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LOI CAM POAN
T6i xin cam doan ndi dung caa luan van “Thiét ké mang va phan tich hiéu sudt
mang cam bién khdng day cho giam sat sic khée” 1a san pham do t6i thuc hién dudi
sy huéng dan cua PGS. TS. Nguyén Pinh Viét. Trong toan bo noi dung cua luan vin,
nhitng diéu dugc trinh bay 1a do tdi nghién ciru duoc tir cac tai lidu tham khao. Tt ca
c4c tai liéu tham khao déu c6 xuat xi rd rang va dugc trich dan hop phap.
Tai xin chiu trach nhiém cho loi cam doan caa minh.
Ha Ngi, ngay 21 thadng 11 nam 2016
Nguwoi cam doan

Tran Quang Huy
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LO1 CAM ON
T6i xin bay to long biét on sau sic dén thay huéng dan cua t6i, PGS.TS.
Nguyén Pinh Viét. Thay dd giup t6i co nhitng co hdi dé c6 thé theo dudi nghién ctu
linh vyc minh yéu thich. Trong sudt qué trinh thuc hién luan vin, thiy da tan tinh
huéng dan cho tdi, gop Y cho tdi vé duong 16i, dong thoi dua ra nhitng 1oi khuyén b
ich dé toi c6 thé hoan thanh luan van ctia minh,

Tiép dén, tdi xin chan thanh cam on cac thay cd gido trong Khoa Cong nghé
Thong tin, Pai hoc Cong nghé - Pai hoc Qudc gia Ha Nbi da truyén dat cho tdi nhiing
kién thire va kinh nghiém vé cling qui bau trong qua trinh hoc tap va nghién ctu.

T6i cling mubn cam on cac ban cung lép va cac dong nghiép da cho toi nhitng
loi dong vién, nhitng hd trg va gop y vé mat chuyén mon.

Cudi cung, toi xin cam on gia dinh, ban bg, nhitng nguoi da ludn bén canh ang
ho va dong vién toi.

Ha Ngi, thang 11 nim 2016

Tran Quang Huy
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CHUONG 1 MO PAU

1.1 Ly do chon dé tai

Mang cam bién khéng day hay Wireless Sensor Network 1a mét tap hop cac nut
cam bién c6 kha nang tu tri, c6 thé cé dinh hoic di dong va thuc hién cac nhiém vu
khéc nhau. Céc nat mang nay c6 kha nang hoat dong doc 1ap, sir dung cam bién dé thu
thap cac thong tin xung quanh né va gui dit liéu dén cac tram xu Ii xung quanh. Véi
dic diém linh dong, dé trién khai, gi4 thanh ré, hoat dong tiéu thuy it ning lwong, mang
cam bién khoéng day hién dang dugc ung dung trong rat nhiéu linh vuc khac nhau. Cu
thé nhu: Quan sy, gidm sat an ninh, giam sat méi trudng, canh bao thién tai, giam sat
suc khoe..v.v. Trong linh vyc y té, mang cam bién khong day 1a lva chon khéng thé
thay thé di vai viéc giam sat, theo ddi sic khoe bénh nhan tir xa ma khong bi giGi han
boi cac két ndi cé day. Véi nhitng wu diém nhu trén WSN dang c¢6 duoc sy phat trién
manh m& va tré thanh dé tai nghién cau cia nhiéu truong Dai Hoc trén thé gigi. Chinh
Vi vay toi da quyét dinh chon dé& tai: Thiét ké va phan tich hiéu suat caa mang cam
bién khong day cho giam sat sic khoe.

1.2 Muc tiéu caa dé tai

Trong khubn khé luan vin nay, toi tap trung nghién cu vé mang cam bién
khéng day, kién tric cia mang cam bién khéng day, (ng dung thiét ké va phan tich
hiéu suat cuaa mang cam bién khéng day phuc vu viéc giam sat sirc khoe.

Véi bai toan dit ra 1a giam sat cac thong sb stc khoe co ban cia bénh nhan théng
qua CAC sensor gan trén co thé. Dit liéu s& dugc tong hop va gui vé bo xir ly trung tam
dé bac si theo ddi, hodc dwa ra cic canh bao dén ngudi bénh. Trong md hinh nay céc
thong s6 suc khoe nhu: Nhiét do co thé, nhip tim, Huyét 4p v.v. s& duogc theo di thong
qua cac node cam bién. Thong tin s& duoc hién thi tai Terminal cua may tinh xir ly
trung tAm gitp nguoi sir dung co thé d& dang theo ddi va nhan biét duoc cac canh bao
can thiét.

Trong bai toan nay, cac yéu té nhu d6 chinh xac cua dit liéu, thoi gian tr, tan
suat giri bao cao dit liu duoc quan tam hang dau. Bang sy tro gilp cua cac cong cu
mo phong t6i s& dua ra cac mo hinh mang dé xuat, dong thoi phan tich va danh gia
hiéu suat cua hé théng mang thong qua 4 tiéu chi: 1) Do tin cay cua dit liéu , 2) Thoi
gian tré truyén goi tin, 3) Kha nang xu Iy dit liéu I6n, 4) Sy thay doi vi tri cia cac node
cam bién véi cac md hinh mang khac nhau. Qua dé c6 thé dua ra cac danh gia ciing
nhu dé xuat c4c giai phap 1am tiang hiéu ning cho mang cam bién khong day phuc vu
gidm st suc khoe.

1.3 T6 chitc ciia luan vin
Luan van nay s€ duoc trinh bay trong 5 chuong nhu sau:

Chuong 1: Mo dau. Gidi thiéu vé dé tai, muc tiéu va té chuc cua dé tai.
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Chuong 2: Mang cam bién khong day va tng dung trong cac hé thong giam sat
sic khoe. Trinh bay tong quan vé mang cam bién khong day. Cac chuan ap dung cho
mang cam bién khdng day. Tong quan vé cac ang dung cia mang cam bién khéng day
trong hé thdng giam sat stc khoe.

Chuong 3: Thiét ké mang cam bién khong day cho hé thdng giam sat sic khoe.
Trinh bay vé kién tric, md hinh mang cam bién khdng day cho hé thdng giam sat stc
khoe. Vai trd caa cac nat cam bién. Cac van dé vé két ndi mang.

Chuong 4: Mb phong va phan tich hiéu suat. Trinh bay vé cac cong cu md
phong, xay dung chuong trinh mé phong hé théng giam sat suc khoe. Thuc hién mo
phong, dwa ra két qua va phan tich hiéu suat.

Chuong 5: Két luan va hudng nghién ctru trong tuong lai.
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CHUONG 2 MANG CAM BIEN KHONG DAY VA UNG DUNG TRONG CAC
HE THONG THEO DOI SUC KHOE

Chuong nay bao gdm cac thdng tin gisi thiéu vé mang cam bién khong day —
Wireless Sensor Network, cac cong nghé khong day va mét sé ang dung caa WSN
trong cac hé thdng theo ddi stc khoe.

2.1 Gigi thiéu vé WSN [1]

Mang cam bién khong day c6 tén tiéng anh 1a Wireless Sensor Network. N6 bat
dau duoc nghién ciu va phét trién vao khoang nhimg nam 1980. Du 4n duoc phat trién
boi DARPA — co quan cac dy 4n phong thu tién tién caa bo quc phong Hoa Ky. Ban
dau dy an c6 tén 1a Distributed Sensor Networks (DSN). DSNs ban dau duoc gia dinh
la mot mang ¢ nhiéu nat cam bién phan tan, ¢ kha nang két ndi voi nhau nhung hoat
dong doc 1ap, thdng tin trong cac nat cam bién nay co thé duoc dinh tuyén t6i bat ky
nit mang nao trong pham vi. Cac thanh phan cua DSN duogc gigi thiéu lan dau vao
nim 1978 bao gébm bo phan cam bién, moé dun xur ly dir liéu va két ndi, phan mém
phan tan. Ung dung dau tién cua DSN 1a mot hé théng theo ddi may bay truc thing
dugc phat trién boi hoc vién cong nghé Massachusetts.

Mic du budc dau dugc phat trién tir rat sém, clng véi dé 1a cac muc tiéu cu thé
dugc dit ra tir c4c nha nghién ciru, nhung tai thoi diém d6 DSN chua sin sang dé hién
thuc hoa cac muc tiéu dé ra. Cu thé hon 13 boi cac nhuoc diém cua kich thude va gia
thanh bo cam bién, it tng dung va dic biét DSN chwa hoan toan twong thich véi cac
két ndi khong day.

Sy phét trién vuot bac caa nganh cong nghiép may tinh, truyén théng va cong
nghé vi dién tir dd tao nén mot bude tién méi cho DSN dén gan hon vai cac muc tidu
dé ra ban dau. Céc nghién ctu vé DSN bit dau dugc chl y tré lai vao ndm 1998 va
cang ngay cang thu hat nhiéu nha khoa hoc tham gia cing nhu su quan tam caa qudc
té. Cac nghién cau mai vé DSN Iic nay cha yéu tap trung vao cac cong nghé mang,
cac thuat toan xir Iy dit liéu va cac phuong phap tiét kiém tai nguyén cho nat cam bién.
Céc nat cam bién da c6 kich thuéc nho gon va gia thanh ré hon trude. DSN lac nay da
phl hop dé trién khai cac ng dung nhu theo ddi méi truong, mang cam bién giao
thong, va hé théng WSN theo dbi sirc khoe.

Pinh nghia WSN

WSN la mét hé thong mang bao gom cac node cam bién cd két ndi khoéng day
va kha nang tinh toan.

Céc node cam bién thuong 1a cac sensor bao gom cac thanh phan nhu: bd vi xu
ly, bo phan cam bién, bo phan thu phat khéng day, ngudn. Kich thuéc cia cac node
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cam bién thay doi ty thudc vao loai tng dung, nhung chung c¢6 chung nhimg dic
diém sau:

e Sir dung phuong phap phat thong tin quang ba trong pham vi hep va dinh
tuyén da chang.

e Kich thudc vat ly nho, gia thanh ré, cha yéu sir dung pin. Do vy céc node
cam bién bi han ché vé kha nang xtr 1y ciing nhu dung luong nhé.

e Vj tri cac node mang cam bién cd thé duoc phan bb ngau nhién khéng can
xac dinh trudc.

e Co thé xu ly dir liéu don gian.

e Hoat dong 6n dinh va dang tin cay.

WSN c6 rat nhiéu (ng dung trong doi sdng hién nay cta con ngudi. Cu thé 14 [2]:

e Y té: Mang cam bién cd thé duoc str dung dé theo ddi cac thdng sb sinh ly
ctia bénh nhan nhu nhip tim, huyét ap, nhiét d6 co thé tir xa. Va giri bao
cao dén bénh vién khi can thiét.

e N6ng nghiép: Mang cam bién cd thé duoc sir dung dé theo dai diéu kién
khi hau caa mot dién tich canh tac 16n. Tinh toan nhu cu nudc, héa chat
cuia cdy trong va dua ra thong bao.

e Quan sy: Mang cam bién khdng day c6 thé duoc sir dung dé giam sat cac
khu vuc nguy hiém ma khdng can sy c6 mit cia con ngudi. Phat hién
chuyén dong hay vi tri cia d6i phuong, phat hién cac cudc tin cong hoa
sinh va do tim bom minh.

e MOoi trudng: Mang cam bién c6 thé duoc st dung dé theo ddi cac bién doi
khi hau, canh bao thién tai, .v.v

Ngoai ra con rat nhiéu ¢ng dung khéc c6 thé duoc trién khai dua vao nhiing vu
diém cua hé théng mang cam bién khong day mang lai tién ich cho con ngudi. Chinh
Vi vay viéc nghién ciu va phat trién mang cam bién khong day dang 1a dé tai nong
trong nhitng nim gan day.

2.2 C4c thanh phan trong mét hé théng WSN

Hé thong WSN bao gom 3 thanh phan co ban: Source hay Sensor Node 1 cac
nat 1am nhiém vu cam bién, két hop va gui dir liéu. Sink Node 1a cac nét chi lam
nhiém vy thu thap dit liéu tir source va chuyén cho AP. Sink Node ciing c6 thé lam
nhiém vy trung gian gitta WSNs va cac hé thong mang khac. AP lam nhiém vy trung
gian trung chuyén dir liéu, d6i khi vai tro ctia AP khong rd rang.

2.2.1 Cau tao caia nGt cam bién — Sensor node

Mot hé thong WSN 1a mot tap hop cua rat nhién ndt cam bién phan tan trong
mot khoang dién tich rong. Mai nat cam bién déu cd kha ning thyc hién mot sb tac vu
cam bién va xu ly dit liéu doc 1ap. Sau d6 no s& thuc hién két ndi véi cac nit 1an can
dé guri dir liu cam bién vé bo xir 1y trung tdm. Thong thuong mot ndt cam bién s& bao
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gom nhitng thanh phan nhu: Bo phan thu phét séng, b xu ly, bo nhg, mot hoic nhiéu
don vi cam bién va bo nguon. [1]

Antenna
Sensing unit Sensing unit Processing
#1 #2 unit
| ProCessor |-
Sensor | ADC Sensor| ADC L -------- «f" Transceiver
| Storage |
T T 4 J,ﬁT;L. T —= g
| T ) V== | , 1
’ Power unit
____________________ S O e . S
Power 5

ADC = Analog-to-Digital Converter
Hinh 2-1 C4u tgo cia mét ndt cam bién

e Bo xur ly: C6 nhiém vy lap lich cho céc tac vy, xtr ly dir lidu va diéu
khién cac thanh phan khac. Cac kiéu bo xur ly cd thé dugc sir dung trong
WSN: Microcontroller, Digital Signal Processor, FPGA (Field Program
Gate Array), .v.v. Trong d6 Microcontroller duoc sir dung nhiéu hon ca.
Vi du nhu cam bién Mica2 Mote st dung bo xir Iy ATMega 128L
microcontroller.

e B¢ thu phat tin hiéu: Chiu trach nhiém cho viéc thu phat tin hiéu khdng
day. Co thé sir dung séng Radio, Laser hoic hong ngoai. Séng Radio
dugc sir dung phd bién hon ca vi né phu hop véi yéu cau cua hau hét
ung dung trong WSN. B0 thu phéat tin hiéu cd cac trang thai nhu:
Transmit, Receive, Idle va Sleep.

e B6 nhg: Bao gom céc chip nhé flash va RAM cua bo vi xur ly. C6 thé cé
ca cac thé nho ngoai. Vi du chip ATMega 128L microcontroller cua
Mica 2 Mote st dung 128 Kbyte b nhé trong va 4 Kbyte RAM.

e Bo ngudn: Trong mot nlt cam bién, cac hoat dong nhu cam ung, xa ly
va truyén dir liéu déu tiéu thy nang luong. Trong dé viéc truyén dir liéu
tiéu thy nhiéu ning luong hon so véi cac hoat dong khac. Pin 1a nguon
nang luong cha yéu duoc st dung trong cac b nguon caa cam bién. Vi
du cam bién Mica2 Mote st dung 2 vién pin AA. Vi nguén ning lugng
bi gigi han viéc tiét kiém ning lugng cho cac nat cam bién dang 13 muc
tiéu quan tdm hang dau trong hoat dong caa cac WSN. Pa c6 rat nhiéu
nghién ctru va dé xuat cai tién nham ting cudng thoi lugng pin cia cac
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nGt cam bién. Nguoi ta ciing tinh toan dén viéc sir dung cac ngudn ning
lwong ty nhién nhu anh sang mit troi cho cac nat cam bién.

e Nut cam bién: La mot thiét bi phan cang ¢ nhiém vu do cac thong sb
vat Iy & méi truong xung quanh né nhu nhiét do, ap suat, do am,.v.v. Dix
lieu trong ty dugc cam wng boi cac cam bién va duoc s6 hda bang bo
ADC sau d6 duogc giri cho b xir 1y dé thuc hién cac tac vu tiép theo. Céc
cam bién 1 cac thiét bi vi dién ta vi vay ching c6 kich thuéc nho va tiéu
thu rat it nang luong. C6 thé c6 mot hodc nhiéu loai cam bién gan trén
maot nGt cam bién.

2.2.2 Hé diéu hanh caa cac nat cam bién

Hé diéu hanh 1a mot moi truong dé cac chuong trinh wng dung thyuc hién cong
viéc cua minh mot cach don gian va hiéu qua ma khong phai giao tiép voi phan cang.
Trong WSN vai tro cia hé diéu hanh don gian hon so véi cac hé diéu hanh théng
thuong. Li do 1a boi cac gigi han vé mat phan cang cua thiét bi ciing nhu cic yéu cau
it phurc tap cua cac tng dung.

TinyOS 14 hé diéu hanh dau tién duoc thiét ké danh cho hé théng WSNs hay cu
thé hon 1a danh cho cac nat mang. Cac thu vién bén trong TinyOS bao gém: cac bo
giao thirc mang, cac dich vu phan tan, trinh diéu khién thiét bi va cong cu thu thap di
licu. Khong gidng nhu hau hét cac hé diéu hanh khac c6 kha niang chay da nhiém
TinyOS duoc phét trién theo md hinh 14p trinh huéng su kién. Ca TinyOS va céc
chuong trinh tng dung duoc viét cho TinyOS déu sir dung maot loai ngdn ngit 1ap trinh
dac biét cé tén goi la nesC — mot phién ban mé rong caa ngbn ngwr 1ap trinh C. Ngay
nay TinyOS di duogc biét &én va sir dung rong réi trong rat nhiéu nén tang cam bién
khéc nhau. Béi dic tinh ma nguén mé cua né, cong dong st dung TinyOS ciing phat
trién manh mé voi hang trim nhoém nghién ciu 16n nho.

Mot dai dién khac cua cac hé diéu hanh danh cho WSN c6 tén goi la Contiki.
Contiki cling st dung ciu trac kernel hudng su kién nhu TinyOS tuy nhién hé diéu
hanh nay ciing hd trg da nhiém véi mot sé wng dung co ban. Ngoai ra Contiki con hd
tro ca IPv4 va IPv6. Rét nhiéu céc co ché va cai tién cua Contiki duoc &p dung rong
ral.

2.2.3 NUt Sink

La nat chiu trach nhiém tuong tac véi cac nit cam bién. Cac dir liéu tir cac nut
cam bién duogc xtr Iy va chuyén dén cac Base Station hodc dén cac AP. Nut Sink dua
trén bo vi xtr Iy ¢6 kha ning xir Iy tin hiéu ky thuat s, bao gom cac mo-dun khac nhau
nhu dng ten, bo thu phét, bo xir 1y, bo nhé flash, khdi d¢au vao, man hinh hién thi va
pin véi mach sac. Céc dir liéu nhan 1a c6 diéu kién va tiép tuc dugc xir 1y dé loai bo
cac nhiéu, va tinh toan cac thong sb. Dit liéu y té co danh mdc thoi gian, duoc luu trit
trong bo nhé va truyén dén mot tram giam sét tir xa dé phan tich thém. Nat Sink
thudng duoc trang bi mot pin sac cho thoi gian hoat dong toi thiéu 8-12h.
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2.3 Gigi thi¢u cac cong nghé khong day 4p dung cho WSN

WSN c¢6 thé sir dung mot s6 cong nghé truyén dan khong day duoc thiét ké sin
nhu Bluetooth, Zigbee, 802.15.4, Wireless LAN 802.11, Broadband Wireless
Access/WiMax va 3G. Trong phan nay toi s& trinh bay vé 3 cong nghé khdng day
thong dung va dugc &p dung nhiéu trong cac hé thong WSN.

a P i :_,—7; o
WWAN e 0 \1 46
"4.{—; 4 . ;:-_ ;.().
WMAN
o
o Robust & Low
: Teisa IEEE 802.16
(-4 Consumption
WLAN \/
802.15.4 Bluetooth
WPAN 802.15.1
0.01 0.1 1 10 100
Data Rate (Mbps)

Hinh 2-2 C4c giao thic truyén dan khdng day phé bién

2.3.1 WLAN va chuén 802.11 [3]

WLAN hay wireless local area network la mang LAN khong day su dung cong
nghé 802.11 con c6 tén goi khac 1a Wi-Fi. WLAN dugc thiét ké dua trén kién trac
mang té bao (cellular), trong d6 hé théng duoc chia thanh cac cells, mdi cells duoc
diéu khién boi mot Base Station hay con goi 12 Access Point. Mic du wireless LAN c6
thé duoc hinh thanh chi véi mot cells va mot AP, hoic tham chi khong can AP. Tuy
nhién da s céc hé thdng WLAN déu duoc trién khai véi nhiéu cells trong d6 AP két
ndi véi cac hé thdng phan tan khac thong qua cap Ethernet hoic ciing c6 thé 13 két nbi
khong day.
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Internet
Switch or router

Hinh 2-3 M6 hinh mgng WLAN c6 Access Point

Céc hé théng WLAN hoat dong dua trén tap hop cac chuan IEEE 802.11 duoc
cong bd vao nim 1997. Chuédn 802.11 ciing gidng vai cac chuan khéc trong ho 802, n6
dic ta hoat ddng mang tai 2 tang Physical va Data Link trong md hinh tham chiéu OSI.
Do d6 tat ca hé thong mang thiét ké theo chuan 802 déu cd 02 thanh phan chinh 1a
MAC va PHY, trong d6 MAC 1a mot tap hop cac luat dinh nghia viéc truy xuat va gui
dir liéu con PHY phu trach viéc truyén dan va thu nhan dit liéu. Khi méi dugc cong bd
vao nim 1997, c¢éng nghé 802.11 c6 02 phién ban 1a 802.11a hoat dong tai dai tan
5GHz va 802.11b hoat dong tai dai tin 2.4GHz. Sau d6 véi su phat trién cua khoa hoc
cdng nghé cac phién ban khéc caa 802.11 lan luot duoc ra doi véi nhitng cai tién va
tinh ning khac nhau. Bang 2-1 Tém tit vé cac chuan trong cdng nghé 802.11 [3]sé chi
ra mot s6 dic diém chinh cua ting phién ban.

Chuan Nam phat trién | Mot s6 dic diém chinh

IEEE 802.11 1997 Hoat dong lai layer 2 trong mé hinh OSI
Ccong nghé trai phd FHSS sir dung tan s6
2.4GHz tdc d6 1-2Mbps
Cong nghé trai pho DSSS sir dung tan sé
2.4GHz tdc d6 1-2Mbps

IEEE 802.11a 1999 St dyng phuong phap diéu ché OFDM. Hoat
dong o dai tan 5GHz, c6 thé dat téc do tir 6 ~
54Mbps

IEEE 802.11b 1999 Cong nghé trai pho DSSS. Su duyng tan so6
2.4GHz toc d6 5.5 ~ 11Mbps

IEEE 802.11c 2003 Ché d6 Bridge cua 802.11 MAC layer

IEEE 802.11d 2001 Physical:M& rong hoat dong cua 802.11
WLANS v&i c4c mién quy dinh.

IEEE 802.11e Pang phat trien | MAC:Muc tiéu cai tién QoS va cac co ché bao
mat

IEEE 802.11f Pang phat trién | Dé xuat kha ning tuong tic giita cic AP
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IEEE 802.11g 2003 M¢ rong 802.11b vai toc do > 20Mbps

IEEE 802.11h Pang phat trién | Physical/MAC: Cai tién 802.11a thém tinh ning
lya chon kénh [ndoor hoac outdoor, tinh nang
quan ly cdng suat hoat dong

IEEE 802.11i Dang phét trien | MAC: Cai tién bao mat va co ché xac thuc
IEEE 802.11j Dang phat trién | Physical: Cai tien 802.11a theo chuan ctua Nhat
Ban

IEEE 802.11k Pang phat trién | Chuan danh gia tai nguyén Radio

IEEE 802.11m | Dang phat trién | Bao tri chuan IEEE 802.11-1999 chinh stra cac
van dé vé cdng nghé va bién tap.

IEEE 802.11n Dang phat trién | Physical/MAC: Cii tién cho phép ting thong
lugng.

Bang 2-1 Tém tat vé cac chudn trong céng nghé 802.11 [3]

Véi cac wu diém vé tinh di dong, tinh mém déo, dé dang trién khai va mo rong,
tiét kiém chi phi. WLAN dang ngiy cang trd nén pho bién hon trong doi séng. Pac
biét trong mdi truong mang gia dinh va mang doanh nghiép. Tuy nhién véi cac han
ché vé bao mat, téc do truy cap hay pham vi phi séng ciing dd anh huéng khéng nho
dén hiéu nang cta cac hé thng mang. Vi vay can c6 thém nhitng nghién ctu, cai tién
dé c6 thé khic phuc duoc nhirng van dé nay.

2.3.2 802.15.4 va Zigbee [4] [5]

Zigbee 12 mot cong nghé mang khong day c& nhan duoc thiét ké theo chuén
IEEE 802.15.4. Trong d6 chuan 802.15.4 1a chuan truyén théng c6 téc do truyén dir
licu thap, tiéu hao it ning lwong, dé dang di chuyén.

Khéng nhu cac tiéu chuan mang khdng day khac cha yéu phuc vu cac hé théng
mang can téc d6 dir liéu cao va tiéu thy nhiéu ning lwong dong thoi chi phi san xuat
cling nhu 1dp dat rat 16n. C6 rat nhiéu hé thdng theo d&i giam sat chi wu tién vao viéc
tidu thy it ning luong, hoat dong don gian chir khong can téc do truyén dit liéu cao. Vi
du nhu cac hé thdng giam sét theo ddi nhiét do, theo ddi suc khoe v.v.

ZigBee duogc phét trién boi ZigBee Alliance 1a mot t6 chic cac cong ty vién
thong doc lap khéng phu thudc vao IEEE. Trén thyc té ZigBee dugc xay dung trén nén
tang caa chuan IEEE 802.15.4. Cu thé, gidng nhu cic nhom phat trién 802 khac,
802.15.4 chi dinh nghia 16p MAC va 16p PHY. Dya trén nén tang d6 ZigBee xay dung
thém 15p Network va 16p Application dong thai bo sung thém théng tin vao 2 16p da
cd. Tao thanh méot cdng nghé mang LR-WPANS cuaa riéng minh.
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Hinh 2-4 Chong giao thirc ZigBee

ZigBee c6 diy du cac dic diém cua mot hé théng LR-WPANs d6 1a: d& dang
trién khai, d6 tin cdy cao, hoat dong tiéu thu niang luong thap gitp kéo dai thoi luong
pin. Bong thoi bo giao thirc hoat dong don gian va linh hoat gidp dé& dang két hop véi
cac tng dung & tang trén.

Mot hé théng ZigBee gdm nhiéu thanh phan tao nén. Bao gom céc thiét bi nhu:
ZigBee Coordinator(ZC), ZigBee Router(ZR), va ZigBee End Device. Trong do, thiét
bi coordiantor va router con duoc goi 1a full-function device(FFD). Thiét bi nay dam
nhan tat ca cac chtrc ning trong mang va hoat dong nhu mot bo diéu phdi mang. Céc
thiét bi ZigBee end device v6i cac chic ning han ché hon con co tén goi khéc 1a
reduced-function device (RFD). M6t mang ZigBee ti thiéu phai c6 mot thiét bi FFD.

FFD c6 thé hoat dong trong 03 trang thai: Diéu phdi toan mang, diéu phbi mang
con, hoic hoat dong nhuw mot RFD. Mot FFD ¢ thé lam viéc voi nhiéu RFD hoic voéi
FFD khéc. RFD chi lam viéc dugc véi mot FFD quan ly né.

Céc nat mang trong mot mang ZigBee c6 thé lién két véi nhau theo cau trdc
mang hinh sao (Star), hinh cay(Tree), va mit ludi(Mesh).
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Hinh 2-5 Thi du mgt topo mang ZigBee

e Star topology: D4i véi md hinh nay, tat ca cac nat trong mang déu két
ndi dén mot trung tam diéu khién, né dugc goi 1a bo didu phdi mang
PAN. Mot PAN la do mot FFD hinh thanh, sau d6 cac FFD va RFD khac
déu c6 thé két ndi dén nd. Mdi mang hinh sao déu phai c6 mot chi sb
nhan dang ca nhan dugc goi la PAN.

e Mesh Topology: M6 hinh ndy ciing st dung mot bo diéu phdi mang
PAN. Tuy nhién c4c nit mang FFD trong mang déu c6 thé két néi voi
cac FFD khac trong tam pha s6ng ctia nd. Thuc chat day 1a mé hinh két
hop gitra mang hinh sao va mang ngang hang. Mé hinh nay c6 thé ung
dung trong cac mang cam bién khdng day theo ddi va canh bao.

e Cluster-Tree: M6 hinh nay la mét dang dic biét cua cu tric mét ludi.
Trong d6 bo diéu phdi mang PAN tu bau ra ndt mang quan ly mang, va
gan cho ndt mang nay maot chi sé dac biét 1a CID-0, né phét thong tin
quang ba dén cac thiét bi 1an can. Thiét bi ndo nhan duoc khung tin nay
c6 thé yéu cau két néi vao mang vai Cluster Head (CH). Néu bo diéu
phdi dong ¥ nd s& ghi tén thiét bi d6 vao danh sach. Sau d6 thiét bi mai
nay lai tro thanh CH cua nhanh cay mai. Cac RFD c6 thé két ndi vao
cluster nhu mét ndt roi rac & diém cudi cia nhanh.

2.3.3 Bluetooth [4]

Bluetooth 1a cong nghé khdng day cho phép céc thiét bi dién, dién tir nhu may
tinh xach tay, dién thoai di dong, cac thiét bi ngoai vi c6 thé giao tiép véi nhau trong
khoang cach ngan, bang séng vo tuyén qua bang tan chung. Bluetooth hoat dong & dai
tan 2.4GHz ISM day la dai tan khong can diang ky dé dung riéng cho cac thiét bi
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khéng day dung trong céng nghiép, y té, khoa hoc. Ban dau bluetooth duoc thiét ké dé
thay thé cép két néi gitra may tinh va cac thiét bi dién tir mot cach nhanh chong va tién
loi. Khi duoc kich hoat Bluetooth ¢ thé tu dong dinh vi nhitng thiét bi khac co sir
dung chung cdng nghé ¢ xung quanh.

Dic diém cua Bluetooth 1a cong sut tiéu thu thap, gia thanh thap, téc do truyén
dir liéu c6 thé dat téi da 25Mbps véi phién ban Bluetooth 4.0 va con dang tiép tuc
dugc nang cao, tinh twong thich cao hd tro nhiéu loai phan cing hoic phan mém, dé
dang phat trién @ng dung.

2.4 WSN trong cac hé théng theo dbi sirc khée

Hé théng mang cam bién khdng day giam sat suc khoe bao gdom mot loat cac cam
bién duoc gan trén quan 4o hoic trén co thé bénh nhan dé lién tuc theo ddi cac thong
s6 suc khoe va truyén dir liéu dén mot tram gidm sét tir xa. Hinh 2-6 Thi du mot mang
cam bién khong diy mang duoc trén nguoimd ta mot hé thdng theo ddi sic khoe dua
trén mang cam bién khdng day [6].

®O
©®@

Wearable

devices

Source Monitoring
node center

\WSN Node

Hinh 2-6 Thi du mgt mang cam bién khéng ddy mang dwoc trén nguoi

2.4.1 Yéu cau ciia mét hé théng theo ddi siec khoe

Dé thuc hién theo ddi stc khoe caa con ngudi, viéc sir dung mét hé théng mang
cam bién khong day 1a mét lya chon t6i wu. Boi cac két ndi cap s& gidi han chuyén
dong cua con ngudi anh huong dén cac tham sb sinh Iy duoc theo ddi. Mot hé thong
mang khong day theo ddi stc khoe can dam bao duoc cac yéu té sau:

a, P tin cay trong truyén dir liéu

Mot trong nhitng muc tiéu chinh cua hé thong theo dbi stuc khoe 1a co duoc
nhung canh béo sém va chinh xéac cac thdng sb vé sinh 1y trén co thé ngudi dé tir d6 co
nhitng chan doan va diéu tri sém. Do vay khi thiét ké he théng mang ching ta can
quan tdm dén tinh chinh x&c cua cam bién, chat luong duong lién két va do tin cay
trong cé4c giao thirc dinh tuyén dé tranh tinh trang mat mat hozc 15i goi tin gay sai léch
dar lidu.

b, Dir liéu thoi gian thuc

Bao gom 03 khia canh: 1) thu thap di liéu thoi gian thue, d6 nhay cam caa cam
bién va pham vi cam bién. 2) truyén dit liéu thoi gian thuc, chu yéu tap trung vao cac
giao thuc dinh tuyén. 3) xir Iy dir liéu thoi gian thyc, tap trung vao xu ly dit lidu kip
thoi.
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c, X ly dir liéu lon

Thong thudng dé theo ddi suc khoe thi can it nhat 04 bo cam bién sinh hoc trén
co thé. So véi hé thong cam bién méi truong thi mang cam bién phuc vu theo dbi stc
khoe c6 nhu cau vé bang thong cao hon. Pic biét hé thong thuc hién thu thap dix liéu
theo thoi gian thuc nén tao ra luong lon dir liéu doi hoi mang phai c¢6 bang thong cao
dé chiu duoc tai.

d, Thay ddi topology

Hé théng mang cam bién khdng day theo ddi sic khoe phai ¢d kha ning thich
ng voi nhimg thay ddi thuong xuyén cua topology, su chuyén dong cua cac node
mang roi mang, tham gia vao mang,.v.v.

2.4.2 Céc tham sé sirc khée dwoc theo dbi [7]

Céc thong sé sinh 1y thong thudng can theo ddi 13 dién tim d6 (ECG), nhip tim
c6 ngudn gbc tir cac tin hiéu ECG bang cach xac dinh cac khoang R-R, huyét &p, nhiét
d6 co thé, phan xa trén da (GSR), d6 bdo hoa oxy trong méau (Sa02), ty 1é hd hap, dién
dd co (EMG), do dién ndo d6 (EEG) va chuyén dong truc ba cua dbi tugng. Bang 2-2
Céc tham s6 sic khoe dugc theo ddi liét ké mot sé tham sé suc khoe cua con ngudi
dugc theo ddi trong mot hé théng WSN.

Physical Parameter Specifications
Electrocardiogram (ECG) | Frequency: 0.5Hz — 100 Hz
Amplitude: 0.25 — 1mV
Electromyogram (EMG) | Frequency: 10Hz - 3KHz
Amplitude: 50p V — 1mV
Electroencephalogram Frequency: 0.5Hz - 100Hz

(EEG) Amplitude: 1pV — 100u V

Blood Pressure (BP) Systolic: 60 - 200mmHg
Diastolic: 50 — 110mmHg

Body Temperature 32°C — 40°C

Galvanic Skin Response | 0 — 100 KQ

(GSR)

Respiratory Rate (RR) 2 —50 breaths/min Frequency
0.1 - 10Hz

Oxygen  Saturation in | 0-100%

Blood (Sa02)

Heart Rate (HR) 40 — 220 Beats per minute
Bang 2-2 Cac tham s¢ sirc khde duroc theo dbi

2.4.3 Céc Sensor cam bién hién c6 trén thi truong

a, Cam bién do 8-xy kiéu xung (Pulse oximeter) [8]

Bo do oxy kiéu xung di dugc sir dung nhu mot ki thuat chan doan y té ké tir
khi n6 dugc phat minh ra vao dau nam 1970. Cong nghé khong xam nhap co thé nay
duogc sir dung dé danh gia dang tin cay hai s6 liéu sic khoe bénh nhan quan trong: nhip
tim - HR (Heart Rate) va d6 b&o hoa oxy trong méau - SpO2. Céc théng sé6 mang thdng
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tin quan trong, dac biét trong truong hop khan cap khi mot su thay d6i dot ngot nhip
tim, giam oxy trong mau cé thé cho thay can c6 sy can thiép cua y té khan cap. Xung
oxy c6 thé cung cip canh bao trudc khi bat dau thiéu oxy tham chi trudc khi bénh
nhan biéu hién triéu chung thé chat.

Hinh 2-7 Thi du vé mét cam bién do oxy

Cong nghé do oxy kiéu xung thuc hién viéc chiéu tia hong ngoai va can hong
ngoai qua cac mach mau gan da. Cac xung oxy dit trong hop nhwa kep ngén tay tro
hoac déi tai. Nhitng hop nhya c6 chira mot loat cac dén LED cung mot bé mat bén
trong va mot bo cam bién quang dién tir ddi dién. Bang cach do luong anh sang duoc
hap thu bai huyét sic té trong mau ¢ hai budc song khac nhau (thuong 1a 650nm va
805nm), muc do bdo hoda oxy co thé xac dinh duge. Thém vao dé, nhip tim co thé
dugc xac dinh tir md hinh hap thu anh séng theo thoi gian. Tinh toan vé HR va SpO2
tir cAc dang song truyén anh sang c6 thé duogc thuc hién sir dung ki thuat xt Iy tin hiéu
k¥ thuét sb tiéu chuan (DSP). M6t sb thuat todn phuc tap da dugc phét trién dé giam
thiéu 13i do vat chuyén dong. Ngay nay cdng nghé nay di duoc tich hop trén mot sb
thiét bi khac nhu Smart Phone hay vong deo tay théng minh.

b, Pién tim (EKG) [8]

Hai loai khac nhau cua dién tim d6 (EKG hay ECG) thudng duoc sir dung
trong y té dé do hoat dong cua tim. Thiét bi nay ghi lai mot mau ngin (khéng qué 30
gidy) hoat dong cua dién tim gitra cac cip dién cuc khac nhau. Mdi cip dién cuc cung
cap mot hinh anh duy nhét va chi tiét vé nhip tim, tiéng vong riéng 1é ciia xung dién
cta tim khi ching dugc thuc hién thong qua mé xung quanh. Mot bac si tim mach co
kinh nghiém c6 thé nhanh chdng giai thich mot dién tdim do tiéu chuan dé chan doan
mot loat cac rdi loan nhip tim, ciing nhu thiéu mau cuc bo co tim cip va nhoi mau.

Mote-based EKG 1a loai cam bién duoc phat trién dua trén nén tang
Mica2/MicaZ va Telos cung cap theo ddi dién tam db lién tuc bang cach do su khac
biét trén mot cap dién cuc. Hinh 2-8 1 vi du caa mot cam bién nhip tim EKG duoc
thiét ké mach tich hop cua Texas Instruments INA321 CMOS.
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EXG leads

EXG sensor board

Telos mote

Hinh 2-8 Cam bién nhjp tim EKG

C6 3 dién cuc duoc gan vao trén va dudi nguc cua bénh nhan, mot dugce dat
trén da caa bénh nhan trong khi hai dién cuc khac duoc sir dung dé do hoat dong cua
tim. B khuéch dai va loc tin hiéu INA321 cho phép loc ra gan nhu tat ca cac nhiéu
thong thuong. Cac tin hiéu sau d6 duoc khuéch dai thém va dwoc chuyén dén mot
cong dau vao caa ADC.
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CHUONG 3 THIET KE MANG CAM BIEN KHONG DAY CHO HE THONG
THEO DOI SUC KHOE

3.1 Kién trdc chung cia hé théng mang WSN

3.1.1 Kién trac chung ciaa WSN

Céc node cam bién duoc phan b trong mot trudng sensor duoc minh hoa trén
Hinh 3-1 Kién trdc chung cia WSN. Mdi node cam bién c6 kha ning thu thap dix liéu
va dinh tuyén dén cac sink. Dit lidu duoc dinh tuyén dén céc sink boi mot cau trac da
diém nhu hinh dudi. cac sink cd thé giao tiép voi cac node quan ly nhiém vu (task
manager node) qua mang Internet hoac vé tinh.

> Thiét bl the
< VRN SH i (Sink) e \
A e, A~
_ ¥ 7 T
Nt quan Y %
«
Ngudi sir dung

Cic nt cam bién X
.

Truling cam Hén |

Hinh 3-1 Kién trdc chung ciia WSN

Do dic diém va tng dung ciia mang WSN nén Td pd cua mang cam bién khong
day thuong dugc stir dung véi 2 dang do 1a: dang ngang hang va dang hinh sao, phan
cum.

e Dang ngang hang: it duoc s dung hon vi dic diém chinh cia mang sensor
thu thap dit liéu nén vai trd cia cac nut trong WSN thuang khdng giéng nhau.

e Dang hinh sao: Pay la dang pho bién trong WSN, ddi véi mang WSN don
gian nhat la cac nt cam bién dir liéu va chuyén vé mot nat trung tam bang phuong
phap tryuc tiép hoic gian tiép qua mot sé ndt trung gian. Ma rong cua dang hinh sao 1a
dang cum hay la cay phan cip, cac nat sensor duoc phan thanh tiing cum va theo phan
cap thanh ting mic khac nhau.
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Flat architecture Cluster architecture

Hinh 3-2 Hai kién tric ddc trung ciia WSN

a, Kién truc phang:

Trong cau tric phang (flat architectute — Hinh 3-2 Hai kién tric dic trung cua
WSN): tit ca cac node déu ngang hang va déng nhat trong hinh dang va chiic ning.
Céc node giao tiép véi sink qua multihop sir dung céc node ngang hang 1am bo tiép
s6ng. Vi pham vi truyén cé dinh, cac node gan sink hon s& dam bao vai trd cua bo
tiép song d6i voi mot sé luong 16n nguon. Gia thiét rang tat ca cac ngudn déu dung
cling mot tan s6 dé truyén dir liéu, vi vay c6 thé chia sé duong truyén theo thoi gian.
Tuy nhién cach nay chi c6 hiéu qua véi diéu kién la c6 ngudn tai nguyén chia sé don
1&, vi du nhu thoi gian, tan sé.

b, Kién tric tang:

Trong C4u tric tang (Cluster architecture - Hinh 3-2 Hai kién trac dic trung cta
WSN): cac cum dugc tao ra gilp cac nGt ngudn trong ciing mot cum gui dir liéu theo
phuong thuc single hop hay multihop (ty thudc vao kich ¢& cua cum) dén mot node
dinh sin, thudng goi 1a node cum truéng (cluster head). Trong ciu tric nay cac node
tao thanh mot hé thdng cip bac ma ¢ d6 mdi node & mot muic xac dinh thuc hién céc
nhiém vu da dinh san.

Trong ciu tric tang thi chirc ning cam nhan, tinh toan va phan phéi di liéu
khong dong déu giita cac node. Nhiing chirc niang nay co6 thé phan theo cap, cap thap
nhat thuc hién nhiém vu cam nhan, cap giira thuc hién tinh toan, va cap trén cung thuc
hién phan phai dit liéu

Mang cam bién xay dung theo ciu tric tang hoat dong hiéu qua hon so véi cau
trdc phang, vi mot sé 1y do sau:

e Cau trdc tang co6 thé giam chi phi cho mang cam bién bang viéc dinh vi cac tai
nguyén & vi tri ma ching hoat dong hiéu qua nhat. RG rang 1a néu trién khai cac phan
ctiing théng nhat. Mdi node chi can mét lwong tai nguyén ti thiéu dé thuc hién tat ca
cac nhiém vu.
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e Mang ciu tric tang c6 tudi tho cao hon cau tric mang phang. Khi can phai
tinh toan nhiéu thi mot bo xir 1y nhanh s& hiéu qua hon, phy thudc vao thoi gian yéu
cau thuc hién tinh toan. Tuy nhién, véi cadc nhiém vu cam nhéan can hoat dong trong
khoang thoi gian dai, cac node tiéu thu it ning lugng phl hop véi yéu cau xu 1y toi
thiéu s& hoat dong hiéu qua hon. Do vay, Véi cau tric ting ma cac chirc ning mang
phan chia giira cac phan cimg dd duoc thiét ké riéng cho ting chirc ning s& lam ting
tudi tho ciia mang.

e V& do tin cay: mdi mang cam bién phai phu hop véi sé lugng cac node yéu
cau thoa man diéu kién vé thoi gian séng va bang thong. V&i mang ciu tric phang, khi
kich ¢& mang tang 1én thi thong luong cua mdi node s& giam vé 0. Viéc nghién ctiu cac
mang c4u trdc tang dem lai nhiéu trién vong dé khac phuc van dé nay. Mot cach tiép
can 1a ding mot kénh don 1¢ trong cau tric phan cip, trong dé cac node & cap thip hon
tao thanh mot cum xung quanh tram gdc. Trong truong hop nay, dung lugng cia mdi
l6p trong cau tric tang va dung luong cua mdi cum trong mdi 16p xac dinh 1a doc 1ap
véi nhau.

3.1.2 M0 hinh giao thirc cia WSN

Trén co so kién trdc phan tang trong md hinh tham chiéu OSI, ta c6 thé phan
loai giao thirc theo ting tang cua no, thudng c6 3 loai giao thuc thuong duoc nghién
ctru va st dung trong WSN:

e Giao thic tang wng dung: Tuy theo nhiém vu cam bién, cac loai phan
mém &ng dung khéc nhau c6 thé duoc xay dung va sir dung & I6p ung dung. Hién nay
c6 ba giao thirc 16p tng dung quan trong 1 giao thic quan ly cam bién SMP (Sensor
Management Protocol), giao thirc phan nhiém vu va quang céo sé lisu TADAP (Task
Assignment and Data Advertisement Protocol), giao thac truy van cam bién va phé
bién s lieu SQDDP (Sensor Query and Data Dissemination Protocol). T4t ca cac giao
thirc 16p ng dung nay déu 1a nhitng van dé nghién ciu cé tinh mé.

e Giao thic tang giao van: TCP va UDP. két néi TCP duoc st dung dé
lién lac gitra nat quan ly cia nguoi s dung va nat thu nhan (Sink) va mot giao thac
I6p giao van phl hop véi méi trudng mang cam bién dugc sir dung cho truyén thong
gitta ndt thu nhan va cac nat cam bién. Két qua la truyén thong giira nit ngudi sir dung
va nat thu nhan co thé sir dung giao UDP hozc TCP thong qua Internet hoic qua vé
tinh. Mat khac, viéc truyén thdng giira n(t thu nhan va cac nat cam bién chi sir dung
hoan toan cac giao thirc kiéu nhu UDP, bai vi cac nlt cam bién c6 bo nhd han ché.

e Giao thiic ting mang: Bao géom cac giao thirc dinh tuyén nhu SPIN,
Rumor, LEACH, PEGASIS,... C6 thé chia cac giao thic dinh tuyén ra 1am 03 nhém
[9]: Data-Centric, Hierarchical, Location-based. Cac giao thuc dinh tuyén & tang
mang trong WSN déu duogc thiét ké khac véi cac giao thirc dinh tuyén truyén théng.
Véi muyc tiéu téi vu hiéu qua hoat dong cia mang, tiét kiém tdi da nang luong, khong
can tr¢ su cong tac cua cac nat mang.



26

e Giao thuc taing MAC: MAC 802.11, MAC 802.15.4, SMAC, BMAC,
TMAC, ZMAC... C6 thé phan loai giao thirc tang MAC thanh 3 loai d6 1a: Contention-
based MAC, Scheduled-based MAC va Two-Radio-Based MAC. Tang nay c6 nhiém
vu ghép céc ludng dit liéu, phat hién cac khung di liéu, diéu khién truy nhap duong
truyén va sta 16i. N6 dam bao sy tin cdy cho két ndi diém - diém (Point to Point) va
diém - da diém (Point to Multi-point) trong mang truyén théng.

M6 hinh giao thirc duwoc dp dung cho mang cam bién dugc trinh bay trong Hinh
3-3 M6 hinh giao thuc cua WSN. Kién tric ndy bao géom céc tang va cac khdi quan ly.
Céc khdi quan ly nay 1am cho cac ndt mang c6 thé 1am viéc ciing nhau theo céch c6
hiéu qua nhat, dinh tuyén di liéu trong mang va chia sé tai nguyén giira cac nat cam
bién.

/ /

h...]
S
Application Layer S| =
g 135
(5=
Transport Layer = | & S
§ ®| 8
Network Layer Gg § =
SR

=
Data Link Layer § S /

Physical Layer /

Hinh 3-3 M hinh giao thuc ciza WSN

Khéi quan 1y nang lwong: Quan ly cach cam bién st dung nguon nang lugng
ctia n6. Nat cam bién c6 thé tat bo phan nhan sau khi nhan mot ban tin tir mot trong
cac nat 1an can. Ngoai ra, khi muac nang lugng caa nit cam bién thap, nat cam bién s&
thong béo toi tat ca cac nat 1an can rang mirc ning luong cua néd da thap nén nd khong
thé tham gia vao viéc dinh tuyén va chuyén tiép cho céc ban tin. Nang luong con lai
duogc du trir cho viéc cam bién va giri thong diép.

Khéi quan 1y di dong: C6 nhiém vy phat hién va dang ky sy chuyén dong cua
cac node. Cac node duy tri viéc theo ddi xem ai la node lan can caa ching. Véi viéc
nhan biét dugc cac ndt cam bién 1an can, nat cam bién c6 thé can bang gitta nhiém vu
va nang lugng su dung.
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Khdi quan ly nhiém vu: Can bang va sap xép nhiém vu cam bién giira cac node
trong mot ving quan tam. Khong phai tat ca cac node cam bién déu thuc hién nhiém
vu cam nhan & cung mot thoi diém. Mot vai nit cam bién thuc hién nhiém vu nhiéu
hon cac nat khac tuy theo mirc nang luong cua ching. Nhitng khdi quan ly nay rat can
thiét, nhu vay, cac nt cam bién cd thé Iam viéc cing véi nhau dé c6 hiéu qua vé ning
lugng, c6 thé dinh tuyén s liéu trong mot mang cam bién di dong va chia sé tai
nguyén giira cac nat cam bién. Néu khong, mdi ndt cam bién s& chi lam viéc mot cach
don Ié.

3.2 Giao thitc MAC trong c&c chuan truyén thong khong day

3.2.1 Giao thirtc MAC trong chuan 802.11

Chuan IEEE 802.11 1a mét ho cac chuan danh cho truyén thong khong day véi
cac dinh nghia ¢ 16p Physical va Iop DataLink. Chuan nay cha yéu dugc ap dung trong
mang LAN khong day hay con goi la WLAN. WLAN la moét loai mang cuc bo s
dung két néi khong day giira cac thanh phan, méi trudng truyén thdng cua cac thanh
phan trong mang la khong khi. Mang LAN n6i chung sir dung co ché diéu khién truy
cap kénh CSMA véi cac cong doan: Lang nghe duong truyén, néu rdi s& gui dit liéu,
néu ban s& hodn gui dit liéu theo 3 céch non-presistent CSMA, presistent csma va P-
presistent CSMA. Tuy nhién vai giao thire CSMA théng thuong néu ¢é nhiéu hon mot
nGt muén gui dit liéu va thiy duong truyén rdi thi dung do s& xay ra, cac goi tin dung
d6 sé bi huy va nat g phai gui lai.

Dé khic phuc hién tuong xung dot tin hiéu trén dudng truyén trong mang thong
thudng thi CSMA duoc cai tién thanh 2 phién ban: CSMA/CD va CSMA/CA.

CSMAJ/CD (Carrier Sense Multiple Access with Collision Detection):

Da truy cap nhan biét sdng mang cd phat hién xung dot. Phuong phap nay thuc
hién nhiing cai tién sau: 1) Giao thirc CSMA/CD s& ngitng ngay viéc gui dit liéu khi
phat hién co xung dot. 2) Thuc thé giao thirc MAC s& guri quang ba tin hiéu bao xung
dot (jam signal) dé cac nat khac trong mang biét va khong gui dir liéu vao thoi diém
d6. 3) Cac nut giri dir liéu quang ba s& khai tao mot bo dém 10i thoi gian ngau nhién,
khi bo dém nay hét ching s& thuc hién giri lai di liéu bi xung dot.

Tuy nhién co ché nay khdng thé ap dung duoc cho cac mang WLAN. Nguyén
nhan 13 do dé cai dat duoc cac ky thuat phat hién xung dot doi hoi phai sir dung céc
thiét bi c6 kha niang truyén radio song cong, diéu nay c6 thé 1am tang déang ké chi phi
thiét bi mang. Mot nguyén nhan khéac 1a do trong méi truong khéng day, ching ta
khéng thé dam bao rang tat ca cac tram déu nghe duoc toan bo méi trudng truyén mot
cach dung dan. Tac 13 viéc cam nhan méi trudng truyén dang rdi c6 thé khong chinh
xé&c. Hién tugng nay s& duoc trinh bay trong phan tiép theo.

CSMAJ/CA (Carrier Sense Multiple Access/Collision Avoidance):
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Pa truy cap nhan biét song mang va tranh xung dot, day la giao thirc duoc st
dung trong 16p MAC cua chuan 802.11. Giao thirc nay bao gom cac chiic ning chinh
sau:

. Chtic nang cam nhan séng mang: Gom hai co ché: Cam nhan séng mang
vat ly va cam nhan séng mang a0. Muc dich chinh cua viéc cam nhan séng mang la
xac dinh xem trén duong truyén c6 song mang hay khéng tir d6 xac dinh duoc duong
truyén 1a rdi hay ban.

. Chtic ning tranh xung dot: Khi mot nat mudn giri géi tin, n6d s& gui
quang bé goi tin yéu cau giri RTS, gdi tin nay c6 gan mot truong chi rd khoang thoi
gian can dé truyén géi tin d6. Hinh 3-4 Khudn dang g6i tin RTS

Octets: 2 2 6 6 4
Frame ¢
Control Duration RA TA FCS
) MAC Header .

Hinh 3-4 Khuodn dgng goi tin RTS

Trén Hinh 3-4 Khuon dang goéi tin RTS, truong Duration sé giup cho cac nut
1an can biét dugc dudng truyén s& ban trong bao 1au, sau khi nhan dugc goi tin ndy cac
nGt s& ghi gia tri ndy trong mot bién vector thoi gian NAV. Gia tri NAV nay sé& gitp
cac nut khac xac dinh trang thai duong truyén dang 1a ban do d6 s& khong tham gia
viéc truy cap mdi truong truyén. Sau khi nGt nhan giri g6i tin CTS thi ndt giri méi tién
hanh gui di liéu.

Octets: 2 2 ] 4
Frame -
control Duration BA FCS
MAC header

Hinh 3-5 Khudn dang goi tin CTS

Nhu vay vai viéc st dung cap goi tin RTS/CTS thi giao thirc CSMA/CA da giai
quyét duoc hai van dé chinh trong mang khéng day do 1a:

- Van dé Hidden Terminal Hinh 3-6 Van dé hidden terminal va exposed
terminal: Hai nit A B khdng nam trong ving phu séng cua nhau, nit C nam trong
viing phii s6ng cua ca A va B, do d6 khi A va B mudn giri dix lidu 2 nat nay s& khong
“nhin” thay nat con lai va clng giri di liéu cho C dan dén tinh trang xung d6t. Co ché
RTS/CTS sé giai quyét viec nay khi C nhan duoc RTS cua A hoic B. C s& gui quang
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ba CTS dén tat ca cac nit trong pham vi cia nd. Do vay céc nit khac sé xac dinh duoc
trang thai duong truyén ban va khong tiép tuc gui goi tin. NGt giri RTS s& nhan duoc
CTS va bat dau truyeén tin.

B is a hidden terminal to A

Ch B4 >

STTTTTTTY N OEE TETTTTEY

A is an exposed terminal for C

4L % 4

Hinh 3-6 Vdn dé hidden terminal va exposed terminal

- Vén dé Exposed Terminal Hinh 3-6 Van dé hidden terminal va exposed
terminal: Nut C dang truyén dit liéu cho nut B. Khi d6 néu A mudn truyén dit liéu cho
nGt khac nim ngoai ving phu séng cua C va B, nhung do né ndm trong pham vi cia C
nén né nghi duong truyén dang ban va khéng thuc hién viéc truyén dir liéu. Co ché
RTS/CTS s& giai quyét van dé nay bang cach khi C quang ba RTS dén A va B. B s tra
l6i CTS, nhung vi A va B khong nam trong pham vi cua nhau nén A s& khong nhan
dugc CTS cua B. Do vy A s& nghi dudng truyén rdi va thuc hién truyén di liéu dén
nut khac binh thuong.

M® hinh céng tac phan tan — DCF [10] [3]: P4y la m6t trong 2 mé hinh diéu
khién truy cap trong chuan IEEE 802.11. DCF sir dung hoan toan co ché truy cap
duong truyén CSMA/CA. Hoat dong véi viéc khong ¢ mot thiét bi trung tam diéu
khién truyén thong. Di véi co ché nay, khi mot nat mang muén truyén dir lidu, nd sé
phai doi mot khoang thoi gian xac dinh DIFS sau khi duong truyén rdi. Sau khi hét
DIFS cac tram c6 thé truyén dit liéu. Dé tranh tinh hudng xung dot, DCF st dung mot
thuat toan Random Back-Off s& chon ngau nhién mot gié tri tir 0 dén gia tri Contention
Window (CW). Theo mic dinh, gia tri CW c6 thé khac nhau tily nha san xuat va no
dugc luu trir trong NIC (Network Interface Card) cua may tram. Bé co dugc gia tri
Random Back-Off, ta ldy mot s6 ngau nhién da chon ¢ trén nhan véi Slot Time
(Random Back-Off chinh 1a s6 lan Slot Time). Gia tri cuia Random Back-Off 1a
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khoang thoi gian cac tram phai chd thém sau khi duong truyén rdi va DIFS di troi qua,
sau d6 tram nao c6 Random Back-Off ngan nhét s& gianh duoc quyén truyén frame.

DIFS
RTS DATA
Sender Random
Backoff
Period
SIFS SIFY SIFS DIFS
CTS ACK
Receiver
NAY
Overhearing Starts here Starts here
If within range If within range
NOde of sender of receiver

Hinh 3-7 Co ché DCF trong chuan IEEE 802.11

Mb hinh céng tac diém — PCF [10] [3]: Pay ciing 1a mot co ché diéu khién
truy cap trong chuan 802.11. PCF duoc phat trién dyua trén DCF, co ché cha dao cua
PCF 1a viéc cho phép cac nut dugc truyén tin ma khéng phai théng qua qué trinh tranh
chap nhu DCF bang céch thuc hién qua trinh bau cir (polling). Viéc bau cir trong co
ché nay duoc thuc hién boéi AP, do vay nhitng mang ad-hoc s& khong hoat dong dugc
v6i mo hinh nay. Uu diém cua mo hinh nay 1a dam bao do tré duoc xac dinh truéc do
d6 phu hop véi cac tng dung doi hoi QoS nhu truyén &m thanh, hinh anh.

3.2.2 Giao thitc MAC trong chuin 802.15.4 [5] [4]

|IEEE 802.15.4 la tiéu chuan dugc dinh nghia béi to chirc IEEE danh cho cac
dic tinh ¢ tang Physical va ting MAC phuc vu truyén théng giita nhiing thiét bi sir
dung it ning lwong, gia thanh ré va téc do truyén di liéu thap. Chuan 802.15.4 duoc ké
thira va phat trién boi ZigBee Alliance (Mot hiép hoi cac cong ty vién thdng) thanh
cong nghé ZigBee. Sir dung chuan 802.15.4 cho c4c giao thirc & cAc tang thap, va thiét
ké thém céc ung dung, giao thuc & tang cao hon.

Lép MAC trong chuan 802.15.4 thuc hién cac nhiém vu nhu: X 1y truy cap
vao kénh, sinh ra cac méc béao hiéu (Beacon) néu mot thiét bi tré thanh diéu phéi, dong
bo hda cac Beacons, thuc hién co ché CSMA/CA, co ché GTS, cung cap lién két giira
cac thuc thé.

Cau truc siéu khung: Tiéu chuan IEEE 802.15.4 dinh nghia mot cau tric siéu
khung theo nhu cau. Pinh dang cua siéu khung do PAN coordinator qui dinh. Siéu
khung bat dau bang beacon (méc bao hiéu) va dugc chia thanh 16 khe nhu nhau (Hinh
3-8 Cau tric siéu khung ctia chuan 802.15.4. Khe thoi gian dau tién cua siéu khung
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ding dé phat beacon. Muc dich chinh cia beacon 1a dé dong bo céc thiét bj tham gia
vao mang, xac nhan PAN, mé ta cau tric siéu khung. Cac khe con lai dugc dung bai
cac thiét bi tranh chap dé trao doi thong tin trong thoi gian tranh chap truy cap
(Contention Access Period - CAP). Cac thiét bi dung giao thac CSMA/CA phan khe
thoi gian dé tranh chap truy cap voi cac thiét bi khac. Viéc thong tin giira cac thiét bi
phai hoan tat trudc khi két thic CAP cua siéu khung hién tai va bat dau phat moc
Beacon cua siéu khung ké tiép. Bé dap tng yéu cau vé do tré va bang thong cua tng
dung. PAN coordinator dua ra nhém khe tich cuc cho cac tng dung. Cac khe nay dugc
goi la khe thoi gian dam bao (Guaranteed Time Slots - GTSs). S6 GTS khéng vuot
qua 7. Tuy nhién mot khe GTS ¢6 thé kéo dai hon mot khe thoi gian trong siéu khung
trong ving khong ¢ tranh chap - CFP (Contention Free Period ). Nhu trén Hinh 3-8
Cau truc siéu khung cua chuan 802.15.4 CFP ludn xuét hién ngay sau CAP va truéc
khi két thic siéu khung. Cac khe CAP danh cho tranh chap truy cap giita cac thiét bi
mang va cac thiét bj méi mudn tham gia vao mang. Tat ca viéc thong tin dung tranh
chap truy cap hay tranh chap tu do phai hoan tat trudc khi két thic khoang thoi gian
tuong tng CAP va CFP trong siéu khung.

Beacon Beacon
—P] [4— — -
|
Contention
Contention Access Period Free Period/ Inactive Period

GTS
|

OF11213141516171819 I()lllll|l3ll-lll5

|<-—-f\cli\'c Period=—————————>pp

<-SD=aBascSuperframeDuration x 2™’ Symbols—

| A

v . il 3 .
le Bl=aBaseSuperframeDuration x 2™ Symbols

Hinh 3-8 Cdu tric siéu khung cia chudn 802.15.4

Céc thiét bi mang can phan chia GTS, s& goi yéu cau trong khoang thai gian
CAP dé c6 mot sb khe thoi gian mong mudn. Cac khe dwoc yéu cau c6 thé 1a dung cho
muc dich thu hoic phét. Cac khe thu dugc dung dé cac thiét bi lay dir liéu vé tir bo
coordinator, con khe phat dung dé giri di liéu 1én cho coordinator. Céc thiét bi khong
c6 dir lidu dé trao doi vai PAN coordinator c6 thé chuyén sang ché do nga dé tiét kiem
nang luong. Mat khac, dé giam cong suat tiéu thu, b coordinator c6 thé chia siéu
khung thanh khoang thoi gian tich cuc va thoi gian nghi nhu trén Hinh 3-8 Cau trdc
siéu khung cua chuan 802.15.4. Khoang thoi gian tich cuc gom 16 khe thoi gian chta
Beacon, CAP va CFP. Khoang thoi gian nghi tat ca céc thiét bi gom ca PAN
coordinator cé thé di vao ché do nga va dat thoi gian timer wake-up dé bat dau siéu
khung méi. Ty theo yéu cau ung dung, chiéu dai khoang tich cuc va khoang nghi,
chiéu dai khe thoi gian va sé GTSs duoc chon phi hop hoat dong cua mang.
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Céc ché dd hoat dong trong 802.15.4: Chuan IEEE 802.15.4 dinh nghia 3
dang dir liéu: periodic data (dwr liéu theo chu ky), intermittent data (d@r liéu gin doan),
va repetitive low-latency data (dir liéu lap lai c6 do tré thap). Periodic data trong céc
ing dung cam bién khdng day, cac cam bién thay ddi lan luot gitra hai ché do tich cuc
hoac nghi. Intermittent data dugc tao ra boi mot kich thich bén ngoai. Repetitive low-
latency data dung trong cac ung dung quan trong nhu hé théng giam sat an ninh. Dang
nay doi hoi sy phan chia khe thoi gian dé dam bao truy cap kénh truyén voi do tré cho
phép. Bé thich tng véi 3 dang dir liéu nay, IEEE 802.15.4 phan ra hai ché do hoat
dong : Beacon (cd méc bao hiéu) va NonBeacon (khéng c6 méc béo hiéu).

. Ché do Beacon: Ché do nay cho phép ma rong mang trong cac cau hinh
mesh hay cluster tree dé dong bo hoat dong va phdi hop bo diéu phéi véi céc thiét bi
khac. dé diéu tiét truy cap kénh truyén, bo diéu phdi dung cau trac siéu khung nhu da
dé cap ¢ muc trude. Siéu khung dugc chia thanh 16 khe nhu nhau. Khe dau tién danh
dé phét beacon. Thiét bi mang c6 thé tranh chap truy cap trong khoang CAP véi co ché
CSMA/CA. Béi véi cac tng dung doi hoi do tré thip cd thé phai yéu cau PAN
coordinator cap khe GTS trong khoang tranh chip ty do CFP. Sy phan chia GTSs
dugc thuc hién trude khi bat dau CAP, cac hoat dong dua trén GTS dién ra trong céc
khe thoi duoc phan va hoan tt trudc khi két thic CFP.

. Ché @6 NonBeacon: Trong ché d6 khdng c6 beacon, bo diéu phdi mang
khéng goi khung beacon cho cac thiét bi khac. Hon nita, ché d6 nay khong cung cip
cac khe thoi gian dam bao cho cac tng dung yéu cau do tré thap. Thay vao d6 cac thiét
bi phai tranh chap truy cap kénh truyén ding giao thaec CSMA/CA khdng phan khe
thoi gian.

3.3 Giao thuwc MAC trong WSN

Céc chuan IEEE 802 trong mang LAN dinh nghia 16p diéu khién truy cap MAC
la mot 16p con cua tang lién két dit liéu trong md hinh tham chiéu OSI. Cac chirc ning
chinh cua 16p MAC la thyc hiép tiép nhan, kiém tra 13i va chuyén tiép dir liéu tir cac
16p trén. Thuc hién cac cac co ché danh dija chi va diéu khién truy cap kénh. L6p MAC
trong WSNs phai dam bao duoc cac yéu cau vé tiét kiém nang luong cho céc nat
mang, ngoai ra nd phai thich tmg dugc véi cac thay doi cia mé hinh mang va nhiéu
trén cac kénh truyén khong day.

Nhu cau duy tri nang lugng 1a van dé quan trong nhat trong thiét ké cac giao
thizc MAC cho WSNs. C6 nhiéu yéu té cé thé gay lang phi nang luong, vi du nhu viéc
phai lién tuc ling nghe dung do tir cac tram. Viéc diéu khién truy cap doi héi trao doi
thong tin dong bo giita cac node tranh chap. Su trao ddi thong tin ndy ciing ting cong
suat tiéu thu. Viéc lién tuc xay ra dung d6 ciing nhu phat lai cac goi bi dung d6 ciing
tiéu ton ning lugng cia node. Tuong tu, ViéC C4C tram nghe c&c goi tin ¢ dich dén
khong phai la tram do, hién tugng nghe thura cling gy lang phi cac tai nguyén khong
can thiét. Chinh vi li do d6 cac giao thirc MAC duoc thiét ké tap trung chinh vao viéc
giam nang luong hao phi do dung d¢, lang nghe thoi gian dai, nghe thira. Céc giao
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thic MAC duoc chia ra 1am 02 nhom [10]: - Giao thic MAC duya trén ké hoach
(Schedule — based) va giao thac MAC du trén tranh chap (Contention — based). Trong
phan nay tdi sé& trinh bay vé céc giao thiee MAC duoc sir dung trong cac chuan mang
khéng day 802.11 va 802.15.4, cing véi cac giao thic MAC duoc thiét ké danh cho
WSNE.

3.3.1 Contention-based MAC [10]

a, Sensor MAC [11]

La giao thuc duoc cai tién tir giao thuc MAC truyén théng cua chuan 802.11. Y
tuong cua S-MAC 13 gilp tiét kiém ning luong cac nat mang bang cach chia khung
thoi gian thanh 2 phan: Phan hoat dong va Phan ngj.

- Phan hoat dong (Active): Trong thoi gian hoat dong thi thiét bj thu phét
s6ng ra-dio s& dugc bat va cung cip nang lwong phuc vu truyén tin.

- Phan ngu (Sleep): Nat cam bién tit thiét bi thu phat dé bao ton ning
lugng.

S-MAC (Sensor MAC) dugc gigi thiéu boi cac tac gia: Wei Ye, John
Heidermann, Deborah Estrin tai Hoi nghi INFOCOM lan thi 21, nam 2002 [11]. Pugc
xay dung trén nén tang cua cac giao thic Kiéu canh tranh nhu 802.11, Sensor Mac da
ké thira sy linh hoat, tinh kha bién cua giao thic MAC trén nén canh tranh, trong khi
cai tién tinh hiéu qua sir dung ning luong trong mang da ching (Multi-hop). S-MAC
cling da dat muc tiéu giam bt tiéu thu nang lugng do cac nguyén nhan gay tiéu hao
ning lugng, nhu: nghe khi réi (idle listening), xung dot (collision), nghe thua
(overhearing) va xu 1y thong tin diéu khién (overhead). Giao thirc S-MAC di dugc
thiét k& géom c6 ba van dé chinh: chu ky thic - ngu; tranh xung dot va nghe thura; xi ly
thong diép.

- Chu ky thuc — nga: Mét trong cac muc tiéu khi thiét ké S-MAC 1a 1am
giam ning luong tiéu thu do ling nghe. Do vay cai tién quan trong nhat cua S-MAC la
viéc cac nut mang hoat dong vai chu ky thac — ngu, vai d6 dai caa mét chu ky phu
thudc vao cac tng dung cu thé ciia mang cam bién khong diy ma nguoi thiét ké co thé
thiét Iap.

[sYnC |  Active | Sleep ia&'rccl Active | Sleep .

Hinh 3-9 Chu ky thzc-ngu cua Sensor MAC

- Pong bo thoi gian giita cac nut trong mang: Viéc dong bo thoi gian gitra
cac nit cam bién trong mang la vin dé can thiét dé xac dinh thoi gian thac, nga cua
mdi nat. Viéc cap nhat thoi gian biéu duoc thuc hién bang trao d6i goi tin dong bo
SYNC (Hinh 3-9 Chu ky thirc-ngii ciia Sensor MAC). G6i tin SYNC rét ngan va bao



34

gom dia chi caa nat gui va thoi diém chuyén sang trang thai ngu tiép theo caa né. Thoi
diém ngu tiép theo lién quan dén thoi diém ma noi giri két thuc truyén géi tin ddng bo
SYNC, ciing x4p xi khi ndt nhan nhan dugc goi tin (khi d6 tré ngan). Nhitng nit nhan
s& diéu chinh dong hd caa ching ngay sau khi nhan duoc goi tin ddng bo. Nut cam
bién s& chuyén sang trang thai ngu khi déng ho cua né két thac tinh gio, bao dén thoi
diém ngu.

Receiver Listen
L
1) -
for SYNC ! for RTS Sleep
Scndcr l SYNC
2 o
1 - -
i1 CS Sleep
I
Sender 2 RTS
]
' S |—| Send data if CTS received
]
Scnlicr . SYNC RTS

S H S H Send data if CTS received

Hinh 3-10 Qud trinh dong bé ciia Sensor MAC

e -

Dé mot nit nhan dugc ca nhitng goi déng bé 1an nhitng goi dit liéu, chung dugc
chia khoang thai gian thtc (active time) thanh hai phan. Phan dau tién dé nhan nhiing
g6i tin déng bo, phan thir hai dé trao doi dix liéu (Hinh 3-10 Qua trinh dong bo cua
Sensor MAC). Mdi phan dugc chia tiép thanh nhiéu khe thoi gian cho nhiing nat guri
dé thuc hién cam nhan séng mang (Carrier Sense). Vi dy, néu mot nat giri mudn gui
mot goi tin dong bo thi n6 khoi dong cam nhan séng mang khi ndt nhan bat dau nghe.
N6 lya chon ngau nhién mot khe thoi gian dé két thdc cam nhan song mang. Néu nd
khéng phat hién ra bat ky su truyén nao vao khoang cudi khe, thi nd chiém duong
truyén va bat dau giri goi tin déng bo cia nd & tai thoi diém ay. Viéc thuc hién truyén
goi dir liéu cling dugc thuc hién tuong ty, nGt muén gui dit liéu ching sé st dung goi
tin RTS sau d6 niit nao nhan dwoc goi tin CTS sém nhét s& dugc quyén gui dir liéu.

- Van dé tranh xung dot: Do ké thura giao thac CSMA/CA cua bo chuan
802.11 nén S-MAC c6 day du cac tinh ning tranh xung dot gom c6 cam nhan séng
mang vat Iy, cam nhan séng mang a0, ¢6 sir dung cac gai tin yéu cau truy nhap dudng
truyén va goi tin sin sang nhan RTS/CTS, nhu di trinh bay trong muc 3.2.1; dong thoi
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do phét trién viéc tranh xung dot trén nén canh tranh theo chuan 802.11 nén S-MAC
cling giai quyét dugc van dé nit an “Hidden Terminal” va nat hién “Exposed
Terminal” nhu giao thic CSMA/CA. Tuy nhién dé dam bao rang viéc tranh xung dot
hiéu qua hon thi S-MAC két hop viéc cam nhan séng mang vat ly (do 16p vat 1y tién
hanh) voi cam nhan séng mang 4o, c6 nghia 1a néu mot nat xac dinh khéng ¢ cam
bién s6ng mang vat 1y dong thoi gia tri NAV cua nd bang khong thi méi xac dinh
duong truyén 1a roi.

- Vian dé nghe thira: VAn dé nay dién ra khi c6 nhiéu nat ¢ chu ky thic
(Active) nhung lai ¢ mot vai nat gui dir liu, voi dic diém lan truyén cua song radio,
do d6 cac nut nam trong ving phu séng cuaa nit tham gia truyén théng déu c6 thé nghe
thdy céc théng tin khdng phai giri cho né. Sensor-MAC giai quyét van dé bang cach
cho phép céc nat chuyén sang trang thai nga ngay khi ching nghe thay céc géi RTS
hay CTS gitra cAc nut khac. Trong RTS va CTS c6 truong NAV chua thoi gian quy
dinh tbi da cho truyén dit liéu, cac nat khdng tham gia qua trinh truyén thong s&
chuyén sang ché do ngu voi thoi gian bang véi gia tri caa truong NAV. Hoat dong nay
s& gilp tiét kiem dang ké nang luong.

- Vin dé xur Iy thong diép: Dé t6i wu hiéu qua xir ly dir liéu, S-MAC chia céac
g6i tin dai thanh cac goi nho hon sao cho phit hop véi thong luong cia duong truyén.
Sau d6 st dung kiéu phat Brust d6i vai toan bo cac géi. Viéc str dung kiéu phat Brust
nay chi can sir dung mot cap RTS/CTS, ngoai ra bén nhan can gui lai ACK dé bao
hiéu thanh cong va git két nbi. Bong thai ciing tao ra tin hiéu cho cac goi lan can biét
viéc truyén thong chua hoan thanh va tiép tuc giit trang thai nga.

S-MAC c6 mét sé wu diém trong viéc giam tiéu thu ning luong, giao thic dé
dang thich nghi véi nhitng thay déi trong cau tric mang, khdng can mét thuc thé quan
ly. Tuy nhién nd van con ton tai nhitng nhuoc diém vé van dé ddng bo hoa, hién tuong
nghe thtra trong mét sé trudng hop van xay ra. S-MAC di duoc nghién ciu rong réi va
mot sb giao thuc ké thira da dwgc dé xuat. Vi du nhu T-MAC va DS-MAC. Trong
phan tiép theo cua luan vin t6i s& trinh bay giao thic B-MAC mét hudng tiép can khac
duogc nghién ctu tng dung trong WSN.

b, Berkeley MAC [10]

B-MAC duoc thiét ké cho mot mang Ad-hoc véi N nat gii va 1 ndt nhan. Y
tuong co ban cua B-MAC 1a dua ra mot cai bién cho céc khung khoi dau nham giam
thoi gian cho nghe (idle listening) tir d6 tiét kiém dugc nang lugng. Khi mot goi tin
muén gui dit liéu, n6 phai chd mot khoang thoi gian backoff réi moi bat dau kiém tra
duong truyén. Néu duong truyén rdi n6 sé bat dau truyén goi tin. Néu duong truyén
ban no s& bat dau mot khoang thoi gian backoff 1an 2. Mai nit phai kiém tra dudng
truyén mot cach dinh ky sir dung co ché Low Power Listening, néu duong truyén dang
ban va nat khdng cé nhu cau truyén dir liéu thi né s& chuyén sang trang thai ngu.

B-MAC diéu chinh khoang thoi gian kiém tra dudng truyén sao cho bang véi
kich thudc cua cac khung khoi dau. Vi du néu duong truyén duoc kiém tra mdi 100ms
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thi khung khoi dau ciing phai c6 kich thudc téi thiéu twong Gng voi thoi gian truyén 1a
100ms, dé dam bao bén nhan phat hién duoc géi tin. Cac 16p trén cua bo giao thic cd
thé thay doi khoang thoi gian caa khung mé dau nay tly vao tng dung, tuy nhién phai
dam bao dugc yéu cau trén.

s Medium idle = send
A has data

to send

i
Backoff [Check| | Preamble | Data |

Medium idle = sleep Medium busy = R,
Check |NL Check \L

Medium busy

B is waiting

>Time

C has data
to send |Backoff | Check | |Congestion backoff|

L%

Hinh 3-11 Giao thuc B-MAC

Uu diém cua viéc st dung B-MAC 1a n6é mic dinh khong sir dung RTS, CTS
hay ACK trong bat ky khung diéu khién nao, nhung c6 thé duoc thém vao khi can.
Hon nita B-MAC khéng yéu cau dong bo hoéa, hiéu ning cia giao thic ¢ thé duoc
diéu chinh bai cac 16p cao hon dé phu hop véi nhiéu loai wng dung khac nhau. B-
MAC da duoc trién khai va kiém thu trén cac hé théng phan ctiing that. Nhuge diém
ciia B-MAC 1a nd tao ra thong tin diéu khién qua 16n. Vi du can st dung téi 271 bytes
trong khung khoi dau cho viéc gui 36 bytes dir ligu.

3.3.2 Schedule-based MAC [10]

La giao thirc diéu khién truy cap duya trén viéc sip dit trude tai nguyén dé tranh
xung dot. Hau hét cac giao thic nay déu dung mé hinh trong tr TDMA — giao thire da
truy cap phan chia theo thoi gian. Trong d6 cac kénh truyén dugc chia ra thanh céc khe
thoi gian. Bao gom mot ddy N céc khe nam ké nhau tao thanh cac khung thoi gian.
Céac khung nay lap lai tuan hoan. Trong mdi khung cac node duoc phan mot sé khe
thoi gian. Cac khe nay chinh 1 lich trinh hoat dong caa node. Lich trinh nay c6 thé c6
dinh, hoic xay dung theo nhu cau. Cac node hoat dong & 2 trang thai: hoat dong va
nghi. Khi dén khung thoi gian duoc dinh trudc, cac node chuyén sang trang thai hoat
dong va gui dir lidu. Sau d6 s& chuyén vé trang thai nghi khi hét khung thoi gian nham
bao toan nang luong. CO thé ké dén mot so giao thire sir dung kiéu thiét ké nay nhu:

a, LEACH:

Low-Energy Adaptive Clustering Hierachy (LEACH) la mét tap hop cac giao
thizc bao gom cac ng dung, cac giao thie dinh tuyén, giao thirc diéu khién truy cap va
cac dac tinh vat ly cho viéc truyén thong trong WSNs. Giao thire diéu khién truy cap
trong LEACH hoat dong theo vong. Cac node duoc to chirc thanh cac cum va bau ra
cum truong (Cluster Head) sau d6 giri thong tin cho cym truong. Moi cum st dung
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phuong phap trai phé thanh day truc tiép - DSSS Véi cac mi khac nhau dé tranh xung
dot. Viéc truy cap duong truyén trong LEACH duoc chon sao cho giam dugc sy tiéu
hao ning lugng cho céc nit khong phai 13 CH (Cluster-Head). Khi cac nat chu biét
dugc tat ca cac nut trong cum cua nod, nd s& guri ban tin dinh thoi TDMA dé théng béo
cho mdi ndt chinh xac khi nao thi truyén dir liéu dén no. Diéu nay cho phép cac nit co
thé duy tri trong trang thai nga dong (sleep state), chi khi dén thoi diém né guri dir liéu
thi né méi thic day. Hon nira, ding ban tin TDMA cho viéc truyén dix liéu con giup
tranh duoc hién twong dung do (collision) xay ra trong cum. Hoat dong cua LEACH
duoc chia thanh cac vong (round), mdi vong bat dau véi pha thiét 1ap khi ma cac cum
dugc hinh thanh, sau d6 dén pha 6n dinh khi ma cac khung di liéu duoc gui t6i cac
nGt chii va gui téi base station. T4t ca cac nat phai ddng bo vé mit thoi gian dé bt dau
pha thiét 1ap tai thoi diém gidng nhau. Pha 6n dinh thuong dai hon rat nhiéu so véi pha
thiét 1ap.

o Self — Configuring Cluster Formation

LEACH thyc hién phan nhém (cum) bang viéc sir dung giai thuat phan tan, cac
nGt tu quyét dinh ma khong can bat cu su diéu khién tap trung nao. Uu diém cua
phuong phap nay 1a khong yéu cau viéc giao tiép véi BS, do do6 tranh dugc viéc tiéu
hao ning lwong néu céc ndt & xa BS. Bong thoi viéc hinh thanh cac cum phan tan ma
khéng can biét chinh xac vi tri caa cac ndt trong mang. Va n6 khong yéu cau su lién
lac toan cuc trong pha thiét 1ap cum, va khong c6 gia thiét nao vé trang thai hién tai
cua cac nut khac trong qua trinh hinh thanh.

) Determining Cluster- Head Nodes

Khi cac cum duoc tao ra, mdi ndt n tu dong quyét dinh nd ¢6 1a nat cha cho
vong tiép theo hay khdng. Qué trinh chon lra dién ra nhu sau: mdi nat cam bién chon
mét s6 ngau nhién gira 0 va 1. Néu con sé ndy nhé hon ngudng T(n) thi nat do trd
thanh ndt cha. T(n) dugc xac dinh theo phuong trinh sau:

T(n) = £ (3-1)

1-P X(r mod %)

Trong d6 P 1a ti 1& can thiét s6 nat 1am chu, r 12 s6 vong hién tai. Vi nhitng nat
ma khong duoc 1am ndt chi trong 1/P vong cudi thi nguoc lai T1(n) = 0. Dung thuat
toan nay thi mdi nat s& 1a nat chit dang mot lan trong vong 1/P vong. Cha y: sau 1/P-1
vong, T1(n) =1 véi tt ca cac nit chua dugc lam nat chi. Khi c6 mét ndt lam nat chi,
n6 thong bao diéu ndy téi tat ca cac nat khac. Cac nit khong phai ndt chu dung nhiing
ban tin nay tir cac nat chi dé chon cum ma ching muébn tham gia dya trén cuong do
tin hiéu nhan duoc ban tin nay. Sau khi cac nat chu da dugc hinh thanh, nat cha sau d6
s& quyét dinh md hinh TDMA cho cac n(t tiy thudc tirng cum, quang ba md hinh va
sau d6 pha trang thai tinh bat dau.

. Set-up Phase: M&i mot nut s& tw nd chon 1am ndt chi cum néu xac suat
cta no thoa man phuong trinh (3-1) trén. NGt cha phai thong bao cho cac nut khac
trong mang biét rang né duoc chon lam nit chii & vong hién tai. Dé thuc hién diéu nay,
madi nit chua s& phat ban tin quang ba (ADV — Advertise) diing thuat toan CSMA. Ban
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tin ndy 1a mot ban tin nho bao gom ID cua nat va header dé phan biét ban tin nay 1a
ban tin quang ba. Tuy nhién, ban tin ndy phai dugc phat quang bé toi tat ca cac nut
trong mang. Thir nhat 1a dé dam bao tat ca cac nut lang nghe ban tin quang ba dé tranh
xay ra dung d6 khi CSMA duoc ding. Thi hai 1a khong c6 co ché dé dam bao ring
cac nut ma dugc chon 1a ndt chi cum s& dugc phan bd déu trén toan mang. Néu cong
suat phat ban tin quang ba bi giam di, mot s nGt ¢ bién c6 thé s& khong nhan duoc
thong bao va do do6 co thé s& khong con & trong vong nay. Ban tin quang ba cé kich
thudce rat nho, do dé viée ting cong suat phat ban tin nay dé no dén duoc tt ca cac nit
trong mang khdng phai 1a mét tro ngai 1on. Boi vay cong suat phat s& duoc thiét 1ap &
muc cao vira du dé tat ca cac ndt trong mang c6 thé ling nghe duoc ban tin ADV nay.
Céc nut cha trong LEACH hoat dong nhu khéi diéu khién trung tam cuc bo dé lién két
cac dir liéu trong cum ma nd 1am nat cha. Nt cha thiét 1ap ban tin dinh thoi TDMA va
truyén toi cac nat trong cum. Piéu nay dam bao s& khong co dung do xay ra va cho
phép bo phat song radio cua cac nat khéng phai nat cha sé€ ¢ trang thai nga (sleep
state). N6 chi thirc day tai thoi diém ma n6 truyén dir liéu. Nhu vay sé& tiét kiém dugc
nang lugng cho cac nat. Sau khi ban tin TDMA duoc truyén dén tat ca cac ndt trong
cum, pha thiét 1ap da hoan thanh va bit dau pha 6n dinh (steady state phase).

) Steady- state Phase: Hoat dong cua pha 6n dinh dugc chia ra thanh céac
frame. M&i nat s& gui dir liéu cua né téi Cluster-Head mot 1an trén mot frame trong
khe dinh vi ciia nd. Mdi nut s& c6 mot khe thai gian ¢b dinh, ci d&én khe thoi gian d6
thi nat truyén dit liéu téi Cluster-Head. Sb khe thoi gian cho mét khung dit liéu phu
thudc vao sé luong nit & trong cum, tic 1a ¢6 bao nhiéu nat trong cum (trir NGt chi) thi
s& c6 bay nhiéu khe thoi gian. Trong khi giai thuat phan tan dé xac dinh nit chu, véi s6
cum trong mbi vong 13 k, nhung né lai khong c6 co ché dam bao riang s& co6 k cum
trong mdi vong. Thém vao d6 giao thuc trong pha thiét 1ap khong dam bao cac nat s&
phan bé déu cho mdi nat chu. Do dé, sé ndt trong mot cum 1a khac nhau va tong di
licu ma mdi nat giri dén nat chu phu thudc vao sb nat trong cum. Dé giam su tiéu thy
ning lwong, mdi nat khdng phai 1a nat cha s& diéu khién cdng suat phat dua trén
cuong d6 cuaa ban tin quang ba nhan dugc tir nut cha. Va kénh phat song ctua nut sé ¢
trang thai ngu cho dén khe thoi gian phét song caa nd. Céc nit cha sé phai giit lai cac
dir liéu ma cac nut trong cum guri dén nd. Khi da nhan duoc hét dir liéu tir tat ca céc
nat, n6 tién hanh xir 1y dir liéu cuc bo nhu nén, tong hop di liéu.... Dt liéu di dugc
tong hop sau d6 dugc gui tGi BS. Khoang cach tir ndt chi ti BS ¢6 thé xa va kich ¢
ban tin dit liéu thuong 1a 16m, do d6 ma nang luong tiéu thu do qua trinh truyén nay
thuong la cao.
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Hinh 3-12 Qua trinh thiét Idp cum

Time-line trong mét vong cua LEACH, tir khi cac cum dugc hinh thanh trong
pha thiét lap, quéa hoat dong cua pha 6n dinh khi dit liéu dugc truyén tir cac ndt toi
Cluster-Head roi truyén dén BS.

<+— Setup > < Steady State ———»
Formation of clusters node=i (Slot) node=i (Slot)  [Time
+«—Frame——»

Hinh 3-13 Vong phan chia thoi gian cia LEACH

Dé md ta v& viéc trao doi thdng tin trong pham vi mét cluster. Giao thirc MAC
va giao thirc dinh tuyén duoc thiét ké dé dam bao cho céc nit tiéu thu nang luong thap
va khdng xay ra xung dot trong cum. Tuy nhién, kénh phat song khéng day von 1a moi
truong truyén kiéu quang ba, do dé su phét séng ciia mot cum ciing sé& anh huong dén
cac cum gan no.

Pé giam thiéu sy anh huong nay, mdi cluster trong LEACH sé& trao doi thong
tin ding co ché trai pho thanh day truc tiép DSSS (directed-sequence spread spectrum)
hay CDMA (Code Division Multiple Access). M&i mot cum s& diung mot ma trai phd
(spread code) duy nhat, tat ca cac ndt trong cum phét dit liéu caa ching téi nat chu s&
ding ma trai phd nay va nat chu s& loc tat ca cac nut c6 ma trai pho nay. Cha y rang
mdi nut cha chi can mot ma trai phd don dé loc cho tat ca céc tin hiéu dén né ma sir
dung ma trai ph6 giéng nhau. Piéu nay ciing hoi khac véi co ché CDMA ma mdi nat
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s& c6 mot ma trai phd duy nhat. Di liéu tir cc nat chu duoc giri téi BS s& dung mot
ma trai pho ¢ dinh, va ciing ding co ché CSMA dé tranh xay ra dung d6 véi cac nit
chu khac. Tuy 1a kénh truyén vo tuyén, nhung khi mot nGt chu c6 dit lieu dé gui t6i
BS, n6 sé& phai lang nghe xem cd nit chi nao phét dir liéu khdng. Néu khong ¢ nut
nao phat thi nd s& phat dir liéu tgi BS, con néu c6 nut dang phat dit liéu thi né s& doi dé
phat dix liéu.

b, Giao thrc PEDAMACS .

Giao thac PEDAMACS (Power-Efficient and Delay-Aware Medium Access
Protocol) gia dinh mot AP ¢6 kha ning giao tiép véi tat ca cac nat cam bién trong mot
hop. Tuy nhién cac nat cam bién cé thé sir dung nhiéu hon mot hop dé gui dix liéu dén
AP. C6 ba muc cong suat truyén tai duoc dung dé xac dinh ba khoang cach: Téi da P;,
trung binh P,,, va tbi thiéu P,,. Giao thirc hoat dong véi 4 pha.

Pha 1 Topology Learning: AP s& quang ba mot goi tin véi cong suat t6i da P,
sau d6 AP tiép tuc giri mot goi tin vai cdng suat trung binh B,,, goi tin nay s& dugc cac
node lan truyén di trén toan bé mang. St dung mtrc d6 céng suit va cac tin hiéu nhan
duoc, cac node c6 thé xac dinh cac node hang xom (cac node c6 kha ning nhan céc goi
tin truyén véi cong suat téi thiéu), cac node gay nhiéu (cac node khéng c6 kha ning
nhan duoc cac goi tin voi cong suat téi thiéu, nhung nhan dugc cac muc tin hidu du
cao dé gay nhidu véi cac tin hiéu khac), va cac node cha (node luan chuyén goi tin dén
AP). Qua trinh nay dugc thyc hién bang mét giao thic gan gidng véi 802.11 véi RTS
va CTS.

Pha 2 Topology Collection: Cac node guri thong tin topology cua né dén AP voi
muc cdng suat tdi thiéu P, dir lieu c6 thé di qua nhiéu ching dé dén duoc AP. Qué
trinh nay sir dung CSMA.

Pha 3 Scheduling : AP tinh toan va quang ba khung thoi gian, cac node s¢ tu
diéu chinh dong hd va biét dugc khoang thoi gian nao duge phép dé truyén va nhan tin
hiéu. Ngoai khoang thoi gian do cac node ¢ trang thai nging hoat dong.

Uu diém cia PEDAMACS: st dung nhimg dic trung cua lép vat Iy va I6p
mang. PEDAMACS thich hop cho cac cam bién dinh ky hoic cac cam bién hudng su
kién. Gan khe thoi gian chi khi c6 sy kién xay ra, néu khong cac node tiép tuc ¢ trang
thai nging hoat dong. Giao thuc nay ¢ kha ning mé rong dé st dung nhiéu hon mot
AP xir ly cac node & ngoai pham vi caa AP chinh.

Nhuoc diém: Viéc st dung mot AP giao tiép véi tat ca cac node doi hoi AP nay
phai ¢6 nguon nang luong duy tri lién tuc. Piéu nay 1a khong kha thi véi WSNs. Ngoai
ra viéc sir dung cac muc cong suat truyén tai thap dé tiét kiém nang luong s& anh
hudng dén pham vi phii s6ng. Vi du cam bién Mica2 motes chi c6 pham vi 25cm véi
muc d6 truyén tai toi thiéu — 20dBm.
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¢, Giao thic PRIMA

PRIMA (Priority-Based MAC Protocol for WSNs) stir dung phuong phap tao
cac Cluster gidng véi giao thirc LEACH. Mdi cluster déu c6 cluster head dé diéu khién
viéc truyén thdng va gitt dong bo giita cac nut bén trong cluster. Cluster Head duoc
bau lai mdi 15 phut. PRIMA dinh nghia 4 muc wu tién dé danh dau céc loai ung dung
khéc nhau, c&c muc wu tién nay sir dung 2 bits dé biéu dién va 2 bits nay duoc thém
vao cubi mdi goi. Lép MAC trong giao thuc PRIMA sir dung 2 giao thic khac nhau:
Classifier MAC thuc hién dua cac goi tin vao 4 hang dgi tuy theo do wu tién cua
ching. Giao thic con lai la Channel Access MAC (CA-MAC) st dung CSMA/CA va
TDMA. Céc khe truy cap ngau nhién dung cho viéc yéu cau khe thoi gian cua cac nit
va CH quang ba lich trinh. Céac nGt s& giri dir liéu theo lich trinh dinh san sir dung giao
thize TDMA khong c6 xung dot. CH ciing sir dung giao thtc trong tu khi mudn truyén
dir liéu dén Base Station.

Uu diém chinh cua PRIMA 4 viéc n6 giam tré truyén tin theo yéu cau. Ngoai
ra né ciing thira huéng nhimg wu diém cia LEACH trong viéc bau chon CH 1am ting
thoi gian hoat dong. Tuy nhién nhuoc diém chinh cia PRIMA 1a khi nit CH ngung
hoat dong thi cac nit khac ciing ngirng hoat dong theo cho dén khi CH méi duoc bau
1én. Cac goi tin Overhead cling lam tang muc tiéu thu nang luong.

3.4 Céc giao thire dinh tuyén trong WSN

a, Giao thirc SPIN [9]

SPIN (Sensor Protocols for Information via Negotiation) la mét ho cac giao
thirc ¢6 kha ning thich tmg duoc thiét ké dé khic phuc nhuoc diém cua giao thic phat
tran cb dién bing thoa thuan va kha ning thich ¢ng tai nguyén. Ho giao thuc SPIN
duoc thiét ké dya trén hai y tudng co ban:

e Céc nit Sensor hoat dong hiéu qua hon va co6 thé bao tén ning luong bang
cach chi guri cac sb liéu mo ta vé s6 liéu cam bién thay vi guri toan bo sb liéu.

e Céc nit Sensor phai giam sét sy thay dbi trong tai nguyén ning luong cua
chdng. SPIN c6 ba kiéu ban tin 1a ADV (quang céo), REQ (yéu cau) va DATA (s6
licu). Trudc khi giri ban tin DATA, Sensor phéat quang ba mét ban tin ADV géom mot
ban m6 ta (meta-data) cia DATA chi ra trong bugc 1 trén hinh 2.8. Néu mot nat
Sensor 1an can quan tam dén so liéu nay, no s& giri mot ban tin REQ veé s6 liéu va ban
tin DATA s€ dugc giri t&i nlit Sensor nay nhu cac budc 2 va 3. Nut Sensor 1an can nay
lai 1ap lai tién trinh trén nhu chi ra & budc 4, 5, 6. Két qua 1a tat ca cac nat Sensor
trong toan mang Sensor c6 nhu cau vé sé liéu nay s& nhan duoc ban sao cua s liéu.
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Hinh 3-14 Giao thic SPIN

b, Giao thirc LEACH [9]

Van dé ma mang WSN phai d6i mat 1a gioi han vé mit nang lugng. LEACH
(Low-Energy Adaptive Clustering Hierachy) 12 giao thtc phan cip theo cum thich tng
niang luong thip. N6 dua trén thuat toan phan nhom va cé nhimng dic trung sau:

e Céc nit c6 thé phan bb ngau nhién, va ty hinh thanh cum. NGt chu cum s&
diéu khién cac nat khac trong cum gui dit liéu dén nd. Qué trinh xtr ly dir liéu 1a nat
chu cum s& tong hop dit liéu tir cac nat giri dén rdi guri toi BS (Base Station).

e Trong mang WSN dit liéu caa cac nat giri vé thuong c6 méi tuong quan véi
nhau, ngudi dung cudi khong can yéu cau tit ca di liéu hay chi can cac thong tin &
muc cao cua dit liéu mo ta vé cac sy kién xuat hién trong moi trudng ma cac nidt cam
bién duogc. Vi cac tin hiéu dir liéu duoc gui tir cac nut dat gan nhau ¢6 su tuong quan
rat 16m, do d6 chung ta chon sir dung kién trac phan nhém cho LEACH. Diéu nay cho
phép tat ca dir liéu tir cac nGt trong pham vi cum s& duoc xir ly cuc bd, giam dugc
lwgng dit lidu truyén t6i ngudi dung cudi. Do dé tiét kiém dugce ning luong cua cac
nit. Trong giao thic LEACH, céc ndt ty to chuc thanh cac cum, trong d6 mot nut s&
dong vai tro 1a nit chu cum. Tét ca cac nat khong phai 1a nat cha sé phai truyén dix
liu caa nd tai nut chu, nat chu cum phai nhan dir liéu tir tit ca cac nat thanh vién
trong cum, thyc hién xir Iy dix lidu cuc bo (tong hop dir liéu - aggregation), roi truyén
tgi BS. Bai vay, viéc tro thanh ndt cha s& tiéu hao nhiu ning lugng hon cac nat
khong duoc chon 1a ndt chu. Ma nang luong cua cac ndt 1a gidi han, néu nat cha duoc
chon cé dinh trong suét thoi gian sdng caa mang, nhu trong giai thuat phan nhom tinh
(static clustering), thi cac n(t chii s& hét nang lugng rat nhanh.



Hinh 3-15 Giao thi#zc LEACH

Khi nat cha chét, tat ca cac nat trong cum sé& khong c6 kha ning trao d6i thdng
tin nita. Vi vay, LEACH thuc hién ngau nhién viéc quay vong vai trd nit chu giira cac
nit c6 ning lugng cao trong s tat ca cac nut dé tranh su tiéu hao ning luong trén mot
ndt cu thé trong mang. Vi cach nay, tiéu hao ning lugng lién quan dén viéc tro thanh
nGt chi s& dugc phan bé déu cho tat ca cac nat.

Set-up  Steady-state Frame Round
> > >

A
A\

» Time

Hinh 3-16 So d6 thoi gian hoat déng ciia LEACH

¢, Giao thircc PEGASIS [9] [12]

La mot su cai tién cua giao thac LEACH. Thay vi hinh thanh nhiéu cum,
PEGASIS hinh thanh cac day chuyén tir cac nat cam bién ma mdi nat truyén va nhan
tir 1 nat hang x6m va chi mot nut duoc chon tir chudi dé dé truyén dén tram co s&
(sink). Thu thap dit liéu chuyén tir n(t téi nat, dugc tong hop va cudi cing giri dén cac
tram co s&. Sy khac biét véi LEACH 1a st dung dinh tuyén nhiéu chiang (multi hops)
bang cach hinh thanh chudi va lva chon chi mét nat dé truyén dén tram co so, thay vi
st dung nhiéu nGt. PEGASIS di duogc thé hién tét hon LEACH vé mat hiéu suat
khoang 100-300% [12], d6i v&i cac kich ¢& va cau tric mang khac nhau. Nhu vay hiéu
suat dat duoc thong qua viéc loai b cac chi phi gay ra béi sy hinh thanh cum ning
dong trong LEACH va théng qua giam so 1an truyén va nhan dir liéu bang cach dung
tong hop dit liéu. Tuy nhién, PEGASIS c6 thé gay ra su cham tré qua 16n ddi voi cac
nit xa trén chudi d6. Thém vao d6 truang nhém duy nhat co thé trg thanh nén nat that
nit c6 chai. PEGASIS phan cap 1a mot mé rong cua PEGASIS, véi muc tiéu giam phat
sinh cham tré cho cac goi tin trong viéc truyén dén tram co s va dé xuat mot giai phap
cho van dé thu thap dit liéu bang cach xem xét s6 liéu do tré va ning luong. Pé giam
su cham tré trong PEGASIS, can truyén dong thoi cac thong diép dit liéu. Cac giao
thire dya trén day chuyén vai cac nit CDMA c¢6 kha ning xay dung mot chudi cac nut,
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¢6 hinh thirc giéng nhu mot cay phan cip, va mdi nat dugc chon trong mot mac cu thé
truyén dir liéu t6i nGt & mac cao trong hé thdng phan cap d6. Phuong phap nay dam
bao truyén dir liéu song song va 1am giam sy cham tré dang ké.

3.5 Hé thong mang WSN trong theo ddi stic khée

Hién nay céc hé théng WSN duoc tng dung rét nhiéu trong cac hé théng theo
ddi cham soc stc khoe, dac biét 1a dbi véi cac bénh vién. WSN da ching to wu diém
trong viéc theo ddi siic khoe cac bénh nhan nho viéc khong bi giGi han bai cac két ndi
c6 day. Bénh nhan c6 thé deo cam bién trén nguoi va di lai trong mot khu vuc nho,
mién 1a cac cam bién van nam trong pham vi két ndi caa tram giam sat thi c4c tin hiéu
cam bién duoc trén co thé van lién tuc dugc bao vé cho bac si hodc ngudi nha theo doi
thong qua céac hé théng lién lac. Bac biét véi chire ning cam bién hudéng su kién béac si
s& dé dang phat hién cac tinh hudng cap ctu va dua ra cac bién phap xu Iy kip thoi.
Trong phan nay tdi s& trinh bay mot sé mé hinh WSN dang dugc trién khai trong thuc
té va khao sat mot s6 cam bién dung trong giam sat sic khoe con nguoi.

3.5.1 M6 hinh mang WSN trong theo doi swc khée [13]

Hé thdng WSN giam sét stic khoe st dung cac cam bién dé lién tuc theo ddi céc
thong sé va truyén dir liéu dén tram giam sét tir xa. C6 3 kiéu cam bién thuong duoc
st dung: 1) cam bién gén trén quan 4o. 2) cam bién trén cac thiét bi deo trén ngudi. 3)
cam bién dan tryc tiép 1én co thé.
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Hinh 3-17 Hé thang WSN giam séat sic khoe

Mot hé thong WSN thuong bao gom céc thanh phan nhu sau, Hinh 3-17 Hé
thdng WSN giam sét stc khoe:

- Nat cam bién: Ty vao hé théng mang ma nat cam bién thyc hién cac cong
viéc cam tng khac nhau. Vi du: Déi véi viéc theo dbi phu nit mang thai, cac
nGt cam bién can c6 kha niang theo déi khong chi cac thong sé co thé cua
ngudi Me ma con can c6 kha nang nhan dién cac thong sé cua bao thai phét
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ra. Cac nat cam bién trong mang WSN cha yéu sir dung céc két nbi khong
day, kiéu cam bién s& duoc cau hinh bai cac bac si. Thong thuong co 4 kiéu
cam bién: Cam bién dinh ky, cam bién lién tuc, cam bién theo yéu cau va
cam bién sy kién.

- Nut diéu khién trung tam: Thuong dugc goi 1a nat Sink, ndt nay c6 vai tro
tap hop va dong goi dir liéu giri dén tir cac nlt cam bién sau d6 guri cho tram
giam sat.

- Hé théng dinh vi GPS: Mét s6 hé théng WSN theo dbi sirc khoe con trang bi
GPS Ién cac nat cam bién nhim niam duoc mot cach chinh xéc vi tri cua céac
bénh nhan can theo dbi.

Mot sé hé théng WSN hién nay di duoc dua vao thuc té trién khai trong céc
bénh vién. Tuy nhién trong quéa trinh trién khai nd van con boc 16 nhiéu han ché nhu
sau:

- Cé&c nat cam bién gan trén quan 4o c6 thé bi nhidu do tinh dién tir vai quan
40. Cam bién dan trén nguoi tré nén khong hiéu qua trong thoi gian dai s
dung do cé4c chat phy gia hitu co (gel) duoc st dung khd dan theo thoi gian.
Mot s6 thiét bi deo trén ngudi con cong kénh gay can tré van dong .v.v

- CAac nat cam bién hoat dong doc 1ap nén han ché vé ngudn ning luong.

- Céac han ché trong truyén théng khong day. Vi du vin d& dinh tuyén da
ching trong truyén thong khdng day rt phtc tap gay anh huong dén su
cham tré cua dix liéu. Van dé chit luong két ndi giira cac nut.

- Vai tro cua nit Sink trong mang 12 rat quan trong can phai c6 nhitng bién
phap xtr 1y trong truong hgp nat Sink ngung hoat dong dot ngot,v.v.

Chinh vi nhitng ly do trén viéc lya chon cdng nghé, thiét ké, trién khai va phan
tich hiéu suat cua mang cam bién khong day phuc vu giam sét stc khoe tré nén rat
quan trong va hién dang la dé tai nghién ctru duoc nhiéu su quan tam trén thé gioi.

3.5.2 Khao sat mét sé hé théng giam sat sic khoe. [14]
Trong phan nay, toi s& trinh bay mot s6 tham khao vé cac du an phat trién hé
théng mang cam bién cho giam st sirc khoe.

Nhin chung céac hé thdng WSN cho giam sét stc khoe dugc phét trién theo 3
kiéu cam bién chinh d6 1a: Cam bién trén quan 4o, cam bién trén cac thiét bi deo trén
ngudi, va cam bién dan truc tiép 1én co thé. Tuy nhién cac dy an phat trién hé thong
cam bién cho giam sét st khoe thuong chia thanh 5 loai:

Loai 1: Hé thong sir dung bang vi diéu khién (microcontroller board) lam nén
tang dé cam nhan cac di liéu sinh hoc, sir dung truyén dan c6 day dé truyén céc tin
hiéu d6 vé bang xt ly. Mot dai dién tiéu biéu cua hé théng nay 1a du an LiveNet cua
phong thi nghiém MIT. Hé thong nay sir dung mot thiét bi di dong trén nén tang
Linux, két hop véi mot mo dun cam Gng dé thu thap dix liéu va mot bang tich hop cac
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théng tin sinh hoc dé tinh toan va xu ly di liéu. Hé thong nay da duoc trién khai phuc
vu theo ddi bénh nhan Parkinson, bénh nhan dong kinh va gan trén ngudi cc quan
nhan hoat dong trong diéu kién méi truong khic nghiét. Nhin chung muc tiéu cua
LiveNet la dua ra cac canh bao thoi gian thuc, phan loai cac truong hop bénh ly va
cung cap mot hé théng thdng tin phan hdi, theo dbi sic khoe khép kin.

Loai 2: Hé théng giam sat sic khoe nay dua trén nhitng cam bién dugc tich
hop vao quan 4o gilp theo ddi, phan tich cac hoat dong, chi sé sinh hoc trén co thé
bénh nhan. Qua dé dua ra cac canh bdo va chuan doan sém tinh trang bénh Iy.

Loai 3: Hé thong giam sat suc khoe du trén cac nGt cam bién gan trén co thé.
Hé thdng nay con co tén goi 1a WWBAN (wearable wireless body area network). Hé
théng nay bao gdm cac nat cam bién cé kha ning tu tri, str dung cac két ndi khdng day
dé trao d6i dir liéu véi tram diéu phdi hodc nut trung tam. Pai dién tiéu biéu cua loai
nay la du &n Code Blue cua cac nha nghién ciru dén tir dai hoc Havard.

Loai 4: Hé thong giam sat sic khoe sir dung cam bién két ndi bluetooth va
dién thoai di d6ng. Du an c6 HealthGear cua tap doan MicroSoft. Hé thong nay bao
gom mot ndt cam bién c6 kha ning thu thap cac thong tin sic khoe nhu nhiét do co
thé, nhip tim, d6 bao hda oxy trong méau. Nat cam bién nay dugc tich hop mot mé dun
st dung bluetooth va st dung pin. Di liéu s& duoc guri tir nGt cam bién qua dién thoai
di dong ctia nguoi dung.

Loai 5: Ngoai 4 loai trén thi cac nha nghién ctru ciing dua ra nhitng céch tiép
can khac cho tirng muc dich khac nhau trong giam sat stc khoe. Cu thé nhu véi du an
AUBADE duoc phét trién boi dai hoc loannina Hy Lap, cac nha nghién ctru di dua ra
dé xuat sir dung mot chiéc mat na c6 gan cam bién & bén trong dé giup danh gia cac
trang thai cam xdc cua con ngudi. Hay mét sé cac hé théng nhan dang chuyén dong sir
dung cac ging tay co gan cam bién hodc cac vong deo & nguc dé do nhip tim.

Trén day 1a 5 loai hé théng cam bién deo trén nguoi duoc st dung dé giam sat
suc khoe.Va céc di an dang duoc phat trién. Bang 3-1 Khao sat mot s hé thong giam
séat suc khoedudi day sé& dua ra mot s6 chi tiét va so sanh vé cac du an dang duoc phat
trién. Cac thong tin so sanh bao gom: Kiéu trién khai phan cing, cac mé dun két néi,
cac loai tin hiéu cam bién dugc, va mot sé tng dung trong y té.

Cac loai tin hiéu cam bién duoc bao gom: ECG — electrocardiogram (dién tam
d6), HR — heart rate (nhip tim) , EMG - Electromyogram (dién d6 co), BP — blood
pressure (huyét ap), T — temperature (nhiét d6 co thé), A — activity (hoat dong) v.v
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Téndwan/to | Kiéu phan citng | Kiéu két néi | Loai tin Ung dung
chirc thuc hién hi¢u cam trong y hoc
nhan dwgc
LiveNet/MIT Microcontroller | C6 day,radio, | ECG,BP,T, | Theo ddi bénh
board GPRS EMG, v.v phan parkinson,

bénh nhan dong
Kinh.

WEALTHY/EU | PDA, cam bién | Bluetooth, ECG, AT Theo doi stc

IST FP6 gan trén quan 40 | GPRS khoe ngudi cao
tuoi

Code Sensor mote ZigBee ECG, Theo dbi cac

Blue/Harvard SpO2,A trang thai sinh

University hoc theo thoi
gian thyc

Body area Zigbee-based ZigBee, ECG, BP, R | Phat hién va dyu

network/Malta | mote & Zigbee- | Wi-Fi, GPRS doan cac trang

Univ. based custom thai sinh hoc

base device

HealthGear/Mic | Sensor and Cell- | Bluetooth, HR, SpO2 Theo dbi giac

roSoft phone GPRS ngu

AUDABE/Dept | Mit na, Gang Két noi co ECG, R, Theo dbi trang

. of Medical tay, Vong cam day, EMG, A thai, hoat dong

Physics, bién Bluetooth,

loannina, Wi-fi

Greece

Bang 3-1 Khao sat mét sé hé thong giam sat sizc khoe [14]
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CHUONG 4 MO PHONG VA PANH GIA HIEU NANG MANG

4.1 Giéi thiéu cac cbng cu mé phéng

Hién nay voi sy phat trién caa khoa hoc cong nghé, c6 kha nhiéu cong cu mo
phong mang néi chung va mang cam bién néi riéng da dwgc phét trién. Cac cong cu
m6 phong nay cé vai trd quan trong trong viéc danh gia, phan tich hiéu suat caa cac hé
thdng mang ma lai gitp tiét kiém chi phi khi khdng phai trién khai thuc té. Trong phan
nay toi s& gioi thidu 3 cong cu md phong dugc sir dung nhiéu hién nay la: OMNet++,
Ns-2 va TOSSIM.

4.1.1 OMNet++

OMNet++ 1a cong cu md phong ma ngudn mo, duoc sir dung rat nhiéu trong
viéc md phong mang. OMNet++ duoc viét bing ngdn ngit C++ va c6 giao dién GUI.
OMNet++ hd tro kha day du cac giao thirc va mé hinh truyén thong ciia mang Internet
nhu TCP, UDP, Ipv4, Ipv6, cac giao thic va chuan danh cho mang khong diy nhu
802.11, MANET, cac md hinh mang thé hé méi DiffServ, MPLS v.v. Trong d6 c6 mo
dun mo rong Castalia duoc phat trién phuc vu muc dich mé phong mang WSN va
mang BAN kha day du.

4.1.2 TOSSIM

La mot b cdng cu md phong WSN kha dién hinh, cu thé TOSSIM mé phong
toan bo cac (ng dung trén hé diéu hanh TinyOS — hé diéu hanh chuyén biét cho céc
nGt cam bién duoc néu trong muc 2.2.2. TOSSIM mé phong mang WSN bang cach
thay thé c4c thanh phan vat ly bang cac mé dun mé phong. M6 dun tng dung TinyOS
va TOSSIM duoc bién dich va lién két thanh mot thu vién phan mém. Trong TOSSIM
Python duoc str dung 1am trinh théng dich va chay mé phong. Mot sb thanh phan viét
bang C++ ciing c6 thé duoc sir dung. Tuy nhién véi cac nhuoc diém vé viéc thiéu cac
mo hinh tiéu thu ning lwong, cac tai liéu huéng dan chi tiét, TOSSIM d3 khong dap
tmg du yéu cau cia mot phan mém md phong sir dung dé phan tich hiéu suat cua
WSN.

4.1.3 NS2 (Network Simulator 2)

La phan mém moé phong mang duoc phat trién bai truong dai hoc UC Berkeley,
dugc cung cap dudi dang ma nguén mé va co thé chay duoc ca trén moi truong hé
diéu hanh Windows Ian Linux.

NS-2 1a mét chuong trinh bién dich ma Otcl duogc lién két téi cac thu vién viét
bang C++. Cac ddi tugng co so trong Ns-2 nhu TCP, UDP, cac giao thirc dinh tuyén
v.v. duoc xay dung bang ngén ngir C++. Pau vao cua Ns-2 12 tap lénh Otcl dugc viét
bang ngbn ngit TCL 1a ngdn ngit kich ban. Két qua mo phong caa Ns-2 c6 thé dugc
két xuat ra file text dang .nam dé c6 thé quan sat bang hinh anh md ta tryc quan voi
ing dung NAM (Network Animator), hoic c6 thé duoc két xuat ra file vét .tr c6 dang
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text dé cO thé phan tich, két xuat va vé d6 thi theo yéu cau cia ngudi phan tich voi cac
cong cu nhu Xgraph va GnuPlot.

Ns-2 c¢6 nhiéu phién ban chay trén cac hé diéu hanh khac nhau va duoc phét
trién bai cong dong ngudi st dung déng dao trén toan thé gioi.

T S RO
Simulation \Objects// '\Ob,iects Trace
Script —— ~— File
- C++ OTcl =
= —| NS2 Shell Executable Command (ns) — *??—,J_\
= — "
PPy i TR . (P
w  NAM , ,; Xgraph
, (Animation); | (Plotting) |

Basic architecture of NS.

Hinh 4-1 Kién trac cia NS-2

Dé cd thé thuc hién mé phong WSN trong luan vin nay t6i c¢6 str dung thém md
dun MANNASIM [14] la mot cdng cu mo rong cho Ns-2 phuc vu cho viéc md phong
hoat dong caa WSN. MANNASIM dugc sir dung dé hd trg Ns-2 cling nhu ngudi st
dung trong viéc cdu hinh cac kich ban md phong, diéu chinh cac théng sb trong mang
nhu: sé luong node, vi tri phan bé cac node, dién tich khu vuc thuc hién md phéng,
kiéu duong lién két v.v. Sau khi thuc hién méd phong mannasim c6 thé sinh ra két qua
md phong bang céc tép vét trong d6 co ddy du thdng tin vé tinh trang cua hé théng
mang. Vi du nhu ti 16 mat goi tin, d6 tré, mirc ning luong tiéu thu,.v.v gidp cho nhitng
ngudi nghién ciu c6 thé dé dang két xuat d6 thi va danh gia. Bang 4-1 So sanh dic
diém cua Mannasim véi mot s6 cong cu mod phong khac [15].

Framework

bic diém

Mannasim

SENSE

Thiét ké phuc vu: nguodi
ding cao cip, ngudi Xay
dung mang ludi va thiét ké.
Tuy nhién vin thiéu cac
mé hinh tong quéat phuc vu
cho viéc cau hinh

Cung cap day du cac thong
s6 cau hinh tong quat cho
cac thanh phan mang phuc
vu nguoi St dung, xay
dung va thiét ké mang

SensorSim

Pugc xay dung tor Ns-2
nhung khoéng con tiép tuc
phét trién

T6i wvu hon cho WSN va
van dang dugc cong dong
tiep tuc phét trién
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Avrora

M6 phong hanh vi cua cac
nat cam bién & mac do chi
thi

Mo ta rd rang cac su kién
truyen théng cua cac nuat
cho nguoi su dung

NetTopo

Muc tiéu la danh gid sy
anh hudng cua cac thuat
toan khac nhau trong WSN

Muc tiéu la danh gid su
anh huong cua cac thanh
phan mang khéac nhau, vi

du nhu sb nat hay cach to
chuc mang

Castalia Cung cap moi truong dé | D xuat cong cu toi wu de
kiém tra thudt toan va giao | danh gia hi¢u nang cua
thac trong mé hinh thuc té | WSN

Bang 4-1 So sanh ddc diém cia Mannasim véi mét sé cong cu md phong khac [15]

4.2 VVan dé nguén sinh lwu lwong trong WSN cho giam sat sic khée [16]
Trong luan van nay, t6i xay dung mot mé hinh WSN cho giam sét stirc khoe con
ngudi véi cac tham sb sic khoe chinh 1a: Nhip tim, nhiét d6 co thé, va huyét ap.

Dé dam bao tinh chinh x4c cling nhu d tin cay cua két qua méd phong, cong
viéc quan trong nhat 12 phai tao ra dwgc mot nguon sinh luu lwgng cd phan bd xac suat
gidng véi cac dir liéu trong thuc té. D4i véi cac tham s sinh hoc trén co thé nguoi, cac
dir liéu thu duoc c6 phan bd khéa gidng voi phan bé chuan (normal distribution) trong
Xé&c suat thong ké [16]. Cu thé nhu sau.

99.7% of the data are within
3 standard deviations of the mean

95% within

2 standard deviations |
EE% within

+—— 1 standard —*
deviation

Hinh 4-2 Phan phdi chudn
Phan bd chuan (con goi 1a normal distribution hay phan bé gauss) trén R véi gia
trj trung binh (ki hiéu 1a p) va do léch chuan (ki hiéu 1a o) 1a phan b lién tuc véi ham

. ! (-p)?
mat do: p(x) = ——=exp (== 2-).

Do thi cua ham mat do phan bd chuan co hinh céi chudng, trong d6 trung diém
la x = p va do cao chudng chinh bang a%/ﬁ . Hinh 4-2 Phan phdi chuan cho thay hau

hét xac suat caa mot phan bé chuan nam trong doan [ u — 30, u + 30], chi ¢ 0.3%
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nam ngoai doan d6. Vi vay néu X 1a mot bién ngau nhién cé phan bd xéc suat 1a phan
bd chuan véi cac tham sb [u,o] thi c6 99,7% kha niang gia tri cia X nam trong doan
[u—30,u+30].

Pay 1a mot phan bé rat quan trong trong xac suat thong ké. Vi nhiéu phan bd
X&c suat gap trong thuc té c6 dang diéu rat gibng vai phan bé chuan, vi du nhu phan bb
chiéu cao cua dan ong, phan bd chi s6 1Q, gia ching khoan. .v.v. So séanh Hinh 4-3
Théng ké nhip tim va Hinh 4-2 Phan phdi chuan ciing cho thiy sy tuong dong vé mat
db thi. [16]
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Hinh 4-3 Théng ké nhjp tim

Chinh vi vay trong luan van nay, t6i str dung cac ham sinh luu lugng tuén theo
phan b chuan duoc tich hop trong céng cu Ns-2 va mé dun Mannasim dé md phong
viéc cam bién céc thdng sb vé nhiét do, nhip tim va huyét 4p trén co thé ngudi. Truong
hop can mo phong cac tham sé khong tuan theo phan bé chuan ma tuan theo phan bd
ham mii hoic phan b Poison s& 1a huéng phat trién tiép theo cua dé tai luan van nay.

Phan tiép theo cuia luan van s& trinh bay vé viéc lya chon gid tri trung binh p va
d6 léch chuan o cho céac kich ban mé phong dwa vao cac thong ké vé sb liéu y sinh.

4.3 Thiét 1ap kich ban md phéng

Sau khi xay dung xong ngudn sinh dit liéu cho céac tham sé stc khoe con ngudi.
Toi s& thiét 1ap cac kich ban md phong dua trén céac sb lidu stc khoe thu thap dugc tir
cac thong ké vé y sinh hoc. Cu thé nhu sau.

4.3.1 C4c tham sé sinh hoc

a, Nhip tim [17]
Theo thong ké vé sé liéu nhip tim tir trung tam kiém soat va phong ngtra dich
bénh hoa ky CDC. Nhip tim trung binh cua mét nguoi nam gigi truong thanh 1a 71
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nhip/phdt va nir gii 1a 74 nhip/phat [16]. Cac théng sé vé nhip tim thuong phu thudc
vao rat nhiéu yéu té nhu d6 tudi, gisi tinh, mau da, khu vuc sinh sdng, trang thai hoat
dong .v.v Tuy nhién nhin chung nhip tim dugc cho la binh thuong roi vao khoang
60~100 nhip/phut. Tuy vao diéu kién thuc té va thé trang caa bénh nhan ma nhip tim
c6 thé tang hodc giam trong mot thoi gian ngin. Nhip tim 16n hon 100 nhip/phut dugc
coi la nhanh va & muc I6n hon 120 nhip/phdt khi nguoi bénh trong trang thai binh
thuong thi dugc coi 1a nguy hiém. Tuy nhién ddi voi nhitng ngudi dang choi thé thao
nhip tim c6 thé tang 1én t6i da t&i 190 nhip/phlt & thanh nién. Bang 4-2 Cac tham s
trung binh cta nhip tim sé& tong hop cac tham sé can thiét ¢ md phong dai luong nay.

Tham so Gia tri

Loai phan b Phan b chuan (Normal Distribution)
Gié tri trung binh (Mean) 74 nhip/phut

Gia trj toi da 190 nhijp/phut

Do léch chuan (Standard Deviation) | 5.0 ~ 15.0

Bang 4-2 Cac tham sé trung binh cza nhip tim

Viéc phat hién sy thay ddi gia tri trung binh va dua ra cac canh béo 1a rat quan
trong trong cac md hinh giam sét sicc khoe. CAc gid tri trén co thé thay doi trong mot
khoang thoi gian rat ngin tly thugc vao nhiéu tinh hudng. Vi du nhip tim caa mot
nguoi binh thuong la 75 nhip/phut, nhung trong truong hop bi ngoai canh tac dong
nhip tim c6 thé tang 1én 90~120 nhip/phdt trong khoang thoi gian ngin. Néu khong co
cac phét hién va canh bao sém s& dua bénh nhan dén tinh trang nguy kich. Do d6 can
dic biét luu y va co co ché canh béo khi nhip tim cua bénh nhin vuot ngudng cho
phép.

b, Huyét ap [18] [19]

La chi sb thé hién &p luc mau 1én thanh d6ng mach, duoc do bang don vi 1a mi-
li-mét thiy ngan (mm Hg). Huyét ap duogc xac dinh bang hai chi s6, thuong duoc viét
dudi dang mot ty sb. Chi sb trén 1a “tam thu” 1a muc huyét 4p cao nhat trong mach
méu xay ra khi tim co bép. Chi s6 duéi 1a “tam trwong” 1a mac huyét ap thap nhat
trong mach mau xay ra khi tim ngung co bop, tha long.

Huyét 4p & ngudi trudng thanh binh thuong duoc xac dinh 1a ¢6 chi sb tam thu
1a 120 mm Hg, tdm truong 1a 80 mm Hg [17]. Tuy nhién mic huyét p on dinh va tot
nhat cho tim mach la & mac 105 mm Hg tam thu va dudi 65 mm Hg tdm truong. Bénh
tang huyét 4p 1a mot can bénh rat pho bién, né cé thé tién trién tham lang ma nguoi
bénh khéng hé hay biét. Tang huyét ap dugce xac dinh la khi c6 huyét 4p tam thu tir
140 mm Hg trg 1én va/hoac huyét ap tam truong tir 90 mm Hg tro 1én [18]. Cac muc
huyét ap tdm thu va tdm truong binh thuong co y nghia dic biét quan trong ddi Voi
chtic nang hiéu qua ciia cac co quan sinh ton nhu tim, ndo va than, va ddi véi suc khoe
no6i chung va trang thai khoe manh. Vi vay viéc theo ddi cac chi s huyét ap 1a dac biét
quan trong.
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Tham so Gia tri (MEAN = Standard Deviation)
Tam thu Tam truong

Gia tri trung binh 120 £ 10 mm Hg 80 £ 10 mm Hg

Bénh nhan cao huyét 4p [18] | 136.7 £ 164 mmHg | 76.5 + 6.2 mm Hg

Bénh nhan huyét ap thap < 90 mm Hg

Bang 4-3 Gia tri trung binh huyét ap

¢, Nhiét d¢ co thé [20]

Gia tri trung binh cua nhiét d6 co thé nguoi 1a 98,6 °F hay 37°C. Nhiét do trén
co thé con ngudi con thay doi tiy thuoc vao nhiéu yéu té. Bao gém ca vj tri dat nhiét
ké. Tuy nhién céac gia tri trung binh nhiét d6 c6 thé phan chia theo bang sau.

Trang thai Gia tri

Mat than nhiét < 35°C

Binh thuong 36.5~37.5°C

St >37.5 °C hoic 38.3°C
Théan nhiét cao >37.5°C hoac 38.3°C
Than nhiét cao nguy hiém >40.5 °C hoic 41.5°C

Bang 4-4 Gia tri nhiér d¢ trung binh

C4c trang thai gia tri trén cua nhiét do co thé thay ddi tuy vao co ché danh gia
than nhiét khac nhau. Gi4 tri nhiét 46 cua timg nguoi tai cing mot thoi diém ciing khac
nhau tly thudc vao trang thai co thé ho. Cac thdng ké ciing chi ra rang céc dir liéu vé
than nhiét ciing tuan theo phan b chuan.

4.3.2 Thiét 1ap topo mang va cac tham sé6 mé phéng

Trong phan nay tdi s& trinh bay vé viéc thiét ké topo mang ciing nhu lya chon
cac tham sd, chuan cdng nghé s& trién khai cho mé hinh mang cam bién khéng day
phuc vu giam sat suc khoe. Hinh 4-4 M& hinh WSN cho giam sat strc khoe day mo ta
topo WSN giam sat sicc khoe cho 4 bénh nhan trong mét phong bénh. Cac nat nl n2
n3 n4 déng vai trd cam bién nhiét d6 co thé, nit n5 n6 n7 n8 dong vai trdo cam bién
nhip tim, nat n9 n10 n11 nl12 dong vai trd cam bién huyét ap. Nut n0 dong vai tro 1a
nut sink va access point.
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SG2.1, http://sites.google.com/site/pengjungwu/nsg 1 €) 2210
System Scenario Window About

] wireless scenario o @
File Draw Mode

NSG:

Hand Node Agent Application Parameters | TCL

pllcallontypeicsn‘-} Start time1 | Stop time|z Packet size1000  Ratel Interval 0.005

nHNYDEBEDDD OC)me

Location : (1144, 392) Transmission range 250 Interference range 550 set Zzoom L)

Hinh 4-4 M6 hinh WSN cho giam sat suc khoe

Céc cbng nghé duoc lua chon cho md hinh mang nay s€ tuan theo Bang 4-5 Cac
tham s6 md phong.

Tham so Gi4 tri

Dién tich 2m x 2m

Tong s nat 12

Sb nut sink 01

Sb nat access point 01

Giao thic MAC Mac/802_11

Kiéu hang doi Queue/DropTail/PriQueue
Do dai hang doi 200

Giao thirc dinh tuyén DumbAgent

Ché d¢ ning luong Battery

Bang 4-5 Céc tham sé md phang
Giai thich viéc lya chon cac tham sé mé phong:

Dién tich mé phong duoc lya chon 2m x 2m 13 twong duong véi dién tich co thé
ctia mot ngudi truang thanh. V&i mdi tham sb stc khoe da néu cé thé cé tir 1 ¢én 3 nit
theo ddi trang thai. Cac nat két ndi tryc tiép dén nut Access Point. NGt Access Point s&
lam nhiém vu téng hop va giri dix liéu dén nit Sink.

Giao thirc MAC theo chuan 802.11 duoc sir dung dé han ché cac tranh chap
trong qua trinh truy cap duong truyén caa cac nat. Ciing nhu cac hién tuong nit an va
nit hién. Truong hop nay tat ca cac nut cam bién déu c6 thé két ndi truc tiép dén
Access Point vi vay giao thie dinh tuyén DumbAgent duoc st dung, dé danh gia su
hiéu qua cua céc giao thuc ting MAC.
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Ché d6 nang luong Battery day 1a mot mo hinh nang lwong gia lap duoc cung
cap boi md dun mannasim. M6 hinh nay mé phong lai hoat dong cua céc vién pin
trong thuc té. Do tiéu thu pin duoc tinh bang cdng suat cam bién nhan véi thoi gian
cam bién. Po do nay s& gitp danh gia mic do tiéu thu niang luong cia cac ndt cam
bién trong mang.

4.3.3 Cac kich ban md phéng

Mannasim d cung cip 4 phuong thirc cam bién 1a cam bién theo dinh ky, cam
bién lién tuc (continous), cam bién su kién (event driven) va cam bién theo y&u cau (on
demand). Trong luan vin nay t6i s& md phong st dung 03 phwong thirc cam bién 1a 0-
periodic, 1-continous, 3-event driven. V&i cac tham sé mé phong tuan theo cac kich
ban sau.

a, Kich ban 1: Sir dung phwong thirc cam bién dinh ky.

Muc dich cua tdi trong kich ban nay 1a mé phong mot hé thdng giam sat stc
khoe theo dinh ky. V&i cac ham sinh dit liéu theo phan bé chuan. Str dung céc gia tri
trung binh va do léch chuan cua céc thdng sé sic khoe cua ngudi binh thuong. Cu thé
c4c gié tri tuan theo Bang 4-6 Kich ban 1Thoi gian md phong la 120s. Két qua mo
phong s& duoc st dung dé v& d6 thi bao cdo trang thai sic khoe gitip cac bac si dé
dang hon trong viéc theo ddi va chan doan.

Tham so Sensing_interval | Sensing_type | Giatritrung | Do léch

binh (Avg) chuén
(Std)

Nhiét d6 co thé 3.0 0 375 1.0

(Body

Temperature)

Nhip tim (Heart 3.0 0 74.0 5.0

Rate)

Huyét ap (Blood 3.0 0 120.0 10.0

Pressure)

Bang 4-6 Kich ban 1

b, Kich ban 2: Sir dung phwong thirc cam bién lién tuc.

Kich ban nay toi s& giit nguyén cac tham so gia tri trung binh va do léch
chuan. Thuc hién thay d6i phuong thic cam bién tir dinh ky sang lién tuc - Bang 4-7
Kich ban 2. Véi khoang cam bién 1a 0.01s, day 1a gia tri mic dinh. M&i nat cam bién
s& lién tuc guri V& nut Access Point cac gia tri ma nd cam nhan duoc. Do vay access
point s& phai tiép nhan va xir ly khéi luong dit liéu rat Ion. T6i sé sir dung tép vét dé
danh gia va phan tich hiéu suat ciia mang trong truang hop thir nghiém nay.

Tham so Sensing_interval | Sensing_type | Giatritrung | D9 léch
binh (Avg) chuan
(Std)
Nhiét d6 co thé 0.01 1 37.5 1.0
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(Body
Temperature)

Nhip tim (Heart 0.01 1 74.0 5.0
Rate)

Huyét ap (Blood 0.01 1 120.0 10.0
Pressure)

Bdng 4-7 Kich ban 2

¢, Kich ban 3: Str dung phwong thic cam bién hwéng sw kién

Theo dic diém cua mang WSN giam sat sic khoe. Yéu té nhan biét cac thay
d6i tham s6 theo thoi gian thuc 1a rat quan trong. Vi vay, t6i thir nghiém mot sé thay
ddi V& gia tri trung binh va do léch chuan cua tin hiéu theo cac trudng hop dic biét.
C4c gi4 tri trung binh va do léch chuan thay dbi 1a cac gia tri duoc trich ra tir cac s6
licu théng ké trong muc 4.3.1. Ngoai ra toi ciing dua thém vao cac gia tri ngudng canh
bao cua dir liéu. Toi s& danh gia kha ning phan (ng ciia mang cam bién trong viéc cam
nhan céc sy kién thang giang vugt ngudng.

Tham so Sensing_type | Giatritrung | D¢ léch chuan | Nguwéng canh
binh (Avg) (Std) béo (Max
Allowed)

Nhiét d6 co 3 37.5 5.0 40.0

thé (Body

Temperature)

Nhip tim 3 74.0 15.0 90.0

(Heart Rate)

Huyét ap 3 136.7 16.4 146.0

(Blood

Pressure)

Bang 4-8 Kich ban 3

4.3.4 Thuc hién md phéng

Trong phan nay toi s& thuc hién chay md phong bang Ns-2. Sau d6 két xuat
thong tin dé vé d6 thi bang GnuPlot, sir dung ngdn ngit lap trinh Perl dé phan tich tép
vét va dua ra danh gia, phan tich hiéu nang. Cac script ddnh gia hiéu ning dugc viét
dua trén cac script danh gia hiéu nang mang trong tai liéu [21] [22].

M4 ngudn cua cac kich ban mé phong va script danh gia hiéu ning c6 trong
phan phuy lyc caa luan vin nay.

a, Két qua mo phéng kich ban 1

Thuc hién chay Script md phong cho kich ban 1 véi 1énh: ns wsn-healthcare-
mode-0 > scriptl-output.tr. Ta dugc két qua nhu Hinh 4-5 Tép vét md phong cam bién
gui dir liéu.
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script1-output.tr (~/Desktop/kichban1) - gedit

.‘_ P()pen - midm |g|

| script1-output.tr | x

1 Starting Simulation...

2 num_nodes is set 12

3 Node 03 - Temperature Data - 37.482932 - Time - 3.183757

4 Node 08 - BloodPresure Data - 89.781189 - Time - 3.185813

5 Node 04 - Temperature Data - 37.986656 - Time - 3.225103

6 Node 02 - Temperature Data - 39.669478 - Time - 3.234400

7 Node ©7 - HeartRate Data - 69.514730 - Time - 3.294750

8 Node @6 - HeartRate Data - 81.969978 - Time - 3.435744

9 Node 10 - BloodPresure Data - 89.427171 - Time - 3.438858
10 Node ©5 - HeartRate Data - 65.260125 - Time - 3.692068
11 Node 09 - BloodPresure Data - 91.208883 - Time - 3.700968
12 Common Node 3 - Disseminating data - Time 5.184 - Destination node 1
13 channel.cc:sendUp - Calc highestAntennaZ_ and distCST_
14 highestAntennaz_ = 1.5, distCsT_ = 129.1
15 Common Node 8 - Disseminating data - Time 5.186 - Destination node 1
16 Access point - Received a message with 1 elements
17 Message received from node 3 with 2.006025 delay ::: 3.183757 5.189782
18 Access point - Received a message with 1 elements
19 Message received from node 8 with 2.008817 delay ::: 3.185813 5.193830
20 Common Node 4 - Disseminating data - Time 5.225 - Destination node 1
21 Access point - Received a message with 1 elements
22 Message received from node 4 with 2.804527 delay ::: 3.225183 5.229630
23 Common Node 2 - Disseminating data - Time 5.234 - Destination node 1
24 Access point - Received a message with 1 elements
25 Message received from node 2 with 2.804587 delay ::: 3.234400 5.238987
26 Common Node 7 - Disseminating data - Time 5.295 - Destination node 1
27 Access point - Received a message with 1 elements
28 Message receilved from node 7 with 2.004847 delay ::: 3.294750 5.299597

. - -

___________ o _ax_ o d_a_ i ame o a4

Plain Text » Tab Width: 8 ~ Ln 96, Col 12 INS
Hinh 4-5 Tép vét md phang cam bién gui diz li¢u
Hinh anh tép vét duoc sinh ra sau khi chay mé phong.

script-1.tr (~/Desktop/kichban1) - gedit

!‘_ POpen + B8 save |g|

L] script1.tr =

1s -t 5.183757119 -Hs 3 -Hd -2 -Ni 3 -Nx 1.17 -Ny 1.33 -Nz 0.00 -Ne 9.999837 -
NL AGT -Nw --- -Ma 0 -Md © -Ms 6 -Mt 0 -Is 3.2020 -Id 1.2020 -It udp -I1 32 -
If @ -I1 0 -Iv 32

2r -t 5.183757119 -Hs 3 -Hd -2 -Ni1 3 -Nx 1.17 -Ny 1.33 -Nz 0.00 -Ne 9.999837 -
NL RTR -Nw --- -Ma @ -Md ® -Ms 6 -Mt 0 -Is 3.2020 -Id 1.2020 -It udp -Il 32 -
If @ -I1 0 -Iv 32

35 -t 5.183757119 -Hs 3 -Hd -2 -Ni 3 -Nx 1.17 -Ny 1.33 -Nz 0.00 -Ne 9.999837 -
NL RTR -Nw --- -Ma @ -Md ® -Ms 6 -Mt 0 -Is 3.2020 -Id 1.2020 -It udp -Il 32 -
Ife -Iie -Iv 32

4N -t 5.184272 -n 9 -e 9.999821

5N -t 5.184272 -n 10 -e 9.999821

6N -t 5.184272 -n 2 -e 9.994982

7N -t 5.184272 -n 8 -e 9.999821

B8N -t 5.184272 -n 4 -e 9.999821

9N -t 5.184272 -n 6 -e 9.999821

10N -t 5.184272 -n 7 -e 9.999821

11N -t 5.184272 -n 5 -e 9.999821

12N -t 5.184272 -n O -e 99.999656

13N -t 5.184272 -n 1 -e 99.999656

14N -t 5.185575 -n 3 -e 9.999804

15N -t 5.185575 -n 10 -e 9.999813

16 N -t 5.185575 -n 8 .999813

17N -t 5.185575 -n 9 .999813

18N -t 5.185575 -n 2 .994974

19N -t 5.185575 -n 7 .999813

20N -t 5.185575 -n 6 .999813

21N -t 5.185575 -n 4 .999813

PlainText + Tab Width:8 ~ Ln 10, Col 31 INS

-e
-e
-e
-e
-e
-e

{Y= Rt = Ve Vs Vs V]

Hinh 4-6 Cdu tric cua tép vét

Cac dir liéu cam bién dugc gui vé node Sink trong qua trinh md phong sé duogc
hién thi truc tiép 18n Terminal nhu trén Hinh 4-5 Tép vét mé phong cam bién gui di
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liéu, dix liéu @6 ciing co thé dugc ghi vao file dang text dé xir Iy va vé thanh do thj tir

file text d6. Két qua ta dugc cac dd thi biéu dién di liéu cam bién thu nhan duoc nhu
sau.

Du lieu cam bien thu nhan duoc

120 T T T T T
"script-temptrt ——
110 - "script-Heart.tr 7
100 "script-bp.trt —— |
90 - .
m
] 80 - .
[
B 70 =
17
g 60 .
50 h f _
20 ||I II" .'J.“ .'1\ J\ B f,']‘\l_ + I —
I MEUAT
‘\r |\\/ .L \L‘I ‘-,:/l—f\ \\J l\]) II- \ / .,._]-"l % .
30 | \ ! i
20 | 1 1 1 1 1
0 20 40 60 80 100 120 140

Simulation Time (s)
Hinh 4-7 D6 thi thé hién cac diz liéu cam bién duwoc theo kich ban 1

Nhin trén do thi Hinh 4-7 Db thi thé hién céc dit liéu cam bién duoc theo kich
ban 1 ta c6 thé nhan thiy duoc cac dit liéu cam bién déu c6 cap nhat day da. Sau khi
chay cac kich ban cé su thay d6i do léch chuan. Tin hiéu thu duoc ciing thé hién su
thang giang khac nhau.

T6i sir dung 02 perl scripts dé tinh toan va trich xuét dir liéu v& db thi cho 2 do
do 1a d6 tr& va muic d6 suy hao ning lugng. Déi voi do do thoi gian tré trung binh. Két
qua duoc thé hién trong Hinh 4-8 Thai gian tré truyén tin kich ban 1 va Hinh 4-9 Biéu
d thé hién d6 tré truyén dix liéu.

F W

huytran@huytran-virtual-machine: ~/Desktop/kichban1

huytranghuytran-virtual-machine:~/Desktop/kichban1$ perl xulyfile.pl scriptl-out
put.tr
Avg Delay: 4.18445127350427 (s)

huytranghuytran-virtual-machine:~/Desktop/kichbani1$s I

Hinh 4-8 Thoi gian tré truyén tin kich ban 1
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Do tre truyen du lieu

5.5 T T T T
"delay-time.tr* ——
5 I~ n § n -
I| .I |PI'. I| I'. II \ Irlll II I', Iﬁ'.
Iy || I'. [ 4 | I| |I \ (Y || \
4.5 |- |I I|I I| I'.I II I|I |I I'.I | |I |I '.I | IlII -
E II II'. | II'. I| \ Il lIII II I'-I II \ || '.I
[ I|_ \ | \ \ \ [ I'._ \
dEJ 4r I'\Il I | Il “' | HII | I'I" |II 1‘! I \ |I .|'|I N
c HE f E H \ f h | x f ﬂ : ﬂ J 1
f_:; 35 I| '|I II IlII | \ I| |I II ',II | |II I| '.II || |II |
\ \ \ L 1 1 | 1
g [ || '-II I| \ I| \ || l.II II \ | \ I| \
3 | \ u \ ] 1 1 L -
I|
|
25 F | -
|
2 | ! L L L I I
0 20 40 60 80 100 120 140

Simulation Time (s)

Hinh 4-9 Biéu do thé hién dg tré truyén dir liéu kich ban 1
Déi véi @6 do su suy hao ning luong trong thoi gian md phong. Két qua dugc

thé hién ¢ Hinh 4-10 D6 suy hao ning lwong caa ndt cam bién.
huytran@huytran-virtual-machine: ~/Desktop/kichban1

huytranghuytran-virtual-machine:~/Desktop/kichban1$ perl energy.pl script-1.tr 1

Max: 100 , Min: 99.808200
Do suy hao pin cua node 1 la: 0.191800000000001 %

huytranghuytran-virtual-machine:~/Desktop/kichbani$ I

Hinh 4-10 D¢ suy hao ndng lwong cua nit cam bién
b, Két qua mé phéng kich ban 2

(o ] huytran@huytran-virtual-machine: ~/Desktop/kichbanz
. ./kichban2

huytranghuytran-virtual-machine:~/Desktop/kichban1$ cd
huytranghuytran-virtual-machine:~/Desktop/kichban2$ perl xulyfile.pl script-2-ou

tput. tr
Avg Delay: 4.99764491794841
huytranghuytran-virtual-machine:~/Desktop/kichban2$s I

Hinh 4-11 Thei gian tré truyén tin kich ban 2
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5.004 | T | | T 1
"delay-time.tr" ——

5.002 - lr T li--..b---?~-~+-_l_r---r‘m ’
|

4.998

4.996 | | |

4.994

4992 |\

4.99 | 1 | | ] 1
0 20 40 60 80 100 120 140

Hinh 4-12 Thei gian tré truyén diz liéu, kich bdn 2

Mt suy hao ning lugng caa ndt cam bién trong kich ban 2 duoc thé hién &
Hinh 4-13 Mirc suy hao niang luong cua kich ban 2.. D& nhan thay véi viéc st dung
phuong thiic cam bién lién tuc véi khoang cam bién 0.01s trong thoi gian 120s. Nt
cam bién da tiéu thu gan 20% dién nang. Tuc 1a gip 100 lan so voi cam bién dinh ky
3.0s ¢ kich ban 1.
@ & @ huytran@huytran-virtual-machine: ~/Desktop/kichban2

huytranghuytran-virtual-machine:~/Desktop/kichban2$ perl energy.pl script-1.tr 5
Max: 10 , Min: 8.834321

Do suy hao pin cua node 5 la: 19.65679 %
huytranghuytran-virtual-machine:~/Desktop/kichban2$ I

Hinh 4-13 Mikc suy hao nang luong cua kich ban 2.
¢, Két qua mé phéng kich ban 3
Trong kich ban nay hé théng s& kiém tra lién tuc cac sé liéu cam bién thu
nhan duoc va so sanh véi ngudng dua vao tir kich ban. Chi nhiing sé liéu nao c6 gia tri
vuot ngudng thi mai co canh béo gui vé Access Point. Do vay sé lwong goi tin giri dén
Access Point giam di dang ké. Diéu nay gilp giam do tré truyén tin va muc tiéu hao
nang lugng caa cac ndt mang.

Truong hop nay t6i chi két xuat va vé do thi biéu dién nhitng gia tri cam bién

vugt ngudng.
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Cac du lieu cam bien vuot nguong thu nhan duoc

200 T T T T T T
"script-temp.tr"
180 "script-heart.tr -
"script-bp.gr* —
160 _
& 140 | N
(1]
(=]
= 120 [ .
w
T
w 100 - —
80 —
60 —
. L.
40 ’\J—ump_\w’mw—\llif’k——-m e AV R Y S
o 20 40 60 80 100 120 140

Simulation Time (s)
Hinh 4-14 Céc dir liéu cam bién vueot ngwéng theo kich ban 3

Str dung céc perl script nhu trén ta c6 duoc cac két qua vé do tré va muc tiéu
hao nang luong nhu sau (Hinh 4-14).
() huytran@huytran-virtual-machine: ~/Desktop/kichban3
huytranghuytran-virtual-machine:~/Desktop/kichban3$ perl xulyfile.pl script-3-ou
tput.tr

Sum Delay= ©.522731 , Num = 277 , Avg Delay: 0.0018871155234657
huytranghuytran-virtual-machine:~/Desktop/kichban3$s I

Hinh 4-15 D¢ tré truyen tin theo kich ban 3

Do tre trung binh kich ban 3
0.0055 . , ,

T I
"delay-time.tr* ——
0.005 H 4

0.0045 - .
0.004 —

0.0035 | |‘ .

0.003

Delay Time (s)

0.0025 - .

0.002 | J‘u,-tl.'lLn'ﬂ"lﬂllhwd"rlﬁ L;H,Uﬂll Hr,f-.hu,qlr‘lﬁ r,’lir\]rnl:ll,p.ﬂlJLW;‘.IIIJ‘L'"Jl"r11h,|;|uh,h|“.j‘ r1i‘,'{l‘p"q‘#)"w{['w,- B

0.0015 -

0.001 1 1 | 1 1 1
0 20 40 60 80 100 120 140

Simulation Time (s)

Hinh 4-16 Biéu do thé hién dg tré truyén diz liéu kich ban 3
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huytran@huytran-virtual-machine: ~/Desktop/kichban3

huytranghuytran-virtual-machine:~/Desktop/kichban3$ perl energy.pl script-3.tr 4
Max: 18 , Min: 9.968211

Do suy hao pin cua node 4 la: ©.317889999999998 %
huytranghuytran-virtual-machine:~/Desktop/kichban3$ perl energy.pl script-3.tr 1
Max: 100 , Min: 99.756960

Do suy hao pin cua node 1 la: 0.243039999999994 %

huytranghuytran-virtual-machine:~/Desktop/kichban3$ I

Hinh 4-17 D¢ suy hao nang lwong cua cac nut mang trong kich ban 3

Bieu do tieu thu nang luong kich ban 3

10 = T T T I I I
e "energyd.trt ——

9.995 “‘-H\ .

9.99 |- N ]

9.985 |- . |

Energy
/

9.98 |- . .
9.975 |- ~ .

9.97 . —

9.965 1 1 1 1 1 ]
0 20 40 60 80 100 120 140

Simulation Time (s)
Hinh 4-18 Biéu do sur suy hao nang lwong cua nit mang trong kich bdn 3

4.4 Tong két viéec md phéng
Nhin vao két qua dir liéu cua tép vét va do thi nhan dugc toi dua ra cac nhan xét
sau:

1/ Céc thong s6 can dugc theo ddi déu co béo cao cap nhat day du. Nhiing su
kién thing giang vuot ngudng déu duoc béo céo vé véi do tré nho.

2/ Trong truong hop sir dung cam bién & ché @6 lién tuc, véi sé lugng 12 node
cam bién da giri khoang 42000 ban tin cap nhat dén nat sink cho mdi loai cam bién.
Tuy nhién d6 tré truyén tin van nam trong mac chap nhan duoc ¢ khoang 4.5s. Nhu
vay theo quan diém c& nhan, t6i cho Ia hé théng da dap tmg duoc nhu cau trong mo
hinh giam sét st khoe véi s6 lugng 09 nit cam bién.
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3/ Phuong thirc md phong hudng su kién di cho thay su tbi wu trong viéc sir
dung WSN giam sat sicc khoe cho con ngudi. Voi diéu kién 1i tudng do tré truyén tin
trong khoang 2ms, muc tiéu thu nang luong chi khoang 0.3% dung lugng pin / 1 phat
cam bién. WSN voéi phuong thirc cam bién hudng su kién rét thich hop cho viéc theo
doi, giam sat va canh béo kip thoi cac bién dong vé sic khoe caa con ngudi, vira tao
su thuan tién, thoai mai.
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CHUONG 5 KET LUAN VA HUONG NGHIEN CUU TRONG TUONG LAI

5.1 Két luan
V¢ kién thirc chung, t6i da dat duoc cac két qua nhu sau:

- Nghién ciu tong quan vé WSN, cac dic diém cua WSN va ang dung WSN
trong thuc té.

- Nghién cru céc chuan truyén thong khong day nhu 802.11, 802.15.4 va Ging
dung cac chuan nay trong WSN.

- Tim hiéu cé4c hé thdng WSN phuc vu viéc cham soc stc khoe trén thuc té.

- Phan tich, thiét ké hé thong WSN phuc vu gidm séat stc khoe. Panh gia cac
yéu t6 anh huong dén hiéu nang caa WSN trong mé hinh giam sat sic khoe.

V& thuc nghiém, t6i da dat duoc cac két qua nhu sau:

- Nghién ctu, tim hiéu, cai dat cac cong cu md phong. Cai dat bo md phong ns-
2 va mod dun mannasim dé mé phong hé thdng WSN.

- Nghién ciu nguén sinh luu lwong va phan bé xéac suit cua ngudn sinh luu
lwong. Thiét k& ham mo phong ndt cam bién st dung ngudn sinh lwu luong dd phan
tich.

- Tién hanh thtr nghiém céc kich ban mé phong. Viét cac Script phan tich hiéu
suit cua hé thdng mang va dua ra két luan.

5.2 Hwé'ng nghién ciru trong twong lai

C6 thé trién khai cac md hinh WSN trong thuc té dwa trén nhitng két qua danh
gia, phan tich hiéu suit dé dua ra cac cai tién. Bo cong cu md phong co thé duoc sir
dung dé tiép tuc nghién ctu, md phong vé mang cam bién khong day.

Xay dung thém cac ham mé phong nat cam bién cua nhiéu loai tham sé sic
khoe khac. Xay dung thém cac kich ban mé phong va phan tich hiéu suat. Nghién ctu
cac van dé an toan bao mat
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PHU LUC
1. Wsn-healthcare

#Script-1

#Number node:09 common node - 1 sink node - 1 AP

#Type of sensor: Temperature, Heart rate, Blood Presure
#Sensor mode: 0

#Time: 120s

proc create common app {destination id disseminating type
disseminating interval} {

set app [new Application/SensorBaseApp/CommonNodeApp]
Sapp_ set destination id Sdestination id

Sapp_ set disseminating type Sdisseminating type

Sapp_ set disseminating interval S$disseminating interval

return Sapp

proc create cluster head app {destination id disseminating type
disseminating interval} {

set app [new Application/SensorBaseApp/ClusterHeadApp]
Sapp set destination id Sdestination id

Sapp set disseminating type Sdisseminating type

Sapp set disseminating interval S$Sdisseminating interval

return Sapp
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proc create access point app {destination id} {
set app [new Application/AccessPointApp]
Sapp_ set destination id Sdestination id

return Sapp

proc create temp data generator {sensing interval sensing type
avg measure std deviation} {

set temp gen [new DataGenerator/TemperatureDataGenerator]
Stemp gen set sensing interval $sensing interval

Stemp gen set sensing type S$sensing type

Stemp gen set avg measure $avg measure

Stemp gen set std deviation $std deviation

return Stemp gen

# Procedure to create a Heart Rate (HR) Generator

proc create heart data generator {sensing interval sensing type
avg measure std deviation} {

set heart gen [new DataGenerator/HeartRateDataGenerator]
$heart gen set sensing interval $sensing interval
Sheart gen set sensing type $sensing type

$heart gen set avg measure $avg measure
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$heart gen set std deviation $std deviation

return S$heart gen

# Procedure to create a Blood Pressure (BP) Data Generator

proc create carbon data generator {sensing interval sensing type
avg measure std deviation} {

set carbon gen [new DataGenerator/CarbonMonoxideDataGenerator]
S$carbon gen set sensing interval S$sensing interval
$carbon gen set sensing type S$sensing type

Scarbon gen set avg measure $avg measure

S$carbon gen set std deviation $std deviation

return S$carbon gen

Antenna/OmniAntenna set X 0
Antenna/OmniAntenna set Y O
Antenna/OmniAntenna set Z 1.5
Antenna/OmniAntenna set Gt 1.0

Antenna/OmniAntenna set Gr 1.0

Phy/WirelessPhy set CPThresh 10.0
Phy/WirelessPhy set CSThresh 1.559%e-11
Phy/WirelessPhy set RXThresh 3.652e-10

Phy/WirelessPhy set Rb_ 2*le6
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Phy/WirelessPhy set Pt 0.2818
Phy/WirelessPhy set freq 914e+6
Phy/WirelessPhy set L 1.0

set contador nodos O

set val (pt common) 8.564879510890936E-4

set val (pt cluster head) 0.0

set val (chan) Channel/WirelessChannel ;# channel

set val (prop) Propagation/TwoRayGround ;# propagation
set val (netif) Phy/WirelessPhy; # phy

set val(mac) Mac/802 11 ; # mac

set val (ifqg) Queue/DropTail/PriQueue ; # queue

set val(ll) LL ; # link layer

set val (ant) Antenna/OmniAntenna ; # antenna

set val (ifglen) 200 ; # gueue length

set val (rp) DumbAgent ; # routing protocol

set val (en) EnergyModel/Battery ; # energy model

set val(nn) 12 ; # number of nodes

set val(n pas) 1 ; # number os access points

set val(n sinks) 1 ; # number of sink

set val(n cluster) 0 ; # number of cluster heads

set val(n common) 11 ; # number of common nodes

set val(x) 2.0 ; # x lenght of scenario

set val(y) 2.0 ; # y lenght of scenario

set val (disseminating type) 0 ; # common node disseminating type

set val(ch disseminating type) O ; # cluster heard disseminating
type
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set val(disseminating interval) 5.0 ; # common node disseminating
interval

set val(cluster head disseminating interval) 0.0 ; # cluster head
disseminating interval

set val(start) 0.0 ; # simulation start time
set val(stop) 122.0 ; # simulation stop time
set val(father addr) 1 ; # sink address

set val (port) 2020 ; # default port

# ==========================
set ns_ [new Simulator]

set traceFile [open script-l.tr w]

$ns_ trace-all StraceFile

$ns_ use-newtrace

set topo [new Topography]

S$topo load flatgrid $val(x) Sval (y)
create—-god $val (nn)

set rng [new RNG]

Srng seed O

proc create common temp node {} {
global val ns node topo udp app gen contador nodos rng
Phy/WirelessPhy set Pt $val (pt common)

$ns_ node-config -sensorNode ON \

-adhocRouting $val (rp) \

-11Type $val(ll) \

-macType S$val (mac) \
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-1fgType Sval (ifqg) \
-ifglen S$val (ifglen) \
-antType S$val (ant) \
-propType S$val (prop) \
-energyModel $val (en) \
-phyType S$val (netif) \
-channelType $val (chan) \
-topoInstance $topo \
-agentTrace ON \
-routerTrace ON \
-macTrace OFF \
-rxPower 0.024 \
-txPower 0.036 \
-initialEnergy 10.0 \
-movementTrace OFF
set node ($contador nodos) [$Sns_ node]
$node (Scontador nodos) random-motion 0
set x [Srng uniform 0.0 $val (x)]
set y [Srng uniform 0.0 S$val(y)]
$node (Scontador nodos) set X $x
$node (Scontador nodos) set Y Sy
$node (Scontador nodos) set Z 0.0
set interval [$rng uniform 0.0 1.0]
Node/MobileNode/SensorNode set sensingPower 0.015
Node/MobileNode/SensorNode set processingPower 0.024
Node/MobileNode/SensorNode set instructionsPerSecond 8000000
Phy/WirelessPhy set bandwidth 288000.0
set udp_($contador_nodos) [new Agent/UDP]
set distance 10000000

set initial [expr $Sval(n pas) + $val(n_ sinks)]
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for {set j $initial} {$j < [expr S$initial + S$val(n cluster)]} {incr
i} -

set x father [$node ($3j) set X ]

set y father [S$node ($j) set Y ]

set x son [Snode (Scontador nodos) set X ]

set y son [Snode (Scontador nodos) set Y ]

set x temp [expr pow([expr $x father-$x son],2)]

set y temp [expr pow([expr Sy father-Sy son],2)]

set temp distance [expr sqrt([expr $x temp + Sy temp])]

if {Stemp distance < $distance} {

set distance Stemp distance

set val (father addr) [Snode ($j) node-addr]

}

set app_($contador_nodos) [create common app $Val(father_addr)
$val (disseminating type) $val(disseminating interval) ]

$node (Scontador nodos) attach Sudp (Scontador nodos) Sval (port)
$node (Scontador nodos) add-app Sapp_ (Scontador nodos)

set processing_($contador_nodos) [new
Processing/AggregateProcessing]

$app_(Scontador nodos) node $node ($contador nodos)
Sapp_(Scontador nodos) attach-agent Sudp ($Scontador nodos)

$app_ ($contador nodos) attach-processing
Sprocessing ($contador nodos)

$processing (Scontador nodos) node $node (Scontador nodos)

$ns at [expr $val(start) + 0 + $interval] "$app ($contador nodos)
start"

Sns_at Sval(stop) "Sapp (Scontador nodos) stop"

set gen (Scontador nodos) [create temp data generator 3.0 0 37.0
5.0]

Sapp (Scontador nodos) attach data generator S$gen (Scontador nodos)

incr contador nodos
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proc create heart rate node {} {
global val ns_ node topo udp app gen contador nodos rng
Phy/WirelessPhy set Pt S$val (pt common)
$ns_ node-config -sensorNode ON \
-adhocRouting $val (rp) \
-macType S$val (mac) \
-1ifgType S$val (ifqg) \
-ifglen Sval (ifglen) \
-antType S$val (ant) \
-propType S$val (prop) \
-energyModel $val (en) \
-phyType S$val (netif) \
-channelType $val (chan) \
-topoInstance $topo \
—agentTrace ON \
-routerTrace ON \
-macTrace OFF \
-rxPower 0.024 \
-txPower 0.036 \
-initialEnergy 10.0 \
-movementTrace OFF
set node (Scontador nodos) [$Sns_ node]
Snode (Scontador nodos) random-motion 0
set x [$Srng uniform 0.0 $val (x)]
set y [$Srng uniform 0.0 $val(y)]

$node (Scontador nodos) set X $x
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$node (Scontador nodos) set Y Sy
$node (Scontador nodos) set Z 0.0

set interval [$rng uniform 0.0 1.0]

Node/MobileNode/SensorNode set sensingPower 0.015
Node /MobileNode/SensorNode set processingPower 0.024
Node/MobileNode/SensorNode set instructionsPerSecond 8000000
Phy/WirelessPhy set bandwidth 288000.0
set udp ($contador nodos) [new Agent/UDP]
set distance 10000000
set initial [expr $val(n pas) + $val(n_ sinks)]
for {set j $initial} {$3J < [expr S$initial + $val(n cluster)]} {incr
5) 1 -

set x father [$node ($3j) set X ]

set y father [$node ($3j) set Y ]

set x son [Snode (Scontador nodos) set X ]

set y son [Snode (Scontador nodos) set Y ]

set x temp [expr pow([expr $x father-$x son],2)]

set y temp [expr pow([expr Sy father-Sy son],2)]

set temp distance [expr sqrt([expr $x temp + Sy temp])]

if {Stemp distance < $distance} {

set distance S$temp distance

set val (father addr) [$node ($j) node-addr]

}

set app_($contador_nodos) [create common app $Val(father_addr)
Sval (disseminating type) $val(disseminating interval) ]

Snode (Scontador nodos) attach Sudp (Scontador nodos) Sval (port)
Snode (Scontador nodos) add-app Sapp (Scontador nodos)

set processing_($contador_nodos) [new
Processing/AggregateProcessing]
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$app_ ($contador nodos) node $node ($contador nodos)
$app_($contador nodos) attach-agent $udp ($contador nodos)

Sapp_(Scontador nodos) attach-processing
$processing ($contador nodos)

Sprocessing ($Scontador nodos) node S$node ($contador nodos)

$ns_ at [expr Sval(start) + 0 + Sinterval] "Sapp (Scontador nodos)
start"

$ns_ at $val(stop) "Sapp (Scontador nodos) stop"

set gen (Scontador nodos) [create heart data generator 3.0 0 75.0
5.0]

$app_(Scontador nodos) attach data generator S$Sgen (Scontador nodos)

incr contador nodos

proc create blood pressure node {} {
global val ns node topo udp app gen contador nodos rng
Phy/WirelessPhy set Pt $val (pt common)
$ns_ node-config -sensorNode ON \
—-adhocRouting $val (rp) \
-11Type $val(1ll) \
-macType S$val (mac) \
-1fgType S$Sval (ifqg) \
-ifglLen $val (ifglen) \
-antType S$val (ant) \
-propType S$val (prop) \
-energyModel $val (en) \
-phyType S$val (netif) \
-channelType $val (chan) \

-topoInstance $topo \
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-agentTrace ON \

-routerTrace ON \

-macTrace OFF \

-rxPower 0.024 \

-txPower 0.036 \

-initialEnergy 10.0 \

-movementTrace OFF

set node ($contador nodos) [$Sns_ node]

$node (Scontador nodos) random-motion 0

set x [$Srng uniform 0.0 S$val (x)]

set y [$rng uniform 0.0 S$val(y)]

$node (Scontador nodos) set X $x

$node (Scontador nodos) set Y Sy

$node (Scontador nodos) set Z 0.0

set interval [$rng uniform 0.0 1.0]
Node/MobileNode/SensorNode set sensingPower 0.015
Node/MobileNode/SensorNode set processingPower 0.024
Node/MobileNode/SensorNode set instructionsPerSecond 8000000
Phy/WirelessPhy set bandwidth 288000.0
set udp_($contador_nodos) [new Agent/UDP]
set distance 10000000
set initial [expr $val(n pas) + $val(n sinks)]
for {set j $initial} {$3J < [expr S$initial + $val(n cluster)]} {incr
31 1 -

set x father [$node ($j) set X ]

set y father [$Snode ($3j) set Y ]

set x son [$Snode ($contador nodos) set X ]

set y son [$Snode ($Scontador nodos) set Y ]

set x temp [expr pow([expr $x father-$x son],2)]

set y temp [expr pow([expr Sy father-$y son],2)]
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set temp distance [expr sqgrt([expr $x temp + Sy temp])]
if {Stemp distance < $Sdistance} {
set distance Stemp distance

set val (father addr) [Snode ($j) node-addr]

}

set app_($contador_nodos) [create common app $val(father_addr)
$val (disseminating type) $val(disseminating interval)]

$node (Scontador nodos) attach Sudp (Scontador nodos) Sval (port)
$node ($contador nodos) add-app $app_($contador nodos)

set processing_($contador_nodos) [new
Processing/AggregateProcessing]

Sapp_(Scontador nodos) node $Snode (Scontador nodos)
$app ($contador nodos) attach-agent $udp ($contador nodos)

$app_(Scontador nodos) attach-processing
S$processing ($contador nodos)

Sprocessing ($Scontador nodos) node $node ($contador nodos)

$ns_ at [expr Sval(start) + 0 + Sinterval] "Sapp ($contador nodos)
start"

Sns_ at $val(stop) "Sapp (Scontador nodos) stop"

set gen ($contador nodos) [create carbon data generator 3.0 0 90.0
10.0]

$app_(Scontador nodos) attach data generator S$gen (Scontador nodos)

incr contador nodos

proc create cluster head node {} {
global val ns node topo contador nodos rng
Phy/WirelessPhy set Pt $val(pt cluster head)

$ns_ node-config -sensorNode ON \
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-adhocRouting $val (rp) \

-11Type S$val(1ll) \

-macType S$val (mac) \

-1fgType Sval (ifqg) \

-ifglen Sval (ifglen) \

-antType S$val (ant) \

-propType S$val (prop) \

-energyModel $val (en) \

-phyType S$val (netif) \

-channelType $val (chan) \

-topoInstance $topo \

-agentTrace ON \

-routerTrace ON \

-macTrace OFF \

-rxPower 0.0 \

-txPower 0.0 \

-initialEnergy 0.0 \

-movementTrace ON

set node ($contador nodos) [Sns_ node]
$node (Scontador nodos) random-motion 0
set x [Srng uniform 0.0 S$val (x)]

set y [$Srng uniform 0.0 S$val (y)]

Snode (Scontador nodos) set X $x

Snode (Scontador nodos) set Y Sy

$node (Scontador nodos) set Z 0.0

set interval [$rng uniform 0.0 1.0]
Node/MobileNode/SensorNode set processingPower 0.0
Node/MobileNode/SensorNode set instructionsPerSecond O
Phy/WirelessPhy set bandwidth 0.0

set udp_($contador_nodos) [new Agent/UDP]
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set app_ (S$contador nodos) [create cluster head app [$node (1) node-
addr $val (disseminating type)
$val (cluster head disseminating interval)]

$node (Scontador nodos) attach Sudp (Scontador nodos) $val(port)
$node (Scontador nodos) add-app Sapp_ (Scontador nodos)

set processing_($contador_nodos) [new ]

$app ($contador nodos) node $node ($contador nodos)

$app_ ($contador nodos) attach-agent $udp ($contador nodos)

$app_(Scontador nodos) attach-processing
$processing ($contador nodos)

Sprocessing ($Scontador nodos) node S$node ($contador nodos)

$ns_ at [expr Sval(start) + 1 + Sinterval] "Sapp (S$contador nodos)
start"

$ns_ at $val(stop) "Sapp (Scontador nodos) stop"

incr contador nodos

proc create sink {} {
global ns_ val node sink contador nodos topo
Phy/WirelessPhy set Pt 0.2818
$ns_ node-config -sensorNode ON \
—-adhocRouting $val (rp) \
-11Type Sval(ll) \
-macType S$val (mac) \
-1fgType S$val (ifqg) \
-ifglen Sval (ifglen) \
-antType S$val (ant) \

-propType S$val (prop) \
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-energyModel $val (en) \

-phyType S$val (netif) \

-channelType $val (chan) \

-topoInstance $topo \

-agentTrace ON \

-routerTrace ON \

-macTrace OFF \

-rxPower 0.5 \

-txPower 0.5 \

-initialEnergy 100.0 \

-movementTrace OFF

set node ($contador nodos) [Sns_ node]
$node (Scontador nodos) random-motion 0
set sink (0) [new Agent/LossMonitor]
$node (Scontador nodos) attach $sink (0) Sval (port)
$node (Scontador nodos) set X 0.0
$node (Scontador nodos) set Y 0.0
$node (Scontador nodos) set Z 0.0

incr contador nodos

proc create access point {} {

global ns_ val node app udp contador nodos topo
Phy/WirelessPhy set Pt 0.2818

$ns_ node-config -sensorNode ON \

-adhocRouting $val (rp) \

-11Type $val(ll) \

-macType Sval (mac) \
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-1fgType Sval (ifqg) \

-ifglen S$val (ifglen) \

-antType S$val (ant) \

-propType S$val (prop) \

-energyModel $val (en) \

-phyType S$val (netif) \

-channelType $val (chan) \

-topoInstance $topo \

-agentTrace ON \

-routerTrace ON \

-macTrace OFF \

-rxPower 0.5 \

-txPower 0.5 \

-initialEnergy 100.0 \

-movementTrace OFF

set node ($contador nodos) [$Sns_ node]
$node (Scontador nodos) random-motion 0
set udp_($contador_nodos) [new Agent/UDP]

set app_($contador_nodos) [create access point app [$node_(0) node-
addr]]

$node (Scontador nodos) attach Sudp (Scontador nodos) Sval (port)
$app ($contador nodos) attach-agent $udp ($contador nodos)

$node (Scontador nodos) set X 5.0

$node (Scontador nodos) set Y 5.0

$node (Scontador nodos) set Z 0.0

$ns_ at [expr $val (stop)+l] "Sapp (Scontador nodos) stop"

incr contador nodos

# Procedures to control common node and cluster head node creation



create sink

create access point

for {set j 0} {$J < Sval(n _cluster)} {incr j} {
create cluster head node

}

#create temperature node

for {set 1 2} {$1 < 5} {incr i} {
create common temp node

}

#create heart rate node

for {set 1 5} {$1 < 8} {incr i} {
create heart rate node

}

#create blood pressure node

for {set i 8} {$1i < S$val(n common)} {incr i} {

create blood pressure node

Sns at [expr S$val (stop)+2.0] "finish"

Sns_ at [expr $val(stop)+2.0] "puts \"NS EXITING...\" ; $ns_ halt"
Sns_ at [expr $val(stop)+2.0] "$ns nam-end-wireless Sval (stop)"
proc finish {} {

global ns traceFile

$ns_ flush-trace

close StraceFile

}

puts "Starting Simulation..."
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2. Perl Script xulyfile.pl

#Type

Sinpu

: Chuong trinh xu ly output wsn

t =

SARGV

my Soutputl =

my Soutput2 =

my Soutput3 =

my Soutputd =

$Ssum
Snum
open
open
open
open
open

while

0;

(017
'script-temp.tr';
'script-heart.tr';
'script-bp.tr';

'delay-time.tr';

(my Swritel, '>', Soutputl);

(my Swrite2, '>', Soutput2);

(my Swrite3, '>', Soutput3);

(my Swrited, '>', Soutputd);

(DATA, "<S$input") || die "Can't open S$input $!";
(<DATA>) {
@x = split (' ");
if ($x[0] eqg 'Node' && $x[3] eq 'Temperature')
{ print Swritel $x[10].' '.S$x[6]."\n"; }
if ($x[0] eqg 'Node' && $x[3] eqg 'HeartRate')
{ print Swrite2 $x[10].' '.S$x[6]."\n"; }
if ($x[0] eqg 'Node' && $x[3] eq 'BloodPresure')
{ print Swrite3d $x[10].' '.S$x[6]."\n"; }
if ($x[0] eqg 'Message')

Ssum = Ssum+S$x[6];
Snum ++;

print $writed $x[10].'

.$x[6]

. "\n";
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}
$avg delay = S$sum / $num;
print ("Avg Delay: Savg delay \n");
close DATA;
exit (0);
3. Energy.pl
#Tinh do suy hao nang luong
#Type: Chuong trinh xu ly output wsn
Sinput = SARGVI[O0];
$node id = SARGV[1l];
my Soutputl = 'energy'.S$node id.'.tr';
if (Snode id eq 1)

{

Smax energy = 100;

elsif ($node id eq 0)

Smax_energy = 100;
}
else {
Smax energy = 10;
}
Smin energy = $max_energy;

open (my Swrite, '>', Soutputl):
open (DATA,"<S$input") || die "Can't open S$input $!";
while (<DATA>) {

@x = split (' ");

if ($x[0] eq 'N' && $x[4] eq $Snode id)

{
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print $Swrite $x[2].' '.S$x[6]."\n";
if ($x[6] < $min energy)

{

$min energy = $x[6];

}
close DATA;

Senergy = (Smax energy - $min energy);

$suyhao = ($energy / $max energy) * 100;
print ("Max: Smax energy , Min: $min energy \n");

print ("Do suy hao pin cua node $node id la: S$suyhao %$\n");

exit (0) ;



