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Chuong I: Téng quan

Chuwong 1: TONG QUAN

1.1 Mé dau

Trong sy phat trién manh mé& cta khoa hoc ki thuat voi nén kinh té tri thirc va xu
huéng hoi nhap toan ciu nhu hién nay, thé gidi va Viét Nam dang thuc hién viéc két hop
gilta cac nganh thudc linh vuc cong nghé cao trong mot Khoa hodc co sé dao tao. Po la
linh vuc khoa hoc dudi 3 ngon co: May tinh, Dién tu- Vién thong va Piéu khién tu dong
ma ta thuong goi 1a “3 C” (Computer — Communication - Control). C6 thé néi, cac qua
trinh san xuat va quan 1i hién nay nhu: cic hé thong do ludong diéu khién ty dong trong
san xuat cong nghiép; cac hé théng di dong va khong day tién tién, cac hé thong thong tin
v¢€ tinh, cac hé théng thong tin dua trén Web, chinh phu dién tir, thuong mai dién tir, cac co
s& dit liéu cua nhiéu nganh kinh té va cia Quéc gia, cac hé théng thiét bi Y té hién dai, cac
thiét bi dién tr dan dung, ... déu 1a san phém cua su két hop gitra cac linh vuc khoa hoc trén.

Hién nay ching ta dang ¢ thoi dai hau PC sau giai doan phat trién ctia may tinh 16n
(Mainframe) 1960-1980, va su phat trién cua PC-Internet giai doan 1980-2000. Giai
doan hau PC-Internet nay dugc dy doan tir nam 2000 dén 2020 1a giai doan cia moi
truong thong minh ma hé théng nhung 1a cdt 16i va dang lam nén lan séng d6i méi trong
cong nghé thong tin ndi riéng va linh vuc céng nghé cao “3C”, noi chung. Mot thuc té
khach quan 1 thi trudng cta cac hé thdng nhing 16n gip khoang 100 lan thi truong PC,
trong khi d6 chung ta mdi nhin thiy bé ndi ctia cong nghé thong tin 1a PC va Internet con
phan chim cia céng nghé thong tin chiém 99% sd processor trén toan ciu nay nam trong

cac hé nhung thi con it dugc biét dén.

Stc day cua cong nghé dua cong nghé vi dién tir, cong nghé vi co dién, cong
nghé sinh hoc hoi tu tao nén cac chip cta cong nghé nano, 1a nén tang cho nhirng thay doi
co ban trong linh vuc cong nghé cao “3C, sitc kéo cua thi trudng doi hoi cac thiét bi phai
¢6 nhidu chirc ning than thién voi nguoi dung, c6 mirc d6 thong minh ngiy cang cai
thién dua dén vai tro va tim quan trong cua cac hé thong nhing ngdy cang cao trong nén
kinh té qudc dan.

Phat trién cac hé nhing va phin mém nhung 1a qudc sach cua nhiéu qudc gia trén
thé gidi, nhat 1a giai doan hau PC hién nay. O nudc ta dang tiéc linh vuc nay lau nay da
bi lang quén, do vdy can c6 nhimg diéu chinh phu hop trong chién lugc phat trién dé co
thé theo kip, rat ngin khoang cach tut hau ddi v6i cac nudc trong khu vuc va trén thé gisi
trong qua trinh hoi nhap nén kinh té toan cau khong thé tranh khoi hién nay.

1.2 Khai ni¢m vé hé nhiing

Hé thdng nhung (tiéng Anh: Embedded system) 1a mot thuat ngir dé chi mot thong
¢6 kha nang tu tri dugc nhung vao trong mot mdi truong hay mot hé thdng me. Hé thong
nhung c6 vai tro ddm nhan mot ph?m cong viéc cu thé cta hé théng me. Hé théng nhing
c6 thé 1a mot hé théng phan cting va ciing c6 thé 1a mot hé théng phan mém.
(Wikipedia, 2010)
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Chuong I: Téng quan

Vi du quanh ta ¢ rat nhiéu san pham nhing nhu 10 vi séng, ndi com dién, dicu
hoa, dién thoai di dong, 6 t0, may bay, tau thuy, cac dau do, co cau chép hanh thong
minh v.v... ta ¢6 thé thdy hién nay hé thong nhing c6 mit & moi liic moi noi trong

cudc song cua chung ta.

What is an embedded system?

Hinh 1.1 Mt 56 vi du vé cdc thong nhiing théng dung

Céac nha thong ké trén thé gisi di thong ké duoc rang s chip vi xir 1y & trong cac
may PC va céc server, cac mang LAN, WAN, Internet chi chiém khoang 1% tong s6 chip
vi xtr Iy c6 trén thé gidi, 99% s6 vi xir 1y con lai ndm trong cac hé théng nhung.

Nhu vdy cong nghé thong tin khong chi don thuin la PC, mang LAN, WAN,
Internet phan mém quan 1y ... nhu nhiéu nguoi thuong nghi. D6 chi 1a bé ndi cia mot tang
bang chim. Phan chim cta cong nghé thong tin chinh 13 cic ing dung cua cac hé nhing co
mit trong moi nganh nghé cua doi séng xa hoi hién nay. Cac hé nhing dugc tich hop trong
cac thiét bi do luong diéu khién tao nén dau ndo va linh hon cua san pham. Trong céc
hé nhung, hé théng diéu khién nhing dong mét vai tro hét stirc quan trong.

H¢ dieu khién nhung la hé thong ma may tinh dugc nhiing vao vong diéu khién cta
san pham nham diéu khién mdt doi tugng, diéu khién mot qua trinh cong nghé dap ing cac
yéu cau dat ra. H¢ thong diéu khién nhung lay thong tin tir cadc cam bién, xur 1y tinh todn céc

thuat diéu khién va phat tin hiéu diéu khién cho cac co ciu chap hanh.

Khac véi cac hé théng diéu khién cb dién theo nguyén 1y thuy luc, khi nén, role,
mach tuong tu, hé diéu khién nhung 1a hé théng diéu khién s6 dwgc hinh thanh tur
nhirng nim 1960 dén nay. Trudc ddy cac hé diéu khién sé thudng do cac may tinh 16n dam
nhiém, ngiy nay chirc niang diéu khién s6 nay do cac chip vi xir 1y, cdc hé nhung da thay
thé. Phan mém diéu khién ngay cang tinh sao tao nén do thong minh cua thiét bi va ngay

cang chiém ti trong 16n trong gia thanh cua thiét bi.
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Piém qua vé chic ning xu 1y tin & PC va & cac thiét bi nhing c6 nhitng nét
khac biét. Pdi véi PC va mang internet chic ning xtr 1y dang dugc phat trién manh & cac
linh vyc quan ly va dich vu nhu thwong mai dién tr, ngdn hang dién tit, chinh phu dién ti,
thu vién dién tir, dao tao tr xa, bao di¢n tir ... cdc ung dung nay thuong st dung may
PC dé ban, mang WAN, LAN hoat dong trong thé gidi 0. Con ddi v6i cac hé nhung thi
chtic ning xir 1y tinh toan dugc Gmg dung cu thé cho cac thiét bi vat ly (thé gigi that)
nhu mobile phone, quﬁn ao thong minh, cac thiét bi dién tor cAm tay, thiét bi y té, xe 0
td, tau toc hanh, phuong ti€n van tai thong minh, may do, dau do, co cdu chép hanh thong
minh, cdc hé théng diéu khién, nha thong minh, thiét bi gia dung thong minh v.v...

1.3 Vai tro cia hé thong nhing trong sw phat trién ciia Iinh vwe cong nghé cao
663C6‘.

Cac hé théng tu dong da duoc ché tao trén nhiéu cong nghé khac nhau nhu céac thiét
bi may moc ty dong béng cac cam chdt co khi, cac hé théng ty dong hoat dong bﬁng
nguyén ly khi nén, thuy luc, role co di€n, mach dién tir s6 ... cac thiét bi, hé théng nay
c6 chiic nang xtr ly va muac d tu dong thép so vO1 cac hé théng tu dong hién dai dugc
xdy dung trén nén tang cta cac hé thong nhung.

Trong khi cic hé thdng tin hoc sir dung mdy tinh dé hd tro va ty dong héa qua
trinh quan 1y, thi cdc hé thong diéu khién tw dong dung may tinh dé diéu khién va tu dong
hoa qua trinh cong nghé. Chinh vi viy céac thanh tyu cua cong nghé phan cimg va cong nghé
phﬁn mém cia may tinh dién t& dugc 4p dung va phat trién mot cach c6 chon loc va hiéu
qua cho cac hé théng diéu khién tu dong. Va su phat trién nhu vil bao cua cong nghé thong
tin kéo theo su phat trién khong ngimg cua linh vyc tw dong hoéa.

Ta c6 thé thdy qua trinh cdc hé nhung tham nhdp vio timg phan to, thiét bi
thudc linh vuc ty dong hoa nhu dau do, co cau chép hanh, thiét bi giao dién voi nguoi van
hanh thdm chi vao cac role, contactor, nlit bAm ma trude kia hoan toan lam bﬁng co khi.

Trude khi dau do g6m phﬁn ttr bién ddi tir tham sb do sang tin hi€u dién, mach
khuyéch dai, mach loc va mach bién doi sang chuin 4-20mA dé truyén tin hiéu do vé trung
tam xu ly. Hién nay dau do da tich hop ca chip vi xtr 1y, bién d6i ADC, bo truyén dir liéu sb
v6i phan mém do dac, loc sd, tinh toan va truyén két qua trén mang sd vé thing may tinh
trung tam. Nhu vdy dau do da duoc sd héa va ngay cang thong minh do cac chirc ning
xur 1y tir mdy tinh trung tim trudc kia nay di dugce chuyén xudng xir 1y tai chd bang chuong
trinh nhung trong dau do.

Tuong tu nhu vay co cu chdp hanh nhu méto da dugc ché tao gin két hitu co voi
ca bd servo vai cac thuat toan diéu chinh PID tai chd va kha nang ndi mang sb toi may tinh
chu.

Céc ti role diéu khién chiém dién tich 16n trong cac phong diéu khién nay dugc co
gon trong cac PLC(programble Logic Controller).

Céac ban diéu khién v6i hang loat cic dong hd chi béo, cac phim, nim diéu
khién, cac bo tu ghi trén gidy cong kénh nay duoc thay thé bang mot vai PC.
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Hé thdng cap truyén tin hiéu analog 4-20mA, + 10V tir cac dau do, co ciu chap
hanh vé trung tam diéu khién nhing nhit trudc ddy da duogc thay thé bang vai cap dong truc
hodc cap quang truyén dir liéu s6

Ta c6 thé ndi cac hé nhung da “thay thé va chiém phan ngay cang nhiéu” trong cc
phﬁn tir, hé théng thudc linh vuc cong ngh¢ cao “3C”.

Vao nhimg ndm 30 cac hé thong tu dong bang cam chdt co khi thuong hoat
dong don 1¢ véi mot chirc ning xur Iy. Cac hé thong tu dong dung role dién tir xudt hién
vao nhitng nim 40 c6 muc xir Iy khoang 10 chtc ning. Cac hé thong ty dong ding ban
dan hoat dong theo nguyén ly twong tu (Analog) ctia thap ky 60 c6 murc xur ly khoing 30
chirc nang. Vao nhitng nam 70 cac thiét bi diéu khién kha trinh PLC ra doi voi muc do xur
1y 1&€n hang tram va vao nhiing ndm 80 v4i sy tham gia cua cac may tinh dién tr main frame
mini da hinh thanh cac hé théng diéu khién phan cap véi sd chirc nang xu 1y 1én t6i hang
chuc van (105). Sang thap ky 90 véi su phat trién ciia cong nghé phan clng ciing nhu
phian mém, cic hé théng diéu khién phan tan ra doi(DCS) cho mirc xur 1y 1én t&i hang
truc tricu (107). Va sang thé ky 21, nhiing hé théng tu dong co tinh tu td chirc, co tu
duy hop tac s& c6 muc xur ly 1én t6i hang ty(109). Tuy nhién dé dat dugc d théng minh
nhu nhitng sinh vat song con can nhiéu thoi gian hon va cac hé thong tu dong con can tich
hop trong nd nhiéu céng nghé cao khac nhu cong nghé cam bién, cong nghé vat lidu moi,
cong nghé quang va laser v.v... Pay ciing 1a xu thé phat trién cua cac hé théng ty dong
1a ngay cang s dung nhiéu cong nghé méi hon trong cau triac va hoat dong ciia minh.

Trong diéu khién qua trinh cong nghé, viéc ap dung cac hé nhung da tao ra kha
ning ty dong hoa toan bo diy chuyén san xuét. Kién tric hé théng diéu khién trude kia tap
trung vé xir Iy tai mot may tinh thi nay cac dau do, co cau chip hanh, giao dién voi ngudi
van hanh déu dugc thong minh héa co nhidu chirc ning xir 1y tai chd va kha ning ndi
mang nhanh tao thanh hé théng mang may diéu khién hoat dong theo ché do thoi gian
thuc. Ngoai cac chirc niang diéu khién va giam sat diy chuyén san xuat hé thong con co
nhiéu co s¢ dit liéu, kha nang ty xac dinh va khic phuc héng hoéc, kha ning théng ke,
bao céo va két hop hé thong mang may tinh quan 1y, 1ap ké hoach, thiét ké va kinh doanh
tao thanh hé théng tu dong hoa san xut toan cuc.

Trong linh vyc robot, voi su ap dung cac thanh tyu cua cac h¢ nhung, robot da co
thi gidc va xac giac. Viéc ap dung tri khon nhén tao vao robot da dua robot tr ing dung
chu yéu trong coéng nghiép sang cac linh vuc dich vu va y té. Két hop véi cac thanh tuyu
clia co dién tir, robot ngay cang uyén chuyén va thong minh hon. Trong tuong lai robot
khong chi thay thé hoat dong co bip ciia con ngudi ma con co thé thay thé cac cong viéc
doi hoi hoat dong tri ndo ciia con ngudi. Luc nay hé théng diéu khién cia robot khong chi
12 cac vi xir Iy manh ma con cé sy hd tro ciia cidc may tinh mang noron nhan tao, xir ly
song song nhiing trong robot. Cac nghién ctru phat trién nay hién nay con ¢ giai doan ban
dau.

1.4 Pic tinh, phwong phap thiét ké va xu thé phat trién ciia cac hé nhing

Céc hé nhiing 1a nhitng hé két hop phan cting va phin mém mot cach tdi wu. Cac
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hé nhiing 1a nhiing hé chuyén dung, thuong hoat dong trong ché do thoi gian thyuc, bi han
ché vé b nho, gia thanh phai ré nhung lai phai hoat dong tin ciy va tiéu ton it ning luong.
Céc hé nhung rat da dang va c6 nhiéu kich ¢, kha ning tinh toan khac nhau. Ngoai ra
cac hé nhang thudng phai hoat dong trong méi trudng khic nghiét co6 ¢ nong am, rung
x6¢ cao. Vi du nhu cac diéu khién cic may diesel cho tau bién, cc thiét bi canh bao chay
n6 trong ham 10. Cac hé théng nhing 16n thuong 1a cac hé ndi mang. O may bay, tau vil
try thudng c6 nhidu mang nhung két ndi dé kiém soat hoat dong va diéu khién.Trong 6 t6
hién dai c¢6 dén trén 80 nht mang két ndi cac dau do co cau chép hanh dé bao dam 6 t6 hoat
dong an toan va thodi mai cho nguoi su dung.

Thiét ké cac hé thong nhung 14 thiét ké phan cting va phan mém phdi hop. Cach thiét
ké c6 dién 1a cach xac dinh trudc cac chirc ning phan mém (SW) va phan cimg (HW) rdi
sau d6 cac budc thiét ké chi tiét duoc tién hanh mot cach doc 1ap ¢ hai khdi. Hién nay da
s6 cac hé thong ty dong hoa thiét ké (CAD) thuong danh cho thiét ké phan cing. Cac
hé théng nhung hién nay sir dung dong thoi nhiéu cong nghé nhu vi xtr Iy, DSP, mang va
cac chuan phdi ghép, protocol, do viy xu thé thiét ké cac hé nhing hién nay doi hoi co
kha ning thay doi mém déo hon trong qua trinh thiét ké 2 phan HW va SW. Pé c6 duoc
thiét ké cudi cung tdi wu, qua trinh thiét ké SW va HW phai phdi hop v6i nhau chit ché
va c6 thé thay doi sau mdi lan thir chirc ning hoat dong tong hop. Thiét ké cac hé nhing
doi hoi kién thirc da nganh vé dién tir, xar 1y tin hiéu, vi xir 1y, thuat diéu khién va lap trinh
thoi gian thuc.

Phan mém trong cac hé nhiing ngay cang chiém ti trong cao va da tré thanh mot
thanh phan cu tao nén thiét bi binh dang nhu cac phan co khi, linh kién dién tir, linh kién
quang hoc ... cac hé nhung ngay cang phirc tap hon dap ng cac yéu cau khat khe vé& thoi
gian thuc, ti€u it nang lugng, hoat dong tin cay on dinh hon, c6 kha nang hoi thoai cao,
c6 kha nang két ndi mang, c6 thich nghi, tu td chuc cao co kha nang tai cAu hinh nhu mét
thuc thé, mot tac nhan.

Va c6 kha ning tiép nhan ning luong tir nhiéu ngudn khiac nhau (4nh sang, rung
dong, dién tir truong, sinh hoc ...) dé tao nén cac hé thng tu tiép nhan ning lugng trong
qua trinh hoat dong.

Tuy nhién hé théng nhting hién nay con phai ddi mit voi nhiéu thach. Do phirc tap
ctia hé thong ting cao do n6 két hop nhiéu linh vuc da nganh, két hop phan cing - mém,
trong khi cac phuwong phap thiét ké va kiém tra chwa chin mudi. Khoang cach giira 1y
thuyét va thuc hanh 16n va con thiéu cac phuong phap va 1y thuyét hoan chinh cho khao
sat phan tich toan cyc cia hé nhing bao gdm 1y thuyét diéu khién tu dong, thiét ké may,
cong nghé phﬁn mém, dién tu, vi xu ly, cac cong nghé hd trg khac. Mt khac cac hé nhung
con nhiéu van d& can giai quyét véi do tin cdy va tinh mo cua hé théng. Do hé thong
nhung thudng phai hoi thoai v&i méi truong xung quanh nén nhiéu khi gip nhimng tinh
hudng khong luong trude d& din dén hé thong bi loan. Trong qué trinh hoat dong mot sb
phan mém thudng phai chinh lai va thay doi nén hé thong phan mém co thé khong kiém
soat duogc. Pbi véi hé théng md, cac hang tho 3 dua cac module mdi, thanh phﬁn moi
vao cling c6 thé gay nén sy hoat dong thiéu tin cay.
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1.5 Méi truong thong minh

Cong nghé ban din phat trién manh theo xu thé ngay cang ré, tich hop cao, c6 kha
nang tinh toan 16n, kha ning két ndi toan ciu, kha ning phdi hop voi cac cam bién va co
cAu chap hanh vi co dién va sinh hoc, kha ning giao dién khong qua ban phim dang tao
tién dé va co sé cho sy bung nd cua cac thiét bi vat dung thong minh xung quanh ta. Pay
1a su khoi ddu cua thoi dai hau PC - Mbi trudng thong minh. Cac phan mém nhing trong
cac chip vi hé hténg rat phong pha va c6 d6 mém déo, tai sir dung cao.

Stic ddy ciia cong nghé s& dua cong nghé vi dién tir tiép can va cong ning véi
cong ngh¢ sinh hoc tao nén cong nghé nano véi d§ phuc tap giga vao thap nién 2010-2020.
Céc chip vi hé théng xir Iy hdn hop twong tu va sd MS-SoC (Mixed Signal System on
chip) vao giai doan nay s€ co6 trén 2 ty transistor, 1000 161 CPU, 100MB b¢ nhé va hoat
dong ¢ tan s6 200GHz.

Vi nhimng vi hé théng co kha ning tinh toan siéu hang nay viéc thiét ké cac hé
nhing s& gip khong it thach thirc nhu xur ly song song, do phuc tap ciia phan mém
nhiing va kha ning cung cip niang luong cho cac thiét bi cAm tay. Trong twong lai ning
lugng cho truyén dir lidu s& 16n gap tir 5 dén 30 1an ning luong hoat dong cua cac CPU.

Trude ddy cac hé thong thuong duge thiét ké trén nén phan ctimg 1a PC va phan
mém 1a Windown hodc Linux, thi ngay nay s luong cac hé nén (platform) cho thiét ké cac
hé nhing c6 khoang 25. Trong tuong lai cac hé nhing s& duoc thiét ké trén nén cac chip
MS-SoC tao nén cac platform thiét ké chuyén dung voi sb lugng s€ 1én dén hon 500 loai.
Ta c6 thé liét ké mot sb vi du dién hinh nhu platform raptor II cho thiét ké camera sb,
PXA240 cho thiét ké cac thiét bi PDA, TL850 cho TV s6, BLUECORE cho cong nghé
khong day Bluetooth, CDMA cho mobile phone 3G ... cac h¢ MS-SoC sé c6 kha nang tai
ciu hinh va sé& 1a cong cu chu chét cho cac san pham cia cong nghé cao “3C”.

1.6 Cac h¢ diéu hanh nhiing va phin mém nhiing
1.6.1 H¢ diéu hanh nhiing

Khac voi PC thuong chay trén nén hé diéu hanh windows hodc unix, cac hé
thong nhing c6 cac hé didu hanh nhing riéng cua minh. Cac hé didu hanh dung trong cac
hé nhung ndi troi hién nay bao gém Embedded linux, VxWorks, WinCE, Lynyos, BSD,
Green Hills, QNX va DOS, Embeddde linux hién dang phat trién manh. Nam 2001 hé
diéu hanh nay chiém 12% thi phan cic hé didu hanh nhung thi nim 2002 chiém 27%
va chiém vi tri s 1. Hién nay 40% cac nha thiét ké cac hé nhing can nhéc dau tién st dung
Embedded linux cho cac tmg dung méi cia minh va sau d6 moi dén cac hé didu hanh
nhing truyén théng nhu VxWorks, WinCE. Cac d6i thu canh tranh cia Embedded linux
hién nay 1a cac hé diéu hanh nhang ty tao va windows CE. S& di Embedded linux c6 su
phat trién vuot bac 1a do co sirc hdp dan dbi véi cac tmg dung gia thanh thap va doi hoi
thoi gian dua san pham ra thi trudng nhanh. Mit khac Linux 13 phan mém ma ngudn mo
nén bét ky ai ciing c6 thé hiéu va thay doi theo ¥ minh. Linux ciing 13 mot hé diéu hanh
¢6 cau traic module va chiém it b nhd trong khi windows khong cé cac dic tinh wu
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viét ndy. Do thi truong ciia cac san phadm nhiing ting manh 1én cac nha san xuit ngay cang
sit dung céc hé diéu hanh nhing dé dam bao san pham c6 sitc canh tranh va Embedded
linux dang 1a san pham h¢ diéu hanh nhung c6 uy tin chiém vi tri s6 1 trong nhirng nam téi.

1.6.2 Phin mém nhiing

Phan mém nhing 12 phdn mém tao nén phan hon, phan tri tué cta cic san pham
nhung. Phin mém nhing ngay cang c6 ti 1é cao trong gia tri ciia cac san phim nhung. Hién
nay phan 16n cdc phan mém nhtng nam trong cic san pham truyén thong va cac san pham
dién tir gia dung (consumer electronics) tiép dén 1a trong cic san pham 6 t6, phuong tién
van chuyén, may moc thiét bi y té, cac thiét bi nang lugng cac thiét bi canh bao bao vé
va cac san pham do va diéu khién. Dé co thé ton tai va phat trién, cac san pham coéng nghiép
va tiéu ding can phai thuong xuyén doi méi va ngdy cang c6 nhiéu chic nang tién dung
va thong minh hon. Cac chic ning ndy phan 16n do cic chuong trinh nhing tao nén.
Phin mém nhiang 1a mot linh vuc cong nghé then chét cho su phat trién kinh té cua
nhiéu qubc gia trén thé gidi nhu Nhat Ban, Han Qudc, Phan Lan va Trung Qudc. Tai My
¢6 nhiéu chuong trinh hd trg ctia nha nude dé phat trién cac hé théng va phan mém nhing.
Han Qudc c6 nhirng dy 4n 16n nhdm phat trién cong nghé phan mém nhung nhu cac thiét
bi gia dung nbi mang Internet, hé théng phan mém nhung cho phat trién thanh phd thong
minh, du an phat trién nganh cong nghiép phin mém nhiing, trung tdm hd tro cic nganh
cong nghiép hau PC v.v... Han Qudc ciing chap nhan Embedded linux nhu mot hé diéu
hanh chu chét trong viéc phat trién cac san pham nhing cua minh. Thuy Dién coi phat
trién cac hé nhung co tim quan trong chién luwoc cho su phat trién cua dat nudc. Phan
Lan c6 nhiing chinh sach qudc gia tich cuc cho nghién ciru phat trién cic hé nhing diac
biét 1a cac phan mém nhing. Nhimng qudc gia ndy con thanh lap nhiéu vién nghién ciru
va trung tdm phét trién cac hé nhing.
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Chwong 2: LY THUYET THIET KE HE THONG NHUNG

2.1 Quy trinh thiét ké Top-Down

Quy trinh Top-Down thuong dugc ap dung cho cic bai toan da co gidi phap
cong nghé ca vé phan mém ciing nhu phan cimg. Céc giai phap nay da duoc phat trién trudc
d6 & cac ung dung khac, va da duoc kiém dinh.

Trong thyc té chiing ta s& thdy, ban chat hay mau chdt cia quy trinh 13 van dé tim
hiéu va xac dinh bai toan, 1am sao dé xac dinh dugc chinh x4c va day du nhat cac yéu cau

cling cac rang budc ma hé thong phai dat dugc.

So d6 khéi quy trinh ké top-down & hinh 2.1

e s Cac véu ciu va ditu kitn
Phin tich vin dé g i

{Analvze the proplem)

ring budc cho hé thong mai

Cic véu cau va cac difu kién rang budc
dd dwgc xac dinh cu thé

Thiét ké nguyén 17
(High level design)

So db khoi va cac bieu do ludng di ligu

Thiét ké ki thuat
(Engineering design) - Cc cau tric dif ligu
- Cac giao tiép vao ra
- DBifu dd quan hé gifta

cac khdi chitc ning

Xiy ding hé thong
{Implementation)

Phin ciing

Phén mém
Eifm tra

(Test)

Khéng Brat A
. Bat véu ciu
véu cau
Hinh 2.1 So' d6 khoi quy trinh Top - Down

2.1.1 Pha phan tich

Pha nay la pha quan trong nhat quyét dinh hé thong c6 dat yéu cau hay khong. Mot
hé théng nhung cu thé phai dugc dit vao (nhung vao) mot hé théng 16n cu thé. Vi thé ta
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can phai biet c6 nhiing yéu cau nao cho no, méi truong hay diéu kién lam viéc cua no.
Thong tin nay goi 1a cac yéu cau va cac diéu kién rang budc cho hé thong, nd gitp cu thé
hoa dugc viéc chon giai phap cong nghé va thiét bi cho cac ky su thict ké & pha sau.

- Cac yéu cau: Cac thong tin chi tiet vé nhi€ém vu ma hé thong phai giai quyét
duoc, cac tham so dau vao dau ra, cac gioi han trong hé thong cu the,...

- Cac rang bugc: bicu kién lam viéc va cac han ché nhu thoi tiet, d0 am, do
nhiéu, do chinh xéc, tinh thoi gian thyc, loai tin hiéu giao tiép voi hé thong me,...

Vi dy: Xét bai toan thiét ké hé théng diéu khién cho 1 ctra ti dong

Gia su qua qua trinh khdo sat thyc t€ va yéu cau cua bén khac hang ta phai xac dinh
duogc cac thong so toi thi€u sau:

a) Yéu cau:
1) Hé thong ap dung cho 1 cira hai chiéu (vao/ra)
2) Ctra cao 2,5m rong 3m
3) Co nguoi trong pham vi 2m trudc va sau ctra 1a ctra phai mé
4) Thoi gian md va dong cura 3s
5) Cua dang dong gap vat can phai mo ra ngay
6) Lam viéc dién ap 220v/50Hz
7) Chi phi cho bd diéu khién khong qua 10 triéu VND
8) Hé thong thong c6 2 ché d6 lam viéc tw dong va bang tay
9) Sensor va cong nghé tuy chon
b) Piéu kién ring bujc
1) St dung dong co dong luc cod san loai AC mot pha 220V/50Hz 3kW.
2) Noi dat cua co nhiéu nguoi qua lai, nén hé théng s€ phai lam viéc voi tan suét cao.
3) Diéu kién moi truong: Trong nha, nhiét d6 tir 18°C dén 36°C
4) B0 diéu khién bang tay dat canh cira phia bén trong nha
5) Heé thong dién cip méi tir dau
6) Chiu dugc qua tai khi gap chudng ngai vat trong khoang thoi gian dai.

Trong céac bai toan cu thé, voi cac hé thong me cu thé, moi hé thong nhing s co cac
yéu cau khac nhau. Tuy nhién van c6 nhiing ti€u chuin va yéu cau chung ma hau hét cac
hé thong phai tinh dén nhu:

- Tinh dén chi phi bao tri dinh ky
- Kich thudc va trong luong

- Kha nang thyc thi: Thoi gian dép tng, d6 chinh xac, d¢ phan giai, ...
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- Ngudn nudi

- Tinh mém déo, kha ning nang cip, kha ning twong thich, kha ning phuc hoi

sau khi mat ngudn,...

- Thoi gian thu

- Thoi gian dé thuong mai san pham

- D0o an toan

- Kha ning chdng lai sy pha hoai hay xam nhap.
2.1.2 Pha thiét ké nguyén ly

Muc tiéu ctia pha nay 1a xac dinh cac giai phap cong nghé tir cac yéu cau dit ra &
pha Phan tich, tir d6 di thiét ké mo hinh, so do nguyén 1y cho toan by hé thong bao gom

ca phan ctng va phan mém.
Pé thuc hién budc nay thong thudng trai qua cac budc sau:

- Trudc tién ta phai xdy dung mot so d6 mo hinh tong quat ciia toan hé thong.

- Sau d6 phan tach thanh cac module hay cac hé thong con.

- DPinh gia cho hé théng, 1ap ké hoach phat trién va udc lugng thoi gian phat
trién hé thong.

- Xay dyng cac so d6 luong diru liéu gitra cic module hay cac hé thong con
trong hé thong
Vi du 2: Xay dung va phan tach cic module trong mé hinh tong quat ciia bai toan diéu
Kkhién dong co.

Speed | ¢ Voltage | Analog | yopiage .
EELC = “" ’ i ¢
Sensor > amplifier ——— ADC
Motor Tmey
Power i Voluage | o Digital Digital
- ACLUALOr |- nierface control sample
ASCI Desired Measured
Keypad | Interface — speed speed

LCD *— [Interface

Hinh 2.2 So d6 tong qudat ciia mot hé thong diéu khién déng co
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2.1.3 Pha thiét ké ky thuat

»  Xay dung cac thiét ké chi tiét cho ca phan cting phan mém, cic ban thiét ké nay sé
duoc chuyén sang pha thuc thi dé xdy dung hé thdng. Vi thé ¢ pha nay nguoi thiét ké phai
dua ra cac ban thiét ké nhur:

1. So dd khéi, so dd thuat toan.
2. Céu trac ditu lidu, dit liéu chia sé.

3. So d6 nguyén 1y mach, chi tiét vé cac dau vao/ra, loai tin hidu hay giao thirc giao

tiép.
4. Thong s6 linh kién dugc chon hodc c6 thé thay thé.
5. Céc tham s vao/ra cho hé thong.
6. Lua chon thiét bi, cong cu phat trién hé théng, cac tai nguyén s¢ sir dung.
7.

» Xay dung so d6 quan hé giira cac module va cac ham trong hé thong (call graph), so
dd nay mo ta cach thirc tuong tac giira phan cimg va phan mém trong hé thong,

Vi du: So dd Call graph ciia hé théng diéu khién dong co

Controller
software

Timer

LCD
routines

Keypad
routines

ADC
routines

Actuator
routines

¥ ¥ L

ADC Actuator LCD Keypad

Hinh 2.3 So do quan hé (call graph) giita cdc module phan cimg va phdn mém trong hé thong
diéu khién dong co

Dé phat hién va han ché t6i da cac 16i ma hé thong s& gip phai sau khi duoc xay
dung, ta co thé moé hinh hoa cac thanh phﬁn hodc toan bo hé théng néu c6 thé, nham thur
nghiém hoat dong cua hé théng véi cac dau vao va tinh hudng gia lap, dong thoi thu

nghiém tinh than thién cua giao dién nguoi dung.
2.1.4 Pha xay dung hé thong

Tir cac ban thiét ké, budc nay tién hanh xdy dung hoan thién hé thong trén ca
phan mém va phan cimg. Trong subt quéa trinh xdy dung phai tuan thii theo cac budc va
so dd cong nghé tir cac ban thiét ké k§ thuat. Pac biét 1a cac tham sd vao ra giita cac
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ham, diéu nay anh hudng dén viéc tich hop cac module giita cdac nhom lam viéc khac
nhau hay su ké thira tir cAc module khac. Cac linh kién va thiét bi sir dung phdi tudn thu
theo ban thiét ké, nham giup hé théng théa man diy du cic thong sd ring budc di dugc
dat ra ¢ pha phan tich.

Viéc phat trién hé thong c6 thé dugc phan tach thanh nhiéu nhom, nhidu phin
khong can tuan theo tudn tu, hoac co thé trén nhiéu moi truong khac nhau mién sao dam
bao viéc trao doi tham sd giita cac module 13 tuong thich va day dii. Néu chung ta phan tach
va thiét ké tdt, viéc phat trién hé théng c6 thé duoc tién hanh song song, hoac ké thura
cai c6 san, s& lam giam thoi gian phat trién hé thong dang ké ma van dam bao cac yéu ciu
da dat ra.

Mot s6 cac k¥ thuat nham phat hién va han ché 16i ma nguoi phat trién c6 thé ap
dung trong pha nay la Debug hay m6 phong Simulation. Tuy nhién trong mdt bai toan cu
thé viéc Debug 1a rat kho, thong thudng nguoi phat trién ludn st dung mot trinh mé phong
(Simulation) v6i cac phép thu trén céc tin hiéu gia lap.

2.1.5 Pha kiém tra

Muc tiéu cta pha nay la danh gid kha nang thuc thi cia hé théng sau khi da
hoan thién, thong thuong ta thuc hién cac budc sau:

e DAu tién ta tién hanh g& 15i (debug) va kiém dinh cho timg chirc ning co cta hé
théng.

e Tiép theo danh gia kha niang thyc thi ciia hé thong dya trén nhiéu tiéu chi khac
nhau nhu: Téc dd, d6 chinh x4c, tinh on dinh, ...

Ngay nay rat nhidu cong ty trén nhiéu linh vuc tuyén dung nhén sy riéng cho pha nay
goi 1a testing hay cac tester. Nhiém cua cia cic Tester khong chi 1a kiém cac tinh ning
ctia san pham c6 phu hop voi cac yéu cdu di dé ra hay khong, ma con phai nghi ra cac
tinh hudng, cac mau,... dé tim ra cac 186i ma nguoi thiét ké hay nguoi phat trién chua phat
hién ra duoc.

Céc thong tin két qua ciia budc nay quyét dinh mot san pham co thé duoc
thuong mai hoa hay khong, hay phai bat ddu mot chu ky méi v6i pha dau tién 1a pha phan
tich bao gom cac thong tin méi thu thap duoc tir bude nay.

2.2. Quy trinh Bottom-Up

Quy trinh Bottom-Up trong thyc té thuong ap dung trong cic bai toan chwa lya
chon hay chua tim ra dugc giai phap cong nghé. Mau chét ciia quy trinh tap trung chu yéu
va qua trinh thir nghiém voi hé thong va tin hiéu thuc, tr d6 chon ra giai phap cong
nghé va linh kién phu hop nhit cho bai toan. So dd tong quat ciia quy trinh nhu hinh 2.4
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Bat véu cau
. Eiém tra
(Test)

Sodo khoi va cac bieu
do ludng di life

Phén tich via d&
(Analyze) Khding Bat
Cac yéu ciu va yEu can
dieu kién ring

tudc cho hé thing
Thiét ke nguyén Iy
(High level design)
Dat yéu can Dat véu can
Dat yvéu can
Kh&ng Bat Ehéng Bat
Eidmtra Eifm tra riu c3m Eifm tra &u cdu

Khong Bat Phin cirng
yéu ciun Phinmém

Cde ciu trie dif lLigu
Cdc giao tiép viora
Bisu 4o quan hé zita
cdc khéi chite ning

Thigt ke k¥ thuat
(Engineering design)

Thiét k& k¥ thuit
{Engineering design)

Thiét ké k¥ thust
{Engineering design)

Y trdmg

Y tirdng
Hinh 2.4 So do khéi quy trinh Bottom - Up

Quy trinh Bottom-Up bat dau tir cac ¥ tuong don 1¢, sau d6 xay dung ludn thiét ké
ky thuat. Nhu ta thdy quy trinh hoan toan ngugc so v6i Top-Down. Quy trinh nay thuong
ap dung co cic bai toan chua 1am chéac vé 10i giai, nguoi thiét ké méi chi ¢ ¥ tuong vé
mot van dé nao d6 va mudn tim mot giai phap hodc giai phap tot nhit dé giai quyét van dé.
Viéc giai quyét cac ¥ tuong ¢ thé 1 hodc nhidu dé c6 mot san pham hoan chinh. G quy
trinh nay ta cdn cht y c6 2 khau test nhim kiém dinh chinh xac lai cac thiét ké k¥ thuat va
thiét ké nguyén 1y trudc khi lya chon 1 giai phap t6i ru nhat.

Chinh tir viéc thi nghiém va thiét ké thir hé thong trude, sau d6 moi c6 thé phan tich
nguyén 1y dé chon cac dic tinh moi, rang budc mdi cho mot hé thdng méi. Véi quy trinh
nay khau thiét ké ky thuat va Test sau khi xdy dung hé thong 1 quan trong nhat. Vi véi
Top-Down viéc xdy dung mot san pham 1a theo nhu ciu cia nguoi dung va méi trudng
dat hé théng. Con véi Bottom-Up c6 thé ngudi ta con chua tim ra cach dé thiét ké ra san
pham d6, hodc san pham dé chua hé c6 trén thi truong, khi d6 ca nguoi dung va ngudi
thiét ké chua thé c6 thong tin gi vé cac yéu cau cho san pham hay cac dit tinh k¥ thuat cua
san pham, vi vay khau thiét ké k¥ thuat va Test sau thuc thi cac k¥ su phai tim ra cac dat
tinh d6, nham xac dinh duoc cac uvu viét cling nhu cac han ché cua san phém moi.
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2.3 Pic ta h¢ thong
2.3.1 Khai niém dac ta (specification)

K¥ thuat dic ta nham dinh nghia mot hé thong, module hay san pham can phai lam
gi, nhung khong mo ta nd phai lam thé nao. Nghia 1 dic ta chi tip trung vao viéc md ta
cac chtrc nang, dau vao va dau ra, con giai phap dé tir dau vao co dugc ddu ra nhu thé
nao thi khong mé ta. Pong thoi néu nén cac tinh chét cta van dé dit ra.

Nhu vay ban chit ta sir dung mot céng cu dé md hinh hoa mot hé théng thanh cac
module, cac ludng dir liéu vao ra, cac yéu cau cua tin hiéu hay dit liéu, cac thong tin trao
doi gilta cac module,... Sao cho toan by quy trinh 1am viéc cua h¢ théng 6 thé doc duoc
thong qua dic ta. O ddy ta khong quan tim dén cong nghé ciia hé thong, ma chi quan tdim
dén chirc nang, nhiém vu va cac tinh chit ma hé théng phai c6 dugc.

Pic ta co thé duoc tién hanh & nhiéu giai doan, nhiéu 1an trong tién trinh phat trién
hé théng nhur:

» Dic ta yéu cdu (requirement specification): Nhim mo ta diy du va chi tiét
nhirng thong nhat giita nguoi sir dung twong lai va nguoi thiét ké vé hé théng. Pay 1a cac
thong tin co s& dé nguoi thiét ké thiét hé théng cua minh, nhi€ém vy nguoi thiét ké pahi
thiét ké day du va hoan thién theo yéu cu da thong nhat, ngudi sir dung tuong lai duoc
phép doi hoi, giam sat viéc thuc thi cdc yéu ciu trong pham vi da thoa thuén.

 Dic ta kién tric hé théng (system architect specification): Nham mé ta sy théng nhat
giita nguoi thiét ké va ngudi cai dat. Cac dat ta nham chi ra dugc cac chirc nang, tinh chét
va nhi€ém vu cho cac thanh phﬁn hé théng chuén bi dugc cai dat. Viéc xac dinh cac yéu cau
tir 46 chuyén thanh ban thiét ké da duoc dic ta 0khau dic ta yéu cau, vi thé khau nay nguoi
cai dat chi quan tdm dén ban thiét ké va nhimng rang budc di thong nhit véi nguoi thiét ké.

« Pic ta Module (module specification): M6 ta su thong nhat gitra ngudi lap trinh cai
dat module va nguoi 1ap trinh sit dung module. Qua trinh cai dat hé théng c6 thé duge phan
ra thanh nhiéu module duoc cai dit mot cach song song, hay ké thira tir module c6 sin
hay module dat hang, vi thé nguoi cai dit va nguoi sir dung module cin dic ta chi tiét
cac chuc nidng, nhiém vy va dic biét cac giao tiép ctia ham, dé sao cho co thé ghép ndi
tuong thich va hiéu qua module d6 vao hé thong.

2.3.2 Tai sao can dic ta
Viéce dic ta 1a rat can thiét trude khi xay dung mot hé théng bat ky trong linh vuc
nao boi vi:

 Dic ta mang tinh hop dong: M6 ta ddy dii va chi tiét sy thong nhét giita ngudist dung
va nguoi phat trién, chinh vi thé day 1a co phép 1y va khoa hoc dé ngudi phat trién thiét
ké, con nguoi sir dung thi giam sat va kiém dinh.

» Gilp san pham hop thirc hoa: San pham dugc phat trién theo cac yéu cau da
thoa thuan, vi thé san phdm dwong nhién sé& dit yéu cau véi nguoi sir dung.
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« Dic ta 1a cong cy dé trao d6i: Ngon ngir dic ta 1a mot ngdén ngir duoc quy dinh

chung va thong nhat vi thé cac dic ta cd thé dugc trao doi gitta cac nguoi thiet ké voi

nhau. Pong thoi thong qua d6 ngudi s dung ciing co thé co cai nhin tong quat vé san

pham.

e Téi st dung: Mot dac ta co thé duogc luu gilr dé phat trién tiép hodc dugc bd

sung nang cap ve sau.

2.3.3 Phan loai cac ky thuat dac ta

a) Dic ta phi hinh thire: Sir dung 1 trong cac cong cu sau dé mo ta hé thong

o Ngbn ngit ty nhién ty do
o Ngon ngi ty nhién c6 ciu tric

o Cac ky hiéu dd hoa

b) Dic ta nira hinh thirc: Str dung hdon hop ca ngdn ngit tw nhién, cac ky hiéu toan

hoc va cac ky hi¢u d6 hoa

c) Dac ta hinh thac: Sir dung cac ky hi€u toan hoc dé mo hinh hoa hé théng, cac

ky hiéu toan hoc 1a cac ky hiéu thong nhat chung c6 thé la:

o Ngbn ngit dac ta

o Ngbn ngit 1ap trinh

So sanh dac ta hinh thirc va déc ta phi hinh thic:

Dac ta hinh thirc

bac ta phi hinh thuc

* Chinh xac (vi su dung cac ky hi¢u toan
hoc da dugc thong nhéit trén thé gidi).

e Hop thuc hoa hinh thiec.

« Su dung 1a cong cu trao d6i giita cac
nguodi thiét ké, tuy nhién vi sir dung cac
ky hiéu toan hoc chuyén nganh nén kho
doc va kho hiéu.

 Chi danh cho nhitng ngudi c¢é kién thirc
chuyén moén nén kho st dung.

 Phuong phdp st dung ngén ngir tu
nhién, tw do va ban dia nén dé hiéu, d& st
dung.

» Kha ning mém déo cao, vi cong cu mo
ta 1a ngon ngir dé thay thé.

e Thiéu sy chinh xac va dﬁy du do han

ché cua ngén ngtr va mang tinh chi quan.

» Nhap nhang.

2.3.4 Ung dung va wu viét khi sir dung dic ta

a) Ung dung

 Dic ta thudng st dung trong giai doan dau cua tién trinh phat trién san pham

Bai giang lap trinh nhing
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« Nhiam han ché 1i trong qua trinh phat trién phin mém, thong qua viéc dic ta
chi tiét va déy du cac chirc nang, nhi€ém vu va tinh chét cho tit ca cac thanh
phan ciia san phim

« K§¥ thuat dic ta thuong dung khi phat trién cac hé thong

o Hé théng diéu khién
o Hé thong nhiing
o Hé thdng thoi gian thuc

b) Uu viét khi sir dung dac ta

Uu diém khi st dung didc ta dugc thé hién rd nhit qua qua chi phi phat trién hé

thong, ta c6 thé thiy rd qua biéu d6 sau:

Chi phi phat trien khi st
dung dac ta hinh thirc
h 1r '..dn.a..
]:I];%f:fﬂ ‘.'m_'lf-.'o:'.
Smm—m::fplr-:.i;u.:a:wn
Withowt fiarmal . With formal
specification specificatioa

Hinh 2.5 Biéu do so sanh chi phi phat trién hé thong sir dung dic ta va khéng sir dung
Qua biéu dd ta d& danh nhén ra téng chi phi khi st dung dic ta giam di rat
nhiéu, diéu nay sé& la cho gia thanh san phim dat dugc tinh canh tranh.
2.3.5 Phuwong phap diac td sit dung “Mady trang thdai hitu han FSM(Finite state
machine)”
Trong thuc té c6 mot sd phuwong phap dic ta nhu:
e May trang thai hitu han
e Mang Petri (thuong dung dé mé ta cic hé thdng phuc tap khong dong bo, co
nhiéu khau lam viéc song song)

 Didu kién trude sau (thudng ding dic ta cho cac ham hodc module)
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e Kiéu triru tuong (md ta dir liéu va cac thao tac trén dir li€u d6 & mot mic triru
tuong doc lap vdi cach cai dat dir 1liéu boi ngdn ngit 1ap trinh)

Trong phap vi ndy bai giang chi tip trung trinh bay vé k¥ thuat dic ta sir dung may
trang thai hiru han, do tinh don gian va phu hoi véi cac hé thong nho c6 tinh moudle
va tuan tu cao.

Phuong phap may trang thai hiru han:
« Phuong phap mé ta cac ludng diéu khién trong hé thong
 Biéu dién hé thong dudi dang d6 thi
« Do thi bao gom:
oNut: mdi nit 12 mot trang thai S ctia hé théng
oNhin: M6 ta dit liéu dau vao, 1a nhin cua mot cung

o Cung: Mot chuyén tiép T : S x I -> S (chuyén tiép mé ti mot su bién ddi trang
thai khi mét trang c6 dir liéu vao)

Vidu I:

Bt may xudng

By D Ex iy wudng

Nhac may

- _____
iﬂ mai _,'1-31.

r-.A.-. .;. ;:-. e ki H_'_#_ Bqﬂl""' 50
sk ol
— S Thing bao

= Qafq?\_.{ ol
R

;|7:.:.-:.\.'=!.; \_//
e

( Kétn m)
(":"@ L Wbt ndi dugrs

Db chusng ™
M

——

o8 T £
| Thibe bao durd god nhae may

. T
/ Barm '.E*.c:gr-\“:

[ At )

Hinh 2.6 Pdc ta cach thirc lam viéc cua mot may dién thoai si dung mdy trang thdi hitu han
2.4 Cac phuwong phap biéu dién thuat toan

Khi chung minh hodc gidi m{t bai toan trong toan hgc, ta thuong dung nhiing

ngdn tir toan hoc nhu : "ta c6", "diéu phai ching minh", "gia thuyét", ... va st dung

nhiing phép suy ludn toan hoc nhu phép suy ra, twong duong, ...Thuit toan la mot

phuong phap thé hién 101 giai bai toan nén ciing phai tuan theo mot sé quy tic nhat dinh.
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DPé c6 thé truyén dat thuat toan cho nguoi khac hay chuyén thuat toan thanh chuong
trinh mdy tinh, ta phai c6 phuong phap biéu dién thuat toan. C6 3 phuong phap biéu
dién thuat toan :

1. Dung ngoén nglr tu nhién.
2. Dung luu dd-so dd khdi (flowchart).
3. Dung ma gia (pseudocode)

2.4.1 Ngon ngir tw nhién

Trong cach biéu dién thuat toan theo ngdn ngit ty nhién, ngudi ta st dung ngdn ngit
thuong ngay dé liét ké cic budc cua thuat toan . Phuong phap biéu dién nay khong
yéu cau ngudi viét thuat toan ciing nhu ngudi doc thuat toan phai nim cic quy tic. Tuy
vay, cach biéu dién nay thuong dai dong, khong thé hién rd ciu trac cua thuat toan, doi luc
gy hiéu 1am hodc khé hiéu cho nguoi doc. Gan nhu khéng c6 mot quy tic c¢b dinh nao
trong viéc thé hién thuat toan bang ngdén ngir tu nhién. Tuy vdy, dé dé doc, ta nén viét cac
budc con i vao bén phai va danh sé bude theo quy tic phan cép nhu 1, 1.1, 1.1.1

Vi du: Biéu dién thuit toan gidi phwong trinh bic hai diung ngdn ngit tw nhién
(khong xét dén nghiém phirc)

Diu vao: Phwong trinh ax? + bx + ¢ =0
Diu ra: Nghiém
Budce 1: Xac dinh hé sb a,b,c
1.1. Néu a#0 chuyén dén budc 2
1.2.  Néu a=0 khong thyc hién vi la phuong trinh bac nhat
Budc 2: Tinh A = b? - 4ac
Budc 3: Kiém tra A
3.1. Néu A>0 dén budc 4
3.2. Néu A=0 dén budc 5

3.3. Néu A<0 bao phuong trinh v6 nghiém, két thiic thuat toan

—b+H/A

Budc 4: Bao phuong trinh c6 2 nghiém x = két thuc thuat toan

Buégc 5: Phuong trinh ¢6 nghiém kép xi1=x»=-b/2a, két thiic thuat toan
2.4.2 Dung luu d6

Luu dd hay so d6 khéi 1a mot cong cu truc quan dé dién dat cac thudt toan.
Biéu dién thuat toan bang luu dd s& giup nguoi doc theo ddi duoc sy phan cap céac
truong hop va qua trinh xtr 1y cia thut toan. Phuong phap luu do thuong duoc diung trong
nhitng thuét toan co tinh ric ri, khé theo doi duge qué trinh xtr 1y.

Pé biéu dién thuat toan theo so do khdi, ta phai phan biét hai loai thao tac. Mot thao
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tac 1a thao tac chon lya dua theo mot diéu kién nao do. Chéng han : thao tac "néu a = b thi
thuc hién thao tac B2, nguoc lai thuc hién B4" 1a thao tdc chon lya. Cac thao tac con lai
khong thudc loai chon lya dugc xép vao loai hanh dong. Chfmg han, "Chon mdt hop bat ky
va dé 1én dia can con tréng." la mot thao tac thudc loai hanh dong.

a) Thao tac chon lya (hay con goi khoi diéu kién)

Thao tac chon lya duge biéu dién béng mot hinh thoi, bén trong chtra biéu thirc diéu
kién.

b) Thao tac xu ly (process)

Thao tac xt 1y dugc biéu dién bé‘mg mot hinh chit nhat, bén trong chura ndi dung xur

Tangilén1l Chon mot hép Htky

c) DPuong di (route)

Khi dung ngdn ngit ty nhién, ta mic dinh hiéu ring qua trinh thyc hién s& 1an luot
di tir budc trude dén budc sau (trir khi ¢6 yéu cau nhay sang budc khac). Trong ngdn ngit
luu do, do thé hién cac budc bﬁng hinh v& va c6 thé dit cac hinh v& nay & vi tri bat ky nén
ta phai c6 phuwong phap dé thé hién trinh tu thyuc hién cac thao tac.

Hai budc ké tiép nhau dugc ndi bang mot cung, trén cung c6 mii tén dé chi
huéng thuc hién. Chéng han trong hinh dudi, trinh tu thuc hién s€ 1a B1, B2, B3.

T thao tac chon lya c6 thé c6 dén hai hudng di, mot hudng Gng voi diéu kién thoa
va mot huéng ung véi diéu kién khong théa. Do vdy, ta dung hai cung xuét phat tir cac
dinh hinh thoi, trén mdi cung c6 ky hiéu D/Pung/Y/Yes dé chi hudng di ung véi dicu
kién thoa va ky hiéu S/Sai/N/No dé chi hudng di tng voi didu kién khong thoa.
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D
4 2 oghiém
Budcd P]ﬁnb.i.%'txr x,

1 l
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Cd hai nghigm — :
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Hinh 2.7 Luu d6 thudt todn giai phirong trinh bdc 2
d) Piém cudi (terminator)

Diém cudi 1a diém khoi dau va két thic cua thuat toan, dugc biéu dién bang hinh
ovan, bén trong co6 ghi chir bat dau/start/begin hodc két thic/end. Piém cudi chi co
cung di ra (diém khoi dau) hodc cung di vao (diém két thuc). Xem luu d6 thuat toan
giai phuong trinh bac hai ¢ trén dé thay cach sir dung ciia diém cudi.

e) DPiém nbi (connector)
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biém noéi dugc dung d€ noi cac phan khac nhau cua mét luu d6 lai voi nhau.
Bén trong di€m noi, ta dat mot ky hi¢u deé biét su lién hé gifta cac diém noi.

f) Diém noi sang trang (off-page connector)

Tuong tu nhu diém ndi, nhung di€ém ndi sang trang dugc dung khi luu do quaé lon,
phai v€ trén nhiéu trang. Bén trong diém noi sang trang ta ciing dat mot ky hi¢u dé biét dugc
su lién hé gitra di€m noi cua cac trang.

D ==
LI=}

ar

I

O trén chi 1a cac ky hiéu co ban va thuong duoc dung nhét. Trong thuc té, luu dd

con ¢6 nhiéu ky hiéu khac nhung thudng chi ding trong nhitng lwu d6 16n va phuc tap. Dbi
v6i cac thudt toan trong cudn sach nay, ta chi can sir dung cac ky hiéu trén 1a du.
2.4.3 Ma gia

Tuy so do khdi thé hién rd qué trinh xir 1y va sy phan cdp cac trudng hop cia
thuat toan nhung lai cong kénh. D& mo ta mot thudt toan nho ta phai dung mot khong gian
rat 16n. Hon nita, luu dd chi phan biét hai thao tac 1a r& nhanh (chon lya co diéu kién) va
xtr Iy ma trong thyc té, cac thuat toan con c6 thém cac thao tac lap.

Khi thé hién thuat toan bang ma gia, ta s& vay muon cic ct phap ciia mot ngdn ngir
1ap trinh nao d6 dé thé hién thu4t toan. TAt nhién, moi ngén ngit 1dp trinh déu co nhitng
thao tac co ban la xt ly, r€ nhanh va 1dp. Dung ma gia vura tan dung dugc cac khai niém
trong ngdn ngit 1ap trinh, vira giup ngudi cai dat dé dang nam bat ndi dung thuat toan. Tat
nhién 13 trong ma gia ta van ding mot phan ngdn ngit ty nhién. Mot khi dd vay muon cu
phap va khai niém cia ngén ngit lap trinh thi chic chin ma gia s& bi phu thudc vao ngon
ngtr 1ap trinh do.

Vi du: Mot doan ma gia cia thuat toan giai phuong trinh bac hai
if Delta > 0 then
begin
x1=(-b-sqrt(delta))/(2*a)
x2=(-b+sqrt(delta))/(2*a)
xudt két qua : phuong trinh ¢6 hai nghiém la x1 va x2

end
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else
if delta = 0 then
xudt két qua : phuong trinh c6 nghiém kép 1a -b/(2*a)

else {truong hop delta < 0 }xuét két qua : phuong trinh v6 nghiém
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Chuong 3: CAU TRUC PHAN CUNG

3.1 Ciu tric tdng quat ciia hé thong nhing
3.1.1 Kién triic co ban

Kién triic co ban cua hé théng nhung dugc miéu ta ¢ hinh 3.1, nhu vay mot hé théng
day dii v& co ban c6 3 thanh phan:

( Hardware )

—

Hinh 3.1 Kién triic co ban ciia mét hé thong nhiing

1. Chuong trinh ung dung: 1a cic chuong trinh chay trén nén hé thong nhing.
Nguoi sit dung tac dong tryc tiép trén cac phan mém nay.

2. Hé diéu hanh: Hé diéu hanh gitp cho viéc phat trién phan mém va phan cing
c6 thé tach biét trén 2 cong nghé khong can lién quan dén nhau nhung vin co thé két
hop dé c6 mot san pham t6t nhat. Cling nhu may tinh hé didu hanh giup ngudi khac thac
hé thdng dugc hiéu qua va dé dang hon, hé théng nhiing c6 hé diéu hanh thudng linh hoat
va mém déo hon.

3. Phéan cung: Pay la thanh phan cbt 16i khong thé thiéu, thanh phin phin ctng
quan trong nhat 1a CPU, cic thanh phan khac c6 thé tuy bién theo timg ung dung cu
thé.

3.1.2 Céu tric phin cing

Céu tric tong quat thong dung nhét ciia mot vi xir Iy/vi diéu khién nhing duoc dua ra &
hinh 3.2.

‘ Data bus
| |

cpPU Memory Peripherals

R
_‘\_/', Address bus

Hinh 3.2 Céu triic théng dung ciia mét VXL/VPK nhiing
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VXL/VDK nhung 1a mot chung loai rat dién hinh va dang dugc sir dung rat phd bién
hién nay. Chiing duoc ra doi va sir dung theo su phat trién ctia cac Chip xir 1y tng dung cho
may tinh. Vi d6i tuong ung dung 1a cac thiét bi nhung nén ciu trac ciing duoc thay doi
theo dé dap ung cac tmg dung. Hién nay ching ta c6 thé thiy cac ho vixu Iy didu khién
cia rat nhiéu cac nha ché tao cung cép nhu, Intel, Atmel, Motorola, Infineon. V& céu
tric, chung ciing twong ty nhu cic Chip xur 1y phat trién cho PC nhung ¢ mic do don
gian hon nhiéu vé cong niang va tai nguyén. Phd bién van 1a cac Chip c¢6 do rong bus dir
liéu 14 8bit, 16bit, 32bit. V& ban chit cau trac, Chip vi diéu khién 1a chip vi xir Iy duoc
tich hop thém céac ngoai vi. Cac ngoai vi thuong 1a cac khdi chirc niang ngoai vi thong dung
nhu bo dinh thoi gian, bo dém, bo chuyén dbi A/D, giao dién song song, ndi tiép...Mirc
d6 tich hop ngoai vi cling khac nhau tuy thudc vao muc dich ung dung s€ co thé tim duoc
Chip phu hop. Thuc té v6i cac tng dung yéu cau do tich hop cao thi s& sir dung giai phap
tich hop trén chip, néu khong thi hau hét cac Chip déu cung cap giai phap dé mo rong
ngoai vi dap tng cho mot sé luong ing dung rong va mém déo.

3.2 Mt s6 nén tang phin cing thong dung

Hién trén thi truong c6 rt nhidu nha san xuit phat trién nhidu loai chip
VXL/VDK nhiing khac nhau, mdi loai déu ¢ nhitng tinh ning va wu viét riéng. Trong thuc
té mdi dong chip ra doi dugc thiét ké chuyén biét cho mot phan khiic ing dung nao day,
vi thé khong c6 mot nguyén tic chung hay mot loai VXL/VDK chung cho moi bai toan.
Tuy vao kha nang va nhiém vu cu thé cua hé théng ma ta chon lya loai chip phu hop.
Trong mot sb bai toan va mot sb dong chip thi sy phan biét giita cac chip 1a khong 1d
dang, nghia 13 c6 thé viéc str dung cac chip khac nhau nhung mang lai hiéu qua nhu nhau.

Ngoai vi xtr Iy ctia mdy tinh, ta c¢6 thé phan loai ra hai dong chip nhung 1a vi xtr Iy
nhiing va vi diéu khién nhung. Vi xtr Iy nhing dwgc sir dung rong rdi v6i thi phan 16n
nhat hién nay 1a ARM, con vi diéu khién thi c6 nhiéu loai nhu AVR, PIC, 8051,... Tuy
nhién trong pham vi bai giang nay chi trinh bay tom luoc mot sd loai chip 1a PIC, 8051,
ARM, ...

3.2.1 Vi diéu khién Atmega8
3.2.1.1 Pic diém

Vi diéu khién Atmega8 ctia hing ATMEL 1a mét loai vi diéu khién AVR mdi véi kién
tric rat phirc tap. Atmega 8 1 bo vi diéu khién RISC 8 bit tiéu thu ning lugng nhung dat hiéu
sudt rat cao, dua trén kién trac RISC AVR. Bﬁng viéc thuc hién cac 1énh trong mot chu ky xung
nhip, Atmega8 dat dugc tbe do xur ly dit li€u 1é€n dén 1 triéu 1énh/giayo tan s6 1MHz. Atmega8
con cho phép ngudi thiét ké hé thong t6i wu hoa mirc do tiéu thy ning lugng ma van dam bao
toc do xur ly. Atmega 8 da tich hop day du cac tinh ning nhu bd chuyén d6i ADC 10bit, bd so
sanh, bo truyén nhan ndi tiép, b dinh thoi, bo dém thoi gian thuc, bo dicu ché do rong
xung...Do d6 ta phai nghién ctru va khai thac triét dé cac tinh ning nay dé img dung hiéu qua
vao nhitng mach trong thuc té. Atmega8 sir dung kién tric RISC (Reduced Instruction Set
Computer) AVR.
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[ Atmega8 véi kién tric RISC c6 chi tiéu chat lugng cao va tiéu thy nang luong it:
- 130 1énh hau hét dugc thuc hién trong mét chu ky xung nhip.

- 32 thanh ghi lam viéc da nang.

- Toc do xtr 1y 1énh 1én dén 16 triéu 1énh/gidy & tan s6 16MHz.

[1 B nhd¢ dir liéu va bo nhd chuong trinh khong tu mat dir lidu:

- 8K byte bd nhé Flash lap trinh dugc ngay trén hé thdng, c6 thé nap xo4 10000 lan.
- 512 byte b nhd EEFROM lp trinh dugc ngay trén hé thdng, c6 thé ghi x6a 100000 lan.
- 1K byte by nhd SRAM.

- C6 thé giao tiép véi 8K byte bo nhd ngoai.

- Khoa bao mat ph?m mém 1ép trinh dugc.

- Giao dién ndi tiép SPI dé lap trinh ngay trén hé thong.

{1 Céc tinh ndng ngoai vi:

- Hai bo dém/ b6 dinh thoi 8 bit véi ché d9 so sanh va chia tan s tich biét.

- Mt bd dinh thoi 16 bit voi ché do so sanh, chia tan sb tach biét va ché do bat mau (Capture
Mode).

- B6 dém thoi gian thuc (RTC) vé6i b dao dong tach biét.

- B6 diéu ché d6 rong xung PWM 8 bit.

- BO bién d6i ADC bén trong 8 kénh 10 bit.

- 2 bo USART ndi tiép 1ap trinh dugc.

- B6 dinh thoi Watchdog 18p trinh dugc véi bd dao dong trén chip.
- Mot bo so sanh Analog.

[J Cac tinh nang vi diéu khién dic biét:

- C6 mach power - on reset va c6 thé reset bang phan mém.

- Cac ngudn ngat ngoai va trong.

- C6 5ché @6 ngu: nghi (Idle). Tiét kiém ning lugng (power save) va power down, ADC Noise
Reduction, Standby.

- Tan s6 1am viéc c6 thé thay ddi duoc bang phan mém.
[ Vao ra va cac cach dong vo

- 23 duong vao ra 1ap trinh dugc.

- 32 chén dén kiéu vo vudng (TQFP)

] Pién thé lam viéc:

-VCC =2,7V &n 5,5V d6i voi AtmegaS8L.
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- VCC = 4,5V dén 5,5V ddi voi Atmegas.

[J Vung tde do lam viéc:

- 0 dén 8 MHz d6i v6i Atmega8L.
- 0 d&én 16 MHz d6i v6i Atmega8.
3.2.1.2 So b chin Atmega8

PDIP
—
{RESET) PC6 [ 1 28 [1 PC5 (ADC5/SCL)
(RXD) PDo ] 2 27 [ PC4 (ADC4/SDA)
(TXD) PD1 ] 3 26 [1 PC3 (ADC3)
(INTO) PD2 (] 4 25 [1 PC2 (ADC2)
(INT1) PD3 5 24 [1 PC1 (ADC1)
(XCK/T0) PD4 [ 6 23 [1 PCO (ADCO)
vec 7 22 [1 GND
GND ] 8 21 [1 AREF
(XTAL1/TOSC1) PB6 [] 9 20 [1 AVCC
(XTAL2/TOSC2) PB7 [] 10 19 [1 PB5 (SCK)
(T1) PD5 O] 11 18 [1 PB4 (MISO)
(AINO) PD6 ] 12 17 [0 PB3 (MOSI/OC2)
(AIN1) PD7 ] 13 16 [1 PB2 (SS/OC1B)
(ICP1) PBo ] 14 15 [0 PB1 (OC1A)

Hinh 3.3 So do chin Atmega8

3.2.1.3 So d6 khoi ciia Atmega$8
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Hinh 3.4 So' do khoi vi diéu khién AVR Atmega8

XTAL1

ATALZ
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3.2.1.4 Mo ta chiic nang cac chan Atmega8
] VCC: Pién ap ngudn nudi.

[ GND: Dit.

1 Port B (PBO...PB7)- 6

Port B 1a port I/O 8 bit véi dién tré kéo 1én & bén trong, cung cip dong dién 40mA cé thé diéu
khién tryc tiép led don.

- Khi céc chan Port B 1a cac 16i vao duoc dit xudng muc thap tir bén ngoai, chung s& 1a ngudn
dong néu nhu cac dién trd ndi 1én ngudn duong duoc kich hoat. Cac chan nay s& ¢ trang thai
tong tré cao khi tin hiéu Reset & muc tich cuc hodc ngay ca khi khong c6 dao dong.

1) Port C (PCO...PC6)
- Port C 1a port I/O 8 bit véi dién tré kéo 1én & bén trong, cung cip dong dién 40mA c6 thé diéu
khién tryc tiép led don.

- Khi cac chan Port C 1a cac 16i vao duoc dit xudng muc thap tir bén ngoai, chung sé& 1a ngudn
dong néu nhu cac dién trd ndi 1én ngudn duong duoc kich hoat. Cac chan nay s& ¢ trang thai
tong trd cao khi tin hiéu Reset & muc tich cuc hodc ngay ca khi khong c6 dao dong.

- Port C ciing dong vai tro nhu 8 dudng dia chi cao tir A8 dén A15 khi két ni bo nhé SRAM
bén ngoai.
1 Port D (PDO...PD7)

- Port D 1a port I/O 8 bit v&i dién tré kéo 1én & bén trong, cung cip dong dién 40mA c6 thé diéu
khién tryc tiép LED don.

- Khi cac chan Port D 1a cac 16i vao dugc dat xuong murc thap tir bén ngoai, chung s€ 1a nguon
dong néu nhu cac dién trd noi 1én nguon duong duoc kich hoat. Cac chéan nay s€ ¢ trang thai
tong tré cao khi tin hiéu Reset & mirc tich cuc hoac ngay ca khi khong c¢6 dao dong.

(] Reset: Ngd vao dugc dit lai. ATmega8 s& duoc dit lai khi chan nay & mirc thip trong hon
50ns hodc ngay ca khi khong c6 tin hiéu xung clock. Cac xung ngan hon khong tao ra tin hiéu
dat lai.

[] AVCC: Cung cip ngudn cho Port C va bd chuyén d6i ADC hoat dong. Ngay khi khong sir
dung bo chuyén doi ADC thi chan AVCC van phai duoc két ndi téi nguon VCC.

(] AREF: DPay la chan diéu chinh dién ap tham chiéu cho chuyén ddi A/D.

[] XTALI: Ngd vao bo khuéch dai dao va ngd vao mach tao xung nhip bén ngoai.
] XTAL2: Ngd ra bd khuéch dai déo.

[ Bd tao dao dong thach anh :

- XTALI va XTAL2 lan luot 1a 16i vao va 16i ra ciia mot bo khuéch dai dao, bo khuéch dai nay
dugc bd tri dé 1am bo tao dao dong trén chip
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- PBé diéu khién duoc bo Vi Pidu Khién tir mot nguén xung nhip bén ngoai, chan XTAL2 dé
khong, chan XTAL1 dugc ndi voi tin hiéu dao dong bén ngoai.

3.2.2 Kit Arduino Uno R3
Hién dong mach Arduino UNO d phat trién téi thé hé thu 3 (R3).

Lo ‘axsmr  ARDUINO

. L]
e G W e "o

N | [H)E
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EDITION
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2 Mmoo
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H
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Hinh 3.5 Kit Arduino Uno R3

Mot vai thong s6 ciia Arduino UNO R3

Vi diéu khién ATmega328 (ho 8bit)
bién ap hoat dong 5V — DC (chi dugc cdp qua cong USB)
Tan s6 hoat dong 16 MHz

Dong tiéu thu 30mA

bién ap vao khuyén dung 7-12V - DC

bién ap vao gioi han 6-20V —DC

S6 chan Digital /0 14 (6 chan PWM)

S6 chan Analog 6 (d6 phan giai 10bit)
Dong téi da trén mdi chan I/O 30 mA

Dong ra tbi da (5V) 500 mA

Dong ra tbi da (3.3V) 50 mA
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B6 nho flash 32 KB (ATmega328) voi 0.5KB dung badi bootloader
SRAM 2 KB (ATmega328)
EEPROM 1 KB (ATmega328)

Vi diéu khién

Arduino UNO c6 thé su dung 3 vi diéu khién ho 8bit AVR 1a ATmega8, ATmegal 68,
ATmega328. Bo ndo nay cé thé xir li nhiing tac vu don gian nhu diéu khién dén LED nhap
nhay, xu li tin hiéu cho xe diéu khién tir xa, lam mot tram do nhiét do - dd 4m va hién thi 1én
man hinh LCD,... hay nhiing img dung nhung khac.

Thiét ké tiéu chuan cua Arduino UNO sir dung vi diéu khién ATmega328. Tuy nhién
néu yéu cau phan cimg khong cao c6 thé sir dung cac loai vi diéu khién khac c6 chirc ning
twong duong nhung ré hon nhu ATmega8 (bo nhé flash 8KB) hoac ATmegal68 (b nha flash
16KB).

Nang luwong

Arduino UNO c¢6 thé dugc cap ngudn 5V thong qua cong USB hodc cap ngudn ngoai
v6i dién ap khuyén dung 1a 7-12V DC va gidi han 1 6-20V. Thudng thi cip ngudn bang pin
vuong 9V 1a hop i nhit néu khong ¢ sin ngudn tir cong USB. Néu cip ngudn vuot qua ngudng
gi6i han trén, s€ lam hong Arduino UNO.

Cac chan nang lwgng

GND (Ground): cuc 4m cta ngudn dién cip cho Arduino UNO. Khi dung cac thiét bi sir dung
nhimng ngudn dién riéng biét thi nhimg chan nay phai dugc ndi voi nhau.

5V: cip dién 4p 5V dau ra. Dong tdi da cho phép & chan nay 1a 500mA.

3.3V: cip dién ap 3.3V dau ra. Dong ti da cho phép & chan nay 1a 50mA.

Vin (Voltage Input): dé cip ngudn ngoai cho Arduino UNO, ndi cuc duong cua ngudn véi
chan nay va cuc 4m cua ngudn v6i chan GND.

IOREF: dién &p hoat dong cua vi diéu khién trén Arduino UNO c6 thé duge do ¢ chan nay. Va
di nhién no ludn 1a 5V. Mic du vay ta khong dugc ldy ngudn 5V tir chan nay dé sir dung boi
chirc ning cua né khong phai 1a cap ngudn.

RESET: viéc nhan nut Reset trén board dé reset vi diéu khién twong dwong véi viéc chan
RESET duoc ndi voi GND qua 1 dién tré 10KQ.

Luu y:

Arduino UNO khéng cé bao vé cdm nguge ngudn vao. Do d6 phai hét sirc can than, kiém tra
céc cuc am — dwong ciia ngudn trude khi cap cho Arduino UNO.

Céc chan 3.3V va 5V trén Arduino 1a cac chan dung dé cap nguodn ra cho cac thiét bi khac,
khong phai 1a cac chan cap nguon vao. Viéc cap nguon sai vi tri c6 theé lam hong board.
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Céap ngudn ngoai khong qua cong USB cho Arduino UNO véi dién ap dudi 6V c6 thé lam hong
board.

Cép dién ap trén 13V vao chan RESET trén board c6 thé lam hong vi diéu khién ATmega328.
Cuong d6 dong dién vao/ra & tat ca cac chan Digital va Analog cta Arduino UNO néu vuot
qué 200mA s& lam hong vi diéu khién.

Cép diép ap trén 5.5V vao cac chan Digital hodc Analog ciia Arduino UNO s& 1am hong vi diéu
khién.

Cuong d6 dong dién qua mot chan Digital hodc Analog bat ki ciia Arduino UNO vuot qua
40mA s& lam hong vi diéu khién. Do d6 néu khong dung dé truyén nhéan dir liéu, phai mac mot
dién tro han dong.

Bo nhé

Vi diéu khién Atmega328 tiéu chuan cung cap cho ngudi ding:

32KB b nhé Flash: nhitng doan 1énh 14p trinh s& dugc luu trir trong bd nhd Flash cua vi diéu

khién. Thuong thi s& c6 khoang vai KB trong sd nay sé duoc dung cho bootloader nhung véi
cac ung dung nhé hiém khi nao can qua 20KB bo nhd nay.
2KB cho SRAM (Static Random Access Memory): gia tri cac bién khai bao khi lap trinh s&
luu ¢ day. Khai bao cang nhiéu bién thi cang can nhiéu bd nhd RAM. Khi méat dién, dir liéu
trén SRAM s€ bi mat.
1KB cho EEPROM (Electrically Eraseble Programmable Read Only Memory): day giéng
nhu mét chiée 6 cing mini — noi ¢6 thé doc va ghi dit liéu cia minh vao diy ma khong bi mat
dir liéu khi ctp dién giéng nhu dir liéu trén SRAM.
Cic cong vao/ra

Arduino UNO c¢6 14 chan digital ding dé doc hodc xuat tin hiéu. Ching chi ¢ 2 mirc
dién ap 1a OV va 5V véi dong vao/ra tbi da trén mdi chan 1a 40mA. O mdi chan déu co cac dién
trd pull-up tir duoc cai dat ngay trong vi diéu khién ATmega328 (mic dinh thi cac dién tro nay
khong dugc két ndi).
Mot sb chan digital c6 cac chirc nang dac biét nhu sau:
2 chan Serial: 0 (RX) va 1 (TX): dung dé giri (transmit — TX) va nhan (receive — RX) dif liéu
TTL Serial. Arduino Uno c6 thé giao tiép voi thiét bi khac théng qua 2 chan nay. Néu khong
can giao tiép Serial, khong nén sir dung 2 chan nay néu khong can thiét
Chan PWM (~): 3, 5, 6, 9, 10, va 11: cho phép xuat ra xung PWM v&i d phan giai 8bit (gia
tri tir 0 — 28-1 twong ng v6i OV — 5V) bang ham analogWrite(). Noi mot cach don gian, c¢6
thé diéu chinh dugc dién 4p ra & chan nay tir mirc 0V dén 5V thay vi chi ¢6 dinh & mirc OV va
5V nhu nhiing chan khac.
Chin giao tiép SPI: 10 (SS), 11 (MOSI), 12 (MISO), 13 (SCK). Ngoai cac chirc ning thong
thuong, 4 chan nay con ding dé truyén phat dit liéu bang giao thirc SPI véi cac thiét bi khéc.
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LED 13: trén Arduino UNO c6 1 dén led mau cam (ki hiéu chit L). Khi bAm nit Reset, s& thiy
dén nay nhap nhay dé bao hiéu. N6 dugc ndi véi chan sé 13. Khi chan nay duge ngudi ding sir
dung, LED sé& sang.

Arduino UNO ¢6 6 chan analog (A0 — A5) cung cap do phan giai tin hiéu 10bit (0 — 21°-1)
dé doc gia trj dién ap trong khoang OV — 5V. Vi chan AREF trén board, c6 thé dé dua vao
dién ap tham chiéu khi st dung cac chan analog. Ttc 14 néu cap dién ap 2.5V vao chan nay thi
c6 thé dung cac chan analog dé do dién ap trong khoang tir OV — 2.5V v6i do phan giai van
la 10bit.

Dic biét, Arduino UNO c6 2 chan A4 (SDA) va A5 (SCL) hd trg giao tiép 12C/TWI véi cac
thiét bi khéc.

So do khoi cac chian vao ra trén Arduino Uno

THE
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= @ | | ARDUINO

§ ! ‘:@:‘

- § [ | PINOUT DIAGRAM
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Hinh 3.6 So do khoi cdc chan vao ra trén Kit Arduino Uno

Lap trinh cho Arduino

Céc thiét bi dwa trén nén tang Arduino dugc lap trinh bang ngdn riéng. Ngon ngir ndy
dwa trén ngdn ngit Wiring duoc viét cho phan cimg néi chung. Va Wiring lai 1a mot bién thé
ctia C/C++. Mot sé nguoi goi n6 1a Wiring, mot sé khac thi goi 1a C hay C/C++. Riéng doi ngii
phat trién Arduino goi 13 “ngén ngit Arduino”. Ngoén ngir Arduino bét ngudn tir C/C++ phd bién
hién nay do d6 rat dé hoc, dé hiéu.

bé 1ap trinh cling nhu gui 1énh va nhan tin hi¢u tr mach Arduino, nhém phat trién du
an nay da cling cap dén cho nguoi ding mot moi trudng 14p trinh Arduino duoc goi 13 Arduino
IDE (Intergrated Development Environment) nhu hinh duéi day.
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@oBlink | Arduino 1.0.5 i =100 x|

File Edit Sketch Tools Help

1le code iz in the IlflE-llll“ domain. =
i 88 COM2 I o =]
J/ Pin 13 has an LED conne ] Send |
Flve 1T a name:
int led = 13; =
// the setup routine runs

vold setup() {
f/ initialize the digite
pinHode (led, OUTPUT) ;

}

/ the loop routine runs c

volid loop() {
digitalWrite(led, HIGH):
delay(1000) ;
digitalWrice(led, LOW):
delay(1000) ;

}

|

- ¥ Autoscrall |BthNL &R >| [9600baud x|

Hinh 3.7 Arduino IDE

-
-

3.2.3 Vi diéu khién MSP430G2553

Céc dong vi diéu khién msp430 nay do hing TI ( Texas Instruments) san xudt, ngodi ra
thi TI con san xudt va cung cdp nhiéu linh kién dién tir va cac module khac. Vi diéu khién(
Micro controller unit — MCU ) 1a don vi xtr Iy nhd, né dugc tich hgp toan bd cac bd nhd nhu
ROM , RAM , céc port truy xuét , giao tiép ngoai vi truc tiép trén 1 con chip hét sirc nho gon.
Puoc thiét ké dua trén cau tric VON-NEUMAN , dic diém cua ciu trac nay la chi c¢6 duy nhét
1 bus gitta CPU va b¢ nhé (data va chuong trinh) , do d6 ma ching phai c6 d6 rong bit tuong
tw nhau. MSP430 c6 mot sb phiénban nhu: MSP430x1xx, MSP430x2xx, MSP430x3xx,
MSP430x4xx, MSP430x5xx. Dudi ddy 1 nhitng dic diém tong quat ciia ho vi diéu khién
MSP430:
+ Chu trac sir dung ngudn thap giup kéo dai tudi tho cua Pin

-Duy tri 0.1pA dong nuoéi RAM.

-Chi 0.8pA real-time clock.

-250 uA/ MIPS.
+ B0 tuong ty hiéu suit cao cho cac phép do chinh xac

-12 bit hodc 10 bit ADC-200 kskp, cam bién nhiét do, Vref,

-12 bit DAC.

-B0 giam sat di€n ap nguodn.
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+ 16 bit RISC CPU cho phép duge nhiéu tmg dung, thé hién mot phan ¢ kich thudc Code 1ap
trinh.

-Thanh ghi 16n nén loai trir dugc truong hop tit nghén tap tin khi dang lam viéc.
-Thiét ké nhé gon lam giam lugng tiéu thy dién va giam gia thanh.

-Téi wu hoa cho nhitng chuong trinh ngdén ngit bac cao nhu C, C++

-C6 7 ché d¢ dinh dia chi.

-Kha ning ngit theo véc to 16n.

+ Trong lap trinh cho by nhé Flash cho phép thay ddi Code mét cach linh hoat, pham vi rong,
bd nhé Flash con ¢6 thé lwu lai nhu nhat ky cua dir liéu.

So d6 chan :

Chip MSP430 c6 kich thuéc nho gon , chi véi 20 chan ddi véi kiéu chan DIP.
Bao gom 2 port I/O (hay GPIO general purprose input/ output : cong nhap xuit chung).

=]
DVCC 0 1 200 DVvss
P1.0TADCLK/ACLK/AQ/CAD O] 2 19 0 XINP2 6/TAO1
P1.1/TA0.O/UCAORXD/UCAOS OMI/AN/CATOY) 3 18 [0 XOUT/P27
P1.2/TA0.1/UCAOTXD/PUCAOSIMO/AZ/CAZ [T 4 17 fO0 TEST/SBWTCK
P1.3/ADC10CLK/CAQUTIVREF-WEREF/A3/CA3 O4 5 PN‘i\zf;D 16 0 RST/INMISBWTDIO
P1.4/SMCLK/UCBOSTE/UCAQCLK/VREF#/VEREF+/A4/CA4TCK ) & TOP VIEW) 15 {00 P1.7/.CAOUT/UCBOSIMO/UCBOSDA/ATICAT/TDOITDI
P1.5/TAD.D/JUCBOCLK/UCADSTE/AS/CASTMS O 7 14 [0 P1.6/TA0.1/UCBOSOMI/UCBOSCL/AB/CAB/TDINTCLK
P20/TA1.0O) & 13§00 P2.5/TA1.2
P2AMTAII ) 9 12 [0 P2.4/TA1.2
P22/TA1.1 O4 10 1 {0 P2.3TA10

Hinh 3.8 So do chdn vi diéu khién MSP430G2553
Ta thay rang mdi port déu co 8 chan.
Port 1 : ¢6 8 chan tir P1.0 dén P1.7 tuong g véi cac chan tir 2-7 va 14, 15.
Port 2 : ciing gdm ¢6 8 chan P2.0 — P2.7 tmg v&i cac chan 8 — 13 , 18,19.
Ngoai chirc nang I/0 thi trén mdi pin ciia cac port déu 1a nhitng chan da chirc nang.

So dd khéi cua vi diéu khién MSP430G2553
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XIN XOUT DvVCC DVSS P1.x P2.x P3.x
P e - - - Wy e —————t - -——— - -—
: |
i ACLK :
: Clock Flash ADC Port P1 Port P2 Port P3 :

SMCLK

|| siEm RAt] . 8 1/0 8 /0 gio |
1 16KB 10-Bit i
I 8KB 5128 8 Ch Interrupt Interrupt |
] MCLK AKB 7568 Autoscén capability capability pIL:(I!up/ )
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: resistors resistors resistors | g

]
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]
: incl. 16 ulE '
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| Emulation USCI A0 :
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| Brownout WDT+ SpPI [}
: JTAG Protection| |5 = . 3CC 3ce :
| Interface 15-Bit Registers | | Registers USCI BO 1
: B DY-D SPI, 12C :
I I
RST/NMI

Hinh 3.9 So do khoi vi diéu khién MSP430G2553

- Chén s 1 14 chan cap ngudn Vee( ky hiéu trén chip 1a DVec ), & day ngudn cho chip chi duoc
cap & mirc 3,3V, néu cip ngudn cao qua mirc nay thi chip c6 thé hoat dong sai hay chay chip.
-Chan 20 1a chan ndi cuc 4m (OV).

-Chan reset : Chinh Ia chan s6 16 RST , chan nay c6 dau gach ngang trén ¢ nghia 1a chan nay
tich cuc & mirc thap . Muyc dich cia viée reset 1a nham cho chwong trinh chay lai tir dau .

-Mach dao dong : Ciing giéng nhu nhimng dong vi didu khién khac thi Msp430 ciing hd tro
ngudi ding thach anh ngoai ( external crystal ), nhung thach anh ngoai vi cho phép chi ¢ thé
1én t6i 32,768 kHz ma thoi, va tin hiéu nay duoc méc trén 2 chan 18 va 19. Nhung msp430 lai
hd trg thach anh ndi co6 thé 1én dén 16Mhz, tuy vao cach khai bao trong lap trinh. Va mac dinh
ctia chip 1a thach anh noi. Nhu vay thi chung ta khong can thiét phai sir dung mach dao dong
ngoai cho chip gidng nhu nhitng dong khac.

- Port I/O :
Port 1 : ¢6 8 chan tir P1.0 dén P1.7 tuong tng véi cac chan tir 2-7 va 14, 15.
Port 2 : ciing gdm c6 8 chan P2.0 — P2.7 ting v&i cac chan 8 — 13 , 18,19.

Trong ché d6 nhap (input) thi ca 2 port déu c6 1 mach diéu khién dién tré kéo dwong — goi 1a
PULL UP nhung gia tri ciia dién trd nay rat 16n khoang 47K nén goi 1a WEAK PULL UP
RESISTAN.
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3.2.4 Kit MSP430 Launchpad

Msp430 1a dong value line , power low, va low — cost . Chinh vi vy ma TI di cung cip
cho nguoi dung 1 mach nap code + debug chi trén 1 mach nho gon. Bo 1a kit MSP430
Launchpad, trong kit con c6 hd trg:

-1 mach nap code c6 ca debug

-1 day cap USB tbt dé két ndi kit v6i may tinh.
-1 chip thach anh 32,768kHz

-1 chip Msp430G2553

-1 chip Msp430G2453

-1 header female.
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Hinh 3.10 Kit MSP430 Launchpad
Mot kit LaunchPad goém hai thanh phan, véi GND duoc pha chung:
- Nitra trén: La phan mach nap theo chuan spy-bi-wire Jtag (2 day), két hop v6i chuyén dbi giao
tiép UART v6i may tinh. Trén cung 1a ddu USBmini dé nbi voi may tinh, phia duéi 1a hang
Header dé ni ra d6i twong can giao tiép, bao gdm cac chan:
- TXD, RXD: phuc vu giao tiép UART v&i may tinh.
- RST, TEST: phuc vu nap va debug (stra 18i) theo chuan spy-bi-wire Jtag.
- VCC: chp ngudn 3V3 cho dbi twong (thuong 1a nira dudi LaunchPad).
- Ntra duéi: 1a mot mach phat trién MSP430 don gian, bao gom:
- Socket cim MSP430 (thudong gin sin chip MSP430G2553), Pad han thach anh, Nut nhin
Reset chip.

- Nut nhan gin vao P1.3, hai Led hién thi c6 jumper dé gén vao P1.0 va P1.6. Hai hang header
dé két ndi hai hang chan cua chip ra ngoai, mot hang header nguonGND-GND-VCC dé lay
ngudn 3V3 trén LaunchPad.
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So' d6 khoi cac chin vao ra trén Kit MSP430 Launchpad

g Energia LaunchPad with MSP430G2553

Revision 1.5

Hardware
Pin number

| sp
Flash 16 KB
Serial Hardware analogRead(}
digitalRead() and digitalWrite()
digitalRead|), digitalWrite)
and analogWrite()

£8GZD0EPdSIN

G Rei Vilo, 2012-2013
em dcomputing weebly.com
version 13 2102-08-08

Hinh 3.11 So do cdc chin vao ra trén Kit MSP430 Launchpad
Lap trinh cho MSP430 Launchpad

Kit MSP430 Launchpad duoc lap trinh trén nén tang ngdn ngit Arduino. Dé lap trinh
cling nhu giri 1énh va nhan tin hiéu tir kit, nhém phat trién du an ndy da ciing cap dén cho ngudi
dung mot moi truong 1dp trinh ngén nglt Arduino trén kit MSP430 Launchpad dugc goi la
Energia IDE (Intergrated Development Environment) nhu hinh duéi day.

< Blink | Energia 0101E0006 (=]

Blink

Turns on an LED on for one second, then off for one second, repeatedly.

Thiz exanple code iz in the public domain,
by = Jh

void setup () |
4/ initialize the digital pin as an o
44 Pin 14 has an LED conmected on mest)
pinMade (14, OUTPUT):
i

woid loop (] {

digitalUrice (14, HIGH); /i set the
delay(1000] 2 f4 wait for
digitalWrite (14, LOW): Wt geE Fhe i
delay[1000] 2 F4omain for

LaunchPad u m:

Hinh 3.12 Energia IDE
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3.2.4 Vi diéu khién PIC18F2550

Ho vi diéu khién PIC18F2455/2550/4455/4550 1a ho vi diéu khién tién tién cua

MICROCHIP, dic biét ho nay co tich hop cong USB 2.0, ADC 10 bit va tich hop nhiéu cong
cu khac. Manh, mém déo 1a tir danh gia ngin gon vé ho vi diéu khién nay. Cac khdi tich hop

cua ho vi diéu khién PIC18F va cac dic diém cua céac khoi tich hop nhu sau:

luong

Céc dac diém cong USB:

1 USB V2.0

[ Tc do thap (1.5 Mb/s) va tdc d6 toan phan (12Mb/s)

] HO tro t&i 32 diém cudi

] RAM 1 kByte cho khéi USB

[ Mach thu phat USB trén chip cung véi mach 6n ap 3.3V
[] Cong song song streaming (SPP) cho truyén streaming USB
[ Hb tro ca 4 ché d6 truyén:

- Truyén diéu khién (Control transfer)

- Truyén ngat (Interrupt transfer)

- Truyén ddng bod (Isochronous transfer)

- Truyén khéi (Bulk transfer)

Céac ché d6 quan 1y ning luogng : ¢6 nhiéu ché d6 quan 1y niang luong dé giam ning

tiéu thu t6i da, dic biét co y nghia cho cac ung dung sir dung pin.

[1 Hoat dong binh thuong (Run): CPU bat, ngoai vi bat

[ Nghi (Idle): CPU tit, ngoai vi bat, tiéu thu dong tiéu biéu 5.8 1A
[ Ngii (Sleep): CPU tat, ngoai vi tit, tiéu thu dong tiéu biéu 0.11A
[ Dao dong timerl: tiéu thu dong tiéu biéu 1.17]A , 32kHz, 2V.

[} Watchdog timer: tiéu thu dong tiéu biéu 2.101A

[J Khéi dong dao dong 2 toc do

Céu trac dao dong mém déo:

[ Bén ché d¢ tinh thé bao gdbm PLL d6 chinh xac cao cho USB

(] Hai ché do xung clock ngoai 1én dén 48 MHz

7 Khéi dao dong ndi

- 8 tan s6 chon duoc bai nguoi st dung, tu 31kHz dén 8 Mhz

- Tinh chinh béi nguoi ding dé bo chinh d6 troi tan s6
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[ Dao dong tht cap dung timerl 32kHz

[ Tuy chon dao dong déi cho phép CPU va USB hoat dong 2 tan s xung nhip khac
nhau

[] Khéi theo ddi an toan xung nhip

- Cho phép shutdown an toan khi tit xung nhip

- hay vi diéu khién s& tiép tuc hoat dong v&i tan sé xung nhip thip hon
Céc dic diém ngoai vi:

[1 Dong vao/ra (sink/source) cao 25mA/25mA

[ Ba ngit ngoai

1 B6n khéi timer (timer0 dén timer3)

[] C6 t6i 2 khdi CCP (Capture/Compare/PWM)

- Capture 16 bit cuc dai, d6 phan giai 6.25 ns (T /16 CY )

- So sanh 16 bit cyc dai, dd phan giai 100 ns (TCY )

- PWM c06 16i ra véi do giai tir 1 dén 10 bit

(] Khéi CCP nang cao ECCP (Enhanced Capture/Compare/PWM)

- Nhiéu ché d¢ 16i ra

- C6 thé chon cuc tinh

- Thoi gian chét 1ap trinh duoc

- Tu dong tat va tu dong khéi dong

] Kh6i USART nang cao

- Ho trg bus LIN

[ Cdng truyén ndi tiép dong bd chit MSSP (Master Synchronous Serial Port)
1 ADC 10 bit, 13 16i vao, thoi gian thu thap dit liéu lap trinh duoc

[] 2 bd so sanh tuong tu v6i da hop 16i vao

Céc dic diém cua vi diéu khién

] CAu trac tdi wu bién dich C véi tap Iénh mé rong tuy chon

[] B6 nhé chuong trinh flash nang cao cho phép 100.000 lan xé6a/ghi
[ B nhé dir liéu EEPROM cho phép 1.000.000 1an x6a/ghi

[J Luu trir dit liéu trong bo nhé flash/ EEPROM hon 40 nam

[ Ngat nhiéu mic wu tién

] Watchdog timer mo rong, chu ky kha trinh tir 41 ms dén 131 s
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[ Bao v¢ ma lap trinh

(] Ngudn nudi don 5V cho lap trinh ndi tiép trén mach qua 2 chan
1 Mach g& 16i qua 2 chan

(] Dai dién ap hoat dong rong (2.0V dén 5.5V)

So do chén vi diéu khién PIC18F2550

MCLR/VPR/RE3—= []°1 ~ 28[_|=— RB7/KBI3/PGD
RAD/AND=~—L] 2 27+ RB6/KBI2Z/PGC
RATANT == [ 2 26[ ]+ RBS/KBI1/PGM
RA2/AN2/VREF-ICVREF =—= || 4 25 = RB4/AN11/KBIO
RA3/AN3NVrer+ = L] 5 G 24| I+ RBa/ang/ccr2vPo
RA4TOCKIC1OUTIRCV=+—=L] 6 4 23[ = RBZ/ANS/INT2/VIMO
RAS/AN4/SS/HLVDIN/CZOUT =[] 7 L L 22[ 1+ RBUANIOINT1/SCK/SCL
ves—=[] 8 o 21 = RBW/AN1Z/NTO/FLTO/SDISDA
osclcLki—=[] 9 00 20[ *— vop
OSC2/CLKO/RAG =— [ |10 Q. o 19 |=— vss
RCOT10SOT13CKI =—= ] 11 18[ = RC7/RX/DT/SDO
RCUT10SKCCP2IWUDE=—=[]12 17[J== RCBTXICK
RC2/CCP1=—=[13 16[ = RCH/D+/NP
vuss=<—=[]14 15[ ]+ RC4/D-'VM

Hinh 3.13 So dé chan vi diéu khién PICI18F2550
So dd khdi vi diéu khién PIC18F2550

w = Ef
& @ ®
USE PORT 2 PWM
; . 4 TIMERS
PORT A PORT B PORT C A e
10 ADC 1 EAFNBY Nt Sl 12C POWER ON
CHANNELS | | COMPARE SERTAL MASTER SLAVE S
bl MODULE PORT SLAVE -
WATCH DOG|| FunciON 256 BYTES 2K RAM 312K CODE | [Bieteqsdertray
TIMER SLEEP FEPROM MEMORY MEMORY FIRMWARE

18F2550 BLOCK DIAGRAM

Hinh 3.14 So @6 khoi vi diéu khién PICISF2550
3.2.4 Kit PIC18F2550 Pinguino

Kit PIC18F2550 Pinguino duoc phat trién trén nén tang vi diéu khién PIC18F2550.
Trén Kit c¢6 18 chan Digital I/O chia s& v6i 5 chan ngd vao Analog. Ngoai ra mot sd chan
con ¢ nhitng chtrc nang dic biét nhu: 2 kénh ngd ra fast PWM (3000Hz), giao tiép 12C, giao
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tiép nbi tiép tdc do 1én dén 57600 bauds, USB native, doc ghi EEPROM, truy xuét ngit. ..

Kit PIC18F2550 Pinguino hd tro 2 nat nhan ( 1 ding cho Reset, 1 diung cho Run),
trong mot sb phién ban bootloader khong ding dén nut Run, 2 led ( 1 led bao ngudn, 1 led
béo trang thai Run). Ngoai ra Kit con hd tro khdi ngudn 6n ap nén c6 thé sir dung ngudn qua
USB hoic dung ngudn ngoai (7-12VDC).

Hinh 3.15 Kit PIC18F2550 Pinguino
So' d6 khoi cac chan vao ra trén Kit PIC18F2550 Pinguino

IDF Analog/Digital
[ricarssso] (TGS o=

GND
iy Ve

TR, RSl 7 | R¥ | Control
RADEJ—a PR = (RBA/ Port Pin
AT —o -~ ERES 108C | ;J]l:n;;hbn
RAZ EF——e U [ —\- !
RAS I — C) (-7
RA4[F— g % o+ FBre: IFN
ER s — el S
30— Rl 1 oo
osc1 E}F—- Py -:T — ) Ey
RAG OSC2 [T]— % o« DE
BTN RCOI——e —JGReT) R« BEN
RC1 -\ +—f5/RC6 T« NEN
RC2 [E-"\ e +——fT3'RC5, D+
visa [E1—e +—fORCa) b
Pinguino IDE
'y
Eg;&rs should keep in mind the limits for www.broedsels.nl
o G o o eSS A MAXgmizmonzans PIC18F2550
oo o s, (© Al s o

Hinh 3.16 So' do khéi cdc chdn vao ra trén Kit PICI8F2550 Pinguino
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Lap trinh cho PIC18F2550 Pinguino

Kit PIC18F2550 Pinguino duoc lap trinh trén nén tang ngdn ngir Arduino. Dé 1ap trinh
cling nhu giri 1énh va nhén tin hiéu tir kit, nhom phat trién du an nay da ciing cap dén cho nguoi
dung mot moi truong 18p trinh ngén nglt Arduino trén kit PIC18F2550 Pinguino dugc goi la
Pinguino IDE (Intergrated Development Environment) nhu hinh dudi day.

© @ @ Pinguino Beta 9-05

File Edit Preferences Help

CERO DM LedLE % pav O

firsttest

// first test with Pinguino
/i test digitalwWrite

void setup(void)

{
pinMode(®,0UTPUT); // test caractéres
+

Lo W N

void loop(void)

11 digitalWrite(®,HIGH);
12 (delay(500);
13 digitalWrite(e,LOW);
14 |delay(560);

I

v

ion [2000, 7fff]
tion [2000, 7fff]

Hinh 3.17 Pinguino IDE
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Chwong 4: PHAN MEM NHUNG

4.1. Pic diém phian mém nhiing

No6i mot cach don gian, phan mém nhing 1a phin mém danh cho tit ca nhiing
thiét bi khong lién quan gi dén mdy tinh, chang han nhu thiét bi diéu khién, dinh
huéng cho 6 t6, dién thoai di dong, vi tién dién tir, 0 gia dung (ti vi, tu lanh, may giit, diéu
hoa...). Nhu ta d biét, s6 chip vi xir Iy dung trong cic may tinh, mang ndi bd va Internet
chi chiém hon 1% tong s chip vi xir 1y trén thé gidi. S6 con lai thudc vé cac hé thong
nhung.

Theo sb liéu cua Business Communications Company, tong thi trudng phan
mém nhiing thé gidi nim 2004 dat khoang 46 ty USD. Dén nam 2009, con sé nay la 88 ty
USD.

Nhat Ban hién nay dugc danh gia 1a mot trong nhimg thi truong phin mém
nhung hang dau thé gidi. Theo thong ké cta JISA (Hiép hoi Dich vu CNTT Nhat Ban), phan
mém nhung hién nay chiém t&i 40% thi phan phian mém Nhat Ban, voi cac san pham rat
da dang: 10 vi ba, may photocopy, may in laser, may FAX, cic bang quing cdo su dung
hé théng dén LED, man hinh tinh thé 16ng... Nam 2004, thi trudng phan mém nhing cua
Nhat Ban dat khoang 20 ty USD véi 150.000 nhan vién. Pay duoc coi 1a thi trudng day hia
hen vé6i cac dbi tic chuyén san xudt phan mém nhing nhu Trung Qudc, Indonesia, Nga,
Ireland, Israel va ca Viét Nam.

Pic diém phin mém nhiing:

e Huodng chic nang hod dac thu

» Han ché vé tai nguyén bo nho

»  Yéu ciu thoi gian thyc
4.2 Lap trinh nhung véi ngén ngir Arduino

Chuong trinh Arduino c¢6 thé dugc chia lam 3 phan: cau tric (structure), gia tri
(variables), ham va thu tuc (function).

4.2.1 Chu tric
4.2.1.1 setup()

Nhirng 1énh trong setup() s& dugc chay khi chwong trinh khéi dong, c6 thé sir dung n6
dé khai bao giatri cia bién, khai bao thu vién, thiét 18p cac thong $0,.. .Nhitng 1énh trong setup()
chi chay mét 1an dé khai bao.

Vi du
int led = 13;

void setup() {
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pinMode(led, OUTPUT);
h

Khi cap ngudn cho Arduino, 1énh “pinMode(led, OUTPUT);” s& dugc chay 1 1an dé
khai béo.

4.2.1.2 loop()

Sau khi setup() chay xong, nhiing 1énh trong loop() dugc chay. Ching s€ 1ap di lap lai
lién tuc cho t6i khi nao ngudn ctia board Arduino duogc ngit méi thoi.

Bit ctr khi ndo nhét nut Reset, chuong trinh s€ tro vé lai trang thai nhu khi Arduino méi
dugc cip ngudn,

Qué trinh nay c6 thé duoc miéu ta nhu so d6 dudi day

Arduino setup() { loop() {
|— | /lénh cuaban |——— 5| //1énh cua ban

3 }

durgce cap nguon

F Y

Bim nit Reset

_ NS

&

Vi du

void loop() {
digitalWrite(led, HIGH);
delay(1000);
digitalWrite(led, LOW);
delay(1000);

Lénh ¢ loop() s€ dugc chay va dugc lap di 1ap lai lién tuc, tao thanh mat chudi:
digitalWrite(led, HIGH);
delay(1000);
digitalWrite(led, LOW);
delay(1000);
digitalWrite(led, HIGH);
delay(1000);
digitalWrite(led, LOW);
delay(1000);
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digitalWrite(led, HIGH);
delay(1000);
digitalWrite(led, LOW);
delay(1000);
4.2.1.3 C1i phap mé rong
4.2.1.3.1 DAu cham phay «;”
Dung dé két thiic mot dong 1énh.
Vi du
int ledPin = 13;
Khi lap trinh néu quén dau ";" chuong trinh dich ctia Arduino s& ty dong do tim 161 nay
va thong bao chinh xac dong bi 10i.
4.2.1.3.2 Dau ngoac nhon “{}”

Nhiém vu cia “{}” 1a cung cip mét ¢t phap dé goi nhiing 1énh cho nhimg cau tric dic
biét nhu (if, while, for,...)

Vi du:
Trong ham va thu tuc
void myfunction(<kiéu dit liéu> <tham s6>){
<lénh>;
}
Vong lap
while (<diéu kién>)
{
<cau lénh>

}

do

<cau lénh>

} while (<diéu ki¢n>);

for (<khéi tao>; <dicu kié€n>; <budc>)

Bai giang lap trinh nhing 45



Chuong IV: Phan mém nhiing

<cu lénh>
}
Lénh ré nhanh
if (<diéu kién 1>)
{

<lénh 1>

}

else if (<diéu kién 2>)
{
<lénh 2>
b
else
{
<lénh 3>
}
4.2.1.3.3 Dong chii thich «//”

Dong chi thich s& gitp ghi cht cho timg dong code hodc trinh bay nhiém vu ciia né dé
nguoi doc ¢ thé hiéu duoc chuong trinh nay 1am duge nhitng gi. Dong cha thich s& khong
dugc Arduino bién dich nén cho du dong chi thich c6 dai dén dau thi ciing khong anh hudng
dén bo nho flash cua vi diéu khién.

Vi du
x =5; // Pay la dong chu thich

// né s& ghi cha tat ca nhiing chit (text, cau 1énh,... everything) ndm sau diu // cho dén khi
hét dong

4.2.1.3.4 Poan chi thich “/* */”

Ciing giéng nhu dong chii thich nhung dugc ghi trén dong khac nhau.
Vidu
/* Pay 1a doan chu thich

No s& "ghi cht" tat ca nhiing gi nam trong cap dau "/ *" va "* /"
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if (gwb == 0){ // C6 thé dung dong chu thich trong nay

x=3; /* nhung khong dugc dung mot doan chu thich khac, chuong trinh s& bi 16i ¢t phap
*/

}

// két thuc véi ky tu dong "* /"

*/

Dong chu thich thudng dung khi can ghi chi mot doan code. Poan chu thich thuong
dung dé debug mot doan code méi thém vao. Khi thém mot doan code méi vo tinh 1am cho
chuong trinh hoat dong 15i thi hiy thir dung doan cha thich dé danh dau 1a ghi chii nhiing dong
d6 (chuong trinh dich s& bo qua). Sau d6, xem thir chuwong trinh c6 chay dung hay khong, néu
¢6 16i thi mo rong dong chu thich 1én nhimg dong code trudc d6 nira, con néu khong thi thu hep
doan chi thich lai va tiép tuc thuc hién cho dén khi hét 15i.

4.2.1.3.5 #define

#define 1a mot d6i tuong ctia ngdn ngir C/C++ cho phép dat tén cho mot hang sd nguyén
hay hing s thuc. Trudc khi bién dich, trinh bién dich s& thay thé nhiing tén hing dang sir dung
bang chinh gia tri cta ching. Qua trinh thay thé nay duoc goi 1a qua trinh tién bién dich (pre-
compile).

Cu phap

#define [tén hang] [gi4 tri ctia hing]
Vi du

#define pi 3.14

Néu viét code nhur sau:

#define pi 3.14

floata=pi *2.0; / pi=6.28

thi sau khi pre-compile trudc khi bién dich, két qua la:
#define pi 3.14

floata=3.14 *2.0; // a=6.28
Luu y

Néu mot bién c6 tén tring véi tén hang sé duoc khai bao bang #define thi khi pre-
comile, bién 4y s& bi thay thé bang gia tri cta hang s kia. Hé qua tat yéu 1a khi bién dich,
chuong trinh s& bi 16i ca phap (khong dé dang nhéan ra diéu nay). Doi khi né ciing dan dén 15i
logic - mot 13i rat kho sira.

Néu viét code nhu sau:

#define pi 3.14
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float pi = 3.141592654;

thi sau khi pre-compile trudc khi bién dich, két qua 1a:
#define pi 3.14

float 3.14 = 3.141592654;  // 16i ct phap

Vi vdy, nén han ché tbi da viéc sir dung #define dé khai bao héng s6 khi khong can thiét. Co
thé sir dung cach khai béo sau dé thay thé:

const float pi = 3.14;
4.2.1.3.6 #include

#include cho phép chuong trinh tai mot thu vién da duoc viét sdn. Tuc 1a c6 thé truy
xuat duoc nhiing tai nguyén trong thu vién nay tir chuong trinh. Néu c6 mot doan code va can
sir dung n6 trong nhiéu chuong trinh, ¢6 thé dung #include dé nap doan code dy vao chuong
trinh, thay vi phai chép di chép lai doan code ay.

Cu phap
#include <[duong dan dén file chira thu vién]>
Vi du

Gia str ¢ thu muc cai dat Arduino IDE tén 1a ArduinolDE, thu vién ¢6 té€n la EEPROM (duoc
luu 6 \ArduinoIDE\libraries\EEPROM)\)

M5t doan code luu & file code.h nim trong thu muc function cua thu vién EEPROM thi dugc
khai bao nhu sau:

#include <function/code.h> //dudng dan day da:
\ArduinoIDE\libraries\EEPROM\function\code.h

4.2.1.4 To4n tir s6 hoc
4.2.1.4.1 Phép gén “="

Dung d¢ gan mét gia tri cho mot bien. Gia tri ndm trén phai, tén bién ndm bén trai ngan
cach nhau boi 1 dau bang.

Vi du

int sensVal; // Khai béo kiéu dit liéu cho bién sensVal la int

sensVal = analogRead(0); // dat gia tri cho sensVal 1a gia tri analog tai chan AQ
4.2.1.4.2 Phép cfng, phép trir, phép nhan, phép chia

Nhiing phép toan trén c6 nhi€m vu thuc hién viéc tinh toan trong Arduino. Tuy thude
vao kiéu dit liéu cuia cac bién hodc hing sé ma két qua tra vé ciia n6 co kiéu dir liéu nhu thé
nao. Néu 1a kiéu sé nguyén thi no ciing s& overflow. Va néu cac gia tri dua vao 1a s6 thuc thi
dugc phép st dung cac dau chdm "." dé ngan cach phan nguyén va phan thuec.
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Vidu
y=y+3;
Xx=x-7;
1=]%*6;
r=r/5;
Cu phap
result = valuel + value2;
result = valuel - value2;
result = valuel * value2;
result = valuel / value2;
Tham sé
valuel: 1a mot sb ¢ bat ky kiéu dir liéu nao
value2: 12 mot sd & bat ky kiéu dix liéu nao
4.2.1.4.3 Phép chia liy dw
Phép chia 1y du 1a phép 1iy vé phan du ctia mot phép chia cac sd nguyén.
Cu phap
<ph?1n du> = <sb bi chia> / <s chia>;
Vidu
x=7%35; //xbaygiola2
x=9%S5; //xbaygiola4
x=5%235; //xbaygiola0
x=4%35; //xbaygiola4
Ma ldp trinh tham khdo
/* cap nhap lai gia tri trong ham loop */
int values[10];
inti=0;

void setup() {}

void loop()

{
values[i] = analogRead(0);
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i=(i+1)%10; //gi4 tri ciia bién i s& khong bao gio vuot qua 9.

b
Luuy

Phép chia lay du khong kha dung véi kiéu dir liéu float

4.2.1.5 Toan tir so sanh

Céc toan tir so sanh thuong dung d€ so sanh 2 s6 c6 cung mot kieu dir liéu.

Toan tir | Y nghia Vi du
== So sanh bang (a ==Db) tra vé TRUE néu a bang b va nguoc lai
So sanh khong
I= bing (a !="b) tra vé TRUE néu a khac b va nguoc lai
(a > b) tra vé TRUE néu a 16n hon b va FALSE néu a bé hon
> So sanh 16n hodc bang b
< So sanh bé (a <b) tra vé TRUE néu a bé hon b va FALSE néu nguoc lai
<= B¢ hon hoic bang | (a <= b) twong duong véi ((a <b) or (a =b))
Lén hon hoac
>= bang (a >=Db) tuong duong vai ((a > b) or (a =b))
4.2.1.6 TOAN TU LOGIC

Toan tir | Y nghia | Vi du
and (a && b) tra vé TRUE néu a va b déu mang gia tri TRUE. Néu mét trong a
(&&) |Va hodc b 1a FALSE thi (a && b) tra vé FALSE

(a || b) tra vé TRUE néu c6 it nhét 1 trong 2 gia tri a va b 1a TRUE, tra vé
or(||) |Hoiac |FALSE néua vab déu FALSE

Phu

not(!) |dinh néu a mang gia tri TRUE thi ('a) 1a FALSE va nguoc lai

(a " b) tra vé TRUE néu a va b mang hai gia tri TRUE/FALSE khac nhau,
xor (") |Loai trir |cac truong hop con lai tra vé FALSE

4.2.1.7 To4n tir hgp nhit

4.2.1.7.1 Cong mot, trir mot

Tang hoac trir mot bién di 1 don vi.

Bai giang lap trinh nhing 50




Chuong IV: Phan mém nhiing

Cu phap

x++; //ting x 1én 1 gia tri va tra vé gia tri cii cia x
++x; //ting x 1én 1 gia tri va tra vé gia tri m&i clia x
X--; //trex 1€n 1 gia tri va tra vé gia tri cli cua x
--x; //trir x 1€n 1 gia tri va tra vé gia tri méi cua x
Tham sé

x: bat ky kiéu s6 nguyén nao (int, byte, unsigned int,...)

Trd vé

Gié tri cii cua bién hodc gia tri méi da dugce cong / hoac bi trir cua bién éy.
Vi du

X=2;

y=++x; //xbaygio co giatrila3, vay cling co gid trila3

y=x--; //x by gid di tro lai voi gia tri 2, nhung y khong doi van 1a 3

4.2.1.7.2 Cac phép toan rit gon

Cung cap mot s6 phép toan rit gon dé viét code trong dep hon va dé nhé hon.

Cu phap

x+=vy; // gidng nhu phép toan x =x +y;
x -=y; // giéng nhu phép toan x =x - y;
X *=y; // gibng nhu phép toan x = x * y;
X /=y; // giébng nhu phép toan x =x/y;
Tham sé

x: moi kiéu dit liéu

y: moi kiéu dit liéu hodc hing sd

Vi du

X =2;

x+=4; //xbaygidocogiatrila6
x-=3; //xbay gio co gia trila3

x *=10; //x bay gio co6 gia tri 1a 30
x/=2; //xbaygiocodgiatrilals
4.2.1.8 Chu tric diéu khién

4.2.1.8.1 Cau Iénh if, if...else
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Cu phap:

if ([biéu thirc 1] [toan tir so sanh] [biéu thirc 2]) { //biéu thirc diéu kién
[cAu lénh 1]

}else {
[cau lénh 2]

Néu biéu thie diéu kién tra vé gia tri TRUE, [cau Iénh 1] s& dugc thuc hién, nguoc
lai, [cau Iénh 2] s& duoc thuc hién.

Vi du:

inta=0;

if(a==0) {
a=10;

} else {

Lénh if khong bét bude phai c6 nhom Iénh nam sau tir khoa else

inta=0;

if (a==0) {
a=10;

}

/la=10

C6 thé két hop nhiéu biéu thuc diéu kién khi sir dung 1énh if. Chu y ring mdi biéu thic
con phai dugc bao béng mot ngodc tron va phai ludn c6 mot cap ngodc tron bao toan bo biéu
thirc con.

Cich viét ding Cach viét sai
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inta=0;

if (a=0) && (a< 1)) {

inta=0;

if(a==0)&& (a<1) {

a=10; a=10;
h h

inta=0;
ifa=—0&&a<l1){
a=10;

Chu y:
e a=10; la mot cau lénh gan, gia tri logic cua noé luon la TRUE (vi lénh gan nay luén thuc
hién duoc)

o (a==10) la mét biéu thirc logic cé gid tri TRUE hay FALSE tily thugc vao gid tri ciia bién

a.
Néu:
inta=0;
if(a=1) {
a=10;

}

... thi gi tri ctia a s& bang 10, vi (a = 1) 1a mdt cau 1énh gan, trong truong hop nay né dugc
xem nhu mét biéu thirc logic va ludn tra vé gia tri TRUE.

4.2.1.8.2 Cau lénh switch...case
Giéng nhu if, switch / case cling 1a m¢t dang 1énh néu thi, nhung n6 duoc thiét ké chuyén
biét dé xur 1y gia tri trén mot bién chuyén biét.
Vi du, c6 mét bién 14 action s& nhan trj tir nhitng module khac qua serial. Nhung action
s& nam trong mot cac gia tri nao do thi luc nay hay sir dung switch / case.
Vidu
switch (action) {
case "callMyMom":
//goi dién cho me¢ cua toi
break;
case "callMyDad":
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//goi dién cho ba cua t6i
break;
default:
// mac dinh 1a khéng lam gi ca
// ¢6 thé c6 default: hodc khong
}
Cu phap
switch (var) {
case label:
//doan 1énh
break;
case label:
// Boan 1énh
break;
/%
case ... more and more
*/
default:
// statements
}
Tham s
var: bién mudn so sanh
label: s& dem gia tri cia bién SO SANH BANG véi nhin nay
4.2.1.8.3 Vong lap for

Ham for ¢6 chirc nang lam mot vong l1ap. Ham for 1am di lam lai mét cong viéc c6 mot
tinh chit chung nao d6. Ching han, bat tit mot con LED thi dung digitalWrite xuat HIGH delay
roi lai LOW r6i lai delay. Nhung néu mu6n 1am nhiéu hon 1 con LED thi doan code s& dai ra.

Vi du:
Hay xudat 10 chi sé (tir 1 - 10) ra Serial.
Khéng dung ham for
void setup() {
Serial.begin(9600);

Bai giang lap trinh nhing 54



Chuong IV: Phan mém nhiing

Serial.println(1);
Serial.println(2);
Serial.println(3);
Serial.println(4);
Serial.println(5);
Serial.println(6);
Serial.println(7);
Serial.println(8);
Serial.println(9);
Serial.println(10);

}

void loop() {
// khong lam gi ca;

}

Khi stt dung ham for:

void setup(){
Serial.begin(9600);
int 1;
for (i = 1;i<=10;i=i+1) {

Serial.println(i);

h
void loop(){

}

Ciu triic

Theo vi du trén, doan code sit dung ham for nhu sau:
for (i=1;i<=10;i=1+1) {

Serial.println(i);

Ham for trong vi du nay sé :

Chdc chdn né sé xir Iy doan code Serial. printin(i); 10 lan
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Chay tir vi tri xudt phdt la 1, dén vi tri két thic la 10 //i =1 ;i <= 10

Cir méi lan budce xong (tinh luén ca vi tri xudt phat tai thoi diém i = 1) thi né lai chay
lénh Serial. println(i);. Trong dé bién i, goi la bién con chay

Mbi lan chay xong, i lai budc thém 1 budc nita. Chirng ndo ma thang i con <= 10 thi né con

quay vé buéce 3
Ham for duoc chia lam 2 loai

For tién (xuét phat ttr mét vi tri nho chay dén vi trf 16n hon) <vi tri két thuc> bé hon <vi tri két
thuc>

for (<kiéu dit liéu nguyén> <tén thang chay> = <vi tri xuat phat>; <tén thang chay> <=

<vj tri két thuc>; <tén thang chay> += <mdi lan budc may budc>) {
<doan cau lénh>;
}

For lui (xuﬁt phat tr mét vi tri lon chay vé vi tri nho hon) <vi tri Xuét phat> 16n hon <vi tri két

thac>

for (<kiéu dir liéu nguyén> <tén thing chay> = <vi tri xuat phat>; <tén thang chay> <=
<vj tri két thuc>; <tén thang chay> -= <mdi lan It may budc>) {

<doan cau l1énh>;
}
Cu phap chinh cua ham For:
for (<bién chay> = <start>;<diéu kién>;<buodc>) {
//1énh
§
4.2.1.8.4 Vong lap while

Vong lip while 12 mot dang vong lap theo diéu kién, khong thé biét trude s6 1an lip cia
n6, nhung c6 thé quan 1y liic nao thi n6 ngig lap!

While la mot vong lap khong biét trude sé lan lap, no dva vao diéu kién, diéu kién con dung
thi con chay.

Chay mét doan 1énh (trong d6 cé nhitng ham anh huong dén diéu kién).
Cu phap

while (<diéu kién>) {

//cac doan 1énh;

}
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Vidu

int day = 1;

int nam = 2014; // Nam 2014

while (day < 365) { /Ching nao day < 365 thi con chay (<=364). Khi day == 365 thi hét 1

nam...
day +=1;//
delay(60*60%24);// Mot ngay c6 24 gid, mdi gio c6 60 phit, mdi phit c6 60 gidy
}
nam += 1; //... bay gio da la mot ndm moi ! Chiic mirng ndm moi :)
4.2.1.8.5 Cau lénh break

break 1a mot 1€nh c6 chirc nang dirng ngay 1ap tirc mot vong 1ap (do, for, while) chira
n6 trong d6. Khi dimg vong lip, tt ca nhitng 1énh phia sau break va & trong vong lap chiu anh
hudng cua no s€ bi bd qua.

Vi du
inta=0;
while (true) {
if (a ==5) break;

a=a+tl;

/la=5

while (true) {
while (true) {
at++;

if (a > 5) break;
b

at++;
if (a > 100) break;

b

/la=101

4.2.1.8.6 Cau Iénh continue
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continue la mot 1énh c6 chiic nang bo qua mot chu ki 1ap trong mot vong lap
(for, do, while) chira n6 trong dé6. Khi goi 1€nh continue, nhiing 1énh sau né va ¢ trong cung
vong lap v6i no s& bi bé qua dé thue hién nhitng chu ki lip ké tiép.

Vidu
inta=0;
inti=0;

while (1 <10) {

i=i+1;

continue;

a=1;

}
//a van bang 0
4.2.1.8.7 Cau lénh return
return ¢6 nhiém vu tra vé mot gia tri (cung kiéu dit liéu véi ham) ma né dugc goi!

Cu phap
return;
return value; // ca 2 déu ding
Théng so
value: bat ky gia tri hoac mot déi tuong.
Vidu
//Ham kiém tra gia tri ctia cam bién c6 hon mot ngudng nao d6 hay khong
int checkSensor() {

if (analogRead(0) > 400) {

return 1;
else{
return 0;

}
4.2.1.8.8 Cau Iénh goto

Goto c6 nhiém vy tam dung chuong trinh roi chuyén dén mot nhan di duoc dinh
trudce, sau do6 lai chay tiép chuong trinh!

Cu phap

label: //Khai bao mét nhan c6 tén 1a label
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goto label; /Chay dén nhan label roi sau d6 thuc hién tiép nhiing doan chwong trinh sau nhin
do

Lénh goto chi hitu ich khi dang ding nhiéu vong l3p qué va mudn thoat khoi né mot cach nhanh
chong.

Vi du
for(byte r = 0; r <255; r++){
for(byte g = 255; g > -1; g--){
for(byte b = 0; b < 255; b++){
if (analogRead(0) > 250){ goto bailout;}

//thém nhiéu ciu 1énh nita

}

bailout:

4.2.2 Gia tri
4.2.2.1 Hiing s6
4.2.2.1.1 HIGH

Trong ldp trinh trén Arduino, HIGH la mét hang sé ¢6 gid tri nguyén la 1. Trong dién
tir, HIGH la mét muee dién dp [om hon 0V. Gia tri cua HIGH dwoc dinh nghia khac nhau trong
cdc mach dién khdac nhau, nhung thuong dwoc quy woc ¢ cac miec nhw 1.8V, 2.7V, 3.3V 5V,
12V, ...

HIGH la mét hang so cé gid tri nguyén la 1
Xét 2 doan code vi du sau:

int led = 13;

void setup() {
pinMode(led, OUTPUT);
digitalWrite(led, HIGH);

b

void loop() {

}

Doan code nay c6 chirc ning bat sang dén led ndi véi chan sé 13 trén mach Arduino
(Arduino Nano, Arduino Uno R3, Arduino Mega 2560, ...).
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int led = 13;
void setup() {

pinMode(led, OUTPUT);

digitalWrite(led, 1);
}
void loop() {
}
S& xudt hién 2 van dé:
Trong doan code thu 2, "HIGH" d3 dugc sua thanh "1".
Dén led trén mach Arduino van sang binh thudng véi 2 chuong trinh khac nhau.
Diéu nay khing dinh "HIGH la mét hiang s6 ¢ gid tri nguyén la 1" da néu & trén.
HIGH la mét dién dap lon hon 0V

bién ap (dién thé) tai mot diém 1a tri s6 hiéu dién thé gitia diém d6 va cuc Am cua nguén

dién (0V). Gia st ta c6 mot vién pin vudng 9V thi ta c6 thé ndi di¢n ap & cuc duong cua cuc
pin 1a 9V, hodc hi¢u dién the gilia 2 cuc cta cuc pin la 9V.

bién ap & mic HIGH khong co6 gia tri cy thé nhu 3.3V, 5V, 9V, ... ma trong mdi loai
mach dién, né c6 tri s6 khac nhau va di dwoc quy uwdc trude. Trong cac mach
Arduino, HIGH dugc quy udc 1a mirc 5V mic du 4V van co thé duoc xem 1a HIGH. Vi du nhu
trong mach Arduino Uno R3, theo nha san xuat, dién ap duoc xem la & miac HIGH nam trong
khoang tir 3V dén 5V.

Du HIGH khéng ¢6 mdt tri s6 nao rd rang nhung nhét quyét rang gia tri ctia n6 ludn 16n
hon OV.

4.2.2.1.2 LOW

Trong ldp trinh trén Arduino, LOW la mét hang sé ¢é gia tri nguyén la 0. Trong dién
tir, LOW la mitc dién ap OV hodc gan bang 0V, gid tri nay dwoc dinh nghia khdc nhau trong
cdac mach dién khdc nhau, nhung thuong la OV hodc hon mot chut xiu.

LOW la mét hing sé c6 gid tri nguyén la 0
Xét 2 doan code vi du sau:
int led = 13;
void setup() {
pinMode(led, OUTPUT);
}
void loop() {
digitalWrite(led, HIGH);
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delay(1000);
digitalWrite(led, LOW);
delay(1000);

Poan code nay ¢ chirc nang bat 1am led chdp tit ndi v6i chan sé 13 trén mach Arduino
vo6i thoi gian delay 1a 1s (Arduino Nano, Arduino Uno R3, Arduino Mega 2560, ...).

int led = 13;
void setup() {

pinMode(led, OUTPUT);
}
void loop() {

digitalWrite(led, HIGH);

delay(1000);

digitalWrite(led, 0);

delay(1000);
}
S& xudt hién 2 van dé:
Trong doan code thu 2, "LOW" d3 dugc sua thanh "0".
Dén led trén mach Arduino van chép tat binh thuong véi 2 chuong trinh khic nhau.
Diéu nay khing dinh "LOW la mét hing s ¢6 gid tri nguyén la 0" da néu & trén.
LOW la mgt dién ap lon hon 0V

bién ap (dién thé) tai mot diém 1a tri sb hiéu dién thé gitia diém d6 va cuc Am cua nguén

dién (0V). Gia st ta c6 mot vién pin vudng 9V thi ta co thé ndi dién ap & cuc dwong ciia cuc
pin 12 9V, ¢ cuc am 1a 0V, hodc hi¢u dién thé gitia 2 cuc cua cyc pin 1a 9V.

bién ap 6 miic LOW khong c6 gia tri cu thé nhu 3.3V, 5V, 9V, ... ma trong mdi loai
mach dién, né6 c6 mot tri sé khac nhau nhung thwong 1a 0V hoiic gan bang 0V. Trong cac
mach Arduino, LOW dugc quy udc 1a mirc OV méc du 0.5V van c6 thé dugc xem 1a LOW. Vi
du nhu trong mach Arduino Uno R3, theo nha san xuét, dién ap dugc xem la & muc LOW nim
trong khoang tir 0V dén 1.5V & cac chan 1/O.

4.2.2.1.3 Thiét @it Digital Pins nhw 13 INPUT, INPUT_PULLUP, va OUTPUT
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Chan vi diéu khién c6 thé dugc sir dung nhu 1a INPUT, INPUT PULLUP , hoic
OUTPUT. B¢ thay ddi cach sir dung mot pin, chiing ta sir dung ham pinMode().

Céu hinh mgt pin la INPUT

Céc pin cta Arduino ( Atmega ) duoc cdu hinh 1a mot INPUT véi pinMode ( ) ¢6 nghia
1a 1am cho pin dy c6 trd khang cao (khéng cho dong dién di ra) . Pin duoc cau hinh 1a INPUT
lam viéc ti€u thu nang luong dién ctiia mach rat nho, nd tuong duong véi mot loat cac dién trd
100 Mega-6m & phia trudc cia pin . Pidu nay lam cho ching cyc ki hitu ich cho viéc doc mot
cam bién, nhung khong cung cap nang lwong mot dén LED. Khi mét pin dugc cdu hinh 1a
INPUT thi s& dé dang doc dugc cac tin hiéu dién (C6 dién <= 5V).

Néu di cdu hinh pin la INPUT va mudn pin c6 mot tham chiéu dén GND (cuc am),
thuong dugc thyc hién vai mot dién tré kéo xuéng.

Cdu hinh mét pin la INPUT PULLUP

Chip Atmega trén Arduino c6 ndi kéo 1én dién trd (dién trd két nbi v6i hé théng dién
ndi bo) co thé truy cap. Néu khong thich méc thém mét dién tré & mach ngoai, co thé dung
tham s INPUT_PULLUP trong pinMode(). Mic dinh khi khong duoc két nbi véi mot mach
ngoai hoac duogc két ndi véi cuc duong thi pin s€ nhén gia tri 1a HIGH, khi pin dugc thong téi
cuc am xuéng GND thi nhén gia tri 1a LOW.

Cdu hinh mét pin la ddu ra (OUTPUT)

Dé thiét dit pin 1a mot OUTPUT, chung ta dung pinMode ( ), didu nay c6 nghia 1a lam
cho pin ay c6 mot tré khang thap (cho dong dién di ra). Pin s& cung cap mot luong dién dang
ké cho cac mach khac . Pin ciia vi diéu khién Atmega co thé cung cip mot ngudn dién lién tuc
5V hodc tha chim ( cho dién thé bén ngoai chay vao ) 1én dén 40 mA ( milliamps ).
Luc bay gio, néu lam ngin mach (digital Write 1 pin 1a HIGH rdi ndi truc tiép dén cuc 4m hodc
digitalWrite 1 pin 1a LOW rdi méc truc tiép dén cuc dwong) thi mach sé& bi hong. Ngoai ra, véi
dong dién chi 40mA thi trong mot s6 truong hop ching ta khong thé 1am cho mé to hodc relay
hoat dong dugc. Pé lam chung hoat dong thi chung ta can chuén bj cho minh mét sd mach s
dung cac IC khuéch dai chuyén dung (goi 12 mach giao tiép)

4.2.2.1.4 LED_BUILTIN

Hau hét cac mach Arduino déu c6 mot pin két ndi voi mot on-board LED (led nam trén
mach) nbi tiép voi mot dién tré, chung c6 gia tri 1a 13. LED BUILTIN la mot hang s thay thé
cho viéc tuyén bd mot bién co gia tri diéu khién on-board LED.

4.2.2.1.5 true

true 12 mot hang logic, ciing c6 thé HIEU true 13 mot hing sd nguyén mang gié tri 1a

1. Trong cac biéu thirc logic, mot hang s hay gi4 tri cia mot biéu thirc khac 0 duge xem nhur
la mang gia tri true.

Luuy
Khong dugc viét "true" thanh TRUE hay bat ki mot dang nao khac.
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Céc gia tri sau la tuong duong nhau: true, HIGH, 1
4.2.2.1.6 false

Trai lai v6i true, false 1a mot hang logic c6 gié tri 1a phu dinh ctia true (va nguoc lai), tirc
1a (!true) = false, ciing c6 thé HIEU false 1a mot hing s6 nguyén mang gié trj 13 0. Trong céac
biéu thirc logic, mot hang s6 hay gia tri ctia mot biéu thirc bang 0 dugc xem nhu 13 bang false.

Luuy

Khong duoc viét "false" thanh FALSEhay bat ki mot dang nao khac.
Cac gia tri sau 1a tuong duong nhau: false, LOW, 0

4.2.2.1.7 Hing s6 nguyén

Hang sd nguyén 1a nhiing con s6 duoc sir dung truc tiép trong chuong trinh. Theo mic
dinh, nhitng con s nay c6 kiéu 1a int (trong pascal thi kiéu int giéng nhu kiéu integer).

Vidu
if (a>=10) {
a=0;

O day 0 va 10 dugc goi 1a nhitng hang nguyén.

Thong thuong, cac hang sd nguyén dugc biéu thi dudi dang thap phan, nhung c6 thé
biéu thi chung trong cac hé co s6 khac nhu sau:

H¢ co' s6 Vi du Pinh dang Ghi chi

10 (thap phan) 159 biéu thi bang céc chit s6 tir 0 dén 9

bat dau bang 'B' (hoic
2 (nhi phan) B1111011{'0B" biéu thi bang 2 chirs6 0 va 1

8 (bat phan) 0173 bét dau bang '0' biéu thi bang céac chir sb tir 0-7

biéu thi bﬁng cac chit s6 tir 0-9 va ki tu
16 (thap luc phan) | 0x7B bat dau bang '0x' tir A-F (hoic a-f)

Hé thap phén (decimal) 13 hé co s 10, ciing 1a hé co s duge dung phd bién nhat.
Vi du:
inta=101; //co6 giatrila 101 ¢ h¢ thap phan ((1 * 10°2) + (0 * 10"1) + 1)

Hé nhi phan (binary) 1 hé co s6 2, chi duoc biéu thi boi 2 chit s6 "0" va "1", ¢6 tién t6 "B"
(d6i khi 1a "0B") dung dau

Vi du:
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inta=B101; //cogiatrilas ¢ h¢ thap phan ((1 *272)+ (0 *2”1)+ 1)

Céc dinh dang nhi phan chi hoat dong trén byte (8 bit) gitra 0 (BO) va 255 (B11111111).
Néu mubn sir dung hé nhi phan trén mot sé nguyén int (16 bit) thi phai thuc hién quy trinh 2
budc nhu sau:

long myInt = (B11100000 * 256) + B11111111; / myInt=B1110000011111111
Hé bat phan (octal) 1a hé co s6 8, chi dung cac chit sb tir 0-7 dé biéu thi, co tién t6 "0" ding
dau
inta=0101; //co gia trila 65 ¢ hé thap phan ((1 * 82)+ (0 * 8*1)+ 1)

Chu y:

Rt khé dé tim 16i mot cach dé dang néu khong can thin hodc khong thanh thao trong viéc
s dung hé bat phan.

Gid sir muon khai bdo mét hang sé nguyén & hé thdp phan vi du 161, nhung do dat thém
s6 0 phia truée. => chwong trinh dich hiéu sai hé s6 dang sir dung => sinh ra 16i logic khién

chuwong trinh chay sai.

H¢ thap luc phén (hexadecimal) 1a hé co s6 16, chi dung céc chit s6 tir 0-9 va A-F (hoic a-f)
dé biéu thi; A dai dién cho 10, B 1a 11, 1én dén F 1a 15. Cac chir s6 dung & hé nay co tién t6

"0x" dung trudc

Vi du:

inta=0x101; //co gia tri la 257 trong hé thdp phan ((1 * 16°2) + (0 * 16"1) + 1)
Hiuté Uva L

Theo mac dinh, mot héng ) nguyén dugc coi la mot sb nguyén kiéu int voi nhitng han
ché trong giao tiép gitra cac gia tri. Pé xac dinh mot hang sé nguyén véi mot kiéu dir liéu khac
phai tudn theo quy tic sau:

Dung 'u' hoic 'U' dé biéu thi kiéu dir liéu unsigned (khong am). Vi du: 33u
Dung 'l' hodc 'L' dé biéu thi kiéu dir liéu long. Vi du: 100000L
Dung 'ul' hodc 'UL' dé biéu thi kiéu dit liéu unsigned long. Vi du: 32767ul
4.2.2.1.8 Hiing s6 thuc

Twong ty nhu hang sd nguyén, hiang s6 thuc (floating point constants) ciing ¢ cach lam
viéc va su dung tuong ty. Khi viét mot biéu thurc tinh toan, gia tri clia biéu thurc nay s€ dugc
tinh ra va trinh bién dich sé& thay thé biéu thirc ndy bang mot hiang s6 thuc da tinh ra duogc. Dicu
d6 goi y rang trong nhitng chwong trinh 16n, dé giam thoi gian bién dich nén tinh trudc gia tri
ctia nhitng biéu thirc thay vi bat trinh bién dich tinh toan.
Vidu
float a =.159;
floatb=10.159; //a=b
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Dé biéu thi nhitng hﬁng s6 thuc c6 gia tri cuc 16n hoac cuc nhd phai st dung 2 ki hi¢u
khoa hoc Ia "E" va "e".

Hang s6 thue Y nghia Gia tri

10.0 10

2.34E5 2.34 *10° 234000

67e-12 67.0 * 10712 0.000000000067

4.2.2.2 Kiéu dir liéu
4.2.2.2.1 void

"void" 1a mot tir khoa chi dung trong viéc khai bao mot function. Nhiing function dugc
khai bao voi "void" sé khong tra vé bat ki dir liéu nao khi dugc goi.

Vidu
led = 13;
void setup() {
pinMode(led, OUTPUT);
b
void loop() {
blink();
b
void blink() {
digitalWrite(led, LOW);
delay(1000);
digitalWrite(led, HIGH);
delay(1000);
b
Gidi thich
"blink" 1a mot function dugc dinh nghia véi tir khoa "void", do d6 néd khong tra vé mot gia tri
nao. Nhiém vu cua "blink" chi la Iam nhap nhay dén LED ¢ chan s6 13 trén mach Arduino.

C6 thé thdy rang nhing function kiéu nay khong dung 1énh "return" dé tra vé gia tri cua
function.

4.2.2.2.2 boolean
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M5t bién duge khai bao kiéu boolean sé& chi nhan mot trong hai gia tri: true hoac false
va s& mat 1 byte bo nhd cho diéu do.

Luu y
Nhing cip gi4 tri sau la trong duong nhau. Vé ban chat, chiing déu 1 nhing hang s

nguyén voi 2 gid tri 0 va 1:
true - false
HIGH - LOW
1-0
Vi du:
int led = 13;
boolean led_status;
void setup() {

pinMode(led, OUTPUT);

led status =true; //led & trang thai bat
}
void loop() {

digitalWrite(led, led_status); // bat den, led status =1

delay(1000);

digitalWrite(led, !led_status); // tat dén, !led status =0

delay(1000);
}
4.2.2.2.3 char

Kiéu dir liéu nay 1a kiéu dit liéu biéu dién cho 1 KY TU (néu can biéu dién mot chudi

trong chuong trinh Arduino can st dung kiéu dit li€u String). Kic¢u dit liéu nay chiém 1 byte bd
nho. Kieu char chi nhan cac gia tri trong bang ma ASCII. Kiéu char dugc luu dudi dang 1 so

nguyén byte c6 sd 4m (c6 cac gia tri tir -127 - 128), thay vi thiét dit mot bién kiéu char c6 gia
tri 1a'A’, c6 thé dit 1a 65.

Vi du

char myChar ="'A";

char myChar = 65;  // ca 2 cach khai bao déu hop 1¢
4.2.2.2.4 unsigned char

Gidng kiéu char, tuy nhién kiéu unsigned char lai biéu hiéu mot s6 nguyén byte khong
am (gia tri tir 0 - 255).
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Vidu
unsigned char myChar = 240;
4.2.2.2.5 byte

La mot kiéu dit liéu biéu dién sd nguyén nam trong khoang tir 0 dén 255, sé mat 1 byte
bd nhé cho mdi bién mang kiéu byte

Vidu
byte a=123; //khai bao bién a mang kiéu byte, co gia tri 1a 123
4.2.2.2.6 int

Kiéu int 1a kiéu s6 nguyén chinh duoc dung trong chuong trinh Arduino, Kiéu int chiém
2 byte bd nho.

Trén mach Arduino Uno, né c6 doan gia tri tir -32,768 dén 32,767 (-2!5 dén 2'5-1) (16
bit)

Trén mach Arduino Due, né c6 doan gia tri tr -2,147,483,648 dén 2,147,483,647 (-
231 @én 231-1) (32 bit) (lac nay no chiém 4 byte bo nhd)

Vi du

int ledPin = 13;

Cu phap

int var = val;

var: tén bién

val: gia tri

Mt 56 thii thudt Idp trinh

int x;

x =-32768;

x =X - 1; // x s&€ nhan gia tri 1a 32767

int x;

x =32767;

X ++; // x s&€ nhan gia tri -32768
4.2.2.2.7 unsigned int

Kiéu unsigned int 13 kiéu sb nguyén nam trong khoang tir 0 dén 65535 (0 dén 2'6 - 1).
MB&i bién mang kiéu dit liéu nay chiém 2 byte bd nhé.
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Luu y

Trén Arduino Due, unsigned int c6 khoang gia tri tir 0 dén 4,294,967,295 (232 - 1) (ltc
nay n6 chiém 4 byte bo nhg)

C6 thé d& dang nhan ra rang kiéu dit liéu nay khong chira cac gi tri 4m so v&i kiéu int.
Cu phap
unsigned int [tén bién] = [gi4 tri];
Vidu
unsigned int ledPin = 13;
Luwu y diic bi¢t (néi chung cho cac kiéu dir li¢u unsigned)

Khi mét bién kiéu unsigned int dugc gan tri vugt ngoai pham vi gia tri (bé hon 0 hodc
l6n hon 65525), gia tri cua bién nay s€ tu dong duogc déy 1én gidi han trén hodc gidi han dudi
trong khoang gia tri ctia no.

Vi du

unsigned int x = 0; // x nhan gia tri trong khoang tir 0 dén 65535
x=x-1 //x=0-1 =65535(gioi han trén cia x)
x=x+1 //x=65535+1=0 (gidi han dudi cua x)
4.2.2.2.8 word

Gidng nhu kiéu unsigned int, kiéu dir liéu nay 1a kiéu s6 nguyén 16 bit khong 4m (chua
céc gid tri tir 0 dén 65535), va n6 chiém 2 byte bo nhd!

Vidu
word w = 10000;
4.2.2.2.9 long

long 1a mot kiéu dir liéu mé rong cua int. Nhing bién c6 kiéu long c6 thé mang gia tri
32bit tir -2,147,483,648 dén -2,147,483,647, sé mat 4 byte bd nhd cho mot bién kiéu long.

Khi tinh toan véi s6 nguyén (bién kiéu inf) phai thém hau t6 "L" phia sau cac s6 nguyén
kiéu int dé chuyén ching sang kiéu long. Viéc tinh toan (cong, trir, nhan,...) giita 2 s thudc 2
kiéu dir liéu khac nhau 1a khong dugc phép.

Vidu

long a = 10;

longb=a+ 10L /b= 20
4.2.2.2.10 unsigned long

Kiéu unsigned long 14 kiéu s6 nguyén niam trong khoang tir 0 dén 4,294,967,295 (0 d&én
232 . 1). Mbi bién mang kiéu dit liéu nay chiém 4 byte bo nhé.
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Vidu
unsigned long time;
void setup()

{
Serial.begin(9600);

h
void loop()

{
Serial.print("Time: ");
time = millis();
Serial.println(time);//Xuﬁt thoi gian luc chay hét doan 1énh trén

delay(1000);//Ding chuong trinh trong 1 gidy. Liic nay s& tam dimg hé théng, khong thé chay
bat ctr 1énh gi trong thoi gian delay

¥
4.2.2.2.11 short

Gidng kiéu int, tuy nhién trén moi mach Arduino n6é déu chiém 4 byte bd nhé va biéu
thi gia tri trong khoang -32,768 dén 32,767 (-2'5 dén 25-1) (16 bit).

Vidu
short ledPin = 13;
Cu phap
short var = val,
var: tén bién
val: gia tri
4.2.2.2.12 float
bé dinh nghia 1 kiéu sd thuc, c6 thé su dung kiéu dit liéu float. Mot bién dung kiéu dir
lidu nay c6 thé dat mot gia tri nam trong khoang -3.4028235E+38 dén 3.4028235E+38. N6
chiém 4 byte bd nhé.
Véi kiéu dit liéu float c6 tir 6-7 chit s6 ¢6 nghia ndm & bén mdi bén dau ".", Piéu do6 co
nghia rang co6 thé dat mot sb thuc dai dén 15 ky tu (bao gdbm déu .)

Luuy

Dé biéu dién gia tri thuc ctia mot phép chia phai 1a 2 s6 thyc chia 1dn nhau. Vi du: xir Iy
phép tinh 5.0 /2.0 thi két qua s& tra vé 1a 2.5. Nhung néu ma xir 1y phép tinh 5 / 2 thi két qua
s& 14 2 (vi hai s6 nguyén chia nhau s& ra mot s6 nguyén).
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Vidu

float myfloat;

float sensorCalbrate = 1.117;

Cu phap

float var = val,

var: tén bién

val: gia tri

Code tham khdo

int x;

inty;

float z;

x=1;

y=x/2; /]y s&tra vé két quala 0
z = (float)x / 2.0; //z s& c6 két qua 12 0.5 (nhap 2.0, chir khong phai 1a 2)
4.2.2.2.13 double

Giéng nhu kiéu float, nhung trén mach Arduino Due thi kiéu double lai chiém dén 8
byte bo nhé (64 bit). Vi vay hiy can than khi sir dung kiéu dir liéu nay.

4.2.2.2.14 Array

Array 12 mang (tip hop cic gia tri c6 lién quan va dugc danh diu bang nhimg chi
s0). Array dugc ding trén Arduino chinh 14 Array trong ngén ngit lap trinh C.

Cadc cach khdi tao mot mdang

int mylInts[6]; // tao mang mylInts chira tdi da 6 phan tir (dugc danh dau tir 0-5), cac phan tir nay
déu co kiéu 1a int => khai bao nay chiém 2*6 = 12 byte bo nh¢

int myPins[] = {2, 4, 8, 3, 6}; // tao mang myPins chira 5 ph?m to (l?m lugtla 2, 4,8, 3, 6). Mang
nay khong gidi han sé lugng phan tir vi ¢ khai bao 1a "[]"

int mySensVals[6] = {2, 4, -8, 3, 2}; // tao mang mySensVals chtra t6i da 6 phan ti, trong d6 5
phan tir dau tién co gia tri 1an luot 1 2, 4, -8, 3, 2

char message[6] = "hello"; // tao mang ky tu (dang chudi) co tdi da 6 ky tu!
Truy cdp cdc phin tir trong méng

Chu y: Phan tir dau tién trong mang lu6n duge danh dau 1 s6 0.
mySensVals[0] == 2, mySensVals[1] == 4, vang vang

Diéu ndy co nghia rang, viéc khai bao mot mang c6 t6i da 10 phan tir, thi phan tir cudi
can (thr 10) duoc danh diu 13 s6 9
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int myArray[10]={9,3,2,4,3,2,7,8,9,11};
// myArray[9] cogiatrilall
// myArray[10] s& tra vé mot gia tri "hén xui" nam trong khoang gia tri cua int

Vi véy, hdy cha y trong viéc truy cap dén gia tri trong mang, néu mudn truy cap dén

phan tir cudi cung thi hay truy dén dén 6 gidi han ctia mang - 1.
Trong trinh bién dich ngdén ngir C, n6 khong kiém tra viée co truy cap dén mot 6 6 nam
trong bo nhé hay khong. Nén néu khong can than trong viéc truy cip mang, chuong trinh s&
mic 15i logic va rat kho dé tim 18i.
Gdn mét gid tri cho mét phan tir
mySensVals[0] = 10;
Doc mjt gid tri clia mjt phan tir va gdn cho mét bién nao dé cung kiéu div liéu
x = mySensVals[0]; /10
Dung mdng trong vong lap

Mang rat thuong duoc dung trong vong 1ap (ching han nhu ding dé luu cac chan digital
quan Iy dén led). Trong do, bién chay cta ham for s& di hét (hodc mot phan) ciia mang.

Vi du vé viéc in 5 phan tr ddu ctia mang myPins:

int 1;

for(i=0;i<5;i=1i+1){
Serial.println(myPins[i]);

}

4.2.2.2.15 string

Trong mot chuong trinh Arduino c6 2 cach dé dinh nghia chudi, cach thir nhat 1a sir
dung mang ky tu dé bicu dién chudi. O day ta chi tiét vé cach thir nhat.
Cach khai bao
char Str1[15]; // khai bao chudi c6 d6 dai la 15 ky tu.
char Str2[8]= {'a','r", 'd", "0, i", 'n', '0'}; //khai bao chudi c6 do dai tdi dala 8 ky tu va dit no gia
tri ban dau 1a arduino (7 ky tu). Budc phai khai bao chudi nam giita hai ddu nhay don nhé!
char Str3[8] = {'a', 'r', 'd’, 'u', '1', 'n', '0', "\0'};//khai bao chudi c6 d6 dai t6i da 1a 8 ky tu va dat no
gi4 tri ban dau 13 arduino<ky ty null> (8 ky tw)

char Str4[ ] = "arduino";// Chuong trinh dich s€ ty dong diéu chinh kich thuée cho chudi Str4
nay va ngoai ra phai dat mot chudi trong dau ngodc kép

char Str5[8] = "arduino";// Mot cach khai bao nhu Str3

char Str6[15] = "arduino"; // Mét cach khai bao khac véi do dai t6i da 16n hon
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CHU Y: mdi chudi déu can ¢6 1 ky tw NULL, néu khong khai bao ky tu NULL (\0) & cubi thi
trinh bién dich s€ tu dong thém vao. D6 1a 1y do vi sao Str2, Str4 lai c6 do dai 1a 8 nhung chi
chira mot chudi 7 ky tu. Ky tu NULL nay ding dé trinh bién dich biét diém dimg ctia mot chudi.
Néu khong né sé& doc tiép nhitng phan bo nhé khac (ma phan ay khong luu chudi).

C6 thé khai bao mot chudi dai nhu sau:
char myString[] = "This is the first line"
" this is the second line"

" etcetera"

Ming chudi

Khi can phai thao tac v6i mot luong 16n chudi (vi du nhu trong cac tmg dung tra 1oi
ngudi ding bang LCD) thi can sir dung mot mang chudi. Ma ban chat ciia chudi 1a mang céac
ky tu. Vi vay dé khai bao 1 mang chudi can sir dung mot mang 2 chiéu!

Dé khai bao mot mang chudi, rat don gian:
char* myStrings[] = {"I'm number 1", "I'm number 2"};

Chi can thém déu * sau chit char va trong ddu ngodc vudng phia sau myStrings c6 thé thiét dat
sO lwong phan tir toi da ciia mang chudi!

Vidu
char* myStrings[]={"This is string 1", "This is string 2", "This is string 3",

"This is string 4", "This is string 5","This is string 6" };

void setup(){

Serial.begin(9600);

}

void loop(){

for (inti=0; i< 6; i++){
Serial.println(myStrings[i]);
delay(500);
}

}
4.2.2.2.16 object String

Néu mudn luu mot chudi nao do, co thé st dung kiéu string (mang ky tu) hodc sir dung
object String. Vi object String c¢6 thé lam nhiéu viéc hon, chiang han nhu cong chudi, tim kiém
chudi, x6a chudi,.... Tuy nhién, cling s& ton nhiéu bd nhd hon, nhung nguoc lai s€ o nhiéu ham
hd trg cho viée xir Iy chudi nay
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Dé phan biét giita mang chudi (string) va object String rat don gian. string 1 chudi véi
chit "s" thuong con object String 14 chit "S" hoa. Ngoai ra, chudi dugc dinh nghia trong hai dau
nhay kép (vi du nhu "Arduino ") dugc xem lam mang chudi string.

4.2.2.3 Chuyén ddi kiéu dir liéu
4.2.2.3.1 char()
Ham char() c6 nhiém vu chuyén kiéu dit liéu ctia mot gia tri vé kiéu char.
Cu phap
char(x)
Tham sé
x: 1a mot gia tri thudc bét ky kiéu dix liéu nao
Trd vé
Gia trj thudc kiéu char
4.2.2.3.2 byte()
Ham byte() c6 nhiém vu chuyén kiéu dit liéu ctia mot gia tri vé kiéu byte.
Cu phap
byte(x)
Tham so
x: 1a mot gia tri thudc bét ky kiéu dix liéu nao
Tri vé
Gia tri thudc kiéu byte
4.2.2.3.3 int ()
Ham int() ¢6 nhiém vu chuyén kiéu dir lidu ciia mot gia tri vé kiéu int.
Cu phap
int(x)
Tham sé
x: 1a mot gia tri thudc bét ky kiéu dit liéu nao
Trd vé
Gia trj thue kiéu int
4.2.2.3.4 word()

Ham word() ¢6 nhiém vu chuyén kiéu dit liéu cua mot gia tri vé kiéu word. Hodc ghép
2 gia trj thudc kiéu byte thanh 1 gia trj kiéu word
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Cu phap
word(x)
word(8bitDauTien,8bitSauCung)
Tham so
x: 1a mot gia tri thudc bat ky kiéu dit liéu nao
8bitDauTien, 8bitSauCung: 1a gia tri kiéu byte
Trd vé
Gia tri thudc kiéu word
4.2.2.3.5 long()
Ham long() c6 nhiém vu chuyén kiéu dix liéu ciia mot gia tri vé kiéu long.
Cu phap
long(x)
Tham so
x: 1a mot gia tri thudc bat ky kiéu dix liéu nao
Trd vé
Gia tri thudc kiéu long
4.2.2.3.6 float()
Ham float() c6 nhiém vu chuyén kiéu dit liéu cia mot gia tri vé kiéu float.
Cu phap
float(x)
Tham sé
x: 1a mot gia tri thudc bat ky kiéu dit liéu nao
Tri vé
Gia tri thude kiéu float
4.2.2.4 Pham vi ciia bién va phén loai bién
4.2.2.4.1 Pham vi ciia bién

Ngon ngit Arduino dugc xdy dung trén ngon ngit lap trinh C. Céc bién ciia Arduino,
cling nhu C, c6 mot pham tra dwoc goi 1a pham vi bién. Diéu nay trai nguoc vdi ngdn ngir
BASIC, ¢ ngdn nglt BASIC nay, moi bién déu 12 bién toan cuc.

M5t bién toan cuc co nghia la, tat c4 moi noi trong chuong trinh c6 thé doc duoc va thay
d6i dir liéu ciia nd ma khong can st dung bién phap hd trg nao. Con bién cuc b thi chi co co
ham khai bao n6 (hodc cac ham con ctia ham do) co thé théy va thay ddi duoc gia tri. Vi du,
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moi bién nam ngoai cac ham (nhu setup() hay loop()) 1a bién toan cuc, con nam bén trong cac

ham 1a bién cuc bo cia ham do.

Khi chuong trinh dan tré nén 16n hon (vé kich thude file 1ap trinh) hodc phuc tap hon
thi ba nén dung céc bién cuc dé trong cac ham dé dé dang quan 1y (thay cho viéc khai bao hét
toan bo 1a bién toan cuc). Bién cuc bo rit co ich trong vi€c nay vi chi co mdi ham khai bao n6
(va cac ham con) méi sit dung duoc néd. Pidu ndy sé ngin chin cac 16i vé logic s& xdy ra néu
mot ham thay doi gia tri cua mot ham khac. Ngoai ra, sau khi doan chuong trinh con két thuc,
cac bién cuc bd s& duge tu dong giai phong khoi bd nhé, chuong trinh chinh s€ ¢6 thém ving
nhd cho viée xu ly.

Bién cuc d6 kha hiru ich cho viéc khai bao bién cia vong lap vi chi c¢6 vong 1ap mai
dung dugc no.

Vi du
int gPWMval; // moi ham déu co thé thao tac v6i bién nay
void setup()

{
/..

H
void loop()

{
inti; // bién"i" chi c6 thé dugc thao tic bén trong ham loop()
float f; // bién "f" chi c6 thé dugc thao tic bén trong ham loop()
/...
for (int j = 0; j <100; j++){

//bién "j" chi c6 thé dugc thao tac bén trong vong lip nay

H
4.2.2.4.2 static - bién tinh

Bién tinh 12 bién s& duoc tao ra duy nhét mot 1an khi goi ham lan dAu tién va no s& khong
bi x6a di dé tao lai khi goi lai ham 4y. DPay 1a sy khac biét giita bién tinh va bién cuc bo.
Bién tinh 1a loai bién ludng tinh, vira ¢6 tinh chét cta 1 bién toan cuc, vira mang tinh chét cua
1 bién cuc bo:
Tinh chét 1 bién toan cuc: bién khong mét di khi chuong trinh con két thiic, nd van nam trong
0 nho cta chuong trinh va dugce ty dong cap nhat khi chuong trinh con dugc goi lai. Giéng nhu
1 bién toan cuc vay.
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Tinh chit 1 bién cuc bd: bién chi co thé dugce sir dung trong chuong trinh con ma n6é dugc khai
bao.

DE khai béo chi can thém tir khéa "static" truée khai bao bién.
Vi du
void setup(){
Serial.begin(9600); // Khdi tao cong Serial & baudrate 9600
}
void loop() {
testStatus();// Chay ham testStatus
delay(500); // dimg 500 gidy dé thdy duoc su thay doi
}
void testStatus() {
static int a = 0;// Khi khai bao bién "a" 1a bién tinh
// thi duy nhét chi c6 1 1an dau tién khi goi ham testStatus
// 14 bién "a" duoc tao va luc d6 ta gan "a" cb gia tri 1a 0
at+;
Serial.println(a);
// Bién a s& khong bi mat di khi chay xog ham testStatus
// D6 1a su khac biét gitra bién tinh va bién cuc bo!
}
4.2.2.4.3 const - bién hiang

Vi mot tir khoa "const” nam trude mot khai bao bién, s& 1am cho bién nay thanh mot
bién chi c6 thé doc "read-only". Néu thay doi gia tri cia mot bién hang thi chuong trinh dich s&
b4o 16i.

Céc bieén co tur khoa const van tuan theo pham vi hiéu luc ctia bién. Ngoai cach sur

dung const dé khai bao mot bién héng, ta con c6 thé st dung #define dé khai bao mot hz"mg s0
hoic hing chudi. Tuy nhién st dung const dugc ua chudng hon trong 1ap trinh, vi kha ning
tuan theo pham vi hiéu luc cia bién.

Vidu

const float pi = 3.14;
float x;

...

X =pi *2; //C6thé dung hang sd pi trong tinh toan - vi don gian chi doc n6
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pi=T7; //18i vi khong thé thay ddi gia tri cia mot hang sb
Dung const hay dung #define ?

Dé khai bao mot bién hang sé (nguyén / thuc) hodc hang chudi thi co thé ding ca 2 cach
déu dugc. Tuy nhién, dé khai bao mot bién méang (array) 1a mot hang sb chi c6 thé sir dung tir
khoéa const.

4.2.2.4.4 volatile

Mot bien duoc nén khai bao vai tir khoa velatile néu gia tri cua nd co6 thé bi tac dong
boi cac yeu to nam ngoai sy kiém soat ciia chuong trinh dang chay, n6i don gian hon 1a gia tri
cua bien thay doi mot cach khong xac dinh. Cac bién ki€u volatile thuong la:

. Memory-mapped peripheral registers (thanh ghi ngoai vi ¢6 anh xa dén 6 nho)
. Bién toan cuc dwgc truy xudt tir cdc tién trinh con xit 1y ngat (Interrupt Service Routine - ISR)

. Bién toan cuc duoc truy xudt tir nhiéu tac vu trong mot ung dung thuc thi da Iuéng
(Concurrently Executing Thread).

Trong lap trinh Arduino ma cu thé hon 14 trong viéc giao tiép véi cac chip Atmega, noi
duy nhat xdy ra sy tac dong khong du bao trudc dén gia tri cc bién 1a nhitng phan chuong trinh
c6 su giao tiép voi cic ngit (interrupts). Ngudi ta ngan su thay doi bat thudng nay bang cach
khai bdo tir khoa volatile khi khai béo bién - cach ma s& dua bién 1én luu trit & RAM dé xt 1i
tam thoi thay vi luu trit & cac thanh ghi (register) bi anh hudng boi interrupts. Nhiing bién nay
thudc kiéu s6 2 ké trén.

Khai bao vi du
volatile int state;
Chwong trinh miu

Chuong trinh sau s€ thyuc hién bat tat dén LED & chan Digital 13 khi chan Interrupt 0
trén Arduino thay doi trang thai

int pin = 13;
volatile int state = LOW;
void setup() {
pinMode(pin, OUTPUT);
attachInterrupt(0, blink, CHANGE);
}
void loop() {
digitalWrite(pin, state);
}
void blink() {
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state = !state;
§
4.2.2.5 Ham hd tro sizeof()

Ham sizeof() c6 nhiém vu trd vé so byte bd nhd ciia mdt bién, hodc 1a tra ve tong so
byte bd nhd ciia mot mang array.

Cu phap

sizeof(variable)

Tham so

variable: moi kiéu dix liéu hodc moi bién (thudc bat ¢t kiéu dir liéu nao) hoac mot mang.
Vidu

Ham sizeof() t6 ra rit hiéu qua trong viéc kiém tra d6 dai chudi, nhung can luu y cho vé
ky tu "can can" cta Arduino. Sau day 1a mot vi du vé viéc doc ting gia tri ciia mot chudi cho
truge. Dé thiy dugc hiéu qua chuong trinh hiy thir thay chudi trong vi du bang mot chudi khac
Xem.

char myStr[] = "this is a test";
int i;
void setup(){
Serial.begin(9600);
}
void loop() {
for (i = 0; i < sizeof(myStr) - 1; i++){
Serial.print(i, DEC);
Serial.print(" =");
Serial. write(myStr[i]);
Serial.println();
}
delay(5000); // 1am chdm chuong trinh dé thdy duoc chuong trinh ndy mudn néi 1én diéu gi
}
Luuy

Vi ham sizeof s& tra vé s byte bd nhéd cua mot bién hay mot mang nao do, vi vay néu
muén PEM S6 phan tr cia mdt mang s6 nguyén co6 kiéu dir liéu > 1 byte (nhu
la: int, word, float,...) thi can chia s6 bo nhé cua mang cho s6 bd nhé cua kiéu dit liéu cua mang
d6. Vi du mot mang c6 kiéu int.
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for (i = 0; 1 < (sizeof(mylnts)/sizeof(int)) - 1; i++) {
// ham 1am gi d6 véi bién mylnts[i]

b

4.2.3 Ham va thu tuc

4.2.3.1 Nhap xuit Digital (Digital 1/0)

4.2.3.1.1 pinMode()

Céu hinh 1 pin quy dinh hoat dong nhu 1a mot dau vao (INPUT) hodc dau ra (OUTPUT).
Xem mo ta ky thuat sb (datasheet) dé biét chi tiét vé cac chirc ning cta cac chan.

Nhu trong phién ban Arduino 1.0.1, n6 c6 thé kich hoat cac dién tro pullup noi bo véi
ché do INPUT PULLUP. Ngoai ra, ché d@6 INPUT vé hiéu hoa mot cach rd rang dién trd
pullups ndi bo.

Cu phap

pinMode(pin, mode)

Théng s6

pin: S ctia chan digital mudn thiét dat

mode: INPUT, INPUT PULLUP hoac OUTPUT

Trd vé

khong

Vi du

int ledPin = 13; // @&n LED duoc két ndi voi chan digital 13
void setup()

{
pinMode(ledPin, OUTPUT); // thiét dat chan ledPin 1a OUTPUT

H
void loop()

{
digitalWrite(ledPin, HIGH); //bat dén led
delay(1000); // dung trong 1 gidy
digitalWrite(ledPin, LOW); // tat dén led
delay(1000); // ding trong 1 gidy

}

4.2.3.1.2 digitalWrite()
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Xut tin hiéu ra cac chan digital, c6 2 gia tri 1a HIGH hoéc la LOW

Néu mét pin dugc thiét dat a OUTPUT bai pinMode(). Va ding digitalWrite dé xuét
tin hiéu thi dién thé tai chan nay s€ 1a 5V (hodc 1a 3,3 V trén mach 3,3 V) néu duoc xuit tin
hiéu la HIGH, va 0V néu dugc xuét tin hiéu 1a OV.

Néu mét pin duoc thiét dit 1a INPUT boi pinMode(). Luc nay digitalWrite s& bat
(HIGH) hoic tat (LOW) hé théng dién trd pullup noi bo.

Cu phap

digital Write(pin,value)

Théng so

pin: S6 ciia chan digital muén thiét dat

value: HIGH hoac LOW

Trd vé

khong

Vi du

int ledPin = 13; // @&én LED duogc két ndi voi chan digital 13
void setup()

{
pinMode(ledPin, OUTPUT);  // thiét dat chan ledPin 1a OUTPUT

b
void loop()

{
digitalWrite(ledPin, HIGH); //bat dén led
delay(1000); // dung trong 1 gidy
digitalWrite(ledPin, LOW); // tat dén led
delay(1000); // dung trong 1 gidy

}

4.2.3.1.3 digitalRead()

Poc tin hiéu dién tir mot chan digital (dwgc thiét dat la INPUT). Tra vé 2 gia
tri HIGH hodc LOW.

Cu phap
digitalRead(pin)
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Thong so
pin: gia tri cua digital muon doc
Tra ve

HIGH hodc LOW

Vi du

Vi du nay s€ lam cho dén led tai pin 13 nhén gia tri nhu gia tri tai pin 2

int ledPin = 13; // chan led 13

int inPin =2; // button tai chan 2

int val =0; //bién "val" ding dé luu tin hiéu tir digitalRead

void setup()

{
pinMode(ledPin, OUTPUT);  // dat pin digital 13 la output
pinMode(inPin, INPUT);  // dat pin digital 2 la input

}

void loop()

{
val = digitalRead(inPin); // doc tin hiéu tu digital2
digitalWrite(ledPin, val); // thay d6i gié tri ciia dén LED 1a gia tri ctia digital 2

}

4.2.3.2 Nhap xuit Analog (Analog 1/0)

4.2.3.2.1 analogReference()

Ham analogReference() c6 nhi€ém vy dat lai mic (dién ap) tdi da khi doc tin hiéu
analogRead. Ung dung nhu sau, gia str can doc mot tin hiéu dang analog c6 hi¢u dién thé tir 0-
1,1V. Nhung ma néu dung muc dién ap toi da méc dinh ctia h¢ thong (5V) thi khoang gia tri s€
ngan hon => d¢ chinh xac kém hon => ham nay dung dé giai quyet viéc do.

Cu phap
analogReference(type)

type: mot trong cac kiéu gia tri sau: DEFAULT, INTERNAL, INTERNAL1VI,
INTERNAL2V56, hoic EXTERNAL
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Kiéu Nhiém vu dam nhi¢m Ghi chii

bat muc dién ap tdi da la 5V (néu trén
mach dung nguén 5V 1am nudi chinh)
hoac 1a 3,3V (néu trén mach dung nguén
DEFAULT 3,3V 1am ngudn nudi chinh)

bit lai muc dién ap tbida 1a 1,1V (néu
sit dung vi diéu khién ATmega328 hoic

ATmegal68)

Dit lai muc dién ap ti da 1a 2,56V (néu
INTERNAL sir dung vi diéu khién ATmega8)
INTERNAL1V1 |Dbat lai muc dién ap tdidalal,1 VvV Chi c6 trén Arduino Mega
INTERNAL2V56 | Bat 1ai muc dién ap tdi da 12 2,56 V Chi c6 trén Arduino Mega

Chi dwoc cdp vao chén
Pit lai mirc dién ap t6i da BANG véi| AREF mét dién 4p nam
EXTERNAL mirc dién ap dwoge cip vao chan AREF | trong khoing 0-5V

Trd vé
khong
Canh bao

NEU sir dung kiéu EXTERNAL cho ham analogReference thi BUQC phai cap né mot
ngudn nam trong khoang tir 0-5V, va néu da cap mot ngudn dién thoa man didu kién trén vao
chan AREF thi BUQC phai goi dong lénh analogReference(EXTERNAL) trudc khi sir
dunganalogRead(), NEU KHONG MACH CHAY

Ngoai ra, co thé sir dung mot dién tré SkQ dat trude chan AREF roi dat nguén dién
ngoai (dién 4p mudn cip vao chan AREF). Boi vi chd gin chan AREF c6 mét ndi dién tré (dién
trd ¢ san trong mach) khoang 32kQ => s& tao ra mach giam ap => giam dién thé gin vao chan
AREF => Mach khong chay néu c¢6 15 gan ngudn hon 5V.

4.2.3.2.2 analogRead()

Nhiém vu cua analogRead() la doc gia tri dién ap tor mét chan Analog (ADC). Trén
mach Arduino UNO c6 6 chan Analog In, dugc ki hi¢u tir AO dén A5. Trén cic mach khac cling
¢6 nhitng chan twong tu nhu vy vdi tién té "A" ding dau, sau do6 1a s6 hiéu ca chan,
analogRead() ludn tra vé 1 sb nguyén nam trong khoang tir 0 dén 1023 twong tng véi thang
dién 4p (mic dinh) tr 0 dén 5V. Co thé diéu chinh thang dién ap nay bang
ham analogReference().
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Ham analogRead() can 100 micro gidy dé thuc hién.
Khi noi "doc tin hiéu analog”, co thé hiéu dé chinh la viéc doc giad tri dién ap.
Cu phap
analogRead([chan doc dién ap));
Vi du
int voltage = analogRead(A0);
Trong d6 A0 1a chan dung dé doc dién ap.

Néu chua két ndi chan doc dién 4p, ham analogRead() s& tra vé mot gia tri ngu nhién
trong khoang tir 0 dén 1023. Pé khic phuc diéu ndy, phai mac thém mot dién tro 6 tri s6 16n
(khoang 10k ohm tré 1én) hodc mdt tu dién 104 tir chan doc dién ap xuéng GND.

4.2.3.2.3 analogWrite()

analogWrite() 1a Iénh xut ra tir mot chan trén mach Arduino mét mire tin hiéu analog
(phat xung PWM). Nguoi ta thuong diéu khién mirc sang tdi cta dén LED hay hudng quay cua
dong co servo bang cach phat xung PWM nhu thé nay,

Khong can goi ham pinMode() & dit ché do OUTPUT cho chan s& dung dé phat xung
PWM trén mach Arduino.

Cu phap
analogWrite([chan phat xung PWM], [gia tri xung PWM]);

Gi4 trj mirc xung PWM nam trong khoang tir 0 d&én 255, twong (mg v6i mirc duty cycle tir 0%
dén 100%

analogWrite tilé chu ki xung
analogWrite(0) 0/255 0%
analogWrite(64) 64/255 25%
analogWrite(127) 127/255 50%
analogWrite(191) 191/255 75%
analogWrite(255) 255/255 100%

Ham analogWrite() trong Arduino gitip viéc tao 1 xung d& dang hon. Ham nay truyén
vao tham s6 cho phép thay doi chu ki xung, co thé tinh toan ra duoc chu ki xung nhu ¢ bang
trén. Tan s6 xung dugc Arduino thiét 1ap mac dinh.

Déi voi board Arduino Uno, xung trén cac chan 3,9,10,11 ¢o tan sb 1a 490Hz, xung trén
chan 5,6 c6 tan sb 980Hz.
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Xung PPM khac véi PWM & ché:

. tan sb thong thudng c6 gid tri trong khoang 50Hz (20 mili gidy), khong quan trong
. thoi gian xung & mirc cao chi tir Ims dén 2ms, rat quan trong.

. ¢6 thé c6 nhiéu hon 1 sy thay d6i trang thai dién cao/thap

Nim bit dugc 2 y trén ta di co thé phan biét duoc xung PPM va xung PWM gidng nhau va
khac nhau nhu thé nao.

o
Kinimum Pulse —|_| |_| |_|

" MBlise Width 1 ms

Heutral Postion —I_I |_| |_|

“Pul=eWidth 1.5 ms

) O

soram T LT (D

HSise Width 2ms
Thoi gian xung & muc cao quy dinh goc quay cua RC servo.

Vi thoi gian Ims muc cao, goc quay cua servo la 0, 1.5ms goc quay 90 va 2ms goc
quay la 180. Cac goc khac tir 0-180 dugce xac dinh trong khoang thoi gian 1-2ms.

Luu y: c6 thé ghép nhiéu xung trong cung 1 thoi gian 1a 20ms dé xac dinh vi tri goc ctia nhicu
servo cung 1 luc. Tdi da 1a 10 servo.

Vi du
intled=11;
void setup() {
}

void loop() {
for (int i = 0; 1 <= 255; i++) {
analogWrite(led,i);
delay(20);

Poan code trén c¢6 chirc nang lam sang dan mot dén LED duoc két noi vao chan so 11
trén mach Arduino.

4.2.3.3 Ham thoi gian
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4.2.3.3.1 millis()

millis() ¢6 nhiém vu tra vé mot sd - 1 thoi gian (tinh theo mili gidy) ké tir lic mach
Arduino bat dau chuong trinh. N6 s& tran va quay vé s6 0 (sau do tiép tuc ting) 50 ngay.

Tham so
khong
Trd vé

mot s6 nguyén kiéu unsigned long 1a thoi gian ké tir e thuong trinh Arduino dwoc khoi dong
Vidu
unsigned long time;
void setup(){
Serial.begin(9600);
}
void loop(){
Serial.print("Time: ");
time = millis();
// in ra thoi gian ké tir lac chwong trinh duoc bét dau
Serial.println(time);
// doi 1 gidy trude khi tiép tuc in
delay(1000);
}
Luu y quan trong:

Céac ham vé thoi gian trong Arduino gom millis() va micros() s& bi tran sé sau 1 thoi
gian st dung. Véi ham millis() 1a khoang 50 ngay. Tuy nhién, do 1a kiéu s6 nguyén khong 4m
(unsigned long) nén ta d& dang khac phuc diéu nay bang cach sir dung hinh thirc ép kiéu.

unsigned long time;

byte ledPin = 10;

void setup()

{
// khéi tao gi tri bién time 13 gia trj hién tai
// cia ham millis();
time = millis();

pinMode(ledPin, OUTPUT);
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digitalWrite(ledPin, LOW);
}
void loop()
{
// Luu y cac ddu ngodc khi ép kiéu
// doan churong trinh ndy c6 nghia 1a sau moi 1000 mili gidy
// &n Led & chan s6 10 s& thay ddi trang thai
if ( (unsigned long) (millis() - time) > 1000)
{
// Thay ddi trang thai dén led
if (digitalRead(ledPin) == LOW)
{
digitalWrite(ledPin, HIGH);
} else {
digitalWrite(ledPin, LOW);
}
// cap nhat lai bién time

time = millis();

Thong thuong, néu ta c6 2 s6 A, B va B 16n hon A ( B > A) thi phép trir thu duoc A-B
1a mot s6 am. Nhung khi ép kiéu unsigned long 1a kiéu s6 nguyén duwong, khong c6 s6 Am nén
gi tri tra vé 13 1 s nguyén duong 16n.

Vi du: két qua ctia phép trir:

unsigned long ex = (unsigned long) (0 - 1);

12 4294967295, con s6 nay chinh 14 gid tri 16n nhat cua kiéu s unsigned long.
4.2.3.3.2 micros()

micros() ¢6 nhiém vy tra vé mot sd - 14 thoi gian (tinh theo micro gidy) ké tir luc mach
Arduino bét dau chuong trinh. N6 s& tran va quay vé s 0 (sau do tiép tuc ting) sau 70 phat. Tuy
nhién, trén mach Arduino 16MHz (vi du Duemilanove va Nano) thi gia tri cua ham nay tuong
duong 4 don vi micro gidy. Vi du micros() tra vé gi tri 1a 10 thi c6 nghia chwong trinh d chay
duoc 40 microgiay. Tuong tu, trén mach 8Mhz (vi du LilyPad), ham nay c6 gia tri tuong duong
8 micro giay.
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Luu y: 10° micro gidy = 1 gidy

Tham so
khong
Tra ve

mot s6 nguyén kiéu unsigned long 14 thoi gian ké tir liic thwong trinh Arduino dugc khéi dong
Vi du
unsigned long time;
void setup(){
Serial.begin(9600);
}
void loop(){
Serial.print("Time: ");
time = micros();
// in ra thoi gian ké tir luc chuong trinh dugc bat dau
Serial.println(time);
// doi 1 gidy trude khi tiép tuc in
delay(1000);
}
4.2.3.3.3 delay()
delay c6 nhiém vu dimg chuong trinh trong thoi gian mili gidy. Va cit mdi 1000 mili
giay = 1 giay.
Cu phap
delay(ms)
Théng so
ms: thoi gian & mirc mili gidy. ms c6 kiéu dit liéu 1a unsigned long
Tri vé
Khoéng
4.2.3.3.4 delayMicroseconds()

delayMicroseconds c¢6 nhiém vu ding chuong trinh trong thoi gian micro gidy. Va ci
mdi 1000000 microgidy gidy = 1 giay.

Cu phap

delayMicroseconds(micro)
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Théng so

micro: thoi gian & mirc micro gidy. micro c6 kiéu dit liéu 1a unsigned int. micro phai <= 16383.
Con s6 nay 1a murc tdi da cua hé thong Arduino, va cé thé s& duoc diéu chinh ting trong tuong
lai. Va néu mudn dimg chuong trinh lau hon thi cin ding ham delay

Trdi vé
khong
Vidu

int outPin = §; // digital pin 8

void setup()

{
pinMode(outPin, OUTPUT);  // dat 1a output

h
void loop()

{
digitalWrite(outPin, HIGH); // xuat 5V
delayMicroseconds(50); // dg1 50 micro gidy
digitalWrite(outPin, LOW); // xut OV
delayMicroseconds(50); /I dg1 50 micro gidy

}

Vi du cho ta mot cach dé tao mot xung PWM tai chan s 8.

4.2.3.4 Ham toan hoc

4.2.3.4.1 min()

Ham min ¢6 nhiém vu tra vé gia tri nho nhét gitra hai bién,

Cu phap

min(x, y);

Tham sé

x: 86 thir nhét, moi kiéu dir liéu déu dugc chap nhan.

y: sb thtr hai, moi kiéu dit liéu déu dugc chép nhan.

Tri vé

S6 nho nhat trong 2 sd.
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Goiy

Ham min dugc dung dé 14y chin trén (khong dé gia tri viot qua mot mic quy dinh nao do).
Canh bdo cu phap

min(a++, 100); // néu nhap nhu thé nay thi s& bi 16i

att;

min(a, 100); // hdy nhap nhu thé nay, va hiy ghi nhé la khong duge dé bat cir phép tinh nao
bén trong ham nay

4.2.3.4.2 max()
Ham max c¢6 nhiém vu tra vé gia tri lon nhat gitra hai bién.
Cu phap
max(x, y);
Tham sé
x: 86 thir nhét, moi kiéu dir liéu déu dugc chap nhan.
y: s6 thtr hai, moi kiéu dir liéu déu dwoc chap nhan.
Tri vé
S6 16n nhét trong 2 s6.
Goiy
Ham max duogc dung dé 1y chin dudi (khong dé gia tri tut xudng qua mot mic quy dinh nao
do).
Cdnh bdo cu phap
max(a--, 0); // néu nhap nhu thé nay thi s& bi 16i
a--;

max(a, 0); // hdy nhap nhu thé nay, va hiy ghi nhé 1a khong duoc dé bét ctr phép tinh nao bén
trong ham nay

4.2.3.4.3 abs()
Ham abs c6 nhiém vu tra vé gia tri tuyét dbi cia mot sd.
Cu phap
abs(x);
Tham sé
x: mot sb bat ky
Tri vé

Néu x >= 0, thi tra v€ x con nguoc lai l1a tra vé -x
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Cdnh bdo cu phap
abs(a--); // néu nhap nhu thé nay thi s& bi 15
a--;

abs(a); // hiy nhap nhu thé nay, va hiy ghi nhd 1a khong duoc dé bat ctr phép tinh nao bén
trong ham nay

4.2.3.4.4 map()

map() 1a ham dung dé chuyén mot gia tri tir thang do nay sang mot gia tri ¢ thang do
khac, Gia tri tra vé ctia ham map() ludn 1a mot s6 nguyén.

Cu phap

map(val,A1,A2,B1,B2);

Trong do:

val 1a gia tri can chuyén do6i

Al, A2 1a gi6i han trén va dudi cta thang do hién tai
B1,B2 1a gidi han trén va dudi cia thang do can chuyén t6i
Vi du

//Chuyén d6i 37 6 C sang d6 F

int C_deg=37;

int F_deg=map(37,0,100,32,212); //F _deg=98
4.2.3.4.5 pow()

pow() 12 ham dung d¢ tinh lity thira ctia mot s6 bat ki (c6 thé 1a sé nguyén hoic s6 thuc
tiy ). pow() tra vé két qua tinh toan nay.

Cu phap

pow([co s6], [liy thira]);

Vidu

int luythual = pow(2,3);

float luythua2 = pow(1.2,2.3);

double luythua3 = pow(1.11111,1.11111);
/luythual =8  (=23)

//luythua2 = 1.52 (=1.22.3)

//luythua3 =1.12 (=1.111111.11111)
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Chu y

Ca 2 tham s6 dua vao ham pow() déu duoc dinh nghia 1a kiéu s6 thuc float. Két qua tra
vé cla pow() dugc dinh nghia Ia kiéu s6 thuc double
4.2.3.4.6 sqrt()

sqrt() 1a ham dung dé tinh cin bac 2 ctia mot s6 bat ki (c6 thé 1a s6 nguyén hoic so thuc
tly ¥) va tra vé két qua nay.

Cu phap

sqrt([s6 can tinh cin bac 2]);
Vidu

int vl = sqrt(9);

float v2 = sqrt(6.4);

double v3 = sqrt(6.5256);
int v4 = sqrt(-9);

float v5 = sqrt(-6.4);

/N1 =3
/N2 =253
/N3 =2.55
N4 =0

/Iv5 =NaN (tham khao ham isnan())
Chu y
Tham s6 dua vao ham sqrt() c6 thé 1a bat ki kiéu dit liéu biéu dién sé nao. Két qua tra

vé cla sqrt() dugc dinh nghia la kiéu s6 thuc double hodc NaN néu tham sb dua vao 1a sb thuc
bé hon 0.

4.2.3.4.7 sq()

Ham sq() duoc ding dé tinh binh phuong ctia mot sd bét ki, s6 nay c6 thé thudc bat ki
kieu dir li¢u bién dién s0 nao. sq() tra ve gia tri ma nod tinh dugc vai kiéu dir licu giong nhu kicu
dir liéu cua tham so ta dua vao.

Cu phap

sq([s6 can tinh binh phuong]);
Vidu

int binhphuongl = sq(5);

int binhphuong?2 = sq(-5);
float binhphuong3 = sq(9.9);

Bai giang lap trinh nhing 91



Chuong IV: Phan mém nhiing

float binhphuong4 = sq(-9.9);
//binhphuongl = 25
//binhphuong2 = 25
//binhphuong3 = 98.01
//binhphuong4 = 98.01
4.2.3.4.8 isnan()

isnan s tra vé 1a true néu gia tri can kiém tra khong phai 1a mot biéu thirc toan hoc dung
dan. Chit nan c6 nghia 1a Not-A-Number.

Cu phap
isnan(double x);
Tri vé
true hoac false
Vi du
isnan(sqrt(-2)); //true
isnan(sqrt(2)); // false
4.2.3.4.9 constrain()
Bit budc gia tri nim trong mot khoang cho trudc,
Cu phap
constrain(x, a, b)
Tham sé
X: gia tri can xét
a: chan dudi (a la gia tri nho nhét cia khoang)
b: chan trén (b 1a gia tri 10n nhat ctia khoang)
Tri vé
x:néua<=x<=b
anéux<a
b:néux>b
Vidu
int sensVal = analogRead(A2);
sensVal = constrain(sensVal, 10, 150);

//Gi61 han gia tri sensVal trong khoang [10,150]
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4.2.3.5 Cac ham lwgng giac
4.2.3.5.1 cos()

Ham nay cé nhiém vu tinh cos mot mdt goc (don vi radian). Gia tri chay trong doan [-
1,1].

Cu phap

cos(rad)

Tham sé

rad: goc & don vi radian (kiéu float)
Tri vé

cos cua goc rad (kiéu double)
4.2.3.5.2 sin()

Ham nay c6 nhiém vu tinh sin mot mot géc (don vi radian). Gia tri chay trong doan [-
1,1].

Cu phap

sin(rad)

Tham sé

rad: goc & don vi radian (kiéu float)
Tri vé

sin ctia goc rad (kiéu double)
4.2.3.5.3 tan()

Ham nay c6 nhiém vy tinh tan mgt mét goc (don vi radian). Gia tri chay trong khoang

tir &m vo cung dén duong vo cung.
Cu phap

tan(rad)

Tham sé

rad: goc & don vi radian (kiéu float)
Tri vé

tan ctia goc rad (kiéu double)
4.2.3.6 Sinh s6 ngiu nhién
4.2.3.6.1 randomSeed()

Ham random() udn tra vé mot s6 ngau nhién trong pham vi cho truéc. Gia sir goi ham
nay 10 lan, no6 s€ tra vé 10 gia tri sO nguyén ngau nhién. Neéu goi n6 n lan, random() s€ tra
ve n $0. Tuy nhién nhiing gié tri ma né tra ve ludn dugc biét trude (co dinh).
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Xét vi du sau:

void setup(){
Serial.begin(9600);

}

void loop(){
Serial.println(random(100));
delay(200);

}

Chuong trinh cho 10 gia tri "ngAu nhién" dau tién nhin duoc 1a: 7, 49, 73, 58, 30, 72,
44,78, 23, 9,.... Bidu ndy c6 vé khong dugc "ngiu nhién".

Nhung hay xét vi du sau:

void setup(){
Serial.begin(9600);
randomSeed(10);

}

void loop(){
Serial.println(random(100));
delay(200);

}

Nhan thiy rang: chudi gia tri ma ham random() tra vé da co sy thay d6i. Tuy nhién
chudi nay van 1a chudi ¢b dinh. Thir thay ddi tham sb cua 1énh randomSeed() tir 10 sang mot
sO khac, s& thdy chudi sd tra vé ciing thay doi theo nhung gia tri xudt ra thi van cd dinh, cho du
¢6 bam nut reset trén Arduino thi chudi sé dwoc in ra nhitng 1an sau déu y hét nhu lan dau tién
chung dugc in ra. Bé y rang tham s6 cua ham random() van ¢ dinh, di nhién néu thay d6i tham
sO nay thi chudi ngiu nhién tra vé sé thay doi theo, nhung ching ciing van 1a mot chudi s6 ¢d
dinh.

Véi cing khodng gid tri truyén vao ham random(), ham randomSeed() quyét dinh trat
ty cdc gia tri ma random() tra ve. Trdt tw nay phu thudéc vao tham $6 ma ta truyén

vao randomSeed().
Cu phap
randomSeed(number);

V61 number 1a mot sO nguyén bat ki.
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Lueu y: néu goi ham random() ma khéng chay lénh randomSeed() tricéc d6, chwong trinh
s€ mdc dinh chay san Iénh randomSeed(0) (tham 6 la 0).

Vi du

Néu chay randomSeed(0), ham random(100) s& tra vé 10 gia tri dau tién la:
7, 49, 73, 58, 30, 72, 44, 78, 23, 9, ...

Néu chay randomSeed(10), ham random(100) s& tra vé 10 gia tri dau tién 1a: 70 , 43, 1, 92,
65, 26, 40, 98, 48, 67, ...

Néu chay randomSeed(-46), ham random(100) sé& tra vé 10 gia tri du tién la: 15, 50, 82, 36,
36, 37,25,59,93, 74, ...

Néu chay randomSeed(159), ham random(100) s& tra vé 10 gi tri dau tién 1a: 13, 51, 67, 38,
22,50, 67,73, 81,75, ...

Néu chay randomSeed(159), ham random(99) s& tra vé 10 gia tri dau tién 1a: 67, 42, 70, 34,
53, 6,42, 38,29, 64, ...

Meo nho

Néu can mot chudi sd ngﬁu nhién mot cach thuc sy, tc 1a gia tri cia chudi sb tra vé
khong thé xac dinh duoc, hiy chay 1énh randomSeed() voi mot tham s6 ngau nhién truyén vao.

Tham khao chuong trinh sau

void setup() {
Serial.begin(9600);
randomSeed(analogRead(A0));

}

void loop() {
Serial.println(random(100));
delay(300);

}

O day tham s ngiu nhién truyén vao randomSeed() 13 gid tri tra vé
ctia_analogRead(A0) véi chan AQ trén Arduino khong duogc str dung. Ngoai ra, ciing ¢ thé sir

dung tham sd truyén vao randomSeed() 1a thoi gian trén dong hd hé thong.
4.2.3.6.2 random()

Tra vé mot gia tri nguyén ngau nhién trong khoang gié tri cho trudc,
Cu phap
random(max-+1);

random(min,max+1);
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Trong do:

min va max 12 gia tri dau va cudi ciia khoang gi tri ma random() tra ve.

Tri vé

Gia tri nguyén ngiu nhién nam trong khoang tir min dén max. Néu gia tri min khong dugc dua
vao thi n6 dugc hiéu ngam la 0.

Vidu

int a = random(100); //gia tri a nam trong khoang tir 0 dén 99

int b =random(0,11); //gi4 tri b ndm trong khoang tir 0 dén 10

4.2.3.7 Nhap xuit ning cao (Advanced I/0)

4.2.3.7.1 tone()

Ham nay s& tao ra mot song vudng & tan sd duoc dinh trude (chi nira chu ky) tai mot
pin digital bat ky (analog van duoc). Thoi han cta qua trinh tao ra song am co thé duoc dinh
trudc hodc nd s€ phat ra am thanh lién tuc cho dén khi Arduino IDE chay ham noTone(). Chan
digital d6 can duoc két ndi t6i mot buzzer hodc mot loa dé co thé phat dwgc 4m thanh.

Luu y rang, chi co thé sir dung duy nhat md ham tone() trong cling mot thoi diém. Néu
ham tone() dang chay trén mot pin nio do, bay gid lai tone() thém mét 1an nita thi ham tone() sau
s& khong c6 hiéu Iyc. Néu tone() 1én pin dang duoc tone() thi ham tone() sau sé& thay ddi tan sd
song cua pin do.

Trén mach Arduino Mega, sir dung ham tone() thi s& can thiép dén dau ra PWM tai cac
chan digital 3 va digital 11.

Ham tone() s& khong thé phat ra 4m thanh c6 tan s6 < 31 Hz. Dé biét tém vé ki thuat
nay, hdy xem trang nay.

Chii y: Néu mudn choi nhiéu cao d6 khac nhau trén nhiéu pin. Thi trudc khi choi trén mot pin
khac thi phai noTone() trén pin dang dugc str dung.

Cu phap

tone(pin, frequency)

tone(pin, frequency, duration)

Tham s

pin: cong digial / analog mu6n choi nhac (ndi cach khac 1a pin duge két ndi téi loa)
frequency: tan sd clia song vudng (song am) - unsigned int

duration: thoi gian phat nhac, don vi 1a mili gidy (tty chon) - unsigned long

Tri vé

khong
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Vidu

Phét nhac biang Arduino véi mét céi loa hodc buzzer

4.2.3.7.2 noTone()

Ham nay c6 nhiém vu két thac mot su kién tone() trén mot pin nao do (dang chay
1énh tone()). Néu khong c6 bat ky ham tone() nao dang hoat dong thi ham nay s& khong gay bat
ky anh huong gi dén chuong trinh.

Cht y: Néu mudn choi nhidu cao do khac nhau trén nhiéu pin. Thi true khi choi trén mét pin
khac thi b phai noTone() trén pin dang dugc sir dung.

Cu phap

noTone(pin)

Tham sé

pin: cong digial / analog mudn choi nhac (ndi cach khac 1a pin dugc két ndi téi loa)
Tri vé

Khong

4.2.3.7.3 shiftOut()

shiftOut() c6 nhiém vu chuyén 1 byte (gom 8 bit) ra ngoai timg bit mét. Bit dugc chuyén
di co thé duoc bat dau tir bit nam bén trai nhat (leftmost) hodc tir bit nam bén phai nhat
(rightmost). Cac bit ndy duoc xuat ra tai chan dataPin sau khi chan clockPin duoc pulsed (co
muc dién thé 1a HIGH, sau d6 bi déy xuéng LOW).

Luu y: Néu dang giao tiép v6i mot thiét bi ma chan clock cta né c6 gia tri dugc thay doi tir
mic dién thé LOW 1én HIGH (rising edge) khi shiftOut, thi can chic chin ring
chan clockPin can duogc chay 1énh nay: digitalWrite(clockPin, LOW);

Cu phap

shiftOut(dataPin, clockPin, bitOrder, value)

Tham sé

dataPin: pin s& duoc xuat ra tin hiéu (inf)

clockPin: pin ding dé xac nhan viéc guri timg bit cia dataPin (inf)

bitOrder: mot trong hai gia tri MSBFIRST hoac LSBFIRST.
(Bit dau tir bit bén phai nhat hodc Bt dau tir bit bén trai nhat)

value: dit liéu can duoc shiftOut. (byte)

Chii y

shiftOut() chi xuét dugc dir liéu kiéu byte. Néu mubn xuit mot kiéu dir liéu 16n hon thi phai
shiftOut 2 1an (hodc nhiéu hon), mdi 1an 1a 8 bit.

Bai giang lap trinh nhing 97



Chuong IV: Phan mém nhiing

Tri vé
khong
Vi du

Diéu khién 8 dén LED séng theo ¥ mudn.

4.2.3.7.4 pulseln()

Poc mdt xung tin hi¢u digital (HIGH/LOW) va tra vé chu ki cta xung tin hiéu, tirc 1a
thoi gian tin hiéu chuyén tor muc HIGH Xuéng LOW hodc nguoc lai (LOW -> HIGH). Mét sb
cam bién nhu cam bién mau sic nhu TCS3200D hay cam bién siéu am dong HC-SRxx phai
giao tiép qua xung tin hiéu nén ta phai két hop giita 2 ham digitalWrite() dé xuit tin hiéu
va pulseln() dé doc tin hiéu.

Cu phap

pulseln(pin, value);

pulseln(pin, value, timeout);

Trong do:

pin 1a chan dugc chon dé doc xung. pin co kiéu dir liéu 1a int.

Néu dit value 1a HIGH, ham pulseln() s& doi dén khi tin hiéu dat miac HIGH, khéi dong
b6 dém thoi gian. Khi tin hiéu nhay xuéng LOW, bd dém thoi gian dimg lai. pulseln() sé& tra
vé thoi gian tin hidu nhay tor mic HIGH xubng LOW nay. Néu dit value 1a LOW,
ham pulseln() s€ lam nguogc lai, d6 1a do thoi gian tin hi€u nhdy tr mac LOW 1én
HIGH. value c6 kiéu dit lidu 12 int.

Néu tin hiéu luén & mot mirc HIGH/LOW c6 dinh thi sau khoang thoi gian fimeout,
ham pulseln() s& dimg bo dém thoi gian va tra vé gia tri 0. timeout dugc tinh bang don vi micro
gidy. Gia tri mic dinh ctia timeout 13 60.10° twong tmg vé6i 1 phit. Gia tri t6i da 1a 180.10° twong
mg v6i 3 phit. timeout c6 kiéu dit liéu 13 unsigned long.

Tra ve

Mot s6 nguyén kiéu unsigned long, don vi 1a micro gidy. pulseln() tra vé 0 néu thoi gian nhay
trang thai HIGH/LOW vuot qué timeout

Vi du

int pin =7;

unsigned long duration;

void setup() {
Serial.begin(9600);
pinMode(pin, INPUT);
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void loop() {
duration = pulseln(pin, HIGH);
//Hay nbi chan 7 ctia Arduino vao dudng tin hidu
//mudn doc xung
Serial.println(duration);
}
4.2.3.8 Bits va Bytes
4.2.3.8.1 lowByte()

lowByte() 12 ham tra vé byte cudi cung (8 bit cudi cing) cia mot chudi cac bit. Mot sb
nguyén bét ki ciing dugc xem nhu 1a mot chudi cac bit, vi bat ki sé nguyén nao ciing c6 thé biéu
dién & hé nhi phan dudi dang cac bit "0" va "1".

Luu y:
lowByte() khong nhdn gid tri thudc kiéu dit liéu s6 thuc.
Cu phap
lowByte([gi4 tri can 13y ra 8 bit cubi]);
Tri vé
byte
Vidu
int A =1owByte(0B11110011001100); //A =0B11001100 = 204;

int B =lowByte(511); //B =1owByte(0OB111111111) = 255;
int C = lowByte(5); //C =1owByte(0B00000101) = 0B101 = 5;
4.2.3.8.2 highByte()

highByte() 1a ham tra vé mot chudi 8 bit k& vai 8 bit cudi cung ciia mot chudi cac bit. Nhu
vay, néu dit liéu dua vao mot chudi 16bit thihighByte() s€ tra vé 8 bit dau tién, néu dit liéu dua
vao 1a mot chudi 8bit hodc nhé hon, highByte() s& tra vé gia tri 0. Mot s6 nguyén bét ki ciing
duoc xem nhu 14 mot chudi cac bit, vi bat ki s6 nguyén nao cling cé thé biéu dién & hé nhi phan
duéi dang cac bit "0" va"1".

Luu y:

highByte() khong nhan gia tri thuoc kiéu dir liéu s6 thuec.
Cu phap
highByte([gia tri dua vao));

Trd ve

byte
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Vidu

int A = highByte(0B1111111100000000); //A=0B11111111 =255;

int B = highByte(0B10101010); /B=0

int C = highByte(0B110000000011111111) //C = 0B00000000 =0

int D = highByte(1023); //D = highByte(0B111111111) =0B11 =3
4.2.3.8.3 bitRead()

bitRead() s¢ tra vé gia tri tai mot bit nao d6 dugc xac dinh boi ngudi 14p trinh cia mot

sO nguyén.
Cu phap
bitRead(x, n)
Tham s
x: mot sO nguyén thudc bat cir kiéu sd nguyén nao
n: bit can doc. Céc bit s& dugc tinh tir phai qua trai, va s thir tw dau tién 1a s6 0
Trd vé
Gia tri cua 1 bit (1 hoac 1a 0)
Vi du
bitRead(B11110010,0); // tra v& 0
bitRead(B11110010,1); // tra vé 1
bitRead(B11110010,2); // tra v& 0
//Ham bitRead c6 thé viét nhur sau
B11110010>>0& 1//=0
B11110010>>1& 1//=1
B11110010>>2 & 1//=0
4.2.3.8.4 bitWrite()
bitWrite() s€ ghi de bit tai mot vi tri xac dinh cta sb nguyén.
Cu phap
bitWrite(x, n, b)
Tham sé
x: mot sb nguyén thudc bat ctr kiéu sé nguyén nio
n: vi tri bit can ghi. Cac bit s& dugc tinh tir phai qua trai, va sd thir ty dau tién 1a s6 0.

b: 1 hoac 0
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Tri vé
khong
Vidu
bitWrite(B11110010,0,1); //B11110011
bitWrite(B11110010,1,0); / B11110000
bitWrite(B11110010,2,1); / B11110110
//Ham bitWrite c6 thé viét nhu sau
B11110010 | (1 <<0) //=B11110011
B11110010 & ~(1 << 1) //=B11110000
B11110010 | (1 <<2) /=B11110110
4.2.3.8.5 bitSet()

bitSet() s& thay gia tri tai mot bit xac dinh ctia mot s nguyén thanh 1,
Cu phap
bitSet(x, n)
Tham sé

x: mot s6 nguyén thudc bat cir kiéu s6 nguyén nao

n: vi tri bit can ghi. Cac bit s€ dugc tinh tir phai qua trai, va sb thtr tu dau tién 1a sb 0.

Tri vé
khong
Vidu
bitSet(B11110010,0); // B11110011
bitSet(B11110010,2); /B11110110
//Ham bitSet c6 thé viét nhu sau
B11110010 | (1 <<0) //=B11110011
B11110010 | (1 <<2) //=B11110110
4.2.3.8.6 bitClear()

bitClear() s& thay gia tri tai mot bit xac dinh cia mot s nguyén thanh 0,
Cu phap
bitClear(x, n)
Tham sé

x: mot s6 nguyén thudc bat cir kiéu s6 nguyén nao
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n: vi tri bit can ghi. Cac bit s€ dugc tinh tir phai qua trai, va sb thtr tu dau tién 1a sb 0.
Tri vé

khong

Vidu

bitClear(B11110010,1); / B11110000

//Ham bitClear c6 thé viét nhur sau
B11110010 & ~(1 <<1) //=B11110000
4.2.3.8.7 bit()
Tra vé mot s6 nguyén dang 2" (2 mii n),
Cu phap
bit(n)
Tham sé
n: s6 nguyén
Trd vé
mot s6 nguyén
Vidu
bit(0); /270 =1
bit(1); // 2" =2
bit(2); // 2"2 =4
bit(8); // 28 = 256

// cling c6 thé viét nhu sau

1<<0//=1
1<<1//=2
1<<2//=4
1 << 8//=256

4.2.3.9 Ngit (interrupt)
4.2.3.9.1 attachInterrupt()

Ngit (interrupt) 1 nhimng 10i goi ham ty dong khi hé thong sinh ra mét sy kién. Nhiing
su kién nay duoc nha san xuat vi didu khién thiét 1ap bang phan ctng va duoc ciu hinh trong
phan mém bang nhiing tén goi c¢d dinh.
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Vi ngét hoat dong ddc lap va tu sinh ra khi dugc cdu hinh nén chuong trinh chinh s€
don gian hon. Mot vi du dién hinh vé ngit 1a ham millis(). Him nay ty dong chay cung véi
chuong trinh va tra vé 1 con s ting dan theo thoi gian mic du chiing ta khong cai dit no, Viée
cai dat hammillis() st dung dén ngit va duoc cdu hinh ty dong bén trong ma chwong trinh
Arduino.

Vi sao can phai ding dén ngat?

Ngit gitip chwong trinh gon nhe va xir Iy nhanh hon. Chang han, khi kiém tra 1 nat nhan
c6 duoc nhdn hay khong, thong thuong can kiém tra trang thai nit nhén bang
ham digitalRead() trong doan chuong trinh loop(). Vi viée sir dung ngat, chi can ndi niit nhan
dén diing chan c6 hd tro ngit, sau d6 cai dat ngit sé sinh ra khi trang thai ntit chuyén tir HIGH-
>LOW. Thém 1 tén ham s& goi khi ngét sinh ra. Vay 1a xong, bién trong doan chuong trinh ngat
s& cho ta biét trang thai niit nhan.

S6 luwong cac ngit phu thudc vao timg dong vi diéu khién. Véi Arduino Uno chi ¢6 2

ngit, Mega 2560 c6 6 ngat va Leonardo ¢6 5 ngit.

Board int.0 int.1 int.2 int.3 int4 int.5
Uno, Ethernet 2 3
Mega2560 2 3 21 20 19 18

Leonardo 3 2 0 1 7
Cu phap
attachInterrupt(interrupt, ISR, mode);
Thong 6

interrupt: SO tht tu ciia ngit. Trén Arduino Uno, ¢6 2 ngit voi so thir tu 1a 0 va 1. Ngit s6 0
nbi voi chan digital s6 2 va ngat s6 1 ndi voi chan digital s6 3. Mudn dung ngat phai gian nit
nhan hodc cam bién vao dung cac chan nay thi mdi sinh ra su kién ngat. Néu dung ngat s6 0 ma
gin nit nhan ¢ chan digital 4 thi khong chay dugc rdi.

ISR: tén ham s€ goi khi co su kién ngét duoc sinh ra.

mode: kiéu kich hoat ngit, bao gdm

LOW: kich hoat lién tuc khi trang thai chan digital c6 muc thip

HIGH: kich hoat lién tuc khi trang thai chan digital c6 muc cao.

RISING: kich hoat khi trang thai ciia chan digital chuyén tir mirc dién ap thap sang mirc dién
ap cao.

FALLING: kich hoat khi trang thai cia chan digital chuyén tir mirc dién ap cao sang mirc dién
ap thap.
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Luu ¥: véi mode LOW va HIGH, chuong trinh ngit s& duoc goi lién tuc khi chan digital con
gitt mirc dién ap twong ung.

Tri vé

khong

Vidu

Poan chuong trinh dudi ddy s& lam sang dén led khi khong nhan nut va lam dén led tat
di khi ngudi ding nhan nut, néu van giit nt nhan thi dén led van con tit. Sau khi tha nit nhin,
den led s€ sang tro lai.

int ledPin = 13;
void tatled()

{
digitalWrite(ledPin, LOW); // tat dén led

h
void setup()

{
pinMode(ledPin, OUTPUT);
pinMode(2, INPUT_PULLUP); // st dung dién trd kéo 1én cho chan s6 2, ngit 0
attachInterrupt(0, tatled, LOW); // goi ham tatled lién tuc khi con nhan nat

b
void loop()

{
digitalWrite(ledPin, HIGH); //bat dén led

}

Mot vi du khac khi str dung ngit, c6 thé thoat khoi cac ham delay dé xir 1y 1 doan chuong
trinh khéc

int ledPin = 13;

void tatled()

{
// tat dén led khi nhan nut, nha ra led nhap nhay tro lai
digitalWrite(ledPin, LOW);

}

void setup()
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pinMode(ledPin, OUTPUT);
pinMode(2, INPUT_PULLUP); // st dung dién trd kéo 1én cho chan sé 2, ngit 0
attachInterrupt(0, tatled, LOW);

b
void loop()

{
// doan chuong trinh nay nhap nhéy led sau 500ms
digitalWrite(ledPin, HIGH);
delay(500);
digitalWrite(ledPin, LOW);
delay(500);
}
4.2.3.9.2 detachInterrupt()

Ham detachInterrupt() s& tit cac ngit di dugc kich hoat twong ing voi thong sb truyén
vao. Gia sir sau khi nhan nat bam 1an d4u tién dén led sé tat nhung nhan lan tht 2 dén s& khong
tat nira. Liic ndy can dung dén detachInterrupt() dé tat ngat ching ta da tao ra.

Cu phap
detachInterrupt(interrupt);
Théng so

interrupt: so thir ty ngat (xem thém & bai attachInterrupt() )

Trdi vé
khong
Vi du

Poan chuong trinh dudi ddy s& bat sang dén led va chi tit no khi nhan 1an dau tién, tha
ra dén sé& sang lai. Néu tiép tuc nhin nira thi dén van sang ma khong bj tit di.

int ledPin = 13; // @én LED duoc két ndi voi chan digital 13
boolean daNhan = false; // luu giit gi4 tri cho biét dd nhan nat hay chua
void tatled()
{

digitalWrite(ledPin, LOW); // tit dén led khi con nhén nut

daNhan = true; // luc nay di nhan nat
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H
void setup()

{

pinMode(ledPin, OUTPUT);  // thiét dat chan ledPin 1a OUTPUT

pinMode(2, INPUT_PULLUP); // st dung dién tr& kéo 1én cho chan s6 2, ngat 0

attachInterrupt(0, tatled, LOW); // cai dit ngét goi ham tatled
}
void loop()
{

digitalWrite(ledPin, HIGH); // bat dén led

if (daNhan == true)

{
// Néu da nhan nit thi tat ngat di

detachInterrupt(0);

H
4.2.3.9.3 interrupts()

Mic dinh, Arduino ludn bat cac ngit nén trong phan setup(), khong can goi ham nay dé
bat cac ngit. Ham interrupts() s& bat toan bd cac ngat di duoc cai dit. Néu vi 1y do nao dé ta
tat cac ngit bang ham nolnterrupts(), str dung ham nay dé bat lai cac ngit.

Cu phap

interrupts();

Thong 6

khong

Tri vé

khong

Vi du

void setup() {}

void loop()

{
nolnterrupts();

// tat cac ngat dé chay
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// doan chuong trinh yéu cau cao vé thoi gian
interrupts();
// bat lai cac ngat, cac ngat hoat dong
// binh thuong trd lai
}
4.2.3.9.4 nolnterrupts()

Khi can chay cic doan chuong trinh yéu cau chinh xac vé thoi gian, can tit cac ngat dé
Arduino chi tdp trung vao xir 1y cac tac vu can thiét va chi duy nhat cac tac vu nay. Cac ngat
chay nén s& khong duoc thyc thi sau khi goi ham nolnterrupts().

Cu phap
nolnterrupts();
Théng sé
khong
Tri vé
khong
Vidu
void setup() {}
void loop()
{
nolnterrupts();
// tat cac ngit dé chay
// doan chwong trinh yéu cau cao vé thoi gian
interrupts();
// bat lai cac ngat, cac ngat hoat dong

// binh thuong trd lai
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