE_:l o(k)e2™Eni/N

* c(k) can be foundJ using FFT: - %Nzlx(n)e—%kmw
C(k) D_] ] FFT EHZ,LJ . n—0
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Digital sound representatlon

e ey g B \

5& ﬁnu

BERT)

* The FFT results can be plotted as a spectrum.
FFT E :\\I:I7T—_|-J’/{%EZH\ T T 7m ’//\IIIEI

Frequency Analysis

0dB

-12dB
-18dB

-24dB
-30dB
-36dB
-42dB
-48dB
-54dB

100.00Hz

300.00Hz 1000.00Hz 3000.00Hz 8000.00Hz

Cursor: 90 Hz (F2) = -24 dB Peak: 284 Hz (C#4) = -31.5dB

Algorithm: Spectrum

Function: = Hanning window

Earthquake detector design compétition
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B Size: 1024 B Export... Replot...

B Axis: Log frequency B ® Grids
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Spectrogram / sonograph
159858 | B1R

» Repeated spectral analysis of windows of waveform generates a

spectrogram or sonograph.
Iri8ss (B]) UBR D T—EIAEESERI5EE

Talk on "DIY Earthquake Detector: The software side
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Spectral and time resolutions
SEER TR DA

e Spectral resolution = sampling frequency / analysis
window length

AR DR = TRIKIAR [ pTEORE

* Highest frequency analysed = sampling frequency / 2
= DITHAER = ERIRSAER [ 2

e Time resolution = analysis window length / sampling
frequency

FRIDHR = pTTEORE [ TRIRBER
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Crockery clashes...
PEZ 23 DJDE?T’E%E...
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A== 1 M“ own spectru
| | Lt ‘
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"
Spectral analysis z R T How similar are they?
SERE

EffEZEI?

Earthquake detector design competition
SRR sRETEEE

Talk on "DIY Earthquake Detector: The software side"
http://www.cs.hku.hk/~quake 47

FEZMERRRZS « PR B



Programming environment: Pure Data
4

42 2IR1E © Pure Data
iPd \

e http://puredata.info/

 Pure Data (aka Pd) is an open source visual
programming language that can run on anything
from personal computers and Raspberry Pis to
smartphones (via libpd, pddroidparty, and Rjd)).
Pure Data (X% Pd) ARIRAIRICREEZES @ AJhs
A BN ZEEIRMEEER LETT (FIF libpd,
oddroidparty, 1 Rjdj) -
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Visual programming in Pure Data
Pure Data B PRt AmizIrIm

—

e Enables musicians, visual artists, performers,
researchers, and developers to create software
graphically without writing lines of code.

FEHEK REZMK - TEE  MRABNREZAES
TR UG > MLABR S VRIZERG -

* Music synthesis and audio analysis made easy.
SHARNBEDTEREES -

 Similar commercial product 28I =84 © Max
https://cycling74.com/products/max
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Learning resources B2 &R

e Tutorial: Programming Electronic Music in Pd
http://www.pd-tutorial.com/english/index.html|

e Documentation
http://puredata.info/docs
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References 2 Z& Y Ef

* Fast Fourier Transform and lts Applications
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Pearson, April 1988
ISBN 978-0133075052
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Part 3: Processi

using HTMLS5 a

Nng accelerometer data
nd JavaScript Web AP

B3ET  1E

HTML5FJavaScript

Web APlféfEajJ[iFE;szriﬂJﬁ
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Sensors in smart phones

HEEF N AYERES

 Smart phones often have sensors built-in.
%

O

EEF BT NEEREES

* Since smart phones are programmable, they make
good devices for detection of earthquake motion.

PREREFE AR - BT RIRRIHES | ErVE
&

* Two main smart phone operating systems: i0OS and
Android.

MAEBEFIREEZR4T - I0S 1 Android.
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1OS software development

iOS BR1L

e https://developer.apple.com/

8%

« Languages #@tziE = @ Swift 3, Objective C

* Integrated development environment & 5%

1% : Xcode 8.1

 Developer resources HEEEER

https.//developer.apple.com/develop/
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I0S: Relevant application programming
interfaces (APIs)

OS: HEAERREF/THE

* Class C(MMot1ionManager

https://developer.apple.com/reference/coremotion/
cmmotionmanager

* For accessing accelerometer, gyroscope, magnetometer,
and device motion data of the iIOS device.

DAHUSINAREET ~ FEdiE ~ #7054 I0S sxieiB eI euR -

e Event Handling Guide for iOS
https://developer.apple.com/library/content/documentation/
EventHandling/Conceptual/EventHandlingiPhoneOS/
motion_event basics/motion event basics.html
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Android software development
Android B8R {45 2%

e https://developer.android.com/

e Languages #mf2:ES © Java

* Integrated development environment & 5%
I% : Android Studio 2.2

 Developer resources FEEE &R
https://developer.android.com/develop/
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Android: Relevant application programming
interfaces (APIs)

Android: 1BEEERIE RN\ E

« Classes SensorManager, Sensor, SensorkEvent, and
SensorEventListener in package android.hardware

https://developer.android.com/reference/android/hardware/
SensorManager.html

* For accessing accelerometer, gyroscope, magnetometer, and
device motion, temperature, light, and proximity data of the Android
device.

MBS IZREET ~ PFEYR{E ~ #7051 ~ Android sxfe?2@) ~ imEET ~ I8
Eit » TR ERESIEEE -

e Sensors Overview.
https://developer.android.com/guide/topics/sensors/
sensors_overview.htm|
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Any cross-platform solution??

BEBYFEENAE"?

* Smart phone browsers are starting to support Web API.
EEEF L BB E Web AP -

* Sensors on the smart phone can be accessed via a

web page
r] LA & Be T _Ceh A BB o 1ERas &
afl

» Languages #giZiE= * JavaScript

« Web markup languages #8122 58=: HTML5, CSS
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Web: Relevant technologies and application
programming interfaces (APIs)

Web: M ERRZFITE (1/2)

* JavaScript at Mozilla Developer Network
https://developer.mozilla.org/en-US/docs/Web/JavaScript

» Web API: DeviceMotionEvent

https://developer.mozilla.org/en-US/docs/Web/API/
DeviceMotionEvent

» Web API: DeviceOrientationkEvent
https://developer.mozilla.org/en-US/docs/Web/API/
DeviceQOrientationEvent

* Web API: DeviceAcceleration
https://developer.mozilla.org/en-US/docs/Web/API
DeviceAcceleration
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Web: Relevant technologies and application
programming interfaces (APIs)

Web: 1B 0AIERFZ R THE (2/2)

« HTML: The Living Standard
hitps://developers.whatwg.org/

« HTML 5.1
https://www.w3.org/TR/html51/

e Cascading Style Sheets Level 2 Revision 1 (CSS
2.1) Specification
https://www.w3.0rg/TR/CSS2/
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Architecture for solution
B2 R XA EEE

« Host HTML, CSS and JavaScript files of a sensor
data analysis page in a web site.

EER RIS DT EEAHTML » CSSHlJavaScript
SAE RN _E A

* Put the smart phone with sensors in an environment
with external power supply. Visit the web page for
data analysis.

ZHIEEEFHERINENER - shERBETEIED
M e
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