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desryrugevenandy Tnsssuuiudindosszeslnasslimsdedygnannudgiu VHF Hu
AiiTae 30-300 MHz wasluadruveinssudyanasldnasssudnyain Radio AV Receiver
ludquvesnispivaundsssserlnaszldgunsaifudedyninm XBee lunsfudidayaan
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poufiames GeannsaFengnimainndaanuy Real Time lpiuiiieanuisavinistuiinawly
Punamilaiielinnsimanugueasiduisdmenldlaglusunsiiwssinm

ABSTRACT

This project is research on the monitoring and analysis to specify the height of
the pile. The TV transmitter is used to send signals in VHF frequency range 30-300 MHz
and the receiver is used Radio AV Receiver. The remote camera control is used XBee to
send and receive signals from computer to microcontroller to control stepper motors.
The device will send a real time videos to computer. You can browse images of the Real
Time Camera DVR immediately or can be analyzed over time to determine the height of

the piles when hammering by the image processing program.
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§awad (Synchronizing Pulse) Ltﬁaﬁqmwaué‘ﬁynpmmmauﬂégmﬁ’umﬁuwwﬁmw (Picture
Carrier) Wil lidyanmnmdu i, fﬁ'auﬁmmﬂmﬁawzgnﬁaL{J"lqj’ms‘umﬂz%’fgzywmriauﬁ%
wendnytuduniides Welwlddyanoidsaduewidy. wdseulnsiminzsudyaiaan
ameemadamiinmuazdes thdganaidluinsivameiuenamuasdssesniulda e

dyqrunmuuIzgnaslusaasnnin  (CRT) Fadldrundneviaanseadaladlaufiuiadnantn
wasuaungeasaeudll melunaenasfitudidnasouniinsdeiunisdudlidaludaminee

ot

vinliansweaesiinnisidowuasdiufiae nmsfilsdesdsdyginuds 5 faeano1nALnsAaY

v
¢ ar

d o/ =
sanluileinguszasnsall

2.2.2.1 ygnaunmuazdyqnandss Judygrafidduieliinanmuasde
Turassulnsvien
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2.2.2.2 dyanauvasie Wudyarandaielfauiduds Tanduialuwunns

waZLLIUAY
2.2.2.3 dgyaeudalaslud Lﬂuﬁfgfgmﬁdamt.ﬁmhU'Lﬁ'm'iﬁ’nmmdLLmé'?a
a9t Wisliadesdeiuiedsaiurhauaenndes
nIariU
2.2.2.4 Fyanadmelads Wudygraiitelidyanaddasiudiuu

L)

uwaziwsudragUiivey 10 witrazdunmsaunuuuuaduidufan

2.2.3 Miuaudgy1ad (Modulation System)

Angular Modulator
Message Signal FM.PM
Output Signal

Carrier Signal
JUN 2.3 mIuagiatu

dynuninnazidsinisinnuisvesanudnliuniiull ovinsnnagyinli
Bandwidth niaun vilisudtyanenn dssuunisuavdyanulnsvieied 3 wuuRe

2.2.3.1 Amplitude Modulation i1l Carrier i Amplitude L‘\J?}itlulﬂm’mﬁazﬂa
wiauAvesdeyannind ﬁ’ﬁymﬂmmwﬁﬁfmszﬂawmﬂﬁqﬁﬂﬁejamnluﬂ'lsua@.a‘“u"u Falgszuu
Amplitude Modulation Foffeanuiivesduannmrasi s Modulation Hudte uddeidefein
Noise leidneumseanuilunisdaroudiesh

2.2.3.1.1 S¥UULBLOLLUUETIUM

MsaaLBLLUUSTTLATY Bandwidth 2zninann vilenumnuias
aaulatioptes fafuisldlaiduuun Vestigal Sideband Feneainiaidusssunn tufie vegadu
wuUleLBNsTIUnsAnLauAINEd1fes Lower  Sideband Waw Upper Sideband 4
Sideband sauauanifudyaunmwasls 10 MHz dwinis1avan Bandwidth Avinldlee
A151en Sideband  enlU 1 #1u Besvuuiiessn Carrer e vinlinng Decoder 3o



Demodulation FU4oULINTY wazvinl#Ian1s Demodulation @319A314D Carrier JuULBY L3139

L1958 UU Vestigial Sideband unla

2.2.3.1.2 S¥UULBLBULUY Vestigial Sideband

Xysg ()

Vestigial
Fiter | T

m(t) DSB

2 cos(w,.t)

E‘U‘ﬁ 2.4 7513 Vestigial Sideband

¢ < i . 1 2 P
NSUBYPANLULLULALRET (Single Sideband) anunsafnazldunuaud
R | a a Y 2 A v 1Y) el al wa o o o

Ihegnailuszaninm uadeiiyadesndeldrsasnsasnnuandinaaudansuin q Fwiqlden

W3eiis1Aung) Tumafun dedudadnisuegiandnuuudsiuy Vestigial fiazegszwing DSB

A - ¢ ot v | w a A ] v ) o

uawSSB fFedmyaya@nwuuavteihululaviavue muammﬂman%ﬂLwauamulU‘lmmamum

Tannsafiavdinnuiisinunn q (Wudggranim) Tadme msuegaauuuidslidndudedias

AnNsoIrNMURRAIN wazdadnsANAisvetuuAANRNTUBNIANToY (Ussana 1.25 Wi
Yaadayaynnd SSB) BN sFislenIanAIEIons Synchronous Detector

2.2.3.2 Frequency Modulation i1l Carrier fiannudiagulumudeya ue
Amplitude A7l deysyrandesldszuu Frequency Modulation Tngdl Carrier W@eavin991n Carrier
AW 4.5 MHz Tussuu 525 1&u uag 5.5 MHz Tussuu 625 1&u Teemluaslianuidesning

12 k=

2.2.3.3 Phase Modulation yhl¥iAmisnfinesvesdeyaasulunua Carrier
2.2.3.3.1 Pulse Amplitude Modulation (PAM) l4m&nn1s Sampling
2.2.3.3.2 Pulse Code Modulation (PCM) Naum’mﬁt,fluﬁiyfg’lm Pulse
2.2.3.3.3 Pulse Width Modulation (PWM) fvuaaailvinaiiusina
niﬁawaagﬂﬂﬁu Pulse lsinail
2.2.3.3.4 Pulse Position Modulation (PPM) Zsldimsdnnisdeyalagld
53&13L’Jaﬂmmnﬁwuaagﬂﬂ§"u
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2.2.4 pyruanlglunisdedeygyraiingyinu

nsdsdugaidoansiesyuuinsimiduinmaneud uavldidudnanly
Useinalngyszann w.ea. 2498 umsgunisaalnsviaauunsgiuanaivaeseuy Tulsay
sruuAfildfumansnduusziva usaznguAldfulugiunul VHF uazg1u UHF Tnsusazszuud
fidnutiuasanudfilduanseiu Tnelussuu VHF S81uiuteseguszana 12 gea dawly
EuAIINE UHF eilduutesguszanm 83 veq svuulngqiildlunsdsilanvariudadu
anaszuude lussuuusnidussuuiilésnwsdein Foc iudumiiasmsdsvsiimiluszuugos
mummsgmmﬂamaqswummﬁmmﬁm sruuifldfulueuing m‘fﬂu nmals #avTud
o ¥u wah Ay orsiaudun Wdde gyns Wusu dwludnssuunil Wussuu Cor Wy
ssuumsditdumileilflutsumaunuglsy Tneassuu FCC way COR wamsliisiugamang

soluil

- da s
M50 2.1 anudingludsamelne

aniiang §9IANE ATNETIRAE
Bl 550-1600 kHz 360 LIRS
BB 88-108 MHz 3 LURS
pAudY 3-12 MHz 62.5 LN




AT 2.2 AN NLEAIANUDNNTANTIISEUU FCC 81U VHF

10

AAUNIY(Carrier) ANMNEN | 10NN
woua Il SN Ad CR———— | —— ﬂjiu A
ME2) | ideoming | (udomrz| Y | B OTFM
(VHF Low 2 54-60 52.25 58975 2075 10.5
Band) 3 60-66 61.25 65.75 187.5 9.5
Jouanuau 4 66-72 67.25 71.75 171.5 8.7
an 5 76-82 77.25 81.75 149.5 7.6
6 82-88 38.25 815 139 T
7 174-180 175,25 179.75 66.73 3.39
8 180-186 181.25 185.75 64.54 3.28
Aovonuau 9 186-192 187.25 191.75 62.49 3.18
uu 10 192-198 193.25 LOR 75 60.58 3.08
(High Band) 11 198-204 199.5 203.75 58.78 2.99
12 204-210 205.25 209.75 57.06 2.9
13 210-266 211.25 215475 55.45 2.82
A5 2.3 MSNNERIAIINANTAITIISEUU COIR 61U VHF
LaUADLE 94 A AAUNIY (Carrier)
R dyananw dryynoudes
(Video:MHz) (Audio:MHz)
(VHF Low Band) 2 47-54 48.25 5305
Aegloniavand 3 54-61 55.25 60.75
4 61-68 62.25 6f.75
Joueniauuu 5 174-181 175.25 180.75
(High Band) 6 181-188 182:25 187.75
7 188-195 188.25 194.75
8 195-202 196.25 201.75
9 202-209 203.25 208.75
10 209-216 210.25 21545
11 216-223 217.25 22295
12 223-230 224.25 229.75




AN5197 2.4 ANSIARIAIURNSAIRTISEUU CCIR 81U UHF

wauAA 794 A AAUWIY (Carrier)
e dynanIn GATRRIIGEEN
(Video:MHz) (Audio:MHz)
UHF 21 470-477 471.25 476.75
22 478-485 479.25 484.75
23 486-493 487.25 492.75
24 494-501 495.25 500.75
25 502-509 503.25 16,75
26 510-517 518,25 52475
ik 518-525 519.25 539 76
28 526-533 2725 540.75
29 534-541 535S, 548.75
30 542-549 54325 556.75
B, 550-557 S5&l/25 564.75
32 558-565 559 .25 b7 2805
33 566-573 567.25 580.75
34 574-581 B 525 588.75
35 582-589 583.25 596.75
36 590-597 591.25 604.75
A 598-605 599.25 612.75
38 606-613 607.25 620.75
39 614-621 615.25 628.75
40 622-629 623.25 636.75
41 630-637 681,25 644,75
83 884-890 885.25 889.75

1
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2.3 EasyCAP USB 2.0 Audio/Video Capture

as

anedygyo Idle/eedle Nleultludgtuiuiogvareussinnail

1. @8 S-Video @18 S-Video (881131A Separate Video) 3auMaiiiandn Y/C
JuanedygraAflewuuowaen Salddeiudygyin Video Data Tnauansonilu 2 dyqrm fie

AANUET uaLd (Brightness and Color) waswmnzdmsuldiu Standard Definition Video #ifl
Bandwidth 480i 38 576i

2. @8 Component Video @18 Component Video Ailauldfuunsnans 1y
anedwudygaAfleduseandu 3 dygw uituendygyranaleseniieannissuniu
1080i waz 1080p

Fafuuaeiu @18 Component Video anunsnassiudnyeyiedlsl wwu 4801, 480p, 576i, 576p,

3. @18 Composite Audio/Video LJuaedaianIniazideanisaAuineiuuin
fio anedndes dmsudyguan waratsdunsiudunn dwsudyiudes daldseainiaio
Feaviqlu 1wy nseaauddn i3 1Wudu

4. aeduno HOME I Juaefiaunseddldianimuazides Tnedenuvideo
Resolutions 31n 4801 Fuluiia 1080p

vsegunsnlduiely

'Luﬁ’sqﬂﬂ‘iiﬁ EasyCAP USB 2.0 Audio/Video Capture 9¢lt@1t Composite
Audio/Video Tums3udyanunmuasidssuazuasdygadadng Uss 2.0 eldreufiames

§-Video in [} e CVBS. in
Audio in l

\ USB 2.0 Port /.
o~

gyt S

sU
Y

2.5 EasyCAP USB 2.0 Audio/Video Capture
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2.4 ndoslsany (Wireless Camera)

ndedlfanafundesiifinisds nminlenasdyyrandoelnelddyaainguuuliany
nEoreastailldsnuanuaendefiinmsdeudeuuuldanet ednalesfdeainisldmeinia
visomedmudedygaiile wasdssegnisluiindeanastinme uindensastauuulfaned
alduummesidudduindou unulii mmuaa’lﬂaiau 9 U aevilindaneasUniidu
ndoa9astauuulfaeguiads ndesnaslauuulianglangaludiin undoneastailésu
mmuau’iuwuwuﬂnﬂwwau nMsSnwieanadefivuasty esanileldglunisingad
Tiuws  @m3ugasanudndu dedld WiSsuUssannditen)  wazaiunsoidennisindald
waInvaneguLuY ndonastauuylEmelaunsnfnsvielifensinseiantundeaiasla
LLUU’L'*umEJIm

POWER - ADASTHRS

b, W

E‘dﬁ 2.6 naadliane (Wireless Camera)
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2.4.1 Useinvaaanaaaliane

1. ndeslianeuuuazunden (Analog Wireless Camera)

Myaedy U NLAY Lﬁm‘[maﬁ'ﬂﬁiummﬁ%q TngUnfevundenliatgasiiang
nsdedynUszunn 300 Wa (91 wns) 'Luﬁuu“?il,ﬂm,mﬁa.ms@, Woshlaes Izantansas
Foyoyu dffdsinuanedauaunn ndesiiwuazdianud 900 MHz, 2.4 GHz uag 5.8 GHz Tagy
dlvaindensastauwuuldans (Wireless Security CCTV) agviemuuuaiud 2.4 GHz Jevadld
Tupsaseu nsdniildans aleinuduarlulasian agyiany vueud 2.4 GHz uagonaviliin
NM3TUMUAUdYYIYeIndoasala ehuﬁrsﬁi’nﬁ’uiummaa Wi-Fi fviauuuaud 900
MHz Wudauvesdumedidaliasaviudygafiluins msetuazliisrdostudygn
Y9ANA0INITUA UDA A Ay 1N INNFDINITUAGINITAEEN %umalﬁmnamuﬁﬁha 9 P
dumediinlianevesqu deide fie lasenissuniuaingunsalil dlussaseu wu lulasim
Inséwsildane Falainud wavisnes

2. ndnalfansuuuidnea (Digital Wireless Camera)

v s o o o v aa
naBaLUUNIziNISLUaY fUuﬂJu']mLEENLLaS’]aIa LLUUaﬁuqﬁﬂﬂIﬁLUUﬂﬂﬂa'ﬁIﬂEJﬂ']i

Wrsvidlaediven A
- dedeyaailanslnduavinads 450 Wn
- Yleuazidullnnnings
- fimsé@eansla 2 e senINeNAeINIsUaLaslAIaS Udy

- prueninsolddyananineadiirdaasileiduld lidlwasfevsedu

- gauanusawenselugigunsaisulauinnis 1 Wwdedfiuieies
Uudin DVR
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2.5 #8AUAZIDEAVDININ (Pixel)

Uil 2.7 ansvenegUaniuganniga

Pixel Lfudgeun1n Picture Element(PEL) lumisidniignueanmiineniames
annsnfisiviouanald :nguuansiiennsveenIw 1600% wannsadiuduudendimaoy Tng
luusiazufonisuszneumediitesdidsawiniu Lifinnswaudadondt 1 gafnea dmsuseiil
Sufinigaan aeiinuazidenveininuin Tngdmuinavseyanuadenlumevesiiniea
WIUEY X WAk 1366x768 vangaariluluueumTeuwuay X azusznaulumeday
Wniwa 1366 0 uaziRMTaULILNY Y asUssnauludmesmaufinea 768 90 Taeluauin

anunsaszysumiveeinealanuuwnudgy 2.8

Pixel0  Pixelt Pixel2 Pixel3 ——»

Pixel 0
Y

'S
Pixel 1

Pixel 2

Pixel 3

» X

4

U7 2.8 LLﬂmmﬁsqei'%mﬂwaqqmﬁﬂma’l,umw



2.6 ET USB/RS232 MINI

Dusudeusiesswinnauianeifugunsaiduiiugunsaiwasa DBY s Port USB

YR NNDS Avanunsaldeuiu Port USB vpsmauiwmesinaslifssraiunass DB

NCHIP ETDIRFTDIZ3ZRE LI ot ey
CHIP MAX3243 VIR

31}‘71' 2.9 ET USB/RS232 MINI

2.6.1 aruauUAvas ET USB/RS232 MINI

5993UNNTFIU USB 1.1 uag USB 2.0
ans15udetaya 300 bps A4 128 kbps
¥lde991n USB Port Tnemsslsifosaifiuniouen

USB Connector Wuu TYPE A, RS232 Connector #uUU DP9 g

v

L ¢ RNy

wazPower ( PWR ) @wma

2.6.2 N15A81Y9U ET-USB/RS232 MINI
1. Aoy ET-USB/RS232 MINI infunesn USB vesnaufmesanziias

ar =]

Fansiunn wassaniuy PWR azdslaifinaina

17
a  a

LARIANUNITIIUAIE LED 3 & A n1sSU(RX) @, n1sda(Tx) 1vwaes

2. Ansa Driver dmsu ET-USB/RS232 MINI Tagangiiens@inma Driver il
a & o a ' | ) a Y ')
Andaseusonan Wuansaniuy PWR aginainauansinniaunazldanuua

3, gieanpoynsy iieldnulaeshumisldon sxdudgu 2.10
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RS-232 DB-9 Male Pinout

PIN 1: Data Carrier Detect

PIN 9: Ring Indicator

GND @\ PIN 2: Receive Data
DTR @ @ RI PIN 3: Transmit Data
cts PIN 4: Data Terminal Ready
TxD @ @ g PIN 5: Signal Ground
- @ PIN 6: Data Set Ready
@ psr PIN 7: Request to Send
DCD y PIN 8: Clear to Send

U7 2.10 m3sielden ET-USB/RS232 MINI

2.7 XBee

XBee LUugUnsaifidl Microcontroller uay RF 1€ aganglu imihiidugunsal
Transceiver (gUnsai3u-dedtysyiay) WUy wuu Half Duplex g1l 2.0 GHz insdnnising
Ténasarus Tamdne & interface Ald3uuavdidoyaiu xBee 10U UART  (TTL) Fadwiu
nedlilpsreulnsaaes saunsatildfndedears UART 289 XBee sioidnfiu UART
vos lailasaeulvsaiaes Tilaense XBee aansaldarunnnnnsgiu Ziggee I Taefilifoadou
TUsunsuase 13evie ZigBee nsenvinaaladavin firmware flavinandalulusia xsee 1
#1150 Set Parameter KU Software Interface (X-CTU viaalusunsuiidoutu) | sinmns
At Command (wmilauriunisauny GSM Module ) Iaeld Hyper Terminal %30 WH1uM19A1T
Sudedoyamelulasaeilnsatans Ifodradreme Tnaiile Set  xBee Tivhaudugunsellu
\PSat8 ZigBee Ud 15791580 XBee urazi1indu Node Tag Firmware #ldfu XBee agld
Tnanrlusunsa il Xeee WAy 9vanunsn Setting Function A1sldanulauining vinl
Firmware favdadlnamdrludu funnuevansuuy indeadenlimunsauiunsldom
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gﬂﬁ 2.11 XBee Juanganauuy Wire (Whip)

2.7.1 AuaNURYaY XBee

Operating Frequency ISM Band 2.4 Ghz

2. fiangainiavanevia Mg WUy Chip Ant , Whip Ant , UFL con , RPSMA
con

3. Supply Voltage 2.8-3.4V

4. Power Down Current < 10uA

5. 31 RF data rate aq"ﬁ 250 KBpS

6. i Serial interface data rate $¥%i1 1200 - 115200 BpS

7. Ju Spread Spectrum ¥ia DSSS (Direst Sequence Spread Spectrum)

8. nsfivum addressing fid1Rudnvaizie fvua PAN ID dwsuia3atnenis

AMUA Channel kag NUUA Address UBILAALH?

2.7.2 #1891n1AUY XBee

XBee Mgun1ud 2.4 Ghz Fafugufioatusu Bluetooth wie Wireless Lan
ﬁaﬁu’tumﬂﬁmmﬁaﬁqﬂﬂstﬁﬁuqﬁlﬁé’mmm Bluetooth 138 Wireless aglusvuzuasdyaiu
pavhlviinssumuAaty lutienud 24 Ghz udueaulilasim@imsneiumies
gunsaldesiilfiandnnig LOS (Line Of Sight) Favsldirindsdegean ssaemslunisdedygyod
1949 XBee Huazuandldmumsneit 2.5
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MTWN 2.5 seenedynnnd XBee NNSlEausnge

Module Antenna Outdoor Distance Indoor Distance Indoor Disgtance
: Type {Vizual Line-of-Sight) {Office Bullding) (Warehouze)
- Chp } AF0A (143 m) S {24 m)
1] . : —
; Yhip ; BASH (258 m) i (2 B4 /(25 m)
fresse m— " =
; Chip ; 1680 11, (515 m) % 140 1. (43 m) &
XBee:PRO | a— S s -
| Whip | 43228 (1335 m) ] 1400 (43 m) i 550 108 )

D1

vee
GND
DO

2.7.3 Data Throughput %84 XBee

Taealunsléanu RE Module vzdasil Buffer o Wiaidumsususnasuds
foyasewinmouiisudimniennia funeufisudsluds lulnsroulnsaiass wie gunsoi
Bu 9 lfeghammnza Data fisudiszning MCU fiu XBee axiidasia 1309 Packet 910
gn Drop 14 1ilownnen Data Over Flow Tngdm3ushunisdsdoyaluil XBee Lite
paneIMIiY 1 97 DI 9281 Buffer agUszaM 202 Bytes wndaiiu Buffer 1xfinnIs
Drop packet i %;qmqmﬂé’uﬁauua i1 DO Afl Buffer aghiui lneazdl Parameter ii
\Aadeaiu  Data Throughput #ie RO uaz BD lme 1 RO #eAn Packetization
Timeout F.8u delay waaﬁagaﬁag‘lu DI Buffer fi@uﬁ%gﬂ Encapsulate TUfidau RF
Transmission \fiedsdayasanernia wnk RO = 0 Data #sudinunain MCU N
XBee Encapsulate Packet d snanmiaviufl fatustasil Parameter RO wae BD #

gaelun1sUsu Data Sudslwanunsasudaiulaviu 1adlviiinns Drop Packetldlunsdl

detoyaLiu200Bytes

=
il
=
W

DI RF TX
- w1 Transmitter 1
Buffer Buffer _-.l RF Switch
oty '
e Processor ° {) Lo
- | Port
DO RF RX ;
i Boffer iy [ Receiver olfpermemn

gﬂﬁ 2.12 Data Throughput 984 XBee
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2.8 Arduino MEGA 2560

ET-MEGA2560 ADK \Juvasniuli Tuasznaves Arduino Taewfiuaruaninsn luns
\Wouradoas dauvetn Arduino s gunsal Android 05 #eq i Inséwiidledle wie
whuida tuandt TassmsWansyuy Arduino %89 MCU AVR #ifluuuu OPEN SOURCE a5y
nswauIgdassueilisuarudouduegiauin Tngldfinnswauniite SOFTWARE  uwaz
HARDWARE awnjuidniild MCU 28 %1 ue$ ATMEGAS8/168/328 (ET-BASE AVR
EASY88/168/328) 3o MCURTlvunalugtu «Juwuin100 w1 wes ATMEGA1280  (ET-
EASYMEGA1280) 14 8t s MCU m3ena AVR Lues ATMEGA2560 way MAX3421 ¥
Wannduvesn Arduino wuull USB HOST Iflesessunisiiensiogunsal USB DEVICE uav
aunsal Android OS Tageenuuu Wisln1sinass PIN /0 faq saruAvesAnLLIAsEIY
V84UD3A Arduino MEGA

BN

A

Aem@mMEGA 2560 R3

5Uf1 2.13 Arduino MEGA 2560

AdanURveIUasn ET-MEGA2560 ADK

1. 14 ATMEGA2560 1fiu MCU Uszduasm, RUN A28 16 MHz, 100PIN TQFP

2. 256 KBYTE FLASH Tunaslei@isulusinsy (8 KBYTE @ wmiu BOOTLOADER) /
8 KBYTE SRAM / 4 KBYTE EEPROM

% iaa%’umsﬁwuﬂﬂmnmﬁwmm C++ 299 Arduino  ®1UKUU Arduino
MEGA 18 100%, 58950 M5¥ine Uy Aaufiaines 18 e WINDOWS, LINUX wag MACINTOSH
OSX

4. tho USB MINI 14 USB BRIDGE was FTDI iue$ FT232RL dwiduld
RasodoasuasDOWNLOAD o3a CODE FiRsuannaeufinmesinduuesalnglifode
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gunsniuasn DOWNLOAD lae wiandiy, iiiudase 6 PIN dwiuusuldanuPROGRAM nsaidn
McU Taglaifaennulusunsy BOOTLOADER %84 Arduino
5. ON BOARD USB HOST (14 MAX3421) dwifumsidexsie USB DEVICE
- 3995UN15WAILIAIY ADK (Android Open Accessories Development Kit)
dleldiu Android
- 599¥unIWAILNGIE ADB (Android Debug Bridge) a4 Microbridge iald
fiu Android V1.5 #3ageni

2.9 STEPPER MOTOR

afiuwesuewes Wunawmasadimsuyuiduaiy (STEP) Wlodenszualiiinludsnain
fueguuammei(staton Tudnvyainduitad (Pulse) lunsdlidnenszualwilituuaainun
fiuq veafivesuameinaeanafivsinmayuiemisaiusiniudeieenn DC vewed
dledrenszudlviilyl fazvunusunitssvgadrenssualninli Taedofvesaiuilasuoines
Ao

1. awnsalilununivgusiumisludnuae 29smuauLuuLda ( Open Loop Control)
ilaeilidosntsdyantioundu ( Feedback Signal ) usiendenistiusiuauvestadiidaly
ATUANNTNLUUNY

2. liffduvesussduiissdnusouarliiianisauisafivuseanudenaneliindaa o
UM

2.9.1 wiinvesaadilasuainas

2.9.1.1 1Mitoidaianunud ( Variable Reluctance : VR ) 1siwas( Rotor ) i
memanseu juvseinsruanuazindudnuasiiu (Teeth) anwas(Stator) awilaaniu uavasvin
Hudnwazvesiuguiy Wednenszualwillitursmadiamnosavinduthudmdniiiues
amesuasmilinir vnliituveddsinefindudaudindniidamnsstudwivamees vilidge
fudananuuredtsnestu uvowessinilneunfeeivun 3 wa luuneedienawuile 4 wa
wowosvindflidenssudliinlifusemauuamaes Mlnmefadlifnussigatuanmed
vownefulindlifouilulflunugaamnssuudazgninluldfunuiifowadn Wy Micro-
Positioning Table tHudu wselifidauiiduudmdnansdafilurnslisenszudlniiiliu
wnanfiainnesdslifaussiign 3nsdu (Driving wiamsnszdua (Phase Excitation) 9
yidailite svaneiu Common whiuudsinglndauante) udwhnmsaimdlivmediu A, B,
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' € o =l [ - Y £y o @ a
C #eadNsNA (Ground) muddiv AazUansudwinguilSesly uwiddenislivgunduiaing

goUNau
Common
A iy
qf:-..{’ﬁ
STATOR —__ v c

- WINDING 8
%
Gl

. B /B

ROTOR

O (L O

as 3

JUT 2.14 Tassadsaivesuawmesiianiiedaidnunuduasdnydnuel

2.9.1.2 ( Permanent Magnet : PM ) Tsi#a3( Rotor ) i1 feusimanaasgy
V3NSTUDNEEY Ammes(Stator) awilunadniy wazfegvinduitu Wedrenssualuinliiy
wasiiawnesasinduiiniminiituresamnosuazazisgafuivessivinansilsnes
yliAansmyuredlsineitusewesefiailneaviifouruunn 2 watuluuewmesuiinilitemi
Wllunugramnssuudazgmi - Wldfugunsalresfiumesitusturederldnyuie dou
nszAwveaieiand Wusy nsiganudain uselnd wasusnaniielnssainvesaines
wilnilvih WiyniingulUusiazaidiy (StepAngle) lilasiBemau aufivaz 3.6 7.5, 15,18 ssandy
fu ueweswindidlidenszualiildfuramauuaimnei(Stator) Falnmoiaziiauseigm
fuammesdauinansinsveausiminnnsilamefiilinldon dwiutusindnilanes

anusodulsnninnutiuiminfesistuainnszudliihlvaiwueaafiaminesyalayands
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STATOR CUP A

—COIL A

STATOR CUP B -'
OUTPUT SHAFT—

GN MR B

COIL A o
o [ STATOR CUP A
s grEE T/ E%\%/;E%\é/”—

swoa oy B Tl NN UGS

- R {
CRNECRLR RL
eSS £ P STATOR CUP B
N _B sl NN T \Sf/
SW B < et Il (N P N Y N
o N N

B T .
s IN| |S] N |
Wi 4 i

'N

77}

JUM 2.15 afivilosuamesyinnasunuusuunids

2.9.1.3 WUUHEY (Hybrid : HB) M4wannisvih snuvesidosuuuanasnuuulaed
ammesazadeAuLuy VR dnlsinedavadiowuy PM usasviiduitusewmesuuuiinenldlue
gramnIsiwTvusidngennuasidenvesadivlunisvugs, mwm%qqamﬁaamwﬁndn
1ud wewmesudinilneunfvsiiouie 2 wa 1 5 wa uazuewesuledlatintswaun i
Useansnm wileninduludnlaglidain“Enhanced Hybrid”

2.9.2 ¥iiavpsaivoiuameiuisnudnenraeilddofulasiu

2.9.2.1 uwululwan (Bipolar) veainfiawnasuiavynazlifignsan msiaid
furnesturglianevisassinuvesunmnusiazyn nsvliintauimaniiamneivildlaens
enszualnainlanasmunildnasansunilivesueainwasnmsuas udwlianfannes
= Qs anf’d -] v a q'/ 7] 5 7 i el o [ i
yaieiuilivihlalavaduiirnianisivavesnseualviinues daiwsstunlddedndudes
anunsanduiirmansivavesnseudld nseidunewmed 2 aaslamefilddeduiuas ¢ ane
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Gnd. o
at

ﬂl o } 3 s v as
Uil 2.16 dydnuellasiaisuasaastuiildifunamasuuululnan 2 wa

call

1 o

29.2.2 uuvgillnan (Unipolar) waainfiawmnesudagynazdiynsan n1s

3
L ! L. @

yaanagiulukuy  Bifilar MsrainiulNastuaglduansvesunainusazsnusaLtniuINasd
waglfniamdeiiniutiuanvesunasdreln  nsvinliAataudivdniiawmmesililaenisdoe
nszualnlilvasngamasnsniduinsuesivarsiuniaenamn  mawdsudaudivgnd
anmosyaieatudilflgdsunsienssudliihnnamililudsnuaniwesunaniiin
sguuammpiYAEIiY  Fadusesiuiuiuasaindierilisenssualiifiuunainasu
ez nsdifuewmed 2 wavrlaeildretuivases 5 vde 6 a

+, Current
~_Flow
A

d o o Lo L ; s af
JUT 2.17 dydnuallassairauaznastuiiliiuuemesuuugiinan 2 wa
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2.9.3 38n159u (Driving) #3038n1snszduina (Phase Excitation) vasaiuias
uaLnas

nMsnssRuavesaiuesuewes fie mstnenssudliiiludnataiawmines
woduAazaiei inmesuiues uieendu 3 T5Ae

2.9.3.1 N13nILFUMARUY One Phase Excitation 38 Wave %30 Half Drive
nsnseiusanuuivihldlaenisienseualnihlugunainassasniavnuuanina sl

AT 2.6 LANINIINTEAUMNEALUY One Phase

Step Unipolar Bipolar
Supply Supply
+V Gnd. +V Gnd.
1 Com. A A T
2 Com. B B /B
37 Com. A /A 7 s
4 Com. /B /B

2.9.3.2 MInTeRUMELUY Two Phase Excitation ¥38 Full Step n1snszduLwa
.:? o ] L7 3 P L s o ﬂ.:
wuuilvilalaemsdienszualnihludavnainnsazansunioglnafiuvuuaninesaail

AN5A 2.7 UaAIN1INTEAULNEWUY Two Phase

Step Unipolar Bipolar
Supply Supply
+V Gnd. +V Gud.
1 Com. A,B A.B /A,/B
2 Com. /A,B /A.B A,/B
3 Com. /A ,/B /A,/B A.B
4 Com. A,/B A,/B /A,B
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2953 m‘mssﬁumﬁuuu One - Two Phase Excitation %38 Half Step n1%
nszunaLuuivilalaenishenszualnizludwnainnfiaraosvaiiodlndduuuamnasady
funistnenssualwiassazniavauuannes fail

M54 2.8 LLaﬂs‘im‘iﬂizﬁ’meUU One - Two Phase Excitation

Step Unipolar Bipolar
Supply Supply
+V Gnd. +V Gnd.
1 Com. A.B A.B /A,/B
2 Com. B B /B
3 Com, /A,B /A.B A,/B
- Com. A /A A
5 Com. /A, /B /A ,/B A.B
6 Com. /B /B B
) Com. A,/B A,/B /A,B
8 Com. A A /A
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uni 3

N1999NLUUKATNITIANUS Uantinug

3.1 N1399NLUY
3.1.1 dauvaslusunsuinninugs

Tuduvesldsunsudannugagldudnniswisuifisuaugesdunisiuns
WiguAudnugafingaainniw Tnglusunsuagldssuunsensdanndeya 2 ssuumeiu ssuy
fmilafenslissephestninndoauasianduudoyagngs lunsmenugeshessuui 1w
MIMASRTIAIUANGITENIIIMbhBRsResLIugARiniea N T STz Tneldiag
funuuiinsumiugautn aﬁﬂﬁuﬁaﬂﬂﬁwE‘]’msweifaummqaﬁlﬁlﬂﬁwmmmmmqwmLa’wﬁu
szuufiaesionisliingdnedeiivsnglunm temArdasndruanugesynitamhownsde
$ungeings miudaihdsnmduanugeildlusunumanigosaiduuiviuiy
szuuiinils Tasmsi@sulusunsuiilflunsiadaugeasinme o lumsidey

Ideasure the height
l of the pile. l
Take a picture of the prototype Find the height of the pile
object at mentioned distance. driver.
¥ l
Find height ratio in pixel unit IUse the height of the pile driver
and meter unit at mentioned -to calibrate the height ratic in
distance. pixel unit and meter unit from
’ the picture.

Use height ratio to calculate
——*| the height of the pile from ge=———

pixel unit to meter unit.

U7 3.1 vdenlmezunsuvedlusunsuinaugs
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3.1.2 MmanAaNnugenawlunieduIuganiniea

Tunsmeanugannawlumhednuugaiineassldiunisveuuunagyauans
2990 FauansluguuuuvasiungaiinreIgafinealun wAILLLILAL X Uaginu Y @9
wanslusy 3.2

X=0 Xm1 Xm2 Xm3 Xmd  soeee————
Y=0

Y=1

y=2 fuvtiwauuueaingluinufiniga
Y=3 (21, 71)

=4

Auwmisvauaesingluwnufinga

(x2, ¥2)

JUN 3.2 uammsmeAiuLafinigaaInnm

ilavsuiumisvesseineaana ndaududiuniseuvuuasvevanwasing
nniuszldgnfinaaesgalunismasegisssninaiinlaeldgnsnismaunavesinmesiiie
Junstestunsianarniiietulunsdiiamilaaudes

D =X —X;)2+ (¥ — V5)?

lny D ssyvvinszwingeaessavioanugavainglunm
X1.Y] Aifngefinugadumiiavauvuvesinglunim

X3, Y, ddngnfinasumisvouaiereainglunim
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3.1.3 Mamanugevanailulaediedaainssezvinassninandauasiandu

Tunsmanugeuesadulnggdinnssoiassuitndoaasandudy oy
vmsmerdasiduanugdumisimsdedaugafinsaresingiuuuuiisseginassning
n¥eauasingiiszerrnentudaus 10-55 wes Saussosvinafimnyausasdinudaondtlunis
endes TasawmAmngszermsiasuutas 1 was Taemstharrugeaasdumiewnsms
shueugeiiusnglunmlumhednugaiiniea

AnugeTasinsuuu (ns)

dnmdmnge (Mo o) = i e \
pugeivsIngluawvestngiuwuu (fnia)

ilonsuadnsdumugdlumisunsiesuiugainearesingfunuuiszessineg
uih Sahadanaduaugeildlusnamaugauesands Tasthadnsdunnugennuiy
anugavanafulumbeiuuaefinwaiiusnglunmanegiug Swadnsanvinedlfaylde
AgaiIvesadulunheins

a o At | Lums ) < a
ANUFTITBUANTN (1ms) = Smsrdundmgs (7 /e ) X mnugaiusingluamuesianidy (Anwa)
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TuduvesTngiunuuiussldnsoudseguesenas 12 Hu Fefleuge 2 wms
wazaninsaseatiulfainndeedretnauiissavinagfaus 10 was 89 55 wes lunsdiuanm
Frdnsmgdlumiemsdesiuaugafinisaiszosdaud 10-55 s laazmAmnszezms
WabuuUAd 1 e

JUT1 3.3 () UaAIn15InANgaURaUsEs (2 1Ums)
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3.1.4 mamarugewaaandulasdredananugessdudunaniaudy

Tumsmenugeesafulnedredennagesdudunenanduasiinism
Adnsdumuglumbeasdediuugainiea Tagldnugaeadudusenianduill fluled
suiiug fefivunamnugauinsgiusud 1824 was Tasldvdnnsdunmdudentuiunis
anugevenandulaedredninssesvineseninindenasianfutiufienisihAiniugassly
whpamsmsieanugeiunglunmlumedswaugafiniea

funusrauLuIeIduIy

JUT 3.4 amduduanuge 18 wes vsvinisnentaiy

AHEeseeetudu (wns)

— LA
gnsndmANge (7 o o) = - N
d WAME pymugeitusanglunimuasiiudu(fnea)

dlensArsanduangdlumiownsiosuaugafingavesiudu Suhednsd
Anugeildluinamenugaasand TnethAdhsndunugeguivanugaeaandsly
wheswugafineaiiusinglunwunsiug Gaednsaaveilldarldmmugaiaeaandy
Tumbguns

= & _ & i LUwS < 2 fa
AugaRteveaEdn (ns) = Sastdwmuge (M1 /e ) X mugeiuninglunmvasiandu (finea)
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3.1.5 dhuvassruualuaundadliane
Tunsiamnugemeiinmsinssezssninndeaz ingindurzdesuTuyundes
- P~ ) =Yy v 1 4 o
WiBATIBINTITBIMIIInA1MEe Jeldeaniuusruumunundedliaeifieduisanuazain
3.1.5.1 vGenlaesunsuesssuuniunundedliay

Tx
Ve

USB-RS232 MINI

= w v |
U7 3.5 szuumuaundaslSameniads

Tunseenuuusruumugundedlaenpdaiualdnoufianosidudunalunis

1w o

deiadinus ASCI iy USB-RS232 MINI titeuuamesnann USB iy RS232 nntuiduanontn

d XBee nAduiiodsdtyaausialuds XBee n1ASU

U

WERIrE ULN2003 Arduino MEGA 2540
Moter

d 2/ v o
JUT 3.6 swuumuAundealimeniaiy

TunsesnuuuszuumuAundadldmeniaiuiu XBee mafuagiinsiudoya
5%a ASCIl 910 XBee ﬂ’\ﬂ?i\‘ﬁ]’lﬂ&uﬁﬂﬁﬂﬁmmWMLﬁﬂéluIﬂiﬂﬂuIWiﬁLaaé Arduino fUNIWasW
Serial iolulasnoulnsataeslésusta ascl Fufumsnusiiderls lulasrevivsaaasazin
nsdedyeyraitng IC ULN2003 Wietuaivdaemedssly lulasaeulnsawmesilifo Arduino
MEGA 2540
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3.1.5.2 1955700338V ﬂ’JUﬂiJﬂﬁ’aﬁ‘iﬁiEJS‘lﬂa

T AEDUIR PLE
. - —
™ o  ounie s
» I3 puied 15 eaiL
¥ M ins : autalLs :::n 7
i § ourafid I
~Uws w aurafld.
conmon -
& (1 oute{bi. s
| ——: wr aur?| L’l.
LI | = (] con
| vl
- . 1 mmm‘mm“mm"ﬂ]}
s | |

o 7Y cwon 3

i ouralla coiL 2
ey aurajla col 1
4 T

L

k|

>
-
Al N cons | g
i

e B ARG PLS
b} g
It outi |14 cole 4 2y
o,

JUT 3.7 19II0m09sEUIUmUANNGassserlng

9ngu Tudwwes XBee  Huaniliu xBee Umuvmuiisudoyaifumsnysan
XBee fumsdslivinnsifeuseeyfunanfamesiumia ET USB/RS232 MINI iiteFudeya Tny
Tunssie XBee Uanemefunsyiinssaidifunesn Tx3 uas Rx3 uasldlwides 3.3v vaswedn
Arduino MEGA 2560 Tnediayaiililunisdsiamuniuasfunisdsiadnes Asci

dmivieasildaiuau Stepping Motor uuldwasn 2,3,4,5 diueasi 1 uay
noin 8, 9, 10, 11 dmiuavash 2 Tunisdadoya 1ing IC ULN2003 wioudasdeyayrailnidng

U

Stepping Motor
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3.1.5.3 Warmsaveslulaspaulnsaiass

' Mot'erfl, -S'fep i
Direction

Moterl,Step

Direction

MotefZ,Sté;p "
Direction

Moter2,-Step
Direction

JU 3.8 Wanmndanisvinuvedilasreulvsaiaes

Tunseenwuunsvuvedlilasreulnsaaes delulasaeulnsamesiu
nuazimafiua Var faduefienuain Serial Port deniilesuilussnes @ awinisda
Tamudsiamesiiniluadoudt 1 Step dldzussnus ‘0 swhmsdilramudaemedin
viliadouillufievnamsaiudnu 1 Step dreiilasuidusdnes ‘s ssvhnsddianudwemes
fhitaeandoudl 1 Step  &ldTushus ‘W asinsdildanutaewmesihiienndouiily
AN INSINULIN 1 Step
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3.1.6 dduvasszuusu-danwliane

Tx Rx

Easy Cap

Wireless

L Receiver USB2.0 Video
Camera

Capture

Special
Lithiumion
Battery

U7 3.9 spuuiu-dannliane

Tunnseanuuuszuusuasnmisansazltndealsate(Wireless Camera) AUR

I ar ¥ 1o o 2 q.; =& o a @ a oy v L3

1.2GHz lumsdsdyun gy (Receiver) Mnuuishdysaeudeniladigaunsel
. A s aa 1 3/ 1 = «
EasyCAP USB2.0 Video Capture LwaLLUaaLﬂuatymnmmmaanautﬂngﬂwmmm

A [}
3.2 \n3esllanldluntsvnaas
3.2.1 duvesszuunIvaundessvesing

3.2.1.1 gunsnifu-dedyandiany XBee

3U 3.10 qUnsal XBee nAda (TX) uas ET USB/RS232 MINI

Tun1sfudedoyaninnenfiumesiiu xBee Wy szlunisfudsdoyarunedn

Serial lngUagiumeuanesiidnesn Serial dulylasuanutonnndn dulvgasiiiemedn
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USB windu Tunnsfidadiasld ET USB/RS232 MINI wlaaweasn USB 1Tu Serial nou 39a1u1sa
Fourenoufiunesidniu XBee ¢

e
-

SU7 3.11 gunsal XBee 71A3U (RY)

Tugunsal XBee mavaremaiu Midaudeululasreulnsaaasiisnudann
[ " [ T Lo el 2s l '3 5 ='.’
wosn Serial agudd Ilddnlusosdinsuvamasnlagiisdu

3.2.1.2 @7Uv9329357U Stepping Motor

gﬂﬁ 3.12 U495 Stepping Motor
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ARDUING PINS

T b o R T BLU caoIL 4
- 2lie _ ourzls coIL 3
- 3 N3 g ouTalle caiL 2
- 4 Erig g ouT4lL3 OpG; COIL 1
..,.3, = D EEI:& RED COMMON STEPPER
—21 16
el IN? out?|Le_
GND 8] enp cam |2
— ks,
T 4OV
Ts

gﬂ‘ﬁ; 3.13 2995 Stepping Motor

L Q’J 2 ¢ A

Tuniseanuuuastuaiutwawmasasly IC was ULN2003 @ty IC wawgh

Tlunstuaiiutanawnes Taeuawmasnladusesulunslaau 12v Tunseelduazde 16
Wrfuwa 4 v1 15 Whduwd 3 91 14 Whfuwa 2 wagwd 13 Whdua 1 vesaiutaueines

3.2.1.3 dnvesnisidionsio XBee Wnglulasreulvsaiaes

= - 1 v ¢
JU7 3.14 sUmsideusie XBee Wglulnsnaulnsaiaed
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e

U7 3.15 2995 XBee wWeusanululaspeulnsaiasd

Tunisse XBee Aululasaeulnsaiaesiulinisivdetoyarunedsn Serial3
(Tx3, Rx3) 18 Arduino MEGA 2560 111495 Regulator Tudvia 5V uag 3.3 V fatlu XBee 14
ansaldlianlulaspaulnsaaaslsiae

3.2.2 @1uva9sEuusu-dennlisane

3.2.2.1 @ uraInsainw (Transmitter)

gﬂﬁi 3.16 nanliane (Wireless Camera)
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lun1sdsnwazldindedliane (Wireless Camera) Ssfinnantisioluil
- NABATU 801COLOR CMOS
- ATNAZIBUA 628x582 WNLYA
- MAITU 200mW
- AUE 1.2 GHz
- svgEnNTianunTaaeEianAsy 50-100 Wng
- i sesiu 8-12v
- T¥nszua 200mA

3.2.2.2 @UU99N155UN W (Receiver)

@

TudrnvesnindudygraitlewuvulSaedusiarldnasssudynin  Sendein

Radio AV Receiver

'gﬂﬁ 3.17 UuananaeeFudtysy1os Radio AV Receiver

Tun1ssudgyaruainieasdanin dalunaessudyein Radio AV Receiver 2wWUdnTg
vihauduvanenadiudil

- 2AdINEILRINIANIATY (Antenna  Receiven)  vimthiilunnsildsundsany
wiwmdnlwidundsonilaii edsielufinerdansasyueiely

- MAdNIERIIUILET Junner) wihfindnfenissudugraainaindalasuludy
Fyaranmiuiiedosulnsim] w?aﬁﬂauﬁqma%ﬂmcﬂ‘ﬁ Imaaw"wﬁwﬁnﬁﬁmu
maﬂﬁagumaﬂﬁﬁaﬁy Wasudyaanaeomadunuileenani At
m'i‘uU?&Jﬁmmmﬁ%'um’l,ﬁusaﬁuagﬁ’ummLtsqmaqé’mfymﬁ'%’uL'Ehm wazviin15udn
ﬁ‘ﬂgtymﬁaeuiuanthummﬁﬁ’iyfywmiwsﬁﬂﬁuasﬁ’fymﬂmumum’wq

- MAEUTEIEIAL IF kaznII93udy i
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3.2.1.3 dawvasnissunmewnfenidigreufiames

gﬂ‘ﬁ' 3.18 EasyCAP USB Video Capture Adapter

]

'[’ffqﬂﬂ'mi EasyCAP USB Video Capture Adapter lun1ssuniwainany AV ing

v

wadn USB ieudandudyauineaifiodsdygiuidigroniiames

v a
3.3 NMTIALNUNANITNAADY

3.3.1 wandlusunsuinArugeesady

3.3.2 fiuAdnsdiuanugilunhsumssednnunineaiisseeyneeeninndeay
) v al | ) = 1 o
Togduwuuiissezrina 10-55 wes lnedaynsserniswdsuntad 1 wns wipuva

3 =

WaRANTINLAAINISIUREULUAS

3.3.3 Taemugeeadulegldsruusnadainssesinseninandealasianlunsauns
A Uesiduanuiinnain

3.3.4 JarnugavadandulagldsruudadmnanugaveadudunsouneAuanm
Wasidunamiianain

3.3.5 aapunssudidnus ASCIl upsgunsal XBee Taglusunsu X-CTU

= | a g 1 .

3.3.6 yaaaululasaeulnsaeeslunisiouneiuaouRnesinunesn Serial

3.3.7 naaevlulasasulvsaasslunisfousafiunauiineisiiu XBee

3.3.8 NAAEUNSYINAUYEY IC ULN2003 tedu Stepping Motor ilaiin13dinisvinanu
Hunslulasasulvsaians

3.3.9 nngeunsTuasnmlfanefissuemngg
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UNi 4

HaNIINnaoy

4.1 TUsunsuinA1uga

Tudwveslusunsuinnnugeazyszneuldmentnene 3 wilseiieiu Windinia
Usenauigdureen1ssunInainndas meddyananIuaunMsiyuYeIndeesiiu Serial Port
way MSUURNAIWIALe wﬁw&iwﬁaawztﬂud'awmmﬁmmmgqﬁ’mzwéﬁqﬁamnizazné'aq
waziandy ulufinsuaniddnsdunnugsssnisnsdesiuugafinea wisaia
wiluduvesnistanugeieseuudnadaanauguuasiuiu luduvemiisanugets
amsxwas’l,'ifmiﬂﬁnmaqﬁaama%ﬁﬁwLmﬂwawuu,as‘uaua’Nﬂuaﬁmqﬁﬁaaﬂﬁ";’mﬂmugqLﬁa
AuAshumisidaluunuinieaiite Paste rihzj‘zj'ml.ﬁu?iw?faﬁﬁmiﬁ'mm

Y i -
4.1.1 WsunsuinAugaviieneivile

e e e T AN N S R S

‘mmm Bt
‘ 1
L4 1
Freview
e
[ ] [ Pen | o) 6
[hcase Mathod To Measurs|
From Menticried
Detance
5
From The Fle
3 et
|
3 ENEES AT T e gL o2 [T R R AT T S e e RPRR Vo R

JUT 4.1 Wsunsuinanugamidnaiivil

wnelay 1 uansgunsalirgnwdiegluaniuswionldnu
vaneLay 2 JuAIuALNGedru Serial Port
waneiav 3 wanslidnnuasiflefianegluneufiunes



42

ety 4 Yudavthaninisianauglagsnadaninsresyinessninndeiasianidy
NHBLATY 5 ﬂuLﬂmwﬁ'wiwmsi’mmmqﬂﬂaé’wﬁaﬁmﬂfamﬁwmﬁuﬁ"u

WUELEY 6 NTOURARINTNIINNGBINUU Real Time

vaneLay 7 @en Folder fivnsiemiing

wnelay 8 YuFutudindile

MBLAY 9 YA MTLERS o A

ar e
4.1.2 Wsunsudaaaugamtieineises

o g T N NN

[i

I Top Edge Postcn [ peme ]
| 3
Bottcm Edga Postion
' Pl Helght Pel 4
— Tobwmtek)| 5
b g 6| ~Select Tadle- -
Pie’s Spec. Metas

A | B R B PP S . o Al e

JUN 4.2 Wsunsuinanugatiinediaes

vinelas 1 1den Folder MAulndwSauauansindanlueiosnosiones

ninelay 2 feafumfinnvevuuvesandy

nea 3 Yeufumfinnvevaswesady

WBLae 4 Yodnansnadninisiwlnaugna wlurheiuugafiniea

wineas 5 YedldidnadruauginnaauasilanseuanisdnsdIunmge
VINELAY 6 YRIMARIHAGNEN1TAUIMANLGIITIlumELIRS

wnean 7 YeuansAianudnvasanduiinenasiulunieimns

VUIBLAT 8 VDILARININ

ey 9 uanshilsgaRnigaiifosneihinist o ey
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4.1.3 WsunsuinAuganiindeianu
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U 4.3 Tsunsudnanugamienaiany

winela 1 YoufiuAinaveuuuestiudy

WBLaY 2 YoufiuArfiiavauasuestiugy

WNelaY 3 ealanInaanamsAuInANNganamluneinugafiniea
wineLa 4 *ﬁ'mLﬁuFiﬂmmgw'%waqﬁu%’uﬂﬂumimafﬂ,wmEJLaJm
MeLaY 5 YosuanIaansn sAuMnTanLgilumhewasiadugafinigg
neLa 6 Yesfumfiiaueuuure ey

WA 7 FaanuAfiinvavavaandy

mneiay 8 Yasnanrnugewsnandulumiefiniea

wnglat 9 Yeduaninnugiwenadulumemns

VinElaY 10 Feduansmauanvesanduiinenasiulumihowns

MUELaY 11 YouUanInIn

wuBLaY 12 LLEWNLﬁ’lLL‘WLNﬁ]ﬂﬁﬂwaﬁﬁﬂmmﬂ‘fﬁﬂﬂﬁ% ol LAt

wieLaY 13 1den Folder Miiulwaniouhuandidinlupiasmeufianes
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4.6 nagaululasaoulnsaiaasiunisinfanuaaunlmaseIL Serial Port

COM3

sketch_sep22a | Arduino 1.0.5
I | File Edit Sketch Tools Help

Please input
- Flease input
steppingmotorleftridhtupdown § Flease inpuc
Flease input
Flease input
Flease input
Fleaze input
Flease input
Flease input
Please input
Elease input
Please input
Flease input
Flease input
Flease input
F

#include <Stepper.h>
const int steps = 1000;
Stepper stepper(steps, 8, 9, 10, 11):
Stepper stepperl(steps, 2, 3, 4, 5);
int sctepDirection = 3;
volid setup() {
stepper.zetSpeed(30)
Serial.begqin(9600) ;
}
volid loop() {
Serial.printin("Please input');

Serial.flush():
while (Serial,available()>0){ [¥] Autoscroll
char var = Serial.read(); 3
if(var == 'd')
{
Serial.println("turn left™);
stepper.step (stepDirection) ;

Voemmd A A .

Binary sketch size: 5,414 bytes (of a 25 YLE maximum)

Steam

Arduine Mega 2580 or Mega ADK on COM3

U7 4.18 Wsunsumaulvsaiaes Arduino lun1saauau Step Motor

lunismegeunisiudedeyavesnsuimesivlulasreulnsaiaesiu lavianisideu

lWsunsulilulasroulnsamesinsdstoyaidndneuianeasiluidnys "Please input’ Lie
wanalsiiunldinsdeusaseusesunda
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4.8 ULN2003 ua¢ Stepper Motor
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A w F3 ' & i v & & & 4 o v a |
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Stepl 0.01V 11,74V 11.61V 11.61V
Step2 -0.59 Vv -0.63V 14=65 V 11.61V
Step3 11.74 V -0.64 V 1161V 11.68 V
Stepd 11.67 V -0.65 V -0.59 vV 11.61V
Step5 11.61V 11,74V -0.63V 11.67V
Step6 11.67 V TEISIEY 0.01V 0.01V
Step7 1167V 11.57V 1157V -0.58 V
Step8 -0.59 V 11.66 V 11.74 v -0.65V
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Frysynunsesuidag ULN2003 wiknss viovhnsindeud 1 Step (7.5 9971 lawdnsasdayayie
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using System;

using System.Collections.Generic;
using System.ComponentModel;

using System.Data;

using System.Drawing;

using System.Ling;

using System.Text;

using System.Windows.Forms;

using System.Runtime.InteropServices;
using System.Diagnostics;

// Reference path for the following assemblies --> C:\Program Files\Microsoft
Expression\Encoder 4\SDK\

using Microsoft.Expression.Encoder.Devices;

using Microsoft.Expression.Encoder.Live;

using Microsoft.Expression.Encoder;

using EE4WebCam;

using System.IO;

using System.Collections;
using System.Drawing.Imaging;
using System.Timers;

namespace EE4Test

{
public partial class frmEE4WebCam : Form

{

Boolean key_w_stat = false;

Boolean key_a_stat = false;
Boolean key_s_stat = false;
Boolean key_d_stat = false;

string turnup;

string turnleft;

string turnright;

string turndown;

/// <summary>

/// Creates job for capture of live source
/17 </summary>

private LiveJob _job;

/// <summary>

/// Device for live source

/] </summary>

private LiveDeviceSource _deviceSource;

private bool _bStartedRecording = false;

private Size VideoSize = new Size(600, 600);

System.Timers.Timer BtnUpTimer;

System.Timers.Timer BtnLeftTimer;
System.Timers.Timer BtnRightTimer;
System.Timers.Timer BtnDownTimer;



public frmEE4WebCam()

{
InitializeComponent();
}
private void frmEE4WebCam_Load(object sender, EventArgs e)
{

this.Text += " - ver. " + Application.ProductVersion;

lstVideoDevices.ClearSelected();
foreach (EncoderDevice edv in
EncoderDevices.FindDevices(EncoderDeviceType.Video))

{
IstVideoDevices.Items.Add(edv.Name);
}
1blvideoDeviceSelectedForPreview.Text = "";

serialPortl.0pen();
}

private void btnPreview_Click(object sender, EventArgs e)

{

EncoderDevice video = null;
EncoderDevice audio = null;

GetSelectedVideoAndAudioDevices(out video);
StopJlob();

if (video == null)
{

}

// Starts new job for preview window
_job = new Livelob();

return;

// Checks for a/v devices
if (video != null)

{
// Create a new device source. We use the first audio and video

devices on the system
_deviceSource = _job.AddDeviceSource(video, audio);

// Is it required to show the configuration dialogs ?
//if (checkBoxShowConfigDialog.Checked)

/7{

L // Yes

1 // VFW video device ?
I/ if

(1stVideoDevices.SelectedItem.ToString().EndsWith("(VFW)",
StringComparison.OrdinalIgnoreCase))



// {

/7 i "Yés

!/ 1
(_deviceSource.IsDialogSupported(ConfigurationDialog.VfwFormatDialog))

!/ {

1/

_deviceSource.ShowConfigurationDialog(ConfigurationDialog.VfwFormatDialog, (new
HandleRef(panelVideoPreview, panelVideoPreview.Handle)));

// }

!/ iF
(_deviceSource.IsDialogSupported(ConfigurationDialog.VfwSourceDialog))

Vi {

ik

_deviceSource.ShowConfigurationDialog(ConfigurationDialog.VfwSourceDialog, (new
HandleRef(panelVideoPreview, panelVideoPreview.Handle)));

// }

/7 if
(_deviceSource.IsDialogSupported(ConfigurationDialog.VfwDisplayDialog))

// {

/7

_deviceSource.ShowConfigurationDialog(ConfigurationDialog.VfwDisplayDialog, (new
HandleRef(panelVideoPreview, panelVideoPreview.Handle)));

/7 }

1/ i

& else

/1 {

// // No

// if
(_deviceSource.IsDialogSupported(ConfigurationDialog.VideoCapturePinDialog))

! {

4

_deviceSource.ShowConfigurationDialog(ConfigurationDialog.VideoCapturePinDialog,
(new HandleRef(panelVideoPreview, panelVideoPreview.Handle)));

1/ }

/' 4 f
(_deviceSource.IsDialogSupported(ConfigurationDialog.VideoCaptureDialog))

!/ {

//

_deviceSource.ShowConfigurationDialog(ConfigurationDialog.VideoCaptureDialog, (new
HandleRef(panelVideoPreview, panelVideoPreview.Handle)));

/1 }

/' if
(_deviceSource.IsDialogSupported(ConfigurationDialog.VideoCrossbarDialog))

/! {

£

_deviceSource.ShowConfigurationDialog(ConfigurationDialog.VideoCrossbarDialog,
(new HandleRef(panelVideoPreview, panelVideoPreview.Handle)));

// }



o if
(_deviceSource.IsDialogSupported(ConfigurationDialog.VideoPreviewPinDialog))

/7 {

/7
_deviceSource.ShowConfigurationDialog(ConfigurationDialog.VideoPreviewPinDialog,
(new HandleRef(panelVideoPreview, panelVideoPreview.Handle)));

I ¥

/! if
(_deviceSource.IsDialogSupported(ConfigurationDialog.VideoSecondCrossbarDialog))

b &

I/

_deviceSource.ShowConfigurationDialog(ConfigurationDialog.VideoSecondCrossharDialo
g, (new HandleRef(panelVideoPreview, panelVideoPreview.Handle)));

g }

I/ 1

/1}

//else

FH

I/ // No

!/ // Setup the video resolution and frame rate of the video
device

'y // NOTE: Of course, the resolution and frame rate you
specify must be supported by the device!

i // NOTE2: May be not all video devices support this call,
and so it just doesn't work, as if you don't call it (no error is raised)

// // NOTE3: As a workaround, if the .PickBestVideoFormat
method doesn't work, you could force the resolution in the

I/ /! following instructions (called few lines belows):
‘panelVideoPreview.Size=" and '_job.OutputFormat.VideoProfile.Size="
// I/ to be the one you choosed (640, 480).

_deviceSource.PickBestVideoFormat(new Size(VideoSize.Width,
VideoSize.Height), 15);
//%}

// Get the properties of the device video
SourceProperties sp = _deviceSource.SourcePropertiesSnapshot();

// Resize the preview panel to match the video device resolution
set

//panelVideoPreview.Size = new Size(sp.Size.Width,
sp.Size.Height);

panelVideoPreview.Size = new Size(VideoSize.Width,
VideoSize.Height);

// Setup the output video resolution file as the preview

//_job.OutputFormat.VideoProfile.Size = new Size(sp.Size.Width,
sp.Size.Height);

_job.OutputFormat.VideoProfile.Size = new Size(VideoSize.Width,
VideoSize.Height);

// Display the video device properties set
toolStripStatusLabell.Text = sp.Size.Width.ToString() + "x" +
sp.Size.Height.ToString() + " " + sp.FrameRate.ToString() + " fps";



// Sets preview window to winform panel hosted by xaml window
_deviceSource.PreviewWindow = new PreviewWindow(new
HandleRef(panelVideoPreview, panelVideoPreview.Handle));

// Make this source the active one
_job.ActivateSource(_deviceSource);

btnStartStopRecording.Enabled = true;
btnGrabImage.Enabled = true;

toolStripStatuslLabell.Text = "Preview activated";

}

else

{

// Gives error message as no audio and/or video devices found

MessageBox.Show("No Video/Audio capture devices have been found.",
"Warning");

toolStripStatusLabell.Text = “"No Video/Audio capture devices have
been found.";

}
}
private void btnStartStopRecording_Click(object sender, EventArgs e)
{

// Is it Recoring ?
if (_bStartedRecording)

{
// Yes
// Stops encoding
_job.StopEncoding();
btnStartStopRecording.Text = "Start Recording";
toolStripStatusLabell.Text = "";
_bStartedRecording = false;

}

else

{

// Sets up publishing format for file archival type
FileArchivePublishFormat fileOut = new FileArchivePublishFormat();

// Sets file path and name
fileOut.OutputFileName =
String.Format("C:\\WebCam{@:yyyyMMdd_hhmmss}.wmv", DateTime.Now);

// Adds the format to the job. You can add additional formats as
well such as

// Publishing streams or broadcasting from a port

_job.PublishFormats.Add(fileOut);

// Start encoding
_job.StartEncoding();

btnStartStopRecording.Text = "Stop Recording";
toolStripStatusLabell.Text = fileOut.OutputFileName;
_bStartedRecording = true;

u



¥

private void cmdGrabImage_Click(object sender, EventArgs e)
{
// Create a Bitmap of the same dimension of panelVideoPreview (Width x
Height)
using (Bitmap bitmap = new Bitmap(panelVideoPreview.Width,
panelVideoPreview.Height))
{
using (Graphics g = Graphics.FromImage(bitmap))
{
// Get the paramters to call g.CopyFromScreen and get the
image
Rectangle rectanglePanelVideoPreview =
panelVideoPreview.Bounds;
Point sourcePoints = panelVideoPreview.PointToScreen(new
Point(panelVideoPreview.ClientRectangle.X, panelVideoPreview.ClientRectangle.Y));
g.CopyFromScreen(sourcePoints, Point.Empty,
rectanglePanelVideoPreview.Size);
}
string pathSaveFile = @"D:\Snapshot";
if (!System.IO.Directory.Exists(pathSaveFile))

{
}

string strGrabFileName = String.Format(pathSaveFile +
@"\Snapshot_{@:yyyyMMdd_hhmmss}.jpg", DateTime.Now);

toolStripStatusLabell.Text = strGrabFileName;

bitmap.Save(strGrabFileName,
System.Drawing.Imaging.ImageFormat.Jpeg);

Directory.CreateDirectory(pathSaveFile);

}
¥
//private void Broadcast_Click(object sender, EventArgs e)
/1
!/ EncoderDevice video = null;
// EncoderDevice audio = null;

/7 GetSelectedVideoAndAudioDevices(out video);
// StopJob();

// if (video == null)

il {

I return;

1/ )

bt _job = new Livelob();

// _deviceSource = _job.AddDeviceSource(video, audio);
/f _job.ActivateSource(_deviceSource);

I/ // Finds and applys a smooth streaming preset
!/ _Jjob.ApplyPreset(LivePresets.VC1256kDSL16x9);



!/ // Creates the publishing format for the job

// PullBroadcastPublishFormat format = new
PullBroadcastPublishFormat();

// format.BroadcastPort = 8680;

&t format.MaximumNumberOfConnections = 2;

L // Adds the publishing format to the job
Ll _job.PublishFormats.Add(format);

/7 // Starts encoding
I _job.StartEncoding();

L toolstripStatusLabell.Text = "Broadcast started on localhost at port
8080, run WpfShowBroadcast.exe now to see it";
/7}

private void GetSelectedVideoAndAudioDevices(out EncoderDevice video)

{

video = null;
lblVideoDeviceSelectedForPreview.Text = "";

if (lstVideoDevices.SelectedIndex < @)
{
MessageBox.Show("No Video capture devices have been
selected.\nSelect a video devices from the listboxes and try again.", "Warning");
return;

‘s

// Get the selected video device
foreach (EncoderDevice edv in
EncoderDevices,FindDevices(EncoderDeviceType.Video))

{
if (String.Compare(edv.Name,
lstVideoDevices.SelectedItem. ToString()) == @)

{
video = edv;
lblVideoDeviceSelectedForPreview.Text = edv.Name;
break;
}
3
}
void StopJlob()
{

// Has the Job already been created ?
if (_job != null)
{
// Yes
// Is it capturing ?
//if (_job.IsCapturing)
if (_bStartedRecording)
{
// Yes
// Stop Capturing



btnStartStopRecording.PerformClick();
}

_job.StopEncoding();

// Remove the Device Source and destroy the job
_job.RemoveDeviceSource(_deviceSource);

// Destroy the device source
_deviceSource.PreviewWindow = null;
_deviceSource = null;

}

private void frmEE4WebCam_FormClosing(object sender, FormClosingEventArgs

{
StopJlob();

private void btn_saveFolder_Click(object sender, EventArgs e)

{
if (folderBrowserDialogl.ShowDialog() == DialogResult.OK)

{
1stBx_mediaFile.Items.Clear();

string path = folderBrowserDialogl.SelectedPath;
this.label_saveDirectory.Text = path;

string[] filePicVid = getFiles(path,
"*.jpg|*.jpeg|*.png|*.avi|*wma", SearchOption.AllDirectories);

if (filePicVvid.Count() > @)
{

"

1stBx_mediaFile.Items.AddRange(filePicvid);

}

}
public string[] getFiles(string SourceFolder, string Filter,

System.IO.SearchOption searchOption)

{
// Arraylist will hold all file names

ArraylList alFiles = new ArraylList();

// Create an array of filter string
string[] MultipleFilters = Filter.Split('|');
foreach (string FileFilter in MultipleFilters)

{
if (string.IsNullOrEmpty(SourceFolder))

{
¥

SourceFolder = this.label_saveDirectory.Text;



string[] fileWPath = Directory.GetFiles(SourceFolder, FileFilter,

searchOption);
foreach (string file in fileWPath)

{
alFiles.Add(Path.GetFileName(file));
}
}
return (string[])alFiles.ToArray(typeof(string));
}
public static void OpenShowImages()
{
ShowImages show = new ShowlImages();
show.ShowDialog();
}
private void ShowImage_Click(object sender, EventArgs e)
£

System.Threading. Thread t = new System.Threading.Thread(new
System.Threading.ThreadStart(OpenShowImages));
t.SetApartmentState(System.Threading.ApartmentState.STA);

t.Start();
}
private void goto_Calibrate_Click(object sender, EventArgs e)
{

System.Threading.Thread t = new System.Threading.Thread(new

System.Threading.ThreadStart(OpenCalibrate));
t.SetApartmentState(System.Threading.ApartmentState.STA);
t.Start();

private void OpenCalibrate()

{
Calibrate cb = new Calibrate();
cb.ShowDialog();

}

private void timerl_Thick(object sender, EventArgs e)
{

if (key_w_stat == true)

{

woon

turnup = "w";
serialPortl.Write(turnup);

}

if (key_a_stat == true)
{
turnleft = "a";
serialPortl.Write(turnleft);
}
if (key_s_stat == true)
{

won

turndown = "s";
serialPortl.Write(turndown);



}
if (key_d_stat == true)

{
turnright = "d";
serialPortl.Write(turnright);

}

private void btn_Up_MouseDown(object sender, MouseEventArgs e)

{
}

private void btn_Up_MouseUp(object sender, MouseEventArgs e)

{
}

private void btn_Right_MouseDown(object sender, MousetEventArgs e)

{
}

private void btn_Right_MouseUp(object sender, MouseEventArgs e)

{
}

private void btn_Down_MouseDown(object sender, MouseEventArgs e)

{
}

private void btn_Down_MouseUp(object sender, MouseEventArgs e)

{
}

private void btn_Left_MouseDown(object sender, MouseEventArgs e)

{
}

private void btn_Left_MouseUp(object sender, MouseEventArgs e)

{
}

key_w_stat = true;

key_w_stat = false;

key_d_stat = true;

key_d_stat = false;

key s_stat = true;

key_s_stat = false;

key_a_stat = true;

key_a_stat = false;
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using System;

using System.Collections.Generic;
using System.ComponentModel;
using System.Data;

using System.Drawing;

using System.Ling;

using System.Text;

using System.Windows.Forms;
using EE4Test;

using System.IO;

using System.Collections;

namespace EE4WebCam

{

public partial class ShowlImages : Form
{
private string FilePath;
private Dictionary<int, string> tableDic;

public ShowImages()

{
InitializeComponent();
}
private void ShowImages_Load(object sender, EventArgs e)
{

//this.Size
//this.Dock

Screen.PrimaryScreen.Bounds.Size;
DockStyle. Left;

1

Size 1stBxFileSize = new Size()

{
Height = this.Height - btn_Browse.Size.Height - 18,

Width = this.Width / 5
15

//1stBx_listFile.Size
//1stBx_listFile.Dock

1stBxFileSize;
DockStyle.Left;

Size imageBox = new Size()
{
Height = this.Height,
Width = (this.Width * 4) / 5
s
//box_Img.Size = imageBox;
//box_Img.Dock = DockStyle.Right;
//box_Img.Left lstBxFileSize.Width + 60;
/ /5 umnanm
box_Img.SizeMode = PictureBoxSizeMode.StretchImage;

//box_Img.Image = Image.FromFile(@"C:\Users\Public\Pictures\Sample
Pictures\Koala.jpg");

//btn_Browse.Dock = DockStyle.Bottom;



foreach (var item in tableDic)

{

}
comboTablelList.SelectedIndex = 0;

comboTablelList.Items.Add(item.Value);

}

private void btn_Browse_Click(object sender, EventArgs e)

k
if (folderBrowserDialogl.ShowDialog() == DialogResult.OK)

{
1stBx_listFile.Items.Clear();

string path = FilePath = folderBrowserDialogl.SelectedPath;
//this.label_saveDirectory.Text = path;

string[] filePicVid = getFiles(path, "*.jpgl|*.jpeg|*.png",
SearchOption.AllDirectories);

if (filePicvid.Count() > @)
{

]

1stBx_listFile.Items.AddRange(filePicVid);

}
}
public string[] getFiles(string SourceFolder, string Filter,

System,IO.SearchOption searchOption)

{
// ArraylList will hold all file names

Arraylist alFiles = new Arraylist();

// Create an array of filter string
string[] MultipleFilters = Filter.Split('|");

// for each filter find mathing file names
foreach (string FileFilter in MultipleFilters)

{

// add found file names to array list

string[] fileWPath = Directory.GetFiles(SourceFolder, FileFilter,
searchOption);
foreach (string file in fileWPath)

{
}

alFiles.Add(Path.GetFileName(file));

}

// returns string array of relevant file names
return (string[])alFiles.ToArray(typeof(string));



private void ChangeImage(object sender, EventArgs e)

{
this.SetImage(FilePath + "\\" + 1lstBx_listFile.SelectedItem);
}
private void SetImage(string filePath)
{
try
{
box_Img.Image = Image.FromFile(filePath);
}
catch (FileNotFoundException)
{

box_Img.Image =
Image.FromFile(AppDomain.CurrentDomain.BaseDirectory + "\\fnf.jpg");

}
}

private void GetPositionOnClick(object sender, MouseEventArgs e)

{
Point P = Control.MousePosition;
Clipboard.SetText(P.X + "," + P.Y);
}
private void btn_TargetP1_Click(object sender, EventArgs e)
1
txtb_TargetPl.Text = Clipboard.GetText();
}
private void btn_TargetPoint2_Click(object sender, EventArgs e)
{
txtb_TargetP2.Text = Clipboard.GetText();
}

private void btn_CalcTargD_Click(object sender, EventArgs e)

{
string strPl = txtb_TargetPl.Text;

string strP2 = txtb_TargetP2.Text;

if (!string.IsNullOrEmpty(strPl) && !string.IsNullOrEmpty(strP2))

try

{
string[] arrPl = strP1.Split(’,");
string[] arrP2 = strP2.Split(',");
double x1 = double.Parse(arrPl[@]);
double yl1 = double.Parse(arrPl[1]);
double x2 = double.Parse(arrP2[0]);
double y2 = double.Parse(arrP2[1]);

double d = Math.Sqrt((Math.Pow((x2 - x1), 2) + Math.Pow((y2 -
y1), 2)));



txtb_TargetD.Text = string.Format("{@:N2}", d);

}
catch (Exception ex)
{
}
¥
}
private void box_Img_Click(object sender, EventArgs e)
{
Point P = Control.MousePosition;
Clipboard.SetText(P.X + "," + P.Y);
}
private void btn_GoToDistTbl_Click(object sender, EventArgs e)
{

System.Threading.Thread t = new System.Threading.Thread(new
System.Threading. ThreadStart(OpenDistanceTbl));
t.SetApartmentState(System. Threading.ApartmentState.STA);

t.Start();
}
private void ShowMousePosition(object sender, MouseEventArgs e)
{
Point m = Control.MousePosition;
1bl_MousePos.Text = "(" + m.X + ", " + m.Y + ")";
}
public void OpenDistanceTbl()
{
DistanceTable dt = new DistanceTable();
dt.ShowDialog();
}
private void EventSubtractTextBoxesChange(object sender, EventArgs e)
{
string strPl = txtb_TargetPl.Text;
string strP2 = txtb_TargetP2.Text;
if (!string.IsNullOrEmpty(strPl) && !string.IsNullOrEmpty(strP2))
{
try
{
string[] arrP1l = strPl1.Split(',');
string[] arrP2 = strP2.Split(’',');
double x1 = double.Parse(arrP1[@]);
double yl1 = double.Parse(arrPi[1]);
double x2 = double.Parse(arrP2[@]);
double y2 = double.Parse(arrP2[1]);
double d = Math.Sqgrt((Math.Pow((x2 - x1), 2) + Math.Pow((y2 -
yl), 2)));

txtb_TargetD.Text = string.Format("{@:N2}", d);



}

catch (Exception ex)

{
}
}
}
private void EventRatioTextBoxChange(object sender, EventArgs e)
{
string strTGD = txtb_TargetD.Text;
string strRatio = txtb_Ratio.Text;
if (!string.IsNullOrEmpty(strRatio) && !string.IsNullOrEmpty(strTGD))
{
try
{
double dbRatio = double.Parse(strRatio);
double dbTGD = double.Parse(strTGD);
double tgh = dbRatio * dbTGD;
txtb_TargetHeight.Text = string.Format("{@:N2}", tgh);
i
catch (Exception ex)
{
}
}
X
private void EventTextBoxChangeBaseCalculate(object sender, EventArgs e)
{

string strTopSecHeight = txtb_TopSecHeight.Text;

string strTotalHeight = txtb_TargetHeight.Text;

if (Istring.IsNullOrEmpty(strTopSecHeight) &&
Istring.IsNullOrEmpty(strTotalHeight))

try

{
double dbTotalHeight = double.Parse(strTotalHeight);

double dbTopSecHeight = double.Parse(strTopSecHeight);
double dbBaseHeight = dbTopSecHeight - dbTotalHeight;

txtb_BaseHeight.Text = string.Format("{@:N2}", dbBaseHeight);
}
catch (Exception)
{
}
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using
using
using
using
using
using
using
using
using
using

System

System.
System.
System.
System.
System.
System.
System.
System.
System.

]

Collections;
Collections.Generic;
ComponentModel;
Data;

Drawing;

I0;

Ling;

Text;

Windows. Forms;

namespace EE4WebCam

{

public partial class Calibrate : Form

{

publ
publ
publ
priv
Poin

publ
{

}

priv

{

¥

priv

}

priv

{

}

priv

{

ic const string CancelTxt = "Cancel";
ic string TempText = "";

ic bool IsWaitMouseClick = false;

ate string FilePath;

tP;

ic Calibrate()

InitializeComponent();

ate void Form_Load(object sender, EventArgs e)

P = new Point();

txtb_Pl.Enabled = false;
txtb_P2.Enabled = false;
txtb_D.Enabled = false;
txtb_Ratio.Enabled = false;
txtb_TargetPl.Enabled = false;
txtb_TargetP2.Enabled = false;
txtb_TargetD.Enabled = false;
txtb_TargetHeight.Enabled = false;
txtb_BaseHeight.Enabled = false;

picb_MainPic.SizeMode = PictureBoxSizeMode.StretchImage;

ate void CalculateHeight()

double knownHeight = double.Parse(txtb_D.Text);

ate void ShowMousePosition(object sender, MouseEventArgs e)

Point m = Control.MousePosition;

1bl_MousePos.Text = "(" + m.X + ", " + m.Y + ")";

ate void GetPositionOnClick(object sender, MouseEventArgs e)

P = Control.MousePosition;



Clipboard.SetText(P.X + "," + P.Y);

}
private void btn_P1l_Click(object sender, EventArgs e)
1
txtb_P1.Text = Clipboard.GetText();
}
private void btn_P2_Click(object sender, EventArgs e)
{
txtb_P2.Text = Clipboard.GetText();
}
private void btn_CalcD_Click(object sender, EventArgs e)
{
string strP1 = txtb_P1.Text;
string strP2 = txtb_P2.Text;
if (!string.IsNullOrEmpty(strP1l) && !string.IsNullOrEmpty(strP2))
{
try
{
string[] arrPl = strP1.Split(’',"');
string[] arrP2 = strP2.Split(',"');
double x1 = double.Parse(arrP1[0]);
double y1 = double.Parse(arrP1[1]);
double x2 = double.Parse(arrP2[@]);
double y2 = double.Parse(arrP2[1]);
double d = Math.Sqrt((Math.Pow((x2 - x1), 2) + Math.Pow((y2 -
yl), 2));
txtb_D.Text = string.Format("{@:N2}", d);
}
catch (Exception ex)
{
¥
}
}
private void btn_calibrate_Click(object sender, EventArgs e)
{

string strD = txtb_D.Text;

string strknownHeight = txtb_KnownHeight.Text;

if (!string.IsNullOrEmpty(strD) &&
!string.IsNullOrEmpty(strKnownHeight))

double dbD = double.Parse(strD);
double dbKH = double.Parse(strknownHeight);

double ratio = dbKH / dbD;

txtb_Ratio.Text = string.Format("{@:N6}", ratio);



}

private void btn_TargetPl_Click(object sender, EventArgs e)

{
txtb_TargetPl.Text = Clipboard.GetText();
}
private void btn_TargetPoint2_Click(object sender, EventArgs e)
{
txtb_TargetP2.Text = Clipboard.GetText();
}
private void btn_CalcTargD_Click(object sender, EventArgs e)
{
string strPl = txtb_TargetPl.Text;
string strP2 = txtb_TargetP2.Text;
if (!string.IsNullOrEmpty(strPl) && !string.IsNullOrEmpty(strP2))
{
try
{
string[] arrPl = strP1.Split(',");
string[] arrP2 = strP2.Split(',");
double x1 = double.Parse(arrPl[@]);
double yl1 = double.Parse(arrPl[1]);
double x2 = double.Parse(arrP2[0]);
double y2 = double.Parse(arrP2[1]);
double d = Math.Sqrt((Math.Pow((x2 - x1), 2) + Math.Pow((y2 -
y1), 2)));
txtb_TargetD.Text = string.Format("{@:N2}", d);
}
catch (Exception ex)
K
'3
}
}

private void btn_CalcTarg_Click(object sender, EventArgs e)

{
string strRatio = txtb_Ratio.Text;
string strTGD = txtb_TargetD.Text;
if (!string.IsNullOrEmpty(strRatio) && !string.IsNullOrEmpty(strTGD))
{
try
{
double dbRatio = double.Parse(strRatio);
double dbTGD = double.Parse(strTGD);

double tgh = dbRatio * dbTGD;

txtb_TargetHeight.Text = string.Format("{@:N4}", tgh);



catch (Exception)

{
}
}
}
private void 1lstBx_listFile_SelectedIndexChanged(object sender, EventArgs
e)
{
this.SetImage(FilePath + "\\" + 1lstBx_listFile.SelectedItem);
}
private void SetImage(string filePath)
!
try
i
picb_MainPic.Image = Image.FromFile(filePath);
}
catch (FileNotFoundException)
{

picb_MainPic.Image =
Image.FromFile(AppDomain.CurrentDomain.BaseDirectory + "\\fnf.jpg");

}

private void btn_Browse_Click(object sender, EventArgs e)

{
if (folderBrowserDialogl.ShowDialog() == DialogResult.OK)

{
1stBx_listFile.Items.Clear();
string path = FilePath = folderBrowserDialogl.SelectedPath;
//this.label_saveDirectory.Text = path;

string[] filePicvid = getFiles(path, "*.jpg|*.jpeg|*.png",
SearchOption.AllDirectories);

if (filePicVid.Count() > @)
s

}

1stBx_listFile.Items.AddRange(filePicVid);

}

}
public string[] getFiles(string SourceFolder, string Filter,

System.IO.SearchOption searchOption)

{
// ArraylList will hold all file names

ArraylList alFiles = new ArrayList();

// Create an array of filter string
string[] MultipleFilters = Filter.Split('|");

// for each filter find mathing file names
foreach (string FileFilter in MultipleFilters)



// add found file names to array list

string[] fileWPath = Directory.GetFiles(SourceFolder, FileFilter,

searchOption);
foreach (string file in fileWPath)

{
}

alFiles.Add(Path.GetFileName(file));

}

// returns string array of relevant file names
return (string[])alFiles.ToArray(typeof(string));

3
private void EventSubtractTextBoxesChange(object sender, EventArgs e)
{
string strPl = txtb_P1.Text;
string strP2 = txtb_P2.Text;
if (!string.IsNullOrEmpty(strP1l) && !string.IsNullOrEmpty(strP2))
{
try
{
string[] arrPl = strP1.Split(',");
string[] arrP2 = strP2.Split(’,');
double x1 = double.Parse(arrPl1[@]);
double yl = double.Parse(arrP1[1]);
double x2 = double.Parse(arrP2[0]);
double y2 = double.Parse(arrP2[1]);
double d = Math.Sgrt((Math.Pow((x2 - x1), 2) + Math.Pow((y2 -
y1), 2)));
txtb_D.Text = string.Format("{@:N2}", d);
¥
catch (Exception ex)
{
}
}
}
private void EventRatioTextBoxChange(object sender, EventArgs e)
{

string strTGD = txtb_D.Text;
string strRatio = txtb_KnownHeight.Text;
if (!string.IsNullOrEmpty(strRatio) && !string.IsNullOrEmpty(strTGD))

try
{

double dbRatio = double.Parse(strRatio);
double dbTGD = double.Parse(strTGD);



double tgh = dbRatio / dbTGD;

txtb_Ratio.Text = string.Format("{@:N4}", tgh);

}
catch (Exception ex)
{
}
}
}
private void EventTargetSubtractTextBoxesChange(object sender, EventArgs
e)
{
string strP1 = txtb_TargetPl.Text;
string strP2 = txtb_TargetP2.Text;
if (!string.IsNullOrEmpty(strPl) && !string.IsNullOrEmpty(strP2))
{
try
{
string[] arrPl = strPl.Split(',");
string[] arrP2 = strP2.Split(',');
double x1 = double.Parse(arrPl1[@]);
double y1 = double.Parse(arrP1[1]);
double x2 = double.Parse(arrP2[@]);
double y2 = double.Parse(arrP2[1]);
double d = Math.Sqrt((Math.Pow((x2 - x1), 2) + Math.Pow((y2 -
yl), 2)));
txtb_TargetD.Text = string.Format("{@:N2}", d);
}
catch (Exception ex)
{
}
i
}
private void EventTargetRatioTextBoxChange(object sender, EventArgs e)
{

string strRatio = txtb_Ratio.Text;

string strTGD = txtb_TargetD.Text;

string strD = txtb_D.Text;

string strKnownHeight = txtb_KnownHeight.Text;
try

{
if (!string.IsNullOrEmpty(strRatio) &&
Istring.IsNullOrEmpty(strTGD))
{

double dbRatio = double.Parse(strRatio);
double dbTGD = double.Parse(strTGD);

double dbD = double.Parse(strD);

double dbKH = double.Parse(strKnownHeight);



double tgh = dbKH / dbD * dbTGD;
///double tgh = dbRatio * dbTGD;

txtb_TargetHeight.Text = string.Format("{@:N2}", tgh);

i

}

catch (Exception)

{

}
5
private void EventTextBoxChangeBaseCalculate(object sender, EventArgs e)
{

string strTopSecHeight = txtb_TopSecHeight.Text;

string strTotalHeight = txtb_TargetHeight.Text;

if (!string.IsNullOrEmpty(strTopSecHeight) &&
Istring.IsNullOrEmpty(strTotalHeight))

Ty
{
double dbTotalHeight = double.Parse(strTotalHeight);
double dbTopSecHeight = double.Parse(strTopSecHeight);
double dbBaseHeight = dbTopSecHeight - dbTotalHeight;
txtb_BaseHeight.Text = string.Format("{@:N2}", dbBaseHeight);
}
catch (Exception)
{
}
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#include <Stepper.h>
const int steps = 1000;
Stepper stepper(steps, 8, 9, 10, 11);
Stepper stepperl(steps, 2, 3, 4, 5);
int stepDirection = 3;
void setup() {
stepper.setSpeed(30);
Serial3.begin(9600);
}
void loop()
{
int character;
Serial3.printin("Please input");
Serial.flush();
while(Serial3.available()>0){
char character = Serial3.read();
if(character == 'd')
{
stepper.step(stepDirection);
delay(1);

Serial3.flush();



else if(character == 'a")

{
stepper.step(-stepDirection);
delay(1);

Serial3.flush();

}

else if(character == 'w')

{
stepperl.step(stepDirection);
delay(1);

Serial3.flush();

}

else if(character == 's)

{
stepperl.step(-stepDirection);
delay(1);

Serial3.flush();
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1. XBee®/XBee-PRO® RF Modules

The XBee and XBee-PRO RF Modules were engineered to
meet IEEE 802.15.4 standards and support the unique
needs of low-cost, low-power wireless sensor networks.
The modules require minimal power and provide reliable
delivery of data between devices.

The modules operate within the ISM 2.4 GHz frequency
band and are pin-for-pin compatible with each other.

Key Features

Long Range Data Integrity Low Power

XBee XBee

e Indoor/Urban: up to 100’ (30 m)

* Qutdoor line-of-sight: up to 300" (90 m)
» Transmit Power: 1 mW (0 dBm)

+ Recelver Sensitivity: -92 dBm

* TX Peak Current: 45 mA (@3.3 V)

e RX Current: 50 mA (@3.3 V)

¢ Power-down Current: < 10 pA
XBee-PRO

e TX Peak Current: 250mA (150mA for
international variant)

e TX Peak Current (RPSMA module only):
340mA (180maA for international varian'

+ RX Current: 55 mA (@3.3 V)
* Power-down Current: < 10 pA

XBee-PRO

» Indoor/Urban: up to 300’ (90 m), 200" (60
m) for International variant

» Outdoor line-of-sight: up to 1 mile (1600
m), 2500' (750 m) for International variant

* Transmit Power: 63mW (18dBm), 10mW

10dBm) for Internatlonal variant £
( ) ADC and I/0 line support

* Receiver Sensitivity: -100 dBm
RF Data Rate: 250,000 bps

Analog-to-digital conversion, Digital I/C

I/O Line Passing
Advanced Networking & Security

Easy-to-Use

Retries and Acknowledgements
DSSS (Direct Sequence Spread Spectrum)

No configuration necessary for out-of box
RF communications

Free X-CTU Software
(Testing and configuration software)

AT and API Command Modes for
configuring module parameters

Each direct sequence channels has over
65,000 unique network addresses available
Source/Destination Addressing

Unicast & Broadcast Communications
Point-to-point, point-to-multipoint Extensive command set

and peer-to-peer topologies supported small form factor

Worldwide Acceptance

FCC Approval (USA) Refer to Appendix A [p64] for FCC Requirements.
Systems that contain XBee®/XBee-PRO® RF Modules inherit Digi Certifications.

ISM (Industrial, Scientific & Medical) 2.4 GHz frequency band
Manufactured under ISO 9001:2000 registered standards c €

XBee®/XBee-PRO® RF Modules are optimized for use in the United States, Canada, Australia,
Japan, and Europe, Contact Digi for complete list of government agency approvals.



Specifications

Table 1-01. Specifications of the XBee®/XBee-PRO® RF Modules

Performance

Indoor/Urban Range

Outdoor RF line-of- slght Range

Transmil Power Output
(soﬂware seiectab\e)

RF Data Rate

Up to 100 (30 m)

Up to 300 ft. (90 m), up to 200 ft (60 m) International
vanan

Up t0 300 ft (90 m)

| 1mW (0 dBm)

250000 bps

Serial nterface Data Rate
(software seleclable}

”Reoewer Sensilivity

! 92 dBm (1% packat error rate)

i, kbps SRR,
(ncn standard baud rates also supponed]

Up to1 mlle (1600 m) up tu 2500 ft (750 m)
| inteational variant

| 63mW (18dBm)*

WOmW (10 dBm) for International vanant

W' 1200 bps 250 kbps

| (non-standard baud rates also supported)

| -100 dBm {1% packet error rate)

Power Requirements

Anlenna Options

' Integraled Whip, Chip or U.FL Conneclor, RPSMA

Supply Voltage 28-34V } 28-34V
' | 250mA (@3.3V) (150mA for intemalional variant)
Transmit Current (typical) 45mA (@3.3V) RPSMA module only: 340mA (@3.3 V) (180mA for
international vanant)

'Idle ! Recelvg‘Clj)nl;'enl (typlcal) %] 5o“mKE@ 3. 3 V} TS \ o o gngmAE@ 3, 3 V) A\
i 5 :1“6; on VI WS Nl A ¢ AT TR D T | W——
General

Operating Frequency I1SM 2. 4 GHz ISM 24 GHz

Dimensions 0.960° x 1.087" (2 438cm X 2 761cm) 0.960" x 1.207" (2 438cm X 3 2940m)

O“p.ér.a.t.ihg Témberéthre : 4010 85°C (lndustrlal) 401085°C (|ndu5tnal)

Imegrated Whlp, Chip or U.FL Connector RPSMA

i

Connector Connector
Networking & Security
Supported Network Topologms } Paint-to-point, Point-to-multipoint & Peer-to-peer 5
PN, 3, S N AT AN & CIN T T 7 4
(software sele ciable) 16 Direct Sequence Channels 12 Direct Sequence Channels
Addressing Options PANID, Channel and Addresses | PANID, Channel and Addresses
Agency Approvals
United Slates (FCC Part 15. 247) OUR-XBEE OUR-XBEEPRO
rnduslryCanada (lC) s e 2N T LTI & 4214AXBEEPRO
Eum CE ‘ETSI ETSI (Max 10 dBm fransmlt power output)*
Japan R2OTWWO7215214 Esg‘llj\;')\a'w08215111 (Max 10 dBm transmit power
Austraila C-Tick C-Tick

* See Appendix A for region-specific certification requirements.

Antenna Options: The ranges specified are typical when using the integrated Whip (1.5 dBi) and Dipole (2.1 dBi) anten-
nas. The Chip antenna option provides advantages in its form factor; however, it typically yields shorter range than the
Whip and Dipole antenna options when transmitting outdoors.For more information, refer to the "XBee Antennas” Knowl-
edgebase Article located on Digi's Support Web site




Pin Signals

Figure 1-03. XBee®/XBee-PRO® RF Module Pin
Numbers

(top sides shown - shields on botton)

Table 1-02. Pin Assignments for the XBee and XBee-PRO Modules
(Low-asserted signals are distinguished with a horizontal line above signal name.)

1 VCC - Power supply
3 T ™ e
3 DIN / CONFIG Input UART Data In
4 [le: Output Digital Output 8
5 ~RESEY ~ N\ ]/ “npatl_— Module Reset (resel pulse must be at least 200 ns)
6 PWMO/RSSI | Outst | PWMOuput0/RX Signal Strength Indicator
7 PWMI1 1 output PWM Output 1
- el ! N7 LS /B (e —— T o
9 | DTR/SLEEP_RQ/DI8 Input Pin Sleep Control Line or Digital Input 8
w1y P il . Redey = S e
1 AD4 /DIC4 Either Analog Input 4 or Digital I/0 4
12t CTS /D107 ' Either Clear-to-Send Flow Control or Digital /O 7
13 ON/ SLEEP Qutput Module Status Indicator
0 PR ¢ = e AN WA, P R T T
15 Associate / AD5 / DIO5 Either Associated Indicator, Analog Input 5 or Digital 110 5
AT RTS/AD5/DIOG Eilher Request-to-Send Flow Conlrol, Analog Input 8 or Digital /O 6
17 | Apsfoios | Either © ' Analoginput3orDigtal VO3
18 AD2/DI02 Either o Analog Input 2 or Digital 10 2
®  mpioot | Ether | palgmpwiorDighliol
20 | ADO/DICO Either | Analog Input 0 or Digital /0 0

* Function is not supported at the time of this relcase

Design Notes:
» Minimum connections: VCC, GND, DOUT & DIN
e Minimum connections for updating firmware: VCC, GND, DIN, DOUT, RTS & DTR
* Signal Direction is specified with respect to the module
« Module includes a 50k € pull-up resistor attached to RESET
* Several of the input pull-ups can be configured using the PR command
e Unused pins should be left disconnected



Serial Communications

The XBee®/XBee-PRO® RF Modules interface to a host device through a logic-level asynchronous
serial port. Through its serial port, the module can communicate with any logic and voltage com-
patible UART; or through a level translator to any serial device (For example: Through a Digi pro-
prietary RS-232 or USB interface board).

UART Data Flow

Devices that have a UART Interface can connect directly to the pins of the RF module as shown In
the figure below.

Figure 2-01. System Data Flow Diagram in a UART-interfaced environment
(Low-asserted signals distinguished with horizontal line over signal name.)

CMOS Logic (2.8 - 3.4V) CMOS Logic (2.8 - 3.4V)
L B

|
DI {data in) Dl {data in)
q—
CTS CTS
; it XBeo XBee P
Microcontroller D0 (data oul) | Module Module | DO (data oul) _ Microcontroller
. Ll
RTS PR i

Serial Data

Data enters the module UART through the DI pin (pin 3) as an asynchronous serial signal. The sig-
nal should idle high when no data is being transmitted.

Each data byte consists of a start bit (low), 8 data bits (least significant bit first) and a stop bit
(high). The following figure illustrates the serial bit pattern of data passing through the module.

Figure 2-02. UART data packet Ox1F (decimal number "31") as transmitted through the RF module
Lxample Data Format is 8-N-1 (bits - parity - # of stop bits)

Least Significant Bit (first) %
1 1 i 1 1 0 0 0

ey ' ) paan, ' UART Signal

[ '

Signal 0 vDC LJ i ¥ ) | g
] ] i 1 { 1 1 1 1
Voltage [ ﬁ i " ! i i
Start Bit (low) Stop BIt (high)

Time =
Serial communications depend on the two UARTs (the microcontroller's and the RF module's) to be
configured with compatible settings (baud rate, parity, start bits, stop bits, data bits).

The UART baud rate and parity settings on the XBee module can be configured with the BD and SB
commands, respectively. See the command table in Chapter 3 for detalls.



Transparent Operation

By default, XBee®/XBee-PRO® RF Modules operate in Transparent Mode. When operating in this
mode, the modules act as a serial line replacement - all UART data received through the DI pin is
queued up for RF transmission. When RF data is received, the data is sent out the DO pin.

Serial-to-RF Packetization

Data is buffered in the DI buffer until one of the following causes the data to be packetized and
transmitted:
1. No serial characters are received for the amount of time determined by the RO (Packetiza-
tion Timeout) parameter. If RO = 0, packetization begins when a character is received.
2. The maximum number of characters that will fit in an RF packet (100) is received.

3. The Command Mode Sequence (GT + CC + GT) is received. Any character buffered in the
DI buffer before the sequence is transmitted.

If the module cannot immediately transmit (for instance, if it is already receiving RF data), the
serial data is stored in the DI Buffer. The data is packetized and sent at any RO timeout or when
100 bytes (maximum packet size) are received.

If the DI buffer becomes full, hardware or software flow control must be implemented in order to
prevent overflow (loss of data between the host and module).

API Operation

API (Application Programming Interface) Operation is an alternative to the default Transparent
Operation. The frame-based API extends the level to which a host application can interact with the
networking capabilities of the module.

When in API mode, all data entering and leaving the module is contained in frames that define
operations or events within the module.

Transmit Data Frames (received through the DI pin (pin 3)) include:

¢ RF Transmit Data Frame
= Command Frame (equivalent to AT commands)

Receive Data Frames (sent out the DO pin (pin 2)) include:

* RF-received data frame
» Command response
= Event notifications such as reset, associate, disassociate, etc.

The API provides alternative means of configuring modules and routing data at the host applica-
tion layer. A host application can send data frames to the module that contain address and payload
information instead of using command mode to modify addresses. The module will send data
frames to the application containing status packets; as well as source, RSSI and payload informa-
tion from received data packets.

The API operation option facilitates many operations such as the examples cited below:
-> Transmitting data to multiple destinations without entering Command Mode

-> Receive success/failure status of each transmitted RF packet
-> Identify the source address of each received packet

To implement APl operations, refer to APl sections [p57].




Flow Control
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Figure 2-03, Internal Data Flow Diagram
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DO RF RX
T Buffer Buffer Recuver

DI (Data In) Buffer

When serial data enters the RF module through the DI pin (pin 3), the data is stored in the DI Buf-
fer until it can be processed.

Hardware Flow Control (CTS). When the DI buffer is 17 bytes away from being full; by default,
the module de-asserts CTS (high) to signal to the host device to stop sending data [refer to D7
(DIO7 Configuration) parameter]. CTS is re-asserted after the DI Buffer has 34 bytes of memory
available.

How to eliminate the need for flow control:

1. Send messages that are smaller than the DI buffer size (202 bytes).

2. Interface at a lower baud rate [BD (Interface Data Rate) parameter] than the throughput
data rate.

Case in which the DI Buffer may become full and possibly overflow:

If the module is receiving a continuous stream of RF data, any serial data that arrives on the DI
pin is placed in the DI Buffer. The data in the DI buffer will be transmitted over-the-air when the
module is no longer receiving RF data in the network,

Refer to the RO (Packetization Timeout), BD (Interface Data Rate) and D7 (DIO7 Configuration) com-
mand descriptions for more information.

DO (Data Out) Buffer

When RF data is received, the data enters the DO buffer and is sent out the serial port to a host
device. Once the DO Buffer reaches capacity, any additional incoming RF data is lost.

Hardware Flow Control (RTS). If RTS is enabled for flow control (D6 (DIO6 Configuration)
Parameter = 1), data will not be sent out the DO Buffer as long as RTS (pin 16) is de-asserted.

Two cases in which the DO Buffer may become full and possibly overflow:

1. Ifthe RF data rate is set higher than the interface data rate of the module, the module will
receive data from the transmitting module faster than it can send the data to the host.

2. If the host does not allow the module to transmit data out from the DO buffer because of
being held off by hardware or software flow cantrol.

Refer to the D6 (DIO6 Configuration) command description for more information.
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ULN2001A-ULN2002A
ULN2003A-ULN2004A

SEVEN DARLINGTON ARRAYS

= SEVEN DARLINGTONS PER PACKAGE

= OUTPUT CURRENT 500mA PER DRIVER
(600mA PEAK)

= OUTPUT VOLTAGE 50V

= INTEGRATED SUPPRESSION DIODES FOR
INDUCTIVE LOADS

= OUTPUTS CAN BE PARALLELED FOR
HIGHER CURRENT

u TTL/CMOS/PMOS/DTL COMPATIBLE INPUTS

= INPUTS PINNED OPPOSITE OUTPUTS TO
SIMPLIFY LAYOUT

DESCRIPTION

The ULN2001A, ULN2002A, ULN2003 and
ULNZ2004A are high voltage, high current darlington
arrays each containing seven open collector dar-
lington pairs with common emitters. Each channel
rated at 500mA and can withstand peak currents of
600mA. Suppression diodes are included for induc-
tive load driving and the inputs are pinned opposite
the outputs to simplify board layout.

The four versions interface to all common logic fami-
lies :

ULN2001A General Purpose, DTL, TTL, PMOS,
CMOS

ULN2002A 14-25V PMOS

ULN2003A 5V TTL, CMOS

ULN2004A 6-15V CMOS, PMOS

These versatile devices are useful for driving a wide
range of loads including solenoids, relays DC mo-
tors, LED displays filament lamps, thermal print-
heads and high power buffers.

The ULN2001A/2002A/2003A and 2004A are sup-
plied in 16 pin plastic DIP packages with a copper
leadframe to reduce thermal resistance. They are
available also in small outline package (SO-16) as
ULN2001D/2002D/2003D/2004D.

DIP186

ORDERING NUMBERS: ULN2001A/2A/3A/4A

S0O16

ORDERING NUMBERS: ULN2001D/2D/3D/4D

PIN CONNECTION

IN 1 1 16 0UT 1
IN 2 2 15 0UT 2
IN 3 3 t4 OUuT 3
IN 4 & 13 OUT 4
IN5 § —-Do—[; 12 0UT 5§
4
INB 6 % 11 oUT 6
INT 7 10 oUT 7
GND 8 9 AHEEUNG DIODES

5-197711




SCHEMATIC DIAGRAM
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ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vo Qutput Voltage 50 vV
Vin Input Voltage (for ULN2002A/D - 2003A/D - 2004A/D) 30 \
le Continuous Collector Current 500 mA
I Continuous Base Current 25 mA
Tamb Operating Ambient Temperature Range —20to 85 °c
Tsig Storage Temperature Range -55t0 150 °C
T; Junction Temperature 150 °C
THERMAL DATA
Symbol Parameter DIP16 S016 Unit
Rihjamb | Thermal Resistance Junction-ambient Max. 70 120 ‘Cw




ELECTRICAL CHARACTERISTICS (Tamb = 25°C unless otherwise specified)

Symbol Parameter Test Conditions Min. Typ. Max. | Unit | Fig.
lcex Output Leakage Current Vee = 50V 50 WA 1a
Tamb = 70°C, Ve = 50V 100 HA | 1a
Tamb = TOOC
for ULN2002A
Ve = 50V, Vi = 6V 500 uA | 1b
for ULN2004A
Ve = 50V, V= 1V 500 LA 1b
VeE(sat) Collector-emitter Saturation lc = 100mA, Ig = 250pA 0.9 1] ) 2
Voltage lc = 200 mA, lg = 350uA 1.1 1.3 \ 2
Ic = 350mA, Ig = 500uA 1.3 1.6 \% 2
licon) Input Current for ULN2002A, V; = 17V 0.82 1.25 mA 3
for ULN2003A, V| = 3.85V 0.93 1.35 mA 3
for ULN2004A, Vi = 5V 0.35 0.5 mA 3
Vi=12v 1 1.45 mA 3
ligoff) Input Current Tamb = 70°C, Ic = 500uA 50 65 A 4
Vieon) Input Voltage Vee = 2V \ 5
for ULN2002A
Ic = 300mA 13
for ULN2003A
Ic = 200mA 2.4
Ic = 250mA 27
Ic = 300mA 3
for ULN2004A
Ic = 125mA 5
lc = 200mA 6
Ic = 275mA 7
Ic = 350mA 8
hre DC Forward Current Gain for ULN2001A
Vce = 2V, lg = 350mA 1000 2
G Input Capacitance 15 25 pF
tPLH Turn-on Delay Time 0.5 Vito 0.5V, 0.25 1 us
tPHL Turn-off Delay Time 0.5Vito 0.5V, 0.25 1 us
IR Clamp Diode Leakage Current | Vg = 50V 50 HA 6
Tamb = TODC, VR . 50V 100 I-lA 6
VF Clamp Diode Forward Voltage | I¢ = 350mA .7 2 Vv 7




TEST CIRCUITS
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Figure 8: Collector Current versus Input Current
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Figure 10: Peak Collector Current versus Duty
Cycle
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Figure 9: Collector Current versus Saturation
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Figure 11: Peak Collector Current versus Duty

Cycle
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