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ABSTRACT

This article presents a new method for image communication via low bit rate
channel that transfer JPEG image to buffered Image storage and encoding to Byte
Array Output Stream then receiving byte Array data that ready to transfer by used
Byte Array processing method. Then Byte Array will be transferred via serial port
with Low Bit Rate channel to destination. After destination received data, the data
will be changed Byte Array to Byte Array Output Stream by using Byte Array
processing method as same as source data. Then, Byte Array Output Stream is
decoded and transferred to Buffered Image storage for showing the result. This

article also presents about Byte Array modification and the correct result.
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TOHANAINAR DAL IR msfoansuuverdslataianlilumsfrossvintaoufunesiu
gunsalseudns
2.1.2 msdeansuuudslatia
nsfansuuuddeadinlflunsfadefussrisneufiuges  dsasinisdangy
vosdoyaifunguy uasvhnisad deyaringulunfeuduluiien inFennduvasteyaiin



'
=% o o U v v

ufienvesdaya (Block of Data) Fadadnwssusn uagdadinluiegluufondeiuasliesls

'
a o v @ 1

wAumileusgsuverddlata Mnsdlddnsuduiarinaugaauyng fdnys udasildeya

'
a

Susugnludnvagvesdafivauiidanieliiintufe yaEuiurenguidnvifinasEie
Mg 1 §nuseda (SYN character) Inednvseaddsuuuuln fie 00010110 A10E19U89
nsdauanslacaguin 2.4

¢ p e

Snwiofl 3 | Snwsiofi2 | Smesiil 1 | sYn

sU# 2.4 Msdeansuwuudlaila

NIV 2.4 1ileanenenTIanUsnYsEEs v3e 00010110 udagnaliviuiiidng
Aun FeUnsdnusuragmuan1sldenusedaiiesnfey e1ainteianainals wu §us
deindnus b uazdidnws a Arsiofuly Fafdnus b Isuuuulnde 01100010 wazidnys
a fisUuuulinfie 01100001 nsdsazuansléidias Uil 2.5

! dumn p UmErn
|
(a) (h) (SY M)
01100001 01400010 00010110

5UN1 2.5 fregrenislgdnysgdelunisdaeansuuudalaia
ALUINATAIUANNIEATIINUSNVIL BN ATATEMINTAVIEINES b way

LY o

dnes a vibidilaidesellasdulnvaingudeys Jewevilinissudeyatuiaianain

(%
Y o v =

ule dahFudrtymmenislidsnaseds 2 dretuludnwuzvesdnfiewivenlimsiui
Jugasusuinveangudoya degnmvenislddnuseds 2 fmlunsdeasuuuddada way

q
Y a

msdauaveslntayasondunguiias 8 On iileunudayauanalanaguil 2.6 uasgui 2.7

m - ‘ Umann
Snwwiafl 2 | dnwwifl 1 | SYN | SYN

Source Receiver

JUN 2.6 Mepgranslidnuseds 2 dlumsdeansiuudalaia



1 [ D
1 ]
' undssnndidndaundiaya
Fuma
D+1UU11011UU*
Source
P .. 4
fdnwwind 2 £ ghdnws
#iafl 1
s
Umgm

JUN 2.7 nadianaavesdneeniliungus) ax 8 On

2.1.3 wasyrunsdadayaiuvaynsy

n1sAeansiuUaYnTH duhilenuddgsianisldnululasaoulnsaaes
(Microcontroller) ann s zanusaldutuiu wazgenmmduBuwalnput) wasiedng
(Output) Tunshnsdersemunulilasroulnsames sedyninedton Ligs 3 @y Ao
anvdsdIn(TX ; Transmitter), @esudtyauRX ; Receiver) wag @18ns1a(GND ;
Ground)

2.1.4 WasMAYNIUDI3LaA 232 (RS232 Serial Port)
wosanlasuaulianlunisdeanshuuaynsy fe wWashaunsuoNsed 232 Fauudld
2 WUy euEnYaEnIs eIy Al

L4

1. weosnaunsuvasmeuiawes sxlunouuamaskuudd 9 fa (Male)

Y
I L =

2. wesmoynsuvesgUnsalmeusn audupsuuamesuuuad 9 fud
(Female)

5UN 2.8 wasnaunsudl 9 Mg uazdilily NiouLanmUNEIAYIIVDINDTA



713197 2.1 laseasnauiveanasnaunsud 9

i ANBTUNY viln
1 Data Carrier Detect (DCD) Input
2 Received Data (RXD) Input
3 Transmitted Data (TXD) Output
4 Data Terminal Ready (DTR) Output
5 Signal Ground (GND) Input
6 Data Set Ready (DSR) Input
7 Request To Send (RTS) Output
8 Clear to Send (CTS) Input
9 Ring Indicator (RI) Input

2.1.5 n1sWiausieaunsalntsuandiupauimasideaend 9

N O F 00 == B LS

TAD TXD
R«D ReD
RTS RTS
TS CTS
DTAR DTR
DSR DSE
GND GND

N O f= 00 = P D

JUN 2.9 MswweusogunIaineueniIuAl 9 kuy Null Modem

1 O = 00 == P L

5U# 2.10 MssiegUnsalneuenduad 9 wuu 3 1du

TxD T#=D
FeD R
BTS RTS
CTS CTS
DTR DTH
D5H D3H
GMND GMND

O3 fm 00 =] B DO




2.1.6 N13VINNUVIIVIFRYYIUAT 9
1. TXD il idedoya
2. RXD Wunildsudeya
3, DTR wansanaznesninlalden DSR asadeuimesn fidnsededn
ogielal lelianesnounsy ¥ DTR g ON ilelsigunsailasunsnuin dosnisdndese
Tuvass Weniufazasnaauy DSR Maunsaindeunssaly
4. RTS wansanmzneiniidesnsddeya ,CTS asnaeuimeiniifnsont
Fosnsdsdeyavioll edesnsdsteyan RTS 9¢ ON uazazdstoyaseniien TXD Wlods
ia3afiay OFF lusauwifeniufiaznsiaaeun CTS Tgunsaifiesnisilazdsdoyanielsl
5. GND 91135176
2.2 ﬁllﬁiﬂu&’LLa&’ﬂ']ﬁﬂﬂﬂaUﬂlmﬂqW%ﬂQLﬂ’%aﬂhﬂ
NIRTRAUSTUUIATOU ey iuaesinuay Ao whdunanisal Wy n1sg
WeRNIILVe Traffic Flow au 9699 YaUTNABSHIE SNMP Sniffer 38 MRTG tJusunis
svdeUdnuaEiiduwuy Passive 3eaglifinnssunaumsvheueesszuy luvasient
msmseapuludnuasuUy Active dndudesdstoyaunaiiniia isiutluluszuuudn
ANANIINBUALBIVBITTUUATOT Y MInTIdoUsTuLIAsanelidnaziedslatay finagld
Asfimeisoluil
2.2.1 ngnn (Throughput)
n3ne (Throughput) A ﬂ‘%mm%@;ﬂaﬁdﬂﬁﬁamwmaL’;m aunAlianedaami
finnunetesdnyanadunisieans Bandwidth) W 7 Mbps wislddmsuliusnng
Service 149 uanIFazUR 2.11

Main Pipe (7 Mbps)

irtual Pipe

sUN 2.11 nsdnassdesdyyalunisienns

NgUN 211 wuindesdyaalunisdearsiivuin 7 Mbps  gnaeseeniduy
Yoadayayaean dmiuliuinig Service fineq wu Tunsdinisldnu web USunaudeyadn
aunsadeinulagan A 2 Mbps wuneAII1 Throughput w3eUsunadeyanddlaase
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nwnad@usun1sldnu web 919tlaena wIWnAY 2 Mbps Tunsainisldau Service
3u Aimdefiwui Throughput 9399sldliiAn 1 Mops snuildimualy

2.2.2 ftaey (Delay)

AMuainIefay (Latency or Delay) Ao m’mwu':mL’JmﬁLﬁﬂﬁuLﬁaLLﬁﬂLﬁm%@yJa
Fumssiuaniine wwugasealuaietesyvinssumeiuiinfndeyagnasnauds
Uanena magiiisanansasuuneonuildelud

2.2.2.1 wmﬁgﬂumﬂﬂﬁunﬁﬂizmawa (Processing Delay)

naigmiadlufunisusssnana Ae nadeddlunsussinanadeya 1wy
nmadvoensia leulassuuuuresdyynesuaeniuitneafiinunislugunsaids
919U vimes (Nodal Processing)

2.2.2.2 nmﬁgnwmﬂﬂﬁ’uminizmﬂ%’aga (Propagation Delay)

naignuiadlufunisnszaneteya fo nadeyaltlunmsidumainde
LUUqARegn (Hob by Hob) faufirdeyadiiumassruiiitlndaunduas mnufiniie
Aumsdeslagliisndu amihaaniatiasifiatu I d fo szesvhesswihasvives uay
s fleAnuSwesdsfseninusviwes Amaaainisnszenedeya fie d/s Propagation
Delay  atiuegfudnumzanzimeddenidlunsdstoyaiulasilumiidazeglune
Tadud

2.2.2.3 nmﬁgnwmﬂuﬁq (Queuing Delay)

newgmuasluiy  Ae nanfwiiniindesneeilonoude lUdvEsd
izaznawaﬂﬁaﬁﬁuagjﬁ’mﬁ’wmmaqLLﬁmﬁ’mﬁLaumqmﬁqd@wﬁwﬁtﬁzé’qmﬁwayﬂuﬁ’; e
sonandmiunsdsiulugsasdsoly Tnsvhluddilsazeglussdulilasiuniifedodiund

2.2.24 Lqmﬁgnwmuﬁademu (Transmission Delay)

nagmihadlodsiu Ae arflinandasvesnisdstoradouiiniia i
T L wuenyenvesiinintuidheds was R wiugnsn1sdmwiuyednssniaswimes
vielnuaiiaaslunine nseun uéa Transmission Delay Ao L/R lagvluAiildazedlu
seaulilasiunifediadiung

Router A

Nodal processing Transmission
Queueing Propagation
{waiting for transmission)

‘N

5UN 2.12 Msiiemiad a dusna vessyuy
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DEUNA LA doroe daueues Atrans, W8T dorop BNU - processing, queuing, transmission
wag propagation Alag ua? AAadradlnun (Nodal Delay) wansfaun1syn 2.1

d d_+d +d

nodal — proc queue trans + dprop (21)

Tuanuduasaufininiunisaindunisludaarendudneay End-to-End 015
Aumausvimeslundazidunis 1% N wususimesfiiiniaisiug s wines
sEminsfumaazUatevnsiuinisiwy e N1 aundlilussuuedeviglifinnududs
(AfadAiinmaeAE UM IvoILRn AR RsUTRELN) 1aa Aoroes Diransy 98T dorop BN
processing, transmission L&y propagation AladuLLAazAIA ﬁﬁﬁuﬁﬁmf—jﬁzamamﬁaz
11un (End-to-End delay) LARFIALNTST 2.2

d (2.2)

end—end — N (d proc + dtrans + dprop)

= A a & & ) P a ¢
F9 dyans=L/R 1318 L AD VUIAVDILANLAA LaE R LNUSAIINTEHIUUDIAIA
2.2.2.5 Iawmas (Jitter)
a s 3 P | | a o .
Imes Uitter) A ANAIUFANIBAINARIARABUYDIIAT (Time-base
a A ¢ & a A eaa X
error)  lpgunfwadlussuuesennyg Jitter  agiluriAnudsunlasuaamagniiniu
W9991nN1S
a < < ¥ | ] < & 1 a f = £ a = [y ¥
Wunvesawiniinteyardasiiininuuesededuwe silnudasivaeniasgiiue1ald
AU NALANANNTUBATANINANUAUAIUBNAT a8 AsULUadlanaaaian  a19inavinti
WIRINLNDS LALTUAY
2.2.2.6 winaidely (Packet Lost)
Wesnemalugunsaliuiniadayaisihulvinavesdndie Jadusgiu

Y

@

nseeNUULYBNgUNIal vngmIMARnTIEUsuAstihenagRunuigheuiiniAniinm
infarouvthnamuin  vazfiuinLAndumantinun vie 51ieed uiinALil vle
Tunsalfigunsailiiannsauszanenalsiunie liannsaindeyaufiniinls gunsalens
dndulaazisgaufiniAnfenaaly

a a a . .

2.3 NpganIudle (Media Streaming)

a a S a . . a v aa o a aa ]

HAvarsuds (Media Streaming) Ao dadlifeuiinlag Nn1TdwIUlAERTIAN
waaiulUgsaruvesnisussananatiawaninaludneuza1ase  (Real time) wazilnig
Uszianasterailledlnglidesorfeiiuiiiudeya(Storage)  Lietuiintoyafiiensvun
AouNsUsTanaNaisaulunenas

2.3.1 N1Sausa Point-to-Point #a18N15LYBUAD

UIUMITBUBLUUABITIAMLAATUTENINAAUNUlUTEUY Video Conference
FINSLDUADDIFHENENNITUVDILNNLARULANAIINNNSLTRUADMAATUTULUU VD 12925V

d‘d £ 4 1 . & = ] . . . ! a !
ABAINATLTIUUUNATEN (Leased Line) %5aUUASa%Ne Circuit-Switched WAN15AAMD
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939 A WUUADINILUAATUTENINAUNUALUAENN UAAIUN 2.13 nsiausiauuy
203n914 Video waz Audio wusuiniamuduudeyaiiwenndiedudeenluliisinuu
$UULATEYILUUY Point-to-Point viangnsilieuse

g LAN)

Ny f
Packet network
N

Tree identical audic
ar videa streams

Legical fransport-level connection
supporting one audio or one Video stream

g‘ll‘ﬁ 2.13 nsk3aume Video Conference uUU Point-to-Point angnnsiiaume

232 szuudiNugiuvaseeuianes
2.3.2.1 gUwuUELUU15AY
HuszuuAiugiuresneufiapesildlumsudnsia lasgnsesgasnm(Pixel)
2zUsenaumuAId 3 A1 AB wed (R ; Red) 1383 (G ; Green) warinGy (B8 : Blue) nswawd
Weamideasingg fu ssdelifnariunnseiy Tnenoufmeszfiuadduenty Tngld
yundoya 1lusise 1 @ ¥ilirvesdiuilld 256 sey uasmaulddviomn 16 41ud annso
wandlunavesdlanegy 2.14

JU# 2.14 Uuuuvesdluueidd
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2.3.2.2 gUuwuuALUUITEAUEIMN
ANSTAUAIN Y Gray Scale Wunmiiuszneulumearvesinwaiiluan

IS 1

wadresdmnddlannseavdanmsdsudandmlududens Tngasfedundudniunian

a o

uavddndudnsouiian  \desanewesiinaiidudunazidunnnidivesdd  dsam
sgavdmuandnsiunmen-ide  Tunmen-an asiudeyalaelegassdfoduiuazde
WA MININTEAVEYNAEAINAZLDEANINNT ﬂa"nﬁa%Lﬁwi’mmLamﬁmwﬁagjizijmi
\Wasuandsnduden

nsthiavnuuAesinealunmsesuamy 1 dueddudae 0%
As) f9 100%@Ev 1) whdlovldnusmtuaiesfiuiasinishaufinsestuin nanie
Jfoshnmsnduavenloiiuii wefiuilansemuiidosnis \flosanmsenumues
\3osfivide 0% Ao livgeevinesnun Gengmnuiduiuazduden dw 100%
SesfiuriazUdosviineantn Fadufeds lumsmoufinmes Wuasinsivludnuvazves
auguaessuaudln annsaifumimuandndd 16 sedu uiluthgtuilifniadudoyad
Aulneiuduavguasssiuo 8 9a (0-255) Gaazannsaifuamanuuaniald 256 sedu
wandladagy 2.15

0 255

5UN 2.15 SURUUARUUTEIURNT
2.3.3 mMsUugnnnuazInle (Image and Video Compression)
Toyaluglnuurasdedianiie Teuuwdatlvegluzvosingm eagnindonisiiluly
= 1 A Y o w A a [ < V=1 1 a
NuuLeSaTsAndve iR luTasFan siaiulaedudin 1wy CD-ROM  fiauq
Toya 648 Mbytes lngUszuna Wagamnsatduiinled 72 Wil (dmsu Audio) Taglaiiinistu
o A v a A o & v & A aAdaa ) a
snvisegatayaln CD-ROM wilawmeaiullanunsatuiinderiifineanunmseauanilolny
laidusnlausyanas 30 U9 Wl nuInANazden 2000 x 2000 %380 4 a1URNWa
pravhliusas Idnmidanuiivunalagfe 12 Mbytes lnguszana Jeosadowmailn Tu
nstuen
2.3.3.1 wnsgrun1siudataiin (JPEG)
n150UdALUU JPEG (Joint Photographic Expert Group) f® UIMIZIUNNT
Judanmszaud (Gray-Scale) w50 Awé (Color) lawiiasulunisuuas Discrete Cosine
Transform , A113%11 Quantization, Run-length wagimatialunisiinsianie Huffman



Source encoding

Entropy encoding

—1 Sampler

Block
preparation

Transform
(DCT)

I Quantization

Run length fee== Huffman

Table

/|

Table

Suppression of

repetitive sequences

4

Statistical encoding
using Huffman table

5U# 2.16 ardiunsrUIUNSANTIRENIN Continuous-Tone #1738 JPEG

14

fvagIsnsmeiulunisunuendluuwsazgavesnm wu luea RGB, YUV

(European Television), YIQ (North American and Japanese Television), YCrCb &3 R, VY,
Q 130 Cb Lﬂum’aamwaqmﬂﬂimaumw AT OLNUANDIAUTENBUMINANILAPBLLRS NG
dlevunvesnnilazyinnistusa fe fauls JPEG wun 8 Jsildlaviiluessusznou
YIANUAINEER A 255 (S¥eU  0-255) defnsnnamdnagyinsdudeliumuge

¢ ¢ ' | ez 4= A Y] a
29AUTENOU R, G, B UayeiAUszndulaagdultuiduaontuin 8x8 Wnlwa Laniniguy

2.17

JUM 2.17 msasaudenuun 8x8 finea TuesAusznautes R, G uay B
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Tuusiazudenveesiusznouses Ustnauludae R, G uaz B 15 64 fn 3
Amplitude vosdnauiign Sample Tunsiazesduszney ety Amplitude Hanansald
flaridu a = fixy) vdu Discrete Cosine Transform lngfi x uae y ﬁaimuuiuaaaﬁam%zq
Auvateyalueiisd a = fixy) Weuleglusy c = g(FxFy) Tnefi ¢ (Budulszans
(Coefficient) Fx uaz Fy flo druanudianizvasusaziumis AduUssans DCT(Discrete
Cosine Transform) usiazdn fie Avmdianededvualifiu Amplitude maﬁzyay)mﬁgﬂ
sampled Tusimnis (x, y) LLam&fﬂgU‘ﬁl 2.18

Cosine transform

=l C
— o
H ] - H H |] g "
Spatial domain X Frequency domain T
F'y
Amplitude DCT coefficient

. DC coefficient
_,_,_,-o—/.d_ﬂ

s 4
WY

»y a=f(x,y) e c=q(E.F,)

JUN 2.18 Amplitude vaadwyanilud Discrete Cosine Transform lag x Uay y 5ey
AU
Joyalulauaein

168 /

q.(0,0) called DC coefficient \ Block i
l \l \\. s |
||

Block i-1 Block i Block i+1 L/

Py [N

NN
N
N

/|

—d/ Dé >0

UM 2.19 DCT Tefuvdanuunn 8x8 lunnasdusenauveanin
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Sumpusioll Ao Quantization N3LUIUAISYN Quantization fAa &ndIu
yosduUszaAns DCT usazAviaAiaglunans Quantization Table fagufl 2.20 uazAilog
TuAn579 Quantization Table Tivuauariifilu 8x8 WueafufuIwIAveIUEoN Liaza
(Elements) Tumsradudiuoudu (1 f¢ 255) 9pUszasAvesnsiQuantization Litelle
ﬁ’JLLWU%’]ﬂ%@Nﬁﬁﬁ@Q@J’m m%’m%’agaﬁ%wauuazLﬁum’maﬁ’wL“f;Ju’Luﬂ'ﬁﬁ'ﬂU‘LGé’h'm

DCT coeff. c(i,j) Quantized DCT coeff. q_(i,j)

168 45 I 3 2 2 1 1 168 45 7 3 2 (4] o 1]

:){[Ii’lj)] &7 [ 20 | 3 3 b i i

1z 5 5 5 2 1 2 1 12 5 5 2 [ 0 o Q

i
it

a7 32 3 i} 2

a1 {i) =

5|5 |2 2 |1 O B Quantized table Q (i,j) N B I I - i I -

: il a1z
szl o | wla ] o o (prfr)t i El=f{o oo | ofa | o] o] o

1 2 1 1 £ 3 L] 16

1 1 1 2 g ! 4 ) 16

5U# 2.20 f79819715%11 Quantization

ARUUSEANSNNUNTS Quantization gnansulmalluiievisuuy Zig-Zag U
N P a 1 [ oy a s a o 1 ! P [ L%
7 2.21 WatinanuuraziduresmdulssansniFesieggaeiiios vialinsyuiaunis Run-
length N9giinTuluNgunIsuiT Entropy encoding fiussdnsnmlunisiudntoyaadlagly
aiulﬁa“ﬁaiﬂa (Lossless Data Compression) Wagn1siU1siawuy Huffman encoding Tu

Yy o
%
v 1

Tupauganoudinmlldnu

Block i

168 75 3 =

ARAVAVANEN

—t/ 04 =0

JU# 2.21 NANNMTARULUY Zig-Zag
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2.4 VANNITHALLUIANYDY OOP

OOP 38 (Object Oriented Programming) tHuni1sas1ewienswamuilusunsunds
$ag¥ vuiugruuwnafeiidn Sng (Object) Ao Asfifignuaut fsudnual uasduiald (s
Founuudsiifigussaaluaninveseniiuag) Object szfnuasdidmuldfiomnanduuuy
Prototype 81 Object T 3onin Class faty Class wuulnasiUSsueasioufinidoves
5@5}‘(]‘1361514"'] SUT 2.22 uanansifin Object 270 Class

Class Instance |:|'>
|:> Object

sU# 2.22 Malinves Object

Object 7inaINN"3 Instance BFBILAAN 3 Uszn1s Ao anuanansolunisvieiy
TWnsuazdoyalinmelu  (Encapsulation), ansasenennnautd  (nheritance) Way
mmmLL‘Ui@mamﬁaiauﬁgﬂmﬁmsmaqﬁuwﬂ (Polymorphism) d1miunisiens Class @
Husiunuuves Object THuuafnaiian Object Sidnungvienmanifay (Attribute) LHu
pe4ls wag Object lUldUsElovunIninluldaumeisnis (Method) Talatng uans
dulsznoutes Class faguil 2.23

Class Name
| +AtErbute1

I ’ : . &
Access I‘-hdiV Attribute? uand Class B '
+ 1 public #AHributes liandawwaramaninaglsing

. private

+Method1() uan Class il
: protected . -

b -Method() anunsavinaylslaing
#Method3()

:H_-

Ul 2.23 duszneuves Class

Class finalnfirmuaunsidnds (Access Modifiers) lUsfs Attribute wag Method
seq TaglddihvihauandiuasiBms Wy Public (nislémnd), Private (ddaamny
aelu Class) wagProtected  (niisloiuenelu Class uay Class fignanemensenty) 1oy
AdAsntiufe sxiuvesmaihdsdeyanielu Class auddu
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+chassis
+wheels =0
+drive()
+break()
Airplane
Car
-chassks = alumi lloy
_Lhafjg = gumnuma o Wings Safety system -chassis = metal
-wings = 2 fap = +air bag -wheels = 4
+ail =1 Hhep=2 +safety bek | <] -cobor = red
+Engine = gassoline
+fly() —
+drive() +d”.\'e{l
+break() - +break()
+investigtion() B Break +investigation()
+Hydraulic
+air break +ABS

SUT 2.24 Anuduiusues Class Anae)

Class 39 - @unsaTeuileuansliifernuduius 7 Class duq  Iédhe
ClassDiagram ﬁdgﬂﬁ 2,24 \ilo Airplane waz Car \Ju Class fild§unsdunan (nherited)
wanfideatuie Vehicle @mSU Wings uaz Landing Gear Ao ddulszneutosvas
AirplaneltuLfenfiu Safety system uay Break \Judauusyneudesves Car

2.5 uATenazwuIANANTiIiaNLREITsiULITY

11338799 Xin-Gang Liu, Kook-Yeol Yoo uay Kwang Deok Seo 1dusnAdei
Aedeauineninust 3sldiaueuinpnuayisnanuiile dmsuszuy Video Conference
YoILU3I (Participant) Pnuvasneneg ngldimadia Hybrid Video Mixing lagidof
PNTBNITHAIUIENIN  Pixel-Domain  Transcoder Mixing uagdd Bit Stream-Domain
Mixing L1928

yonanifilisesnnisnuiseitidugisue s funmedmdunsiuailnau
endnusidusthann Ao euAdeves L Mengual, J. Bobadilla, R. Caballero uag
G.Hernandez @sleiiiausiinisoonuuuiennaadudmsu Video Conference wawfinas
Wisuiieu wedesdlofitnelunisadiawasiamusening JMF (Java Media Framework) wa
VIC (Video Conferencing Tool) dmsunannisangs azaeesuigluunsell



uni 3

Asnsdennaledsludensduinudesdyminnaiuga

DNSIUNA

Tuinendnusiladnausitnsdslnaninmeisludesdriudesdumiunimus?
ansdaen Wethlussendldiussuvdsdyaunniiueduing  gruesen lagauns
ssunemailauadanesfiufitiauewiseonidudiunanefil

3.1 lA998519KazN1598NUUY
Fnseenuuussuumsdunmseludasdiutesdyminanusdnandsm  gn

a519aglUsNSUAIEN Y Java 3ntausis Java Media Framework %38 JMF a78lunns

WihduarUsEaianateayann

JPEG File /

\ 4

Buffered image
method for
image capture

\ 4

Transfer
Buffered Image
to Byte Array
Output Stream

Byte Array
Processing

Show Result

/

A

Buffered image
method for
image capture

A

Transfer
Buffered Image
to Byte Array
Output Stream

A

—»|  Serial Port }— ————p

Byte Array
Processing

JUM 3.1 lassasevesssuunisdsnnegludeisdinudesdynyianinusidninem
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3.2 Capture Screen

Capture Screen LﬂumiLLUaﬂV\IamWLUuBuﬁered Image aumULLsﬂa@mLUum
JEFRIMIUIATBY Screen LATEINUTIIRBINTINULINYES Screen T uardnvaEYDs
msldmdssdufiozdodld method magﬂu Robot Class fianunsafiagldiedesfioiofiavm
YWIABY Screen o3l

Dimension screenSize = Toolkit.getDefaultToolkit () .getScresnsSizel() ;s

Rectangle rectangle = new Rectangle(0, 0,
screenSize.width, screensize. height):

53Ul 3.1 Code MYUIAYDY Screen

:’1 =3 1% Y é’ o % dgll dl Y
NUU NLAINAI Instance VUNF1IUNIT Capture VU UNTUf Rectangle
794013 1Aun15l% method Create Screen Capture [e71935UL01A1 Rectangle wag return
ponuntusUluuves Buffer Image

Robot robot = new Robot():
BufferedImage image = robot.createScreenCapture(rectangle);

g‘U‘ﬁ 3.2 Code uiaadu Buffer Image

3.3 Image section
@ ada [ o [y [~ ] - |
Wt sviud msuuen Buffered Image @oniludiue) LiN0gAINLLANG19YDS
UAAZEIU NANNTILTULINADADINIIVAUIATOIAINNTINLAZAIINEIVBY Buffered Image
uwiuaunou nRInTuazdunIsAILI S1uIu Buffered Image Ha8fgAnIsHnasnle
gnivualutuneudmiunisaianeuansnines

n = Section ? (3.1)

SubBufferel Image

YNFIDYNVUINVDY Buffered Wnage fim 800 x 600 AINITHLMBS Section WAy 3
971UUV9Y Buffered Image goufD 9 %ﬂﬁﬂ‘t}musﬂ@\‘iﬂﬂ‘v\m%uLLUQ@@ﬂNW‘UuL‘U‘NﬂQiUVI 3.3



Width

A
v

Wiarn / section

x

HiglI / section

High

g‘d‘ﬁ 3.3 3uIUeY Buffer Image

Buffered Image AMEWEIINNNINITAALUILGD V213undVes Buffered Image
§98977 Subimage 1APEMNTONLLAMITUADY  UAZFAIDYIIVOINITNIUAIUEY  Buffered
Image (fio&313 Subimage 16 fadl

Public void sub image (BufferedImage imgbuff, float img quality)
Picguality = img gquality;

Cal_subImg (imgbuff) ; /L SUNAIAFURIWITUATUIUT1UIU
subimage
new_seclmg = new Bufferedlmage[n_section*n_sectisn]:
int k = 0;
for(int i=0; i<n section ; i++){ 391 mocaauﬁaauﬂ?
for (int j=0; j<n_section; j++){ /39UEMIL process uAAZADALI
new secImglk] =
imgbuff.getsSubimage (j*sub w,i*sub _h,sub ,sub h);
k++;
}
}
Comparison_cellImage () ; /1 h %'j‘_l ANaAdudE 1 WS L4l %'F_I‘i_l L“?IEI‘LI
subimage

}

5U# 3.4 n1sHuA1Y0e Buffered Image Liea31a Subimage
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feg1alAnYBIN1SAIMUA Header ufiay Header luusay Subimage Tsazidudiu
dAgundmTumsinulazysElanaves Ui uTeya

private void comparison cellTmage () {

if(last_secImg=—null) { Ifﬂi&;iﬂﬁﬁfiﬂﬁ:ubmmgeﬁﬂuﬁi1
last secImg = new BufferedImage[n section®*n section];
for(Int c=0; c{{n_sectinn*n_sectianj; c+—]{_
Frame encoderJPEG FrameEncodec = new Frame encoderJPEG()
outstream = FrameEncodec.encodedPEG (new secImglc],picguality):;
byte [] sec_stream = outs:ream.toﬂy:ehrfay{];
new_sec = new byte[sec stream.length+14];

JIAEEIEEEETT YA Header 1HuAas Section ///// 111111/

1 byte @HTUIINIY section
new _sec[0] = (byte)n section ;

4 byte F11FUI NI section TR
byte [] sub 4diff head = new byte[4];
sub_diff_hgad =_conver35eq.inz?aDHardtn_section*n_sec:isn];
System.arraycopy (sub diff head, 0,new s=c, 1, sub diff head.lsngth);:

4 byte S HIUAMAUTMI DAL 3 1UMT 19994 subimage A3
byte[] seg sub head = new byte[d]:
seq sub head = convertSeqg.intTolOWord{c):
SysE&m.Eiraycopytaeq_sub_head,ﬂ,new_;ec,5,5eq_sub_head.le:g:h};

'S byte section #UHY aqm’f‘a
new sec[9] = 0 ;
new:sec[lﬂ]
new secfil]
neszec[lZ]
new_sec[13]

I
L= e
-

Pl LL PN marker Last sub dmage - LA £E RS
if (c==(n section*n section)-1){

E

¥
E SLEY o [ 3 /5 '\ . .
’ﬁ]ﬂ:uhnmge1hﬂ%ﬂ1uﬂﬂiiﬁﬂiﬂﬂ54)JMRx%?NF1$ﬂﬁ1LﬂFEﬂHﬁiﬂ

new_seq)[ 9}, =2\
new sec[l0] = 127 :
new sec[1l] =0 ;
new sec[lZ] = -114 ;
new_sec[l3] = B :

}

System.arrayeopy (sec_ stream,0,new sec,l14,new sec.length-14);

5U# 3.5 Msimiun Header Tuusiag Subimage
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3.4 nsinsiaLasnansIiE
dusudiidunsdnsfawasnensiateya  ieldlumsddeyaniussuuniodns

NIDUDIFRY Y10

3.4.1 Msidevia
maudnsianman Buffered Image ulu JPEG auszasdfiviioviliivuinveanin

anad wazazanronslasluiluguuuu (Format) dulddiedetu
JUAUUINABIATN ByteArayOutputStream  JusHle5835ULaYaABINITIINNTT

sy JPEG

ByteArrayoOutputStream out = new ByteArrayOutputStream():

g‘d‘ﬁ 3.6 N13d34 ByteArrayOutputStream

JPEGImageEncoder  La7ds

niuaseauinde  encoder  lugduuuves

Mimesmduwuy ByteArrayOutputStream Mm3eald dufie out

JPEGCodec.createJPEGEncodeaer (out) ;

JPEGImageEncoder encoder

gﬂﬁ 3.7 N1583719 JPEGImageEncoder

JPEGEncoderParam  tfi®1nn1nann

asweouldn param  lugunuuves
a [ Y = Y P
Bufferedimage 7tdussuiinuasainnisiSenldnsna Capturescreen 1Y image

encoder.getDefaultJPEGEncodeParam(image) ;

JPEGEncodeParam param
gﬂﬁ 3.8 N15d319 JPEGEncoderParam tietnn wann Bufferedimage

aeluanidumsimupamisdines emmuarnuazideadmsunisidnsia JPEG
AoAves picquality Mdululdeglugae 0.0 - 1.0 laemdudilng 1 aeinnuaziBenves
a1y JPEG wnfign wanainduazilunsdsliinnisidisia

JPEGEncodeParam param.setQuality(pﬁcquality, false);
encoder.setJPEGEncodeParam (param) ;
encoder.encode (image) ;

sUN 3.9 nsivuandagdeadmIunsii1siE JPEG
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Wemnuazmnuazansasonldulaiedaiiulunsate Frame encodelPEG
lngthlaninauuateuinUsul InesSumsdiwes 2 A Ae Bufferedimage waz
mulasiianuadiawnaden float LiiefmuamuazdunveIns TNz Aua

<
aonUUU ByteArrayOutputStream

private
private
private
private

public

ByteArrayOutputStream out = new ByteArrayOutputStream();
JPEGImageEncoder encoder ;

float picquality = 0.5f;

JPEGEncodeParam param;

ByteArrayoutputStream encodeJPEG (BufferedImage inimage,
float picquality) {
try{
encoder = JPEGCodec.createJPEGEncoder (out) ;
param = encoder.getDefaultJPEGEncodeParam{inimage) ;

param.setQuality(picquality, false);
encoder.setJPEGEncodeParam (param) ;
encoder.encode (inimage) ;
return out:;

}

catch  (Exception e){
System.out.println(e.getMessage ()]

return out ;

sU#t 3.10 lafivinn1susuusslaesud Bufferedimage Wwag float

3.4.2 N1500ATHE
suilunisnenstianinluguuuues JPEG - (ByteArrayOutputStream) lviunagi

JULUUUDY

Bufferedimage ~ fisnedmsunisthliuszananasoly  3uUsniuILAamAIou

ByteArrayInputStream 11315895UAw84 ByteArrayOutputStream iiuaed JPEG wazyii

maasuguuuululudensd antueeeldosuidn decoder ¥iln JPEGImageDecoder

=
b3YN

method create)PEGDecoder NVLADINIUAIYDINITNLA DS VD

ByteArraylnputStream #lavinnsuvasanseliuainounin antulaudasesuldn decoder
TidugUuuuves Bufferedimage fianunsainluldneluls wenuasainuazisonldauld
$1edsasindunsate Frame decoder)PEG lngvinannisiilanaauiuaidnasuanuiul s

v
NU
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private Byte ArrayInputStream in = null; CELLT Byte ArrayInputStream
private BufferedImage recoverbuff = null, CELL BufferedImage

public BufferedIimage decodedPEG (ByteArrayOutputStream out) {
tryl
in = new ByteArrayInputStream(out.toByteArray()):;
JPEGImageDecoder decoder = JPEGCodec.createJPEGDecoder (in) ;

recoverbuff = decoder.decodehsBufferedImage ()

return recoverbuff;

}
catch (Exception e)d
System.ocut.println(e.getMessage()) ;

return recoverbuff;

sU# 3.1 1AnnIsaensiia JPEG

< s .
3.5 nszuaulunansd (Byte Array Processing)
° v & < v a v v A A o v A 3
dvsudtiandunsinnisnediuteya  enssihluldlunisiatedlud ey
o & v = ] 3 v o 3 ¢ A g v v o
Puluspuiuludiuveasnnes (Header) lviuludensd weliannsadsdayaludiszuy
ievowen1sdsdy il

& Byte array

JUN 3.12 nszurumsludense
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3.6 RevThread

dsuasatidu msv‘hmﬁL?im%’aaﬁ’umsﬁﬂi)’u%’auvamﬂméf’nmimaﬂmm 1o
wé’ﬂmi%ﬁgﬂLLuumsv‘l"muﬁLﬂu Thread wazazsualuganssiifiowin 1110 wdwnnIg
o Tnesumlufonsduiud AagyhnisudadiiuEvent) Woterludenseilaunsu
1110 Gluyhnsuszananassly

public void run() {

while (sruning) {
try{
DatagramPacket packet = new DatagramPacket (new byte
[bytesToReceive], bytesToReceive);
mySockst.receive (packst) ; // wait for a packst
address = packet.getAddress(); !/ get

atl]
(o]
[o}
a1
m
wm

try{
byte [ldata = packet.getData():;
int len = packet.getLength{);
int offset = packet.getoffset();
listener.onRevData (data, len, offset);

3 ) Yo g P o o
/1333 event 119 s v lasuludausd 1iha 1110

catch (Exception e) {
e.printsStackTrace ()
System.out.println("Interface ERROR " +e.gstMessage());

}
catch (IOException e){

System.out.println("UDPListener has a problem or Sys error: " + e);
sruning = false;

5UM 3.13 N15U39BL
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3.7 ManageOderSequence

Sleteyaisudnnadeas 1110 lud anduilsdedoya nefl 1110 lud Tuusazyni
duntuiinisimusdvonsanesiifios 10 ludusn duiimdessndudeyasss Surlsunmn
vilinm azgnudseenunuludenFanivunelng Wuamalridesinisuddludenss 1100
lud wazidia 10 Tudlunng 1100 lud iftelanansaseyléd 1100 ludveusazapiiniu
rsufivilsludwuiouavoursuam  Sadululfinddunisunivestoyaanduileiy
foyaeaaglasudeyaliidulunmuiitmuamilouludfunsdsvesnuilidedoya  Jady
wihflvesasna ManageOderSequence flazdpseudt 10 ludusnuesnqundeyaiiinun
degiedeyaifudduivinlslursunmn  andusginisdunfvliluludosdyalml
UNTNENUYATRLAGATINEVDLNTUNN

private void performfirrayibyte [] coming) {
ﬁ%'iqtsgﬁa]Cd?i:hendﬂ'ﬁaéf"&iuﬂﬂd:ubunnge /
byte [] num dif = new byteld]: AT 14 SRty i
byte [] num seq = new byte[4]; '1].‘1J‘Ff.-ﬁl 5-8 l.'*E'F:‘-LIﬁ'-'Jin subimage 140 matrix
byte [] last sub = new bByte[5]; Yaran 0-13 §1vidu subimage 52§ﬂ=.31'1m"1=-.='ﬁ";.'
byte [] cutHeader = new byte [coming.length-—14]: Jiuf;hauztxnmge

M wnealun dnzamnio 1)
System.arraycopy (coming,1,num dif, 0, num dif.length);
Syscem.arrayccpytcomi:q,S,num:seq,O,num:seq.length};
System.arraycopy (coming, %, last sub,0,last sub.length);
System.arraycopy (coming, 14, cutHeader , 0, cutHeader.length) ;

E -

Junsuw I3 A IPEG
out = new ByteArrayOutputStream():
cut.wrlite (cutHeader, 0, cutHeader.length)

BuffersdImage -imgaccep = null;
Frame decoderJPEG Framedecodec = new Frame decoderJPEG();
imgaccep = Framedecodec.decodedPEG (out) ;

IATITHILVLIAUD S subimage 3 DUAUHIAILHUESHIAAILH Bufferimage
int w = imgaccep.getWidth(), h = imgaccep.getHeighc():
int Cx =cal origin((int)ccming[Q],man seque.byteArrayTolnt (num seq,0)) .x;
int Cy =cal_origin(({int)coming[0],man seque.byteArrayTolnt (num seq,0)) .y:

%11 subimage MY 13U 3 section %39 slsuyalin A0 133 Busferimaze T
byte b = coming[0}):
if(flag==0 || b'!'=a)l
total = new BufferedImage((int)coming[0]*w, (int)coming[0]*h,
BufferedImage.TYPE INT RGB):
a = b; -
flag = 1;

. T . ¥ . odyde Y .
11A subimage ilaaslu BufferedImage Aamuyien ladmua 191s mateix
Graphics2D g = total.createGraphics():
g.drawImage (imgaccep, Cx*w, Cy*h, null):

5UN 3.14 TAan1siSeeanduLnsunn
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1111

1010

1101

0011

0000

1011

5UM 3.15 NITUIUNTIREIFWUNTUAN
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A5NISUATHNANISNAADY

Inendnugaduithiausiznsnisasiidnwitugosmansieasausasnsde
i TagldiBnsludesdifiomunuuiinamesteyamm uaznnasinsUsuUABuIIATDS
Ildnw, dnsnisudadeys, vuiavesludonsed ielUSeuIiousyavnatrauaisuyinnsds
Foyanmauianisulasidnnlvianunsouansg WM IIANTIIN AL UANAIL 5
Y990M1InsA0asALEISNI TR fatl

4.1 aunsaluazlunaluni1sneaes

nsidengunsaiuaglanalunsvinaes (iudshdyiitnadenuided Sufudetu
desififoeudy  wsediolunsadisuareenuuussuuinfefesfuniswaugendug
dioldlunsneaey TnswizegwBsnwiildimuiuenndindy nsesdlefitiesienny
dzamnlunsiauuennalady IDE (Integration Development Environment) wazlausis
Sududaussneuivildimsianuenndinduewiziiy Sanuauysainngstu ddu Tu
Inenimusidenldine Java Wunwlumsiawenndedy aafo NetBeans IDE 9t
SrnEALdEAIN wag JMF UJava Media Framework) 3afiulausni wia APl (Application
Programming Interface) dansususuiaitiielnsony in3osiiouasvendusimundu
W3uri(Freeware) uaslamuwada (Open Source) iumadenuilsitioansutszanaluns
oLz AnAUDANDINY

MITEBNsdIn e TEludesdinute sl Rs Rz naey
WnsdnmEEsdYIMMULEYNTN BN UNsRRUNIUBNsea 232  (Serial  Port
RS232) uagldnouiunmasuuuft 9 (DB9 Connector) dstiaidurasdyaimnnusidnsidn
ssuuuunis Tnenmsldluaialumsviasesuusduaalieadwiolui

1. vnassUsuasuauevesiidnin

2. weassUSurAsusnnmsivdsteya

3. veaesUsuilAsurunnvadiudense

lngagyimsimungnsnissudateyanasuinvatiuionsd  ynismaaesddlg
awueneg  lemaduilsfuteyaannsananmanmlsarinnisuansnszezinanves
nszvrunsiutoya Mntwinisususasnsdsdoyalinniu defenisusuruiavedlus
o3¢ Auldnanisnaaesfinsudan
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Buffered Image

Byte Array
Output Stream
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Show Result

Buffered Image

Byte Array
Output Stream

Byte [x']

Byte [x°]

Byte [x]

Byte [x°]

Byte [x]

JUT 4.1 nszuaunsasnwsedsludonsdiiutesdyainnnusasnsidnm

INANTIN 4.1 AoAIAINNALLBEAUDINIW §RTIN1sTudtaya wasuunvadlud

& al a Y & < v A a X Y
'E]"ILiEJV]IGmUﬂ']i‘V]@a@Q ﬂ’]iLaE)ﬂI?jmmLL‘lJiGHJﬂW\ﬁNu "ﬂ3Lﬁu‘lﬂ')r]llﬂ'ﬁLWﬂJSU‘UGU@QGUu’]@Gn

wUSHUUWINGA LeTiaNU5alANaNTISNAARI LATALRULINT Y

M19199 4.1 N1INARBATINAIANINESBEATDININ 8RTIN1TTUdITaYn uasunludasd

Resolution Baud Rate Byte Array (Byte)
320%240 9600 524288
640%480 19200 1048576
800*600 38400 2097152




¥
Y = o L%

5UT 4.2 uenndinduilvdedoyamiauniudviunisideuasnaaes

Y

Start

] v

= o [

JUN 4.3 wennieduilaudayaimimundudmiunsideuaznaaes



Stop

9
L

U

=
N

4.5 Msuanwavasannainduiliiuteya
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Size:19496 Indx: 398 --=> 0 :J
Size:19496 Indx: 398 --> 3 —
Size:19496 Indx: 400 --> 1
Size:19496 Indx: 401 --> 1
Size:19496 Indx: 402 --> 1
Size:19496 Indx: 403 --> 1
Size:19496 Indx: 404 --> 1
Size:19496 Indx: 405 --> 1
Size:19496 Indx: 406 --> 1
Size:19496 Indx: 407 --> 1
Size:19496 Indx: 408 --> 1
Size:19496 Indx: 408 --> 0
Size:19496 Indx: 410 --> 0
Size:19496 Indx: 411 --> 0
Size:19496 Indx: 412 --> 0
Size:19496 Indx: 413 --> 0
Size:19496 Indx: 414 --> 0 v
A | ;IJ

[
=

SUN 4.6 e Log aminduasainnsneass

4.2 NanNnasy
nsvaeesiazdsayalidnmvsduilsdsdoyaludelsudenalasrihudesdyn o
wosneunsuiidestinainsvauasmsdiaUinamesteyaildlunisdidaglditludonsd 3s
iinsusuasusunavestndam Shsmssudaleya waztnavesludonsdluusazsou
msnaaadliinty dumnssuilsiutegarsihnmesunafuiiuiudeyadinauanse
Sudayaunesuiulasinnseensid  auiintsuanmasenulunm - fednluduau

AEVIUNITNAABN

Baud Rate 9600 / Byte Array 524 KB

160
140
120 -
100 -
80

e/ \ N NY _ -y W\ N\ NEXY \/
"‘MaVaVaVASAV M T Vs

=¢—800*600
== 640*480
==le=320%240

40
20

Transmission Time (ms)

0 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29

Number of Transmission

JUN 4.7 wan1snaassvedludenisduunn 524 KB NdnsnSudsdoya 9600 bps
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Baud Rate 19200 / Byte Array 524 KB

160
140 -
120 -
100 -

80 —4—800*600

60 AN A b AN A g e

40
==fe=320*240
20

Transmission Time (ms)

0 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29

Number of Transmission

JUN 4.8 Han1saaedvesludensduuin 524 KB N19ns13udetaa 19200 bps

Baud Rate 38400 / Byte Array 524 KB
120

100

¥ HMW I aadhas

40 == 640*480
20 ===320%240

Transmission Time (ms)

0 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1

1N 3 6)5 o« 7 N HyA3™S = TATESY 171 ™23 250427 49

Number of Transmission

JUN 4.9 nan1svanesvadludensdvunn 524 KB Ndnssudsdoya 38400 bps
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Transmission Time (ms)

Baud Rate 9600 / Byte Array 1 MB

160
140
120
100
80
60
40
20

=¢—800*600
—i—640*480
==fe=320%240

AN Yaad

0 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29

Number of Transmission

SUN 4.10 nan1sneaesatluiosduun 1 MB N19ns13udetasa 9600 bps

Transmission Time (ms)

Baud Rate 19200 / Byte Array 1 MB

=0 800*600
== 640*480
==fe=320*240

0 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29

Number of Transmission

JUN 4.11 wansnaaesvedtudeusduuin 1 MB Ndnsiudeoya 19200 bps
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Baud Rate 38400 / Byte Array 1 MB

__ 120
(%)
()
£ 80
|_
F O RS SA S e
2 40 —fi—640*480
E 20 =fe=320%240
©
|: 0 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29

Number of Transmission
U 4.12 nansvaaesvesludionsduunn 1 MB idhniudstoga 38400 bps
Baud Rate 9600 / Byte Array 2 MB

_ 160
€ 140 . A
£ 100 -\ a.a!.!n...lja‘.‘"a...'n:li:!
c 80 == 800*600
NI = N Y S ol AV NI A A
kY " (P Ny i ——640%480
€ 40
¢ —4320%240
S 20
|: 0 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29

Number of Transmission

JUN 4.13 wansvaaesvestudeusduun 2 MB dnssudetoya 9600 bps
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Transmission Time (ms)

Baud Rate 19200 / Byte Array 2 MB

i R

== 800*600

AWA#?‘W% ——640*450

==fe=320*240

9

11 13 15 17 19 21 23 25 27 29

Number of Transmission

N 4.14 Han15ARBIRTlUABLIETIN 2 MB NdnTSudataya 19200 bps

Baud Rate 38400 / Byte Array 2 MB

120
(%)
(0]
£ 80
|_
(C) 60 _WTH‘WW == 800*600
8 40 —8—- 640*480
-
2 20 ==le==320%240
©
l_ 0 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1

N\ S5 MR~ (T3 290e7 /29

Number of Transmission
JUN 4.15 wansvaaesvedtudeusduun 2 MB Ndnaiudeoya 38400 bps
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Baud Rate 9600

140

(%) ﬂ

g 120 e —

Cé) 100 [— — — |

= 80

C *

§ e : . —f—800*600
0 —8—640*480
[ 40

2 o0 ——320*240
o

|_ 0 T T 1

gn 524KB 1MB 2MB

:‘% Byte Array size (Byte)

D.

Y o ]

4.16 naAadgveIabunIsutoyalulsarludensd NnsiSudsteya 9600 bps

)
c
=

e

Baud Rate 19200

140

(%]

£ 120 - - - -

g 100 5 (e iR il

= 80

C *

§ e | =t 800*600
*

céw % ——640*480

AN, —0—320%240

©

F 0 . : .

% 524KB 1MB 2MB

:'%’ Byte Array size (Byte)

L% 14

JUN 4.17 narnadevesiaitunisfuteyatuusazludese Ndnsisudstoya 19200 bps
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Baud Rate 38400
120

100 .‘: — q

80

60 - o — = 800*600
40 == 640*480
20 =4=—320*240

524KB 1MB 2MB
Byte Array size (Byte)

Average Transmission Time (ms)

[y ¥

JUN 4.18 naradevasiantunissudeyaluusaslusiense ndns1udsdoya 38400 bps
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ASEANADNUNDSA RS232

package RS232Example;

import gnu.io.CommPortldentifier;
import gnu.io.SerialPort;

import java.awt.image.Bufferedimage;
import java.io.ByteArrayOutputStream;
import java.io.File;

import java.io.lOException;

import java.util.logging.Level;

import java.util.logging.Logger;

import javax.imageio.ImagelO;

import vidzjpg.CompareFrame;

import vid2jpg.CompareFrame.RevByteListener;

import vid2jpg.Frame encoderJPEG;
import vid2jpg.vid2jps;

//import gnu.io.%;

public class RS232Example {

public static MyForm myForm = new MyForm();
public static vid2jpg myVideo = new vid2jpe("vfw://0");

public static CompareFrame compare = new CompareFrame();

static int numIimgNxN = 1; //4

public void connect(String portName) throws Exception {

CommPortldentifier portidentifier =

CommpPortldentifier.getPortidentifier(portName);

if (portldentifier.isCurrentlyOwned()) {
System.out.println("Port in use!");
}else {

// points who owns the port and connection timeout

44

SerialPort serialPort = (SerialPort) portldentifier.open("RS232Example”, 2000);

// setup connection parameters

//Baud Rate 56000,#38400,19200,14400,9600,2400,1200

serialPort.setSerialPortParams(
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19200, SerialPort.DATABITS 8, SerialPort.STOPBITS 1,
SerialPort.PARITY _NONE);

// setup serial port writer

CommPortSender.setWriterStream(serialPort.getOutputStream());

// setup serial port reader

new CommPortReceiver(serialPort.getinputStream()).start();

public static void main(String[] args) throws Exception {

// connects to the port which name (e.g. COM1) is in the first argument
//new RS232Example().connect(args[0]);
new RS232Example().connect("COMA");

/*compare.addRevBytelistener(
new RevBytelListener(){
public void onRevByteDatalint sequ, byte[] picData) {
for(int j = 0; j< picData.length; j++){
//System.out.printin("MySublmg :"+sequ+" Index:"+j+"--:>
"+picDatalj]);

}
public void onRevByteData(int sequ, String label) {

System.out.println("Seque "+sequ+" Message "+label);
}

¥/

compare.setimageCellNXN(numImgNxN);

// send HELO message through serial port using protocol implementation

[/ Send Only 1 buffered Image -----——-—---
myForm.setVisible(true);

/*
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try{
Bufferedimage buff = ImagelO.read(new File("D:\\Sunset2.jpg"));
Frame_encoderJPEG preEncode = new Frame_encoderJPEG();
ByteArrayOutputStream preoutstream = preEncode.encodelPEG(buff,5.5f);
byte[] pre_sec_stream = preoutstream.toByteArray();
System.out.println("Array Size: "+pre_sec_stream.length+"####H#H##HH");
CommpPortSender.send(pre_sec_stream);

} catch (IOException ex){System.out.print("Test");}

*/

//CommPortSender.send(new Protocolimpl().getMessage("HELO"));

asaUSUvUInvaslunoLse

package RS232Example;

public class Protocollmpl implements Protocol {

bytel] buffer = new byte[2097152];//1024,new524288,presentd60928
int tail = 0;

public void onReceive(byte b) {
// simple protocol: each message ends with new line
if (b=="\n") {
onMessage();
}else {
buffer[tail] = b;

tail++;

public void onStreamClosed() {

onMessage();
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/*

* When message is recognized onMessage is invoked

*/

private void onMessage() {

if (taill=0) {

// constructing message
String message = getMessage(buffer, tail);
System.out.printin("RECEIVED MESSAGE: " + message);

// this logic should be placed in some kind of

// message interpreter class not here

if ("HELO".equals(message)) {
CommpPortSender.send(getMessage("OK"));

} else if ("OK".equals(message)) {
CommpPortSender.send(getMessage("OK ACK"));

}

tail = 0;

// helper methods
public byte[] getMessage(String message) {

return (message+"\n").getBytes();

public String getMessage(byte[] buffer, int len) {

return new String(buffer, 0, tail);

asaUdsudayanimiluinwesduue

package vid2jpg;

import RS232Example.CommPortSender;

import RS232Example.Protocolimpl;

import com.sun.image.codec.jpeg.JPEGImageEncoder;

import java.awt.image.Bufferedimage;
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import java.io.ByteArrayOutputStream;

import java.util.EventListener;

public class CompareFrame {

private Bufferedimage[] preBufferedimage = null,

private Bufferedimage[] curBufferedimage = null,

private ByteArrayOutputStream preoutstream = null;
private ByteArrayOutputStream curoutstream = null;

public Protocollmpl myProtoCall = new Protocolimpl();

private int devSection = 1; // Image Cell = NxN = devSection/2
private int NxN = 1;

private float picquality = 5.5f; //default

RevByteListener myListener = null;

public void setimageCellNxN(int sec) {
devSection = sec;

NxN = devSection*devSection;

public void inputBufferedimageSeries(Bufferedimage[] images) {
curBufferedimage = images,

comparelmages();

private void comparelmages(){

//IF prelmgs = null create array and assign curlmgs to prelmgs
//Else Compare Images and update
if(preBufferedimage == null){
preBufferedimage = new Bufferedimage[NxN];
for(int m=0; m <(devSection*devSection); m++)
preBufferedimage[m] = curBufferedimage[m];
System.out.printtn("---------- First Frame Income-—-——- ");
}

lelse]
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//System.out.println("------— Compare Section-—---—-- ");
for(int i=0; i<NxN; i++)
Frame_encoderJPEG preEncode = new Frame_encoderJPEG();

Frame_encoderJPEG curEncode = new Frame_encoderJPEG();

preoutstream = preEncode.encodelPEG(preBufferedimageli],picquality);

curoutstream = curEncode.encodelPEG(curBufferedimageli],picquality);

byte[] pre_sec_stream = preoutstream.toByteArray();

byte[] cur_sec_stream = curoutstream.toByteArray();

//printByte(pre_sec_stream, i);

// Camera On

//CommPortSender.send(pre sec stream);

//CommPortSender.send(cur_sec stream);

}
//myListener.onRevByteData(23, "My name is");

private void printByte(byte[] pushByteArray, int sequence)f
for(int i = 0; i< pushByteArray.length; i++){
//System.out.printin("Sublmg :"+sequence+" Index:"+i+"--:>

"+pushByteArrayl[il);

//CommPortSender.send(myProtoCall.getMessage(String.valueOf(pushByteArraylil)));

}
//System.out.printtn(" =)

//CommPortSender.send(pushByteArray);

public interface RevByteListener extends EventListener{
//public void onRevByteData(int sequ, byte picDatal[l);
public void onRevByteData(int sequ, String label);

}
public void addRevBytelistener(RevBytelistener (s){
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myListener = (s;

ASIENISLUNSE L‘i‘jug‘ULL‘U‘U JPEG
package vid2jpg;

import java.io.”;

import java.awt.™;

import java.util.logging.Level;
import java.util.logging.Logger;
import javax.media.*;

import javax.media.control.*;
import javax.media.format.*;

import javax.media.protocol.;
import java.awt.image.®;

import com.sun.media.codec.video.jpeg.NativeEncoder;
import com.sun.image.codec.jpeg.;
import java.utilArrayList;

import javax.imageio.lmagelO;

public class vid2jpg extends Frame implements ControllerListener
{
Processor p;
Object waitObj = new Object();
boolean stateOK = true;
DataSourceHandler handler;
imgPanel currPanel;int imgWidth; int imeHeight;
private int sub_w, sub_h; // size of sublmage
DirectColorModel dcm = new DirectColorModel(32, 0x00FF0000, 0x0000FFO00,
0x000000FF);
//DirectColorModel dcm = new DirectColorModel(32, 0x00FF0000, 0x0000FF00,
0x000000FF);
MemorylmageSource sourcelmage, sourcelmage2;image outputimage,
outputimage?;
String sep = System.getProperty(“file.separator");
NativeEncoder e;
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int[] outvid;
int startFr = 1;int endFr = 1000;int countFr = 0;

boolean sunjava=true;

int frame_counterl = 0;

int frame_counter2 = 0;
public static CompareFrame compare = new CompareFrame();
[ This part for Image Section nxn-------------

static int numImgNxN = 9;

int subindex = 0;

e
* Static main method
¥ 4
public static void main(String[] args)
{
iftargs.length == 0)
{
System.out.printin("No media address.");
new vid2jpe("vfw://0");
compare.setimageCelINXN(numIimgNxN);
}
else
{
String path = args[0].trim();
System.out.println(path);
new vid2jpg(path);
}
}
Jxx
* Constructor
*/

public vid2jpg(String path)
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MedialLocator ml;

String args = path;

if((ml = new Medial.ocator(args)) == null)

{
System.out.printin("Cannot build media locator from: " + args);
}
iflopen(m))
{
System.out.printin("Failed to open media source");
}
}

e

* Given a Medial.ocator, create a processor and start

4

private boolean open(Medial.ocator ml)

{

System.out.printin("Create processor for: " + mb);

try
{
p = Manager.createProcessor(ml);
}
catch (Exception e)
{

System.out.printin("Failed to create a processor from the given
media source: " + e);

return false;

p.addControllerListener(this);

// Put the Processor into configured state.
p.configure();
if(lwaitForState(p.Configured))

{
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System.out.println("Failed to configure the processor.");

return false;

// Get the raw output from the Processor.
p.setContentDescriptor(new
ContentDescriptor(ContentDescriptor.RAW));

TrackControl tc[] = p.getTrackControls();
if(tc == null)
{
System.out.println("Failed to obtain track controls from the
processor.");

return false;

TrackControl videoTrack = null;
for(int i = 0; i < tc.length; i++)
{
if(tcli].getFormat() instanceof VideoFormat)
{
tclil.setFormat(new RGBFormat(new Dimension(640,480), -1,
Format.byteArray, -1.0F, 24, 3, 2, 1)); //720X540
videoTrack = tclil;
}
else
tclil.setEnabled(false);

}
iflvideoTrack == null)
{
System.out.println("The input media does not contain a video
track.");
return false;
}

System.out.println("Video format: " + videoTrack.getFormat();

p.realize();
if(lwaitForState(p.Realized))
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System.out.printin("Failed to realize the processor.");

return false;

// Get the output DataSource from the processor and set it to the

DataSourceHandler.

the processor:

DataSource ods = p.getDataOutput();

handler = new DataSourceHandler();

try
{
handler.setSource(ods); // also determines image size
}
catch(incompatibleSourceException e)
{
System.out.println("Cannot handle the output DataSource from
" + ods);
return false;
}

setLayout(new FlowLayout(FlowlLayout.LEFT));

currPanel = new imgPanel(new Dimension(imgWidth,imgHeight));
add(currPanel);

pack();

//setlLocation(100,100);

setVisible(true);

handler.start();

// Prefetch the processor.

p.prefetch();

if(lwaitForState(p.Prefetched))
{

System.out.println("Failed to prefetch the processor.");

return false;
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// Start the processor
//p.setStopTime(new Time(20.00));
p.start();

return true;

}

/**

* Sets image size

*/

private void imageProfile(VideoFormat vidFormat)

{
System.out.printn("Push Format "+vidFormat);
Dimension d = (vidFormat).getSize();
System.out.println("Video frame size: "+ d.width+"x"+d.height);

[/ AR ##H#E set perform size ##H#H#HHARH

imegWidth=d.width;
imgHeight=d.height;

}

/**

* Called on each new frame buffer

v/

private void useFrameData(Buffer inBuffer)

{

//HaR#HRRA AR unlimit to et frame #HHHHHHHH
//countFr++;

//if(countFr<startFr || countFr>endFrreturn;

try
{
//printDatalnfo(inBuffer);
//showPixelvalue(new Dimension(imgWidth,imgHeight),inBuffer ,16);

ifinBuffer.getData()l=null)  // vfw://0 can deliver nulls
{
ifloutvid==nulloutvid = new
int[(imgWidth)*(imgHeight)];
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outdataBuffer(outvid,(byte[])inBuffer.getData());

setimage(outvid);
// name so OS more likely to sort correctly if doing
jpg2vid
String paddedname =
"00000000000000000000"+inBuffer.getTimeStamp();
String sizedname =

paddedname.substring(paddedname.length()-20);

if(sunjava)
{
//HEHAHEHHHHESave 1O file HHEHHHHAHHE

saveJpeg(outputimage,'image "+sizedname+".jpg");
//System.out.println("To File image "+sizedname+".jpg");
}

else
{
ifle==null}{
initJpeg((RGBFormat)inBuffer.getFormat());
System.out.printin("FORMAT = NULLLLLLLLL");

}
byte[] b = fetchJpeg(inBuffer);
String filename = "image "+sizedname+".jpg";
makeFile(filename, b);
}
}
}
catch(Exception e){System.out.println(e+" Array OutBound !II");}
}
Jxx
* Tidy on finish
*/

public void tidyClose()
{



handler.close();

p.close();

iflel=null)e.close();

//dispose();  // frame
System.out.println("Sources closed");

e
* Draw image to AWT frame
*/
private void setimage(int[] outpix)
{
if(sourcelmage==null)sourcelmage = new
MemorylmageSource(imgWidth, imgHeight, dcm, outpix, 0, imgWidth);
outputimage = createlmage(sourcelmage);

currPanel.setimage(outputimage);

}
e
* Block until the processor has transitioned to the given state
¥/
private boolean waitForState(int state)
{
synchronized(waitObj)
{
try
{
while(p.getState() < state && stateOK)
waitObj.wait();
}
catch (Exception e)
{
}

}
return stateOK;

57
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e
* Controller Listener.
*/
public void controllerUpdate(ControllerEvent evt)
{
iflevt instanceof ConfigureCompleteEvent ||
evt instanceof RealizeCompleteEvent ||
evt instanceof PrefetchCompleteEvent)
{
synchronized(waitObj)
{
stateOK = true;
waitObj.notify AlL);
}
}
else
iflevt instanceof ResourceUnavailableEvent)
{
synchronized(waitObj)
{
stateOK = false;
waitObj.notify A0
}
}
else
iflevt instanceof EndOfMediaEvent || evt instanceof StopAtTimeEvent)
{
tidyClose(),
}
}
Jxx
* Prints frame info
*/

private void printDatalnfo(Buffer buffer)

System.out.printin(" Time stamp: " + buffer.getTimeStamp());
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System.out.println(" Time: " +
(buffer.getTimeStamp()/10000000)/100f+"secs");

//System.out.printin(" Sequence #: " + buffer.getSequenceNumber());

System.out.printin(" Data length: " + buffer.getLength());

System.out.printin(" Key Frame: " +
(buffer.getFlags(==Buffer.FLAG_KEY FRAME)+" "+buffer.getFlags();

System.out.println("Frame Conter 1: "+frame_counterl+" Frame Counter 2:

"+frame_counter2);

System.out.print(n(" ");

e
* Converts buffer data to pixel data for display
*/
public void outdataBuffer(int[] outpix, byte[] inData) // could use
JavaRGBConverter
{
boolean flip=false;
{
int srcPtr = 0;
int dstPtr = 0;
int dstinc = 0;
if(flip)
{
dstPtr = imgWidth * (imgHeight - 1);
dstinc = -2 * imgWidth;

for(int y = 0; y < imgHeight; y++)
{
for(int x = 0; x < imgWidth; x++)
{
byte red = inData[srcPtr + 2];
byte green = inData[srcPtr + 1];
byte blue = inData[srcPtr];
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int pixel = (red & 0xff) << 16 | (green & 0xff) <<

8 | (blue & 0xff) << 0;

outpix[dstPtr] = pixel,

srcPtr += 3;
dstPtr += 1;
}
dstPtr += dstinc;
}
}
Thread.yield();
}
e
* Jpeg encoder and file writer
*/

public void savelpeg(image img, String filename) throws IOException

{
Bufferedimage bi = new Bufferedimage(img.getWidth(null),

img.getHeight(null), Bufferedimage.TYPE INT RGB);

of 8

Graphics ¢ = bi.getGraphics();
g.drawlmage(img, 0, 0, this);

Ny Split Image --—-----
Bufferedimage subIMG[] = splitimage(bi,numImgNxN);

compare.inputBufferedimageSeries(subIMG);

/**
* Inits a jpeg encoder - if using MS JVM - but frame sizes have to be multiples

¥/
private void initJpeg(RGBFormat vfin) throws Exception

{
float val=0.6F;
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int widpx=imgWidth;
int hgtpx=imgHeight;

// This encoder need multiples of 8 - use another if a problem
iflwidpx % 8 != 0 || hgtpx % 8 != 0)
{
System.out.printin("Width = "+imgWidth+" "+"Height =
"+imgHeight);

throw new Exception("Image sizes not /8");

VideoFormat vfout = new VideoFormat("jpeg", new

Dimension(widpx,hetpx), widpx * hetpx * 3, Format.byteArray, -1F);

System.out.printin("My DATA L :"+ widpx * hetpx * 3);

e = new NativeEncoder();
e.setinputFormat(vfin);
e.setOutputFormat(vfout);

e.open();

Control cs[] = (Control[T)e.getControls();

for (inti = 0;i < cs.length; i++)

{
if (cs[i] instanceof QualityControl)
{
QualityControl gc = (QualityControl)cs|i];
gc.setQuality(val);
break;
}
}
}
Jxx
* Fetches a jpeg from buffer data - if using MS JVM
*/

private byte[] fetchJpeg(Buffer inBuffer) throws Exception
{
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Buffer outBuffer=new Buffer();// may need new to keep threadsafe if

extended

int result = e.process(inBuffer, outBuffer);
int lengthF = outBuffer.getlLength();
byte[] b = new byte[lengthF];
System.arraycopy(outBuffer.getData(), 0, b, 0, lengthF);
return b;

}

e

* Saves jpeg to file

*/

public void makeFile(String filename, byte[] b)

{
BufferedOutputStream fw=null;
try
{

fw = new BufferedOutputStream(new
FileOutputStream(‘images"+sep+filename));

fw.write(b, 0, b.length);fw.close();

System.out.println(" *** Created file "+filename);

}

catch(IOException e }{System.out.println("makeFile "+e);}

Jex
* Show RGB ARRAy for 1 Frame
* @param screen resolution
* @param b buffer
* @param Offset interval (present 1 pixel / n x n pixel)
*/
public void showPixelvalue(Dimension screen, Buffer b, int Offset){
int w0 = screen.width;
int hO = screen.height;
int w = wo0;
int h = hO;
int offset = 1;



offset = Offset;
byte[] x=(byte[])b.getData();
System.out.println("Size of byte x[] "+x.length);
ArrayList<String> raw = new ArrayList<String>();
for(inti=0;i< h;i+=offset ){
//col access loop
String rawdata = "RGB";
String preSpliter = "[";
String posSpliter = "'
for(intj=0;j < w; j+=offset)
String RGB ="
for(int k= 0 ; k < 3; k++){
RGB = RGB +x[3*(i*w+j)+k]+" : ";
}
rawdata = rawdata + preSpliter+RGB+posSpliter + " *
}
//Add to ArrayList
raw.add(rawdata);
}
//Print Array
for(int m = 0; m < raw.size(); m++){

System.out.printtn(raw.get(m));

Jrx
* Get compress Pixel Array
* @param screen
* @param b
* @param Offset
* @return
*/
public void getCompressPixel(int[] outpix, Buffer b, int Offset)}{
int w= imgWidth;
int h = imgHeight;
int offset = 1;
offset = Offset;

4
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int count = 0;
byte[] x=(byte[])b.getData();
byte[] out = new byte[(w*h/Offset)/Offset*3];

for(inti=0;i< h;i+=offset ){
//col access loop
for(intj=0;j < w; j+=offset}
byte[] com = new byte[3];
for(int k = 0 ; k < 3; k++){
coml[k] = x[3*(I*w+j)+k] ;
}
byte red = com[2];
byte green = com[1];
byte blue = com[0];
int pixel = (red & Oxff) << 16 | (green & 0xff) << 8 | (blue & 0xff) << 0;
outpix[j] = pixel;

}
Jex
* Get Sublmage (NxN) form 1 frame
* @param blmg - Buffered Image (1 frame)
* @param div - Number of section (div = NxN )
* @return Bufferedimage Array
*/

private Bufferedimage[] splitimage(Bufferedimage bimg, int div}{
Bufferedimage imgs[] = new Bufferedimage[div*div];
//Dimension sub_dim = cal_sublmg(bime ,div);
cal_sublmg(blmg ,div);
intr =0;
while(r<imgs.length){
for(int i=0; i<div; i++){
for(int j=0; j<div; j++){
imegs[r] = blmg.getSubimage(j*sub w, i*sub h, sub w ,sub h);

r++;
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}

return imgs;

private void cal_sublmg(Bufferedimage simg ,int split_nxn){
sub_w = simg.getWidth()/split_nxn;
sub_h = simg.getHeight()/split_nxn;

}
/
* Inner classes
/
class DataSourceHandler implements BufferTransferHandler
{
DataSource source;
PullBufferStream pullStrms[] = null;
PushBufferStream pushStrms[] = null;
Buffer readBuffer;
Jrx
* Sets the media source this MediaHandler should use to obtain
content.

W
private void setSource(DataSource source) throws
IncompatibleSourceException

{
// Different types of DataSources need to handled differently.

if(source instanceof PushBufferDataSource)

{
pushStrms = ((PushBufferDataSource)

source).getStreams();
// Set the transfer handler to receive pushed data from
the push DataSource.

pushStrms[0].setTransferHandler(this);

// Set image size
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imageProfile((VideoFormat)pushStrms[0].getFormat());
}
else

if(source instanceof PullBufferDataSource)

{
System.out.printin("PullBufferDataSource!");
// This handler only handles push buffer datasource.
throw new IncompatibleSourceException();

}

this.source = source;

readBuffer = new Buffer();

* This will get called when there's data pushed from the

PushBufferDataSource.

thread

public void transferData(PushBufferStream stream)

try
{
stream.read(readBuffer);
}
catch(Exception e)
{
System.out.println(e);
return;
}

//#itHH R buffer Stream H#HHHHHHH

// Just in case contents of data object changed by some other

Buffer inBuffer = (Buffer)readBuffer.clone());

// Check for end of stream
if(readBuffer.isEOM())



System.out.printin("End of stream");

return;

// Do useful stuff or wait

useFrameData(inBuffer);

public void start()
{

try{source.start();}catch(Exception €){System.out.printin(e);}

public void stop()
{

try{source.stop();}catch(Exception e){System.out.printn(e);}
public void close({stop();}
public Object(] getControls()

{

return new Object[0];

public Object getControl(String name)

{
return null;
}
}
/**
* Panel extension
*/

class imgPanel extends Panel

{

67



Dimension size;

public Image myimg = null;

public imgPanel(Dimension size)

{
super();

this.size = size;

public Dimension getPreferredSize()

{

return size;

public void update(Graphics ¢)

{
paint(g);

public void paint(Graphics g)

{
if (myimg = null)
{
g.drawlmage(myimg, 0, 0, this)
}
}

public void setimage(lmage img)
{
ifimg!=null)
{
this.myimg = img;

update(getGraphics();

)

68
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package RS232Example;

import java.awt.Color;

import java.awt.image.Bufferedimage;
import java.io.ByteArraylnputStream;
import java.io.ByteArrayOutputStream;
import java.io.File;

import java.io.lOException;

import java.io.InputStream;

import java.util.logging.Level;

import java.util.logging.Logger;

import javax.imageio.ImagelO;

public class MyForm extends javax.swing.JFrame {
myShowDATA myDataPanell ;
myShowDATA myDataPanel2
private boolean switch trigger = false;
Jxx
* Creates new form MyForm
*/
public MyForm() {
initComponents();
myDataPanell = myShowDATA.getInstance(jPanel 1.getWidth(),
jPanell.getHeight();
myDataPanel2 = myShowDATA.getInstance(jPanel2.getWidth(),
jPanel2.getHeight());
//myDataPanel = new myShowDATA();

@SuppressWarnings("unchecked")
// <editor-fold defaultstate="collapsed" desc="Generated Code">

private void initComponents() {

jPanell = new javax.swing.JPanel(),
jButton1 = new javax.swing.JButton();

jPanel2 = new javax.swing.JPanel();
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setDefaultCloseOperation(javax.swing.WindowConstants.EXIT_ON_CLOSE);

jPanell.setBorder(javax.swing.BorderFactory.createEtchedBorder());

javax.swing.GrouplLayout jPanelllLayout = new
javax.swing.GroupLayout(jPanell);
jPanell.setLayout(jPanelllayout);

jPanelllayout.setHorizontalGroup(

jPanelllayout.createParallelGroup(javax.swing.GroupLayout.Alignment.LEADING)
.addGap(0, 499, Short. MAX VALUE)
);
jPanelllLayout.setVerticalGroup(

jPanelllayout.createParallelGroup(javax.swing.GroupLayout.Aligcnment.LEADING)
.addGap(0, 324, Short. MAX VALUE)

jButton1.setText("Start");
jButtonl.addActionListener(new java.awt.event.ActionListener() {
public void actionPerformed(java.awt.event.ActionEvent evt) {
jButtonlActionPerformed(evt);

b;

jPanel2.setBorder(javax.swing.BorderFactory.createEtchedBorder());

javax.swing.GrouplLayout jPanel2Layout = new
javax.swing.GrouplLayout(jPanel2);

jPanel2.setlLayout(jPanel2Layout);

jPanel2Layout.setHorizontalGroup(

jPanel2Layout.createParallelGroup(javax.swing.GroupLayout.Alignment.LEADING)
.addGap(0, 499, Short. MAX VALUE)
);
jPanel2Layout.setVerticalGroup(

jPanel2Layout.createParallelGroup(javax.swing.GrouplLayout.Alignment.LEADING)
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.addGap(0, 320, Short. MAX_VALUE)

javax.swing.GrouplLayout layout = new
javax.swing.GrouplLayout(getContentPane());
getContentPane().setLayout(layout);
layout.setHorizontalGroup(
layout.createParallelGroup(javax.swing.GrouplLayout.Alignment.LEADING)
.addGroup(layout.createSequentialGroup()

.addGroup(layout.createParallelGroup(javax.swing.GroupLayout.Alignment.LEADING)
.addGroup(layout.createSequentialGroup()
.addContainerGap()
.addComponent(jPanell, javax.swing.GroupLayout.DEFAULT SIZE,
javax.swing.GroupLayout.DEFAULT SIZE, Short. MAX VALUE))
.addGroup(layout.createSequentialGroup()
.addGap(220, 220, 220)
.addComponent(jButton1, javax.swing.GrouplLayout.PREFERRED SIZE,
81, javax.swing.GroupLayout.PREFERRED. SIZE)
.addGap(0, 212, Short. MAX VALUE))
.addGroup(layout.createSequentialGroup()
.addContainerGap()
.addComponent(jPanel2, javax.swing.GroupLayout.DEFAULT SIZE,
javax.swing.GroupLayout.DEFAULT SIZE, Short. MAX VALUE)))
.addContainerGap())
);
layout.setVerticalGroup(
layout.createParallelGroup(javax.swing.GrouplLayout.Alignment.LEADING)
.addGroup(layout.createSequentialGroup()
.addContainerGap()
.addComponent(jPanell, javax.swing.GroupLayout.PREFERRED SIZE,
javax.swing.GroupLayout.DEFAULT SIZE, javax.swing.GroupLayout.PREFERRED SIZE)
.addPreferredGap(javax.swing.LayoutStyle.ComponentPlacement.RELATED)
.addComponent(jPanel2, javax.swing.GrouplLayout.DEFAULT SIZE,
javax.swing.GroupLayout.DEFAULT SIZE, Short. MAX VALUE)
.addPreferredGap(javax.swing.LayoutStyle.ComponentPlacement.RELATED)
.addComponent(jButton1)
.addContainerGap())
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pack();
Y/ </editor-fold>

private void jButtonlActionPerformed(java.awt.event.ActionEvent evt) {
// TODO add your handling code here:

myDataPanell.setSize(jPanell.getWidth(), jPanell.getHeight());
myDataPanel2.setSize(jPanel2.cetWidth(), jPanel2.getHeight());

if( switch_trigger ){ //Stop engine
jButtonl.setText("Start"), = //Set label to next state
jPanell.removeAll();
jPanel2.removeAll();
jPanell.setBackground(Color.black);
jPanel2.setBackground(Color.red);
myDataPanell.stopPanel();
myDataPanel2.stopPanel();

switch_ trigger = false;

Jelsef //Start engine
jButtonl.setText("Stop"); //Set label to next state
jPanell.add(myDataPanell);
jPanel2.add(myDataPanel2);
myDataPanell.startPanel();
myDataPanel2.startPanel();

switch_trigger = true;

try {
//Bufferedimage img = ImagelO.read(new File("'D://Sunset.jpg"));
//Bufferedimage img = ImagelO.read(new File("D://Bluehills.jpg");
//Bufferedimage img = ImagelO.read(new File("D://Bluehills640.jpg"));
//Bufferedimage img = ImagelO.read(new File("'D://Bluehills320.jpg");
//Bufferedimage img = ImagelO.read(new File("D://SVGA.jpg"));
//Bufferedimage img = ImagelO.read(new File("D://VGA.jpg"));
//Bufferedimage img = ImagelO.read(new File("D://QVGA.jpg"));
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Bufferedimage img = ImagelO.read(new File("D://PAQ.jpg");
//Bufferedimage img = ImagelO.read(new File("D://Bluehills.png"));
//Bufferedimage img = ImagelO.read(new File('D://Water.jpg");
myDataPanell.setimage(img);

ByteArrayOutputStream imgBytel = new ByteArrayOutputStream();
ImagelO.write( img, "jpg", imgBytel );

imgByte1.flush();

byte[] imagelnByte = imgBytel.toByteArray();

imgBytel.close();

//prepare imagelnByte to Send

/) -meraebes Print Bytes-s/ ;=22
for(int i=0; i < imagelnByte.length; i++){
System.out.print(n("Size:"+imagelnByte.length+" Indx: "+i+" -->
"+imagelnBytelil);
}
1/
InputStream inStream = new ByteArraylnputStream(imagelnByte);

Bufferedimage recievelmage = ImagelO.read(inStream);

myDataPanel2. setimage(recievelmage);

} catch (IOException ex) {
Logger.getLogger(MyForm.class.getName()).log(Level.SEVERE, null, ex);}

Y End Read Image file -==----—---—---
}
}
/**
* @param args the command line arguments
*/

public static void main(String argsl]) {
/* Set the Nimbus look and feel */
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//<editor-fold defaultstate="collapsed" desc=" Look and feel setting code
(optional) ">
/* If Nimbus (introduced in Java SE 6) is not available, stay with the default look
and feel.
* For details see
http://download.oracle.com/javase/tutorial/uiswing/lookandfeel/plaf.html
*/
try {
for (javax.swing.UIManager.LookAndFeellnfo info :
javax.swing.UIManager.getinstalledLookAndFeels()) {
if ("Nimbus".equals(info.getName())) {
javax.swing.UIManager.setL.ookAndFeel(info.getClassName());
break;

}
} catch (ClassNotFoundException ex) {

java.util.logging.Logger.getlLogger(MyForm.class.getName()).log(java.util.logging.Level.SE
VERE, null, ex);

} catch (InstantiationException ex) {

java.util.logging.Logger.getl ogger(MyForm.class.setName()).log(java.util.logging.Level.SE
VERE, null, ex);

} catch (IllegalAccessException ex) {

java.util.logging.Logger.getl ogger(MyForm.class.getName()).log(java.util.logging.Level.SE
VERE, null, ex);

} catch (javax.swing.UnsupportedlookAndFeelException ex) {

java.util.logging.Logger.getl ogger(MyForm.class.getName()).log(java.util.logging.Level.SE
VERE, null, ex);

}

//</editor-fold>

/* Create and display the form */
java.awt.EventQueue.invokel ater(new Runnable() {
public void run() {
new MyForm().setVisible(true);



b;

// Variables declaration - do not modify
private javax.swing.JButton jButtont;
private javax.swing.JPanel jPanell,;
private javax.swing.JPanel jPanel2;

// End of variables declaration
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ASELANADNUNDSA RS232

package RS232Example;
import gnu.io.CommPortldentifier;

import gnu.io.SerialPort;

public class RS232Example {
//public static MyPanel myPanel;
public static MyForm myForm = new MyForm();
public static Protocollmpl myProtocallmpl;

public void connect(String portName) throws Exception {
CommPortldentifier portldentifier =

CommPortldentifier.getPortldentifier(portName);

if (portldentifier.isCurrentlyOwned()) {
System.out.println("Port in usel");

}else {
// points who owns the port and connection timeout

SerialPort serialPort = (SerialPort) portldentifier.open('RS232Example”, 2000);

// setup connection parameters

//Baud Rate 56000,#38400,19200,14400,9600,2400,1200
serialPort.setSerialPortParams(

19200, SerialPort.DATABITS 8, SerialPort.STOPBITS 1,
SerialPort.PARITY. NONE);

// setup serial port writer

CommpPortSender.setWriterStream(serialPort.getOutputStream());

// setup serial port reader

new CommPortReceiver(serialPort.getinputStream()).start();

public static void main(String[] args) throws Exception {
myProtocallmpl = new Protocollmpl();
myProtocallmpl.getMessage("Hello");

7
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myForm.setVisible(true);

// connects to the port which name (e.g. COM1) is in the first argument
//new RS232Example().connect(args[0]);
new RS232Example().connect("COM4");

// send HELO message through serial port using protocol implementation
//CommPortSender.send(new Protocollmpl().setMessage("HELO");

CommPortSender.send(myProtocalimpl.getMessage("Hello");

AS1ESUANINWESH RS232

package RS232Example;
import java.awt.Color;

import java.awt.Dimension;
import java.awt.Image;

import java.awt.image.Bufferedimage;
import java.io.File;

import java.io.lOException;
import java.io.InputStream;
import java.util.logging.Level;
import java.util.logging.Logger;
import javax.imageio.ImagelO;
import javax.swing.Imagelcon;

import javax.swing.JLabel;

public class CommPortReceiver extends Thread {
Bufferedimage myBufferIMG = null;
InputStream in;

Protocol protocol = new Protocollmpl();

public CommPortReceiver(InputStream in) {

this.in = in;



public void run() {
try {
int b;

while(true) {

// if stream is not bound in.read() method returns -1

while((b = in.read()) I= -1) {
protocol.onReceive((byte) b);

}

protocol.onStreamClosed();

// wait 10ms when stream is broken and check again
sleep(10);
}
} catch (IOException e) {
e.printStackTrace();
} catch (InterruptedException e) {
e.printStackTrace();

ATanauusErdnsledaazduiansiudeya

package RS232Example;

import java.awt.Color;

import java.awt.Dimension;

import java.awt.image.Bufferedimage;
import java.io.ByteArraylInputStream;
import java.io.ByteArrayOutputStream;
import java.io.File;

import java.io.lOException;

import java.util.logging.Level;

import java.util.logging.Logger;

import javax.imageio.ImagelO;
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import javax.swing.Imagelcon;
import javax.swing.JLabel;

import javax.swing.JPanel;

import vid2jpg.Frame_decoderJPEG;

import javax.swing.JOptionPane;

public class Protocolimpl extends JPanel implements Protocol {

byte[] buffer = new byte[2097152]; //1024, 4664,
28808,#230400,#presentd60928,new524288

int tail = 0;

ByteArrayOutputStream outStream;
ByteArraylnputStream inStream;
Frame decoder)PEG frameDecode;

Bufferedimage myBufferlMG;

long startsnape;
long stopsnpe;

boolean complete output = false;

public void onReceive(byte b) {
// simple protocol: each message ends with new line
/* Original
if (b=="\n") {
onMessage();
}else {
buffer[tail] = b;
tail++;
¥/

//My impliment

buffer[tail] = b;

tail++;

/¥if(tail == 4663){
//onMessage();
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inStream = new ByteArraylnputStream(buffer);
try {
Bufferedimage inbuff = ImagelO.read(inStream);
RS232Example.myForm.inputMAGE(inbuff);
} catch (IOException ex) {
Logger.getl ogger(Protocolimpl.class.getName()).log(Level.SEVERE, null, ex);
}
//RS232Example.myForm.inputiMAGE(frameDecode.decodePEG(outStream));
¥/

public void onStreamClosed() {
[y Print Time //

startsnape = System.currentTimeMillis();
[/ Print Time //

onMessage();

inStream = new ByteArraylnputStream(buffer);

try {
Bufferedimage inbuff = ImagelO.read(inStream);
RS232Example.myForm.inputiMAGE(inbuff);
complete output = true;
if(inbuff == null{

lelsef

stopsnpe = System.currentTimeMillis();
System.out.println("process time = "+(stopsnpe-startsnape)+" ms");
JOptionPane.showMessageDialog(null, stopsnpe-startsnape );
startsnape = 0; //reset

stopsnpe = 0; //reset

} catch (IOException ex) {
Logger.getLogger(Protocolimpl.class.getName()).log(Level. SEVERE, null, ex);
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[/~ Print Time //
e Print Time //
}
/*
* When message is recognized onMessage is invoked
*/

private void onMessage() {
if (taill=0) {
// constructing message
String message = getMessage(buffer, tail),
//System.out.printin("RECEIVED MESSAGE: " + message);

//Print Bit-—f=t———+—* b
// for(int i=0; i<buffer.length; i++ X
// System.out.println("Size: "+buffer.length+" Indx: "+i+" ["+buffer[i]+"] Tail:
"+tail);
// }

// this logic should be placed in some kind of

// message interpreter class not here

if ("HELO".equals(message)) {
CommPortSender.send(getMessage("OK"));

} else if ("OK".equals(message)) {
CommPortSender.send(getMessage("OK ACK"));

}
tail = O;

@Override

public void paint(java.awt.Graphics graphics) {
super.paint(graphics);
java.awt.Graphics2D gr=(java.awt.Graphics2D) graphics;
gr.drawlmage(myBufferlMG, 0, 0, null); // see javadoc for more info on the

parameters



// helper methods
public byte[] getMessage(String message) {

return (message+"\n").cetBytes();

public String getMessage(byte[] buffer, int len) {

return new String(buffer, 0, tail)

¥ ¢ U o w
asaasanasuilsiudaya

package RS232Example;

import java.awt.Color;

import java.awt.image Bufferedimage;
import java.io.File;

import java.io.lOException;

import java.util.logging.Level,

import java.util.logging.Logger;

import javax.imageio.lmagelO;

public class MyForm extends javax.swing.JFrame {
myShowDATA myDataPanel ;

private boolean switch_trigger = false;

public MyForm() {
initComponents();
myDataPanel = myShowDATA.getinstance(jPanell.getWidth(),
jPanell.getHeight());
//myDataPanel = new myShowDATA();

@SuppressWarnings("unchecked")
// <editor-fold defaultstate="collapsed" desc="Generated Code">

private void initComponents() {
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jPanell = new javax.swing.JPanel();

jButton1 = new javax.swing.JButton();

setDefaultCloseOperation(javax.swing.WindowConstants.EXIT_ON_CLOSE);

jPanell.setBorder(javax.swing.BorderFactory.createEtchedBorder());

javax.swing.GrouplLayout jPanelllLayout = new
javax.swing.GroupLayout(jPanell);
jPanell.setLayout(jPanelllLayout);

jPanelllayout.setHorizontalGroup(

jPanelllayout.createParallelGroup(javax.swing.GroupLayout.Alignment.LEADING)
.addGap(0, 505, Short.MAX VALUE)
);
jPanelllayout.setVerticalGroup(

jPanelllayout.createParallelGroup(javax.swing.GrouplLayout.Aliesnment.LEADING)
.addGap(0, 324, Short.MAX VALUE)

jButtonl.setText("Start");
jButtonl.addActionListener(new java.awt.event.ActionListener() {
public void actionPerformed(java.awt.event.ActionEvent evt) {

jButtoniActionPerformed(evt),

b;

javax.swing.GrouplLayout layout = new
javax.swing.GroupLayout(getContentPane());
getContentPane().setLayout(layout);
layout.setHorizontalGroup(
layout.createParallelGroup(javax.swing.GrouplLayout.Alignment.LEADING)
.addGroup(layout.createSequentialGroup()
.addContainerGap()
.addComponent(jPanell, javax.swing.GroupLayout.DEFAULT SIZE,
javax.swing.GroupLayout.DEFAULT SIZE, Short. MAX VALUE)
.addContainerGap())
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.addGroup(layout.createSequentialGroup()
.addGap(220, 220, 220)
.addComponent(jButton1, javax.swing.GroupLayout.PREFERRED SIZE, 81,
javax.swing.GrouplLayout.PREFERRED _SIZE)
.addContainerGap(javax.swing.GrouplLayout.DEFAULT SIZE,
Short.MAX_VALUE))
);
layout.setVerticalGroup(
layout.createParallelGroup(javax.swing.GrouplLayout.Alignment.LEADING)
.addGroup(layout.createSequentialGroup()
.addContainerGap()
.addComponent(jPanell, javax.swing.GrouplLayout.PREFERRED SIZE,
javax.swing.GroupLayout.DEFAULT SIZE, javax.swing.GrouplLayout.PREFERRED SIZE)
.addPreferredGap(javax.swing.LayoutStyle.ComponentPlacement.RELATED)
.addComponent(jButtont, javax.swing.GroupLayout.DEFAULT SIZE, 39,
Short.MAX_VALUE)
.addContainerGap())

pack();
Y/ </editor-fold>

private void jButton1ActionPerformed(java.awt.event. ActionEvent evt) {
// TODO add your handling code here:

myDataPanel.setSize(jPanell.getWidth(), jPanell.getHeight();

if( switch_trigger ) //Stop engine
jButtonl.setText("Start"); //Set label to next state
jPanell.removeAll();
jPanell.setBackground(Color.black);
myDataPanel.stopPanel();

switch_trigger = false;

telse{ //Start engine
jButtonl.setText("Stop"); //Set label to next state
jPanell.add(myDataPanel);
myDataPanel.startPanel();
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switch_trigger = true;

/*try {
Bufferedimage img = ImagelO.read(new File("D:\\Water.jpg");
myDataPanel.setimage(img);
} catch (IOException ex) {
Logger.getl ogger(MyForm.class.getName()).log(Level.SEVERE, null, ex);}
/- End Read Image file -

public void inputlIMAGE(Bufferedimage img){ myDataPanel.setimage(img);}

public static void main(String argsl]) {

try {
for (javax.swing.UIManager.LookAndFeelinfo info :
javax.swing.UIManager.getInstalledLookAndFeels()) {
if ("Nimbus".equals(info.getName())) {
javax.swing.UIManager.setLookAndFeel(info.getClassName());
break;

}

} catch (ClassNotFoundException ex) {

java.util.logging.Logger.getl ogger(MyForm.class.getName()).log(java.util.logging.Level.SE
VERE, null, ex);

} catch (InstantiationException ex) {

java.util.logging.Logger.getl ogger(MyForm.class.getName()).log(java.util.logging.Level.SE
VERE, null, ex);

} catch (IllegalAccessException ex) {

java.util.logging.Logger.getl ogger(MyForm.class.getName()).log(java.util.logging.Level.SE
VERE, null, ex);
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} catch (javax.swing.Unsupportedl.ookAndFeelException ex) {

java.util.logging.Logger.getl ogger(MyForm.class.getName()).log(java.util.logging.Level.SE
VERE, null, ex);

}

//</editor-fold>

/* Create and display the form */
java.awt.EventQueue.invokelater(new Runnable() {
public void run() {
new MyForm().setVisible(true);

// Variables declaration - do not modify
private javax.swing.JButton jButtonl;
private javax.swing.JPanel jPanell;

// End of variables declaration

ATIENTSUERINANTSTUTRYA

package RS232Example;

import java.awt.image.Bufferedimage;
import static java.lang. Thread.sleep;
import java.util.logging.Level;

import java.util.logging.Logger;
public class myShowDATA extends javax.swing.JPanel implements Runnable{

public Thread interacThread,;

private Bufferedimage image ;

/**

* Creates new form myShowDATA
*/

public myShowDATA() {



initComponents();

public void startPanel(){
interacThread = new Thread(this);
interacThread.start();

public void stopPanel(}
interacThread = null;

public void setimage(Bufferedimage buffIMG}
image = bufflIMG;

public void paintComponent( java.awt.Graphics graphics }
super.paintComponent(graphics);

java.awt.Graphics2D gr=(java.awt.Graphics2D) graphics;

//gr.setColor(new Color(255,0,0)); //Red
//¢r filloval(0, 0, cetWidth()/2, cetWidth()/2);

gr.drawimage(image ,null, 0, 0);

public static myShowDATA getinstance(int W, int H) {
myShowDATA panel=new myShowDATA();
panel.setPreferredSize(new java.awt.Dimension(W,H));

return panel;

@SuppressWarnings("unchecked")
// <editor-fold defaultstate="collapsed" desc="Generated Code">
private void initComponents() {

javax.swing.GrouplLayout layout = new javax.swing.GrouplLayout(this),
this.setLayout(layout);
layout.setHorizontalGroup(
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layout.createParallelGroup(javax.swing.GrouplLayout.Alignment.LEADING)
.addGap(0, 301, Short. MAX_ VALUE)

);

layout.setVerticalGroup(
layout.createParallelGroup(javax.swing.GrouplLayout.Alignment.LEADING)
.addGap(0, 249, Short. MAX_VALUE)

);

}// </editor-fold>

// Variables declaration - do not modify

// End of variables declaration

@Override
public void run() {
while(interacThread == Thread.currentThread()}{
try {
sleep(1000);
repaint();
System.out.printin("TMM");
} catch (InterruptedException ex) {
Logger.getl ogger(myShowDATA.class.getName()).log(Level.SEVERE, null,

ex);

89



AMARUIN U.

1. naeddenldTunisinawineuns

Panithan Boonjanawirod , Krittanik Srithanasarn, Suvepon Sittichivapak “A New
Method for Image Communication via Low Bit Rate Channel”, The 20th International
Computer Science and Engineering Conference 2016, 14 - 17 December 2016, Chiang

Mai Orchid Hotel, Chiang Mai, Thailand



14 - 17 December 2016, Chiang Mai,
The 20t

International
Computer

91



92

dv‘L.‘;“ A
on 48

G




93

UseIngLueu
Fo-urmana wigldls yayaunilsay
T o Uidn 2 flugneu 2529 Awindese
flog 56/229 wyUnungw 86 AUARTYEATIIURY BNDUINATG
a3n3Us1n1s 10540
UseiAn1sfine 2553 FANTIUAIERIUMTS @193 3FINTINABLN NS

wIngdemalulagsvuenasyys

Anudunganizay 1) lassaideyanaznisiusinsuneuiunes
2) szuuApUiIAesLEAeA

UIaUNISaINISYINOIULALHAIUINE

W.A.2554-2556 fuvainIyInIsAeimes Ieeuinnssun1sianistaya
anUumAlUlagnszIRuNaNIIANINITAIANTEUS
W.A.2556-2559 AnUImNg medeuinnssun1sIanisteya

antumaluladnszasunalitfumsainnssds
n.A.2559-Uaq0u - FAinwseszaudSyaain



	01 ปกนอก
	02 ปกในภาษาไทย
	03 ปกในภาษาอังกฤษ
	04 หน้าลิขสิทธิ์
	05 ใบรัยรอง
	06 บทคัดย่อภาษาไทย
	07 บทคัดย่อภาษาอังกฤษ
	08 กิตติกรรมประกาศ
	09 สารบัญ
	10 สารบัญตาราง
	11 สารบัญรูป
	12 บทที่1 บทนำ
	13 บทที่2 ทฤษฎีที่เกี่ยวข้องกับงานวิจัย
	14 บทที่3 วิธีการส่งภาพด้วยวิธีไบต์อาเรย์ผ่านช่องสัญญาณความเร็วอัตราบิตต่ำ
	15 บทที่4 ผลการทดลอง
	16 บทที่5 สรุปผลการวิจัย
	17 บรรณานุกรม
	18 ภาคผนวก ก
	18.1 ภาคผนวก ก2
	18.2 ภาคผนวก ข
	18.3 ICSEC
	19 ประวัติผู้เขียน



