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CHUONG I
TONG QUAN VE MANG CAM NHAN KHONG DAY
SU DUNG CC1010.

1.1. Giéi thiéu vé mang cim nhin khong day.

Véi sy phat trién ctia cong nghé ché tao linh kién dién tir, dac biét 1a
cong nghé ban dan, cac vi diéu khién ngdy nay c6 mat do tich hop cao, kha
nang xu ly manh, kich thudc nho, ti€u thy nang luong it, gid thanh ngay
cang ha. Khi duogc cai dit cac phén mém nhung, cac vi diéu khién nay s¢€ co
kha nang hoat dong doc 1ap & cac moi truong c6 vi tri dia Iy khéc nhau.
Néu két hop céc vi diéu khién nay véi cac bd phat song vo tuyén va cac
cam bién thi chung c6 thé tré thanh nit mang trong mang cam nhan khong
day (Wireless Sensor Network - WSN). WSN c6 thé duoc tao ra bang cach
tap hop nhiéu céc nat duoc cdu tao nhu vay. Tai mdi nat mang, ching cd
thé hoat dong doc lap dé tién hanh do cac thong s6 khac nhau ctia moi
truong nhu: nhi¢t do, do am, anh sang, ap suét, néng do bui,.... WSN
dudng nhu di tré thanh giai phap hap din vi mang dén sy tién loi vé nhiéu
phuong di¢n, va dac biét, trong nhiéu truong hop tham chi con han ché
duoc su nguy hiém cho con nguoi trong nhitng moi truong 1am viée khic
nghiét ( nat mang thay thé cho sy lam viéc tryc tiép cua con ngudi trong

nhitng moi truong cd doc tinh hay nhiét do cao, ap suét cao,... ).

Mang cam nhan khong ddy ra doi dap Gmg cho nhu cau thu thap
thong tin vé moi truong tai mot tdp hop cac diém xac dinh trong mot
khoang thoi gian nhat dinh nhdm phat hién xu huéng hoic quy luat vin
dong ctia méi truong. Bai toan nay dugc dic trung boi mot sb 16n cac nat

mang, thuong xuyén cung cap thong s6 moi truong va giri vé mot hoac mot
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tap tram gdc co két ndi v6i trung tim xir 1y (thuong 13 hé thong mdy tinh )
dé phan tich, xur 1y, dua ra cac phuong an phu hop hodc canh bao hay don

thuan chi 1a luu trir so liéu.

1.2. Céc chi tiéu ctia hé thdng mang cam nhan khong day.

Céc chi tiéu chu yéu cia mang cam nhan khong day 1a: thoi gian
song, d6 bao phu, chi phi va d& trién khai, thoi gian dap tng, d6 chinh xéac
vé thoi gian, bdo mat, va tdc do léy mau hiéu qua. Thong thuong, khi tang
hi€u qua cua chi ti€u nay lai lam giam hiéu qua cua chi ti€u khac. Vi du:
khi ting toc d6 14y mau lai lam giam thoi gian séng. Muc dich & phan nay
hiéu 6 va can bang cac chi tiéu v4i kha ning cia hé thong.

1.2.1. Thoi gian séng.

C6 mot gidi han cua mang cam nhan khong day do 1a thoi gian séng.
Trong cac mg dung, cdc nit mang thuong dugc dat & ngoai mdi truong,
khong c6 nguoi giam sat theo hang thang hay hang nim. Yéu t6 chu yéu
gidi han thoi gian séng ctia mang cam nhan 13 ning luong cung cip. Mdi
nat can duoc thiét ké co ché quan 1y nang lugng ndi b dé tdi da thoi gian
song ciia mang. Pic biét, trong trudng hop mang an ninh, mdi nat phai

song trong nhiéu ndm. Mot nut bi 161 s& lam t6n thuong hé thdng an ninh.

Trong vai tinh hudng c6 thé dung ngudn ning luong ngoai. Tuy
nhién, vi uu diém chinh ctia mang khong day 1a tinh linh hoat dé trién khai.
Yéu cau ngudn niang luong ngoai cho tat ca cac nlit mang lai mau thudn voi
wu diém ndy. Mot giai phap duoc dua ra 13 cho mot nhom céc nat dic biét
duoc cap ngudn ngoai.

Trong hau hét cac ung dung, dac diém chinh cta cac nut 1a ty cép
ngudn. Ching s& ¢ du ning luong cho nhiéu niam hodc c¢o thé 1dy ning

luong tir méi truong thong qua thiét bi khac nhu ning luong mat troi,
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nguodn ap dién. Ca hai sy lya chon déu yéu cdu ning luong tiéu thu trung

binh cua cdc nat cang it cang tot.

Yéu t6 quan trong quyét dinh thoi gian sdng 13 ning luong tiéu thu
radio. Mot nit cdm nhan khong day khi truyén hoac nhan tin hiéu radio sé€
tiéu thu nang lugng 16n. Nang lugng tiéu thu nay cé thé giam dugc bang

cach giam ning lugng truyén, tic 1 giam chu trinh 1am viéc cua radio.
1.2.2. bj bao phi.

Bén canh thoi gian séng, d6 bao phi 14 ciing 1a tham sb danh gia cho
mang khong day. N6 c6 thuan loi 1a kha nang trién khai mot mang trén mot
vung rong 16n. Piéu nay 1am ting gia tri hé thong ddi véi nguoi dung cudi.
Piéu quan trong 1a d6 bao phu ctia mang khong twong duong véi khoang
cach két n6i khong day duoc st dung. K thuat truyén multi-hop c6 thé mo
rong d6 bao phu cia mang. Vé mat 1y thuyét chung c6 kha ning mé rong
v6 han. Tuy nhién, trong mét khoang cach truyén xac dinh, giao thirc mang
multi-hop lam tang nang lugng ti€u thu cua cac nut, va s€ lam gidm thoi
gian séng cua mang. Hon nira, ching doi héi mot mat do tdi thiéu, va sé

lam tang chi phi trién khai.

Rang budc khoang cach din dén viéc mo rong mot sb lugng 16n cac
nat. Gia tri chu yéu ctia mang cam nhan 1a kha ning mo rong. Mot ngudi
dung c6 thé trién khai mot mang nho ban dau va sau d6 tiép tuc thém cac
nut. Tang s6 lugng cac nut trong hé thong s& anh hudng t6i thoi gian song.
Cang nhiéu diém cam nhan thi cang c6 nhiéu dit liéu duoc truyén va sé lam

tang nang luong tiéu thu cua mang.
1.2.3. Chi phi va dé trién khai

Uu diém mau chot cia mang cam nhan khong diy 1a dé trién khai.

Nguoi st dung khong can phai hiéu vé mang va co ché truyén thong khi
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1am viéc voi WSN. Dé trién khai hé théng thanh céng, WSN can phai tu

ciu hinh. Cac nit dugc dit vao moi truong va co thé hoat dong ngay.

Thém vao d6, hé thong can thich nghi ddi véi su thay doi diéu kién
moi trudng. Trong sudt thoi gian séng, s& ¢ thé thay doi vi tri hay cac d6i
tuong 16n c6 thé gay nhiéu téi su truyén thong giira hai nit. Mang can c6

kha ning tu cdu hinh lai dé khic phuc nhimg diéu nay.

Trong thyc t&, mot phan ning luong dugc danh cho kiém tra va bao
tri hé théng. Vi¢c tao ra thong tin chan doan va tai ciu hinh s& lam giam

thoi gian séng clia mang, dong thoi ciing lam giam tdc d6 lay mau.
1.2.4. Thoi gian dap ung

Trong cac tng dung canh bao, thoi gian dap tng hé théng 13 mot
thong $6 quan trong dé danh gid h¢ théng. Mot canh bao can duoc tao ra
ngay lap tirc khi nhan thdy c6 mot sy vi pham. Du hoat dong ning luong
thap, cac nat can c6 kha niang truyén tirc thoi cac thong diép qua mang cang
nhanh cang tot. Trong khi nhiing sy kién nhu vay 1 khong thuong xuyén,
ching co6 thé xay ra tai bat cir thoi diém nao ma khong duoc bao trude.
Thoi gian dap tng ciing quan trong khi diéu khién may moc trong nha may.
Nhirng hé théng nay chi thanh hién thuc néu dam bao dugc thoi gian dap
ung.

Kha ning c6 thoi gian dap mg ngan xung dot véi cac ki thuat lam
tang thoi gian sdng ctia mang. Thoi gian sdng ciia mang c¢6 thé ting bang
cach dé cac nit chi hoat dong radio trong thoi gian ngan. Thoi gian dap ng
c6 thé cai thién bang cach cip ngudn cho mot sd nit trong toan bo thoi
gian. Nhirng nat nay c6 thé nghe cac thong diép canh béo va chuyén tiép
chung theo dudng khi can. Tuy nhién diéu ndy s& lam giam tinh dé trién

khai hé théng.

1.2.5. P9 chinh xic vé thoi gian
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Trong tmg dung theo ddi ddi tuong va gidm sat moi truong cac miu
tir nhidu nat ¢ lién quan theo thoi gian dé xac dinh cac hién twong khac
thuong dugc theo dbi. Tinh chinh xé4c cta co ché twong quan phy thudc vao
tdc do lan truyén cua hién twong duge do. Trong truong hop xac dinh nhiét
do trung binh cua mot toa nha, céac mau chi dugc lién quan voi nhau trong
vong ¢& hang gidy. Tuy nhién, dé xac dinh cach phan tng ciia toa nha d6i
v6i mot tran dong dat thi doi hoi do chinh xac ¢& mili gidy.

Pé dat dugc do chinh xac theo thoi gian, mot mang can xay dung va
duy tri mot thoi gian co sé toan cuc ¢ thé duoc sir dung dé sip xép cac
mau va cac su kién theo thoi gian. Trong mot hé phan tan, nang luong can
duoc mo rong dé duy tri va phan phat ddng hd. Thong tin dong bo thoi gian
can lién tuc duoc truyén giita cac nat. Tan sb cac théng diép dong bo phu
thudc vao yéu cau do chinh xac ciia dong ho thoi gian.

1.2.6. Biao mat

Cac thong tin vé nhiét 46 ddi voi Gmg dung giam sat moi trudng
dudng nhu vo hai nhung viéc giit bi mat thong tin 14 rat quan trong. Cac
hoat dong ciia mot toa nha cé thé thu thap dugc dé dang bang cach lay
thong tin vé nhiét do va anh sang cta toa nha do. Nhimg thong tin nay co
thé duoc st dung dé sép Xép mot ké hoach tin cong vao mdt cong ty. Do

d6, WSN can c6 kha nang giir bi mat cac thong tin thu thap duoc.

Trong cac ing dung an ninh, dit li¢u bdo mat tré nén rat quan trong.
Khong chi duy tri tinh bi mat, ndé con phai cd kha nang xac thuc di liéu
truyén. Su két hop tinh bi mat va xac thuc 13 yéu cau can thiét caa ca ba

dang tng dung.

Viéc str dung ma hoa va gidi ma s€ lam tang chi phi vé nang lugng
va bing thong. Dit liéu ma hoa va gidi ma can duoc truyén cing véi moi
g6i tin. Pi¢u d6 anh hudng tdi hi€u suat tng dung do giam so luong dir liéu

liy tir mang va thoi gian song mong doi.
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1.2.7. Téc dj ldy mau hiéu qua

Trong mdt mang thu thap dir liéu. Tbc d6 thu thap thong tin hiéu qua
1a tham sb danh gia hiéu suat ctia hé thdng. Tc d6 thu thap thong tin hiéu
qua 1a s6 mau lay duoc tir mdi nut riéng 1é va truyén vé diém thu thap trung
tam. Thong thuong, cac tmg dung thu thap dir liéu chi c6 téc do lay mau l1a

1-2 mau trong 1 phut.

Trong mdt ciy thu thap dir liéu, mot nat can diéu khién dir liéu cua
tat ca cac con chau. Néu mdi nat con truyén mot dir liéu va mot nut co 60
nat con chau, né phai truyén 60 1an. Thém vao d6 nd con phai nhan 60 lan
trong mot chu ky ldy mau. Tdc do va kich thuéc mang anh hudng téi toe

do lay mau hi¢u qua.

Mot co ché dé tang toc d6 1ay thong tin 1 truyén dir liéu thé va xu Iy
d¥ 1iéu nd1 mang (innetwork processing). Cac dang nén khong gian va thoi
gian c6 thé dugc str dung dé giam yéu cau vé bang thong trong khi van duy
tri duoc toc do léy mau hiéu qua. Dt liéu sau d6 duoc truyén qua mang

multi-hop khi bang thong cho phép.
1.3. Cac yéu cau cho niit mang.

Sau day 1a nhitng chi tiéu dé danh gid mot nat mang trong WSN.
Muc dich 1a qua céac chi tiéu danh gia do sé tao ra co s& dé Iwa chon loai

VDK thich hop va xay dung hé théng mang hiéu qua.
1.3.1. Nang lugng

Dé dat duoc yéu cau duy tri nang lugng hoat dong trong nhiéu niam,
cac nit mang can phai tiéu thu ning luong rat thap. Viéc tiéu thu ning
luong thap chi dat dugc bang cach két hop cac thanh phan phan cimg ning
luong thap va chu trinh hoat dong ngin. Trong thoi gian hoat dong, truyén
thong radio sé& tiéu thu mot phan ning luong dang ké trong tong mirc tiéu

thu nang lugng cua nit mang. Cac thuat toan va cac giao thirc can dugc
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phat trién dé giam hoat dong truyén nhan radio. Piéu ndy c6 thé dat duoc
béng cach st dung sy tinh todn cuc bd dé giam 1u6ng dir liéu nhan duoc tu
cam bién. Vi dy, cac su kién tir nhiéu nat cam bién c6 thé duge két hop
cung nhau thanh mot nhém cac nat trude khi truyén mot két qua don 1é qua

mang cam nhan.
1.3.2. Tinh mém déo

Cac nut mang phai c6 kha ning thich nghi cao dé thich hop véi cac
ngir canh khac nhau. M&i mot ing dung s& yéu cau veé thoi gian sdng, tdc
do lay mau, thoi gian dap tmg va xir Iy ndi mang khac nhau. Mot kién trac
WSN can phai do mém déo dé cung cdp mot dai rong cac tng dung. Thém
vao d6, vi 1y do chi phi mdi thiét bi s& chi ¢6 phan ctng va phan mém cho
mot ing dung cu thé. Kién trac can don gian dé két hop giita phan cimg va
phan mém. Vi vdy, nhimg thiét bi ndy doi hoi mot mac d6 cao vé tinh

modul ctia phin cimg va phdn mém trong khi van giit dugc tinh hiéu qua.
1.3.3. Sirc manh

Pé hd tro cho cac yéu cau vé thoi gian séng, mdi nut can phai cang
manh cang tdt. Trong su thuc té, hang tram nat mang s€ hoat dong trong
nhiéu nim. Pé dat duoc diéu nay, hé théng can duoc xay dung dé van co6
thé hoat dong khi mot nut bi 15i. Modul hod hé théng 13 mot cong cu manh
dé phat trién hé thong. Bang cach chia chirc niang hé thong thanh cac thanh
phan con doc lap, mdi chirc ning co thé dugc kiém tra day du trude khi két
hop chung thanh mot Gng dung hoan chinh. Pé 1am diéu nay, cac thanh
phén hé théng phai doc lap dén murc c6 thé va co giao tiép chat ché, dé
ngin chin cic tuong tac khong mong doi. Dé ting sitc manh hé thong khi
nut bi 161, mot WSN ciing can c6 kha ning ddi phd véi nhidu ngoai. Cac
mang thudng cung ton tai cung véi cac hé thong khong day khac, ching
can c6 kha nang dé thich nghi theo cac hanh dong khac nhau. N¢ ciing phai

c6 kha niang hoat dong trong méi trudng da co cac thiét bi khong day khac
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hoat dong voi mot hay nhiéu tan sd. Kha ning tranh tac nghén tan s 1a

diéu cbt yéu dé dam bao mot sy trién khai thanh cong.
1.3.4. Bao mat

Dé dat duoc muc do bao mat ma tng dung yéu ciu, cac nit riéng 1é
can c6 kha nang thuc hién sy ma hod phuc tap va thuat toan xac thuyc.
Truyén dir liéu khong day rat dé bi chan. Chi c6 mot cach bao mat dir liéu
12 ma ho4 toan bd dir lidu truyén. CPU can c6 kha ning tu thyc hién cac
thao tac mat ma. Pé bao mat toan bo dit liéu truyén, cc nut can tu bao mat
dir li¢u cua ching. Trong khi chung khong c6 lugng 16n dir liéu luu bén
trong, chung s& phai luu cac khoa mi hoa dugc sir dung trén mang. Néu
nhiing khod nay bi 19, tinh bdo mat cia mang s¢€ mét. Dé c¢6 duoc tinh bao

mat tdt, cAn phai rt kho dé 1ay dugc khoa ma hoa tir mot nit.
1.3.5. Truyén thong

Mot chi tiéu danh gia cho bat ky WSN 1a tdc do truyén, ning luong
tiéu thu va khoang cach. Trong khi do bao phu cua mang khong b1 gidi han
bai khoang cach truyén ciia cac niit riéng biét, khoang cach truyén c6 mot
anh hudng quan trong to1 mat do tdi thiéu c6 thé chép nhan duoc. Néu céc
nat duge dit rit xa nod khong thé tao duogc két ndi véi mang lién két hodc
v6i mot nat du trir dé co duge do tin cay cao. Néu khoang cach truyén radio
thod man mot mat dd nat cao, cac nat thém vao s€ lam tang mat do hé
thng tdi mot mirc do nao d6 cho phép. Tdc do truyén ciing c6 anh hudng
16n dén hiéu sut ctia nat mang. Toc do truyén cao hon lam cho kha ning
léy mau hiéu qua hon va nang lugong ti€u thu ctia mang it hon. Khi tde do
tang, viéc truyén mat it thoi gian hon va do d6 doi héi it nang luong hon.
Tuy nhién, khi ting tc d6 ciing thudng 1am ting ning luong tiéu thu radio.
Moi thir tré nén béng nhau, mot tdc do cao sé tang hi¢u suét hé théng. Tuy

nhién, tang toc do co anh hudng 16n t6i ning lugng tiéu thy va yéu cau tinh
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toan cua nut. Tong thé, loi ich cua viéc tang toc do co thé dugc bu lai boi

cac yéu tb khac.
1.3.6. Tinh toan

Hai viéc tinh toan cho nut mang tip trung chu yéu vao xir 1y dir lidu
ndi mang va quan 1y cac giao thic truyén thong khong diy murc thap. Co
nhing yéu cau gidi han vé mat thoi gian thuc ddi véi truyén thong va cam
bién. Khi dit liéu t6i trén mang, CPU can diéu khién dong thoi radio va ghi
lai/giai ma (record/decode) dit liéu téi. Téc d6 truyén cao hon doi hoi tinh
toan nhanh hon. Piéu tuong ty cling ding dbi véi xir 1y dit liéu cam bién.
Cac cam bién tuong tu c6 thé phat ra hang ngan mau trong mot gidy. Cac
thao tac xur ly cam bién noi chung bao gém loc sd, trung binh hod, nhan
biét ngudng, phan tich phd, ... Dé ting kha nang xir 1y cuc b, cac nut lang
giéng c6 thé két hop dir liéu v6i nhau trude khi truyén di trén mang. Cac
két qua tir nhiéu nit mang c6 thé duoc tong hop cing nhau. Xir 1y nodi
mang nay doi hoi thém tai nguyén tinh toan. Ngoai ra, ung dung xu 1y dir
lidu c6 thé tiéu thu mot luong tinh toan phy thudc vao cac phép toan duogc

thuc hién.
1.3.7. Pong b thoi gian

Dé hd tro su twong quan thoi gian doc cam bién va chu trinh hoat
dong ngan cua tmg dung thu thap thong tin, cac nit can duy tri dong bod
thoi gian chinh x4c voi cc thanh vién khac trong mang. Céac nit can ngi
va thitc day cing nhau dé chung c6 thé dinh ky truyén thong cho nhau. Cac
16i trong co ché tinh thoi gian sé& tao nén sy khong hiéu qua din dén lam

tang chu trinh lam viéc va lam giam tudi tho cua hé thong mang.
1.3.8. Kich thwdc va chi phi
Kich thuéc vat 1y va gia thanh cia mdi nut riéng 1é c6 anh hudng toi

su dé dang va chi phi khi trién khai. Viéc gidm gia thanh trén mdi nut s&
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1am cho c6 kha ning mua thém nhiéu nat, trién khai mot mang thu thap voi
mat dd cao hon, va thu thap dugc nhiéu dit liéu hon. Kich thuéc vat 1y cling
anh huong t6i su dé dang khi trién khai mang. Céc niit nhd hon c6 thé duoc
ddt ¢ nhiéu vi trf hon va duoc sir dung trong nhiéu tinh huéng hon. Trong
tinh huéng theo doi nat d6i tuong, cac nut nho hon, ré hon s€ tang kha nang

theo ddi nhiéu dbi twong hon.

1.4. Cac dic diém giip CC1010 tré thanh nit mang.

Lua chon vi diéu khién nao dé xdy dung nat mang dap tng duoc cac
yéu cdu vé nut mang va chi tiéu cta hé théng mang di dua ra trén day da
tré thanh mot van dé quan trong. Vi khi chon dugc mdt vi diéu khién thich
hop s& 1am cho qua trinh x4y dung hé thong dé trién khai hon, mang hoat
dong on dinh trong khoang thoi gian dai hon va c6 thé sir dung trong cac

ung dung moi.

CC1010 1a mdt vi mach thu phat siéu cao tan rat phu hop dé tro
thanh nat mang cam nhan khong day. Vi diéu khién nay co rat nhiéu dic
diém phu hop dé tro thanh nit mang nhu: duge tich hop ROM, RAM, c¢6
b6 chuyén d6i ADC 10 bit, c6 thé hoat dong ¢ tan sb tir 3SMHz dén 24MHz,
tiéu thu nang lugng it, kich thudc nhd, c6 bd nhd Flash 32kB, ....Va dac
diém quan trong nhat gip CC1010 dugc lya chon lam nit mang cdm nhan
khong day 1a né dugce tich hop truyén nhan khéng day (300 — 1000MHz) .
Vi viy CC1010 thudng dugc dung dé thiét ké cac tmg dung khong day it
tiéu thy nang lwong. Khi ghép ndi voi cac dau do, khong nhiing c6 kha
ning tao thanh cic diém do théng sé méi truong ma con cod thé xay dung
thanh mot nit mang trong cdu hinh mang cam nhan khong diy ma khong

can dén nhiéu thanh phan phu trg khéc.
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Ngoai ra, hdng Chipcon con dua ra cic thu vién dé 1am viéc véi
CC1010. Do d6, viéc viét chuwong trinh sitr dung CC1010 tré nén d& dang va

thuan tién hon.

Hién nay, hang Chipcon cung cap Module CC1010EM (Evaluation
Module) dé phét trién thém cac ung dung ctia CC1010. Trén Module
CCI010EM co6 tich hop hau hét cach linh kién can cho mot nit mang nhu:
CC1010, cac chan céng, mot cam bién nhiét do dua vao chan ADI, angten,
dao dong thach anh. Module CC1010EM nho gon va dap ung dugc cac
chirc nang cua nut mang la: chic nang mang va chirc ndng cam nhan.
Trong khoa luan t6t nghiép nay dd st dung Module CC1010EM trong thir
nghi¢m va dung ampe ké do dugc dong dién ti€u thu cia nut mang, qua do
phan anh hiéu qua ma phan mém nhiing tiét kiém tiéu thu nang lugng dat

duoc.

1.5. Két luan.

Chuong 1 di dua ra céac chi tiéu ctia hé thong mang cam nhan khong
day va cac yéu cau ddi v6i niit mang. Tir d6 lwa chon duogc vi didu khién
thich hop dé xdy dung nit mang. D6 1a vi diéu khién CC1010 — 1a vi diéu
khién ho 8051, co thé dung ngdn ngit 1ap trinh C va chuong trinh dich Keil
nVision2.0 dé viét chuong trinh tmg dung nap cho CC1010.
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CHUONG II
VAN PE TIET KIEM TIEU THU NANG LUQNG.

Nang luong tiéu thu phu thudc vao nhiéu yéu tb st dung khac nhau
nhu: Kién trac giao thuc mang, Giao thirc chon duong, Hoat dong truyén

nhan khong day.

2.1. Kién triic giao thirc mang.

Phén quan 1y nhiém vy > /Lc’rp ing dung
A 4 A 5.
N . s Op truyen tai
Phan quén 1y di chuyén > ‘/L
‘ “—— Lop mang
Phan quan ly nang luong >
W
\\Lép lién két sb lidu

\
, Lép vat 1y
Hinh 2.1: Kién truc giao thircc cua WSN.

Kién tric giao thirc nay két hop giira ning luong va chon dudng, két
hop s6 lidu voi cac giao thirc mang, st dung ning luong hiéu qua. Kién
trac giao thirc bao gom: 16p vat 1y, 16p lién két sd lidu, 16p mang, 16p
truyén tai, 16p ing dung, phan quan 1y cong suit, phan quan ly di dong va

phan quan 1y nhiém vu.

Lép vat 1y cung cap cac ki thuat diéu ché, phat va thu. Vi méi
truong co tap Am va cac nut cam bién c6 thé di dong, giao thuc diéu khién
truy cap mdi truong (MAC) phai xét dén van dé cong sudt va phai c6 kha

nang to1 thiéu hod viéc va cham vé1 thong tin quan ba cta cac nut 1an can.

Lép mang quan tdm dén viéc chon dudng sé liéu duoc cung cap bdi

16p truyén tai.
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Lép truyén tai giup duy tri ludng sb liéu néu ing dung mang cam
bién yéu cau. Tuy theo nhi€ém vu cam bién, cac loai phﬁn mém khac nhau
c6 thé dugc xay dung va st dung & 16p ing dung. Ngoai ra, cac phan quan
1y cong suat, di chuyén va nhiém vu s& giam sat viéc str dung cong suét, su
di chuyén va thuc hién nhiém vu giita cac nit cam bién. Nhitng phan nay
gitip cac niit cam bién phdi hop nhiém vu cam bién va tiéu thy ning luong

tong thé thap hon.

Phan quan 1y ning lugng diéu khién viéc sir dung nang luong cia nit
mang. Vi dy, niit mang co thé tat khoi thu cta né sau khi thu duoc mét ban
tin tr mot nat 1an can. Diéu nay gitp tranh tao ra cic ban tin giéng nhau.
Ciing vy, khi mirc nang luong ctia nat mang thip, nd s& phat quang ba téi
cac nit 1an can dé thong bao nd c¢6 mirc nang luong thap va khong thé tham
gia vao cic ban tin chon dudng. Phan niang luong con lai s& danh riéng cho

nhiém vu cam bién.

Phan quan 1y di chuyén phat hién va ghi lai sy di chuyén cta cac nut
cam bién dé duy tri tuyén t6i ngudi sir dung va cac nat cam bién co thé luu
vét cua cac nt cam bién 1an can. Nho xac dinh duge cac nat cam bién 1an
can, cac nut cam bién co thé cin biang gitta cin bang giita céng suit cua nd

va nhiém vu thuc hién.

Phan quan 1y nhiém vy dung dé 1am can bang va lén ké hoach céc
nhiém vu cam bién trong mot ving xac dinh. Khong phai tit ca cac nit cam
bién trong vung dé déu phai thuc hién nhiém vy cam bién tai cung mot thot
diém. Két qua 1a mot sd niit cam bién thuc hién nhiéu hon cac nit khac tuy
theo mirc cong sut ctua nd. Nhirng phan quan 1y ndy 1a can thiét dé cac nat
cam bién co thé lam viéc cung nhau theo mot cach thirc st dung hi¢u qua
cong suat, chon duong so liéu trong mang cam bién di dong va phan chia

tai nguyén gitta cac nut cam bién.

Nganh Cong Nghé Thong Tin 13



Dé dn tot nghigp dai hoc

Kién trac mang nhu trén goép phan quan 1y ning luong cua cac nat

mang dong thoi duy tri hoat dong cua toan mang trong thoi gian dai hon.

2.2. Giao thirc chon duwong.
2.2.1. Khé khan trong giao thirc chon duong.

Mic du cac Gng dung ctia mang WSN 1a rat 16n, tuy nhién nhimg
mang nay c¢6 mot so han ché nhu: gi6i han vé ngudn cong suit, kha ning
tinh toan va do rong bang thong. Mot sb giao thirc chon dudng, quan 1y
cong suat va trao doi sb lieu da duoc thiét ké cho WSN vdi yéu cau quan
trong nhat 12 tiét kiém duoc ning luong.

Mot trong nhimg muc tiéu thiét ké chinh cia WSN 1a kéo dai thoi
gian sdng clia mang va tranh suy giam két ndi nhd cac ky thuat quan ly
ning luong. Van dé nay can duoc giai quyét triét dé thi méi dat duoc hiéu
qua truyén tin trong WSN. Cac giao thirc chon dudng trong WSN c6 thé
khac nhau tuy theo tng dung va clu trac mang. Tuy nhién, viéc chon
duong gip phai nhiig kho khin nhu: Phan bd nit, tiéu thu ning luong
khong dugc 1am mét do chinh xéc, tinh khong dong nhat ctia nut mang, tinh

dong ctia mang, kha nang dinh ¢d, kha nang chéng 161, chat lugng dich vu.

Phdn bé nit: Viéc phan bb nit trong WSN phu thudc vao tng dung
va c6 thé duoc thyuc hién bang tay hodc phan bd ngiu nhién. Khi phan bd
bang tay, s6 liéu dugc chon dudng thong qua cac dudng di dinh trude. Tuy
nhién, khi phan bd cac nit ngéu nhién s& tao ra mot ciu tric chon duodng

dac biét (Ad-hoc).

Tiéu thu nang luong khong dwoc lam mat dé chinh xdc: Cac nt cam
bién c6 thé sir dung quéa cc giéi han vé cong suat dé thuc hién tinh toan va
truyén tin trong méi trudng vo tuyén. Thoi gian séng cua nit mang cam
bién phu thudc rat nhidu vao thoi gian sir dung cta pin. Trong WSN da

budc nhdy, moi nut dong hai vai tro 1a truyén so liéu va chon duong. Mot
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sO nit cam bién hoat dong sai chtrc nang do 16i ngudn cong suat co thé giy
ra su thay doi cau hinh mang nghiém trong va phai chon duong lai cac goi

hodc phai td chure lai mang.

Tinh khéng déng nhat cia nit mang: Nghia 13 cac nat mang c6 kha
nang tinh toan, kha ning truyén tin va c6 cong suat khac nhau. Khi d6 s&

gay khoé khan cho ky thuat chon duong.

Kha ndng chéong 16i: Mot sb nat cam bién co thé bi 16i hoic bi ngat
do thiéu cong suit, hong phan cing hodc bi nhiéu méi truong. Su c¢b cua
cac nut cam bién khong dugc anh hudng td1 nhiém vu cua toan mang cdm
bién. Néu co6 nhiéu nat bi 151, cac giao thirc chon dudng va diéu khién truy
cap moi trudng (MAC) phai thanh 1ap cac tuyén moi t6i nat ge. Viée nay
c6 thé can thiét phai diéu chinh cong sudt phat va toc do tin hiéu trén cac
tuyén hién tai dé giam sy tiéu thu ning luong hodc 13 cac goi phai chon

duong lai qua cac cac vung mang co6 cong suat kha dung 16n hon.

Kha nang dinh c&: S6 luong nit mang c6 thé 13 hang trim, hang
nghin hodc nhiéu hon. Bat ky phuong phap chon duong nio ciing phai c6

kha nang lam viéc v&i mot s6 lugng 16n cac nit cdm bién nhu vay.

Tinh dong cua mang: Trong nhi€éu nghién ctu, cdc nit cdm bién
duoc coi la co dinh. Tuy nhién, trong mot sO ung dung, ca nit goc va cac
nut cdm bién co6 thé di chuyén. Khi d6, cac ban tin chon duong tir hodc tdi
cac nut di chuyén s€ gdp phai cac van dé nhu: duong lién lac, cau hinh
mang, nang luong, do rong bang,...

Chat luong dich vu: Khi nang lugng gan hét, cdc nit mang co thé
yéu cau giam chat lugng céac két qua dé gidm muec ti€u thu nang lugng cua
nut va kéo dai thoi gian song clia toan mang.

Maic du viéc chon duong gap nhiéu khé khan nhung khi ¢6 mot giao

thirc chon dudng tot s& tiét kiém thoi gian truyén nhan thong tin, giam ning
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luong tiéu hao lang phi do tic nghén, 16i dudng truyén,.... Vi vay, ngudi ta

dd dua ra mot sb giao thirc chon dudng ma dudi day sé trinh bay.
2.2.2. Cac giao thirc chon duong.

Phan nay sé& trinh bay vé phuwong phap chon duong trong WSN. Noi
chung, cac giao thirc chon duong dugc chia lam 3 loai dua vao cAu tric

mang: ngang hang, phan c4p hodc dua vao vi tri.

Trong chon dudng ngang hang, tat ca cac nut thuong co6 vai tro hodc
chtrc ndng nhu nhau nhu: cadm nhan, truyén,... Ching s thuc hién viéc cam

nhan thong tin can thiét va truyén so liéu vé nat goc.

Trong chon duong phan cép, cac nut s& dong vai tro khac nhau trong
mang, s€ c6 nit chu dai dién cho tirng nhom céc niat cam bién dé nhan sb
lidu tir cac nut cam bién truyén t6i. Céac nat chu cling tip hop s6 lidu tir cac
nat trong nhém cua nd trude khi giri sé liéu dén nat gde. Nut chu s& thay
d6i khi bat dau chu ky lam viéc moi va s& thay bang nat khac c6 kha ning

dam nhan chirc nang nay.

Trong chon duong dua theo vi tri thi vi tri cua cac nat cam bién s&
duoc dung dé chon duong sb lidu. Giao thirc chon dudng con c6 thé dugc
phan loai dya theo da dudng, yéu cau, hoi/dap, QoS va lién két tuy thudc
vao ché do hoat dong. Ngoai ra, cling cé thé chia thanh 3 loai: chu dong,
tuong tac hodc lai ghép tuy thudc vao cach thirc ma ngudn tim dudng toi

dich.

Mot giao thirc chon duong dugc coi 1a thich trng néu cac tham sd cua
hé théng c6 thé diéu khién dugc dé phu hop véi cac trang thai mang hién
tai va cac muc nang lugng kha dung. Mot $6 giao thuc chon duong da phat

huy hi¢u qua tiét kiém tiéu thu nang luong nhu: LEACH,
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TEEN&APTEEN, MECN&SVECN, PEGASIS thudc chon duong phan
cép; SPIN, Directed Diffusion, CADR, CUGAR thudc chon dudng ngang
hang. Trong d6 dang quan tAm nhat 1 giao thirc chon duong LEACH.

LEACH (Low Energy Adaptive Clustering Hierarchy) — phan cip
nhom thich mg cong suat thip, giao thirc nay cho phép tiét kiém ning
lugng trong mang WSN. Muc dich ctia LEACH 14 lyra chon ngau nhién cac
nat cam bién 1am céc nat cha, do do, viée tiéu hao ning lwong khi lién lac
v6i niat gbe duge trai déu cho tat ca cac nat cam bién trong mang. Qua trinh
hoat dong cua LEACH dugc chia thanh 2 budc: bude thiét 1ap va budc on
dinh. Thoi gian bude 6n dinh kéo dai hon so véi thoi gian cua bude thiét
1ap dé giam thiéu phan diéu khién. Tai budc thiét 1ap s& xac dinh nt mang
ndo s& lam chi. Tai budc 6n dinh, cdc niit cdm bién bat dau cam nhan va
truyén sd liéu vé nut chi, nat chu ciing tip hop sb liu tir cac nut trong

nhom trude khi giri cac so liéu nay vé nut goc.

Theo thtr nghi€ém mé phong giao thirc LEACH cua mang WSN c¢6
160 nit, phan bd déu, cong sut ban dau cua nuat 1a 3.0. Két qua thu duoc
1a: khi truyén truc tiép téi ntit gdc, sau khoang 470 chu ky thoi gian s& két
thuc truyén tin; khi st dung giao thirc LEACH, sau khoang 685 chu ky thoi
gian moi két thic truyén tin. Két qua nay cho thiy day 1a mot phuong phap
chon duong phan cap c6 kha ning tiét kiém duoc nang luong va kéo dai

thot gian song cia mang.

Tuy nhién, co ché hoat dong ctia LEACH Ia lya chon sb litu duoc
tap trung va thuc hién theo chu ky. Do d6, giao thirc nay chi thich hop voi
yéu cau giam sat lién tuc boi mang cam bién. Vi tmg dung ma nguoi sir
dung khong can tat ca cac sb liéu ngay lap tuc thi viéc truyén sd liéu theo
chu ky 1a khong can thiét va co thé 1am tiéu ton nang lugng vo ich. Giao

thire LEACH cén tiép tuc duoc cai tién dé khic phuc han ché nay.
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2.3. Hoat dong truyén nhan khong day.

Dbi voi mang cam nhan khong day thi nang luong try thanh mot van
dé dugc chu y dé duy tri hoat dong ctia hé thong mang vi cac nut mang doc
1ap, chi duoc cung cap ning lugng tir mot ngudn ¢b dinh (pin). Viée tiéu
thu niang luong thap 1a mot nhu ciu quan trong cho cac hé thong hoat dong
bang pin — khong duoc cung cdp ning luong thuong xuyén. Khi c6 mot
dong tiéu thu thap thi thoi gian séng cia ching s& kéo dai thém. Hé thong
tiéu thu nang luong thap 1a muc tiéu can dat cia mang cam nhan khong day
sit dung CC1010. Cac van dé dua ra trong phan nay 1a co sé cho viée viét
phan mém tiét kiém tiéu thu ning lugng cho nut mang cam nhan khong

day.
2.3.1. Tan s6 lam viéc ciia CC1010.

Tan s6 lam viéc 1a mgt tham s6 quan trong vi nang lugng tiéu thu
tang tuyén tinh voi tan s6 lam viéc trong hoat dong ciia mach CMOS. Vi
vay, van dé quan trong l1a khong sir dung tan s6 lam viéc cao hon muirc can

thiét cho cac ung dung.

Str dung CC1010 sé& thuan loi dé tiéu thu dong di¢n thép bdi vi bo
truyén nhan khong diy tiéu thu ning luong rét it. Ldi MCU cta CC1010
cling co nhiéu dic tinh tiét kiém dién nang. Ché d6 déng hd trong CC1010

rat quan trong cho tiét kiém tiéu thu ning luong.

CC1010 vé6i 2 may tao dao dong tinh thé, mot may tao dao dong tan
s6 cao dugc su dung tinh thé voi tan s6 tir 3MHz dén 24MHz, va may tao
dao dong tan sb thap thiét ké dé s dung mot dong ho tinh thé 32KHz.
CC1010 c6 thé chuyén ddi giira 2 ché d6 déng hd ngudn bang cach ghi vao
bit CMOS trén thanh ghi X32CON. C6 thé mé ta thanh ghi X32CON mot

cach so lugc nhu sau:
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7 6 5 4 3 2 1 0
| - | - | - ] - | - |X32BYPASS|X32 PD | CMODE |

Céan quan tam dén bit0 — CMODE ciia thanh ghi nay. Khi chay trén
dao dong 32kHz s& goi t6i mode 1 (CMODE = 1), chay & toc do dao dong
cao s& goi tGi mode 0 (CMODE = 0). Ca 2 dao dong phai dugc cip ning
luong va c6 sy 6n dinh trude khi chuyén do6i giita ching. Khi reset,
CC1010 s& mic dinh chay ¢ dao dong tan s cao.

Téc do truyén nhan dir lidu c6 thé 13: 0.6, 1.2, 2.4,...,76.8kBaud, toc
do 76.8kBaud chi dat duogc khi st dung tan s6 14.7456MHz.

Hinh sau minh hoa cho quan hé ting tuyén tinh giita tan s lam viéc

va dong dién ti€u thu:

25

[l
=

=
[y ]

Supply current [mA]

0 / 8 12 16 20 24
Frequency [MHz]

Hinh 2.2: Méi quan hé tuyén tinh gitta dong tiéu thu va tan sé.

Tir dd thi ta thay tan s lam viéc ting, dong tiéu thu ciing s& ting. Do
vay, mudn tiét kiém niang lugng can phai chon tan sé hop 1y lic nat mang
lam viéc va khong lam viéc twong ung. Viéc chon tan sé lam viéc hop ly
tic 13 chuyén ddi vé tan sb lam viéc thap khi nat mang nghi hay 1am viéc ¢
tan sd cao khi niit mang can truyén nhan thong tin dé tranh trinh trang nat

mang lam viéc & tan s6 cao trong nhiing khoang thoi gian khong can thiét.
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2.3.2. Ché @9 1am viéc cita CC1010.

Mach t6 hop c6 thé chuyén d6i gitta ché do tich cuc va ché do tiét
kiém nang lugng. Dong tiéu thu trung binh phu thudc vao ty 1€ gitra thot
gian tiéu dung trong ché do tich cuc va thoi gian tiéu dung trong ché do tiét
kiém nang luong.

Céc thanh phan trong CC1010 nhu CPU, bo bién d6i ADC, bo
truyén nhan RF, v.v...trong da sb trudng hop khong lam viéc dong
thoi. Nghia 1a chu ky nghi va chu ky hoat dong duoc thé hién boi tan
) nhip khac nhau. Quan tri chat ch€ qua trinh nay sé tiét kiém duoc

ning luong tiéu thy cta hé thong. CC1010 ¢6 3 ché d6 lam viéc:
- Ché @b tich cuc (Active Mode).

Trong ché do nay 8051 chay binh thudng & tin sb cao cua xung
Clock va thyc hién cac 1énh tir bo nhé Flash. Xung Clock 1a tan sb dao
ddng cta tinh thé thach anh chinh. Dong tiéu thu phu thudc vao tan sé thuc

té duoc sir dung nam trong khoang 3MHz dén 24MHz.
- Ché @9 nghi (Idle Mode).

Ché d6 nghi s& duoc bat dau sau khi thyc hién xong 1énh thiét 1ap bit
PCON.IDLE. Trong ché d6 nay vi diéu khién 8051 dimg cic qua trinh xur
1y va céac thanh ghi s& luu lai dit liéu hién tai, con tat ca cac thiét bi ngoai vi
khac van chay binh thuong. C6 3 cach dé thoat khoi ché d6 nay:

+ Kich hoat ngit. Viéc ndy c6 nghia 1a xo4 bit IDLE, két thiic ché do
IDLE va thi hanh ngat.

+ Thiét 1ap lai: T4t ca cac thanh ghi duoc nap lai va chuong trinh s&
lai tiép tuc tir dia chi 0x0000.

+ Tat/bat ngudn.
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- Ché dé tat ngudn (Power — Down Mode ).

Sau khi thuc hién xong 1énh dit bit PCON.STOP vi diéu khién va
cac thiét bi ngoai vi s& ngimg hoat dong. Trong ché do nay, cac thanh phan
ngoai vi va nhom cac déng hd cta vi diéu khién 8051 s& bj vo hiéu hoéa, chi
c6 ddéng hd cua bd bién doi ADC 1a van hoat dong. Piéu nay s& cho phép
bd ADC c6 thé sinh ra dugc tin hi¢u reset. Pay chinh 1a ché do tiét kiém
ning luong nhat.

C6 hai cach dé két thuc ché do Power-Down Mode:

+ Thiét 1ap lai: Tat ca cac thanh ghi s€ dugc thiét 1ap lai va chuong
trinh s€ tiép tuc. Chuong trinh s€ bat dau lai tir dia chi 0x0000.

+ T4t/ bat ngudn.

Vén dé quan trong dit ra 1a 1am thé nao cho nit mang c6 thé tro vé
ché do nghi va thic day sau khi nghi mot cach linh hoat dé tranh sy lang
phi, ting thoi gian st dung ngudn. Dua vao cac cach két thuc ché do tiét
kiém ning luong dua ra trén ddy dd c6 mot sb cach danh thirc nat mang
duoc dua ra:

- Thure ddy nho viéc nhan nut bam, viéc nay c6 nghia l1a phai tao ra
mot mach ngoai, co thé mo ta nhu trong hinh v¢ sau:

CC1010
11

RESET

oy
1

General 1O

Hinh 2.3 : Sir dung niit bam dé ddnh thirc mit mang.
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Giai phap nay s€ dua nat mang trd lai hoat dong nho mdt su kién bén
ngoai — Do 1a sy tdc dong ctia con nguoi. Nhu vay, s€ lam mét di tinh doc

1ap vén c6 ctia nit mang cam nhan khong dy st dung CC1010.

- Thitc ddy theo khodng thoi gian: St dung ddng hd thoi gian thuc
(RTC) ciia CC1010. RTC c6 thé danh thirc CC1010 tir ché do ngi trong
khoang thoi gian tir 1 dén 127 gidy. May tao dao dong 32kHz phai hoat
dong dé RTC thyc hién chic ning nay. Giai phap nay dem lai hidu qua tiét

kiém tiéu thy nang lugng cho nut mang khi n6 thic day tu ché do nghi.

Vi ché d6 tat ngudn, néu ta dua nat mang vé ché do nay thi khi
mudn nat mang thirc ddy, can co tac dong ctia con ngudi. Do viy, trong
chuong trinh s& khong can thiép t6i ché do tat ngudn. Ché d6 nghi cta nit
mang duoc quan tdm vi c6 thé khong can dén su tac dong cia con ngudi

nhung van tiét kiém ning luong nho kha nang thic day doc 1ap.

Trong cac gidi phap lam cho nit mang thirc day sau khi nghi, giai
phép bat/tit ngudn 1a d& thuc hién nhat. Tuy nhién, n6 s& lam mat di vu
diém vén co cua mang cam nhan khong day la doc lap, it can dén sy tac
dong cua con ngudi. Vi vy, van dé duoc quan tim ¢ day 1a chuyén doi ché
do lam viéc cta nat mang WSN thong qua cac thanh ghi duoc lap trinh

trong thur vién do hing Chipcon cung cp cho CC1010.
2.3.3. Thiét 1ap ché do 1am viéc bang chwong trinh.

Trong vi diéu khién CC1010, chung ta quan tdm dén thanh ghi diéu
khién ning lugng — PCON (Power Control Rigister). Tim hiéu vé thanh ghi
PCON trong tai liéu tham khao [5]. Bang dudi day cho ching ta biét vé

PCON vdi cac bit cua no.
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PCON (0x87) - Power Control Register

Bit | Name R/W | Reset value | Description

T S8MOD0 R |0 Serial Port 0 baud rate doubler enable.
0 : Serial Port 0 baud rate is not doubled
1 Serial Port 0 baud rate is doubled

il - RiwW |0 Resenved

il - Ri1 1 Reserved, read as 1

4 - R1 1 Reserved, read as 1

3 GFl RW |0 General purpose flag 1. Bit-addressable, general
purpose flag for sofiware control.

2 GFQ RV |0 General purpose flag 0. Bit-addressable, general
purpose flag for sofiware control.

1 STOP R |0 Fower Down (Stop) mode select. Setling the 8TOP bit
places FFIETR core and peripherals in Stop Mode.

0 IDLE R |0 |dle mode selact. Setting the IDLE bit places SET0R
in ldle Mode (core is stopped but peripherals are
running.

PCON c6 dia chi 1a 87h va ta c6 thé biéu dién thanh ghi ndy nhu sau:

7 6 5 4 3 2 ] 0
ISMODO| - | - | - | GF1 | GF0 | STOP | IDLE |

Bang 2.1: M6 ta y nghia cdc bit.

Bit | Tén bit | Gia tri Y nghia
0 Gia tri sau khi reset 13 0, toc do baud giit nguyén gia tri.
MOD — . :
7 | SMODO 1 Toc do baud dugc nhan doi.
0
6 - " Bit du trir. Gia tri sau khi reset 1a 0
0 . g ) .
5 - 1 Bit du trit. Gia tri sau khi reset la 1
0 . g ) N
4 - 1 Bit du trit. Gia tri sau khi reset la 1
0 Gia tri sau khi reset 1a 0. Dung cho diéu khién phan
3 GF1 N o Cix s .
1 mém, bit nay dugc goi la cd muc dich chung 1.
) GFO 0 Gia tri sau khi reset 1a 0. Dung cho diéu khién phan
1 mém.
0 Gia tri sau khi reset 1a 0, nat mang khong & ché do
1 | STOP dung.
1 Nut mang & che do dung.
0 IDLE 0 Gia tri sau khi reset 1a 0, nut mang & ché do tich cuec.
1 Nt mang & ché d6 im ling.
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Véi nhitng dic diém cua thanh ghi PCON, ta can nam bat co ché
hoat dong va tién hanh véan dung dugc thanh ghi PCON vao viéc thiét lap
ché do.

Mot sb gia tri ban du cua thanh ghi PCON duoc dua ra trong thu

vién Hal.h do hang Chipcon cung cap nhu:

PCON|=0x80;

// Gid tri bit 7 1a 1 tire téc dé baud dweoc nhan doi.

PCON|=0x01;

// Gid tri bit 0 _bit IDLE la 1 tirc 6 thé chuyén doi vé ché do nghi.

PCON|=0x02;

// Gid tri bit 1_ bit STOP la 1 tirc ¢6 thé chuyén doi vé ché dp
dimg(ngdt dién).

PCON 1a mot thanh ghi quan trong giup cho viéc dua phin mém
nhung tiét kiém tiéu thu ning luong vao chwong trinh truyén sb liéu cam
nhdn ctia nit mang. Trong do6, bit 0 va bit 1 cia PCON la quan trong nhat
d6i voi kha niang chuyén d6i ché do lam viéc dé tiét kiém nang lugng. Viéc
chuyén nit mang vé ché do ngét dién mac du s& tiét kiém nang lugong nhét
nhung khi can trg vé ché do tich cuc lai phu thudc vao su tdc dong cua con

nguoi. Do vay, bit 0 13 bit cdn quan tAm nhat.
Viéc thiét 1ap ché do lam viéc béng chuong trinh s€é duogc thyc hién
thong qua su chuyén d6i tan s6 1am viéc va gia tri bit ctia thanh ghi PCON.

2.4. Két luan.

Chuong 2 da dua ra nhimng van dé co ban lién quan dén tiét kiém tiéu
thu nang luong. Qua d6 dua ra nhimg danh gia vé kha ning tiét kiém ning

luong ciia mot s6 yéu to lién quan dén h¢ thong mang. Mot trong cac yéu to
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dd duoc lya chon dé xay dung phan mém nhung tiét kiém tiéu thu ning
luong 13 hoat dong truyén nhan khong day. Trong hoat dong truyén nhan
khong ddy, tan sb 1am viéc cao hay thdp, nut mang nghi hay 1am viéc s&
anh huong téi nang lugng sir dung ctia nit mang. Nhirng nghién ctru cua
chuong 2 1a dinh hudéng cho viéc thiét lap ché do lam viéc cua nat mang.
Ta dua vao su chuyén doi ché do lam viéc vdi cac tan sb lam viéc tuong
tmg cta nut mang khong diy st dung CC1010 dé dua ra tu tuong thuat

toan.
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CHUONG III
PHAN MEM NHUNG.

3.1. Tong quan vé phin mém nhiing.

Phan mém nhtng dang c6 nhitng budc d6t pha mdi, tao ra nhing
cudc cach mang triét dé trong twong lai nham phuc vu nhu cau ngay cang
cao ciia con ngudi. Co s cho sy phat trién nay 1a nhiing budc tién manh
mé trong cong nghé phan cing. Mot phan mém nhing phai két hop chat
ché v&i moi truong clia nd bao gdbm phan ctng va cac hé théng lién quan.
N6 ¢6 nhiing rang budc vé toe do xir 1y, dung luong bd nhé va mirc tiéu thu
dién ning... Mot phan mém nhing t6t 1a phdn mém phai dam bao cac yéu
td trén va do ciing 1a hudng phat trién quan trong cta cic phan mém nhing.
Piém mau chét cua cac phin mém nhing ngay nay 1a viéc lya chon cic
phuong phép thuc thi ciia mot chire ning giéng nhu mot thanh phan phan
cting nhung theo mot cach riéng. Vi vay ma khong thé bo di cac tinh ning
“cling” cta phan mém nhu cic phan mém truyén thong khac. Mot phan

mém nhung ngdy nay duoc phat trién theo cach sau:

- Lién két phan mém nhiing tir dudi 1én trén, tir cac 16p triru tugng
dén cac chtrc ning hé thong.

- Lién két phan mém nhiing v&i cac nén lap trinh dugc - cac nén hd
trg nd cung cap cac phuong tién can thiét dé danh gia xem cac rang budc

dua ra c6 thoa man hay khong.

Pé 1am duoc nhu vay thi thyc chit cin phai phat trién cac ky thuat
hinh thirc & muc triru tuong dé c6 nhitg danh gia sém cing véi cac nhom
cong cu va phuong phap dung din. Mat khac ciing can phai xem xét phan
mém nhung va kién trac phan cimg ctia n6 trong mot tong thé can déi. Do
phai théa man nhiéu yéu t6 khac nhau vé phan ciimg, méi truong, gia thanh,

hiéu ning nén ton tai nhiéu thach thirc trong phét trién phan mém nhung
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ngay nay nhu: Can c6 kha ning tai st dung cao, co thé déng thiét ké phan
ctmg, phan mém, xay dung mé hinh cac thudc tinh phi chtrc ning, chuyén
d6i cac phan mém thanh cac dich vu thong qua cac thanh phan phan mém,
kién trac hé thong va kién trac phan mém, danh gia va kiém dinh mac hé
thdng, xay dung cac hé théng c6 kha ning t6 hop dugc nhd cac thanh phan

phan mém co6 thé tai sir dung.

Pé viét phan mém nhung cho cac ho vi xtr 1y, chung ta ¢ thé sir
dung cac ngon nglr khac nhau nhu C/C++ hoac Assembler. Tuy theo ti€u
chi xay dung hé thong ma lua chon ngon ngit thich hop. Tir d6 ciing chon
chuong trinh dich thich hop. Ngay nay, do nhu cdu phat trién hé thong
nhanh, bao tri dé dang nén ngoén ngit dugc lya chon thudng 1a ngdn ngir

cap cao nhu C/C++.

Mot s budce co ban dé xdy dung phan mém tng dung: Trudc hét can
tim hiéu bai todn, phan tich chi tiét dé dwa ra hudng di, tim hiéu cic yéu
cau cua bai toan nham thiét ké luu do thuat toan, dwa vao phan thiét ké dé
viét chuong trinh tng dung sau d6 dua vao kiém thir dé xac dinh hiéu qua

ma chuong trinh dat duoc.

Viéc xay dyng phan mém nhung cling tuan theo trinh tu cac budce
nhu trén. Ngoai ra, phan mém nhing con c6 ddc trung 1a lam viée truc ti€p
v6i phan cung. Do dé dé kiém soat qua trinh 1am viéc véi cac thanh phan

chap hanh c6 ding ddn hay khong 1a diéu dic biét quan trong

3.2. Phan mém nhing cho niat mang WSN sir dung CC1010.
3.2.1. Cong cu.

Phan mém nhing viét cho CC1010 dugc viét bang ngdn ngir C, sir
dung cac thu vién cho CC1010 do hing Chipcon cung cép va chuong trinh
bién dich Keil uVision 2.0.
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Chuong trinh dich Keil uVision 2.0 do hang Keil Elektronik GmbH
xay dung 1 mot mdi trudng phat trién tich hop (IDE) dung dé xay dung
cac chuong trinh cho cac ho VDK tuong thich 8051 cta Intel. Bay 1a bo
chuong trinh dich cho phép nguoi viét chuong trinh soan thao chuong
trinh, dich chuong trinh va g& 15i trén cing mot moi trudng. Chuong trinh

dich hd trg cho ca ngon ngit C va Assembly.

Hing Chipcon ciing cung cap bo thu vién CC1010IDE hd tro cho viéc
xay dung phan mém cho VDK CC1010. Pay 1a bo thu vién gitp cho viéc
xay dung chuong trinh cho CC1010 duoc dé dang va nhanh chéng.

CC1010IDE duya trén cong cu phat trién “uVision2” cua hiang Keil ™
Elektronik GmbH. Cong cu nay cung cap mot khung (framework) cho hau
hét cac dic diém ctia CC1010IDE va ciing hd trg hau hét cho cac VDK ho
8051. Trinh soan thao 1a mot cong cu chu yéu dé soan thao cac file nguén
va file hop ngit. Mot diém dic biét ciia b dich 1a c¢6 thé chuyén cac file
nguodn dugc viét bang C sang dang hop ngit, dé sau d6 c6 thé toi wu hoa ma
1énh. Dang hop ngit sau d6 dugc chuyén thanh cac file di twong (ma may
hodc dir liéu nhi phéan). Cubi cung, bo lién két dua ra dang file thuc thi

dang Intel HEX va c6 thé nap vao bo nhé Flash cua VDKL

Mo hinh ctia mot phdn mém nhung viét cho CC1010 nhu sau:

Chuong trinh tng dung

Thu vién tién ich Chipcon
(Chipcon utility library-CUL)

Thu vién C

P Thu vién phan cling
chuan

(Hardware abstraction library — HAL)

Céc file dinh nghia phan ctng
(Hardware definition file - HDF)

Hinh 3.1: M6 hinh phan mém nhiing cho CC1010.
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Cic file dinh nghia phin ciing - Hardware Definition Files (HDF)

Céc file dinh nghia phan cing dinh nghia dia chi cac thanh ghi, 4nh
xa vecto ngat va cac hang sd phan cimg khac. Chung ciing thuong ding cac

macro cho CC1010EB, va cac dinh nghia hé trg hop ngit va ngon ngit C.
Thu vién phan cieng - Hardware Abstraction Library (HAL)

Pé hd trg viéc phat trién chuong trinh nhanh chéng va dé dang,
Chipcon cung cdp thu vién cic macro va cac ham truy cdp phan clng
C1010 dé dang. Nhiing thu vién ndy nam trong Thu Vién Phan Cing
(HAL) va thi hanh mét giao tiép phan cimg triru tugng ddi v6i chuwong trinh
ngudi dung. Nhd d6 chuwong trinh ngudi ding c6 thé truy cap ngoai vi cia
vi diéu khién, théng qua céc 161 goi ham/macro, ma khong can hiéu chi tiét

v€ phan cirng. Thu vién HAL ho trg cac chirc nang sau:

- Truyén nhdn khéng day

- Do cuong do RSSI

- Truyén nhdn RS232

- Lam viéc voi ADC

- Xu ly thoi gian thuc

- Ma hoda DES

- Thiét ldp cdc bé dinh thoi

- Lam viéc véi cdc cong
Thuw vién tién ich Chipcon - Chipcon Utility Library (CUL)

Bén canh module HAL CC1010IDE ciing cung cip mot thu vién cho

truyén thong RF dit trong Thu Vién Tién ich (CUL). Thu vién nay thudng

dung cho cac ung dung RF dién hinh, cung cdp mot giao thirc RF day du.

Thu vién CUL hd trg cac chiic ning sau:
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- Truyén nhdn khéng day
- Tinh toan Ma du vong (CRC)
- Xu ly Thoi gian thuc (Realtime Clock)

Ca hai thu vién HAL va CUL déu hd trg Truyén nhan khong day va
xtr Iy thot gian thyce. Tuy nhién, cdc ham ¢ thu vién CUL lam viéc & mirc
cao hon, nguoi viét chuong trinh cling dé dang va tién lgi hon, nhung bu lai
cling kém mém déo hon so voi st dung cac ham & thu vién HAL. Do vay,

d6i véi nhing tmg dung doi hoi su phic tap thi thuong ding thu vién HAL.

Véi nhimg céng cu do Chipcon cung cdp, viéc giai quyét cac bai
toan lién quan dén nat mang va toan bo hé thong mang WSN trd nén dé
dang hon. Sir dung cac cong cu nay linh hoat s& tao ra cac phan mém c6
tinh linh hoat va mém déo. Py 1a budc md dau cho viée trién khai rong rai

mang WSN véi nhiéu ing dung c6 ¥ nghia thiét thuc trong twong lai.
3.2.2. Phian mém nhiing.

a. Nghién ciru, phan tich phin mém nhiing truyén nhiét dién hinh caa

nut mang WSN.

Qua cac cach thuc tiét kiém ning luong d3 duoc tim hiéu, dé tai di
sdu vao nghién ctru chuong trinh truyén nhiét dé tac dong vao ché do lam
viéc cia CC1010 nham tao ra chuong trinh nhung tiét kiém tiéu thu ning
lugng. Chuong trinh truyén nhiét dugce chon lam co s& dé thuc hién tiét
kiém ning luong vi chuong trinh nay di duoc hing Chipcon cung cip.
Nghién ciru chuong trinh truyén nhiét ta nhan thay, trong d6 chua thyc hién
viéc chuyén doi ché do lam viéc cho CC1010. Vi vdy, ta can dua thém ham

thuc hién chirc nang nay maoi co thé tiét kiém tiéu thu nang luong.

Ngoai viéc sir dung chuong trinh truyén nhiét, ta c6 thé sir dung mot

s6 chuong trinh do Chipcon cung cip nhu: powermodes, clockmodes,
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xosc_switching dé hiéu 1d vé cac ché do ning luong, ché d6 dong ho, su
chuyén ddi giira tin s cao (3 — 24MHz) cua xung clock va tan sb thap
32kHz cua déng h tinh thé. Qua do thuc hién viéc chuyén ddi ché do lam
viéc trong chuong trinh truyén nhiét tot hon.

Tuy nhién, do vi diéu khién bi rang budc vé mit tai nguyén nén doi
hoi chuong trinh dua vao vi diéu khién phai ngin gon, tiét kiém bd nhé
song van dam bao cho viéc viét chuong trinh nhanh, bao tri va nang cap dé

dang.

Thuat toan ctia churong trinh ¢ thé mé ta nhur sau:

Khoi tao cac tham sd:
- Khoi tao ADC, RF.
- Vé ché do nghi

A 4
A

Dén thoi diém phat s6
ligu?

- Wake up C1010

- Thu thap s6 liéu (cam nhan)
- Phét s6 liéu cho nut goc

- Tré vé ché d6 nghi

Hinh 3.2: Thuat toan lam viéc cua nut mang cam nhan.
Y nghia cua cac budc trong luu do thuat toan:
Buwoc 1: Khoi tao:
- Khéi tao ADC:
+ Dt bo bién d6i ADC vé ché do don (10 bit).

+ Pit dién ap tham chiéu 1a 1.25V.
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- Khoi tao RF:

+ Thiét 1ap mQt trong cac tan s6 RF: 433MHz, 868MHz,
915MHz.

+ Céch diéu ché tin hiéu: ma hoa Manchester
+ Cong suét phat: 4 dBm
+ Xac dinh toc d6 truyén dit lidu: 2.4kb/s
- V& ché do nghi:
+ Thiét 1ap gia tri ctia bit PCON.IDLE = 01h.

Buwée 2: Thoi diém phat sb liéu 1a thdi diém xung nhip cia dong hd

thot gian thuc — RTC da dém dugc 15s sau khi nht mang chuyén vé ché d6

nghi.
+ Néu True : nit mang s& chuyén sang trang thai ctia budc 3.
+ Néu False : nat mang quay tro lai trang thai nghi.
Buoc 3:

- Wake up C1010: Nut mang thirc day va chuyén sang ché do tich
cue, gia tri cia bit PCON.IDLE thay doi.

- Thu thap sb liéu (cam nhan): Cam bién sé& thyc hién chirc ning cam
nhan, thu thap thong tin, sau dé dua tin hi¢u & dang tuong tu vé cho vi diéu
khién. Tai vi diéu khién, ADC s& chuyén tin hiéu sang dang sb roi doc gia
trj vira chuyén doi.

- Phat s liéu cho nat gbc: Bo thu phat RE bat TX dé thuc hién
truyén s6 liéu cam nhan duoc vé nit géc.

- Trd vé ché d6 nghi: Thiét 1ap gia tri cho bit PCON.IDLE = 1

b. Phin mém nhing thue hién thuit toan.

Chuong trinh thuc hién nhu sau:
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- Khéi tao ADC: dung ham halConfigADC() trong thu vién Hal v&i

cac gia tri khoi tao nhu sau:

halConfigADC(ADC_MODE_SINGLE
ADC REFERENCE INTERNAL 1 25, CC1010EB_CLKFREQ, 0);

// ADC sé chuyén déi dir liéu theo ché do single, khéng lién tuc.

- Khéi tao RF: Cac gia tri duogc thiét 1ap theo cAu tric sau:
RF RXTXPAIR SETTINGS code RF SETTINGS =
{
OxA3, Ox2F, Ox15, // Modem 0, 1 and 2
0x75, 0xA0, 0x00, // Freq A
0x58, 0x32, Ox8D, // Freq B
Ox01, OxAB, // FSEP I and 0

0x40, // PLL RX

0x30, // PLL TX

0x6C, // CURRENT RX

OxF3, // CURRENT TX

0x32, // FREND

OxFF, // PA_POW — Nang liong dau ra
0x00, // MATCH

0x00, // PRESCALER };

Chuong trinh str dung 3 ciu trac nay dé thiét 1ap tan s6 RF & 3 gia

tri: 433MHz, 868MHz, 915MHz.

Loi goi ham: RFSetupTransmit(); dé khoi tao RF. Chuong trinh sir
dung ham halRFCalib(&RF SETTINGS, &RF _CALDATA) c6 trong thu
vién Hal dé chuan hoa RF. Trong ham nay ciu traic RF SETTINGS hd trg
thiét 1ap cac théng s6 truyén nhan khong day, con cau tric RF_ CALDATA

thé hién két qua tra v€ cua 161 goi ham.
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- Cau hinh RTC dé danh thtc nat mang tir ché d6 nghi:

halConfigRealTimeClock(15); // sau 15s, nut mang sé thuc ddy, gia tri

nay cé thé thay doi tuy theo img dung thuec té.
RTC RUN(TRUE); // Cho phép RTC lam viéc dé dém thoi gian.
- Su chuyén ddi ché do lam viéc cua nut mang dugc thuc hién nhu sau:
Véi SelectClockMode(0); // nut mang o ché dp tich cue.
XOSC ENABLE(TRUE); // Lam viéc 6 tan sé cao XOSC.

MAIN CLOCK SET SOURCE(CLOCK XOSC);// Thiét ldp

tan so lam viéc o tan so cao cua xung clock

X32 ENABLE(FALSE); // Luc nay, nut mang khong lam viéc
& tan s6 32kHz.

PCON = PCON & Oxfe; // Gia tri PCON.IDLE=0.

Néu nat mang & ché d6 tich cuc SelectClockMode(0), chuong trinh thuc

hién truyén dir lidu:

GetParameters(); // Goi téi ham thu nhdn s6 liéu cam bién nhdn duoc

// tte moi truong.
halRFSetRxTxOff(RF _TX, &RF SETTINGS,&RF CALDATA);

//Bdt TX, RF SETTINGS hé tro thiét Idp cdc théng sé truyén nhin
khéng ddy, RE_ CALDATA thé hién két qua tra vé ciia loi goi ham.

halRFSendPacket(PREAMBLE BYTE COUNT, txDataBuffer,
TBC DATA LEN);

// Truyén cho niit goc, dir liéu ldy tir txDataBuffer — lieu dit liéu cdm

nhédn da chuyén déi qua ADC.
halRFSetRxTxOff(RF_OFF,&RF SETTINGS,&RF CALDATA);//Tdit TX

thcWaitlsec(),; // goi ham doi.
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Qua trinh truyén sé tiép tuc, khi gip: bSample = 0; thi méi két thuc:
bSample = 0;
SelectClockMode(1), // tré vé ché do nghi.

Véi SelectClockMode(1); // nit mang & ché d nghi.

X32 INPUT SOURCE(X32 USING CRYSTAL);
X32 ENABLE(TRUE); // Bua vé tan sé lam viéc thap -32kHz
halWait(250, CC1010EB_CLKFREQ); //cho dé tan s6 on dinh
halWait(250, CC1010EB_CLKFREQ);
MAIN CLOCK SET SOURCE(CLOCK X32);// Thiét ldp tan

$6 lam viéc ¢ mikc thap ciia dong ho tinh thé 32kHz.
XOSC ENABLE(FALSE); // Khéng lam viéc ¢ tan sé cao.
PCON = PCON | Ox01; // Gia tri PCON.IDLE=1

Khi nat mang chuyén sang ché d6 nghi chuong trinh s& thuc hién ngat
RTC dé dém thoi gian nat mang nghi. Sau 15s, chwong trinh s& t dong xoa
co ngit RTC dé chuyén sang ché do tich cuc:

bSample = 1;

INT SETFLAG(INUM_RTC, INT_CLR); // Xod co ngéit RTC.

Khi gip bSample = I; nat mang s& chuyén vé ché do tich cuc va lai

thuc hién truyén dir liéu.
3.3. Két luan.

Chuong 3 da dua ra nhing kién thirc so luge vé phan mém nhing va
cac phuong tién, cach thic thiét ké phan mém nhung cho nit mang st dung
CC1010 cia WSN. Pdng thoi ciing dua ra thuat toan sir dung trong chuong
trinh nhing va cac ham thyc hién chirc ning cam nhén, truyén théng cua

nat mang. Xin xem phu luc dé biét thém noi dung chi tiét cua chuong trinh.
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CHUONG IV
MOT SO THU NGHIEM VA PANH GIA.
4.1. Thiét bi thir nghiém.

Chuong trinh thtr nghiém s€ duoc tién hanh trén mot nat mang cam
nhan. Nut mang nay s€ thyc hién chuc nang cam nhan nhd 1 cam bién
tuong tu, sau dé sé thuc hién chuc nang truyén. Khi nap chuong trinh tht
nghiém cho nit mang no6 s€ cod thé chuyén ddi ché do 1am viée. Muc tiéu 1a
do dugc cuong do dong dién ti€u thu ctia nut mang khi n6 & céc ché do

khac nhau.

Céc thiét bj khac can thiét dung trong thir nghiém: mot may tinh
duogc cai dat chuong trinh bién dich va chuong trinh nap cho nit mang, mot
ban mach duoc gan véi may tinh qua cong ndi tiép, mot ngudn pin 3.5V

dung cho nat mang, mot ampe ké va mot s6 day dién.

4.2. Thir nghiém.

Budéce 1: Nbi ban mach v6i PC. Chuong trinh nhung s& dugc nap cho nat
mang thong qua ban mach nay.

Buée 2: Gan nit mang vao ban mach da ndi véi PC. Xem hinh 4.1 dudi

day cho cac buoc 1, 2. - Nuatmang

L TENYYNGNS

Hinh 4.1: Gan nit mang vao ban mach da noi véi hé thé'ng PC.
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Buée 3: Dung trinh bién dich Keil uVision 2.0 dé dich chuong trinh tht

nghiém trén PC. Xem hinh 4.2 sau day:

FE the_full - pWision? - [C:\Documents and Seilings\hdminist ralor\DeskiopVChuong_trinh_thu_nghiemMruyen_camnhan_tknlM beMain.c]

E1fte £t wew Prowet Dobug Flash Pepphersls Tooks SVC5 Window Hep =l x|
-] B | | g e [ S AL N S L= R K R ]
5 E 0w R[OOI 433 MHe
ot Werkipace =10 =
T CI010 43 MH: .
=4 ""m""'"" vatd SelectrlockModr char iMade)
i =] stda.h ¢
H LE{iNedensn) |
£1) £ Enable high speed %080, switch clock sousee, then dissble S2iHs XOSC
4] chpah HOEC_ENKELE (TRIE) 2
2] stringh MATN_CLOCK_SET_SOURCE |CLOCK_HOSC) 5
3] reqtolon 52_ENABLE | FALEE) 1
L] ccroioeb,t POOR = PCON & Oueer Jidizable 1dle mode
3] hah )
3] cun la
] spwternal Llakes, wait 0,52 to stabilise,
) wionh - then dizable high-speed X050
3 hali_smal LD : :
[ ot smat e
PCON = PCON | Ox0L: rensble ddle mode
3
b
. #) Eox KIC, priority 11
’ by seftwace J
< > i
Birsee B @] ), (/7™ Pirsee L’LI
Build target 'CCI010 433 MHz' -
|eempiling theMain.e. ..
Tinking...
i Program Size: data=10.1 xdata const=451 code=2979
cresting hex £1le from "tho_4: .
“the_ 433" 0 Error(s). 0 Warn s). ';I
TETETET Buita { Commard J, FindinFies [ LE3 (I
AW

" | ) o0 AN TOT MGHIED .. B farin thus nghéem O truyer_camnhan_bnl I the_Full

Hinh 4.2: Dich chwong trinh nhiing bang Keil uVision 2.0.

Buwéc 4: Bat nguon pin cua ban mach vira gan nit mang, mé chuong trinh

Chipcon CC1010 Flash Programmer dé nap tép .hex vira dich cho nat

mang. Xem hinh 4.3 minh hoa cho buéc nay.

1 tbe_full + p¥isionZ - |C:Vdacismanta and SeilingsMdminiatratordieskiop\chuong_irinh_thu_nghismireyen_comnhan_tinl _da thu nafiemitbedbain.c] - |

El6e £ vew Prowc Debo Figsh Perphersls Toos W05 indow Hel =] x|
G = > o i Chipcon CC1010 lash Proprammer
2 E e AN GO0 433 MHe =l
e bkt i g [eratirh et L carruan it . ATa b Tvovwe y
T coini am e Pt port Deice Ciock Fieguency Mz} &
5 Sonwce Geeag 1 = [Lrm x| [rares =
3] theMain.c P
[#) saan Action 1o Porigm —
(3 st & Eiam, Program b Ve __oen_|
15 crypmte  Erase & Program B
(2] string.h ™ Vesity Device sgsnk HEX Fle —[
| recioinn XIZ_ENANLE [FALSE] 2 1 Finad Progem Memeny lom Devies s Wrie by HEX Fin
| cxa0n0abut POON = PCON & Oxfer 7 Padoim Flach Moty Test
::]‘ i ' My Lock: Dpsiona Dt ntomaton
[0 sovintoral cazg] | [ Mite Frotact Boct Biock G From Device |
[ wacah clock o [ fesd Protect Whole Memary e —
IHPUT_SOURCE (%32 _t Dirvien 0

xaz IRCE (3
oullib_small LIS %32_EWABLE [TRIE) ;

= balW¥aic(250, CClouoED | Memony ke Protection

BAIUALE(2S0, CCLOLOER e p——

RAIN_CLOCK_SET SOUNCE i Meercey Unloched >

NOEC_FNABLE (FALSE) » 3

PCON = FCON | Ox0L:

< > £ /IETE_JUN (PALSE) 5

) Fites [T o EEeels - 22

compiling theMain.c...
linking...

Program Size: data=108.1 xdata=765 const=132 coda-2994
ereating hex fils frem "the_4337. ..

“tbc_433" - 0 Error(s). O Warning(s). =

LaiT4 Sil AW

G v Luian T2 i g e W conthungh.. | B e com

Hinh 4.3: Nap chuong trinh nhung.
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Budée 5: Thao niit mang ra khoi ban mach, gin né véi pin 3.5V va tién
hanh do dong tiéu thu bang ampe ké. Xem hinh 4.4 va 4.5 dé biét két qua

do duorc.

Hinh 4.4: Po dong dién ma mit mang tiéu thu trong ché dg nghi.

Hinh 4.5: PBo dong dién ma nut mang tiéu thu trong ché dp tich cue.

Nganh Cong Nghé Thong Tin 38



Dé dn tot nghigp dai hoc

—

a. Khi niit mang truyén. b. Khi nut mang cam nhan.
4.3. Két qua do duoc.

Bang 1 cho két qua do v6i chuong trinh c6 tiét kiém niang luong nho

chuyén doi ché d6 1am viéc, tin s6 RF 1a 433MHz, két qua thu duoc la:

Lin do , Dong dién ti€u thy (mA) ‘
Ché do nghi Cam nhan Truyén
1 0.2 23.6 17.9
2 0.2 23.6 17.8
3 0.1 21 18
4 0.2 235 17.8
5 0.1 22.8 19
Trung binh 0.16 £0.048 22.9+0.8 18.1+£0.36
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Bang 1: Két qua thir nghiém chwong trinh nhiing.
Panh gia két qua:

Tir bang két qua trén ta nhan thay, chuong trinh da thuc hién duogc
tiét kiém ning luong rt rd rang. Dong tiéu thu tai ché do nghi chi bang
khoang 1% dong ti€u thu tai ché d6 tich cuc. Vi vay, néu thoi gian nut
mang & trong ché do nghi kéo dai s& tiét kiém nang lugng rat nhiéu. Trong
chuong trinh ndy, thoi gian nit mang nghi duoc lay 1 15s. Tuy nhién, tuy
theo tmg dung thuc t& yéu cau thuong xuyén hay dinh ky cung cip thong
tin ma gia tri ndy c6 thé ting 1én hodc giam di. Ta c6 thé nhan thay, voi
nhimg mang chi cin cung cép théng tin mot cach dinh ky s& ton it ning
luong hon. Céan ctr vao nhu cau thuc té sir dung ta co thé can thiép vao thoi

gian nat mang nghi dé c6 thé tiét kiém ning luong nhat.

V6i chuong trinh nhung tiét kiém tiéu thu nang luong nat mang s&
thay doi ché d¢ lién tuc vi vay s& kho theo ddi két qua do. Dé c6 thé thay 6
hiéu qua tiét kiém ning luong, ta bo ham chuyén dbi ché do 1am viéc: void
SelectClockMode(char iMode) va chitc nang truyén dit liéu vé nut gbc, két

qua do dugc khi mang chi cam nhén la:

., Dong dién tiéu thy (mA)
Tan sO RF . . . 5 5
Lan 1 Lan2 | Lan3 | Lan4 | Lan5 | Trung binh
433MHz 21.2 21 21.1 21.2 21 21.1+0.1
915MHz 23.1 23 23.3 23.1 23 23.1+0.1

Bang 2: Két qua thir nghiém khi khéng c6 tiét kiém nang lirong.

Panh gia két qua:
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Khi tan s truyén nhén ting 1én, dong dién tiéu thu ciing 16n hon. So
sanh cot gia tri dong dién ti€u thy khi cdm nhan & bang 1 véi bang 2 ta
nhan thay, cung ¢ tin s6 433MHz nhung khi ¢é chuyén d6i ché d6 lam viéc
dong dién tiéu thu s& 16n hon. Nhu vay rd rang gitta cac qua trinh chuyén
d6i ché d6 1am viéc ciing tiéu hao 1 phan ning lugng. Tuy nhién, phan
nang luong do né tiéu hao 1a khong dang ké so v6i phan nang luong ma né
tiét kiém duoc. Vi vay, giai phap chuyén doi ché d6 1am viéc van duoc coi

1a giai phap tiét kiém nang lugng.
4.4. Két luan.

Qua két qua thyc nghiém da chirng minh dugc hi€u qua cia vi¢e tiét
kiém nang luong cho niit mang sir dung vi diéu khién CC1010 théng qua
chuyén d6i ché do 1am viéc cua nat mang mot cach hop 1y. Tuy nhién, khi
¢ diéu kién can tién hanh truyén nhan trong mot hé théng mang dé co thé

tiét kiém nang lugng & quy mo 16n hon.

KET LUAN.

Ban ludn van di xem xét cac dic trung chu yéu ciia mang cam nhan
khong day 1a: thoi gian sdng, do bao phu, chi phi va dé& trién khai, thoi gian
dap tmg, d6 chinh xac vé thoi gian, bao mat, va téc d6 14y mau hiéu qua.
Trong cac dac diém do, luan van nghién clru van dé tiét kiém nang luong

cho nit mang cam nhan khong day dé kéo dai thoi gian séng cua nit mang,
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cu thé 1a: tiét kiém ning luong dya trén hoat dong truyén nhan khong day

bang phan mém nhing.

Viéc nghién ctru cac ché do va cach chuyén doi giita cac ché do cua
CC1010 thong qua tan s6 da giup cho viéc thay ddi ché do lam viéc cta nat
mang WSN mdt cach linh hoat trong phin mém nhing. Viéc chon ché do
duoc thuc hién béng phén mém va khi c6 su chuyén ddi ché do lam viéc

hop 1y sé& tiét kiém ning luong hon.

Chuong trinh sau d6 duoc thir nghiém trén nat mang cam nhan va két
qua cho thiy: viéc tiéu thy dong dién ¢ ba ché do khac nhau rat nhiéu.
Dong dién tiéu thu ¢ ché do nghi chi bang khoang 1% & ché d6 cam nhan
hodc ché do truyén. Nghia 1a ning lugng tiéu thy trong ché do nghi giam

khoang 100 1an so véi ning luong tiéu thu trong ché do tich cuc.

Tir nhan xét d6 cho thay: phan phdi hop 1y cac ché do tich cuc va nghi
cho nit mang s& lam ting tudi tho cila pin tic ting tudi tho cuia nit mang.
Diéu nay c6 thé thue hién dugce bang phan mém théng qua cac 1énh chuong

trinh ma luan van da chi ra.

Néu mdi nit mang tiét kiém ning luong toan bd mang WSN s& tiét
kiém duoc ning lwong nghia 13 nang cao thoi gian séng cho WSN. Déng
thoi, khi nang lugng ctia nit mang dugc duy tri lau sé lam cho viéc chon

dudng nhanh chéng, dé dang hon, ting téc d6 ctia mang.

Nhitng nghién ctru chung va két qua thir nghiém d3 dat duoc vé tiét
kiém tiéu thy ning lugng di khang dinh kha ning tiét kiém nang luong nho
hoat déng truyén nhan khong ddy ma quan trong 13 tan sé lam viéc va sy
chuyén ddi ché do 1am viée cta nat mang. Trong mot pham vi 16n hon ta

van c6 thé ap dung no dé tiét kiém nang luong cho mot hé théng WSN.
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Huodng tiép theo ma dé tai c¢6 thé thyuc hién 1a tién hanh cac tha nghiém
vé tiét kiém tiéu thu nang luong cho mot hé théng mang. Muc ti€u nay dat
dugc s& gitp WSN ¢6 kha ning trién khai rong rdi v6i cac ung dung thiét

thuec.

LOI CAM ON

Em xin chan thanh cam on Hoi déng quan tri truong Pai Hoc Dan

Lap Hai Phong da tao diéu kién co sd vat chat cho em hoc tap va nghién
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clru trong nhitng ndm hoc vira qua va diéu kién thuc tap dé 1am dé tai tét

nghiép.

Em xin guri 101 cdm on td1 tat cd cac thay co gido trong BO Mon Tin
Hoc da gitip d& em trong nhitng ndm hoc vira qua dé c6 dugc nhirng kién

thirc can thiét.

Em xin cam on PGS.TS.Vuong Pao Vy la nguoi da tan tinh giap do

em tim hi€u nhiing van dé co ban nhat cua deé tai.

Em xin chan thanh cam on!

Sinh vién

Dam Thu Phwong

TAI LIEU THAM KHAO

[1] “Mang truyén sé liéu” — Vuong Pao Vy — Nha xuit ban PHQG — Nim
2006.
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[2] “Cdu tric dir liéu va gidi thudt” — Pinh Manh Tuong — Nha xuit ban
khoa hoc va k¥ thuat — Nam 2002.

[3] “Mang théng tin mdy tinh” — Vit Duy Loi — Nha xuét ban Thé gidi —
Nam 2002

[4] “Power and Control in Networked Sensors” — E. Jason Riedy, Robert
Szewczyk — Nam 2000.

[5] Chipcon, CC1010_ Data_Sheet, www.chipcon.com

[6] Chipcon, CC1010IDE User Manual, www.chipcon.com

[7] Chipcon, CC1010_ Examples Readme, www.chipcon.com

[8]”Application Note ANO17” — K.H.Torvmarrk — www.chipcon.com

PHU LUC

Chuwong trinh thiv nghiém vin dé tiét kiém néing lwong. Viét cho nit

mang cam nhdn voi chirc nang cam nhdn va truyén dir liéu.

#include<stdio.h>
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#include<stdlib.h>

#include<ctype.h>
#include<string.h>
#include<chipcon/reg1010.h>
#include<chipcon/cc1010eb.h>
#include<chipcon/hal.h>
#include<chipcon/cul.h>

#include<chipcon/vt100.h>

// Temperature packet:

#define TBC NODE ID LENGTH 2 //word

#define TBC_NODE NAME LENGTH 5//20

#define TBC_TEMP_OFFSET (TBC_NODE ID LENGTH +
TBC NODE NAME LENGTH)

#define TBC_TEMP _LENGTH 2

#define TBC_TEMP_OFFSETI (TBC_NODE ID LENGTH +
TBC NODE NAME LENGTH + TBC_TEMP_LENGTH)

#define TBC_TEMP_LENGTHI1 2

#define TBC TEMP_OFFSET2 (TBC_TEMP_OFFSET1 +
TBC TEMP _LENGTHI)

#define TBC_TEMP_LENGTH2 2

#define TBC TEMP_ OFFSET3 (TBC_TEMP_OFFSET2 +
TBC TEMP LENGTH?2)

#define TBC_TEMP_LENGTH3 2

#define TBC TEMP_ OFFSET4 (TBC_TEMP_OFFSET3 +
TBC TEMP LENGTH3)

#define TBC_TEMP_LENGTH4 2

#define TBC TEMP_OFFSETS (TBC_TEMP_OFFSET4 +
TBC _TEMP_LENGTH4)
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#define TBC_TEMP_LENGTH5 2

#define TBC DATA LEN (TBC TEMP_OFFSETS5 +
TBC TEMP LENGTHSY)

#define PREAMBLE BYTE COUNT 18

// Radio related:

#define TBC_ MY SPP ADDRESS 2
#define TBC_RX_INTERVAL 50

// Node registration

#define TBC_INVALID NODE INDEX 255

#define TBC_UNUSED NODE ID  0x0000

#define MAJOR_PERIOD 1500//30000:5minutes, 360000:1 hour,
1500: 15sec

#define MINOR PERIOD 100

#define AVG_COUNT 10

// Calibration data
RF RXTXPAIR CALDATA xdata RF CALDATA,;

/I Speed related
byte xdata waitMultiplier;

// The temperature "table":

#define TBC_MAX NODE COUNT 16

word xdata nodeIDs[TBC MAX NODE COUNT];

byte xdata
nodeNames[TBC_ MAX NODE COUNT][TBC NODE NAME LENGT
HJ;

word xdata nodeLastT[TBC MAX NODE COUNT];
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bit initrunflag = 1;

unsigned long xdata TMajorPeriod;

byte xdata rxDataBuffer[TBC_DATA LEN];
byte xdata txDataBufferf TBC DATA LEN];
byte xdata avgent;

bool xdata bSample;

// Function prototypes

void tbcWaitlsec (void);

void GetParameters (void);

void setupTimer(();

void RFSetupTransmit (void);

void SelectClockMode(char iMode);

// Unit name, stored in Flash

byte code flashUnitName[TBC_NODE NAME LENGTH];

// RAM bulffer for Flash copy
byte xdata ramBufNonAligned[128];
byte xdata received byte;

word xdata counter,counter2;

void main (void)

{

byte xdata n;

#ifdef FREQ868
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/] X-tal frequency: 14.745600 MHz

// RF frequency A: 868.277200 MHz Rx
// RF frequency B: 868.277200 MHz Tx
/I RF output power: 4 dBm

RF RXTXPAIR SETTINGS code RF_SETTINGS =
{
0xA3, 0x2F, 0x15, //Modem 0O, 1 and 2
0x75, 0xA0, 0x00, // Freq A
0x58, 0x32, 0x8D, //Freq B

0x01, OxAB, // FSEP 1 and 0
0x40, // PLL_RX
0x30, // PLL TX
0x6C, // CURRENT RX
0xF3, // CURRENT _TX
0x32, // FREND
OxFF, // PA_POW
0x00, // MATCH
0x00, // PRESCALER

3

#Hendif

#ifdef FREQ915

// X-tal frequency: 14.745600 MHz
/I RF frequency A: 915.027455 MHz Rx
// RF frequency B: 915.027455 MHz Tx
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// RF output power: 4 dBm

RF RXTXPAIR SETTINGS code RF_SETTINGS = {
0xA3, 0x2F, 0x15, //Modem 0, 1 and 2
0xAA, 0x80, 0x00, //Freq A
0x5C, 0xF4, 0x02, //Freq B

0x01, OxAB, // FSEP 1 and 0
0x58, // PLL RX
0x30, // PLL_TX
0x6C, // CURRENT RX
0xF3, // CURRENT TX
0x32, // FREND
OxFF, // PA_ POW
0x00, /l MATCH
0x00, // PRESCALER
3
#endif
#ifdef FREQ433

// X-tal frequency: 14.745600 MHz

/I RF frequency A: 433.302000 MHz Rx
// RF frequency B: 433.302000 MHz Tx
// RF output power: 4 dBm

RF RXTXPAIR SETTINGS code RF_SETTINGS = {
0xA3, 0x2F, 0x0E, // Modem 0, 1 and 2
0x58, 0x00, 0x00, //Freq A
0x41, 0xFC, 0x9C, // Freq B
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0x02, 0x80, // FSEP 1 and 0
0x60, // PLL RX
0x438, // PLL TX
0x44, // CURRENT RX
0x81, // CURRENT TX
0x0A, // FREND
OxFF, // PA_POW
0xCO, /l MATCH
0x00, // PRESCALER
3

#Hendif

//

// Initialize peripherals

WDT ENABLE(FALSE);

RLED OE(TRUE); YLED OE(TRUE); GLED_OE(TRUE);
BLED OE(TRUE);

// Startup macros for speed and low power consumption

MEM_NO_ WAIT STATES();

FLASH SET POWER MODE(FLASH STANDBY BETWEEN RE
ADS);

/I ADC setup
halConfigADC(ADC_MODE_SINGLE |

ADC _REFERENCE INTERNAL 1 25, CC1010EB_CLKFREQ, 0);

RFSetupTransmit();
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// Reset the node IDs
for (n=0; n <TBC_MAX NODE COUNT; nt++)

{
nodelDs[n] = TBC_UNUSED_NODE ID;

// Reset our name buffer

for (n1=0; n < TBC NODE NAME LENGTH; n++)

{
nodeNames[0][n] = 0x00;

/I Load name from Flash
memcpy(&nodeNames[0][0],flashUnitName,TBC NODE NAME LE
NGTH);

nodelDs[0] = TBC_MY_ SPP_ADDRESS;

// Prepare the id+name part of the packet
txDataBuffer[0] = (nodelDs[0] >> 8) & OxFF;
txDataBuffer[1] = nodelDs[0] & OxFF;

for (n=0; n <TBC_NODE NAME LENGTH; n++)

{
txDataBuffer[n + TBC_NODE ID LENGTH] = nodeNames[0][n];

/I Configure realtime clock to support wake-up from IDLE
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halConfigRealTimeClock(15);

// Enable realtime clock (implicit: interrupt enable)

RTC_RUN(TRUE);

SelectClockMode(1);
// Loop forever
while (TRUE)
{
if(bSample)
{
SelectClockMode(0);
BLED = LED_ON;
GetParameters();
halRFSetRxTxOff(RF_TX, &RF SETTINGS, &RF _CALDATA);
halRFSendPacket(PREAMBLE BYTE COUNT, txDataBuffer,
TBC DATA LEN);
halRFSetRxTxOff(RF OFF, &RF SETTINGS, &RF CALDATA);
GLED = !|GLED;
tbcWaitlsec();

halRFSetRxTxOff(RF_TX, &RF _SETTINGS, &RF_CALDATA);

halRFSendPacket(PREAMBLE BYTE COUNT, txDataBuffer,
TBC _DATA LEN);

halRFSetRxTxOff(RF_OFF, &RF SETTINGS, &RF CALDATA);

GLED = !GLED;

bSample = 0;
BLED = LED OFF;
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SelectClockMode(1);

}
}

}//main

void tbcWaitlsec (void)

{
halWait (250, CC1010EB_CLKFREQ);
halWait (250, CC1010EB_CLKFREQ);
halWait (250, CC1010EB_CLKFREQ);
halWait (250, CC1010EB_CLKFREQ);

} // tbcWaitlsec

void GetParameters(void)
{
word xdata temp, temp1, temp2, temp3, temp4, p, i;
temp = O;templ =0; temp2=0; temp3 =0; temp4=0;

// Indicate transmission

for(i=0;i<4;i++)

{
TIMER2 RUN(TRUE);
halWait (1, CC1010EB_ CLKFREQ);
TIMER2 RUN(FALSE);
if(i==0) p = temp3;
else p = (pttemp3)/2;
tbcWaitlsec();
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ADC_POWER(TRUE);

// Power up the ADC and sample the temperature

ADC SELECT INPUT(ADC INPUT ADO);
ADC_SAMPLE SINGLE();

temp = ADC_GET SAMPLE 10BIT();

ADC SELECT INPUT(ADC INPUT ADI1);
ADC_SAMPLE_SINGLE();
templ = ADC_GET SAMPLE_10BIT();

ADC_SELECT INPUT(ADC_INPUT AD2);
ADC_SAMPLE_SINGLE();

temp2 = ADC_GET SAMPLE_10BIT();
ADC_POWER(FALSE);

// Update the TX buffer and the table with the new temperature
txDataBuffer[TBC_TEMP OFFSET] = (temp >> 8) & 0xFF;

txDataBuffer[TBC_TEMP_OFFSET + 1] = temp & O0xFF;

txDataBuffer[TBC_TEMP_OFFSET1] = (templ >> 8) & OxFF;
txDataBuffer[TBC_TEMP_OFFSETI1 + 1] =temp]l & OxFF;

txDataBuffer[TBC_TEMP_OFFSET2] = (temp2 >> 8) & OxFF;
txDataBuffer[TBC_TEMP_OFFSET2 + 1] = temp2 & O0xFF;

txDataBuffer[TBC_TEMP OFFSET3] = (temp3 >> 8) & OxFF;
txDataBuffer[TBC_TEMP_ OFFSET3 + 1] = temp3 & OxFF;

} // GetParameters
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void setupTimer(()
{
TMajorPeriod = 0;
bSample = 0;
THO = 100;
TLO = 100;

TMOD =TMOD | 0x1; //timer0 model-16 bit timer
INT ENABLE(INUM_TIMERO, INT _ON);

INT GLOBAL ENABLE (INT_ON);

CKCON = CKCON & 0xf7;

IE = IE|0x80;

TFO=1;

void FlashIntrHandler(void) interrupt INUM_FLASH
{
INT SETFLAG(INUM_FLASH, INT CLR);,

return;

/timer 10ms
void TIMERO ISR() interrupt INUM_TIMERO
{

TFO = 0;

THO = 0xdO;

TLO = 0;

TRO=1;
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if(TMajorPeriod==0)

{
bSample = 1;
TMajorPeriod = MAJOR PERIOD+1;
b
TMajorPeriod--;
b
// Setup RF for RX
void RFSetupTransmit (void)
{
halRFCalib(&RF_SETTINGS, &RF _CALDATA);
// Turn on RF for TX
halRFSetRxTxOff(RF_TX, &RF_SETTINGS, &RF _CALDATA);
INT ENABLE(INUM_RF, INT OFF);
// Select RF bytemode

RFCON |= 0x01;

// Enable RF interrupt based on bytemode
RF SET BYTEMODE();

// Setup preamble configuration
RF SET PREAMBLE COUNT(16);

RF SET SYNC BYTE(RF SUITABLE SYNC BYTE);

/I Make sure avg filter is free-running + 22 baud settling time
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MODEMI1=(MODEM1&0x03)|0x24;

// Reset preamble detection
PDET &= ~0x80;
PDET |= 0x80;

//

void SelectClockMode(char iMode)
{
if(iMode==0)
{
// ' Enable high speed XOSC, switch clock source, then disable
32kHz XOSC
XOSC_ENABLE(TRUE);
MAIN_CLOCK SET SOURCE(CLOCK_XOSC);
X32 ENABLE(FALSE);
PCON = PCON & 0Oxfe; //disable idle mode
b
else if(iMode==1) {
// Enable 32kHz oscillator, wait 0.5s to stabilize,
// then switch clock source, then disable high-speed XOSC
X32 INPUT_SOURCE(X32 USING CRYSTAL);
X32 ENABLE(TRUE);
halWait(250, CC1010EB_CLKFREQ);
halWait(250, CC1010EB_ CLKFREQ);
MAIN_CLOCK SET SOURCE(CLOCK X32);
XOSC _ENABLE(FALSE);
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PCON = PCON | 0x01; //enable idle mode

/I ISR (interrupt service routine) for RTC,
// The interrupt must be cleared by software

void isr_rtc()// interrupt INUM_RTC

{
bSample = 1;
INT SETFLAG(INUM_RTC, INT _CLR);
RLED = 'RLED;

b
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