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ABSTRACT

An explosion is accident that can damage life and assets. Each occasion of
explosion has followed effect such as fire, building collapse and ground collapse.
This effect is danger for life of population in that areas including operation of staffs
approach the areas for suppress the incident. The thesis also presents how to
detect explosives based on the physical properties of sound transmission and
processing position with android device. This is a very powerful system prevalent

today.
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zozvnsszrIesuiladesiugiuile dssesinann \Headaglddaaiaiuiunia

zlaudss usanszeslng dasludaauiandunin

dl o P

nswrasuRvesdssiusinanamidslugdndinatmienusziinind lnganusa
vpsnaudesazdued furinvesinanuaz gungd WetnWandanwnansniivas
Aeodluoma ldnuirdasiieadadueimeiinuduiusivgungiives

91AlAgUTEUN MUEUNTT
vy=331+ 0.6t

dis v, dudanduaadseluanafasvpi ¢ Ta 9 Db was/Sum

t ifhugamgiinasatmaimiza s sidas

nswnAeuivedsslufnaimisg avasia eanmlivewinanawi fslumsn

AINAY das15 (was [ Jusi)
ufis

annae (0° C) 331
e (20° C) 343
1aiasiau (0° C) 1286
aangiau (0°C) 317
S8uu (0° C) 972
wasuan (25°C)

11 1493
wvinuaanazas 1143
i 1533
uagudv

aygiiiay 5100
Navuad 3560
Wman 5130
fyM 1322

M151991 2.1 ansandasAauiwesdusludinanssney faumngil 0,20 ,25 091

\HALTE
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msldrduidesinszozns dunnazldludn Wesndnsuiveadedduthilrganit
= - - | i S 1 @ = 4 v ¢ 2
gruwmugvidetngduiitadeudiluthuin Wunsinaudnvemsia wismsldaiulounsilu
¢ ° & v 4 a4 v
ismdvesrnUszaslunsdsamdelandufu uazadudssiaunsomssegmslueinieals
wuitu lnsadeaudinnuisiveadesdusimeadiuiiinssd Snnuiveadesluainied
auuUsiudoningumgll nanfeguuglidsunvasansniinanseusodasiiives
Fadldingaumpivesenmeaiindu o mnuiups en1agen wenefeenmungue’a
warasfinuvuiuduanawihlisnsSuesdeafutunugumgisniivendssuainie

szwlsiulagnsaiuguvgi(gamgiiaaiv)

() [ d 13
BATIIVVDILE aﬂ,ummﬁim aﬂ‘wmmmlm’m

Cair ~ (331 4+ (0.606 -0)) m/s

Togit 0 #e geumgfl Tumbe ssrgadea armsiudilunsyssanalugas
ypagamnlutie -20°C fiv 40°C zildrmnuRawaalitiu 0.2% Turasgamgiigendn

a8 Y @ =
138 G]']ﬂ'J']u‘Ll@W'ir]’o'i’]m@*ﬂlaaﬂ\ﬁ]gﬂ'izﬁ']miﬁﬁ

/ [
Cagp 7> 331 ‘1-*?-#2775 m/s

Pnudnnnsiiiliaunsam szeznlaainaunis
szuay = anudavaades x atdsddfiume
Tnenanfidoddimumatiuansomissnogunsaiiudue viswuwefides Fadu
dnuaiznisnegUnsaliudesdainasgiannlumsiuiannizszniddunsiiuniseades
n1sRaauN$Ben nwd Amlna Feosuredamamavezmslnedadaiamuimden
UM Tumsnsduniuazdeditasuiomn 4 fndufidaiimsud Tnsanunsadeu
aunsléddl

JX=X1D2+ ¥ -Y1)2 —J(X—X2)2+ (Y +Y2)2 =345 Aty
JX=X3)2+ (¥ —Y3)2 -/ (X — X4)2 + (Y + Y4)% = 345 * At,
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una 3

A32BNRUUNTIINNGDY

3.1 aUnIaln1INaReY

(1) nsdwiaanimlny szuudfiRnisueunsess True Smart 4G MAX 4.0 14lunis

Sufayaidssanlulasiv uiesed mAnauazdaluuszanana Faflarungail
5¥UUUfURNTS: Android 6.0 (Marshmallow)
wugUszInana : Quad Core
- AsT ;1.3 GHz
WUIUANUAN
- ROM 8GB
- RAM 512MB
m3idande
- Bluetooth
- Wifi

sUTi 3.1 sUuamslnsdmiaaninlviu True Smart 4G Max 4.0
(‘ﬁm http://www.checkraka.com/uploaded/gallery/42/428ba772277adf896968
d7c51f555f7a.jpe)
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(2) lulpsivuuuulownda / ywiseede vimihinfudesseda

st 3.2 lulasTruuuulaufie / yrisnodd

U

(flan http://www.sherman.co.th/img/products/microphone/mic-112-1.jpg)

o o v QI L i 1 s
(3) 2995y s wazvgedyanailaanlulasiiu wazdaluds
Insfnn

o ot

() peufiuned Tlunisuszanana wsumdsinauwazasluddsu

3.2 3N TVAADY

3.2.1 MInAasunuALFes

Wnsnnaosduideession Iﬂﬂmi%‘ﬂﬂiaﬁﬁu"ﬁnmrﬁm‘ma&amuﬁmaau g
gunsaiduidsslusuuuusineg avnguuuuiiadian wasAmALARausTian Tnun1snnand
LLﬂQﬂ’ﬁi’mL‘%mmaaqUﬂiiﬁULﬁmﬁ\iﬁ

(1) Fassadununauu leglulaslwuviniu fay 2 was

2) s vadunuvuy nglulasiuuvineiuy fiay 5 wns



322 nssaisuwlasdyanandediduauaniy

yimsulasdygaudosiiuunsieids Fast Fourier Transform

13

k| N=2 Suaundisanisuan a‘a’wmuﬂ%*‘wam’rsgm
muiieny FFT ties/FFT futiens FFT Qya/FFT

16 225 64 25 256 32 8

64 3969 384 10.3 4096 192 213
8 256 65025 2048 318 65536 1024 64
10| 1024 1.04 x 108 | 1.02 x 101 102.2 1.05 x 108 | 5.12 x 10° 204.8
12| 4096 | 1.68 x 107 | 4.92 x 10* 361.2 1.68 x 107 | 2.46 x 10* 682.7
10| 16380 | 2.68 x 108 | 2.20 % 10° | 1.17 x 10% | 2.:68 x 10® | 1.15 x 10° | 2.34 x 10?
16 | 65536 | 4.29 % 10° | 1.05 x 105 | 4.09 x 10%| 4.29 x 10° | 5.24 x 10° | 8.19 x 10°
18 | 262144 | 6.87 x 10 | 4.72 % 10% | 1.45 x 10* | 6.87 x 10'° | 2.36 x 10° | 2.91 x 10
20 | 1048576 | 1.10 x 10121 2,10 x 107 | 5.24 x 10* | 1.10 x 102 | 1.05 x 107 | 1.05 x 10°

3.2.3 A1TAasdTULASNTEURALaz LN AR

JUT 3.3 sUnamsmisudasdayniueie FFT vatusiazn

vihmsveaasddagmsaadsyinlufmusineuesaauiinaaoy wagihdwanilan

wisunus Tneldgunsaifuides 2 Yseam Toua nsdwviauisning wazaaufees el

ATilauUSeuWEU LagrAIRLARIAMREUNAATIL

Tnel4Tusunss Matlab Tumseashamnfife uaxiiduns sl
SYmMs Xy

1=

12=;

eqnl =( sqrt((x-0)A2 + (y=5)72) -sqrt((x-0)A2 + (y-0)A2) )==345%(-t1);
eqn2 = (sqrt((x-20)A2 + (y-5)A2)- sqrt((x-20)A2 + (y-0)A2))==345%(-t2);
sol = solve(legnl, eqn2], [x, y);

%50l =sal.k

ySol = soly

3.3 nsAARggUnTnl

msAndsgUnsal szdesfinrliiiainaniunniiaungnnai lieandyensuniu

vilgunsaiiussansnmunndu Inessgunsniusazgynaiu 20 U, wazupazsavineiu 5 u.



(10,100)
*

tAs

14

34*6739 10 11 12 13 14{3‘715 L7 R | O

(5,80) (15,80)

e

=)
=b.

UNNAgEau

*

(10,50)

10 11 12 13 14 15

(20,0)

Auvdanslulasinu

»*

fumdainmaassaadanda 1

) o

fwmiviinsmaaagaszdanid 2

*

& - a  Xd
AMURLININTITNARDITATLIUAATIN 3

X

S ‘s a o
AIUNLINTINTINAADIPATLLUAANTIN 4

e AT 18 19
]

‘N A3

5
(0,-5)

JUT 3.4 sUuuudiaesnsinnsgunsniuides

(20,-5)
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5UA 3.5 sUnansnsiasgunTnifuides

3.4 gunsalfuides
3.4.1 dudsenauvesguniaifuldes
14 lulaslviuyrWispese 267 sawd1iulugasuidesvasdnsman il

syuuUfuRnisuaunseaen True Smart 4G MAX 4.0



3.4.3 flow chart

initialize and get test data

>

/ Get Input Values /

Compute “FFT-and Spectrum”

no

Compare With

Prototype

Show “Time & Position”
On Notification

A @ o o = =
JUN 3.6 JULARIEINSINITUTDITTUUATIIIULAENTZLUA

16
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uni 4

2

Han1aaaduazIATIEidaya

InNsMAandaNTaudald 2 daundng fe dauvesnmsmaaniuvendsuasnis

Wue wardiuesnssudsiazdsanludun Weaviafinaveudssssilaniiniu

=3 = o v = ) [ (¥
4.1 wan1snaasdtiutdssludiundeanisanslulasliy Aszegnemieny
1 & [ 1 = A o =4 [ 1 = 's
Tumvaassdhuiildumsiiuandss ietunAuluaA1IngTgIu WagdAsIZm

sgozslulasinuiimnzay Tnsarilawandusdivuresn sl

d o U g = s
SUN 4.1 nsuaRIEUARSUYDLALIUSEIAIUNITNAGDY

U

gy 4.1 lvmsutanvzanzesadasfithumeaou neldniswuas Fer Tunsdnuwun

wazifiudnvurvendsainaglunmmaaes suudamsihunimuaduannnsgiu
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0.005

Ui 4.2 nsvuansAatdsaiAudalulaslduineiusees 2 wes

sUM 4.3 nsvLansAndsanifudslulasliuinaiussey 5 wes

9NFUTN 4.2 way 4.3 uandbifiuinszeyinssnislalasinulinaiunmsiviag nsduides
Tnan1sduidesrasszuy fesdisserisvastayalussoginowminng J9vzansavinaulaeg

TUSEANTAIN FI9INNTIVNARBINUINTZESTMINLALRAD SYesAus 5 tunsvuly

4.2 Han1sAaaULEsLasNINNR
Tunmeassnssdruilldunismeassiamairastea lulesiiu 2 61 2 ya lny
v v g a A o 5 I3 a wa 13 = ¢ A o
wuashsulu 2 gl Ao Insdmriausvinusruul JUAnisueunsesn uagaauitalaes tiieh

s

Ardildunmyaiinamsiinssia lnefnan1syassindasdl



AunansEidn muuny X 10 lWAs, A1MLAU Y 50 AT

Fulpeld Aaufamas

AMNANTNANINATEUNS e @adTud)

19

ﬂ%‘jﬁﬁ ] ﬂ‘?ﬂﬁz ﬂ%’j\?ﬁ:‘} ﬂ%ﬂﬁfl ﬂéj‘ﬂvd]s
ntulasinu
A7 1 13.99 13.81 14.34 14.13 14.18
ntulasiviy
A 2 14.10 14.02 13.76 14.04 14.25

A1979 4.1 AT NLERIANHARINIENTBAT 1 Wag 2 Mdumiseila 10,50

HANITAIAILAUG (LURT)

T T3 AP T3 T 3
AsInl ASIN2 ATIN3 ASINa ASIN5

RIITON

X 10.64 10 6.1354 9.4223 10.651
AL

Y 41.93 51.5561 44.4962 43 .89 52.9945

A1974 4.2 A5 LARIATRNRNTS LR NRwruasEiOn 10,50
AL TE TR X=1013R3 Y=50-a/05

160

140
T 120
&
2 100
; 80 | @ FrwniininisAnunL
= ® :
;:3" 60 ® ° » @ Aumanansziiin
& 40 @ Al lulastily
w)
» 20

0§ ]
50 @ 10 15 20

FEYZATULAL X ( LUnT)

JUHl 4.4 nsmluansAriiianisseidn Aduvdsszidn 10,50




ﬁ']Lm‘ij&’i}ﬂimﬁﬂ ALY X 10 LIRS, OMULNU Y 50 LUAT

Fulngld InsdwsiaunsninussuulfiRnmsuaunsasd

ANNNANNTDIANINNNTENUNSWLERY Hadiunil)

20

ﬂ%gaﬁl ﬂ‘%:\‘lﬁZ ﬂ%’&ﬁ?; ﬂ%gqﬁﬂf ﬂ%ﬂ‘ﬁ5
nlulasinu
Al 1 14.159 14,374 14.189 14.366 14.288
nlulasiviu
#7 2 14.423 14.265 14.421 14.011 14.403

1 1 Id‘ 4 o 1 =3
M1919 4.3 AT NLLEPNATNEATNIRIVDIAN 1 Uay 2 nenebniseiua 10,50

NANITHEIATLALG (LURT)

At A2 pS7i3 ASeiia ASIN5

AL

X 13.78507 8.358301 13 .60l 288 6.696306 12.06202
RIRTIN

Y 65.66522 67.43668 67.50206 52.85918 73.53723

A17979 4.4 AT HULARSAIMNNANISISELDR Nenmdeselln 10,50
il nsetdn X =10 1UM5Y=50 a3

160

140
w120
=
2 100
; 80 @ AuvdEnmsAnua
g |
:é 60 o ® @ Fnwniinanssidn
% 40 L ®' e @ AunmdalulasTviu
Pye)
# 20

50 0 5 10 15 20

FEHTAULAY X ( LUAT)

JUT 4.5 nswluansrriiianisseide Adumisszila 10,50



Aunieaseiln muwnU X 10 RS, AMMWAY Y 100 Lung

Fulaeld AauRmas

ANNANNTBANAINANSUNS N (adiud)

21

Aafi1 A2 Asafi pSaita Aaiis
nlulasinu
g7 1 14.43 14.36 14.39 14.47 14.38
nlulasiny
f 2 14.38 14.42 14.46 14.43 1.441

1 1 IA A o 1 =Y
19174 4.5 ATTNLUEAAIATHAANLIRVUDIA 1 hag 2 eknusseiua 10,100

NANTSYAILALYG (LURS)

o o o = o o o A
ATINL ATIN2 AN F’]i\?ﬁq ATIN5

ALY

X 8.5326 11.5076 12.7997 12.7997 10.7795
FULIAL

Y 93.9265 86.9715 109.445 109.445 88.4474

1 = ) - A o T =
M99 4.6 AT NLAFNAINARNITILLURA YIATLWUITELUM 10,100
AwU1IRsEdn X=10.81A5 ¥=100 a3

160

140 ®
= 120 @
= ®
=< 100 @
i ®
; 80 @ AuniainisAuau
= ;
é 60 @ AMwniinanssia
% 40 @ fundalulasiyu
7o)
3
= 20

5 10 15 20
-20

5U# 4.6 nTmuanrinnn1sszidn Aduwmrisssida 10,100

SEYERIULAY X ( LUng)




Auvugaseidn auunu X 10 Wwas, Muunu Y 100 was

Fulneld Insdwianniminuszuuufifinsueunsesd

AMNANTBNA1INNNTINUNS LSS (HadTuni)

ASaiil Asan2 ASafi3 A¥aia asais
nlulasiny
A 1 14.385 14.452 14.243 14.468 14.359
nlulasiviu
f7 2 14.479 14,409 14.366 14.431 14.022

1 ] |A = o 1 =]
fM1919 4.7 AT NUEPIATHAANIATVDIAN 1 wag 2 nawnueselua 10,100

NANTITUIAILALG (LURT)

el Asai2 ATz aaiia ASas
ALLIAL
X 14.75445 8.207548 8.503257 7.744401 11.59472
ALY
b 122.8448 111.7412 88.89139 134.8577 87.2873
A1519 4.8 ANS1UERIATARANI5E0n Tdundeszda 10,100
FNLIYATHUR X=T0WAT-¥Y=100 LR
160
= 140 &
=
= 120 = L
=< 100 PS
z 80 - .
2 60
&
B 40
#® 20
O u
0 2 4 6 8 10 12 14 16 18 20

FLUEENULAL Y (LUAT)

sU# 4.7 naviuansrniiianissside Adumdesuida 10,100




s‘f’nmﬁaa;mmﬁm AULNU X 5 LUAS, MULAU Y 80 LUAS

Fulnely Aauimes

ANNUANIYBINAIAINATDIUNTINLELY (Hadiuni)

23

Aafi1 ASsii2 ASei3 pSsiia n%ails
nlulasinu
Al 1 14.49 14.48 14.05 14.46 14.43
nlulasinu
il 2 14.24 14.16 14.19 14.26 14.23

1 1 |E!I A o 1 =
1919 4.9 ATTNLLEFAAIATHE AR UDIAY] 1 wag 2 knueseiun 5,80

NANTSUIAILAUG (LUR1T)

ASaN1 ASan2 adii3 ASana ASaiis

AL

X 1.8679 3.228643 5.408765 5.414456 6.519242
AU

Y 98.24335 79.4495 72.80444 82.93728 72.37149

91919 4.10 A3 1LaARSFNARAnNNSIEe ARuniesedn 5,80
ALMEINTEIORN X=5(UAT ¥=80 Lun3

160

140
2 120
&
% 100
; 80 e ® * @ FuniIAINITATUIN
S ® . ‘
= 60 ] @ rumiaiiqasiin
g:g 40 ® FwndalilasTiy
oJ
=020

L |
20 © 5 10 15 20

SEUEMILWLAL X ( LUa3)

A I a =Y i o 1 o
Jun 4.8 ASILEAIAMNAANTSELTA NEWLITELTR 5,80



Aviegaseln AuLnY X 5 AT, aawnu Y 80 was

ulmeld Tnsdwsiaunsninuszuuujufnsueunsesn

A an

=

24

ANUANTBIIANINMTBUNT RS (FadIund)
Afaiil ASaii2 Asail Aaiia ASais
nlulasiviy
A 1 14.421 14.489 14.399 14.326 14.475
Anlulasiviy
A7 2 14.319 14,124 14.367 14.212 14,025

1519 4.11 G]ﬁ’NLLa@\‘iﬁhwﬂﬁhQL’J@W‘EJ@Q@:‘I?I 1 way 2 Newnuasesin 5,80

HANIIWIEILALG (LURT)

it asai2 a3 Assia A5
AU
X 9.637454 1.801195 9.258862 8.675318 3.196649
AL
Y 68.86337 81.66405 83.54253 59.24757 67.07101
A1519 4.12 M5 NLARSARARSTELDR T uesedn 5,80
ArUsnTedn X=51U05-¥Y=80 LuA3
160
140
,g 120
= 100
£ 80 ® ®
= ® o
g 60
ELl
240
20
0
0 2 4 6 8 10 12 14 16 18 20

JUR 4.9 nswluansAidanisseida Adumdsszide 5,80

TEHEATULAL Y (LUAS)



Gi’lLLMij\if\JiﬂiSLﬁﬂ AILLNY X 15 LA, @1UwLnY Y 80 LWUng

Fulmeld Aauimes

ANUANNYBINIANNANTENUNSINLEYS (BadIunh)

25

A¥aiil ASeii2 pSein3 asiia AZaiis
nulasinu
A 1 14.23 14.15 14.19 14.26 14.24
9nulasiny
A7 2 14.08 14.45 14.47 14.43 14.47

' ] 1 A o 1 a
1914 4.13 ANTNLLARIATNEANLIRIUDIAN 1 A 2 iabuuseLua 15,80

NANTAIBIILNALY (lunT)

ASeil aSai2 asii3 ASaiia ASafi5
AU
X 16.42781 14.84072 15.74625 13.20451 15.42681
AL AL
Y 87.62908 69.56575 78.3631 75.32856 84.05412
£11519 4.14 AT LEAIAIRNANISIHUR NALBULsYLUn 15,80
gnuviisgnseln X=1510A5¥=80 1unT
160
140
o 120
g
= 100 . ®
> [
~ 80 ® @ FuniaannsATu
5 i
; 60 @ @ Mundfgarzida
% 40 @ AunialulasTiiuv
pyel
EE]
* 20
0 5 10 15 20
-20

SEHEHULNY X ( LWnT)

JUN 4.10 nsmluansriinan1sseida idumssziln 15,80



ﬁ']LL‘WﬂQ’i}ﬂi%Lﬁﬂ ANy X 15 e, anuwnu Y 80 LUng

Fulneld InsdwiannsvinuszuuUiifinsuounses

ANUANNTDIAINMSEIUN TV AR (Hadduni)

26

ASaTi1 A2 pssils Assita A3aTi5
nlulasiviu
Al 1 14.084 14.304 14.187 14.291 14.156
antulasin
A7 2 14.409 14,463 14.5 14.355 14.489

A1914 4.15 ANTNUANIANAAIIANTBIAT 1 Uay 2 Nduisszila 15,80

NANNTAIELALS (LURT)

ASail AS412 psafi3 ASsia ASai5

ALY

X 13.84142 14.34984 19.55157 10.96773 18.12011
B

¥ 59.59037 90.57563 95.12159 67.58889 85.11942

M54 4.16 MINLEARIATRNANISSZI DR fauwnueselln 15,80
AisInsetdn X=151uAT-¥=80 Lung

160

140
= 120
g
= 100 E ®
; 80 ® 8 @ FrumdranisAu
e,
3‘; 60 ® @ Fumiifigarzidn
gsa 40 ® rundslalasiviu
Py
220

O | 8
50 0 5 10 15 20

FEEZAULAUL X ( LUAT)

U1 4.11 nF1LEAIAIRARNITSTLUA MewALesEiln 15,80
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unegl

5.1 d@5Unani1naaed

sruusTRduswiadsesade annsavimuderimusadwoluile

(1) annsoldaninsaliiatadnsimivssinnueunses slunsusvananadesiidian
16 Tnedpsnslulasivusudes vihetusgstios 5 Wwns Lﬂ@lﬁqﬂﬂé‘u‘umLﬁmimﬁﬂﬁﬁwmﬁ
AMUWNAUNINNTT 10 MS SzuUazIIN15RTIATA Spectrum vaudesfinnudaiussang o-

50Hz Fadussduszneumminvendessadn | Fwslanaassgnaduiil \u t uazgnatiu

L.

@

7 2 U t, suddu anuasideavednaide lulasiuni

(2) szuvdnsainmsdwiuteyaaitldinuaietis Wireless Lan (TCP) titods
naldlUSnauinma S SR AR T8 INA uATS LT AR Tz Tn
(3) srLusTIaSuAIIsanaTUldlavnzdssinannase dawindy

(5) MuRAIALAADUTEWIWILIATRIUlALINTIgARD 34 L1AS

5.2 Ugyuazgudssn

(1) gunsainsaain wazgunanidudyarailinusoanindfou dunn viodduld
wmyzesazinligunsaididnnsatindniglufnaiiudene satuddlianansafassliifu
vaule

(2) 31nn1sifetansiuIugynsalusruranalu lulasilu 2 dasde 1 gunsal
Ussanawna yhlFuitasansiedulfiliessumiwedlalasTriuiniy

(3) luunindsszuulsiansnsaduideassdanidanls

(a) sresldlumnlifidsssuniusaiuly

(5) SzUUAILNTaNTITUleTISEEE 20-100 LWAS
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(1) [gunsaifinmureanufeuldfvieiissuussuismudeu wWu dWaauszuiy
a1 eligunsnd
(2) Wannszuriesehdediiauaunsanniuliamsedudeddmnaga
(3) Winszuuinnaiinewiamesliannsngumsaluifidesunsalasadudan
(@) msviuszeznsaseduansavils Wessdadamuduniuldsadngse)

(5) 19asAaesuInTaImudRludasnisidasnive lvianunsalglunniidassuniu

(6) mintdluinilaill Wireless Lan szuvauisadwtntosyalasldaala
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1. gamdsnwanildluaunsaliudedoya
1.1 daunsiadeudaya

package com.somitsolutions.android.spectrumanalyzer;

import android.app.Activity;

import android.content.Context;

import android.content.Intent;

import android.content.pm.Activitylnfo;

import android.graphics.Bitmap;

import android.graphics.Canvas;

import android.graphics.Color;

import android.graphics.Paint;

import android.media.AudioFormat;

import android.media.AudioRecord;

import android.media.MediaRecorder;

import android.os.AsyncTask;

import android.os.Bundle;

import android.util.Losg;

import android.view.Display;

import android.view.View;

import android.view.View.OnClickListener;

import android.view.ViewGroup.LayoutParams;

import android.view.ViewGroup.MarginLayoutParams;

import android.view.Window;

import android.view.WindowManager;

import android.widget.Button;

import android.widget.ImageView;

import android.widget.LinearLayout;

import ca.uol.aig.fftpack.RealDoubleFFT;

import java.io.File;

import java.io.FileWriter;

import java.io.lOException;

Gl



import android.os.Bundle;

import android.app.Activity;
import android.view.Menu;
import android.view.View;

import android.widget.Button;
import android.widget.EditText;
import android.widget.Toast;
import android.app.Activity;
import android.app.Notification;
import android.app.NotificationManager;
import android.app.Pendingintent;
import android.content.Intent;
import android.os.Bundle;

import android.view.View;

import android.widget.Button;

public class SoundRecordAndAnalysisActivity

OnClickListener{

int checkpsd(]={0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0}%

int frequency = 22000;

int channelConfiguration = AudioFormat.CHANNEL CONFIGURATION_MONO;
int audioEncoding = AudioFormat.ENCODING_PCM _16BIT;

AudiocRecord audioRecord;

private RealDoubleFFT transformer;
int blockSize;// = 256;

Button startStopButton;

boolean started = false;

boolean CANCELLED FLAG = false;
RecordAudio recordTask;

ImageView imageViewDisplaySectrum;
MylmageView imageViewScale;

Bitmap bitmapDisplaySpectrum;

32

implements
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Canvas canvasDisplaySpectrum;
Paint paintSpectrumDisplay;
Paint paintScaleDisplay;
static SoundRecordAndAnalysisActivity mainActivity;
LinearLayout main;
int width;
int height;
int left Of BimapScale;
int left_ Of DisplaySpectrum;
private final static int ID_BITMAPDISPLAYSPECTRUM = 1;
private final static int ID_IMAGEVIEWSCALE = 2;
/** Called when the activity is first created. */
@Override
public void onCreate(Bundle savedinstanceState) {
super.onCreate(savedinstanceState);
Display disptay = getWindowManager().getDefaultDisplay();
//Point size = new Point();
//display.get(size);
width = display.getWidth();
height = display.getHeight();
blockSize = 256;
}
@SuppressWarnings("deprecation”)
private void Notify(String notificationTitle, String notificationMessage) {
NotificationManager notificationManager = (NotificationManager)
getSystemService(NOTIFICATION SERVICE);
@SuppressWarnings('deprecation”)
Notification notification = new Notification(R.drawable.ic_launcher, "New
Message", Systém.currentTimeMiLlis());

Intent notificationintent = new Intent(this,SoundRecordAndAnalysisActivity.class);
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Pendinglntent pendinglntent = Pendingintent.getActivity(this, 0, notificationintent,
0);
notification.setlLatestEventinfo(SoundRecordAndAnalysisActivity.this,
notificationTitle,
notificationMessage, pendingintent);
notificationManager.notify(9999, natification);
}
@0verride
public void onWindowFocusChanged (boolean hasFocus) {
/Neft_ Of BimapScale = main.getC.getlLeft();
MylmageView scale = (MylmageView)main.findViewByld(ID_IMAGEVIEWSCALE);
ImageView bitmap =
(ImageView)main.findViewByld(ID BITMAPDISPLAYSPECTRUM);
left Of BimapScale = scale.getleft();
left_Of DisplaySpectrum = bitmap.getLeft();
}
private class RecordAudio extends AsyncTask<Void, double(], Boolean> {
@Qverride
protected Boolean dolnBackground(Void... params) {
int bufferSize = AudioRecord.getMinBufferSize(frequency,
channelConfiguration, audioEncoding);
audioRecord = new AudioRecord(
MediaRecorder.AudioSource. DEFAULT, frequency,
channelConfiguration, audioEncoding, bufferSize);
int bufferReadResult;
short[] buffer = new short[blockSize];
doublel] toTransform = new double[blockSize];
try {
audioRecord.startRecording();
} catch (IllegalStateException e) {
Log.e("Recording failed", e.toString());
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}
while (started) {
if (isCancelled() || (CANCELLED FLAG == true)) {
started = false;
//publishProgress(cancelledResult);
Log.d("dolnBackground", "Cancelling the RecordTask");
break;
}else {
bufferReadResult = audioRecord.read(buffer, 0, blockSize);
for (int i = 0;1 < blockSize && i < bufferReadResult; i++) {
toTransform(i] = (double) bufferli]l / 32768.0; // signed 16 bit
}
transformer ft(toTransform);

publishProgress(toTransform);

}
return true;
}
@0Override
protected void onProgressUpdate(double(]...progress) {
Log.e("RecordingProgress’, "Displaying in progress");
Log.d("Test:", Integer.toString(progress[0].length));
for (int i = 0; i < progress[0].length; i++) {
* .

’

intx =2
int downy = (int) (150 - (progress[0][i] * 10));
int upy = 150;
canvasDisplaySpectrum.drawLine(x, downy, X, upy, paintSpectrumDisplay);
}
int z=0;

for(int j=0;j < progress[0].length; j++ )



{if(progress[0][j] * 10>=1)

{z++;}

}

if(z>200)

{ long a= System.currentTimeMillis()% (24 * 60 * 60 * 1000);
String b = Long.toString(a);
Notify("baaaaaa",b);

}

imageViewDisplaySectrum.invalidate();

}

@Override

protected void onPostExecute(Boolean result) {
super.onPostExecute(result);

tryf
audioRecord.stop();

}

catch(lllegalStateException e)

Log.e("Stop failed", e.toString());

}

canvasDisplaySpectrum.drawColor(Color.BLACK);

imageViewDisplaySectrum.invalidate();

}
protected void onCancelled(Boolean result}
tryf
audioRecord.stop();
}
catch(lllegalStateException e)f
Log.e("Stop failed", e.toString();

/* //recordTask.cancel(true);
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}

Log.d("FFTSpectrumAnalyzer","onCancelled: New Screen”);
Intent intent = new Intent(Intent. ACTION_MAIN);
intent.addCategory(Intent. CATEGORY HOME);
intent.setFlags(intent.FLAG_ACTIVITY_NEW_TASK);
startActivity(intent);

public void onClick(View v) {
if (started == true) {

}

//started = false;
CANCELLED FLAG = true;
//recordTask.cancell(true);
tryl
audioRecord.stop();
}
catch(l\legalStateException e}
Log.e("Stop failed", e.toString();
}
startStopButton.setText("Start");
canvasDisplaySpectrum.drawColor(Color.BLACK);

else {

}
static SoundRecordAndAnalysisActivity getMainActivity(}

started = true;

CANCELLED FLAG = false;
startStopButton.setText("Stop");
recordTask = new RecordAudio();

recordTask.execute();

return mainActivity;

=T
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}
public void onStop(){
super.onStop();
/* tryf
audioRecord.stop();
}
catch(lllegalStateException e}
Log.e("Stop failed", e.toString());
¥/
recordTask.cancel(true);
Intent intent = new Intent(intent. ACTION_MAIN);
intent.addCategory(intent. CATEGORY. HOME);
intent.setFlags(intent FLAG ACTIVITY _NEW._TASK);
startActivity(intent);
}
public void onStart(}
super.onStart();
main = new LinearLayout(this);
main.setLayoutParams(new
LayoutParams(LayoutParams.MATCH PARENT,android.view.ViewGroup.LayoutParams.
M ATCH_PARENT));
main.setOrientation(LinearLayout. VERTICAL),
setRequestedOrientation(Activityinfo.SCREEN_ORIENTATION_PORTRAIT);
requestWindowFeature(Window.FEATURE_NO_TITLE);
getWindow().setFlags(WindowManager.LayoutParams.FLAG_FULLSCREEN,
WindowManager.LayoutParams.FLAG_FULLSCREEN);
transformer = new RealDoubleFFT(blockSize);
imageViewDisplaySectrum = new ImageView(this);
bitmapDisplaySpectrum =
Bitmap.createBitmap((int)512,(int)300,Bitmap.Config. ARGB_8888);

LinearLayout.LayoutParams layoutParams_imageViewScale = null;
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//Bitmap scaled = Bitmap.createScaledBitmap(bitmapDisplaySpectrum, 320, 480,
true);

canvasDisplaySpectrum = new Canvas(bitmapDisplaySpectrum);

//canvasDisplaySpectrum = new Canvas(scaled);

paintSpectrumDisplay = new Paint();

paintSpectrumDisplay.setColor(Color.GREEN);

imageViewDisplaySectrum.setimageBitmap(bitmapDisplaySpectrum);

//imageViewDisplaySectrum.setLayoutParams(new
LinearLayout.LayoutParams(LinearLayout.LayoutParams.FILL_PARENT,LinearLayout
LayoutParams.WRAP_CONTENT));

LinearLayout.LayoutParams  layoutParams_imageViewDisplaySpectrum=new
LinearLayout.LayoutParams(LinearLayout.LayoutParams WRAP_CONTENT,
LinearLayout.LayoutParams.WRAP_CONTENT);

((MarginLayoutParams)
layoutParams _imageViewDisplaySpectrum).setMargins(100, 600, 0, 0);

imageViewDisplaySectrum.setLayoutParams(layoutParams_imageViewDisplaySpectru
m);

layoutParams_imageViewScale= new
LinearLayout.LayoutParams(LinearLayout.LayoutParams.WRAP_CONTENT,
LinearLayout.LayoutParams.WRAP_CONTENT);

//\ayoutParams_imageViewScale.gravity = Gravity. CENTER_HORIZONTAL;

((MarginLayoutParams) layoutParams_imageViewScale).setMargins(100, 20, 0,

32
imageViewDisplaySectrum.setld(ID_BITMAPDISPLAYSPECTRUM);
main.addView(imageViewDisplaySectrum);
imageViewScale = new MylmageView(this);
imageViewScale. setl ayoutParams(layoutParams_imageViewScale);

imageViewScale.setld(ID_IMAGEVIEWSCALE);
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//imageViewScale.setLayoutParams(new
LinearLayout.LayoutParams(LinearLayout.LayoutParams.FILL_PARENT,LinearLayout
LayoutParams.WRAP_CONTENT));

main.addView(imageViewScale);

startStopButton = new Button(this);

startStopButton.setText("Start");

startStopButton.setOnClickListener(this);

startStopButton.setLayoutParams(new
LinearLayout.LayoutParams(LinearLayout.LayoutParams.MATCH_PARENT,LinearLayou
t.LayoutParams.WRAP_CONTENT));

main.addView(startStopButton);

setContentView(main);

mainActivity = this;

}
@Qverride
public void onBackPressed() {
super.onBackPressed(); tryf
audioRecord.stop();
}
catch(lllegalStateException e)f
Log.e("Stop failed", e.toString());

}

recordTask.cancel(true);

Intent intent = new Intent(Intent. ACTION_MAIN);

intent.addCategory(Intent. CATEGORY _HOME);

intent.setFlags(intent.FLAG_ACTIVITY_NEW_TASK);
startActivity(intent);

}

@Override

protected void onDestroy() {
// TODO Auto-generated method stub
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super.onDestroy();

tryl
audioRecord.stop();

}

catch(lllegalStateException e)f
Log.e("Stop failed", e.toString();

}

recordTask.cancel(true);

Intent intent = new Intent(Intent ACTION_MAIN);

intent.addCategory(Intent. CATEGORY_HOME);

intent.setFlags(Intent.FLAG ACTIVITY NEW_TASK);

startActivity(intent); — 3

//Custom Imageview Class
public class MylmageView extends ImageView {

Paint paintScaleDisplay;

Bitmap bitmapScale;

Canvas canvasScale;

public MylmageView(Context context) {
super(context);
// TODO Auto-generated constructor stub

bitmapScale =
Bitmap.createBitmap((int)512,(int)50,8itmap.Config. ARGB_8888);

paintScaleDisplay = new Paint();
paintScaleDisplay.setColor(Color.WHITE);
paintScaleDisplay.setStyle(Paint.Style.FILL);
canvasScale = new Canvas(bitmapScale),
setimageBitmap(bitmapScale);
invalidate();

}

@Override

protected void onDraw(Canvas canvas)
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// TODO Auto-generated method stub
super.onDraw(canvas);
canvasScale.drawLine(0, 30, 512, 30, paintScaleDisplay);
for(inti = 0,j = 0; i< 512; i=i+128, j++)
for (int k = i; k<(i+128); k=k+16)
canvasScale.drawLine(k, 30, k, 25, paintScaleDisplay);
}
canvasScale.drawline(i, 40, i, 25, paintScaleDisplay);
String text = Integer.toString(j) + " KHz";
canvasScale.drawText(text, i, 45, paintScaleDisplay);
}
canvas.drawBitmap(bitmapScale, 0, 0, paintScaleDisplay);

1.2 daudszadanauazditoya

package com.somitsolutions.android.spectrumanalyzer;

import android.app.Activity;

import android.content.Context;
import android.content.Intent;
import android.content.pm.Activitylnfo;
import android.graphics.Bitmap;
import android.graphics.Canvas;
import android.graphics.Color;

import android.graphics.Paint;

import android.media.AudioFormat;
import android. media.AudioRecord;
import android.media.MediaRecorder;

import android.os.AsyncTask;
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import android.os.Bundle;

import android.util.Log;

import android.view.Display;

import android.view.View;

import android.view.View.OnClickListener;

import android.view.ViewGroup.LayoutParams;
import android.view.ViewGroup.MarginLayoutParams;
import android.view.Window;

import android.view.WindowManager;

import android.widget.Button;

import android.widget.ImageView;

import android.widget.LinearlLayout;

import ca.uol.aig.fftpack.RealDoubleFFT;

import android.app.Notification;

import android.app.NotificationManager;

import android.app.Pendinglntent;

import java.util. ArrayList;

import simpletcplibrary.Simple TCPClient;

import simpletcplibrary.SimpleTCPServer;

import simpletcplibrary. TCPUtils;

import simpletcplibrary.SimpleTCPClient.SendCallback;
import simpletcplibrary.SimpleTCPServer.OnDataReceivedListener;

public class SoundRecordAndAnalysisActivity extends Activity
implementsOnClickListener{
ouble sum=0;
int frequency = 20000;
int channelConfiguration = AudioFormat.CHANNEL CONFIGURATION_MONO;
int audioEncoding = AudioFormat.ENCODING_PCM_16BIT;



AudioRecord audioRecord;

private RealDoubleFFT transformer;
int blockSize=256;// = 256;

Button startStopButton;

boolean started = false;

boolean CANCELLED FLAG = false;

RecordAudio recordTask;
ImageView imageViewDisplaySectrum;
MylmageView imageViewScale;

Bitmap bitmapDisplaySpectrum;

Canvas canvasDisplaySpectrum;

Paint paintSpectrumDisplay;

Paint paintScaleDisplay;

static SoundRecordAndAnalysisActivity mainActivity;
LinearLayout main;

int width;

int height;

int left_Of BimapScale;

int left_Of DisplaySpectrum;

private final static int ID_BITMAPDISPLAYSPECTRUM = 1;

private final static int ID_IMAGEVIEWSCALE = 2;

@Qverride

a4
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public void onWindowFocusChanged (boolean hasFocus) {
//left_Of BimapScale = main.getC.getleft();
MylmageView scale =
(MylmageView)main.findViewByld(ID_IMAGEVIEWSCALE);
ImageView bitmap =
(ImageView)main.findViewByld(ID_BITMAPDISPLAYSPECTRUM);
left Of BimapScale = scale.getLeft();
left_ Of DisplaySpectrum = bitmap.getLeft();
}
@SuppressWarnings("deprecation”)
private void Notify(String notificationTitle, String notificationMessage) {
NotificationManager - notificationManager -~ = (NotificationManager)
getSystemService(NOTIFICATION SERVICE);
@SuppressWarnings('deprecation”)
Notification notification = new Notification(R.drawable.ic_launcher, "New

Message", System.currentTinmeMillis();

Intent notificationintent = new
Intent(this,SoundRecordAndAnalysisActivity.class);
Pendingintent . pendinglntent . = Pendinglntent.getActivity(this, 0,

notificationintent, 0);

notification.setLatestEventinfo(SoundRecordAndAnalysisActivity.this,
notificationTitle,
notificationMessage, pendingintent);

notificationManager.notify(9999, notification);

private class RecordAudio extends AsyncTask<Void, double[], Boolean> {
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@Override

protected Boolean dolnBackground(Void... params) {

int bufferSize = AudioRecord.getMinBufferSize(frequency,
channelConfiguration, audioEncoding);
audioRecord = new AudioRecord(
MediaRecorder.AudioSource.DEFAULT, frequency,
channelConfiguration, audioEncoding, bufferSize);
int bufferReadResult;
short[] buffer = new short[blockSizel;
double[] toTransform = new double[blockSizel;
try {
audioRecord.startRecording();
} catch (IllegalStateException e) {
Log.e("Recording failed", e.toString();

}
while (started) {

if (isCancelled() || (CANCELLED FLAG == true)){

started = false;
//publishProgress(cancelledResult);
Log.d("dolnBackground", "Cancelling the RecordTask");
break;

telse {

bufferReadResult = audioRecord.read(buffer, 0, blockSize);

for (inti = 0; i < blockSize && i < bufferReadResult; i++) {
toTransform[i] = (double) buffer[i] / 32768.0; // signed 16 bit
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transformer.ft(toTransform);

publishProgress(toTransform);

}
return true;
}
@Qverride
protected void onProgressUpdate(double(]...progress) {

Log.e("RecordingProgress”, "Displaying in progress");

Log.d("Test:", Integer.toString(progress[0].length));

int z=0;
double t=0;
for(int j=0; <2; j++ )
{
if((int)(Math.abs(progress[0][j1)*1000)>100000)

SUM++;

if(sum>=1)
{ long a= System.nanotime();
String b = Long.toString(a);

String message = "Devicel : "+ by;
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String ip = "192.168.1.2";
SimpleTCPClient.send(message, ip, 21111, new SendCallback() {
public void onSuccess(String tag) {}

public void onFailed(String tag) {}

}, "TAG");
Notify("ALERT",b);

try { Thread.sleep(0);
}

catch (InterruptedException ie) {
// Handle the exception

}
// sum=0;

imageViewDisplaySectrum.invalidate();

1
@Qverride
protected void onPostExecute(Boolean result) {
super.onPostExecute(result);
try{
audioRecord.stop();
}
catch(lllegalStateException e}
Log.e("Stop failed", e.toString();
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canvasDisplaySpectrum.drawColor(Color.BLACK);

imageViewDisplaySectrum.invalidate();

protected void onCancelled(Boolean result){

tryf
audioRecord.stop();

}

catch(lllegalStateException e)f
Log.e("Stop failed", e.toString();

/* //recordTask.cancel(true);
Log.d("FFTSpectrumAnalyzer',"onCancelled: New Screen");
Intent intent = new Intent(Intent. ACTION_MAIN);
intent.addCategory(Intent. CATEGORY_HOME);
intent.setFlags(intent.FLAG_ACTIVITY_NEW TASK);
startActivity(intent);

¥/

public void onClick(View v) {
if (started == true) {
//started = false;
CANCELLED FLAG = true;

//recordTask.cancel(true);

tryd



audioRecord.stop();

}

catch(lllegalStateException e)f
Log.e("Stop failed", e.toString());

}
startStopButton.setText("Start");

canvasDisplaySpectrum.drawColor(Color.BLACK);

else {
started = true;
CANCELLED FLAG = false;
startStopButton.setText("Stop");
recordTask = new RecordAudio();

recordTask.execute();

}
static SoundRecordAndAnalysisActivity getMainActivity(){

return mainActivity;

public void onStop(){
super.onStop();
/% try

audioRecord.stop();

50
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catch(lllegalStateException e}
Log.e("Stop failed", e.toString();

P/
recordTask.cancel(true);
Intent intent = new Intent(Intent. ACTION_MAIN);
intent.addCategory(Intent. CATEGORY HOME);
intent.setFlags(intent.FLAG ACTIVITY _NEW_TASK);
startActivity(intent);

public void onStart(){

super.onStart();
main = new LinearLayout(this);
main.setLayoutParams(new
LayoutParams(LayoutParams.MATCH PARENT,android.view.ViewGroup.LayoutP
arams.MATCH_PARENT));
main.setOrientation(LinearLayout. VERTICAL);
setRequestedOrientation(Activitylnfo.SCREEN ORIENTATION_PORTRAIT);
requestWindowFeature(Window.FEATURE - NO_TITLE),
getWindow().setFlags(WindowManager.LayoutParams.FLAG_FULLSCREEN,
WindowManager.LayoutParams.FLAG_FULLSCREEN);

transformer = new RealDoubleFFT(blockSize);

imageViewDisplaySectrum = new ImageView(this);
if(width > 512){
bitrapDisplaySpectrum =
Bitmap.createBitmap((int)512,(int)300,Bitmap.Config. ARGB_8888);
}
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else{
bitmapDisplaySpectrum =
Bitmap.createBitmap((int)256,(int)150,Bitmap.Config. ARGB_8888);
}
LinearLayout.LayoutParams layoutParams_imageViewScale = null;
//Bitmap scaled = Bitmap.createScaledBitmap(bitmapDisplaySpectrum,
320, 480, true);
canvasDisplaySpectrum = new Canvas(bitmapDisplaySpectrum);
//canvasDisplaySpectrum = new Canvas(scaled);
paintSpectrumDisplay = new Paint();
paintSpectrumDisplay.setColor(Color.GREEN);
imageViewDisplaySectrum.setimageBitmap(bitmapDisplaySpectrum);
iftwidth >512){

//imageViewDisplaySectrum.setLayoutParams(new
LinearLayout.LayoutParams(LinearLayout.LayoutParams.FILL_PARENT LinearlLa
yout.LayoutParams.WRAP_CONTENT));

LinearLayout.LayoutParams
layoutParams_imageViewDisplaySpectrum=new
LinearLayout.LayoutParams(LinearLayout.LayoutParams.WRAP_CONTENT,
LinearLayout.LayoutParams.WRAP. CONTENT);

((MarginLayoutParams)
layoutParams_imageViewDisplaySpectrum).setMargins(100, 600, 0, 0);

image\/iewDIspLaySectrum.setLayoutParams(layoutParams_imégeViewDispLayS
pectrum);

layoutParams_imageViewScale= new
LinearLayout.LayoutParams(LinearLayout.LayoutParams.WRAP_CONTENT,
LinearLayout.LayoutParams.WRAP_CONTENT);

//layoutParams_imageViewScale gravity =

Gravity.CENTER HORIZONTAL;
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((MarginLayoutParams) layoutParams_imageViewScale).setMargins(100,

20, 0, 0);

else if (width >320) && (width<512))}

LinearLayout.LayoutParams
layoutParams_imageViewDisplaySpectrum=new
LinearLayout.LayoutParams(LinearLayout.LayoutParams.WRAP_CONTENT,
LinearLayout.LayoutParams.\WRAP_CONTENT);

((MarginLayoutParams)
layoutParams_imageViewDispLaySpectrum).setMargins(60, 25008 0):

//\ayoutParams_imageViewDisplaySpectrum.gravity =
Gravity.CENTER HORIZONTAL;

imageViewDisplaySectrum.setLayoutParams(layoutParams_imageViewDisplayS

pectrum);

//imageViewDisplaySectrum.setlLayoutParams(new
LinearLayout.LayoutParams(LinearLayout.LayoutParams.FILL_PARENT LinearlLa
yout.LayoutParams.WRAP. CONTENT));

layoutParams._imageViewScale=new
LinearLayout.LayoutParams(LinearLayout.LayoutParams.WRAP_CONTENT,
LinearLayout.LayoutParams.WRAP_CONTENT);

((MarginLayoutParams) layoutParams_imageViewScale).setMargins(60,
20, 0, 100);

//\ayoutParams_imageViewScale.gravity =
Gravity.CENTER_HORIZONTAL,;

}

else if (width < 320)
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/*LinearLayout.LayoutParams
layoutParams_imageViewDisplaySpectrum=new
LinearLayout.LayoutParams(LinearLayout.LayoutParams.FILL_PARENT,
LinearLayout.LayoutParams.WRAP_CONTENT);

((MarginLayoutParams)
layoutParams_imageViewDisplaySpectrum).setMargins(30, 100, 0, 100);

imageViewDisplaySectrum.setlLayoutParams(layoutParams_imageViewDisplayS
pectrum);*/
imageViewDisplaySectrum.setlayoutParams(new
LinearLayout.LayoutParams(LinearLayout.LayoutParams.MATCH _PARENT Linea
rLayout.LayoutParams.WRAP_CONTENT));
layoutParams_imageViewScale=new
LinearLayout.LayoutParams(LinearLayout.LayoutParams.MATCH PARENT,
LinearLayout.LayoutParams.WRAP._CONTENT);
/NayoutParams_imageViewScale.gravity = Gravity.CENTER;
}
imageViewDisplaySectrum.setld(ID_BITMAPDISPLAYSPECTRUM);

main.addView(imageViewDisplaySectrum);

imageViewScale = new MylmageView(this);
imageViewScale.setlLayoutParams(layoutParams_imageViewScale);

imageViewScale.setld(ID_IMAGEVIEWSCALE);

//imageViewScale.setLayoutParams(new
LinearLayout.LayoutParams(LinearLayout.LayoutParams.FILL PARENT,LinearlLa
yout.LayoutParams.WRAP_CONTENT));

main.addView(imageViewScale);

startStopButton = new Button(this);
startStopButton.setText("Start");
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startStopButton.setOnClickListener(this);

startStopButton.setLayoutParams(new
LinearLayout.LayoutParams(LinearLayout.LayoutParams.MATCH_PARENT,Linea
rLayout.LayoutParams.WRAP_CONTENT));

main.addView(startStopButton);

setContentView(main);

mainActivity = this;

}
@QOverride
public void onBackPressed() {

super.onBackPressed();

try{
audioRecord.stop();

}

catch(lllegalStateException e)f
Log.e("Stop failed", e.toString());

}

recordTask.cancel(true);

Intent intent = new Intent(Intent. ACTION_MAIN);
intent.addCategory(Intent. CATEGORY HOME);
intent.setFlags(Intent.FLAG_ACTIVITY NEW TASK);
startActivity(intent);

@0verride



protected void onDestroy() {

// TODO Auto-generated method stub

super.onDestroy();

T
audioRecord.stop();

}

catch(lllegalStateException e)f
Log.e("Stop failed", e.toString();

}
recordTask.cancel(true);
Intent intent = new Intent(intent ACTION_MAIN);
intent.addCategory(Intent. CATEGORY_HOME);
intent.setFlags(intent.FLAG ACTIVITY_NEW_TASK);
startActivity(intent);
}
//Custom Imageview Class
public class MylmageView extends ImageView {
Paint paintScaleDisplay;
Bitmap bitmapScale;
Canvas canvasScale;
public MylmageView(Context context) {
super(context);
// TODO Auto-generated constructor stub
iflwidth >512)
bitmapScale
Bitmap.createBitmap((int)512,(int)50,Bitmap.Config. ARGB_8888);
}
else{
bitmapScale
Bitmap.createBitmap((int)256,(int)50,Bitmap.Config. ARGB_8888);



}

B

paintScaleDisplay = new Paint();
paintScaleDisplay.setColor(Color. WHITE);
paintScaleDisplay.setStyle(Paint.Style.FILL);

canvasScale = new Canvas(bitmapScale);

setimageBitmap(bitmapScale);

invalidate();

@Qverride

protected void onDraw(Canvas canvas)

{

/7 TODO Auto-generated method stub

super.onDraw(canvas);

iftwidth > 512){
canvasScale.drawLine(0, 30, 512, 30, paintScaleDisplay);
for(inti.=.0,) = 0: i< 512; i=i+128, j++)
for (int k = i; k<(i+128); k=k+16){
canvasScale.drawline(k, 30, k, 25, paintScaleDisplay);
}
canvasScale.drawlLine(i, 40, i, 25, paintScaleDisplay);
String text = Integer.toString(j) + " KHz";
canvasScale.drawText(text, i, 45, paintScaleDisplay);
}
canvas.drawBitmap(bitmapScale, 0, 0, paintScaleDisplay);
}
else if (width >320) && (width<512)){
canvasScale.drawlLine(0, 30, 0 + 256, 30, paintScaleDisplay);



for(int i = 0,j = 0; i<256; i=i+64, j++)

for (int k = i; k<(i+64); k=k+8)
canvasScale.drawLine(k, 30, k, 25, paintScaleDisplay);

}
canvasScale.drawLine(i, 40, i, 25, paintScaleDisplay);
String text = Integer.toString(j) + " KHz";
canvasScale.drawText(text, i, 45, paintScaleDisplay);

|

canvas.drawBitmap(bitmapScale, 0, 0, paintScaleDisplay);

else if (width <320}

canvasScale.drawLine(0, 30, 256, 30, paintScaleDisplay);

for(int i = 0,j = 0; i1<256; i=i+64, j++){
for (int k = i+ k<(i+64); k=k+8)

canvasScale.drawLine(k, 30, k, 25, paintScaleDisplay);

}
canvasScale.drawline(i, 40, i, 25, paintScaleDisplay);
String text = Integer.toString(j) + " KHz",
canvasScale.drawText(text, i, 45, paintScaleDisplay);

}

canvas.drawBitrap(bitmapScale, 0,0, paintScaleDisplay);
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2. Iamaumsnisminamealusunsy Matlab
syms X y
tl=;
2=
egqnl =( sgri((x-0)A2 + (y-5)02) -sqgrt((x-0)A2 + (y-0)A2) )==345%(-t1);
eqn2 = (sqri((x-20)A2 + (y-5)A2)- sqril(x-20)72 + (y-0)A2))==345%(-t2);
sol = solve(legnl, eqn2], [x, yD);
xSol = sol.x

ySol = soly
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Chapter 3

3. Creating an Example Android App in Android
Studio

he preceding chapters of this book have covered the steps necessary to configure an environment suitable for the
Tdevelopment of Android applications using the Android Studio IDE. Before moving on to slightly more advanced topics, now
is a good time to validate that all of the required development packages are installed and functioning correctly. The best way
to achieve this goal is to create an Android application and compile and run it. This chapter will cover the creation of a simple
Android application project using Android Studio. Once the project has been created, a later chapter will explore the use of the
Android emulator environment to perform a test run of the application.

3.1 Creating a New Android Project

The first step in the application development process is to create a new project within the Android Studio environment. Begin,
therefore, by launching Android Studio so that the “Welcome to Android Studio” screen appears as illustrated in Figure 3-1:

k @ Iriport i Android code semple

Eh ,Vi 1| Check but project feorn Version Cantiol

f5i el
l & Import Non-Andisid Studio project.
e : £ gh !

£ §E? Docs and How-Tos

Anerod Shiche 181 Bt 136 165

Figure 3-1

Once this window appears, Android Studio is ready for a new project to be created. To create the new project, simply click on
the Start a new Android Studio project option to display the first screen of the New Project wizard as shown in Figure 3-2:

13
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® Create New Project : | x|

- New Project

' Android Studio

- Applica !W . | My Application|
gmny.ﬁéma'im ;eb.on.kfrenzy.com I

| Package name: cemeboukfreﬁ'i.myappiic’atioq IS B : Edit

© Projectiocation: | CAUsers\NeilvindroidStudioProjects\MyApplication I

Figure 3-2

3.2 Defining the Project and SDK Settings

In the New Project window, set the Application name field to AndroidSample. The application name is the name by which the
application will be referenced and identified within Android Studio and is also the name that will be used when the completed
application goes on sale in the Google Play store.

The Package Name is used to uniquely identify the application within the Android application ecosystem. It should be based on
the reversed URL of your domain name followed by the name of the application. For example, if your domain is
www.mycompany.com, and the application has been named AndroidSample, then the package name might be specified as
follows:

. com.mycompany.androidsample

If you do not have a domain name, you may also use ebookfrenzy.com for the purposes of testing, though this will need to be
changed before an application can be published:

com.ebookfrenzy.androidsample

The Project location setting will default to a location in the folder named AndroidStudioProjects located in your home directory
and may be changed by clicking on the button to the right of the text field containing the current path setting.

Click Next to proceed. On the form factors screen, enable the Phone and Tablet option and set the minimum SDK setting to API
8: Android 2.2 (Froyo). The reason for selecting an older SDK release is that this ensures that the finished application will be able
to run on the widest possible range of Android devices. The higher the minimum SDK selection, the more the application will be
restricted to newer Android devices. A useful chart (Figure 3-3) can be viewed by clicking on the Help me choose link. This
outlines the various SDK versions and API levels available for use and the percentage of Android devices in the marketplace on
which the application will run if that SDK is used as the minimum level. In general it should only be necessary to select a more

14
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recent SDK when that release contains a specific feature that is required for your application. To help in the decision process,
selecting an API level from the chart will display the features that are supported at that level.

Figure 3-3

Since the project is not intended for Google TV, Google Glass or wearable devices, leave the remaining options disabled before
clicking Next.

3.3 Creating an Activity

The next step is to define the type of initial activity that is to be created for the application. A range of different activity types is
available when developing Android applications. The Master/Detail Flow option will be covered in a later chapter. For the
purposes of this example, however, simply select the option to create a Blank Activity.

Cfeate Rew iject

9

Es}gn -y

¢
i
i
Add No Activity :
H
i

Blank Activity Blank Activity with Fragment

1§ oS

Figure 3-4



Creating an Example Android App in Android Studio

With the Blank Activity option selected, click Next. On the final screen (Figure 3-5) name the activity and title
AndroidSampleActivity. The activity will consist of a single user interface screen layout which, for the purposes of this example,
should be named activity_android_sample as shown in Figure 3-5 and with a menu resource named menu_android_sample:

Figure 3-5
Finally, click on Finish to initiate the project creation process.

3.4 Modifying the Example Application

At this point, Android Studio has created a minimal example application project and opened the main window.

Figure 3-6

The newly created project and references to associated files are listed in the Project tool window located on the left hand side
of the main project window. The Project tool window has a number of modes in which information can be displayed. By default,

16
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this panel will be in Android mode. This setting is controlled by the drop down menu at the top of the panel as highlighted in

Figure 3-6. If the panel is not currently in Android mode, click on this menu and switch to Android mode:

* Project Files
* Problems
* Production
L] Tes‘s

B

b {2 Gradle Scripts

Figure 3-7

The example project created for us when we selected the option to create an activity consists of a user interface containing a
label that will read “Hello World” when the application is executed.

The next step in this tutorial is to modify the user interface of our application so that it displays a larger text view object with a
different message to the one provided for us by Android Studio.

The user interface design for our activity is stored in a file named activity_android_sample.xml which, in turn, is located under

app -> res -> layout in the project file hierarchy. Using the Project tool window, locate this file as illustrated in Figure 3-8:

# 3 manifests
# Djava
¥ Edres
b drawable
v &1 layout
£33 activity_android samplexml
» [ menu
» [Elvalues
{¥ Gradle Scripts

Figure 3-8

Once located, double click on the file to load it into the User Interface Designer tool which will appear in the center panel of the

Android Studio main window:
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B8 Large Text
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Figure 3-9

Inthe toolbar across the top of Designer window is a menu currently set to Nexus 4 which is reflected in the visual representation
of the device within the Designer panel. A wide range of other device options are available for selection by clicking on this menu.

To change the orientation of the device representation between landscape and portrait simply use the drop down menu
e

immediately to the right of the device selection menu showing the L con.

As can be seen in the device screen, the layout already includes a label that displays a Hello World! message. Running down the
left hand side of the panel is a palette containing different categories of user interface components that may be used to
construct a user interface, such as buttons, labels and text fields. It should be noted, however, that not all user interface
components are obviously visible to the user. One such category consists of /ayouts. Android supports a variety of different
layouts that provide different levels of control over how visual user interface components are positioned and managed on the
screen. Though it is difficult to tell from looking at the visual representation of the user interface, the current design has been
created using a Relativelayout. This can be confirmed by reviewing the information in the Component Tree panel which, by
default, is located in the upper right hand corner of the Designer panel and is shown in Figure 3-10:
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e e e

hd Device Screen

5 ﬁﬂeldtweuyout iy
{B) FextView - Hstring?helio world

Figure 3-10

As we can see from the component tree hierarchy, the user interface consists of a RelativeLayout parent with a single child in
the form of a TextView object.

The first step in modifying the application is to delete the TextView component from the design. Begin by clicking on the
TextView object within the user interface view so that it appears with a blue border around it. Once selected, press the Delete
key on the keyboard to remove the object from the layout.

In the Palette panel, locate the Widgets category. Click and drag the Large Text object and drop it in the center of the user
interface design when the green marker lines appear to indicate the center of the display:

Figure 3-11

The Android Studio Designer tool also provides an alternative to dragging and dropping components from the palette on to the

design layout. Components may also be added by selecting the required object from the palette and then simply clicking on the
layout at the location where the component is to be placed.
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The next step is to change the text that is currently displayed by the TextView component. Double click on the object in the
design layout to display the text and id editing panel as illustrated in Figure 3-12. Within the panel, change the text property
from “Large Text” to “Welcome to Android Studio”.

e m

e (BRI

Figure 3-12

At this point it is important to explain the light bulb next to the TextView object in the layout. This indicates a possible problem
and provides some recommended solutions. Clicking on the icon in this instance informs us that the problem is as follows:

[118N] Hardcoded [String S%€leome, 16 Addchid)5Rudif”) shouiesuscBetring gosource

This 118N message is informing us that a potential issue exists with regard to the future internationalization of the project
(“I18N” comes from the fact that the word “internationalization” begins with an “I”, ends with an “N” and has 18 letters in
between). The warning is reminding us that when developing Android applications, attributes and values such as text strings
should be stored in the form of resources wherever possible. Doing so enables changes to the appearance of the application to
be made by modifying resource files instead of changing the application source code. This can be especially valuable when
translating a user interface to a different spoken language. If all of the text in a user interface is contained in a single resource
file, for example, that file can be given to a translator who will then perform the translation work and return the translated file
for inclusion in the application. This enables multiple languages to be targeted without the necessity for any source code changes
to be made. In this instance, we are going to create a new resource named welcomestring and assign to it the string “Welcome
to Android Studio”.

Click on the arrow to the right of the warning message to display the menu of possible solutions (Figure 3-13).

string 1esource ‘#._.'Zsﬁﬁgirﬁbufcé SRR
% Disable inspection
% Edit 'Hardcoded text' inspection settings

Suppress with @Suppresslint (Java) ortoolsignore XML

Figure 3-13

From the menu, select the Extract string resource option to display the Extract Resource dialog. In this dialog, enter
welcomestring into the Resource name: field before clicking on OK. The string is now stored as a resource in the app -> res ->
values -> strings.xml file.

3.5 Reviewing the Layout and Resource Files

Before moving on to the next chapter, we are going to look at some of the internal aspects of user interface design and resource
handling. In the previous section, we made some changes to the user interface by modifying the activity_android_sample.xml
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file using the Ul Designer tool. In fact, all that the Designer was doing was providing a user-friendly way to edit the underlying

XML content of the

file. In practice, there is no reason why you cannot modify the XML directly in order to make user interface

changes and, in some instances, this may actually be quicker than using the Designer tool. At the bottom of the Designer panel
are two tabs labeled Design and Text respectively. To switch to the XML view simply select the Text tab as shown in Figure 3-14:

Al

A

@

% | B activity_android semplent x & B stingrami x|

fandroitahtip:f/ € hemAs . anAroid , oomlapnk/ res and

ativelay:

xmIns:toals="NLrp: //schenas, android. cou/tonls® android:layout width="natch parent™
android:layout heights="mztch parent” android:paddingleft=Nifidp"

android: paddingRight="16<p"

androidipaddingtops"1sdp*

android: 16dp® tool - ty>

<TextView
sndroid:layout width="wrap content®
android:layout_heightwwrap content”
android: texthppearance="7androisd:atir/ texthypearancelarge”
androids texte"EFLeings)
android:id="+id/tentVi
android:layout_centerVertical="true”
android:layout_centerHorizental="trus™ />

Relativelayout>

Figure 3-14

As can be seen from the structure of the XML file, the user interface consists of the RelativeLayout component, which in turn,
is the parent of the TextView object. We can also see that the text property of the TextView is set to our welcomestring resource.
Although varying in complexity and content, all user interface layouts are structured in this hierarchical, XML based way.

One of the more powerful features of Android Studio can be found to the right hand side of the XML editing panel. This is the
Preview panel and shows the current visual state of the layout. As changes are made to the XML layout, these will be reflected
in the preview panel. To see this in action, modify the XML layout to change the background color of the Relativelayout to a

shade of red as follows:

<Relativelayout xzmlns:android="http://schemas.android.com/apk/res/android"
xmlns:tools="http://schemas.android.com/tools"
android:layout width="match parent"
android:layout height="match parent"
android:paddingleft="@dimen/activity horizontal margin"

android:paddingRight="@dimen/activity herizontal margin"
android:paddingTop="@dimen/activity vertical margin"
android:paddingBottom="@dimen/activity vertical margin"
tools:context=".AndroidSampleActivity"
android:background="#££2438">

<TextView
android:layout width="wrap content"

android:layout_height="wrap_content"
android:textBAppearance="%android:attr/textAppearancelarge"
android:text="@string/welcomestring"
android:id="@+id/textView"

andreid:layout centerxVertical="true"

android:layout centerHorizontal="true" />
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</Relativelayout>

Note that the color of the preview changes in real-time to match the new setting in the XML file. Note also that a small red
square appears in the left hand margin (also referred to as the gutter) of the XML editor next to the line containing the color
setting. This is a visual cue to the fact that the color red has been set on a property. Change the color value to #a0ff28 and note
that both the small square in the margin and the preview change to green.

Finally, use the Project view to locate the app -> res -> values -> strings.xml file and double click on it to load it into the editor.
Currently the XML should read as follows:

<?xml version="1.0" encoding="utf-8"?>
. <resources>

<string name="app name">AndroidSample</string>

<string name="hello world">Hello world!</string>

<string name="action settings">Settings</string>

<string name="welcomestring">Welcome to Android Studio</string>

As a demonstration of resources in action, change the string value currently assigned to the welcomestring resource and then
return to the Designer by selecting the tab for the layout file in the editor panel. Note that the layout has picked up the new
resource value for the welcome string.

There is also a quick way to access the value of a resource referenced in an XML file. With the Designer tool in Text mode, click
on the “@string/welcomestring” property setting so that it highlights and then press Ctrl+B on the keyboard. Android Studio
will subsequently open the strings.xmi file and take you to the line in that file where this resource is declared. Use this
opportunity to revert the string resource back to the original “Welcome to Android Studio” text.

3.6 Previewing the Layout

So far in this chapter, the layout has only been previewed on a representation of the Nexus 4 device. As previously discussed,
the layout can be tested for other devices by making selections from the device menu in the toolbar across the top edge of the
Designer panel. Another useful option provided by this menu is Preview All Screen Sizes which, when selected, shows the layout
in all currently configured device configurations as demonstrated in Figure 3-15:
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Figure 3-15

To revert to a single preview layout, select the device menu once again, this time choosing the Remove Previews option.

3.7 Summary

Whilst not excessively complex, a number of steps are involved in setting up an Android development environment. Having
performed those steps, it is worth working through a simple example to make sure the environment is correctly installed and
configured. In this chapter, we have created a simple application and then used the Android Studio Ul Designer to madify the
user interface layout. In doing so, we explored the importance of using resources wherever possible, particularly in the case of
string values, and briefly touched on the topic of layouts. Finally, we looked at the underlying XML that is used to store the user
interface designs of Android applications.

Whilst it is useful to be able to preview a layout from within the Android Studio Designer tool, there is no substitute for testing
an application by compiling and running it. In a later chapter entitled Creating an Android Virtual Device (AVD) in Android Studio,
the steps necessary to set up an emulator for testing purposes will be covered in detail. Before running the application, however,
the next chapter will take a small detour to provide a guided tour of the Android Studio user interface.

23



INTRODUCTION TO MATLAB FOR
ENGINEERING STUDENTS

David Houcque
Northwestern University

(version 1.2, August 2005)



recommend the following books: [2], [3], [4], [5], [6], [7], [8], and [9]. They are excellent in
their specific applications.

1.2 Basic features

As we mentioned earlier, the following TUTORIAL lessons are designed to get you started
quickly in MATLAB. The lessons are intended to make you familiar with the basics of
MATLAB. We urge you to complete the EXERCISES given at the end of each lesson.

1.3 A minimum MATLAB session

The goal of this minimum session (also called starting and exiting sessions) is to learn the
first steps:

e How to log on
e Invoke MATLAB
e Do a few simple calculations

e How to quit MATLAB

1.3.1 Starting MATLAB

After logging into your account, you can enter MATLAB by double-clicking on the MATLAB
shortcut icon (MATLAB 7.0.4) on your Windows desktop. When you start MATLAB, a

special window called the MATLAB desktop appears. The desktop is a window that contains
other windows. The major tools within or accessible from the desktop are:

e The CoMmMAND WINDOW
e The CoMMAND HISTORY
e The WORKSPACE

The CURRENT DIRECTORY

The HELP BROWSER

The START button



Menus changs, ) )
dependingonthe  Usatab togo View or Mave Command Window outside of
tool you are toWorkspace  Get help.  changacurrent deskiop (undock).

currently using. browser. diractory.

| Command Window

¥ BNRohid 4 B &
Copyright 1984-2005 The MathWorks, Inc.
Version 7.0.4 (R145P2)

To get started, select NATLAB Help or Demos from th

re on
format long e
ed d:/mpnfiles/sea te.

Click start View or exscute Drag the separator bar nter MATLAB functions at
button for quick  previously run functions to resize windows. command-line prompt.
access to tools from the Command

and more. History window:

Figure 1.1: The graphical interface to the MATLAB workspace



When MATLAB is started for the first time, the screen looks like the one that shown
in the Figure 1.1. This illustration also shows the default configuration of the MATLAB
desktop. You can customize the arrangement of tools and documents to suit your needs.

Now, we are interested in doing some simple calculations. We will assume that you
have sufficient understanding of your computer under which MATLAB is being run.

You are now faced with the MATLAB desktop on your computer, which contains the prompt
(>>) in the Command Window. Usually, there are 2 types of prompt:

b3 for full version
EDU> for educational version

NoTE: To simplify the notation, we will use this prompt, >>, as a standard prompt sign,
though our MATLAB wversion is for educational purpose.

1.3.2 Using MATLAB as a calculator

As an example of a simple interactive calculation, just type the expression you want to
evaluate. Let’s start at the very beginning. For example, let’s suppose you want to calculate
the expression, 1 + 2 x 3. You type it at the prompt command (>>) as follows,

>> 1+42%3
ans =

You will have noticed that if you do not specify an output variable, MATLAB uses a
default variable ans, short for answer, to store the results of the current calculation. Note
that the variable ans is created (or overwritten, if it is already existed). To avoid this, you
may assign a value to a variable or output argument name. For example,

>> = 142%3

X

~ X

will result in x being given the value 1 42 % 3 = 7. This variable name can always
be used to refer to the results of the previous computations. Therefore, computing 4z will
result in

>> 4%xx
ans =
28.0000

Before we conclude this minimum session, Table 1.1 gives the partial list of arithmetic
operators.



Table 1.1: Basic arithmetic operators
SyYyMBOL (OPERATION EXAMPLE

+ Addition 243
Subtraction 2—-3

* Multiplication 243

/ Division 2/3

1.3.3 Quitting MATLAB

To end your MATLAB session, type quit in the Command Window, or select File — Exit
MATLAB in the desktop main menu.

1.4 Getting started

After learning the minimum MATLAB session, we will now learn to use some additional
operations.

1.4.1 Creating MATLAB variables

MATLAB variables are created with an assignment statement. The syntax of variable as-
signment is

variable name = a value (or an expression)

For example,
>> x = expression

where expression is a combination of numerical values, mathematical operators, variables,
and function calls. On other words, expression can involve:

e manual entry
e built-in functions

e user-defined functions



1.4;2 Overwriting variable

Once a variable has been created, it can be reassigned. In addition, if you do not wish to
see the intermediate results, you can suppress the numerical output by putting a semicolon
(;) at the end of the line. Then the sequence of commands looks like this:

>> t = 5;
>> t = t+1
t -

1.4.3 Error messages

If we enter an expression incorrectly, MATLAB will return an error message. For example,
in the following, we left out the multiplication sign, *, in the following expression

>> x = 10;
>> bx
77?7 bx

Error: Unexpected MATLAB expression.

1.4.4 Making corrections

To make corrections, we can, of course retype the expressions. But if the expression is
lengthy, we make more mistakes by typing a second time. A previously typed command
can be recalled with the up-arrow key 7. When the command is displayed at the command
prompt, it can be modified if needed and executed.

1.4.5 Controlling the hierarchy of operations or precedence

Let’s consider the previous arithmetic operation, but now we will include parentheses. For
example, 1+ 2 x 3 will become (1 +2) x 3

>> (1+2) %3

ans =

9

and, from previous example



>> 1+2%3
ans =

By adding parentheses, these two expressions give different results: 9 and 7.

The order in which MATLAB performs arithmetic operations is exactly that taught
in high school algebra courses. Ezponentiations are done first, followed by multiplications
and divisions, and finally by additions and subtractions. However, the standard order of
precedence of arithmetic operations can be changed by inserting parentheses. For example,
the result of 142 x 3 is quite different than the similar expression with parentheses (1+2)x 3.
The results are 7 and 9 respectively. Parentheses can always be used to overrule priority,
and their use is recommended in some complex expressions to avoid ambiguity.

Therefore, to make the evaluation of expressions unambiguous, MATLAB has estab-
lished a series of rules. The order in which the arithmetic operations are evaluated is given
in Table 1.2. MATLAB arithmetic operators obey the same precedence rules as those in

Table 1.2: Hierarchy of arithmetic operations
PRECEDENCE MATHEMATICAL OPERATIONS

First The contents of all parentheses are evaluated first, starting
from the innermost parentheses and working outward.

Second All exponentials are evaluated, working from left to right

Third All multiplications and divisions are evaluated, working
from left to right

Fourth All additions and subtractions are evaluated, starting

from left to right

most computer programs. For operators of equal precedence, evaluation is from left to right.
Now, consider another example:

1 +4><§
2432 & T

In MATLAB, it becomes

>> 1/(2+372)+4/5%6/7
ans =
0.7766

or, if parentheses are missing,

>> 1/2+3°2+4/5%6/7
ans =
10.1857



So here what we get: two different results. Therefore, we want to emphasize the importance
of precedence rule in order to avoid ambiguity.

1.4.6 Controlling the appearance of floating point number

MATLAB by default displays only 4 decimals in the result of the calculations, for example
—163.6667, as shown in above examples. However, MATLAB does numerical calculations
in double precision, which is 15 digits. The command format controls how the results of
computations are displayed. Here are some examples of the different formats together with
the resulting outputs.

>> format short
>> x=-163.6667

If we want to see all 15 digits, we use the command format long

>> format long
>> x= -1.636666666666667e+002

To return to the standard format, enter format short, or simply format.

There are several other formats. For more details, see the MATLAB documentation,
or type help format.

NoOTE - Up to now, we have let MATLAB repeat everything that we enter at the
prompt (>>). Sometimes this is not quite useful, in particular when the output is pages en
length. To prevent MATLAB from echoing what we type, simply enter a semicolon (;) at
the end of the command. For example,

>> x=-163.6667;

and then ask about the value of x by typing,

>> X
% =

-163.6667

1.4.7 Managing the workspace

The contents of the workspace persist between the executions of separate commands. There-
fore, it is possible for the results of one problem to have an effect on the next one. To avoid
this possibility, it is a good idea to issue a clear command at the start of each new inde-
pendent calculation.



>> clear

The command clear or clear all removes all variables from the workspace. This
frees up system memory. In order to display a list of the variables currently in the memory,
type

>> who

while, whos will give more details which include size, space allocation, and class of the
variables.

1.4.8 Keeping track of your work session

It is possible to keep track of everything done during a MATLAB session with the diary
command.

>> diary
or give a name to a created file,
>> diary FileName

where FileName could be any arbitrary name you choose.

The function diary is useful if you want to save a complete MATLAB session. They
save all input and output as they appear in the MATLAB window. When you want to stop
the recording, enter diary off. If you want to start recording again, enter diary on. The
file that is created is a simple text file. It can be opened by an editor or a word processing
program and edited to remove extraneous material, or to add your comments. You can
use the function type to view the diary file or you can edit in a text editor or print. This
command is useful, for example in the process of preparing a homework or lab submission.

1.4.9 Entering multiple statements per line

It is possible to enter multiple statements per line. Use commas (,) or semicolons (;) to
enter more than one statement at once. Commas (,) allow multiple statements per line
without suppressing output.

>> a=7; b=cos(a), c=cosh(a)
b =

0.6570
c =

548.3170



1.4.10 Miscellaneous commands
Here are few additional useful commands:
e To clear the Command Window, type clc

e To abort a MATLAB computation, type ctrl-c

¢ To continue a line, type ...

1.4.11 Getting help

To view the online documentation, select MATLAB Help from Help menu or MATLAB Help
directly in the Command Window. The preferred method is to use the Help Browser. The
Help Browser can be started by selecting the 7 icon from the desktop toolbar. On the other
hand, information about any command is available by typing

>> help Command

Another way to get help is to use the lookfor command. The lookfor command differs
from the help command. The help command searches for an exact function name match,
while the lookfor command searches the quick summary information in each function for
a match. For example, suppose that we were looking for a function to take the inverse of
a matriz. Since MATLAB does not have a function named inverse, the command help
inverse will produce nothing. On the other hand, the command lookfor inverse will
produce detailed information, which includes the function of interest, inv.

>> lookfor inverse
NOTE - At this particular time of our study, it is important to emphasize one main point.

Because MATLAB is a huge program; it is impossible to cover all the details of each function
one by one. However, we will give you information how to get help. Here are some examples:

e Use on-line help to request info on a specific function
>> help sqrt
e In the current version (MATLAB version 7), the doc function opens the on-line version
of the help manual. This is very helpful for more complex commands.

>> doc plot
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e Use lookfor to find functions by keywords. The general form is

>> lookfor FunctionName

1.5 Exercises

NOTE: Due to the teaching class during this Fall 2005, the problems are temporarily removed
from this section.
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Chapter 2

Tutorial lessons 2

2.1 Mathematical functions

MATLAB offers many predefined mathematical functions for technical computing which
contains a large set of mathematical functions.

Typing help elfun and help specfun calls up full lists of elementary and special
functions respectively.

There is a long list of mathematical functions that are built into MATLAB. These
functions are called built-ins. Many standard mathematical functions, such as sin(z), cos(z),

tan(z), e*, In(z), are evaluated by the functions sin, cos, tan, exp, and log respectively in
MATLAB.

Table 2.1 lists some commonly used funections, where variables x and y can be numbers,
vectors, or matrices.

Table 2.1: Elementary functions

cos(x) Cosine abs (x) Absolute value

sin(x) Sine sign(x)  Signum function

tan(x) Tangent max (x) Maximum value

acos(x)  Arc cosine min(x) Minimum value

asin(x)  Arc sine ceil(x)  Round towards +oo
atan(x)  Arc tangent floor(x) Round towards —oo
exp(x) Exponential round(x) Round to nearest integer
sqrt(x)  Square root rem(x) Remainder after division
log(x) Natural logarithm | angle(x) Phase angle

logl0(x) Common logarithm | conj(x)  Complex conjugate

In addition to the elementary functions, MATLAB includes a number of predefined
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Chapter 3

Array operations and Linear
equations

3.1 Array operations

MATLAB has two different types of arithmetic operations: matrix arithmetic operations
and array arithmetic operations. We have seen matrix arithmetic operations in the previous
lab. Now, we are interested in array operations.

3.1.1 Matrix arithmetic operations

As we mentioned earlier, MATLAB allows arithmetic operations: -+,
carried out on matrices. Thus,

%, and "~ to be

a

A+B or B+A is valid if A and B are of the same size

AxB is valid if A’s number of column equals B’s number of rows
A2 is valid if A is square and equals A*A

a*A or Axa multiplies each element of A by a

3.1.2 Array arithmetic operations

On the other hand, array arithmetic operations or array operations for short, are done
element-by-element. The period character, ., distinguishes the array operations from the
matrix operations. However, since the matrix and array operations are the same for addition
(+) and subtraction (—), the character pairs (.4) and (.—) are not used. The list of array
operators is shown below in Table 3.2. If A and B are two matrices of the same size with
elements A = [a;;] and B = [b;;], then the command
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.* | Element-by-element multiplication
./ | Element-by-element division
Element-by-element exponentiation

Table 3.1: Array operators
>> C = A.xB

produces another matrix C of the same size with elements ¢;; = a;;b;;. For example, using
the same 3 x 3 matrices,

2 3 LORING0
A | AO\B\\ B=}40 50 60
789 70 80 90
we have,
>> C = A.%B

c =
10 40 90
160 250 @ 360
490 640 810

To raise a scalar to a power, we use for example the command 10°2. If we want the
operation to be applied to each element of a matrix, we use .~2. For example, if we want

to produce a new matrix whose elements are the square of the elements of the matrix A, we
enter

>> A2
ans =
1 4 9
16 258 N85
49 64 81

The relations below summarize the above operations. To simplify, let’s consider two
vectors U and V with elements U = [u;] and V' = [v;].

U.xV produces [ujv; Us¥s... UpUp]

U./V  produces [u1/v1 uz/va... un/vy)
U."V  produces [uj* ug®... ulr]
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OPERATION MATRIX ARRAY

Addition + +
Subtraction — =
Multiplication * *
Division i /

Left division \ Y
Exponentiation ) -

Table 3.2: Summary of matrix and array operations
3.2 Solving linear equations

One of the problems encountered most frequently in scientific computation is the solution of
systems of simultaneous linear equations. With matrix notation, a system of simultaneous
linear equations is written

Az =b (3.1)

where there are as many equations as unknown. A is a given square matrix of order n, b is a
given column vector of n components, and x is an unknown column vector of n components.

In linear algebra we learn that the solution to Ax = b can be written as x = A~'b, where
A~!is the inverse of A.

For example, consider the following system of linear equations

ARM 2yt 32¥A52 1
44 5y 462 = 1
Tz + 8y = Gl
The coefficient matrix A is
1 2 3 |
A FH6 and the vector b= 1| 1
78 9 i}

With matrix notation, a system of simultaneous linear equations is written
Az =10 (3.2)

This equation can be solved for x using linear algebra. The result is z = A~1b.

There are typically two ways to solve for x in MATLAB:

1. The first one is to use the matrix inverse, inv.
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N4
v

=
]

[123: 456; 78 0];
= [1; 1; 11;
inv(A)*Db

v Vv

v Vv

W o
I

-1.0000
1.0000
-0.0000

2. The second one is to use the backslash (\)operator. The numerical algorithm behind
this operator is computationally efficient. This is a numerically reliable way of solving
system of linear equations by using a well-known process of Gaussian elimination.

[1F2 3;-4. 56> R80T/
[1: 11
A\D

>> A
>> b
>> gx
x =
-1.0000
1.0000
-0.0000

I

This problem is at the heart of many problems in scientific computation. Hence it is impor-
tant that we know how to solve this type of problem efficiently.

Now, we know how to solve a system of linear equations. In addition to this, we will
see some additional details which relate to this particular topic.

3.2.1 Matrix inverse

Let’s consider the same matrix A.

Nnas
A=14 5 6
—

Calculating the inverse of A manually is probably not a pleasant work. Here the hand-
calculation of A~! gives as a final result:

L[ -16 8 —1
Al = 7 4 —7 2
~1 2 =i

In MATLAB, however, it becomes as simple as the following commands:
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> A=1[1223; 456; 78 0];

>> inv(A)

ans =
-1.7778 0.8889 -0.1111
1.5556 -0.7778 0.2222
-0.1111 0.2222 -0.1111

which is similar to:

L[ -1 8 -1
A‘1:§ 14 5 2
m—, —1

and the determinant of A is

>> det (A)
ans =
27

For further details on applied numerical linear algebra, see [10]} and [11].

3.2.2 Matrix functions

MATLAB provides many matrix functions for various matrix/vector manipulations; see
Table 3.3 for some of these functions. Use the online help of MATLAB to find how to use
these functions.

det | Determinant

diag | Diagonal matrices and diagonals of a matrix
eig | Eigenvalues and eigenvectors

inv | Matrix inverse

norm | Matrix and vector norms

rank | Number of linearly independent rows or columns

Table 3.3: Matrix functions

3.3 Exercises

NOTE: Due to the teaching class during this Fall Quarter 2005, the problems are temporarily
removed from this section.
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Chapter 4

Introduction to programming in
MATLAB

4.1 Introduction

So far in these lab sessions, all the commands were executed in the Command Window.
The problem is that the commands entered in the Command Window cannot be saved

and executed again for several times. Therefore, a different way of executing repeatedly
commands with MATLAB is:

1. to create a file with a list of commands,
2. save the file, and
3. run the file.

If needed, corrections or changes can be made to the commands in the file. The files that
are used for this purpose are called script files or scripts for short.

This section covers the following topics:
e M-File Scripts

e M-File Functions

4.2 M-File Scripts

A script file is an external file that contains a sequence of MATLAB statements. Script
files have a filename extension .m and are often called M-files. M-files can be scripts that
simply execute a series of MATLAB statements, or they can be functions that can accept
arguments and can produce one or more outputs.
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4.2.1 Examples

Here are two simple scripts.

Example 1

Consider the system of equations:

z+2y4+32z = 1
Iz +3y+4z =
oot o I (VI B -

ok

Find the solution z to the system of equations.

SOLUTION:

e Use the MATLAB editor to create a file: File — New — M-file.

e Enter the following statements in the file:

A P30 3 f 303U ;
b = L= ;
x = A\b

e Save the file, for example, examplel.m.

e Run the file, in the command line, by typing:

>> examplel
x =
-0.5000
1.5000
-0.5000

When execution completes, the variables (A, b, and x) remain in the workspace. To see a
listing of them, enter whos at the command prompt.

NOTE: The MATLAB editor is both a text editor specialized for creating M-files and a
graphical MATLAB debugger. The MATLAB editor has numerous menus for tasks such as
saving, viewing, and debugging. Because it performs some simple checks and also uses color
to differentiate between various elements of codes, this text editor is recommended as the
tool of choice for writing and editing M-files.

There is another way to open the editor:
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>> edit
or
>> edit filename.m

to open filename.m.

Example 2
Plot the following cosine functions, ¥ = 2 cos(z), ya = cos(z), and y3 = 0.5 * cos(z), in the

interval 0 < z < 27. This example has been presented in previous Chapter. Here we put
the commands in a file.

e Create a file, say example2.m, which contains the following commands:

x = 0:pi/100:2%pi;

yl = 2*cos(x);
y2 = cos(x);
y3 = 0.5%cos(x);

DESLEeRAR B 1/ ARV M R s

xlabel (’0 \leq x \leqg 2\pi’)

ylabel (’Cosine functions’)

legend (’2xcos(x)’,’cos(x)’,’0.5%cos(x) )
title(’Typical example of multiple plots’)
axis([0 2xpi -3 3])

e Run the file by typing example2 in the Command Window.

4.2.2 Script side-effects

All variables created in a script file are added to the workspace. This may have undesirable
effects, because:

e Variables already existing in the workspace may be overwritten.

e The execution of the script can be affected by the state variables in the workspace.

As a result, because scripts have some undesirable side-effects, it is better to code any
complicated applications using rather function M-file.
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4.3 M-File functions

As mentioned earlier, functions are programs (or routines) that accept input arguments and
return output arguments. Each M-file function (or function or M-file for short) has its own
area of workspace, separated from the MATLAB base workspace.

4.3.1 Anatomy of a M-File function

This simple function shows the basic parts of an M-file.

function f = factorial(n) (1)
% FACTORIAL(N) returns the factorial of N. (2)
% Compute a factorial value. (3)
f = prod(1i:n); (4)

The first line of a function M-file starts with the keyword function. It gives the function
name and order of arguments. In the case of function factorial, there are up to one output
argument and one input argument. Table 4.1 summarizes the M-file function.

As an example, for n = 5, the result is,
>>rf =) factoriarth)

Tt =
120

Table 4.1: Anatomy of a M-File function

Part no. | M-file element | Description

{1) Function Define the function name, and the
definition number and order of input and
line output arguments

(2) H1 line A one line summary description

of the program, displayed when you
request Help

(3) Help text A more detailed description of
the program
(4) Function body Program code that performs

the actual computations

Both functions and scripts can have all of these parts, except for the function definition
line which applies to function only.
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In addition, it is important to note that function name must begin with a letter, and
must be no longer than than the maximum of 63 characters. Furthermore, the name of the
text file that you save will consist of the function name with the extension .m. Thus, the
above example file would be factorial.m.

Table 4.2 summarizes the differences between scripts and functions.

Table 4.2: Difference between scripts and functions

SCRIPTS FUNCTIONS

- Do not accept input - Can accept input arguments and
arguments or return output | return output arguments.
arguments.

- Store variables in a - Store variables in a workspace
workspace that is shared internal to the function.

with other scripts
- Are useful for automating | - Are useful for extending the MATLAB
a series of commands language for your application
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4.3.2 Input and output arguments

As mentioned above, the input arguments are listed inside parentheses following the function
name. The output arguments are listed inside the brackets on the left side. They are used
to transfer the output from the function file. The general form looks like this

function [outputs] = function_name (inputs)

Function file can have none, one, or several output arguments. Table 4.3 illustrates some
possible combinations of input and output arguments.

Table 4.3: Example of input and output arguments

function C=FtoC(F) One input argument and
one output argument

function area=TrapArea(a,b,h)  Three inputs and one output

function [h,d]=motion(v,angle) Two inputs and two outputs

4.4 Input to a script file

When a script file is executed, the variables that are used in the calculations within the file
must have assigned values. The assignment of a value to a variable can be done in three
ways.

1. The variable is defined in the script file.
2. The variable is defined in the command prompt.

3. The variable is entered when the script is executed.

We have already seen the two first cases. Here, we will focus our attention on the third one.
In this case, the variable is defined in the seript file. When the file is executed, the user is
prompted to assign a value to the variable in the command prompt. This is done by using
the input command. Here is an example.

%» This script file calculates the average of points
% scored in three games.

/» The point from each game are assigned to a variable
% by using the ‘input’ command.

gamel = input(’Enter the points scored in the first game ’);
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game2 = input(’Enter the points scored in the second game ’);
game3 = input(’Enter the points scored in the third game ’);
average = (gamel+game2+game3)/3

The following shows the command prompt when this script file (saved as example3) is
executed.

>> example3

>> Enter the points scored in the first game 15
>> Enter the points scored in the second game 23
>> Enter the points scored in the third game 10

average =
16

The input command can also be used to assign string to a variable. For more information,
see MATLAB documentation.

A typical example of M-file function programming can be found in a recent paper which
related to the solution of the ordinary differential equation (ODE) [12].

4.5 Output commands

As discussed before, MATLAB automatically generates a display when commands are exe-
cuted. In addition to this automatic display, MATLAB has several commands that can be
used to generate displays or outputs.

Two commands that are frequently used to generate output are: disp and fprintf.
The main differences between these two commands can be summarized as follows (Table
4.4).

Table 4.4: disp and fprintf commands

disp . Simple to use.
. Provide limited control over the appearance of output

fprintf . Slightly more complicated than disp.
. Provide total control over the appearance of output
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