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CHUONG 1 MO PAU

1.1 Ly do chon dé tai

Mang cam bién khong day hay Wireless Sensor Network la mot tap
hop cac nit cam bién c6 kha ning tu tri, c6 thé ¢ dinh hodc di dong va
thuc hién cac nhiém vu khéc nhau. Trong linh vuc y té, mang cam bién
khong day 1a lva chon khong thé thay thé ddi vai viéc giam sat, theo doi
stc khoe bénh nhan tir xa ma khong bi gisi han bai cac két ndi cé day. Véi
nhitng vu diém nhu trén WSN dang c6 dugc sy phat trién manh mé va tro
thanh d¢é tai nghién ciu cua nhiéu truong Pai Hoc trén thé gidi. Chinh vi
vay t6i di quyét dinh chon dé tai: Thiét ké va phan tich hiéu suat caa mang
cam bién khong day cho giam sét stc khoe.
1.2 Muc tiéu ciia dé tai
Trong khuén khé luan van nay, toi tap trung nghién ciu vé mang cam bién
khong day, kién tric cua mang cam bién khong day, tng dung thiét ké va
phan tich hiéu suat caa mang cam bién khong day phuc vu viéc giam sat
suc khoe.
V6i bai toan dit ra 1a giam sét cac thong sé sic khoe co ban caa bénh nhan
thong qua c&c sensor gan trén co thé. Dit liéu s& duoc tong hop va gui vé
bo xir 1y trung tim dé bac si theo ddi, hodc dua ra cac canh bao dén ngudi
bénh. Trong md hinh nay cac thdng sb stc khoe nhu: Nhiét do co thé, nhip
tim, Huyét 4p v.v. s& duoc theo ddi thong qua cac node cam bién. Théng tin
s& duoc hién thi tai Terminal cua may tinh xt 1y trung tam gitp ngudi sir
dung c6 thé d& dang theo d&i va nhan biét dugc cac canh bao can thiét.
Trong bai toan nay, cac yéu té nhu do chinh xac cua dir liéu, thoi gian tré,
tan suat giri bao c&o dir liéu dugc quan tim hang dau. Bang su tro gidp cua
céc cong cu md phong tdi s& dua ra cic md hinh mang dé xuat, déng thoi
phan tich va danh gia hiéu suat cua hé thong mang théng qua 4 tiéu chi: 1)
Do tin cay cua dit liéu , 2) Thoi gian tré truyén goi tin, 3) Kha ning xir ly
dir liéu 16n, 4) Sy thay d6i vi tri cua cac node cam bién véi cac mo hinh
mang khac nhau. Qua d6 cé thé dua ra cac dénh gid ciing nhu dé xuat cac
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giai phap lam tang hiéu ning cho mang cam bién khong day phuc vu giam
sat suc khoe.
1.3 Té chitc cia luan vin
Luan van nay s€ dugc trinh bay trong 5 chuong nhu sau:
Chuong 1: Mé dau. Gigi thiéu vé dé tai, myc tiéu va to chuc cua dé tai.
Chwong 2: Mang cam bién khong day va ang dung trong cac hé thong giam
st sirc khoe. Trinh bay tong quan vé mang cam bién khdng day. Cac chuan
&4p dung cho mang cam bién khdng day. Téng quan vé cac ung dung cua
mang cam bién khdng day trong hé théng giam sat sirc khoe.
Chuong 3: Thiét ké mang cam bién khong day cho hé thdng giam sat sic
khoe. Trinh bay vé kién trdc, md hinh mang cam bién khéng day cho hé
thdng giam sat stic khoe. Vai tro ciia cac nat cam bién. Cac van dé vé két
ndi mang.
Chuong 4: M6 phong va phan tich hiéu suét. Trinh bay vé cac cong cu md
phong, xay dung chuong trinh mé phong hé théng giam sét suc khoe. Thuc
hién md phong, dua ra két qua va phan tich hiéu suat.
Chuong 5: Két luan va huéng nghién ctru trong tuong lai.

CHUONG 2 MANG CAM BIEN KHONG DAY VA UNG DUNG

TRONG CAC HE THONG THEO DOI SUC KHOE

2.1 Gigi thiéu vé WSN [1]
Mang cam bién khéng day c6 tén tiéng anh 1a Wireless Sensor Network.
N bat dau duoc nghién ctru va phat trién vao khoang nhirng nim 1980. Dy
an dugc phat trién boi DARPA — co quan cac du 4n phong thi tién tién cua
bo qudc phong Hoa Ky. Ban dau du an co tén la Distributed Sensor
Networks (DSN).
Dinh nghia WSN
WSN la mét hé théng mang bao gém céac node cam bién cé két nbi khong
day va kha nang tinh toan.
Céac node cam bién thuong 1a cac sensor bao gdm cac thanh phan nhu: b vi
xt ly, bo phan cam bién, bo phan thu phéat khdng day, ngudn. Kich thudc
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cua cAc node cam bién thay ddi tly thudc vao loai tng dung, nhung ching
c6 chung nhiing dic diém sau:

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

. Kich thudc vat ly nho, gia thanh ré, chi yéu sir dung pin. Do vay
céc node cam bién bi han ché vé kha nang xir 1y ciing nhu dung lwong nhé.
. Vj tri cac node mang cam bién c6 thé duoc phan bé ngau nhién
khéng can xac dinh trudc.

. C6 thé xtr ly dix liéu don gian.

. Hoat dong 6n dinh va dang tin cay.

2.2 Céac thanh phan trong mét hé théng WSN

Hé théng WSN bao gdm 3 thanh phan co ban: Source hay Sensor Node 1a
cac nat lam nhiém vu cam bién, két hop va gui dir liéu. Sink Node 1a cac
ndt chi [am nhiém vu thu thap di liéu tir source va chuyén cho AP. Sink
Node ciing c6 thé lam nhiém vu trung gian gitta WSNSs va cac hé théng
mang khac. AP 1am nhiém vu trung gian trung chuyén dir liéu, d6i khi vai
tro caa AP khéng ro rang.

2.2.1 C4u tao ciia nut cam bién — Sensor node

Mot hé thong WSN 1a mot tap hop cua rat nhién nGt cam bién phan tan
trong mot khoang dién tich rong. Thong thudng mot nit cam bién s& bao
goém nhitng thanh phan nhu: Bo phan thu phéat séng, bo xu 1y, bo nhé, mot
hodc nhiéu don vi cam bién va bo nguon. [1]
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Hinh 2-1 Cdu tgo cia mét nit cam bién

2.2.2 Hé diéu hanh cia cac nat cam bién
Hé diéu hanh 1a mot méi truong dé cac chuong trinh ¥ng dung thuc hién
cong viéc caa minh mét cach don gian va hiéu qua ma khong phai giao tiép
v6i phan cang. Trong WSN vai trd cia hé diéu hanh don gian hon so voi
cac hé diéu hanh thong thuong. Li do 1 bai cac gigi han vé mit phan cung
cua thiét bi ciing nhu cac yéu ciu it phirc tap cua cac ung dung.
2.2.3 Nut Sink
La ndt chiu trach nhiém tuong tac véi cac ndt cam bién. Cac dir liéu tir cac
nat cam bién duoc xir Iy va chuyén dén céc Base Station hodc dén cac AP.
2.3 Gidi thiéu cac cdng nghé khdng day ap dung cho WSN
WSN c6 thé sir dung mét s6 cdng nghé truyén dan khong day duoc thiét ké
san nhu Bluetooth, Zigbee, 802.15.4, Wireless LAN 802.11, Broadband
Wireless Access/WiMax va 3G. Trong phan nay téi sé trinh bay vé 3 cong
nghé khong day thong dung va dwoc ap dung nhiéu trong cac hé thong
WSN.
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Hinh 2-2 Céc giao thizc truyen dan khong day phé bién
2.3.1 WLAN va chuén 802.11 [3]
WLAN hay wireless local area network la mang LAN khéng day sir dung
cdng nghé 802.11 con cd tén goi khac la Wi-Fi. WLAN duoc thiét ké dua
trén kién tric mang té bao (cellular), trong d6 hé thong dwoc chia thanh cac
cells, mdi cells duge diéu khién boi mot Base Station hay con goi 1a Access
Point. Mac du wireless LAN c6 thé duoc hinh thanh chi v&i mot cells va
mét AP, hodc tham chi khéng can AP.
2.3.2 802.15.4 va Zigbee [4] [5]
Zigbee 12 mot cong nghé mang khdng day ca nhan dugc thiét ké theo chuan
IEEE 802.15.4. Trong d6 chuan 802.15.4 la chuan truyén théng co toc do
truyén dir liu thap, tiéu hao it ning luong, dé dang di chuyén.
ZigBee duoc phat trién boi ZigBee Alliance 1a mot to chirc cac cong ty vién
thong doc lap khdng phu thudc vao IEEE. Trén thuc té ZigBee dugc xay
dung trén nén tang cua chuan IEEE 802.15.4. Cuy thé, gidng nhu cac nhom
phét trién 802 khéac, 802.15.4 chi dinh nghia 16p MAC va Iép PHY. Dua
trén nén tang d6 ZigBee xay dung thém lop Network va lop Application
dong thoi bo sung thém théng tin vao 2 16p da c6. Tao thanh mot cong
nghé mang LR-WPANS cua riéng minh.
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Hinh 2-3 Chéng giao thirc ZigBee

Mot hé théng ZigBee gom nhiéu thanh phan tao nén. Bao gom céc thiét bi
nhu: ZigBee Coordinator(ZC), ZigBee Router(ZR), va ZigBee End Device.
Trong d¢, thiét bi coordiantor va router con duoc goi 1a full-function
device(FFD). Thiét bj nay dam nhan tit ca cac chic ning trong mang va
hoat dong nhu mot bo diéu phdi mang. Céc thiét bi ZigBee end device véi
c4c chire nang han ché hon con c6 tén goi khéc 1a reduced-function device
(RFD). Mot mang ZigBee tdi thiéu phai c6 mot thiét bi FFD.

Cac nat mang trong mot mang ZigBee c¢d thé lién két véi nhau theo cau
triic mang hinh sao (Star), hinh cay(Tree), va mit lugi(Mesh).

Mesh
Star

. ZigBee Coordinator
O ZigBee Routers
O zigBee Devices

Hinh 2-4 Thi du mét topo mang ZigBee
2.3.3 Bluetooth [4]
Bluetooth la cong nghé khong day cho phép céc thiét bi dién, dién tir nhu
may tinh xéach tay, dién thoai di dong, cac thiét bi ngoai vi c6 thé giao tiép
v6i nhau trong khoang cach ngan, bang song vo tuyén qua bang tan chung.

Cluster Tree
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Dic diém cua Bluetooth 1a cong suat tiéu thy thap, gia thanh thap, toc do
truyén di liéu co thé dat téi da 25Mbps véi phién ban Bluetooth 4.0 va con
dang tiép tuc dwoc nang cao, tinh twong thich cao hd tro nhiéu loai phan
ctng hozc phan mém, dé dang phat trién wng dung.

2.4 WSN trong cac hé théng theo ddi sirc khoe

Hé théng mang cam bién khong day giam sét sirc khoe bao gom mot loat
céc cam bién dwoc gan trén quan 4o hoic trén co thé bénh nhan dé lién tuc
theo ddi cac thdng sé sirc khoe va truyén dit liéu dén mot tram giam sét tir
xa. Hinh 2-5 Thi du mét mang cam bién khéng diy mang duoc trén
ngudimd ta mot hé thong theo ddi sirc khoe dwa trén mang cam bién khéng
day [6].

®O
@@

Wearable

devices

Monitoring

Hinh 2-5 Thi du mét mang cam bién khéng day mang dwoc trén nguoi
2.4.1 Yéu cau ciia mdt hé thong theo doi siec khoe
Dé thyc hién theo dbi siic khoe cia con nguoi, Viéc sir dung mat hé théng
mang cam bién khong day la mot lya chon téi wu. Boi cac két ndi cép s&
giéi han chuyén dong ciia con ngudi anh huong dén cac tham sb sinh ly
duoc theo ddi. Mot hé thong mang khong day theo déi sirc khoe can dam
bao duogc cac yéu tb sau:
a, Pp tin cay trong truyén dir liéu
b, Dir ligu thai gian thuc
Bao gom 03 khia canh: 1) thu thap di liéu thoi gian thuc, do nhay cam caa
cam bién va pham vi cam bién. 2) truyén dix liéu thoi gian thuc, chu yéu tap
trung vao cac giao thirc dinh tuyén. 3) xir ly dit liéu thoi gian thuc, tap
trung vao xir ly dir liéu Kip thoi.



¢, Xir Iy dir ligu lon .
d, Thay déi topology

2.4.2 Céac tham sé sirc khée dwgc theo ddi [7]

Physical Parameter

Specifications

Electrocardiogram (ECG)

Frequency: 0.5Hz — 100 Hz
Amplitude: 0.25 — 1mV

Electromyogram (EMG) Frequency: 10Hz - 3KHz
Amplitude: 50p V — 1mV

Electroencephalogram (EEG) | Frequency: 0.5Hz - 100Hz
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 Blood
(Sa02)

0-100%

Heart Rate (HR)

40 — 220 Beats per minute

Bang 2-1 Céac tham so suc khée duroc theo doi
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2.4.3 Cé4c Sensor cam bién hién cd trén thi truong
a, Cam bién do 8-xy kiéu xung (Pulse oximeter) [8]
b, bién tim (EKG) [8]
CHUONG 3 THIET KE MANG CAM BIEN KHONG DAY CHO
HE THONG THEO DOI SUC KHOE
3.1 Kién trdc chung ciia hé théng mang WSN
3.1.1 Kién trac chung caa WSN

— Intemes, =

T Vatnh e Thidt bl thu

phés (Sink) §
r - & H\- 5

'iﬂ:qvuénw & b

| tew S

Ngudi sir dung

Cic niit cam bidn )
'l Tudng cam bén )
Hinh 3-1 Kién tric chung ciia WSN

Do dic diém va tng dung caa mang WSN nén To p6 caa mang cam bién
khong day thuong duoc s dung voi 2 dang do la: dang ngang hang va
dang hinh sao, phan cum.
e Dang ngang hang: it duoc sir dung hon vi dic diém chinh cia mang
sensor thu thap dir liéu nén vai tro cta cac nat trong WSN thuong khong
gidng nhau.
e Dang hinh sao: Pay la dang pho bién trong WSN, ddi voi mang WSN
don gian nhat 1a cac nit cam bién dir liéu va chuyén vé mot ndt trung tam
bang phuong phap truc tiép hoic gian tiép qua mot sé nit trung gian. Mo
rong cua dang hinh sao 1a dang cum hay la cdy phan cép, cac nat sensor
duoc phan thanh tirng cum va theo phan cip thanh tirng mac khac nhau.
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Flat architecture Cluster architecture

Hinh 3-2 Hai kién triic ddc trung ciia WSN
a, Kién trac phang:
Trong cu tric phang tat ca cac node déu ngang hang va ddng nhét trong
hinh dang va chirc ning. Céac node giao tiép vai sink qua multihop st dung
céc node ngang hang lam b tiép song..
b, Kién trdc tang:
Trong CAu tric tAng cac cum dugc tao ra gidp cac ndt ngudn trong cling
mot cum guri dir liéu theo phwong thac single hop hay multihop (tuy thuée
vao kich ¢& cua cum) dén mot node dinh sin, thuong goi 1a node cum
truong (cluster head). Trong ciu tric nay cac node tao thanh mét hé théng
cap bac ma & d6 mdi node & mot mirc xac dinh thuc hién cac nhiém vu da
dinh san.
3.1.2 M6 hinh giao thirc caa WSN
. Giao thtrc tang (ng dung: Ty theo nhiém vu cam bién, cac loai
phan mém tng dung khéc nhau c6 thé duoc xay dung va sir dung & 16p @ng
dung.

. Giao thuc tang giao van

. Giao thtc tang mang: Bao gom céc giao thie dinh tuyén nhu SPIN,
Rumor, LEACH, PEGASIS

. Giao thuc téng MAC:. MAC 802.11, MAC 802.15.4, SMAC,

BMAC, TMAC, ZMAC
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Hinh 3-3 M6 hinh giao thic ciia WSN
Khéi quan 1y ning luong: Quan ly cach cam bién st dung ngudn ning
lwong cua nd. Nt cam bién c6 thé tit bo phan nhan sau khi nhan mét ban
tin tir mot trong cac nat lan can.
Khéi quan 1y di dong: C6 nhiém vu phat hién va ding ky su chuyén dong
cua cac node.
Khéi quan ly nhiém vu: Can biang va sip xép nhiém vu cam bién giita cac
node trong mot vung quan tam.
3.2 Giao thitc MAC trong c4c chuan truyén thong khong day
3.2.1 Giao thixc MAC trong chuan 802.11
Chuan IEEE 802.11 la mét ho cac chuan danh cho truyén thong khéng day
V6i cac dinh nghia & 16p Physical va I6p DataLink. Chuan nay chu yéu
duoc ap dung trong mang LAN khdng day hay con goi la WLAN. WLAN
la mét loai mang cuc bo sir dung két ndi khong day giita cac thanh phan,
moi truong truyén théng cua cac thanh phan trong mang 1a khéng khi.
Mang LAN néi chung sir dung co ché diéu khién truy cap kénh CSMA voi
cac cong doan: Lang nghe dudng truyén, néu rdi s& giri dir liéu, néu ban s&
hodn gui dit liéu theo 3 cach non-presistent CSMA, presistent csma va P-
presistent CSMA. Tuy nhién véi giao thirx CSMA thong thuong néu c6
nhiéu hon mét nit muén giri dir liéu va thy duong truyén rdi thi dung do
S& xay ra, cac géi tin dung do s€ bi huy va nat gui phai guri lai.
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D¢ khic phyc hién tugng xung dot tin hiéu trén dudng truyén trong mang
thong thuong thi CSMA duoc cai tién thanh 2 phién ban: CSMA/CD va
CSMAJ/CA.

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

M6 hinh cong tac phan tan — DCF [10] [3]

Mb hinh cdng tac diém — PCF [10] [3].

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

Lép MAC trong chuin 802.15.4 thuc hién cac nhiém vu nhu: Xu ly truy
cap vao kénh, sinh ra cdc méc bao hiéu (Beacon) néu mét thiét bi tro thanh
diéu phéi, ddng bo hoa cac Beacons, thuc hién co ché CSMA/CA, co ché
GTS, cung cap lién két gitra cac thuc thé.

3.3 Giao thirc MAC trong WSN

Céc giao thirc MAC duoc chia ra lam 02 nhom [10]: - Giao thaec MAC dua
trén ké hoach (Schedule — based) va giao thic MAC duy trén tranh chap
(Contention — based). Trong phan nay tdi s& trinh bay vé& cac giao thuc
MAC dugc sir dung trong cac chuin mang khong day 802.11 va 802.15.4,
cling vai cac giao thirc MAC duoc thiét ké danh cho WSNSs.

3.3.1 Contention-based MAC [10]

a, Sensor MAC [11]

La giao thac duoc cai tién tir giao thic MAC truyén théng caa chuan
802.11. Y tuong cua S-MAC la gilp tiét kiém nang luong cac nit mang
bang cach chia khung thoi gian thanh 2 phan: Phan hoat dong (Active):
Trong thoi gian hoat dong thi thiét bi thu phat song ra-dio s& duoc bat va
cung cip nang lugng phuc vu truyén tin. Phan nga (Sleep): NGt cam bién
tat thiét bi thu phat dé bao ton nang lugng.

b, Berkeley MAC [10]

B-MAC duoc thiét ké cho mot mang Ad-hoc voi N ndt gii va 1 ndt nhan.
Y tudng co ban ciia B-MAC 1a dwa ra mét cai bién cho cac khung khai dau
nham giam thoi gian chd nghe (idle listening) tir d6 tiét kiém dwoc ning
luong.



13

n Medium idle = send
A has data

to send

|
Backoff [Check| | Preamble | Data |

Medium idle = sleep Medium busy = Ry
Check |J’ Check +

Medium busy

B is waiting

Time

C has data
to send [Backoff| Check | '[Congestion backoff]

Hinh 3-4 Giao thic B-MAC
3.3.2 Schedule-based MAC [10]
L& giao thirc diéu khién truy cap dua trén viéc sap dat trude tai nguyén dé
tranh xung d6t. Hau hét cac giao thirc nay déu ding mé hinh twong tu
TDMA — giao thirc da truy cap phén chia theo thoi gian. Trong d6 cac kénh
truyén dugc chia ra thanh cac khe thoi gian. Bao gdm mot ddy N cac khe
nam k& nhau tao thanh cac khung thoi gian. Cac khung nay lap lai tuin
hoan. Trong mdi khung cac node dugc phan mét sé khe thoi gian. Céc khe
nay chinh 1a lich trinh hoat dong caa node. Lich trinh nay cé thé cé dinh,
hoic xay dung theo nhu ciu. Céc node hoat déng & 2 trang thai: hoat dong
va nghi. Khi dén khung thoi gian duge dinh truéc, cac node chuyén sang
trang thai hoat dong va giri dir liéu. Sau d6 s& chuyén vé trang thai nghi khi
hét khung thoi gian nham bao toan ning lwong. CO thé ké dén mét sb giao
thirc sir dung kiéu thiét ké nay nhu:
a, LEACH:
Giao thic diéu khién truy cap trong LEACH hoat dong theo vong. Cac
node dugc t6 chuc thanh cac cum va bau ra cum trudong (Cluster Head) sau
d6 gui théng tin cho cum truong. Mdi cum sir dung phuong phép trai pho
thanh day truc tiép - DSSS Véi cac md khac nhau dé tranh xung dot. Viéc
truy cap duong truyén trong LEACH duoc chon sao cho giam duoc sy tiéu
hao nang lugng cho c&c nat khéng phai la CH (Cluster-Head). Khi cac nat
chi biét dugc tat ca cac nit trong cum caa nd, né s& giri ban tin dinh thoi
TDMA dé théng b&o cho mdi nit chinh xac khi nao thi truyén dir liéu dén
n6. Piéu nay cho phép cac nit c6 thé duy tri trong trang thai ngu dong
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(sleep state), chi khi dén thoi diém né giri dir liéu thi né méi thae day. Hon
nita, dung ban tin TDMA cho viéc truyén dit liéu con giap tranh duoc hién
tugng dung d6 (collision) xay ra trong cum. Hoat dong cia LEACH duoc
chia thanh cac vong (round), mdi vong bat dau voi pha thiét lap khi ma cac
cum dugc hinh thanh, sau d6 dén pha 6n dinh khi ma cac khung dir liéu
duoc gui toi cac nat chu va gui t6i base station. T4t ca cac nat phai ddng bo
vé mit thoi gian dé bat diu pha thiét 1ap tai thoi diém gidng nhau. Pha 6n
dinh thudng dai hon rat nhiéu so voi pha thiét lap.

b, Giao thirc PEDAMACS .

Giao thuc PEDAMACS (Power-Efficient and Delay-Aware Medium
Access Protocol) gia dinh mot AP c6 kha ning giao tiép voi tit ca cac nat
cam bién trong mét hop. Tuy nhién cac nat cam bién c6 thé sir dung nhiéu
hon mot hop dé gui dir liéu dén AP. C6 ba mirc cong suat truyén tai dugc
dung dé xac dinh ba khoang cach: Téi da P;, trung binh P,,, va tdi thiéu P,,.
Giao thirc hoat dong vai 4 pha.

¢, Giao thitec PRIMA

PRIMA (Priority-Based MAC Protocol for WSNs) sir dung phuong phap
tao cac Cluster giéng vai giao thac LEACH. M&i cluster déu c6 cluster
head dé diéu khién viéc truyén théng va giit dong bo gitra cac nit bén trong
cluster. Cluster Head dugc bau lai mdi 15 phiit. PRIMA dinh nghia 4 mirc
wu tién dé danh diu cac loai ting dung khac nhau, cac muc wu tién nay st
dung 2 bits dé biéu dién va 2 bits nay dugc thém vao cudi mdi goi. Lop
MAC trong giao thiec PRIMA st dung 2 giao thirc khac nhau: Classifier
MAC thyuc hién dua cac goi tin vao 4 hang dgi tuy theo do wu tién cua
chldng. Giao thic con lai la Channel Access MAC (CA-MAC) sir dung
CSMAJ/CA va TDMA. Céc khe truy cap ngau nhién dung cho viéc yéu cau
khe thoi gian caa cac nat va CH quang ba lich trinh. Cac nat sé giri dix liéu
theo lich trinh dinh sin str dung giao thac TDMA khong cé xung dot. CH
ciing st dung giao thie twong tu khi muén truyén di liéu dén Base Station.
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3.4 Céc giao thire dinh tuyén trong WSN

a, Giao thirc SPIN [9]

SPIN (Sensor Protocols for Information via Negotiation) duoc thiét ké dua
trén hai y tudng co ban:

e Céc nit Sensor hoat dong hiéu qua hon va c6 thé bao ton ning luong
bang cach chi guri cac s6 lieu md ta vé sé lieu cam bién thay vi gui toan bo
s liéu.

e CAc nit Sensor phai giam sét sy thay doi trong tai nguyén ning luong cua
chung.

5 -
ADV REQ DATA
o e e % o -o ) e
o
O
Step 1 J Step 2 Step 3
e, apv @ RrEQ O, paTA
e-—9 O e Y
v
o ® s
/
® ( ‘
Step 4 Step 5 Step 6

Hinh 3-5 Giao thic SPIN
b, Giao thiuc LEACH [9]
LEACH (Low-Energy Adaptive Clustering Hierachy) 1 giao thirc phan cap
theo cum thich trng niang luong thip. N6 duya trén thuat toan phan nhom va
€0 nhirng déc trung sau:
e C4c nit c6 thé phan bé ngau nhién, va tu hinh thanh cum. Nut chii cum s&
diéu khién céac nat khéc trong cum gui dit liéu dén nd. Qua trinh xtr ly dix
lieu 1a nat chu cum sé& téng hop dit liéu tir cac nat giri dén réi gui toi BS
(Base Station).
e Trong mang WSN dir liéu cia cac ndt giri vé thuong 6 mdi twong quan
v6i nhau, nguoi ding cudi khdng can yéu cau tat ca dir liéu hay chi can cac
thong tin & muc cao cua dir liéu mo ta vé cac su kién xuat hién trong moi
trudng ma cac nit cam bién duoc. Vi cac tin hiéu dit liéu duoc guri tir cac
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nut dit gan nhau c6 sy twong quan rat 16n, do d6 ching ta chon sir dung
kién triic phan nhém cho LEACH. Diéu nay cho phép tat ca dir liéu tir cac
nat trong pham vi cum s& duoc xur ly cuc bg, giam dugc lugng dir liéu
truyén t6i nguoi ding cudi. Do do tiét kiém duoc ning lwong cua cac nat.

()
b BS

Hinh 3-6 Giao thic LEACH
Khi nat cha chét, tat ca cac nit trong cum s& khong c6 kha ning
trao dbi thdng tin nita. Vi vy, LEACH thuc hién ngiu nhién viéc quay
vong vai tro ndt cha giita cac ndt c6 ning lwong cao trong s tit ca cac nit
dé tranh su tiéu hao ning lwong trén mot nit cu thé trong mang. Véi cach
nay, tiéu hao niang luong lién quan dén viéc tré thanh nit cha sé duoc phan
bé déu cho tat ca cac ndt.

Set-up  Steady-state - Frame Round

[IEERRRINENE NN EE R

Hinh 3-7 So' d6 thoi gian hoat déng ciia LEACH

¢, Giao thirc 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 nut
truyén va nhan tir 1 nat hang x6m va chi mot nit duwoc chon tir chudi do dé
truyén dén tram co s& (sink). Thu thap dir liéu chuyén tir nGt téi nat, duoc
téng hop va cudi cling giri dén cac tram co so. Su khac biét véi LEACH la
str dung dinh tuyén nhiéu chang (multi hops) bang cach hinh thanh chudi va
lya chon chi mét nat dé truyén dén tram co so, thay vi sir dung nhiéu nit.
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PEGASIS da duoc thé hién tét hon LEACH vé mat hiéu suat khoang 100-
300% [12], ddi véi cac kich c¢& va cau tric mang khac nhau.

3.5 Hé théng mang WSN trong theo ddi sirc khée

3.5.1 M6 hinh mang WSN trong theo ddi sic khoe [13]

Hé théng WSN giam sat sirc khoe str dung cac cam bién dé lién tuc theo doi
céc thong sb va truyén dir liéu dén tram giam sat tir xa. C6 3 kiéu cam bién
thuong duoc st dung: 1) cam bién gin trén quan 4o. 2) cam bién trén cac
thiét bi deo trén ngudi. 3) cam bién dén truc tiép 1én co thé.

Hinh 3-8 H¢ thang WSN giam sét sic khoe

Mot hé théng WSN thuong bao gdm cac thanh phan nhu sau, Hinh
3-8 Hé théng WSN giam sat stc khoe:
- NGt cam bién: Ty vao hé théng mang ma nat cam bién thuc hién
cac cdng viéc cam 1rng khac nhau.
- Nut diéu khién trung thm: Thuong duoc goi la ndt Sink, nit nay c6
vai tro tap hop va dong goi dir liéu gui dén tir cac nat cam bién sau d6 gui
cho tram giam sat.
- Hé thong dinh vi GPS: Mot s6 hé thong WSN theo ddi suc khoe
con trang bi GPS 1én cac nit cam bién nham ndm dwoc mét cach chinh xéac
vi tri ciia cac bénh nhan can theo déi..
3.5.2 Khao sat mat sé hé théng giam sat siec khoe. [14]
Trong phan nay, tdi s& trinh bay mot sb tham khao vé cac du &n phat trién
hé théng mang cam bién cho giam sat sirc khoe.
Nhin chung cac hé théng WSN cho giam sét stiic khoe duoc phat trién theo
3 kiéu cam bién chinh d6 1a: Cam bién trén quan 4o, cam bién trén céc thiét
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bi deo trén ngudi, va cam bién dén truc tiép 1én co thé. Tuy nhién cac du an
phat trién hé thong cam bién cho giam sat siuc khoe thuong chia thanh 5
loai:

Loai 1: Hé thng str dung bang vi diéu khién (microcontroller board) lam
nén tang dé cam nhan céc dir liéu sinh hoc, sir dung truyén dan co day dé
truyén cac tin hiéu do vé bang xir Iy..

Loai 2: Hé thng giam sét suc khoe nay dua trén nhitng cam bién duoc tich
hop VAo quan 40.

Loai 3: Hé thdng giam sat sicc khoe du trén cac nit cam bién gin trén co
thé. Hé thong nay con c6 tén goi 1a WWBAN (wearable wireless body area
network).

Loai 4: Hé thong giam sét siic khoe st dung cam bién két néi bluetooth va
dién thoai di dong. Dy an cé HealthGear cua tap doan MicroSoft..

Loai 5: Ngoai 4 loai trén thi cAc nha nghién ciru cling dwa ra nhirng cach
tiép can khéac cho tirng muc dich khac nhau trong giam sat suc khoe. Cu thé
nhu v6i du 4an AUBADE dugc phét trién bai dai hoc loannina Hy Lap, cac
nha nghién ctru di dwa ra d& xuét st dung mot chiéc mat na ¢ gan cam
bién & bén trong dé gitip danh gia cac trang thai cam xdc ctia con ngudi.
Hay mot sb cac hé théng nhan dang chuyén dong sir dung cac giang tay ¢
gan cam bién hoic cac vong deo & nguc dé do nhip tim.

Cac loai tin hiéu cam bién duoc bao gom: ECG — electrocardiogram (dién
tam d6), HR — heart rate (nhip tim) , EMG - Electromyogram (dién d co),
BP — blood pressure (huyét &p), T — temperature (nhiét d6 co thé), A —
activity (hoat déng) v.v.

CHUONG 4 MO PHONG VA PANH GIA HIEU NANG MANG

4.1 Gioi thigu cac cong cu moé phéng

4.1.1 OMNet++

4.1.2 TOSSIM

4.1.3 NS2 (Network Simulator 2)

NS-2 12 mét chuong trinh bién dich ma Otcl dugc lién két téi cac thu vién
Viét bang C++. Céac ddi tuong co so trong Ns-2 nhu TCP, UDP, cac giao
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thirc dinh tuyén v.v. duoc xay dung bing ngdn ngit C++. Pau vao cia Ns-2
4 tap lénh Otcl dwoc viét bang ngdn ngir TCL la ngdn ngir kich ban. Két
qua md phong cua Ns-2 ¢ thé dugc két xuét ra file text dang .nam dé c6
thé quan sat bang hinh anh mé ta tryc quan véi tng dung NAM (Network
Animator), hoic c6 thé duoc két xuét ra file vét .tr c6 dang text dé c6 thé
phan tich, két xuit va v& d thi theo yéu ciu cta ngudi phan tich voi cac
céng cu nhu Xgraph va GnuPlot.

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

o S RO
Tcl ‘@imulatio“ /S/imulation\ Simulation
Simulation | \_Objects / Objects Trace
Script \"-—-- == i File
— C++ OTcl -—
%—— NS2 Shell Executable Command (ns) }— i‘i\‘
<= —
ol i
' NAM | Xgraph

 (Animation); ; (Ploting)

Basic architecture of NS.

Hinh 4-1 Kién truc ciia NS-2
4.2 Van dé nguon sinh lwu hrgng trong WSN cho giam sat sic khoe
[16]
Trong luan van nay, t6i xay dung mot mé hinh WSN cho giam sat suc khoe
con ngudi Véi cac tham sé sirc khoe chinh 1a: Nhip tim, nhiét do co thé, va
huyét ap.
Pé dam bao tinh chinh xac ciing nhu do tin cay cua két qua mé phong,
cdng viéc quan trong nhat 1a phai tao ra dwoc mot ngudn sinh lru lwgng c6
phan bb xac suat giéng vai cac dir liéu trong thuc té. DI voi cac tham sé
sinh hoc trén co thé ngudi, cac dir liéu thu duoc c6 phan bd kha giéng véi
phan b chuan (normal distribution) trong xac suét thong ké [16]. Thiét lap
kich ban mé phong



4.2.1 Cac tham sé sinh hec
a, Nhip tim [17]
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Bang 4-1 Céc tham s6 trung binh cua nhip tim s& tng hop cac tham sb cin

thiét dé mo phong dai lugng nay.

Tham s6 Gia tri

Loai phan b Phan bd chuan  (Normal
Distribution)

Gia tri trung binh (Mean) 74 nhip/phat

Gia tri toi da 190 nhip/phut

Do léch chuan (Standard | 5.0 ~ 15.0

Deviation)

Bang 4-1 Céc tham s¢ trung binh cza nhjp tim

b, Huyét &p [18] [19]

L& chi s6 thé hién &p luc mau 1én thanh d6ng mach, dugc do bang don vi 1a
mi-li-mét thay ngan (mm Hg). Huyét ap duoc xac dinh bang hai chi sd,
thuong dugc viét dudi dang mot ty sb. Chi sb trén 14 “tim thu” 1a muc
huyét 4p cao nhit trong mach méau xay ra khi tim co bop. Chi sb dudi la
“tam truong” 1a muc huyét 4p thap nhat trong mach mau xay ra khi tim
ngung co bop, tha long.

Tham so6 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
ap [18]

136.7 +£16.4 mm Hg

76.5 £ 6.2 mm Hg

Bénh nhan huyét ap

<90 mm Hg

thap

Bang 4-2 Gia tri trung binh huyét ap
¢, Nhiét @9 co thé [20]
Gia tri trung binh cua nhiét 4o co thé nguoi la 98,6 °F hay 37°C. Nhiét do
trén co thé con ngudi con thay doi tly thudc vao nhiéu yéu té. Bao gom ca
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Trang thai Gia tri

M4t than nhiét < 35°C

Binh thuong 36.5~37.5°C

Sot >37.5 °C hoic 38.3°C

Thén nhiét cao

>37.5 °C hoac 38.3 °C

Than nhiét cao nguy hiém

>40.5 °C hoac 41.5°C

Bang 4-3 Gia tri nhiét d¢ trung binh

4.2.2 Thiét 1ap topo mang va cac tham sé md phéng

Trong phan nay toi s& trinh bay vé viéc thiét ké topo mang ciing nhu Iya
chon cac tham sé, chuan cong nghé sé trién khai cho md hinh mang cam
bién khong day phuc vu giam sét sic khoe. Hinh 4-2 Mé hinh WSN cho
gidm sat strc khoe day mé ta topo WSN giam sat suc khée cho 4 bénh nhan
trong mot phong bénh. Cac nit nl n2 n3 n4 dong vai trd cam bién nhiét do
co thé, nit n5 n6 n7 n8 déng vai trdo cam bién nhip tim, ndt n9 n10 n11 n12
dong vai tro cam bién huyét ap. Nut n0 dong vai tro 1 nat sink va access
point.

L EEECLEEE L

Hinh 4-2 M6 hinh WSN cho giam sét siic khoe
Céc cbng nghé dugc lra chon cho mé hinh mang nay sé tuan theo Bang 4-4
Céc tham s6 mo phong.

Tham s6 Giatri

Dién tich 2mx 2m
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Tong s6 nat 12
S6 nat sink 01
S6 nat access point 01
Giao thac MAC Mac/802_11

Kiéu hang doi Queue/DropTail/PriQueue
b6 dai hang doi 200

Giao thirc dinh tuyén DumbAgent

Ché d6 niang lugng Battery

Bdang 4-4 Cac tham s6 mé phong
4.2.3 Céc kich ban md phéng
a, Kich ban 1: Sir dung phwong thiec cam bién dinh ky.

Tham sb Sensing_int | Sensing_type | Gia tritrung P léch
erval binh (Avg) | chuén (Std)
Nhiét d6 co 3.0 0 37.5 1.0
thé (Body
Temperature)
Nhip tim 3.0 0 74.0 5.0
(Heart Rate)
Huyét ap 3.0 0 120.0 10.0
(Blood
Pressure)
Bang 4-5 Kich ban 1
b, Kich ban 2: Sir dung phwong thirc cam bién lién tuc.
Tham so6 Sensing_interval | Sensing_type | Giatri | D¢ léch
trung chuén
binh (Std)
(Avg)
Nhiét do co 0.01 1 37.5 1.0
thé (Body
Temperature)
Nhip tim 0.01 1 74.0 5.0
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(Heart Rate)
Huyét ap 0.01 1 120.0 10.0
(Blood
Pressure)
Bdang 4-6 Kich badn 2
¢, Kich ban 3: Sir dung phwong thirc cam bién hwéng sw kién
Tham sb Sensing_type | Giatri | Pgléch | Ngwdng
trung | chuin | canh bao
binh (Std) (Max
(Avg) Allowed)
Nhiét do co thé 3 375 5.0 40.0
(Body Temperature)
Nhip tim (Heart 3 74.0 15.0 90.0
Rate)
Huyeét ap (Blood 3 136.7 16.4 146.0
Pressure)

Bang 4-7 Kich ban 3

4.2.4 Thuc hién md phéng

a, Két qua md phéng kich ban 1
Thuc hién chay Script mdé phéng cho kich ban 1 véi Iénh: ns wsn-
healthcare-mode-0 > scriptl-output.tr. Ta duoc két qua nhu Hinh 4-3 Tép
vét mod phong cam bién guri dix liéu.
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utput.tr (~/Desktop/kl

Script1-ouputtr X

15tarting Sinulation. .
2 nun_nodes s set 12

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

4 Node 88 - BloodPresure Data - 89.781189 - Tine - 3.185813

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

6 Node 62 - Tenperature Data - 39.669478 - Time - 3.234400

7Node 67 - MeartRate Data - 69.514736 - Time - 3.294750

8Node 86 - HeartRate Data - 81.969978 - Time - 3.435744

9 Node 10 - BloodPresure Data - 89.427171 - Time - 3.438858

10 Node 05 - HeartRate Data - 65.260125 - Time - 3.692068

11 Node 09 - BloodPresure Data - 91.208883 - Time - 3.700968

12 Conmon Node 3 - Disseminating data - Time 5.184 - Destination node 1

13 channel.cc:sendup
14 highestAntennaZ_

Calc highestAntennaZ_ and distcsT_
5, distcsT_ = 129.1
15 Conmon Node 8 inating data - Time 5.186
16 Access point - Received a message with 1 elenents
17 Bessage recetved from node 3 with 2.866625 delay
18 Access point - Received a message with 1 elenents
19 Message received from node 8 with 2.608017 delay :::
26 Conmon Node 4 - Disseninating data - Time 5.225
21 Access potnt - Received a message with 1 elenents
22 Message recetved from node 4 with 2.064527 delay ::: 3.225103 5.229630
23 Conmon Node 2 - Dissentinating data - Time 5.234 - Destination node 1
24 Access point - Received a message with 1 elenents
25 Message received from node th 2.004587 delay ::: 3.234400 5.238987
26 Conmon Node 7 - Dissentnating data - Time 5.295 - Destination node 1
27 Access polnt - Received a message with 1 elenents

recetved from node 7 with 2.084847 delay

°

Destination node 1

© 3.183757 5.189782

3.185813 5.193830
Destination node 1

3.294756 5.299597

PlainText = TabWidthi 8 - Ln96, Col 12 INS

Hinh 4-3 Tép vét md phong cam bién gui diz liéu
Hinh anh tép vét duoc sinh ra sau khi chay mé phong.

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

RE

L5 seript-L.tr x

1s -t 5.183757119 -Hs 3 -Hd -2 -Ni 3 -Nx 1.17 -Ny 1.33 -Nz .00 -Ne 9.999837 -
NL AGT -Nw --- -Ma @ -Md 6 -Ms ® -Mt @ -Is 3.2620 -Id 1.2020 -It udp -I1 32 -
If & -1 @ -Iv 32

2r -t 5.183757119 -Hs 3 -Hd -2 -Ni 3 -Nx 1.17 -Ny 1.33 -Nz 6.00 -Ne 9.999837 -
NL RTR -Nw --- -Ma @ -Md @ -Ms ® -Mt @ -Is 3.20620 -Id 1.2020 -It udp -I1 32 -
If e -1i @ -Iv 32

3s -t 5.183757119 -Hs 3 -Hd -2 -Ni 3 -Nx 1.17 -Ny 1.33 -Nz 6.00 -Ne 9.999837 -
NL RTR -Nw --- -Ma @ -Md @ -Ms ® -Mt @ -Is 3.20620 -Id 1.2020 -It udp -I1 32 -
If & -I1 6 -Iv 32

4N -t 5.184272 -n 9 -e 9.999821

SN -t 5.184272 -n 18 -e 9.999821

6N -t 5.184272 -n 2 -e 9.994982

TN -t 5.184272 -n 8 -e 9.999821

BN -t 5.184272 -n 4 -e 9.999821

9N -t 5.184272 -n 6 -e 9.999821

16N -t 5.184272 -n 7 -e 9.999821

11N -t 5.184272 -n 5 -e 9.999821

12N -t 5.184272 -n @ -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 16 -e 9.999813

16N -t 5.185575 -n 8 -e 9.999813

17N -t 5.185575 -n 9 -e 9.999813

18N -t 5.185575 -n 2 -e 9.994974

19N -t 5.185575 -n 7 -e 9.999813

20N -t 5.185575 -n 6 -e 9.999813

21N -t 5.185575 -n 4 -e 9.999813

PlainText ~  Tab width: 8 ~ Ln 10, Col 31 INS

Cac dir |

Hinh 4-4 Cdu tric cua tép vét

iéu cam bién duoc giri vé node Sink trong qua trinh mé

phong s& duoc hién thi truc tiép 1én Terminal nhu trén Hinh 4-3 Tép vét mo
phong cam bién giri dir liéu, dir liéu d6 ciing c6 thé duoc ghi vao file dang
text dé xir ly va v& thanh do thi tir file text d6. Két qua ta duoc cac do thi

9 o~
A

bi

éu dién dix liéu cam bi

e
A

én thu nhan dugc nhu sau.
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Du lieu cam bien thu nhan duoc
120 T T T
110
100
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80
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60 - -

Sensed Data
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ZZ i\j\rl\,\/‘l"‘-‘,}, {‘-"‘;‘W’;}L\ﬂ—\J\\rJ\ L, /II:,F\/}\Lrﬂ,,tf.f\f H\l .

i/
20

1 1

0 20 40 60 80 100 120 140

Simulation Time (s)

Hinh 4-5 D4 thi thé hién cac dir liéu cam bién duroc theo kich ban 1

-

huytran@huytran-virtual-machine: ~/Desktop/kichban1
huytran@huytran-virtual-machine:~/Desktop/kichbanl$ perl xulyfile.pl
put.tr

Avg Delay: 4.10445127350427 (s)
huytran@huytran-virtual-machine:~/Desktop/kichban1$ I

Hinh 4-6 Thoi gian tré truyén tin kich ban 1

Do tre truyen du lieu

T T
"delay-time.tr" ——

Delay Time (s)

140

Simulation Time (s)
Hinh 4-7 Biéu do thé hién dp tré truyen dir liéu kich ban 1
Dbi véi do do su suy hao ning lwong trong thoi gian md phong.
Két qua duogc thé hién ¢ Hinh 4-8 P suy hao niang luong caa nat cam bién.
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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 4-8 B¢ suy hao ndng leong ciia ndt cam bién

b, Ket qua mé phéng kich ban 2
@ 2 & huytran@huytran-virtual-machine: ~/Desktop/kichbanz
huytran@ghuytran-virtual-machine:~/Desktop/kichban1$ cd

.. /kichban2

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

tput.tr

Avg Delay: 4.99764491794841

huytran@ghuytran-virtual-machine:~/Desktop/kichban2s I

Hinh 4-9 Thei gian tré truyén tin kich ban 2

5.004

5.002

5k

4.998

4,996

4994 - |

4.992

- T’W
|
|

T T
"delay-time.tr" ——

b

4.99
0

20

40

60

80

100 120

140

Hinh 4-10 Thoi gian tré truyén diz liéu, kich ban 2
M suy hao ning lwong ciia nit cam bién trong kich ban 2 duoc thé hién ¢
Hinh 4-11 Muc suy hao ning luong caa kich ban 2.. D& nhan thiy véi viéc
st dung phuong thirc cam bién lién tuc véi khoang cam bién 0.01s trong
thoi gian 120s. NGt cam bién da tiéu thu gan 20% dién nang. Tuc 1a gap
100 lan so v&i cam bién dinh ky 3.0s & kich ban 1.
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-

huytran@huytran-virtual-machine: ~/Desktop/kichban2
huytran@huytran-virtual-machine:~/Desktopfkichban2$ perl energy.pl script-1.tr 5
Max: 16 , Min: 8.034321

Do suy hao pin cua node 5 la: 19.65679 %

huytran@huytran-virtual-machine:~/Desktop/kichban2s I

Hinh 4-11 Mikc suy hao nang lwong cua kich ban 2.
¢, Két qua md phéng kich ban 3
Truong hop nay tdi chi két xuat va vé dd thi biéu din nhitng gia tri cam
bién vurgt ngudng.

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.fr" ——

160 =

140 |- -

Sensed Data
=
N
Q

100 | -
80 |- .
6o |- 1
40 ﬂurJlg»watﬁJ“r/q\JJ\»/»vﬁwxvxﬁfxﬂvv4‘ e

0 20 40 60 80 100 120 140

Simulation Time (s)
Hinh 4-12 Céc di liéu cam bién vurot ngurdng theo kich ban 3
Sir dung cac perl script nhu trén ta c6 duoc cac két qua vé do tré va
muec ti€u hao nang lwong nhu sau (Hinh 4-14).

huytran@huytran-virtual-machine: ~/Desktop/kichban3

huytran@huytran-virtual-machine:~/Desktop/kichban3$ perl xulyfile.pl script-3-ou
tput.tr

Sum Delay= ©.522731 , Num = 277 , Avg Delay: 0.0018871155234657
huytran@huytran-virtual-machine:~/Desktop/kichban3s I

Hinh 4-13 D¢ tré truyen tin theo kich ban 3
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Do tre trung binh kich ban 3
0.0055 T T T

T T
"delay-time.tr" ——
0.005

H

|
0.0045 —‘ q
0.004 —‘ ‘

0.003 —|
|

0.0035

Delay Time (s)

0.0025

0.002 -

0.0015 -

A A,

0.001 L L L L L

o 20 40 60 80 100 120 140

Simulation Time (s)

Hinh 4-14 Biéu do thé hién dé tré truyen dir liéu kich ban 3

o€ huytran@huytran-virtual-machine: ~/Desktop/kichban3
huytranghuytran-virtual-machine:~/Desktop/kichban3$ perl energy.pl script-3.tr 4
Max: 10 , Min: 9.968211

Do suy hao pin cua node 4 la: 0.317889999999998 %
huytran@huytran-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 %

huytran@huytran-virtual-machine:~/Desktop/kichban3s [l

Hinh 4-15 D¢ suy hao ndng luong cua cac nlt mgng trong kich bdn 3

Bieu do tieu thu nang luong kich ban 3

10 = T T T T T
™. "energy4.tr' ——

Energy
/

9.965 1 1 L 1 L 1
o 20 40 60 80 100 120 140

Simulation Time (s)

Hinh 4-16 Biéu do su suy hao ndang hrong cua nlit mgng trong kich ban 3
4.3 Tong két viec md phéng
Nhin vao két qua di liéu caa tép vét va dd thi nhan dugc t6i dua ra cac
nhan xét sau:
1/ Céc thdng sé can duoc theo ddi déu ¢ béo céo cap nhat day du. Nhing
su kién thang giang vuot ngudng déu duoc béo céo vé véi do tré nho.
2/ Trong truong hop sir dung cam bién & ché do lién tuc, vai s6 lugng 12
node cam bién da giri khoang 42000 ban tin cap nhat dén nit sink cho mdi



29

loai cam bién. Tuy nhién d¢ tré truyén tin van nam trong mic chap nhan

dugc & khoang 4.5s. Nhu vay theo quan diém cé nhan, t6i cho 1a hé théng

d3 dap ung duoc nhu cau trong md hinh giam sat stc khoe véi s6 lwong 09

nat cam bién.

3/ Phuong thirc md phong huéng su kién di cho thiy su téi wu trong viéc

str dung WSN giam sat stc khoe cho con nguoi. Vi didu kién 1i tuong do

tré truyén tin trong khoang 2ms, mirc tiéu thu niang luong chi khoang 0.3%

dung lwong pin / 1 phat cam bién. WSN véi phuong thirc cam bién huéng

su kién rét thich hop cho viéc theo ddi, giam sat va canh bao kip thoi cac

bién dong vé sirc khoe caa con ngudi, vira tao sy thuan tién, thoai mai.
CHUONG 5 KET LUAN VA HUONG NGHIEN CUU TRONG

TUONG LAI

5.1 Két luan

V& kién thuc chung, t6i da dat dugc cac két qua nhu sau:

- Nghién ctu téng quan vé WSN, cac dic diém caa WSN va ung dung

WSN trong thuc té.

- Nghién cau céc chuén truyén thong khong day nhu 802.11, 802.15.4 va

&rng dung cé&c chuan nay trong WSN.

- Tim hiéu cac hé thong WSN phuc vu viéc chim soc sirc khoe trén thuc té.

- Phan tich, thiét ké hé thng WSN phuc vu giam sét stuc khoe. Panh gia

c4c yéu té anh huong dén hiéu niang cia WSN trong md hinh giam sat sirc

khoe.

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

- Nghién ctu, tim hiéu, cai dit cac céng cu md phong. Cai dat bo mé phong

ns-2 va mé dun mannasim dé mé phong hé théng WSN.

- Nghién cttu ngudn sinh luu lwgng va phan bé xac suat caa nguon sinh luu

lwong. Thiét ké ham mé phong ndt cam bién st dung nguén sinh lwu lugng

da phan tich.

- Tién hanh thir nghiém cac kich ban mé phong. Viét cac Script phan tich

hiéu suit caa hé thong mang va dua ra két luan.
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5.2 Hwéng nghién ciru trong twong lai

C6 thé trién khai cac md hinh WSN trong thuc té dua trén nhiing két qua
danh gia, phan tich hiéu suat dé dua ra cac cai tién. Bo cong cu mé phong
c6 thé duoc sir dung dé tiép tuc nghién ciiu, md phong vé mang cam bién
khong day.

Xay dyng thém cac ham mé phong nat cam bién caa nhiéu loai tham s6 sirc
khoe khéc. Xay dung thém cac kich ban md phong va phan tich hiéu suét.
Nghién ciru c&c van dé an toan bao mat
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