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ABSTRACT

The aim of this project is to build automatic vehicle that can be controlled by
image processing technique. A real time image, via a camera, is processed by computer for
locating road line for vehicle. The position of the line is transmitted to a programmed

microcontroller for controlled DC motor circuit for controlling the position of vehicle.
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2.1 lalaspaulnsaians PIC26F877

2.1.1 AudnwaurNugIuvas PIC16F8TT

1 8
2
2
q
5
6
/ A
8
9

10.
1P
12
L3
14.
15!
16.
17,
18.
19.
20.
21.
22,
23.
24.

dedslaldauls 35 Ads

. Adanilaglgiaanvingaiu 1 fe cycle

inulegeaandyanuninifusdlnnsadia20MHz

- MUKV pipe-linevibianainsavivundounulunandsaiule
- wiheanudlusunsuduluu Flash fvuinsk Word

. fimieanuinteya (Data Memory RAM) wu1n 368 us

AMU8ANUTILUU EEPROM Yu1a 256 lus

. OUAUDINUDULADTSWALAVIINLA 14 W1ad

il Stack ildlegegn 8 seay

35¥UU Power On Reset, Power Up Timer, Oscillator Start-up timer
fisguu Watchdog timer

#15¥UU Code Protection tlasiunmsAnasnideuwuy
TlvaunUsendana a1y (Sleep mode)
dyaranniniiivanglyuslmdenltaiy wu XTAL wag 29935RC
ansalusunsusiaala +5vDC 1o

Tnslusinsuwuy In-Circuit Serial Programming
yhauiilmidss 2vDC fa 5.5vDC

Current Sink wag Current Source Elg'ﬁ 25mA
1Timer/Counter 3 @3

filuga Capture/Compare/PWM 8n2%n

$IA/D Converter Wuvu 10 9

flszuu USART dwsuseriunisdeansuuu RS232
fisruunsaasesuliides (Brown-out reset)

3 1/0 wasanauum 5 wasa



2.1.2 Tassadrundygyrnveddalasaoulnsaiass PIC16F8TT

WCLR/ v /THY —» []1 @ U a0 [ «—» RB7/PGD
RAD/AND +—» [ 2 3 []«—» RBE/PGC
RAT/ENT +—v 3 % [] +—» RES

RA2/AN2 /VREF- — [ a %7 []+— RB4

RAS/AN3/VREF+ ~—a 5 % [J«—= RB3/PGM

RA4/TOCKT «—» 6 5 []+—» RBZ
RAS/ANA/SS w—s 7 a1 [+ RBI
REO/RD/ANS «— 8 % [[]+—» RBO/INT
RE1/WR/ANG +—» [ g 3
REZ/CS/MN7 +—s [J10 - 31 [J+— VYss

Yoo —= 11 g @ []+— RD7/PSP?

TT— ~ 2 []+—» RDB/PSPE

0SCH/CLKIN — 13 25 []+—» RD5/PSPS
0SC2/CLKOUT «— [J1a 27 [ +—» RD4/PSP4
RCOATI0SO/TICKT +—s 15 2% [ +—= RGT/RX/DT
RCI/TIOSI/CEP? «—s [t % [+ RCE/TH/CK

RC2/CCP1 +—e 17 24 []~+— RC5/SD0

RC3/SCK/SOL ~—» |18 2 [ +—s RC4/SD1/SDA
RDO/PSPO ~— []19 2 []+—» RD3/PSP3
AD1/PSP1 +—s |20 21 []+—= RD2/PSP2
TOP VIEW

U 2.1 mydavunasgiuveslulasaeulnsaians PIC16F877

lulasaeulnsaiaesnsznaPiClueiPICLeFs77 Wululpspoulnsamasuuin 40
1 Sondeyarausinegsied

1. MCLR/Vpp : Master Clear(Reset) Input/Programming Voltage Input ¥i1
wihidudygasionResetiiloniflasuanin 0 lulpsaeulnsalaasazgniion uazyin
wimdusrdygiuiuussiu vugiinasduiinlusunsuamiisninusives
lulmsmoulvsaans

2. VDD : Positive Supply (+2.00V B +5.5Vivimtiidunnlvdes

3. VSS : Ground viwthiduvinsil

4. OSC1/CLKIN : Oscillator Crystal Input/External clock Source Input

5. O5C2/CLKOUT : Oscillator Crystal Input/External clock Source Output

5 -] -:: o/ ° o a o a:nlnl s =
vsaasnimihildundygradmivasada lunsdeglulmamslddygaundnien

n1eusn(Crystal Oscillator Mode)



6. RAO - RA5 : #asn A fiduau 6 91 Wuwesaluuaaafiany(Bi-directional /O
Port)fie iluldvianeindunauazwasaetdnaldlunisuuasnisddoya uenaniidai

v [y a
PUNBUNLAAIAINITIN 2.1

= v A o &
AITNN 2.1 AUINVDIU EUEUTEUUDIND IR A

wasn | doynna i

RAO ANO JudtyeuBunmdiudmiu ADC ¥94 0

RA1 AN1 Fudyradunedmiudmiu ADC vo4 1

RA2 AN2 Sudyaadunedmiudmiu ADC 9o4 2

RA3 AN3 SudygdunmdmsudmIu ADC Yo 3

RA4 | TOCK1 Judtyand Input Clock 489 Timer 0

RA5 ANA JudydunaE s ud MU ADC Hoe 4

SS Sudtyeu1nd Slave Select 0 9I1NA13AAFDUDY Serial Port LUy
Synchronize

7. RBO - RB7 : #9378 #37u7u 8 91 wu1n 8 In 1WunesnuuudasiiFmis 14y
n1sduazivdeya uendniluiurdaiminiSudygyiudunnainnisdunessud

(Interrupt) AINNIBUDNIY LAAIAINITN 2.2

MW 2.2 WNVIve&yuveIwese B

woin | &gy wihii

RBO INT FUdyadunnaINNIBumeITNAINAEUeN

RB3 PGM | Sudnynaduwsusssusiilunistuiinlusunsu(@iinig Enable)
RB6 PGC dygynunilunstusinlusinsy

RB7 PGD Ry toyalunstuiinlusunsy




8. RCO - RC7 : wasm C f137u7u 8 91 vu1n 8 Un Wunesnuuvassianieldly

1 a CiIJU o U dl | el ‘J
ﬂ']'i?{\‘lLLaﬁiU“lT’emuﬁ U?Jﬂ"ﬂ’]ﬂ‘IJENW'IVIU'Wla‘Uﬂ LEMAIPNANTIN 2.3

A v Y ¢
A1TNN 2.3 NUINUBIUN SUEUTEUUDIND IR C

WosR | Ay il

RCO T1050 |1

0D WMNAVDINRTDRATALALNDSVRY Timer

= o =

ity
TICK1 | &y addunavesdyannu@inives Timer 1
afal

a =

RC1 T10S U mﬂmauwmmawamaaamaLama%maq Timer 1

L4

CCP2 | ndryayraiarinmuesluna CCP 2 (Cature2,compare2,PWM2)

RC2 CCP1 | ndysyuasnavasluga CCP 1 (Caturel,Comparel,PWM1)
RC3 SCK | dygynadunWin1ve$39as SPI

SCL | a1 duiNIU89995 12C
RC4 SOl | ndtyeyinBunmauag Serial Data Y8932 UU SPI

} 24

SDA YVDUAVDITTUUVA 12C

U

o 3

RC5 SDO VALY IANAUAY Serial Data ¥845¥UU SPI

o

RC6 XD | v1dsdoyawuy Serial Port

CK | vdfygy1eduni#nIwuy Synchronize

RC7 RxD | v1iudesyauuy Serial Port

DT Y198AWUY Synchronize

9. RDO - RD7 : wash A fid1uu 8 91 9u1a 8 Us iunasniuvanaiani 1olu

o

@ W A oo v o @ =
ﬂ?'i'iUﬁ\?‘UE]ﬂJ“ﬁ UBNINUEIUNAUINDUE LEARNIRNIAITIN 2.4



A5 2.4 Wi Nvedy g uvenesn D

wosm | Sy Wi

RDO PSPO | ¥ deyyisuenewasauuutuiy Un 0
RD1 PSP1 | andqygyiauenewasauwuusuiu On 1
RD2 PSP2 | wdysuiasvenenesanuusuiy On 2
RD3 PSP3 | wndyqauvenswasnauuuvuiu On 3
RD4 PSP4 | wndysyiadvenewesanuuauiu O 4
RD5 PSP5 | wndaysyisuenewasaiuvauiy In 5
RD6 PSP6 | wndtyyrivenewasauuuauiy Un 6
RD7 PSP7 | wndeuinuenswesauuuvuu On 7

10. REQ-RE2 : wass E fiandruiu 3 21 ilunasawuuassianie 1olunissuds

v Fo o o o 9 -
(BE uaﬂ"\]’lﬂ‘l.‘l&lel”IMﬁ'WlE]U“] WLEPNAIATITINN 2.5

P v A o ¢
M990 2.5 UUIVIVDI EUEUEUUBDIND TR I

Wosn | dyna w7
REO AN5 Sudtyeyrudunpdmiu ADC ¥o9 5

RD DAYV NN SAUUUTUINAIUANAITETY
RE1 AN6 Judy I dunadmiu ADC 983 6

WR UIFYYINVENENDIAUUVAUIUAIVANNI ST
RE2 AN7 Sudtyaasdunmdmiu ADC ¥ea 7

CS YAYYIUVEIENDTALUUTUINAUANNISERNUNSA]




2.2 laga RN-171 -

Tuga RN 171 Wussuuuidnisifeanuuanugel TCP/IP uanlulugansete

] 2

¥ane essheladeguuuvauadnuaznslindsnuimn RN-171 Jumngdmunsly
suwuuliaelnsdwisiofie 1wy nsnTeaeudunindiduees wazuunmaILUUNAN
gUnsalfidilunis uagsanda Any 24GHz, 32 -On SPARC processor, TCP / IP stack,
winwuudealng nsisadhsiadu nsdanisndanunarnsifeudeiadesdedyain
Tnonss lugatiazvanlifusendniivssqliluiv ifleldiedentssuuazannisimu
Tsunsuszgnivesliau lumsimeisaunsideiigadoamsniadousoivs 4 aghs
(PWR, TX, RX and GND) titea31smsidensadayauuuléans uenandnmsiidueusdon
Wuwesaunsalilunisidensefivannansveaduives Wy guvgil 1des maedoulm
way n1aisemngt AnuansalunasidignundsendandsnuuazaunudnluiBuas
Wouledluia AP Wlensedu ¥l RN-171 imgd1m3unts roaming Tusunsa RN-171 &3
swdansa¥retululusunsy HTML tieudsdoyasnlut? serial uart w3edoyn sensor Ty

o @ a6 L4
LU TNLIDS
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2.2.1 AaNUA

- FCC / CE / IC Tei§un1s5uses 2.4GHz IEEE 802.11b / g transceiver

- flgwedn : 1050 x 700 x 130 mil

- MasdsivuR: 0dBm fi4 10 dBm

- UK RF dataianennie

- @0 INAlASUN1S5UTEN: laenA Chip, 4 " niAgeian , PCB way
AL INA

- WASWELAY - 4UA, 38mA Rx, 120mA Tx 71 0dBm

- 9N - 921Kbps TX, RX 500Kbps 8nsin1sdataya TCP / IP uag WPA2
11nn7371 UART, Lty 2Mbps SPI slave

- 8 Mbit wusANLIUNaTLAY 128 KB d15URAM

- 10 FoguszasAdmiu Admea |/ O

- 8 Bumasudumasoulden

- mﬁﬂWL’Ja’mﬁaﬁw%’umqumLasL’Jm%m

- ousuli 3.3V Mnunasineln wie 3V 91nuume3

- sesfuiAsotnsuazinssatieiugiu Adhoc

- yuvaiaauysaiiesaTie TCP / IP stack

- Wufinsivdsinden muuinsgiu RoHS



2.2.2 nsUszyndldau

- psIRdausreelna

- UL ﬂuqmmwﬂﬁu LASNIIAIUAY

- Telemetry (S¥UUYINIUTINAUYDY computer kag wireless network

Woun@sUszleniluaiuie)
- MSYIURILINER LR

SURLLBYANITYINIUYDILFARLUINNUATTIN 2.6

A1INA 2.6 MIUARZUITlIga RN-171

ANALRINTTIIU, BMA

Drive, nulw 3.3V

217 Fodan SUALLBYR Handuiasu NAN4
1 GND ns1U
2 Not Used Ligoudouse Lideusie
2 Not Used Lisipadeusa Liideusie
q GPIO 9 \Unldemulvue Ad Hoc, Ay BUNG/ LI

5.5V

5 GPIO 8 GPIO, 24mA Drive, il uNR/A1VINR
3.3V
6 GPIO 7 GPIO, 24mA Drive, nulw UNm/A01ViNA
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7 GPIO 6 GPIO, 2dmA drive, nulw URuGiU | Bune/Ao1ving
3.3V, anuzdeusoidle anuy AP
Roving Firmware

8 GPIO 5 GPIO, 24mA Drive, nulW | anugdaya | Buws/ia1ving
3.3V Tx/Rx

9 GPIO 4 GPIO, 2dmA Drive, vl | \Jousiorinu | Buwa/ioving

3V

C dnuy TCP

10 | VDD 33V Ides 3.3V

i GPIO 3 GPIO, 8mA Drive, Nl BuUnA/0imA
BéN

12 GPIO 2 GPIO, 8mA Drive, 1ilw Buwn/Loving
Byt

13 GPIO 1 GPIO, 8mA Drive, y1lw Bum/L0viWe
3.3V

14 GND A5

15 Not Used Ligoutouse 3Feusie

16 Not Used Lideudeuse TaiiTeusie

iT Not Used Lifeadouse lsiideusie

18 Not Used lugeudause Laideuste

v P ' 1 i
19 Not Used EERNERHER Talwouse
20 GND N3




)

21 GND N1
22 GND ns1Iu
23 GND N1
24 ANTENNA 802.11 b/g \@191n#
2.4Ghz
25 GND nsIU
26 GND ns1Y
27 GND N1
28 GND N4
29 SENSOR 0 dumeTMYLUYDS, LBy aunm
fendunadilugs, nulw
LN
30 SENSOR 1 dumasSIeIuYeS, LauY gune
fondunsadluga, nuly
1.2V
31 SENSOR 2 SumeSivYeues, wouy Bunn
fondunaidluga, nulw
1.2V
32 SENSOR 3 Sumesiyisuans, Lous Bune
fondunmdilugs, nulw
1.2V
33 | SENSOR POWER | towinmanlugagsan 3.3V
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198849 RF 3.3V

30 | VDD 3.3 RF
35 SENSOR 4 DUMDTIHTLTULLDS, wouy unm
Ganduwadiluga, nulw
1.2V
36 SENSOR 5 umpIMYLRS, Louy dunm
dendunadiluga, vl
1.2V
37 SENSOR 6 umosiasuees, wous Bumnm
Sendunsdiluga, nulw
1.2V
38 SENSOR 7 dumosivuwwees, Lauy Bunn
fandunadiluga, nulw
1.2V
39 GND N1
40 RESET SilndrygyauActive Low)ld Bunm
Wadegreee 160us
41 | FORCE_AWAKE | nszsudaysyini(Active High) BUNA
ldwadeenatioy 260us
42 GPIO 14 GPIO, 8mA Drive, nuly duna/ieving
3.3V
43 UART_RTS AIUANNITIVaYEY UART BRI

RTS, nszud 8mA , nulw
3.3V
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44 | UART_CTX AIUANMIIVAYeY UART dunm
CTX, nlw 3.3V
45 UART_RX UART TX, nulvl 3.3V dunm
46 UART_TX UART TX, N3¥ud 8mA , nu BRI
n 3.3V
a7 GND NI
48 | SREG_3v3_CIRL Lﬁumimwm Regulator \DIVIN

49

VDD-BAT

Tduunaes 2.0-3.3V fu
Regulator dinlunisldany,
\Wousteriu VDD &lulals

Regulator
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2.3 nMulnsau
a-*’fuﬁwLﬁﬂ*ﬂaammlwmugﬂﬂ%’ﬁﬁuﬂ%’aLLiﬂLﬁa‘TJw.ﬂ.2533 1me Mr. Guido Van

1 a o o
Rossum Tugu 0.9.0 mwlwsou Aenwililunsideulusunsunvmilsifianuanise

=l

' v 4 ] a 3 a o o
galiwinwaugndeglutligtu mwilwseutuluniwdasy (Open Source) virlsivnau

Y q

aunsanazN e lnseunwunluswnsulaelddeaduarldane vinlatiauuivieiy

waninwlwseuileuansagedu uagldnuldnsaunquiuyndnumgau

Python Shell
File Edit Shel Debug Options Windows Help
Pythen 2.6.5 (2265:79026, Har 19 2010, 21:48:26) [MSC v.1500 32 bit (Intel}] on win32
Type "copyright", "credits” or "license(}™ for more information.

B R e R R e e W R R W R R e e R R R R R R R R e R

Perscnal Tirewall software may warn about the connection IDLE
makes to ita subpreocess using cthis computer's internal lcopback
interface. This conpection is not visible on any external
interface and no data is& sént to or received from ghe Internet.
R R R R N R R R R R R AR R R R R R R R R R R R AR R R R R R R R R R R R R R R W R R R

IDLE 2.6.5
F>Cprineellio woria”
hellc world

s |

U 2.3 wihdnslusunsulwseu (Python)

C a A A o oa i Vo v | d a & 1
ﬂ']“t‘_‘}"llWﬁauuunLﬂsaqyaa’]ﬁﬂgﬂmqﬂ‘]IWLaaﬂl‘ﬂll']ﬂll']U YU LATDINDNININIUAU
= =4 =i [ 1 1 1 (2 A‘-‘j = ai
NsUsEUIaNANIN Lﬂ'ﬁa@ﬂa%lﬂuﬂ']ﬁ'ﬁuua%aq{ﬂqW’]u‘/’ljﬁ‘waimauﬂiu Lﬂi@qmaml"?ﬂ.un’]i

LARIHANINIINNGBIRTRDE Masmaranuanwlwsauiudunitwiiaulauasgn

Jraunldusslevdlulassnul
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2.4 N15USSUNANANINAINDA
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= o
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ugau (lAun n1saau n13enaula n1sAuAT TN mans MsRRLINIeRIUAIILAR)

=l ]

Ununumund1niuesAnsineg iy nisdefiun Insvied Ameunsdalaldnin

&af)

& 4 o o

(nwile mwipdeui) Wudietiausdoyatniansene q damiraulavesdoyaiiieniunis
<

waiuvsateyanwiiunfenssuaunisuszanananin (Image Processing) TneldAdnea

ADURNMDS

ANNEIEHNE1UNI5UTEIanan Wb S uTuluT 1964 o Youay Jet
Propulsion (Pasasena California) @aléiinnssuaunisnasuszurananinuildlunis
fasunnwaenaisnsenasiuniseld finsiavmndinemandaunlusiddedn
Digital image processing #&sniuaumIeunsUsTnaramwinmuniudos 9 wazly
fusthanirsnnsdmiuailuvatsq fu fegradu nefudearsinsauuin n1sdeans

NN IVAINATLASRURANIPTUNTINAN NS UNNE LA NISAUATINIINEFER S

(%]

. . ; 5 & v v v aa
Digital image processing awtgnunisulasteyanmilverluguuuudoyaninea

W

o
= as

. . d! :J o E 2 ) 1 19 aa =
(Digital format) FeausniazdneteyaldncunszUIUNITAN 9 MBRInBaRBUNIADS

laluszuuvesiidnen Bunnuaviomavesssuvzegluguuuuidnoawiiu

Digital image analysis az1ig1iu3TN1595UIBUAEN1TIATITOYANNATADE &9
duwsvossruvnudayanimidneauasiompazduaioomnedlduudeyanmiines
U 5 = = 1 Ll s A -] o
wadu lumsiengiamileguateisaeiuilatiiuainnisyinuvesnuywd (human
.. O e v .. & w = o . i .
vision) UuUNAB91UN19A1U Computer Vision LUuanwmgiAeIny Digital image analysis
o o € 1 d Ao o = w a v
Uules nsuaniuresnywdduInlunszuiunisndudoudadnumzinalialaeniluly

N¥UIUNIT Digital image analysis Way Computer Vision 9zAputegudouiyuiu
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2.4.1 5U3199840W (Image Shape)

[

ngiflegnusssumAuariuywdaituiisussiuandsiulufeiiidu
sUnsusviadauarlidugunsasvindn Tumansveanisussanananimiunisi wun
voulwavasnwynnwleglugudnasy (Rectangular image model) iluAsfdeld iy
wnfiga Wasnhlinissiuniw msdmfudoyaniwlumbheanus uaznsuansnn

sonnsgunsaiinlululdegrefiussdndnm

mnﬁu%’agamwammEm'nmi'wawamﬁaLﬁ&@%ﬂmﬁaﬁﬂﬁimamﬁm
) o 4 s L3 1 1 1 3 =
wisanudvenniadlilugvewauysesisd (array) lnemlundazdewesezisduansia

AaseEuURvDIgANN (pixel) wagsuntsvestes sxsdilufimundumisvasgnnm

an v @ 4 ) <
Uyl Image (ufudswuuezisdvuin M X N (M unauas N Aedutl) 9
LHAunmenn M x N 90 (M gatuiuousu use N 9alunuifiy) A (v3eaiuadine Tunsd

MTunn grey level) vaaganinluuadfi 5 Aodinifl 4 agassiuawes Image(5,4) azifiu

1
st L.

Tuslgiumiseanmisaeswnuiluiidrtoyalussisd

u

PMnMstdrUrsauIINanIstiun wludnuazfina1ul Whenlunisiiu

o 1 = o) o 2 o [ = 17 '
AWaIaAIUINlAIA M x N x g LD g dudruduiunudnuidavestoyalunsiay

[

A0 MIvE1e ¢ HAwiriu 8 Un tsnmganunsaiuauuandesseiudnlulugean
256 sedu A1 M uag N aziludivenisanuasidenvasnin dmsupsuianeiilllu

LUV VGA (Video Graphic Array) agiluun 640x480, 800x600 uaz 1024x768 9m (Tusiu

£

msfimuaNazdnIztueyivaunaglilunuuiedldanuayBeaud 30 x 50 90 fi

wau uilunuunvia Tdanuasideais 1000 x 1000 90 Adsline

Unfudrlunisifudeyaninlaeinsedierisgasiivauuinsgiuves

Insvirugaldnsdu x e y iy 4:3 dnfuieiesiaiudayaninilididulumiy

Y

o [} n'd‘ L] it o v al' 5 =
ensndu 4:3 Winthawiluuanslusenmsnasgiuagilinmiansiudvuinvosganin

ML%U%L‘H%H&J{I}‘%’E‘I Wi Tuunessuuevagldmnuazidanlunisuanayiniu 640 x 512 &3

1
= ot s !

wvhlfvuiaveganmildfivuavesiunhedmmmeninnniidugs dednuaedndni
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& v v v o @ a v a Y v o =
Juhdendesauladmiunisdsulusunsunsiunsminuaznisinnsdoyadiuviud

3 =

o v | & 1 e T o v =Y ,
gaaniululnvesurazgnnm Juegiuimaudeild Wednisimualivuiavesdndoyn

Y

UNTUILYN I UIUVDIEUNTUMY FBE1aTU

16 U = 216 = 65536 & 1udiu

dmiunisuansteyaniwiiuuin 1 Oauaz 8 Unduazdnisvinnuiag

¥ o as a 1 1 a [y 7 d g a :J v &
IndiAssriuliosanumiledszananadzliaunsodanisiutoyaidudnmes o ladaiuly
nsudnstoyanennivenwimlusigawesazvitnisneultoyana 8 On (1 Byte) dalsiiv

N MELUNTAN Pixel douia 1 O Wisluswalwesazyinauiulnuwsnifoanisudifiazyii

85

=y | v 1 &l [y = a d & el Y o
nshiouldeyayelvaiviuiilaeflsiiAatudoyasn 7 dnfvdedulunsd Pixel fiivun 8

LY

=Y 1 o [ = v 1 1 o € o as = v
Un Wawawetazyhmsneuldeyayalnifdedisluswaigesviuiunndnuas

AR08 NEMSUTEUUNTAINALLBEAMNAY 800x600 Wazivuin 16 Unne

Pixel 2¥@10150ARAIELATIINUA 65536 SeauLaLiadldilanluniIsiAuwiiny 800x600x16

=Y

URA

2.4.2 1195510

vy v
v =l = 1

wnsgruvesdildegluliagiuiegvuatesruuisiu valavduagiunis

&

Ul uslaeiialuudmnunsgrueeiiuuifniioaiude nisunugnddsgaiiognisly
awy 3 0 lngardiunudedsdmivgadduluaedusasunuasianududassdom
fhaghatulusuy RGB asfiunudde wnuduns We uariduluszuu HsV aeiunudu
ANfi(Hue) AuBuswead(Saturation) warAANATIDILAY (Value)
fegeszuuditenldiuldun svuu RGB waz HSV (Hue Saturation

Value)
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2.4.2.1 s¥uud RBG
seuvd RGB uusnidnldiuagaunsnatsluszuunnilnea

AaNRIADT LAYLNUAIATDIRANNUAAE AN INAIBLINABTATNENR FeunuAdUguaillaun
dung, %87 uay HEu Ingtnarvaudariodsening 0-255 B3l RGB veildnwe

ugugnuian dagd

Y

Magenia

Blue White

Black Yelow

Green

sU7 2.4 U307 RGB
2.6.2.2 SYUUE HSV
svuud Hov ldudnnisuananuainseenainidedvesgnnm lae
USnild Hsv Suunuadennnesauiin daseneeudg H unudwiiad (Hue), S wnud

ANBNAIBIE (Saturation) hay V unuAIANEINIYBILEY (Value) FauTQdd HSV 9gil

dnwazdugunsae degy

U 2.5 U391d HSV
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2.5 UBLmasNsELEnse (DC Motor)
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gramnss Lo Waaw wniesun 3oy wndesdndn duh iSeends n3esla inseaans
= v - - 2w 1 & oo %) Y ft & -
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2.5.2 AUENUAYIINBIADINITUANTY

lunsesurepuantfvewamesnszuansdviazidoniudosfiansanusssiu

Mdounazmuiumuvedlsineivie swsmelurewemeidouldfguil 2.7
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/ VR =R

e auna — .
vowmes v /é\
N Va \ o P

N B

\ . v |

O

E‘Uﬁ 2.7 299508 UTNDIADSNTLUARSS

lngauudlijulsneilifienusunusgias synsuiuauiuniudsly

AUABAMNATUNTUTBIUARIANULEY WIIAUTUIRDAUDINDLADS ARDNAUINTEWI NN

i =l

=l [ e [} 2/ W 4 <
NYUlan03 (V,) LagusssunnAsasnnuiIumuenain (Vi) wsesiu V, QNLIENIT WILARBY

q

2
al o A [

wilgnidoundu (BACK EMF) Fudntululsimesuasinyunssiuiiieiuiiluluniung

'
o e € as =

vaanswienthudwdnlwiiannisieasunivaswniiluauinuiumdnduus funsadau

W 2
= o/ 2/ ot s

=l ° | = P o o v o a =
L‘lﬁuﬂ'ﬂu’]LLﬂJLﬁgﬂLLaBF’nquL%?IUﬂQSLﬂaEJUVI’Ua@m'JUW LIINUNLAAYUALUUIATIVINNULLTIA

o 8 as € o o = v a1 <
leulifiunewed uazuusiumsatiuarmdalunisvyu mavanvesussiuiyulsimes (V,)

LAZLIINUANATENYAAIA (VR) Aaawinnuksswundeuliiuuewas (V)
VN S (V) (@un1sy 2.1)

WoRsusuduewmesgais Arusdiandugud dadu vy = 0, Vg = v

nszuailvaluvawmedmldan
=V #R (A) (aunns7 2.2)

~ ¢ o P < a X g v =
Lllall@Lm@iLiMﬂHUQﬁuﬂqqﬂLiﬁ LS VA LANTULUULAURNTINILAIULS D VR

'
o ] =

q" = 1 1 1 iﬂl 1 @ A
YIUANTIAUAMUUANAINTENIN V, LA V ZL5UANAY NTZWE | ﬁﬁ]m UARNAILYUNUUUEN

woweifilANTeg AUSERNTY usilnvzanasauninasigadusidnveueines
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2.5.3.2 MIAIANMETIURHUAIULIIAY
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2.5.4 NOBHNITAIVANAANINNITRYUVDIBLNDS

N15AUANAANINTUY UV iy ulaviaAuntduaz nagndeluy

'
kg L =~ e

annsavilavaneiseuiu Fadenld299s H-Bridge Switching 3NYENN1509399584aY
Uszneulushe a@lnd 4 ¢ duifie $1,52,53 uar S4 Wuies Fslugusiodn 9614 DC-Motor

W Load 19929931UL84

+7 7
] 1
51 54
Y,
52 =[xz

5Uf 2.10 2495 H-Bridge Switching

v 8
L4 s = o e

luanziSudu aindnnda Off sgfisrlifozlaiintunsdy iwsylaid

q

3

v P o e o )
nszualiiinadguones uaziliots1viins On @ind S1 uay S3 wiouiu azifunis
Woua9as yildnseualwihvaduloweas anthuvinvenowes WWenaurewawas 5
vlsivaweiamnsavyuldlufianig Forward (Rzmyuuuuniuiduuiiing vie mudy

Wiy Fuegiunmsiuveainnieglusewnas)

5U 2.1 2995 H-Bridge Switching fiaind S1 way 53 On woury
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warluyenauiu 81115191015 On @399 S2 way S4 wieuiu Aoz
Msifeusaswasybiianseualwihvadusewmesandlraveesuawmes WewauInves
welnes Juilinawmetatusonyuld waziluntsvgulufianis Reverse (ndufirmnariu

NIEWLsN) - -

. »

52 l ‘ﬂl 53

gﬂﬁ 2.12 2993 H-Bridge Switching fiain% S1 way S& On wiaufu

fauIRszaduaing 4 dn Wetiduianienisivavesnseudlniilva
f ¢ < ) v a a [ @ ar
Hrunatmed iivemuaulrieme ivyumufianiisidonis lnen1sudatu On uag Off
AININTaUNY 2§12

2.5.4.1 N1383149935 H-Bridge Switching 91 Relay

Swdilu gunsalwindn (Magnetic device) Fudufifienldiuun
Tullagiuiied gnitaulilnunwindadoneunn uidwamdnnisuarlassadaduenly
mululassaiieves Sad szuszneulussanain (Coil) 1 ¥ uay widuda (Contactor)
Felumiinduda 1 gn axdseneuluse

mihdudawuuunata (Normally Close wia NC.) @sluanizund
iagsengfursau (Common)

wihdudawuuuniila (Normally Open %38 NO.) wnilazseidniy

i - P Y ] - 1 a a a
V139U (Common) BN UMAINULIIAUANATDU W?E]ﬂi%l:l:ﬁl‘lﬁﬁwqu (LUUSN'TWV]LWENWB)
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2.6 19953nwnssnuldledTnuinsedu (IC Regulator)

dofvetasuuuilde s1A19n Hvuraidn wazgluuuatasiine @amnsasne

LAl WAlARILA 3 mA s 100 mA suvasmisudenld dailaastiesiunseuaiiu

@ ﬂé o < 2/ s a
melunarrslesiuguungivinauliisndennuienisiassnwussiuuuy IC

INPUT el 7805 ool (U TPUT

GND

0.33uF  mem

e ak RIT:

< @ s s = L
EUV] 2.17 Qﬂ'ﬂﬁﬁﬂ‘lﬂiﬂﬂULL‘i\‘lﬂum‘ma‘ﬁLU@'ﬁ LM7805

2.7 IP Camera Foscam FI8909W

‘gﬂﬁ 2.18 IP Camera Foscam FIB909W
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2/

% o cwl U = v @
Foscam FI8909W tundoauy Wireless IP Camera N1@111500UNNbFNanINLaY
o anndluadinigaw dauanuisalunisareniwisluiainaisiunaznatefiu
anunsnaeszuuulaseislunstudiniale awnsaldivaunsnlnu via (0S, Andriod,
Blackberry) lneriuszuulasstieiiuusiawed Safari uae Internet Explorer Tunasldanu
o Lo L3 a wa 5 =l =5 @ o & A = i =
dAmsugunIdssuuluanis i0S asilisulalioununisuailneisailudiunilesssyuy

snwmulasniunisluasiseuvsedinnumessuudumesiinslum
AuENUAR9v0INdasdnaglunTIN 2.7

A15197 2.7 ArsaiAvad Foscam FIBO09W

AMENUR EEGHGEN)
ALALLEYA 640 x 480 WnLwa(300k WNLwa)
d ok
Wulwasnw 1/4" & CMOS \Hua s
ANALLBLANISWARINE 640 x 480 NNLEA(300k WNLYa)
Laud f: 3.6u1., F:2.4 (IR Lens)
ANNLILATDEER 0.5 dn%
TN LUGMGE
3UNTTUDY 60 B9F7
Funm lulasiviuluda
BRI anlwalusi
VIR EN ADPCM
N15UUANAIW MJPEG
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WWSHLINAN 15fps(VGA),30fps(QVGA)
ﬂﬁﬂﬁ‘l_lﬁlf’lu LLU’JG;I% / BhUIUBU
AMAE 50Hz, 60Hz
Ilowiwmes #7974, ABUNT UG
Bisosiin One 10/100Mbps RJ-45
wmsguuuliany IEEE 802.11b/g
onsveYa 802.11b: 11Mbps(Max.), 802.11g: 54Mbps(Max.)

Anulasnduwuulians

WEP&WPA Encryption

yuLdE laidl
BUNIIIN IR LEDs 5 a3 waaiuluanuiinuinni 7 wns
vininlaeso 3603 (VUIANABY :225x172x6833.)
driingys 250n31 ( mgUnToiiaty)
oyl -10°C ~ 60°C (14°F ~ 140°F)
AT 0% ~ 90%
CPU 2.0GHZ %39g4n71
PUINAIINT 256MB 13089037

n155995U OS

Microsoft Windows 2000/XP/Vista / 7 / 8 / Mac

USNLDS

IE 6.0, IE7.0,Firefox, Safari (1518e4), ¥3auswas

UINTFIY
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3.1 n1sun e tnsau lunisuszanananin

3.1.1 nMswdsunw RGB Wu HsV
ﬁwﬁﬁag’lugwuwaa RGB Usznaulusie Ad (Color) Auas (Light) waz
A1ANAI4 (Brightness) 2830 %dﬁﬂ’;’msjamﬂiuﬂ'ﬁwnLLﬂxLLaxﬁuwmwﬁLﬁaamﬂLwi
azAd RGB avdlA1uasuazAIAuEIaNaNognY wALUUTIaBY HSV (Hue-Saturation-
Value) 9¥in15u8nAUEI199990W (Luminance) 8anaintayad (Chromaticity) inly

anunsowdSeuiisuAaladneg

311171' 3% m‘auﬂé"aumwmﬂ RGB 1y HSV

3.1.2 n3¥UIUN1T Segmentation

N32UIUNTT Segmentation Lunszuiunisuening wioasdusznounieg

aanINNBunm lagly Fellvunauall

1. funmannges
2. wasuinfidny3gi RGB Wuuigd HSV

3, f9AN threshold 89A1 H, S way V lvidanndapanudvaanneanis
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a1

© v o =1 3 ci‘ 12 = I =
q, mwuﬂlwm’uaa@ﬂamﬂuamﬂixﬂa‘umaamswmmmmLﬂua‘tm

= o

(255) wazimunliavewadnlildesausynoufisieinisiansandawdude ()

JU# 3.3 nsgUIUNTS Segmentation LNeNTINGALAY

Y

3.1.3 NSHIRILALSVDINTN

o <1 ° , P o & e &y
LauUasnmidunine13-a1 (Binary Image) $9401U12-01 U 9gaiavndu

9 1 wazdrudude 0 Saauisavsiundslaanlansseluil

ief getpositions(im) :

leftmaost=0
rightmost=0
topmost=0
bottommost=0
temp=0
for, Iug range (im.widch) :
cel=cy.GetCol (im, 1)
cv.Sum(col) [0]1'=0.0:
rightmost=ji
temp==0:
leftmost=1i
temp=1 |
i in range (im.height) :
row=cv.GetRow (im, i)
cv.Sum(row) [0] '=0.0:
bottommost=i
1f temp==1:
topmost=i
temp=2
(leftmost, rightmost, topmost, bottommost)

JUN 3.4 Taavaensnisiiuniavesing
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lnglusunsuagdunmaddndmunliderinsdirdinisauaulunuaunisindouives

3t



- Tusunsuderndanisaavguse

. & w
Llmuy i

= L
UMWY

Wy EMINATY

T\ 82 (6w . L
AuBEAmT

&
By

’ .. ' 3 !.r‘ s
iaﬁﬁ%ﬂﬂiuﬁﬂiﬂ

= I3 3 o
JUN 3.6 Idwdansvitaueslusinsy

35

Wys




36

3.2 dquvasvasiulasraulnsatans
3.2.1 nsAnAsLazn1sIvuaAIA1eqvaslaga

st vuaAvedluga RN-171 laglduenndiadudodn WiFlyClient 3
\Dunewndindudmiunsldtmund Configuration seqdmsunisaurunnsviieves
AJ o A 1 o ‘J o s o HIJ
luga RN-171 Magldlagyhnisiteusenuluganazldifuiiumds

(%
s

TUNBUNTIAUAATATEY Yadluga RN-171

1. ﬁmm%miaimuaﬁuuawwﬁLﬂ‘ﬁ"u WiFlyCient

2. Funeviaoaln LED wsfiunaesinuansamunsaliiouse
sEninluga RN-171 Aunnadafifmueddeneuenwaindu

3. s muaA1E199 Inefmun Protocol wag Port Number

vosilugaiedauiunmadilagluganadisiail

set ip proto 1 /W% UDP 1{lu Protocol

set ip host 169.254.11.1  //#s#in IP address v93luna

set ip local 5005 /A Local

save //unnen

reboot //reboot Tu@mﬁ@lﬁuzﬁm@hmuﬁﬁaﬁ

4. e mualiiumlugauuezgniivliluiussesegisans
1 = o i (r=3 [T =] [ Yo a [ 3
undngiimsidnnvestugalmifawiinldsinnsdglwlviiuilugafinig windesnis

WagukUas ufavinnsS @nAMa AL T UR D URTNT 199
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3.3 psesiianldlunisvaass

1. pOURUADS (Window OS)
2. peavaladlay

3. Taga WiFly RN-171

4. WUAMBIUI 6V 4.5Ah

5. 0USAUNDIADINTLUANT
6. arudamlay

7. NSLAWN1IALAY AVEDe way AuEu

8. IP Camera

v &
3.4 NMSAIANUKNANTITNAADY
3.4.1 nsAFRUNMWAINNADIUAZH Y NdayaNaanu1aINNsUSENIANA

1. mwuardyaamdsliinaounludnamin

s

2. nMazdyayruadliia

. WD

o & %)
BUNLALIYY

3. MwnagdygaadsliAdouniaeun

3.4.2 masaudynIndayansulasldesadalaslay
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UNA 4
NANISNARADY

4.1 nagaun1IdItayafds

o e v aa v
naaoIN1TUszIaNadyy 1 mwnldiulasinu lasldlusunsuniwn python 9ile

Tunsuszainanadygrunin lnglgamdrassdunislunisnaassusunsa

Real Image Window Threshold Image Widow

middle
middle
middle
middle
middle
middle
middle
middle
middle
middle

Command Window

JUN 4.1 Wdunsdunsilalunisuseanananimidoagnsinany



41

Real Image Window Threshold Image Widow
middle
middle
middle
middle
middle
middle
middle
middle
middle
middle

Command Window

= v oA ; = 1
JUN 4.2 dunsdwdesnldlunisussiananmidiongnsanan

Real Image Window Threshold Image Widow

middle
middie
middle
middle
middle
middle
middle
middle
middle
middle

Command Window

JUN 4.3 Wumeiihduildlunisyszanananmilieagnsinang
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A a1 H‘ 4‘ k2 1
UM 4.1, 4.2 uag 4.3 glidunadeneg aldlunisussinananniilodusgnss

'
L.

= =
nans ssazfumdslusonaeuiiludneniin

import Image
import urllib2
im = Image.cpen(®c:\\tesc.bmp™)
def gen(im):
for x in range(im.size([0]):
PX = im.getpixel((x, 0))
if px[0] > 200 and px[l1] < 40 and px[2] < 40 :
for n in range(x, im.size([O0])):
px = im.getpixel((n, 0))
Af px[0) > 0O and px[1] > O and px[2] > 0O:
if %<116 and n<281 :
UDP_IP = "192.168.1.135"
UDP_PORT = 2000
sock = socket.sockect (socket.AF INET,:
sock.sendto("2", (UDP_IP, UDFP_PCRT))
fetuzn(2)
elif x>136 and n>291 :
U‘DP_IP - "192.168.1.135"
UDP_PORT = 2000
scck = socker.sockect (sccket.AF _INET,:
sock.sendro(“3%, (UDP_IP, UDP_PCRT))
recurn(3d)
else :
UDP__II’ - "192.168.1.135%"
UDP_PORT = 2000
scck = socket.socket (socket.AF INET,:
sock.sendto("1%, (UDP_IP, UDP_PORT))
recurn(l)

m = gen(im)
print m

Python 2.7.5 (defaulc, Hay 15 2013, 22:43:36) (HSC w#.1500 32 bit (Intel)] on win *
32

Type "copyright™, "credits®™ or ™license()" for more information.

>>> RESTART
>>>

1

>>>

J 1 A 1
JU 4.4 druveslusunsudloiduegnsinans

U

n3UT 4.4 Wuwavedlusunsudiedusgnsinansaeandes ssdulua 1 (g1udv)

&/ y o & i < v e o g
vihdlugaumdsindalulvlulasreulnsamaiely evsdurnstureaimesnszuansy
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About XModem

PC Settings | Range Test Teminal ] Modem Configuration |
Line Status Assert Show

L T Hex
' "

JUN 4.5 nafidgatnlugailiaduagnsinand

Assemble
Packet

Close

, cl
DTR ¥ [RTS ¥ [Breakl™ | Com Port el

Screen

NN 4.5 Wunaiigndwnanlsunsuyszanananwidigluga leidusyass

nanswendes lnavdaduay 1 (giudv)

Real Image Window Threshold Image Widow

lefc
lefe
lefc
latc
lefe
lefc
lefe
lefc
left

lefc
Command Window

JU 4.6 Wdumsduasildlunisusvanananwillesgfinudne



Real Image Window Threshold Image Widow
;;t:
lete
left
lefc
lef:
lefc
lefe
lefc
left

Command Window

] '

JUT 4.7 wdunsdimdesildlunisuseiananimideaginugie

Real Image Window Threshold Image Widow

lefrs
lefc
left
lefe
lefc
lefc
lefc
lefc
left

Command Window

=l a8 al o o (5 7
3N 4.8 idunsdiiunldlunisusenananindiaaginugie

a4
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1N3UR 4.6, 4.7 wa 4.8 JUdUN9Eineg Mlunsuszmnananwisloduog

MUY BT LﬂUﬂﬁﬁﬂluiﬂLﬂﬁﬂuﬂ 3tdekilgtd]

impore socket
import Image
import urllib2

def gen(im):

® = gen(im)
print m

im = Image.cpen(®c:\\test2.bmp")

for x in range(im.size(0]):
PX = im.getpixel((x,

if px[0] > 200 and px[l1l] < 40 and px[2]) < 40 :

for n An range(x,

pPxX = im.getpixel((n,

Af px[0] > 0 and px{l] > 0 and px[2] > 0O:

0))

im.si1ze[0)):
o))

1f %x<116 and n<28l @
UDP_IP = "192.168.1.135"
UDP_PORT = 2000
sock = socket.socket (sccket.AF INET,:
sock.sendto (3", (UDP_IP, UDP_PORT))
recurn(3d)

elif x>136 and n>»291 :
UDP_IP = ¥192.168.1.135"
UDP_PCRT = 2000
sock = sccket.socket (sccket.AF INET,:
sock.sendto(*2", (UDP_IP, UDP_PORT))
recurn{2)

else :
UDP_IP = *192.168.1.135"
UDP_PORT = 2000
sock = socket.sccket (socket.AF INET,:
sock.sendto(”1", (UDP_IP, UDP_PORT))
return(l)

i m m.‘ ;“:‘—Fm E‘ — 1 hde Y
Python 2.7.5 (default, May 15 2013
il 32

Type "copyright™,

"oredits” or "license()"™ for more information.

s 22:43:36) [MSC v,1500 32 bit (Intel)] on win _“-I

>>>

>>>

2
>>> |

RESTART

< ' A w % v
JUN 4.9 dmvedldsunsuilleduag g

< a v Ty w w :
NFUN 4.9 Wunaveslusunsudiodueginuiievendes szdmaduan 2 (§1u

k2 = 1 1 l‘-‘" v e U ﬂ'j
10) Whdlugadedslvlulasroulnsamessaly iedsdurastunemasnssuansilvisniden

e
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About XMod

— (e

PC Settings | Range Test Terminal ‘ Modem Configuration |
[~ Line Status Assert

. - Close Assemble| Clear | Show
_ ‘ IDTRIV [RTS ¥ [Break I Com Port Packet || Screen] Hex

-

JU7 4.10 wandudlugaiiiowdusgiugne

93U 4.10 Wunanignasnanldsunsudseusananmidrgluge lieduey

Audeveendes lngavdaduay 2 (§1udv)

Real Image Window Threshold Image Widow

Command Window

174

cl ] J & b7 [
U 4.11 wudunanldlunisussanananindaduagaiiuu

Sl



Real Image Window Threshold Image Widow

Command Window

JUN 4.12 Wudwidesnlvlumsyussanananwilielduagaiuan

Threshold Image Widow

Command Window

2

Y a6 A I P o 5%
4.13 WudhRuildlunsussanananmifiodusgfuun

=n.

U

caf)

a7
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d Y a1 i dl 173 1
NFUT 4.11, 4.12 uay 4.13 Wuguidudeneg Aldlunisussunananimiioduet

#1971 Fadunalilusunsudslisadsenn

'd. Edn Fomnu Run Ophﬂﬂl uhndoun Oidp
.u:par: socket
import Image
import urllib2
im = Image.copen(®c:\\tescl.bmp™)
def gen(im):
for x in range(im.size([O0]):
PX = im.getpixel ((x, 0))
if px{0] > 200 and px{[1] < 40 and px[2) < 40 :
fer n in range(x, im.size{0]):
Px = Am.gectpixel((n, 0))
Af px[0) > O and px{1] > 0 and px[2] > O:
Af <116 and n<281 :
UDP_IP = *~192.168.1.135~
UDF_PORT = 2000

sock.sendto (3%, (UDP_IP, UDP_PORT))
recurn(l)
elif x>136 and n>291 :
UDP_IP = ~192.168.1.135%
UDP_PORT = 2000

sock.sendto(™2%, (UDP_IP, UDP_PORT))
recurn(2)
else :
UDP_IP = "192.168.1.135%
UDP_PORT = 2000

scck.sendto("1", (UDP_IP, UDP_PORT))

recurn (1)

m = gen(im)
print m

IQG; = socket.accket (sccket.AF INET,:

sock = socket.sccker (socket.AF INET,:

scck = socket.asccket (sccket .M_lm, ®

32

3

>>> RESTART
>>>

File Ede Shell Debug Options Windows Help
Python 2.7.5 (defauls, May 15 2013, 22 43: 35) IH.SC V .'LSOCI 32 b!.: (Iacel}} o.n win ;’

TIype "copyright™, "credits™ or *license()™ for more information.

>>> |

A 1 d. v 1
U 4.14 druveslusunsudioduegiei

= < | o { v !
NFUN 4.14 Wusaiignasnainlusunsuyszananan wdgluga Weidueg

Aunvedndes Insasduduay 3 (gudu)

| PC Sa{tingsl Range Test Terminal I Modem Configuration |

Line Status —— ~ Assert
- ~- — Close | Assemble| Clear | Show
| R | 077 (TS s | canpot| ‘Faer | S| Ho

}3 -

o =G - |
JUN 4.15 wandadilugaiiioidusgmuan
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ngUN 4.15 1Hunadfigndenainlvsunsuusvanananimidngluga eiduey

Aurvendes nsavdaduan 3 (g1udv)

] o

4.2 MadauNsIuduIudayafds

o o o } 7 A 1 o QIJ i L2
‘Vl']ﬂ?i‘l/lﬂﬁa\ﬂﬂEJU'Wﬂ']Wﬂ’I'iﬁJ’]ﬁ@GLﬁUV]'NLWE)ENF]']E‘I\?F\']UF}QJF]’N‘]IUEN

&t a a [
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Y
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ausnindyyrunesnuilans
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b
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10001100 &=

=b

U
< Y
1NJUN 4.16
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4
[y = | I
grudoyanivunanlusunsuazdsegluguvasavgiuass lag

'
o

Fyaraurndslmaunidewdu 10001100
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£ o & o &

= @ v ¥
SUN 4.17 dyaaudeyamduiedilusnadeidne

< o 17 o !
33U 4.17 dyghadeyaniuananlusunsuavdegluguveavgiuass lag

0
o as

Fyaudshiidedredandu 01001100

- | aetenen '-r peten-fetens s.i

B 11001100 [

JUT 4.18 dyeudeyamduledilvisadeivan
nl s £ Au 1
9MN3UN 4.18 dyaradeyaniuunanlusunsuavdegluguveaavgiuans lae

0
ar o o

Fyraumdsliidevndandu 11001100

e aunsodeanantsaaealdil https:/www.youtube.com/watch?v=YTRIz5L4JJA
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1. Tumsiumdsdeyamsilundeslfaenfiaiudse

2. Tun1s5measInIsIwessamIsuINuUnNsaa s lunals

(]
= =l 1

3. lumsneasadeulsunsusalinsindouniivanaienitiduey 1wu dans

Y
o o as

Uszananadygan ki warauisaltmamiulunswaunldusylondlaluiinasa

4. Mmiwaunslrnuressalmudulagldnisuszananadyyruninaiuise

= =) a s (3

dnluiaundunisvuds wu vudsingiunendndoe Gudu

vV ¥ a o A al

5. Msldidudrvsedurvibiiadgvilumsussinananmitlaainndes lnedn

< v

1kazddnludNurodwnee adraauds manule Tusunsuazasadulainditiun

AAsgdminlimninnsimsieinlldudug vsedvnnifinannisasyiouvevasnln udu



52

U3IUIUNTA
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[3]Roving Networks Inc. “RN-171.”
http://www.rovingnetworks.com/products/RN_171.

[4]DATASHEETARCHIVE. “LM314.” http://www.datasheetarchive.com/lm314-
datasheet.html.

(5l INeNduasuaIuAsuns. “seuud RGB HSV.”
http://fivedots.coe.psu.ac.th/~montri/Teaching/image/chap1.htm.

[6]ISLT. “5¥UUd RGB HSV.” http://obor.us/research-file/senior/2553/hand/final. docx.

[7] Python Software Foundation. “basic python for beginners.”

http://www.python.org/about/gettingstarted/

[8] AT DIDWNS WaZNANS ANLUAS. “Yupuiienuldy.” nedwusuSgyimnssy
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“IP Camera Foscam FIB909W.” http://foscam.us/foscam-fi8909w-na-slim-mini-

wireless-ip-camera-24.html.
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MICROCHIP

_PIC16F87X

28/40-Pin 8-Bit CMOS FLASH Microcontrollers

Devices Included in this Data Sheet:

» PIC16F873 « PIC16F876
« PIC16F874 « PIC16F877

Microcontroller Core Features:

+ High performance RISC CPU
+ Only 35 single word instructions to learn

+ All single cycle instructions except for program
branches which are two cycle

Operating speed: DC - 20 MHz clock input
DC - 200 ns instruction cycle

* Upto 8K x 14 words of FLASH Program Memory,
Up to 368 x 8 bytes of Data Memory (RAM)
Up to 256 x 8 bytes of EEPROM Data Memory

Pinout compatible to the PIC16C73B/74B/76/77
Interrupt capability (up to 14 sources)

Eight level deep hardware stack

+ Direct, indirect and relative addressing modes

« Power-on Reset (POR)

+ Power-up Timer (PWRT) and
Oscillator Start-up Timer (OST)

Watchdog Timer (WDT) with its own on-chip RC
oscillator for reliable operation

* Programmable code protection
* Power saving SLEEP mode
+ Selectable oscillator options

* Low power, high speed CMOS FLASH/EEPROM
technology

+ Fully static design

* In-Circuit Serial Programming™ (ICSP) via two
pins

= Single 5V In-Circuit Serial Programming capability

* In-Circuit Debugging via two pins

* Processor read/write access to program memory

+ Wide operating voltage range: 2.0V to 5.5V

= High Sink/Source Current: 25 mA

« Commercial, Industrial and Extended temperature
ranges

* Low-power consumption:
- < 0.6 mA typical @ 3V, 4 MHz
- 20 pA typical @ 3V, 32 kHz
- <1 pA typical standby current

Pin Diagram

PDIP
MCLRPp — [ 1 \ ./ 40 [] ~—» RB7/PGD
RAQ/AND <—[] 2 39 [] =—= RB6/PGC
RA1/ANT =—=[] 3 38 [] =—> RBS
RA2/AN2/VREF- <—[] 4 37 [] =—= RB4
RAJ/AN3IVREF+ <—[] 5 36 [] <——= RB3/PGM
RA4/TOCKI «—[| & 35 [] =— RB2
RAS/AN4/SS =—[] 7 ¥ 34 [] =— RB1
REO/RD/ANS <—[] 8 ~ 33 [[] =— RBO/INT
RE1AWRIANG <—[] g L Y N ——r
RE2/CS/ANT <+— [ 10 K 30 -—uvss
VDD —— [ 11 ff 30 [J =—s RD7/PSP7
Ves — 4 [ 12 ©w 29 [] =—» RD6/PSP6
OSC1/CLKIN — [ 13 5 28 [] =——» RD5/PSPS
0SC2/CLKOUT —«——[7 14 o 27[J=— RD4PSP4
RCO/T10SO/T1CKI <—[] 15 26 [] =—» RC7/RX/DT
RC1/T10SI/CCP2 +— [ 16 25 [[] =—» RCBTX/CK
RC2/CCP1 <—[] 17 24 [] =~—» RC5/SDO
RC3/SCK/SCL =— [ 18 23 [[] =—» RC4/SDI/SDA
RDO/PSPO <—[] 19 22 [] =——» RD3/PSP3
RD1/PSP1 <—[] 20 21 [] =—»= RD2/PSP2

Peripheral Features:

* Timer0: 8-bit timer/counter with 8-bit prescaler

+ Timer1: 16-bit timer/counter with prescaler,
can be incremented during SLEEP via external
crystal/clock

+ Timer2: 8-bit timer/counter with 8-bit period
register, prescaler and postscaler

» Two Capture, Compare, PWM modules
- Capture is 16-bit, max. resolution is 12.5 ns
- Compare is 16-bit, max. resolution is 200 ns
- PWM max. resolution is 10-bit

* 10-bit multi-channel Analog-to-Digital converter

« Synchronous Serial Port (SSP) with SPI™ (Master
mode) and 1°C™ (Master/Slave)

= Universal Synchronous Asynchronous Receiver
Transmitter (USART/SCI) with 9-bit address
detection

* Parallel Slave Port (PSP) 8-bits wide, with
external RD, WR and CS controls {40/44-pin only)

» Brown-out detection circuitry for
Brown-out Reset (BOR)

® 2001 Microchip Technology Inc.
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PIC16F87X

Pin Diagrams

PDIP, SOIC
MCLRVer— []°1 S 28] =—= RB7/PGD
RAO/ANO =[] 2 27[[] =— RB6/PGC
RA1/ANT +—=[] 3 & 26 ] =— RBS5
RA2/AN2/VRer-=—= | 4 ~ 25{ ] =— RB4
RA3/AN3NVRer+=—> ] 5 % 24[] = RB3/PGM
RA4Tockl=—L] 6 ~ 23[] = RB2
RA5/AN4/SS =[] 7 e 22[] =— RB1
vss—[] & © 21 =—= RBO/ANT
osci/cLKIN—=[] 9 ) 20[] =— Voo
0sc2/cLKoUT =—[]10 o 19[] =— vss
RCOM10SOT1CKI =—= |11 18[] =—= RC7/RX/DT
RCAT108IICCP2=—= ] 12 17[] =—= RCBTX/CK
RC2/CCP1=—=[13 16[] =— RC5/SDO
RC3/SCK/SCL=—=[]14 15[] =<—= RC4/SDI/SDA
PLCC
RA4/TOCK] e
RA5/AN4/SS L,
REO/RD/AN5 -,
RE1/WR/ANG -
RE2/CS/ANT <o
Voo
yEs AL
OSC1/CLKIN —
0SC2/CLKOUT - _
RCOT10SOMICK] ——w
NC
o™
3
< d Q
2 B e o BT
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RD6/PSPE <> [1T 4 30T =—— OSC1/CLKIN
RD7/PSP7 =—=[CIT5 PIC16F877 29T =— Vss
— 1T HT -
ggg — I g PIC16F874 g?:u:} -— RE%IANTIE—_S
RBO/INT =~—=CIT 8 26T <—= RE1/ANG/WR
RB1 =—=CTT]9 2503 <—= RE0/ANS/RD
RB2 <—CIT] 10 24[TT0 <—= RAS5/AN4/SS
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PIC16F87X

Key Features

PICmicro™ Mid-Range Reference PIC16F873 PIC16F874 PIC16F876 PIC16F877
Manual (DS33023)
Operating Frequency DC - 20 MHz DC - 20 MHz DC - 20 MHz DC - 20 MHz
RESETS (and Delays) POR, BOR POR, BOR POR, BOR POR, BOR
(PWRT, OST) (PWRT, OST) (PWRT, OST) (PWRT, OST)
FLASI(-!1 zr;tg;?;:dhél;emory 4K 4K 8K 8K
Data Memory (bytes) 192 192 368 368
EEPROM Data Memory 128 128 256 256
Interrupts 13 14 13 14
/O Ports Ports A,B,C Ports A,B,C,D,E Ports A,B,C Ports A,B,C,D.E
Timers 3 3 3 3
Capture/Compare/PWM Modules 2 2 2 2
Serial Communications MSSP, USART | MSSP, USART MSSP, USART | MSSP, USART
Parallel Communications — PSP — PSP

10-bit Analog-to-Digital Module

5 input channels

8 input channels

5 input channels

8 input channels

Instruction Set

35 instructions

35 instructions

35 instructions

35 instructions

© 2001 Microchip Technology Inc.
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TO OUR VALUED CUSTOMERS

Itis our intention to provide our valued customers with the best documentation possible to ensure successful use of your Microchip
products. To this end, we will continue to improve our publications to better suit your needs. Our publications will be refined and
enhanced as new volumes and updates are introduced.

If you have any questions or comments regarding this publication, please contact the Marketing Communications Department via
E-mail at docerrors@mail.microchip.com or fax the Reader Response Form in the back of this data sheet to (480) 792-4150.
We welcome your feedback.

Most Current Data Sheet

To obtain the most up-to-date version of this data sheet, please register at our Worldwide Web site at:
http://mww.microchip.com

You can determine the version of a data sheet by examining its literature number found on the bottom outside corner of any page.
The last character of the literature number is the version number, (e.g., DS30000A is version A of document DS30000).

Errata

An errata sheet, describing minor operational differences from the data sheet and recommended workarounds, may exist for current
devices. As device/documentation issues become known to us, we will pubilsh an errata sheet. The errata will specify the revision
of silicon and revision of document to which it applies.

To determine if an errata sheet exists for a particular device, please check with one of the following:

« Microchip's Worldwide Web site; http://www.microchip.com
* Your local Microchip sales office (see last page)
* The Microchip Corporate Literature Center; U.S. FAX: (480) 792-7277

When contacting a sales office or the literature center, please specify which device, revision of silicon and data sheet (include liter-
ature number) you are using.

Customer Notification System

Register on our web site at www.microchip.com/cn to receive the most current information on all of our products.

DS30292C-page 4 © 2001 Microchip Technology Inc.



PIC16F87X

1.0 DEVICE OVERVIEW

This document contains device specific information.
Additional information may be found in the PICmicro™
Mid-Range Reference Manual (DS33023), which may
be obtained from your local Microchip Sales Represen-
tative or downloaded from the Microchip website. The
Reference Manual should be considered a complemen-
tary document to this data sheet, and is highly recom-
mended reading for a better understanding of the device
architecture and operation of the peripheral modules.

There are four devices (PIC16F873, PIC16F874,
PIC16F876 and PIC16F877) covered by this data
sheet. The PIC16F876/873 devices come in 28-pin
packages and the PIC16F877/874 devices come in
40-pin packages. The Parallel Slave Port is not
implemented on the 28-pin devices.

The following device block diagrams are sorted by pin
number; 28-pin for Figure 1-1 and 40-pin for Figure 1-2.
The 28-pin and 40-pin pinouts are listed in Table 1-1
and Table 1-2, respectively.

FIGURE 1-1: PIC16F873 AND PIC16F876 BLOCK DIAGRAM
" Program Data
Device FLASH Data Memory EEPROM
PIC16F873 4K 192 Bytes 128 Bytes
PIC16F876 8K 368 Bytes 256 Bytes
3 » Data Bus PORTA
_ P RAO/ANO
JrAsH t RAT/AN1
Program , RA2/AN2/VREF-
Memory RAM r] 4—[X| RA3/AN3/VREF+
8 Level Stack File RA4/TOCKI
13-bit) Registers 'SS
( RAS5/AN4/SS
Program
7 RAM Addr") 1) g PORIE
RBO/INT
Instruction reg RB1
RB2
H Direct Addr 7 RB3/PGM
RB4
RBS
RB6/PGC
4 STATUS reg RB7/PGD
- PORTC
RCO/T10SO/T1CKI
Power-up RC1/T10SI/CCP2
\V4 Timer RC2/CCP1
i Oscillator RC3/SCK/SCL
'Bﬁgggg"g k=" | Start-up Timer ALU F RC4/SDI/SDA
Control Pawer-on RC5/SDO
Reset RC6/TX/CK
. RC7/RX/DT
Timing Watchdog
EQZD Generation <= Timer W reg
OSC1/CLKIN Brown-out
0OSC2/CLKOUT Reset
In-Circuit
Debugger
Low Voltage
Programming
MCLR  Vopb, Vss
Timer0 Timer1 Timer2 10-bit A/D
Synchronous
Data EEPROM CCP1,2 Serial Port USART
Note 1: Higher order bits are from the STATUS register.

© 2001 Microchip Technology Inc.
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PIC16F87X

FIGURE 1-2: PIC16F874 AND PIC16F877 BLOCK DIAGRAM
5 Program Data
Device FLASH Data Memory EEPROM
PIC16F874 4K 192 Bytes 128 Bytes
PIC16F877 8K 368 Bytes 256 Bytes
13 Data Bus 8 PORTA
riasn [ Program Goue] I
RA1/AN1
mg{gg,” o y RA2/AN2/VREF-
8 Level Stack Fil " RA3/AN3/VREF+
(13-bit) - RA4/TOCKI _
agiaten RAS5/AN4/SS
Program
ik 14 RAM Addr" .’. 5 PORTB
fl RBO/INT
Instruction reg Cr M gg;
|—
“ Direct Addr 7 ) RB3/PGM
< " RB4
RB5
RB6/PGC
RB7/PGD
8
r PORTC
RCO/T10SO/T1CKI
Power-up 7 RC1/T10SI/CCP2
{/ Timer RC2/CCP1
Instruction Oscillator — gy
Decode & [K— | Start-up Timer ALD RC4/SDI/SDA
Control RCS/SDO
AL 8 RCB/TX/CK
- o8 RC7/IRX/DT
iming Watchdog
Xk=> Generation [<—] Timer PORTD
OSC1/CLKIN Brown-out RDO/PSPO
OSC2/CLKOUT Besti RD1/PSP1
In-Circuit RD2/PSP2
Debugger als RD3/PSP3
¥
Low-Voltage F RD4/PSP4
Programming Parallel Slave Port<: RD5/PSPS
RD6/PSP6
RD7/PSP7
PORTE
MCLR Voo, Vss [X] REO/ANS/RD
,__LJ? X Re1/ANEWR
Xl RE2/ANTICS
Timer0 Timer1 Timer2 10-bit A/D

; & v ¢

Data EEPROM CCP1,2 Sé:fir;gosgss —

Note 1: Higher order bits are from the STATUS register.

DS30292C-page 6 © 2001 Microchip Technology Inc.



PIC16F87X

TABLE 1-1: PIC16F873 AND PIC16F876 PINOUT DESCRIPTION

DIP SoIC 1o/P Buffer

Pin Name Pin# Ping Type Type Description
OSC1/CLKIN 9 9 | ST/ICMOS® | Oscillator crystal input/external clock source input.
OSC2/CLKOUT 10 10 0 — Oscillator crystal output. Connects to crystal or resonator in

crystal oscillator mode. In RC mode, the OSC2 pin outputs
CLKOUT which has 1/4 the frequency of OSC1, and denotes
the instruction cycle rate.

MCLR/VpPP 1 1 /P ST Master Clear (Reset) input or programming voltage input. This
pin is an active low RESET to the device.

PORTA is a bi-directional 1/0O port.

RAO/ANO 2 2 110 TTk RAO can also be analog input0.

RA1/AN1 3 3 1/0 TTL RA1 can also be analog input1.

RA2/AN2/VREF- 4 4 110 T RAZ2 can also be analog input2 or negative analog
reference voltage.

RA3/AN3/VREF+ 5 5 110 L RA3 can also be analog input3 or positive analag
reference voltage.

RA4/TOCKI 6 6 110 ST RA4 can also be the clock input to the Timer0
module. Output is open drain type.

RA5/SS/AN4 7 7 110 TTL RAS5 can also be analog input4 or the slave select

for the synchronous serial port.

PORTB is a bi-directional I/0 port. PORTB can be software
programmed for internal weak pull-up on all inputs.

RBO/INT 21 21 110 TTL/ST RBO can also be the external interrupt pin.

RB1 22 22 110 TTL

RB2 23 23 /0 TTL

RB3/PGM 24 24 1/0 TTL RB3 can also be the low voltage programming input.

RB4 25 25 110 TTL Interrupt-on-change pin.

RB5 26 26 110 TTL Interrupt-on-change pin.

RB6/PGC 2T 27 110 TTL/ST@ Interrupt-on-change pin or In-Circuit Debugger pin. Serial
programming clock.

RB7/PGD 28 28 110 TTL/STR Interrupt-on-change pin or In-Circuit Debugger pin. Serial

programming data.

PORTC is a bi-directional I/O port.

RCO/T10SO/T1CKI 11 11 /0 ST RCO can also be the Timer1 oscillator output or Timer1
clock input.

RC1/T10SI/CCP2 12 12 I/0 ST RC1 can also be the Timer1 oscillator input or Capture2
input’Compare2 output/PWM2 output.

RC2/CCP1 13 13 le} ST RC2 can also be the Capture1 input/Compare1 output/
PWM1 output.

RC3/SCK/SCL 14 14 1/0 ST RC3 can also be the synchronous serial clock input/output
for both SPI and 1°C modes.

RC4/SDI/SDA 15 15 I/O ST RC4 can also be the SPI Data In (SPI mode) or
data I/0 (I2C mode).

RC5/SDO 16 16 1/0 ST RC5 can also be the SPI Data Out (SPI mode).

RC6/TX/CK 17 17 /0 ST RC6 can also be the USART Asynchronous Transmit or
Synchronous Clock.

RC7/RX/DT 18 18 110 ST RC7 can also be the USART Asynchronous Receive or
Synchronous Data.

Vss 8,19 8, 19 P — Ground reference for logic and 1/O pins.

VDD 20 20 P — Positive supply for logic and I/O pins.

Legend: |=input O = output I/O = input/output P = power

— = Not used TTL =TTL input ST = Schmitt Trigger input

Note 1: This buffer is a Schmitt Trigger input when configured as the external interrupt.
2: This buffer is a Schmitt Trigger input when used in Serial Programming mode.
3: This buffer is a Schmitt Trigger input when configured in RC oscillator mode and a CMOS input otherwise.

© 2001 Microchip Technology Inc. DS30292C-page 7



PIC16F87X

TABLE 1-2: PIC16F874 AND PIC16F877 PINOUT DESCRIPTION
Pin Name DIP | PLCC | QFP | llO/P Buffer Description
Pin# Pin# Pin# | Type Type P
OSC1/CLKIN 13 14 30 | sT/IcMOS®™ | Oscillator crystal input/external clock source input.
0SC2/CLKOUT 14 15 3 (0] — Oscillator crystal output. Connects to crystal or resonator
in crystal oscillator mode. In RC mode, OSC2 pin outputs
CLKOUT which has 1/4 the frequency of OSC1, and
denotes the instruction cycle rate.
MCLR/N/PP 1 2 18 /P ST Master Clear (Reset) input or programming voltage input.
This pin is an active low RESET to the device.
PORTA is a bi-directional I/O port.
RAO/ANO 3 19 110 TTL RAQD can also be analog input0.
RA1/AN1 4 20 1/0 TTL RA1 can also be analog input1.
RA2/AN2/VREF- 5 21 110 TTL RAZ2 can also be analog input2 or negative
analog reference voltage.
RA3/AN3/VREF+ 5 6 22 1/0 TR RA3 can also be analog input3 or positive
analog reference voltage.
RA4/TOCKI 6 i 23 110 ST RA4 can also be the clock input to the Timer0 timer/
counter. Output is open drain type.
RA5/SS/AN4 T 8 24 110 TTL RAS can also be analog input4 or the slave select for
the synchranous serial port.
PORTB is a bi-directional I/0 port. PORTB can be soft-
ware programmed for internal weak pull-up on all inputs.
RBO/INT 33 36 le} TTLSTH) RBO can also be the external interrupt pin.
RB1 34 37 lfe] TTL
RB2 35 38 10 110 TTE
RB3/PGM 36 39 1 /0 TTL RB3 can also be the low voltage pragramming input.
RB4 37 41 14 f{e] TTL Interrupt-on-change pin.
RB5 38 42 156 110 FERE; Interrupt-on-change pin.
RB6/PGC 39 43 16 1/O TTL/STR Interrupt-on-change pin or In-Circuit Debugger pin.
Serial programming clock.
RB7/PGD 40 44 17 1o TTL/STR Interrupt-on-change pin or In-Circuit Debugger pin.
Serial programming data.
Legend: |=input O = output I/O = input/output P = power
— = Not used TTL = TTL input ST = Schmitt Trigger input
Note 1: This buffer is a Schmitt Trigger input when configured as an external interrupt.

2: This buffer is a Schmitt Trigger input when used in Serial Programming mode.

3: This buffer is a Schmitt Trigger input when configured as general purpose I/O and a TTL input when used in the Parallel
Slave Port mode (for interfacing to a microprocessor bus).

4: This buffer is a Schmitt Trigger input when configured in RC oscillator mode and a CMOS input otherwise.

DS30292C-page 8
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PIC16F87X

TABLE 1-2: PIC16F874 AND PIC16F877 PINOUT DESCRIPTION (CONTINUED)
Piis Nairkia DIP | PLCC | QFP | l/O/P Buffer Dsatroticn
Pin# | Pin# Pin# | Type Type o 4
PORTC is a bi-directional I/O port.
RCO/T10SO/T1CKI | 15 16 32 I/0 ST RCO can also be the Timer1 oscillator output or a
Timer1 clock input.
RC1/T10SI/CCP2 16 18 35 110 ST RC1 can also be the Timer1 oscillator input or
Capture2 input/Compare2 output/PWM2 output.
RC2/CCP1 17 19 36 1o ST RC2 can also be the Capture1 input/Compare1
output/PWM1 output.
RC3/SCK/SCL 18 20 37 I/0 ST RC3 can also be the synchronous serial clock input/
output for both SPI and 12C modes.
RC4/SDI/SDA 23 25 42 l{e] ST RC4 can also be the SP| Data In (SPI mode) or
data 1/O {I°C mode).
RC5/SDO 24 26 43 110 ST RCS5 can also be the SPI Data Out (SPI mode).
RCB/TX/CK 25 27 ad /0 ST RC6 can also be the USART Asynchronous Transmit
or Synchronous Clock.
RC7/RX/DT 26 29 d 110 ST RC7 can also be the USART Asynchronous Receive
or Synchronous Data.
PORTD is a bi-directional /O port or parallel slave port
when interfacing to a microprocessor bus.
RDO/PSPO 19 21 38 110 ST/TTL®
RD1/PSP1 20 22 39 10 STTTLE)
RD2/PSP2 21 23 40 110 STTTLE)
RD3/PSP3 22 24 41 /o] ST/TTLR)
RD4/PSP4 27 30 2 o | sTTTLR
RD5/PSP5 28 31 3 vo | sTaTLe
RD6/PSP6 29 32 4 o] STTTLE)
RD7/PSP7 30 33 5 110 ST/TTLE
PORTE is a bi-directional 1/O port.
REO/RD/ANS 8 9 25 1o sTTTL® REO can also be read control for the parailel slave
port, or analog input5.
RE1/WR/ANG 9 10 26 110 sT/TTL® RE1 can also be write control for the parallel slave
port, or analog input6.
RE2/CS/ANT 10 11 27 110 sTATL® RE2 can also be select control for the parallel slave
port, or analog input?.
Vss 12,31 13,34 6,29 P - Ground reference for logic and I/O pins.
VDD 132 1236 7,28 P — Paositive supply for logic and I/O pins.
NC — [ 1,17,28, | 12,13, — These pins are not internally connected. These pins
40 33,34 should be left unconnected.
Legend: |=input O = output 1/0 = input/output P = power
— = Not used TTL =TTL input ST = Schmitt Trigger input

Note 1: This buffer is a Schmitt Trigger input when configured as an external interrupt.
2: This buffer is a Schmitt Trigger input when used in Serial Programming mode.
3: This buffer is a Schmitt Trigger input when configured as general purpose 1/0 and a TTL input when used in the Parallel
Slave Port mode (for interfacing to a microprocessor bus).
4: This buffer is a Schmitt Trigger input when configured in RC oscillator mode and a CMOS input otherwise.
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CHAPTER 1

Instant Hacking: The Basics

It’s time to start hacking.! In this chapter, you learn how to take control of your computer by
speaking a language it understands: Python. Nothing here is particularly difficult, so if you know
the basic principles of how your computer works, you should be able to follow the examples and
try them out yourself. I'll go through the basics, startiwng with the excruciatingly simple, but
because Python is such a powerful language, you'll soon be able to do pretty advanced things.
First, I show you how to get the software you need. Then I tell you a bit about algorithms
and their main components. Throughout these sections, there are numerous small examples
(most of them using only simple arithmetic) that you can try out in the Python interactive
interpreter (covered in the section “The Interactive Interpreter” in this chapter). You learn
about variables, functions, and modules, and after handling these topics, [ show you how to
write and run larger programs. Finally, I deal with strings, an important aspect of almost any

Python program.

Installing Python

Before you can start programming, you need some new software. What follows is a short
description of how to download and install Python. If you want to jump into the installation
process without detailed guidance, you can simply visit http: //www.python.org/download to
get the most recent version of Python.

Windows

To install Python on a Windows machine, follow these steps:

1. Open a web browser and go to http: //www.python.org.
2. Click the Download link.

3. You should see several links here, with names such as Python 2.5.x and Python 2.5.x
Windows installer. Click the Windows installer link to download the installer file. (If
you're running on an Itanium or AMD machine, you need to choose the appropriate
installer.)

1. Hackingis not the same as cracking, which is a term describing computer crime. The two are often con-
fused. Hacking basically means “having fun while programming.” For more information, see Eric
Raymond’s article "How to Become a Hacker” at http: //www. catb.org/~esr/faqs/hacker-howto. html.
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‘Note If you can't find the link mentioned in step 3, click the link with the highest version among those
with names like Python 2.5.x. For Python 2.5, you could simply go to http: //www. python.org/2.5. Follow
the instructions for Windows users. This will entail downloading a file called python-2.5.x.msi (or some-
thing similar), where 2.5.x should be the version number of the newest release.

4. Store the Windows Installer file somewhere on your computer, such as C: \download\
python-2.5.x.msi. (Just create a directory where you can find it later.)

5. Run the downloaded file by double-clicking it in Windows Explorer. This brings up the
Python install wizard, which is really easy to use. Just accept the default settings, wait
until the installation is finished, and you're ready to roll!

Assuming that the installation went well, you now have a new program in your Windows
Start menu. Run the Python Integrated Development Environment (IDLE) by selecting Start »
Programs » Python2 » IDLE (Python GUI).

You should now see a window that looks like the one shown in Figure 1-1. If you feel a bit lost,
simply select Help > IDLE Help from the menu to get a simple description of the various menu
items and basic usage. For more documentation on IDLE, check out http://www.python.org/idle.
(Here you will also find more information on running IDLE on platforms other than Windows.) If
you press F1, or select Help » Python Docs from the menu, you will get the full Python documen-
tation. (The document there of most use to you will probably be the Library Reference.) All the
documentation is searchable.

Python Shell
| fle Edt Shel Debug Ontions Windows Heip _ ;
|Python 2.5.2 (r252:60911, Feb 21 2008, 13:11:45) [MSC v.1310 32 bit (Intel}] on 2|
win32
i} Type "copyright", "credits" or "license ()" for more information.

AR AR R A SRR S R AR R R R R A R L P T
Personal firevall software may warn about the connection IDLE
makes to its subprocess using this computer's internal loopback
interface. This connection is not visible on any external

interface and no data is sent to or received from the Internet.
P R R R R R AR A R A A R T T T A RN A R T N N T N N N A SN S NN A A AN R AN RANRRATARRNAA

JIDLE 1.2.2
x>

Figure 1-1. The IDLE interactive Python shell

2. This menu option will probably include your version number, as in Python 2.5.



CHAPTER 1 INSTANT HACKING: THE BASICS

Once you have the IDLE interactive Python shell running, you can continue with the sec-
tion “The Interactive Interpreter,” later in this chapter.

WINDOWS INSTALLER

Python for Microsoft Windows is distributed as a Windows Installer file, and requires that your Windows ver-
sion supports Windows Installer 2.0 (or later). If you don’t have Windows Installer, it can be downloaded freely
for Windows 95, 98, ME, NT 4.0, and 2000. Windows XP and later versions of Windows already have Windows
Installer, and many older machines will, too. There are download instructions for the Installer on the Python
download page. ‘

Alternatively, you could go to the Microsoft download site, http: / /www.micTosoft. con/downloads,
and search for “Windows Installer” (or simply select it from the download menu). Choose the most recent version
for your platform and follow the download and installation instructions.

If you're uncertain about whether you have Windows Installer, simply try executing step 5 of the previous
installation instructions: double-click the MS! file. If you get the install wizard, everything is okay. See
http://www.python.org/2.5/msi.html for advanced features of the Windows Installer related to
Python installation.

Linux and UNIX

In most Linux and UNIX installations (including Mac OS X), a Python interpreter will already
be present. You can check whether this is the case for you by running the python command at
the prompt, as follows:

$ python

Running this command should start the interactive Python interpreter, with output simi-
lar to the following:

Python 2.5.1 (r251:54869, Apr 18 2007, 22:08:04)

[GCC 4.0.1 (Apple Computer, Inc. build 5367)] on darwin

Type "help", "copyright", "credits" or "license" for more information.
>>>

- Note To exit the interactive interpreter, use Ctrl-D (press the Ctrl key and while keeping that depressed,
press D).

If there is no Python interpreter installed, you will probably get an error message similar to
the following:

bash: python: command not found

In that case, you need to install Python yourself, as described in the following sections.
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Using a Package Manager

Several package systems and installation mechanisms exist for Linux. If you're running a Linux
system with some form of package manager, chances are you can get Python through it.

- Note You will probably need to have administrator privileges (a root account) in order to install Python
using a package manager in Linux.

For example, if you're running Debian Linux, you should be able to install Python with the
following command:
$ apt-get install python

If you're running Gentoo Linux, you should be able to use Portage, like this:
$ emerge python

In both cases, $ is, of course, the bash prompt.

Note Many other package managers out there have automatic download capabilities, including Yum,
Synaptic (specific to Ubuntu Linux), and other Debian-style managers. You should probably be able to get
recent versions of Python through these.

Compiling from Sources

If you don’t have a package manager, or would rather not use it, you can compile Python your-
self. This may be the method of choice if you are on a UNIX box but you don't have root access
(installation privileges). This method is very flexible, and enables you to install Python wher-
ever you want, including in your own home directory. To compile and install Python, follow
these steps:

1. Go to the download page (refer to steps 1 and 2 in the instructions for installing Python
on a Windows system).

2. Follow the instructions for downloading the sources.

3. Download the file with the extension .tgz. Store it in a temporary location. Assuming
that you want to install Python in your home directory, you may want to putitina
directory such as ~/python. Enter this directory (e.g., using cd ~/python).

4. Unpack the archive with the command tar -xzvf Python-2.5.tgz (where 2.5 is the
version number of the downloaded source code). If your version of tar doesn't support
the z option, you may want to uncompress the archive with gunzip first, and then use
tar -xvf afterward. If there is something wrong with the archive, try downloading it
again. Sometimes errors occur during download.
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5. Enter the unpacked directory:
$ cd Python-2.5
Now you should be able to execute the following commands:

./configure --prefix=$(pwd)
make
make install

You should end up with an executable file called pythoen in the current directory. (If this
doesn't work, consult the README file included in the distribution.) Put the current direc-
tory in your PATH environment variable, and you're ready to rock.

To find out about the other configuration directives, execute this command:

./configure --help

Macintosh

If you're using a Macintosh with a recent version of Mac OS X, you'll have a version of Python
installed already. Just open the Terminal application and enter the command python to start
it. Even if you would like to install a newer version of Python, you should leave this one alone,
as it is used in several parts of the operating system. You could use either MacPorts (http: //
macports.org) or Fink (http://finkproject.org), or you could use the distribution from the
Python web site, by following these steps:

1. Go to the standard download page (see steps 1 and 2 from the Windows instructions
earlier in this chapter).

2. Follow the link for the Mac OS X installer. There should also be a link to the MacPython
download page, which has more information. The MacPython page also has versions of
Python for older versions of the Mac OS.

3. Once you've downloaded the installer .dmg file, it will probably mount automatically. If
not, simply double-click it. In the mounted disk image, you'll find an installer package
(.mpkg) file. If you double-click this, the installation wizard will open, which will take
you through the necessary steps.

Other Distributions

You now have the standard Python distribution installed. Unless you have a particular interest
in alternative solutions, that should be all you need. If you are curious (and, perhaps, feeling a
bit courageous), read on.
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Several Python distributions are available in addition to the official one. The most well-
known of these is probably ActivePython, which is available for Linux, Windows, Mac 0S X,
and several UNIX varieties. A slightly less well-known but quite interesting distribution is
Stackless Python. These distributions are based on the standard implementation of Python,
written in the C programming language. Two distributions that take a different approach are
Jython and IronPython. If you're interested in development environments other than IDLE,
Table 1-1 lists some options.

Table 1-1. Some Integrated Development Environments (IDEs) for Python

Environment Description Web Site

IDLE The standard Python http://www.python.org/idle
environment

Pythonwin Windows-oriented http://www.python.org/download/windows
environment

ActivePython Feature-packed; contains http://www.activestate.com
Pythonwin IDE

Komodo Commercial IDE http://www.activestate.com3

Wingware Commercial IDE http://www.wingware.com

BlackAdder Commercial IDE and (Qt) GUI http://www.thekompany.com
builder

Boa Constructor  Free IDE and GUI builder http://boa-constructor.sf.net

Anjuta Versatile IDE for Linux/UNIX http://anjuta.sf.net

Arachno Python  Commercial IDE http://www.python-ide.com

Code Crusader ~ Commercial IDE http://www.newplanetsoftware.com

Code Forge Commercial IDE http://www.codeforge.com
Eclipse Popular, flexible, open http://www.eclipse.org

source IDE
eric Free IDE using Qt http://eric-ide.sf.net
KDevelop Cross-language IDE for KDE http://www.kdevelop.org
VisualWx Free GUI builder http://visualwx.altervista.org
wxDesigner Commercial GUI builder http://www.roebling.de
wxGlade Free GUI builder http://wxglade.sf.net

ActivePython is a Python distribution from ActiveState (http://www.activestate.com). At
its core, it’s the same as the standard Python distribution for Windows. The main difference is
that it includes a Iot of extra goodies (modules) that are available separately. It's definitely
worth a look if you are running Windows.

3. Komodo has been made open source, so free versions are also available.
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Stackless Python is a reimplementation of Python, based on the original code, but with
some important internal changes. To a beginning user, these differences won’t matter much,
and one of the more standard distributions would probably be more useful. The main advan-
tages of Stackless Python are that it allows deeper levels of recursion and more efficient
multithreading. As mentioned, both of these are rather advanced features, not needed by the
average user. You can get Stackless Python from http://www.stackless.com.

Jython (http://www. jython.org) and IronPython (http://www.codeplex.com/IronPython)
are different—they're versions of Python implemented in other languages. Jython is imple-
mented in Java, targeting the Java Virtual Machine, and IronPython is implemented in C#,
targeting the .NET and MONO implementations of the common language runtime (CLR). At
the time of writing, Jython is quite stable, but lagging behind Python—the current Jython ver-
sion is 2.2, while Python is at 2.5. There are significant differences in these two versions of the
language. IronPython is still rather young, but it is quite usable, and it is reported to be faster
than standard Python on some benchmarks.

Keeping in Touch and Up-to-Date

The Python language evolves continuously. To find out more about recent releases and rele-
vant tools, the pythen.org web site is an invaluable asset. To find out what's new in a given
release, go to the page for the given release, such as http://python.org/2.5 for release 2.5.
There you will also find a link to Andrew Kuchling's in-depth description of what's new for the
release, with a URL such as http://python.org/doc/2.5/whatsnew for release 2.5. If there have
been new releases since this book went to press, you can use these web pages to check out any
new features.

- Tip Fora summary of what's changed in the more radically new release 3.0, see http: //docs.
python.org/dev/3.0/whatsnew/3.0.html.

[f you want to keep up with newly released third-party modules or software for Python,
check out the Python email list python-announce-1ist; for general discussions about Python, try
python-1list, but be warned: this list gets a lor of traffic. Both of these lists are available at
http://mail.python.org. If you're a Usenet user, these two lists are also available as the news-
groups comp. Lang . python.announce and comp. lang. python, respectively. If you're totally lost, you
could try the python-help list (available from the same place as the two other lists) or simply
email help@python.org. Before you do, you really ought to see if your question is a frequently
asked one, by consulting the Python FAQ, at http://python.org/doc/fag, or by performing a
quick Web search.

The Interactive Interpreter

When you start up Python, you get a prompt similar to the following:

Python 2.5.1 (r251:54869, Apr 18 2007, 22:08:04)
[GCC 4.0.1 (Apple Computer, Inc. build 5367)] on darwin
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Type "help", "copyright", "credits" or "license" for more information.
>>>

- Note The exact appearance of the interpreter and its error messages will depend on which version you
are using.

This might not seem very interesting, but believe me—it is. This is your gateway to hacker-
dom—your first step in taking control of your computer. In more pragmatic terms, it's an
interactive Python interpreter. Just to see if it's working, try the following;

>>> print "Hello, world!"
When you press the Enter key, the following output appears:

Hello, world!
>

- Note If you are familiar with other computer languages, you may be used to terminating every line

with a semicolon. There is no need to do so in Python. A line is a line, more or less. You may add a semicolon
if you like, but it won’t have any effect (unless more code follows on the same line), and it is not a common
thing to do.

What happened here? The »>> thingy is the prompt. You can write something in this space,
like print "Hello, world!".Ifyou press Enter, the Python interpreter prints out the string
“Hello, world!” and you get a new prompt below that.

 Note The term “printing” in this context refers to writing text to the screen, not producing hard copies
with a printer.

What if you write something completely different? Try it out:

>>> The Spanish Inquisition
SyntaxError: invalid syntax
>>>

Obviously, the interpreter didn't understand that.* (If you are running an interpreter other
than IDLE, such as the command-line version for Linux, the error message will be slightly

4. After all, no one expects the Spanish Inquisition. . .



CHAPTER 1 © INSTANT HACKING: THE BASICS

dfferent.) The interpreter also indicates what's wrong: it will emphasize the word Spanish by
giving it a red background (or, in the command-line version, by using a caret, *).

If you feel like it, play around with the interpreter some more. For some guidance, try
entering the command help at the prompt and pressing Enter. As mentioned, you can press F1
for help about IDLE. Otherwise, let’s press on. After all, the interpreter isn’t much fun when you
don’t know what to tell it, is it?

Algo . . . What?

Before you start programming in earnest, I'll try to give you an idea of what computer program-
ming is. Simply put, it’s telling a computer what to do. Computers can do a lot of things, but
they aren't very good at thinking for themselves. They really need to be spoon-fed the details.
You need to feed the computer an algorithm in some language it understands. Algorithm is just
a fancy word for a procedure or recipe—a detailed description of how to do something. Con-
sider the following:

SPAM with SPAM, SPAM, Eggs, and SPAM:

First, take some SPAM.

Then add some SPAM, SPAM, and eggs.

If a particularly spicy SPAM is desired, add some SPAM.
Cook until done - Check every 10 minutes.

This recipe may not be very interesting, but how it’s constructed is. It consists of a series of
instructions to be followed in order. Some of the instructions may be done directly (“take some
SPAM"), while some require some deliberation (“If a particularly spicy SPAM is desired”), and
others must be repeated several times (“Check every 10 minutes.”)

Recipes and algorithms consist of ingredients (objects, things), and instructions (state-
ments). In this example, SPAM and eggs were the ingredients, while the instructions consisted
of adding SPAM, cooking for a given length of time, and so on. Let's start with some reasonably
simple Python ingredients and see what you can do with them.

Numbers and Expressions

The interactive Python interpreter can be used as a powerful calculator. Try the following:
3> 2 + 2

This should give you the answer 4. That wasn't too hard. Well, what about this:

>>> 53672 + 235253
288925

Still not impressed? Admittedly, this is pretty standard stuff. (I'll assume that you've used
a calculator enough to know the difference between 1+2*3 and (1+2)*3.) All the usual arith-
metic operators work as expected—almost. There is one potential trap here, and that is integer
division (in Python versions prior to 3.0):

e 142
0
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What happened here? One integer (a nonfractional number) was divided by another, and
the result was rounded down to give an integer result. This behavior can be useful at times, but
often (if not most of the time), you need ordinary division. What do you do to get that? There
are two possible solutions: use real numbers (numbers with decimal points) rather than inte-
gers, or tell Python to change how division works.

Real numbers are called floats (or floating-point numbers) in Python. If either one of the
numbers in a division is a float, the result will be, too:

¥ 1.0 4 2.0
0.5

>>> 1/2.0
0.5
w1002
0.5

>>> 1/2.
0.5

If you would rather have Python do proper division, you could add the following statement
to the beginning of your program (writing full programs is described later) or simply execute it
in the interactive interpreter:

>»> from _ future  dimport division

~Note In case it's not entirely clear, the future in the instruction is surrounded by two underscores on
both sides: __future__. ‘

Another alternative, if you're running Python from the command line (e.g., on a Linux
machine), is to supply the command-line switch -Qnew. In either case, division will suddenly
make a bit more sense:

iy k2
0.5

Of course, the single slash can no longer be used for the kind of integer division shown
earlier. A separate operator will do this for you—the double slash:

>»>>1//2
0

The double slash consistently performs integer division, even with floats:

>3 1.0 V7 2.0
0.0

There is a more thorough explanation of the _future__stuff in the section “Back to the
__future_ ,"” later in this chapter.
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Now you've seen the basic arithmetic operators (addition, subtraction, multiplication,
and division), but one more operator is quite useful at times:

S35 1% 2
z

This is the remainder (modulus) operator. x % y gives the remainder of x divided by y. Here
are a few more examples:

>»> 10/ 3

3

>>> 10 % 3

1

>»>9 /3

3

>>> 9 % 3

0

>>> 2.75 % 0.5
0.25

Here 10/3 is 3 because the result is rounded down. But 3 x 3 is 9, so you get a remainder
of 1. When you divide 9 by 3, the result is exactly 3, with no rounding. Therefore, the remainder
is 0. This may be useful if you want to check something “every 10 minutes” as in the recipe ear-
lier in the chapter. You can simply check whetherminute % 10is 0. (For a description on how
to do this, see the sidebar “Sneak Peek: The if Statement,” later in this chapter.) As you can see
from the final example, the remainder operator works just fine with floats as well.

The last operator is the exponentiation (or power) operator:

>y 2 ®\3

8

3> -3 ¥% 2
-9

>>> (-3) ** 2
9

Note that the exponentiation operator binds tighter than the negation (unary minus), so
-3**2is in fact the same as - (3**2). If you want to calculate (-3)**2, you must say so explicitly.

Large Integers
Python can handle really large integers:

>>> 1000000000000000000
1000000000000000000L

What happened here? The number suddenly got an L tacked onto the end.

1
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* Note If you're using a version of Python older than 2.2, you get the following behavior:

>»> 1000000000000000000
OverflowError: integer literal too large

The newer versions of Python are more flexible when dealing with big numbers.

Ordinary integers can't be larger than 2147483647 (or smaller than -2147483648). If you
want really big numbers, you must use longs. A long (or long integer) is written just like an ordi-
nary integer but with an L at the end. (You can, in theory, use a lowercase 1 as well, but that
looks all too much like the digit 1, so I'd advise against it.)

In the previous example, Python converted the integer to a long, but you can do that your-
self, too. Let’s try that big number again:

>>»> 1000000000000000000L
1000000000000000000L

Of course, this is only useful in old versions of Python that aren't capable of figuring this
stuff out.
Well, can you do math with these monster numbers, too? Sure thing. Consider the

following:

>»> 1987163987163981639186L * 198763981726391826L + 23
394976626432005567613000143784791693659L

As you can see, you can mix long integers and plain integers as you like. In all likelihood,
you won't have to worry about the difference between longs and ints unless you're doing type
checking, as described in Chapter 7—and that’s something you should almost never do.

Hexadecimals and Octals

To conclude this section, I should mention that hexadecimal numbers are written like this:

>>> OxAF
175

and octal numbers like this:

>»> 010
8

The first digit in both of these is zero. (If you don’t know what this is all about, just close
your eyes and skip to the next section—you're not missing anything important.)

Note For a summary of Python’s numeric types and operators, see Appendix B.
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Variables

Another concept that might be familiar to you is variables. If math makes you queasy, don’t
worry: variables in Python are easy to understand. A variable is basically a name that represents
(or refers to) some value. For example, you might want the name x to represent 3. To make it so,
simply execute the following:

> X =3

This is called an assignment. We assign the value 3 to the variable x. Another way of putting
this is to say that we bind the variable x to the value (or object) 3. After you've assigned a value
to a variable, you can use the variable in expressions:

o b
6

Note that you need to assign a value to a variable before you use it. After all, it doesn't make
any sense to use a variable if it doesn't represent a value, does it?

Note Variable names can consist of letters, digits, and underscore characters (). A variable can’t begm
with a digit, so P1ang is a valid variable name, whereas 9P1an is not.

Statements

Until now we've been working (almost) exclusively with expressions, the ingredients of the
recipe. But what about statements—the instructions?

In fact, I've cheated. I've introduced two types of statements already: the print statement,
and assignments. So, what's the difference between a statement and an expression? Well, an
expression is something, while a statement does something (or, rather, tells the computer to do
something). For example, 2*2 is 4, whereas print 2*2 prints 4. What's the difference? After all,
they behave very similarly. Consider the following:

>>> 2%2

4

>>> print 2%2
4

As long as you execute this in the interactive interpreter, the results are similar, but that is only
because the interpreter always prints out the values of all expressions (using the same represen-
tation as repr—see the section “String Representations, str and repr” later in this chapter). That is
not true of Python in general. Later in this chapter, you'll see how to make programs that run with-
out this interactive prompt, and simply putting an expression such as 2*2 in your program won't do
anything interesting.® Putting print 2*2 in there, on the other hand, will print out 4.

5. In case you're wondering—yes, it does do something. It calculates the product of 2 and 2. However, the
result isn't kept anywhere or shown to the user; it has no side effects, beyond the calculation itself.
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- Note InPython 3.0, print is a function, which means you need to write print(42) instead of print 42,
for example. Other than that, it works more or less like the statement, as described here.

The difference between statements and expressions may be more obvious when dealing
with assignments. Because they are not expressions, they have no values that can be printed
out by the interactive interpreter:

> X =3
>

As you can see, you get a new prompt immediately. Something has changed, however; x is
now bound to the value 3.

This is a defining quality of statements in general: they change things. For example,
assignments change variables, and print statements change how your screen looks.

Assignments are, perhaps, the most important type of statement in any programming lan-
guage, although it may be difficult to grasp their importance right now. Variables may just
seem like temporary “storage” (like the pots and pans of a cooking recipe), but the real power
of variables is that you don't need to know what values they hold in order to manipulate them.5
For example, you know that x * y evaluates to the product of x and y, even though you may
have no knowledge of what x and y are. So, you may write programs that use variables in vari-
ous ways without knowing the values they will eventually hold (or refer to) when the program
is run.

Getting Input from the User

You've seen that you can write programs with variables without knowing their values. Of
course, the interpreter must know the values eventually. So how can it be that we don’t? The
interpreter knows only what we tell it, right? Not necessarily.

You may have written a program, and someone else may use it. You cannot predict what
values users will supply to the program. Let’s take a look at the useful function input. (I'll have
more to say about functions in a minute.)

>>> input("The meaning of life: ")
The meaning of life: 42
42

What happens here is that the first line (input(...)) is executed in the interactive inter-
preter. It prints out the string "The meaning of life: " asanew prompt. I type 42 and press

6. Note the quotes around storage. Values aren’t stored in variables—they're stored in some murky depths
of computer memory, and are referred to by variables. As will become abundantly clear as you read on,
more than one variable can refer to the same value.
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Enter. The resulting value of input is that very number, which is automatically printed out in
the last line. That may not seem very useful, but look at the following:

>»> x = input("x: ")

X: 34

>»> y = input("y: ")
y: 42

>>»> print x ¥y
1428

Here, the statements at the Python prompts (>>>) could be part of a finished program, and
the values entered (34 and 42) would be supplied by some user. Your program would then print
out the value 1428, which is the product of the two. And you didn’t have to know these values
when you wrote the program, right?

Note This is much more useful when you save your programs in a separate file so other users can exe-
cute them. You learn to do that later in this chapter, in the section “Saving and Executing Your Programs.”

SNEAK PEEK: THE IF STATEMENT

To make things a bit more fun, I'll give you a sneak peek of something you aren’t really supposed to learn
about until Chapter 5: the if statement. The if statement lets you perform an action (another statement) if
a given condition is true. One type of condition is an equality test, using the equality operator ==, Yes, it's a
double equality sign. The single one is used for assignments, remember?

You simply put this condition after the word i and then separate it from the following statement with
a colon:

>>> if 1 == 2: print 'One equals two'
»>>» if 1 == 1: print ‘One equals one'

One equals one
>

As you can see, nothing happens when the condition is false. When it is true, however, the following
statement (in this case, a print statement) is executed. Note also that when using if statements in the inter-
active interpreter, you need to press Enter twice before it is executed. (The reason for this will become clear
in Chapter 5—don’t worry about it for now.)

So, if the variable time is bound to the current time in minutes, you could check whether you're “on the
hour” with the following statement:

if time % 60 == 0: print 'On the hour!'

15
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Functions

In the section on numbers and expressions, [ used the exponentiation operator (**) to calcu-
late powers. The fact is that you can use a function instead, called pow:

Spy 2HH3

8

>>> pow(2,3)
8

Afunction is like a little program that you can use to perform a specific action. Python has
alot of functions that can do many wonderful things. In fact, you can make your own func-
tions, too (more about that later); therefore, we often refer to standard functions such as pow as
built-in functions.

Using a function as [ did in the preceding example is called calling the function. You sup-
ply it with parameters (in this case, 2 and 3) and it returns a value to you. Because it returns a
value, a function call is simply another type of expression, like the arithmetic expressions dis-
cussed earlier in this chapter.” In fact, you can combine function calls and operators to create
more complicated expressions:

>>> 10 + pow(2, 3*5)/3.0
10932.666666666666

~ Note The exact number of decimals may vary depending on which version of Python you are using.

Several built-in functions can be used in numeric expressions like this. For example, abs
gives the absolute value of a number, and round rounds floating-point numbers to the nearest
integer:

>»> abs(-10)

10

S 12

0

>»> round(1.0/2.0)
1.0

Notice the difference between the two last expressions. Integer division always rounds
down, whereas round rounds to the nearest integer. But what if you want to round a given num-
ber down? For example, you might know that a person is 32.9 years old, but you would like to
round that down to 32 because she isn't really 33 yet. Python has a function for this (called
floor)—it just isn’t available directly. As is the case with many useful functions, it is found in a
module.

7. Function calls can also be used as statements if you simply ignore the return value.
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Modules

You may think of modules as extensions that can be imported into Python to extend its capa-
bilities. You import modules with a special command called (naturally enough) import. The
function mentioned in the previous section, floor, is in a module called math:

>>> import math
>>> math.floor(32.9)
32.0

Notice how this works: we import a module with import, and then use the functions from
that module by writing module. function.
If you want the age to be an integer (32) and not a float (32.0), you can use the function int:8

>»» int(math.floor(32.9))
32

Note Similar functions exist to convert to other types (for example, long and float). In fact, these aren't
completely normal functions—they're type objects. I'll have more to say about types later. The opposite of
floor is ceil (short for “ceiling”), which finds the smallest integral value larger than or equal to the given
number.

Ifyou are sure that you won't import more than one function with a given name (from dif-
ferent modules), you might not want to write the module name each time you call the function.
Then you can use a variant of the import command:

>>»> from math import sqrt
>»> sqrt(9)
3.0

After using frommodule import function, you can use the function without its module
prefix.

“Tip Youmay, in fact, use variables to refer to functions (and most other things in Python). For example, by
performing the assignment foo = math.sqrt, you can start using foo to calculate square roots; for exam-
ple, foo(4) yields 2.0.

8. The int function/type will actually round down while converting to an integer, so when converting to
an integer, using math. floor is superfluous; you could simply use int(32.9).

17
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cmath and Complex Numbers

The sqrt function is used to calculate the square root of a number. Let's see what happens if we
supply it with a negative number:

>>> from math import sqrt
>»> sqrt(-1)
Traceback (most recent call last):
File "<pyshell#23>", line 1, in ?
sqrt(-1)
ValueError: math domain error

or, on some platforms:

>»> sqrt(-1)
nan

Note nan is simply a special value meaning “not a number.”

Well, that's reasonable. You can't take the square root of a negative number—or can you?
Indeed you can. The square root of a negative number is an imaginary number. (This is a stan-
dard mathematical concept—if you find it a bit too mind-bending, feel free to skip ahead.) So
why couldn’t sqrt deal with it? Because it deals only with floats, and imaginary numbers (and
complex numbers, the sum of real and imaginary numbers) are something completely differ-
ent—which is why they are covered by a different module, cmath (for complex math):

>>> import cmath
>>> cmath.sqrt(-1)
1]

Notice that I didn't use from ... import ... here.IfIhad, I would have lost my ordinary
sqrt. Name clashes like these can be sneaky, so unless you really want to use the from version,
you should probably stick with a plain import.

The value 1j is an imaginary number. These numbers are written with a trailing j (or J),
just like longs use L. Without delving into the theory of complex numbers, let me just show a
final example of how you can use them:

>>> (1433) * (9+43)
(-3+315)

As you can see, the support for complex numbers is built into the language.

Note There is no separate type for imaginary numbers in Python. They are treated as complex numbers
whose real component is zero.
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Back to the _ future

It has been rumored that Guido van Rossum (Python'’s creator) has a time machine, because
quite often when people request features in the language, the features have already been
implemented. Of course, we aren’t all allowed into this time machine, but Guido has been kind
enough to build a part of it into Python, in the form of the magic module __future_ . From it,
we can import features that will be standard in Python in the future but that aren’t part of the
language yet. You saw this in the section about numbers and expressions, and you'll be bump-
ing into it from time to time throughout this book.

Saving and Executing Your Programs

The interactive interpreter is one of Python'’s great strengths. It makes it possible to test solu-
tions and to experiment with the language in real time. If you want to know how something
works, just try it! However, everything you write in the interactive interpreter is lost when you
quit. What you really want to do is write programs that both you and other people can run. In
this section, you learn how to do just that.

First of all, you need a text editor, preferably one intended for programming. (If you use
something like Microsoft Word, which [ don't really recommend, be sure to save your code as
plain text.) If you are already using IDLE, you're in luck. With IDLE, you can simply create a
new editor window with File » New Window. Another window appears, without an interactive
prompt. Whew!

Start by entering the following:

print "Hello, world!"

Now select File » Save to save your program (which is, in fact, a plain text file). Be sure to
put it somewhere where you can find it later. You might want to create a directory where you
put all your Python projects, such as C: \python in Windows. In a UNIX environment, you might
use a directory like ~/python. Give your file any reasonable name, such as hello.py. The .py
ending is important.

Note If you followed the installation instructions earlier in this chapter, you may have put your Python
installation in ~/python already, but because that has a subdirectory of its own (such as ~/python/
Python-2.5/), this shouldn't cause any problems. If you would rather put your own programs somewhere
else, feel free to use a directory such as ~/my_python_programs.

Got that? Don’t close the window with your program in it. If you did, just open it again (File
> Open). Now you can run it with Edit » Run script, or by pressing Ctrl+F5. (If you aren't using
IDLE, see the next section about running your programs from the command prompt.)

What happens? Helle, world! is printed in the interpreter window, which is exactly what
we wanted. The interpreter prompt may be gone (depending on the version you're using), but
you can get it back by pressing Enter (in the interpreter window).

19
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Let's extend our script to the following:

name = raw_input("What is your name? ")

print "Hello, " + name +

 Note Don't worry about the difference between input and raw_input—'ll get to that.

If you run this (remember to save it first), you should see the following prompt in the inter-
preter window:

What is your name?
Enter your name (for example, Gumby) and press Enter. You should get something like this:
Hello, Gumby!

Fun, isn't it?

Running Your Python Scripts from a Command Prompt

Actually, there are several ways to run your programs. First, let's assume that you have a DOS
window or a UNIX shell prompt before you, and that the directory containing the Python exe-
cutable (called python.exe in Windows, and python in UNIX) or the directory containing the
executable (in Windows) has been put in your PATH environment variable.? Also, let’s assume
that your script from the previous section (hello.py) is in the current directory. Then you can
execute your script with the following command in Windows:

C:\>python hello.py
or UNIX:
$ python hello.py

As you can see, the command is the same. Only the system prompt changes.

. Note If you don't want to mess with environment variables, you can simply specify the full path of the
Python interpreter. In Windows, you might do something like this:

C:\>C:\Python25\python hello.py

Making Your Scripts Behave Like Normal Programs

Sometimes you want to execute a Python program (also called a scripr) the same way you exe-
cute other programs (such as your web browser or text editor), rather than explicitly using the

9. If you don't understand this sentence, you should perhaps skip the section. You don't really need it.
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Python interpreter. In UNIX, there is a standard way of doing this: have the first line of your
script begin with the character sequence #! (called pound bang or shebang) followed by the
absolute path to the program that interprets the script (in our case Python). Even if you didn’t
quite understand that, just put the following in the first line of your script if you want it to run
easily on UNIX:

#!/usr/bin/env python

This should run the script, regardless of where the Python binary is located.

. Note In some operating systems if you install a recent version of Python (e.g., 2.5) you will still have an

old one lying around (e.g.,1.5.2), which is needed by some system programs (so you can't uninstall it). In such
cases, the /usr/bin/env frick is not a good idea, as you will probably end up with your programs being exe-
cuted by the old Python. Instead, you should find the exact location of your new Python executable (probably
called python or python2) and use the full path in the pound bang line, like this:

#!/usr/bin/python2

The exact path may vary from system to system.

Before you can actually run your script, you must make it executable:
$ chmod a+x hello.py

Now it can be run like this (assuming that you have the current directory in your path):
$ hello.py

If this doesn’t work, try using . /hello. py instead, which will work even if the current direc-
tory (.) is not part of your execution path.

If you like, you can rename your file and remove the py suffix to make it look more like a
normal program.

What About Double-Clicking?

In Windows, the suffix (. py) is the key to making your script behave like a program. Try double-
clicking the file hello.py you saved in the previous section. If Python was installed correctly, a
DOS window appears with the prompt “What is your name?” Cool, huh?1? (You'll see how to
make your programs look better, with buttons, menus, and so on, later.)

There is one problem with running your program like this, however. Once you've entered
your name, the program window closes before you can read the result. The window closes
when the program is finished. Try changing the script by adding the following line at the end:

raw_input("Press <enter>")

10. This behavior depends on your operating system and the installed Python interpreter. If you've saved
the file using IDLE in Mac OS X, for example, double-clicking the file will simply open it in the IDLE
code editor.
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Now, after running the program and entering your name, you should have a DOS window
with the following contents:

What is your name? Gumby
Hello, Gumby!
Press <enter>

Once you press the Enter key, the window closes (because the program is finished). Just
as a teaser, rename your file hello.pyw. (This is Windows-specific.) Double-click it as before.
What happens? Nothing! How can that be? I will tell you later in the book—I promise.

Comments

The hash sign (#) is a bit special in Python. When you put it in your code, everything to the right
of it is ignored (which is why the Python interpreter didn't choke on the /usr/bin/env stuff
used earlier). Here is an example:

#f Print the circumference of the circle:
print 2 * pi * radius

The first line here is called a comment, which can be useful in making programs easier to
understand—both for other people and for yourself when you come back to old code. It has
been said that the first commandment of programmers is “Thou Shalt Comment” (although
some less charitable programmers swear by the motto “If it was hard to write, it should be hard
to read”). Make sure your comments say significant things and don't simply restate what is
already obvious from the code. Useless, redundant comments may be worse than none. For
example, in the following, a comment isn't really called for:

# Get the user's name:
user_name = raw_input("What is your name?")

It's always a good idea to make your code readable on its own as well, even without the
comments. Luckily, Python is an excellent language for writing readable programs.

Strings

Now what was all that raw_input and "Hello,
"Hello" part first and leave raw_input for later.
The first program in this chapter was simply

+ name + "!" stuff about? Let’s tackle the

print "Hello, world!"

[tis customary to begin with a program like this in programming tutorials. The problem is
that T haven't really explained how it works yet. You know the basics of the print statement (I'll
have more to say about that later), but what is "Hello, world!"2It’s called a string (as in “a string
of characters”). Strings are found in almost every useful, real-world Python program and have
many uses. Their main use is to represent bits of text, such as the exclamation “Hello, world!”
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Single-Quoted Strings and Escaping Quotes

Strings are values, just as numbers are:

>>> "Hello, world!"
"Hello, world!'

There is one thing that may be a bit surprising about this example, though: when Python
printed out our string, it used single quotes, whereas we used double quotes. What's the differ-
ence? Actually, there is no difference:

>>> 'Hello, world!'
'Hello, world!'

Here, we use single quotes, and the result is the same. So why allow both? Because in some
cases it may be useful:

>>> "let's go!”

"Let's gol"

>>> ""Hello, world!" she said'
'"Hello, world!" she said'

In the preceding code, the first string contains a single quote (or an apostrophe, as we
should perhaps call it in this context), and therefore we can't use single quotes to enclose the
string. If we did, the interpreter would complain (and rightly so):

>»> 'Let's gol!'
SyntaxError: invalid syntax

Here, the stringis 'Let', and Python doesn’t quite know what to do with the following s (or
the rest of the line, for that matter).

In the second string, we use double quotes as part of our sentence. Therefore, we have to
use single quotes to enclose our string, for the same reasons as stated previously. Or, actually
we don't have to. It's just convenient. An alternative is to use the backslash character (\) to
escape the quotes in the string, like this:

»>»> 'Let\'s gol"
"Let's gol”

Python understands that the middle single quote is a character in the string and not the
end of the string. (Even so, Python chooses to use double quotes when printing out the string.)
The same works with double quotes, as you might expect:

>>> "\"Hello, world!\" she said"
'"Hello, world!" she said'

Escaping quotes like this can be useful, and sometimes necessary. For example, what
would you do without the backslash if your string contained both single and double quotes,
asin the string 'Let\'s say "Hello, world!"'?

23
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~'Note Tired of backslashes? As you will see later in this chapter, you can avoid most of them by using long
strings and raw strings (which can be combined).

Concatenating Strings

Just to keep whipping this slightly tortured example, let me show you another way of writing
the same string:

>>> "Let's say " '"Hello, world!"'
'Let\'s say "Hello, world!"'

I've simply written two strings, one after the other, and Python automatically concate-
nates them (makes them into one string). This mechanism isn't used very often, but it can be
useful at times. However, it works only when you actually write both strings at the same time,
directly following one another:

»»> x = "Hello, "

>>> y = "world!"

3> Xy

SyntaxError: invalid syntax

In other words, this is just a special way of writing strings, not a general method of concat-
enating them. How, then, do you concatenate strings? Just like you add numbers:

>>> "Hello, " + "world!"
'Hello, world!'

>>> X = "Hello, "

>»> y = "world!"

22> X 4+ Y

'Hello, world!'

String Representations, str and repr

Throughout these examples, you have probably noticed that all the strings printed out by
Python are still quoted. That's because it prints out the value as it might be written in Python
code, not how you would like it to look for the user. If you use print, however, the result is
different:

»>»> "Hello, world!"
'Hello, world!"

>>> 10000L

10000L

>>> print "Hello, world!"
Hello, world!

>>> print 10000L

10000
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As you can see, the long integer 10000L is simply the number 10000 and should be written
that way when presented to the user. But when you want to know what value a variable refers
to, you may be interested in whether it's a normal integer or a long, for example.

What is actually going on here is that values are converted to strings through two different
mechanisms. You can use both mechanisms yourself, through the functions str and repr. str
simply converts a value into a string in some reasonable fashion that will probably be under-
stood by a user, for example.!! repr creates a string that is a representation of the value as a
legal Python expression. Here are a few examples:

>>> print repr("Hello, world!")
‘Hello, world!'

>>> print repr(10000L)

10000L

>>> print str("Hello, world!")
Hello, world!

>>> print str(10000L)

10000

A synonym for repr(x) is “x” (here, you use backticks, not single quotes). This can be use-
ful when you want to print out a sentence containing a number:

>>> temp = 42
>>> print "The temperature is " + temp
Traceback (most recent call last):
File "<pyshell#61>", line 1, in ?

print "The temperature is " + temp
TypeError: cannot add type "int" to string
>>> print "The temperature is " + “temp®
The temperature is 42

Note Backticks are removed in Python 3.0, so even though you may find backticks in old code, you should
probably stick with repr yourself.

The first print statement doesn’t work because you can't add a string to a number. The
second one, however, works because I have converted temp to the string "42" by using the back-
ticks. (I could have just as well used repr, which means the same thing, but may be a bit clearer.
Actually, in this case, I could also have used str. Don't worry too much about this right now.)

In short, str, repr, and backticks are three ways of converting a Python value to a string.
The function str makes it look good, while repr (and the backticks) tries to make the resulting
string a legal Python expression.

11. Actually, str is a type, just like int and long. repr, however, is simply a function.
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input vs. raw_input

Now you know what "Hello, " + name + "!" means. But what about raw_input? Isn’t input
good enough? Let's try it. Enter the following in a separate script file:

name = input("What is your name? ")
print "Hello, " + name +

wn

This is a perfectly valid program, but as you will soon see, it's a bit impractical. Let's try
to run it:

What is your name? Gumby
Traceback (most recent call last):
File "C:/python/test.py", line 2, in ?
name = input("What is your name? ")
File "<string>", line 0, in ?
NameError: name 'Gumby' is not defined

The problem is that input assumes that what you enter is a valid Python expression (it’s
more or less the inverse of repr). If you write your name as a string, that's no problem:

What is your name? "Gumby"
Hello, Gumby!

However, it's just a bit too much to ask that users write their name in quotes like this.
Therefore, we use raw_input, which treats all input as raw data and puts it into a string:

>>> input("Enter a number: ")
Enter a number: 3

3

>>> raw_input("Enter a number: ")
Enter a number: 3

3

Unless you have a special need for input, you should probably use raw_input.

Long Strings, Raw Strings, and Unicode

Before ending this chapter, I want to tell you about a few other ways of writing strings. These
alternate string syntaxes can be useful when you have strings that span several lines or contain
various special characters.

Long Strings

If you want to write a really long string, one that spans several lines, you can use triple quotes
instead of ordinary quotes:

[

print This is a very long string.
It continues here.

And it's not over yet.

"Hello, world!"

Still here.'"’
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You can also use triple double quotes, """like this""". Note that because of the distinctive
enclosing quotes, both single and double quotes are allowed inside, without being backslash-
escaped.

" Tip Ordinary strings can also span several lines. If the last character on a line is a backslash, the line
break itself is “escaped” and ignored. For example:

print "Hello, \
world!"

would print out Hello, world!. The same goes for expressions and statements in general:

> 1+ 2+ \
4 +5
12
>>> print \
'Hello, world'
Hello, world

Raw Strings

Raw strings aren’t too picky about backslashes, which can be very useful sometimes.!? In ordi-
nary strings, the backslash has a special role: it escapes things, letting you put things into your
string that you couldn’t normally write directly. For example, a new line is written \n, and can
be put into a string like this:

>>> print 'Hello,\nworld!'
Hello,
world!

This is normally just dandy, but in some cases, it's not what you want. What if you wanted
the string to include a backslash followed by an n? You might want to put the DOS pathname
C:\nowhere into a string:

»>»> path = 'C:\nowhere'
>>> path
'C:\nowhere'

This looks correct, until you print it and discover the flaw:

>»> print path
Ci
owhere

12. Raw strings can be especially useful when writing regular expressions. More about those in Chapter 10.
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Not exactly what we were after, is it? So what do we do? We can escape the backslash itself:

>»> print 'C:\\nowhere'
C:\nowhere

This is just fine. But for long paths, you wind up with a lot of backslashes:
path = 'C:\\Program Files\\fnord\\foo\\bar\\baz\\frozz\\bozz'

Raw strings are useful in such cases. They don't treat the backslash as a special character
at all. Every character you put into a raw string stays the way you wrote it:

>>» print r'C:\nowhere'

C:\nowhere

>>> print r'C:\Program Files\fnord\foo\bar\baz\frozz\bozz'
C:\Program Files\fnord\foo\bar\baz\frozz\bozz

As you can see, raw strings are prefixed with an r. [t would seem that you can put anything
inside a raw string, and that is almost true. Quotes must be escaped as usual, although that
means that you get a backslash in your final string, too:

>>> print r'lLet\'s go!l'
Let\'s go!

The one thing you can't have in a raw string is a lone, final backslash. In other words, the
last character in araw string cannot be a backslash unless you escape it (and then the backslash
you use to escape it will be part of the string, too). Given the previous example, that ought to be
obvious. If the last character (before the final quote) is an unescaped backslash, Python won't
know whether or not to end the string:

>>> print r"This is illegal\"
SyntaxError: invalid token

Okay, so it's reasonable, but what if you want the last character in your raw string to be a
backslash? (Perhaps it’s the end of a DOS path, for example.) Well, I've given you a whole bag
of tricks in this section that should help you solve that problem, but basically you need to put
the backslash in a separate string. A simple way of doing that is the following:

>>> print r'C:\Program Files\foo\bar' "\\'
C:\Program Files\foo\bar\

Note that you can use both single and double quotes with raw strings. Even triple-quoted
strings can be raw.

Unicode Strings

The final type of string constant is the Unicode string (or Unicode object—they don't really
belong to the same type as strings). If you don’t know what Unicode is, you probably don't
need to know about this. (If you want to find out more about it, you can go to the Unicode web
site, www. unicode.org.) Normal strings in Python are stored internally as 8-bit ASCII, while
Unicode strings are stored as 16-bit Unicode. This allows for a more varied set of characters,
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including special characters from most languages in the world. I'll restrict my treatment of
Unicode strings to the following:

>>> u'Hello, world!"’
u'Hello, world!'

As you can see, Unicode strings use the prefix u, just as raw strings use the prefix r.

Note In Python 3.0, all strings will be Unicode strings.

A Quick Summary

This chapter covered quite a bit of material. Let's take a look at what you've learned before
moving on.

Algorithms: An algorithm is a recipe telling you exactly how to perform a task. When you
program a computer, you are essentially describing an algorithm in a language the com-
puter can understand, such as Python. Such a machine-friendly description is called a
program, and it mainly consists of expressions and statements.

Expressions: An expression is a part of a computer program that represents a value. For
example, 2+2 is an expression, representing the value 4. Simple expressions are built from
literal values (such as 2 or "Hello") by using operators (such as + or %) and functions (such
as pow). More complicated expressions can be created by combining simpler expressions
(e.g., (2+2)*(3-1)). Expressions may also contain variables.

Variables: A variable is a name that represents a value. New values may be assigned to
variables through assignments such as x = 2. An assignment is a kind of statement.

Statements: A statement is an instruction that tells the computer to do something. That
may involve changing variables (through assignments), printing things to the screen (such
as print "Hello, world!"), importing modules, or a host of other stuff.

Functions: Functions in Python work just like functions in mathematics: they may take
some arguments, and they return a result. (They may actually do lots of interesting stuff
before returning, as you will find out when you learn to write your own functions in
Chapter 6.)

Modules: Modules are extensions that can be imported into Python to extend its capabili-
ties. For example, several useful mathematical functions are available in the math module.

Programs: You have looked at the practicalities of writing, saving, and running Python
programs.

Strings: Strings are really simple—they are just pieces of text. And yet there is a lot to know
about them. In this chapter, you've seen many ways to write them, and in Chapter 3 you
learn many ways of using them.
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New Functions in This Chapter

Function Description

abs(number) Returns the absolute value of a number
cmath.sqrt(number) Returns the square root; works with negative numbers
float(object) Converts a string or number to a floating-point number
help() Offers interactive help

input(prompt) Gets input from the user

int(object) Converts a string or number to an integer

long(object) Converts a string or number to a long integer
math.ceil(number) Returns the ceiling of a number as a float

math.floor (number) Returns the floor of a number as a float
math.sgrt(number) Returns the square root; doesn’t work with negative numbers
pow(x, y[, z]) Returns x to the power of y (modulo z)
raw_input(prompt) Gets input from the user, as a string

repr(object) Returns a string representation of a value

round(number[, ndigits]) Roundsa number to a given precision

str(object) Converts a value to a string

What Now?

Now that you know the basics of expressions, let’s move on to something a bit more advanced:
data structures. Instead of dealing with simple values (such as numbers), you'll see how to
bunch them together in more complex structures, such as lists and dictionaries. In addition,
you'll take another close look at strings. In Chapter 5, you learn more about statements, and
after that you'll be ready to write some really nifty programs.





