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DANH GIA HIEU NANG MANG CAM BIEN KHONG DAY
CHO GIAM SAT SUC KHOE

Tran Quang Huy”, Vii Viét Diing, Pham Xuan Kién
Truong Pai hoc Cong nghé thong tin & Truyén thong — DH Thai Nguyén

TOM TAT

Mang cam bién khong day hay Wireless Sensor Network 1a mot tip hop cac nat cam bién c6 kha
nang ty tri, co thé ¢ dinh hodc di dong va thuc hién cac nhi€ém vy khac nhau. Trong linh vyc y té,
mang cam bién khong day 1a lya chon khong thé thay thé ddi voi viée gidm sat, theo ddi sirc khoe
bénh nhan tir xa ma khong bi giéi han boi cac két ndi co day. Bai bao nay sé tién hanh tim hiéu
c4c hé théng WSN phuc vu viée cham soc sire khoe trén thuc té. Nhom tac gia thuce hién phan tich,
thiét k& hé théng WSN phuc vu giam sat sitc khoe, danh gia cac yéu t anh huéng dén hiéu ning
cia WSN trong mé hinh giam sat strc khoe. Dua trén két qua phan tich, danh gia, nhém tac gia
thuc hién cai dat bo mo phong NS-2 va md dun Mannasim dé mé phong hé thong WSN véi phan
bd xé4c sudt cua cac tham sb strc khoe. Tir d6, ham mo phong nut cam bién duoc thiét ké sir dung
ngudn sinh Iuu lugng 13 cac phan bd xac suat da phan tich. Nham danh gia két qua ctia nghién ciru,
nhém tac gia thuc hién thir nghiém cac kich ban mé phong, phan tich hiéu suit cta hé thong mang
va dua ra két luan.

Tir khéa: Mang WSN; Mang cam bién khong day; Cong cu md phong mang NS; Cong cu
Mannasim; Hé thong gidm sdt sic khoe
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NETWORK PERFOMANCE ANALYSIS OF HEALTHCARE MONITOR
WIRELESS SENSOR NETWORK
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ABSTRACT

The Wireless Sensor Network is a set of autonomous sensor nodes that can be fixed or moved and
performs various different tasks. In the medical field, wireless sensor networks are an irreplaceable
option for remote health monitoring and observing without being limited by wired connections.
This paper is to explore WSN systems for practical health care. The authors performed the analysis
and design of WSN system for health monitoring, assessing factors which are affecting the
performance of WSN in the health monitoring model. Based on the results of analysis and
evaluation, the authors implemented the installation of NS-2 simulator and Mannasim module in
order to simulate the WSN system with probability distribution of health parameters. Since then,
the sensor node simulation function is designed using a flow generation source as the probability
distributions analyzed. In order to evaluate the results of the study, the authors performed
simulation experiments, analyzed the performance of the network and then came to a conclusion.
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1. Giéi thiéu

Mang cam bién khong dy c6 tén tleng Anh la
Wireless Sensor Network. N6 bat dau dugc
nghién ctru va phat trién vao khoang nhiing
nam 1980. Dy an dugce phat trién boi DARPA
— co quan cac dy an phong thu tién tién cua
bd quoc phong Hoa Ky. Ban dau dy &n c6 tén
la Distributed Sensor Networks (DSN) DSN
ban dau duoc gia dinh 1a mot mang co nhleu
nat cam bién phan tan, co kha nang két nbi
v6i nhau nhung hoat dong doc 1ap, thong tin
trong cac nut cam bién nay c6 thé duoc dinh
tuyén toi bat ky nit mang nao trong pham vi.
Céc thanh phan cua DSN duoc gidi thiéu lan
dau vao nam 1978 bao gom bd phan cam
blen mo-dun xir 1y dir liéu va két ndi, phan
mém phan tan. Ung dung dau tién ciia DSN 14
mot hé théng theo doi may bay tryc thing
dugc phat trién boi hoc vién coéng nghé
Massachusetts.

WSN 1a mot hé thong mang bao gom cac
node cam bién c6 két ndi khong day va kha
nang tinh toan nhu trong hinh 1 [1].

Céc node cam bién thuong 1a cic sensor bao
gom céc thanh phan nhu: b vi xir 1y, bo phan
cam bién, bd phan thu phat khong day, ngudn.

Hinh 1. Mang cam bién khéong ddy

Kich thudc cua cic node cam bién thay dbi
tay thude vao loai ing dung, nhung ching c6
chung nhiing dac diém sau:

- St dung phuong phap phat thong tin quang
ba trong pham vi hep va dinh tuyén da chang.
- Kich thude vat 1y nho, gia thanh ré, chi yéu sit
dung pin. Do vay cac node cam bién bi han ché
vé kha nang xir Iy cling nhu dung lugng nhd.

- Vi tri’ cac node mang cém‘bién c6 thé duoc
phan bd ngau nhién khong can xac dinh trude.
- C6 thé xir 1y dit liéu don gian.

- Hoat dong 6n dinh va dang tin cdy.

WSN ¢6 rat nhiéu ung dung trong doi song
hién nay cua con ngudi. Cu thé 1a [2]:

Y té: Mang cam blen ¢6 thé dugc sir dung dé
theo doi cac thong sO sinh 1y ctia bénh nhan
nhu nhip tim, huyét 4p, nhiét do co thé tir xa.

Nong nghiép: Mang cam bién c6 thé duoc sir
dung dé theo di diéu kién khi hau cua mot dién
tich canh tac Ion. Tinh toan nhu cau nudc, hoa
chit cta cdy trong va dua ra thong bao.

Quén sy: Mang cam bién khong day co thé
duogc s dung dé gidm sat cac khu vyc nguy
hiém ma khong can sy c6 mit clia con nguoi.
Phat hién chuyén dong hay vi tri cua dbi
phuong, phat hién cic cudc tan cong hoa sinh
va do tim bom minh.

Moi truong: Mang cam blen ¢6 thé duoc sir
dung dé theo ddi cac bién dbi khi hau, canh
bao thién tai..

2. Cac thanh ph?m trong mot h¢ thong WSN
2.1. Sensor node

Mot hé théng WSN 1a mét tap hop cua rat
nhién nit cam bién phan tan trong mot
khoang dién tich rong. Mdi nit cam bién déu
¢6 kha ning thuc hién mot sd tic vu cam bién
va xur ly dir liéu doc lap. Sau do no s€ thuc
hién két ndi voi cac nut 1an cén dé gui dir liéu
cam bién vé bo xir Iy trung tam. Thong
thuong mot nut cdm bién s€ bao gom nhitng
thanh phan nhu trong hinh 2, bao gém: Bo
phan thu phat song, bd xu ly, bd nhd, mot
hodc nhiéu don vi cam bién va bd ngudn [1].

Anterra
Sensing uos

Serso } Transcover It

F v
LCAbCO nesing Syster ) 5 Mobize2 a0 alof

ADG = Analog4o-Digha Coovarte!
Hinh 2. Cdu tao ciia mét nit cam bién
- Bo xur 1y: C6 nhiém vu 1dp lich cho cac tac
vy, Xt 1y dir liu va diéu khién cac thanh phﬁn
khéc. Cac kiéu bo xir ly co thé duoc sir dung
trong WSN: Microcontroller, Digital Signal
Processor, FPGA (Field Program Gate
Array)... Trong d6 Microcontroller dugc st
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dung nhiéu hon ca. Vi du nhu cam bién
Mica2 Mote st dung bd xir [y ATMega 128L
microcontroller.

- B6 thu phat tin hi¢u: Chiu trach nhiém cho
viéc thu phat tin hiéu khong day. C6 thé sir
dung séng Radio, Laser hodc hong ngoai.
Song Radio dugce sir dung phd bién hon ca vi
n6 phu hop véi yéu cau cia hau hét ing dung
trong WSN. B thu phat tin hi¢u c6 cac trang
thai nhu: Transmit, Receive, Idle va Sleep.

- B6 nhé: Bao gdm céc chip nhé flash va
RAM cuia bo vi xtr Iy. C6 thé ¢ ca cac thé
nhd ngoai. Vi du chip ATMega 128L
microcontroller cia Mica 2 Mote st dung 128
Kbyte bo nhé trong va 4 Kbyte RAM.

-BoO nguén: Trong mot nit cam bién, cac hoat
dong nhu cam tmg, xir Iy va truyén dir liéu
déu tiéu thu ning lugng. Trong d6, viéc
truyén dir liéu tiéu thu nhiéu nang luong hon
so v6i cac hoat dong khac. Pin 1a ngudn ning
luong chu yéu dugc sir dung trong cac bd
ngudn cua cam bién. Vi du, cam blen Mica2
Mote sir dung 2 vién pin AA. Vi ngudn ning
lwong bi gi6i han viéc tiét kiém ning luong
cho cac niit cam bién dang 1a muc tiéu quan
tam hang dau trong hoat dong cua cac WSN.
D3 c6 rat nhidu nghién ciru va dé xut cai tién
nham tang cuong thoi lugng pin cua cac nut
cam bién. Nguoi ta ciing tinh toan dén viéc sir
dung cac nguon nang luong ty nhién nhu anh
sang mat troi cho cac nit cam bién.

- Nt cam bién: La mot thiét bi phan cing c6
nhiém vu do cac thong sé vat Iy & méi truong
xung quanh né nhu nhiét d9, ap sut, do am,...
Dir li€u tuong ty duoc cam Gng bdi cac cam
bién va dugc s6 hoa bang bdo ADC, sau do
duoc gui cho bd xt 1y dé thuc hién céc tac vu
tiép theo. Cac cam bién 1a cac thiét bi vi dién
tu, vi vay ching c6 kich thude nho va tiéu thu
rat it ning luong. Co thé c6 mot hodc nhiéu
loai cam bién gin trén mot nat cam bién.

2.2. H¢ diéu hanh ciia cdc niit cim bién

Hé didu hanh 13 mot moi trudng dé céac
chuong trinh ung dung thuc hién cong viéc
cua minh mot cach don gian va hiéu qua ma
khong phai giao tiép voi phan cimg. Trong
WSN vai tro cta hé diéu hanh don gian hon
so v6i cac hé diéu hanh thong thuong. Li do

12 boi cac gidi han vé mat phan cimg cua thiét
bj cling nhu cic yéu cau it phuc tap cia cac
ung dung.

TinyOS 14 hé diéu hanh dau tién duoc thiét ké
danh cho h¢ théng WSN hay cu thé hon la
danh cho cac nut mang. Céc thu vién bén
trong TinyOS bao gdm: cic bd giao thic
mang, cac dich vu phan tan, trinh diéu khién
thiét bi va cong cu thu thap dir liéu. Khong
gidng nhu hau hét cac hé diéu hanh khac co
kha nang chay da nhiém TinyOS duogc phat
trién theo md hinh 18p trinh huéng su kién.
Céa TinyOS va céc chuong trinh Gng dung
duoc viét cho TinyOS déu st dung mét loai
ngon nglr 1ap trinh dac biét co tén goi 1a nesC
— mot phi€én ban md rong ctia ngdn ngit 1ap
trinh C.

Mot dai dién khac cta cac hé diéu hanh danh
cho WSN c6 tén goi 1a Contiki. Contiki cling
sit dung ciu trac kernel hudng sy kién nhu
TinyOS, tuy nhién hé diéu hanh nay ciing hd
tro da nhiém v&i mot sd ung dung co ban.
Ngoai ra, Contiki con hd trg ca IPv4 va IPv6.
Rét nhidu cac co ché va cai tién cua Contiki
dugc ap dung rong rai.

2.3. Nut Sink

La nat chiu trach nhiém tuong tac véi cac nat
cam bién. Cac dir liéu tir cac nit cam bién
dugc xir Iy va chuyén dén cic Base Station
hodc dén cac AP. Nut Sink dua trén bo vi xir
Iy c6 kha nang xtr 1y tin hiéu ky thuét sb, bao
gdm cac mo-dun khac nhau nhu ing ten, bd
thu phat, bd xtr 1y, bo nhé flash, khéi dau vao,
man hinh hién thi va pin voi mach sac. Cac
dit liéu nhan 1a co diéu kién, tiép tuc dugc xir
1y dé loai bo cac nhidu va tinh toan céc théng
s6. Dit liéu y té co danh méc thoi gian, dugc
luu trit trong bd nhé va truyén dén mot tram
gidm sat tir xa dé phan tich thém. Nat Sink
thuong dugc trang bi mot pin sac cho thoi
gian hoat dong tdi thiéu 8-12h.

3. WSN trong cac hé théng theo déi sirc khoe

Hé¢ thong mang cam bién khong day giam sat
sirc khoe bao gom mot loat cac cam bién
dugc gin trén quan 4o hodc trén co thé bénh
nhan dé lién tuc theo ddi cac thong sd stc
khoe va truyén dit liéu dén mot tram giam sat
tur xa nhu trong hinh 3.
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Hinh 3. Mang cam bién khéong day trén nguoi
3.1. Yéu ciu ciia mgt hé thong theo doi sitc khoe
DPé thyc hién theo ddi strc khoe cua con
nguoi, viec su dung mot h¢ thong mang cam
bién khong day 1a mot lya chon tdi wu. Boi
cac két ndi cap s& gioi han chuyén dong cua
con nguoi anh hudng den cac tham so sinh ly
dugc theo doi. Mot hé thong mang khong day
theo ddi strc khoe can dam bao dugc cac yéu
t6 sau [3]:

- Do tin cay trong truyén dit liéu:
Mot trong nhirg muc tiéu chinh cta hé théng
theo doi suc khode 1a co6 dugc nhung canh bao
som va chinh xéac cac thong s0 ve sinh ly trén
co thé nguoi, dé tir d6 co nhirng chan doan va
didu tri som. Do _vay, khi thiét ké hé thong
mang chung ta can quan tdm dén tinh chinh
xac clia cam bién, chit lu’ong duong lién ket
va do tin c@y trong céc giao thirc dinh tuyen
dé tranh tinh trang mat mat hodc 16i goi tin
gay sai 1&ch dir ligu.
- Dt liéu thoi gian thuc:
Bao gom 03 khia canh: (1) thu thép dir ligu
thoi glan thue, d nhay cam cua cam bién va
pham vi cam b1en 2 truyen dir liéu thoi gian
thue, chu yeu tap trung vao cac glao thirc dinh
tuyén; (3) xtr Iy dir liéu thoi gian thuc, tap
trung vao xu 1y dir li€u kip thoi.
- Xtr ly dir liéu 16n:
Thong thuong aé theo ddi suc khoe thi can it
nhit 04 bd cam bién sinh hoc trén co thé. So
v6i hé thong cam bién moi tru:ong thi mang
cam blen phuc vu theo ddi strc khoe ¢6 nhu
ciu vé biang thong cao hon. Dic biét hé théng
thuc hién thu thap di li€u theo thoi gian thuc
nén tao ra lugng 16n dir liu doi hoi mang
phai ¢ bang thong cao dé chiu dugc tai.
- Thay dbi topology:
Hé thdng mang cam bién khong day theo dai
suc khoe phdi co6 kha nang thich Gng véi
nhiing thay dbi thu:ong xuyén cua topology,
su chuyén dong cta cac node mang roi mang,
tham gia vao mang...
3.2. Cic tham sé sirc khée dwoc theo doi [4]
- Nhip tim:

Theo thong ké vé sd lidu nh1p tim tr trung
tam kiém soat va phong ngira dich bénh hoa
ky CDC. Nhip tim trung binh cia mot ngum
nam gidi truong thanh 1a 71 nhi /phut va nit
gidi la 74 nhip/phut. Céc thong s6 v€ nhip tim
thu'orng phu thudc vao rat nhiéu yéu tb nhu do
tudi, gioi tinh, mau da, khu vuc sinh song,
trang thai hoat dong... 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 ctia bénh nhan ma nhip tim ¢6 the
tang hodc giam trong mot thoi gian ngan
Nhip tim 1é6n hon 100 nhip/phat duoc coi la
nhanh va ¢ muc 16n hon 120 nhip/phut khi
ngudi bénh trong trang thai binh thuong thi
duogc coi 1a nguy hiém. Bang 1 dudi ddy mo
ta cac tham so trung binh caa nhip tim trén co
thé nguoi.

Bang 1. Cdc tham sé trung binh ciia nhip tim

Tham s Gia tri

Loai phan b Phan bd chuan (Normal
Distribution)

Gia tri trung binh (Mean) 74 nhip/phut

Gia tri t6i da 190 nhip/phut

Do  léech  chuin 5,0~150

(Standard Deviation)

- Huyét ép'

La chi sb thé hién &p lyc mau lén thanh dong
mach, dugc do bang don vi la mi-li-mét thuy
ngan (mm Hg). Huyét ap duoc xac dinh bang
hai chi s6, thuong duge viét dudi dang mot ty
sO. Chi s trén 1 “tam thu” 1a mirc huyét ap
cao nhat trong mach mau xay ra khi tim co
bop. Chi s6 dudi la “tdm truong” la mirc
huyét ap thp nhat trong mach méau xay ra khi
tim ngung co bop, tha long. Cac tham s6
trung binh cua huyét 4p duoc thé hién trong
bang 2.

Bang 2. Cdc tham s6 trung binh ciia huyét dp

Tham s Gia tri (MEAN

+ Standard Deviation)

Tam thu Tam truong
Gia tri trung 120 £ 10 80 £ 10 mm Hg
binh mm Hg
Bénh nhan cao 136,7+16,4 76,5+6,2mm
huyét ap [18] mm Hg Hg
Bénh nhan <90 mm

huyét ap thap Hg

Huyét 4p ¢ ngudi trudng thanh binh thuong
duoc xac dinh 1a ¢6 chi so tdm thu 1a 120 mm
Hg, tam truong 1a 80 mm Hg. Tuy nhién, mutc
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huyét 4p 6n dinh va tot nhat cho tim mach la
0 muic 105 mm Hg tdm thu va dudi 65 mm
Hg tdm truong. Cac muc huyét ap tdm thu va
tdm truong binh thudong cd y nghia dac biét
quan trong d6i v&i chiic niang hiéu qua cia
C4c co quan sinh ton nhu tim, ndo, than, ciing
nhu dbi véi sirc khoe noi chung va trang thai
khée manh. Vi vay, viéc theo doi cac chi sb
huyét ap 1a dic biét quan trong.

- Nhiét d¢ co thé:

Gi4 tri trung binh ctia nhiét d6 co thé nguoi la
98,6°F hay 37°C. Nhiét d6 trén co the con
ngucn con thay dbi tuy thudc vao nhiéu yéu
t6. Bao gom ca vi tri dat nhiét ké. Tuy nhién,
cac gia tri trung binh nhiét do co thé phan
chia theo bang 3 dudi day.

Bang 3. Cdc tham sé than nhiét trung binh

Trang thai Gia tri

Miét than nhiét < 35°C

Binh thuong 36,5~37,5°C

Sét >37,5 °C hoic 38,3 °C
Than nhiét cao >37,5 °C hoac 38,3 °C

Than nhiét cao nguy hiém >40,5°C hoic 41,5 °C

3.3. Myt 56 h¢é théng giam st sirc khée

Nhin chung cac hé théng WSN cho giam sat
strc khoe duoc phat trién theo 3 kiéu cam bién
chinh d6 1a: Cam bién trén quan 4o, cam bién
trén cac thiét bi deo trén nguoi, va cam bién
dan tryc tiép 1én co thé. Tuy nhién, cac du an
phat trién hé thong cam bién cho giam sat sirc
khde thuong chia thanh 5 loai:

Loai 1: Hé thdng str dung bang vi diéu khién
(microcontroller board) 1am nén tang dé cam
nhén cac dir li€u sinh hoc, st dung truyén dan
c6 day dé truyén cac tin hiéu do vé bang xur
ly. Mot dai dién tiéu biéu cta hé thong nay 1a
du an LiveNet cia phong thi nghiém MIT.
Loai 2: Hé thong giam sat sirc khoe nay dua
trén nhfrng cam bién dugc tich hop vao quan
ao giup theo ddi, phén tich cac hoat dong, chi
sd sinh hoc trén co thé bénh nhan. Qua do,
dua ra cac canh bao va chuan doan sém tinh
trang bénh ly.

Loai 3: H¢ thong giam sat stc khoe dua trén
cac nat cam bién gin trén co thé. Hé thong
nay con co tén goi la WWBAN (wearable
wireless body area network). Hé thong nay
bao gdm cac nut cam bién c6 kha nang tu tri,

sir dung céc két ndi khong day dé trao doi dir
liéu véi tram diéu phéi hodc nut trung tam.
Pai dién tiéu biéu cua loai nay la dg an Code
Blue ctua cac nha nghién ctru dén tir dai hoc
Havard.

Loai 4: H¢ thong giam sat stuc khoe st dung
cam bién két noi bluetooth va dién thoai di
dong. Du 4n c6 HealthGear cia tip doan
MicroSoft.

Loai 5: Ngoai 4 loai trén thi cac nha nghién clru
ciing dua ra nhimg cach tiép can khac cho timg
muyc dich khac nhau trong gidm sat stic khoe.
Cu thé nhu v6i du an AUBADE dugc phét trién
bdi dai hoc loannina Hy Lap, cac nha nghién
clru da dua ra dé xuét sit dung mét chiéc mat na
¢6 gin cam bién & bén trong dé gitp danh gia
cac trang thai cam xuc cua con ngudi. Hay mot
s6 cac hé théng nhan dang chuyen dong st
dung cdc ging tay cO gan cam bién hoic cac
vong deo ¢ nguc dé do nhip tim.

Trén day 1a 5 loai hé thong cam bién deo trén
ngu’m duoc str dung dé giam sat strc khoe. Va
cac du an dang dugc phat trién. Bang 4 dudi
day s& dua ra mot s6 chi tlet va so sanh vé cac
du an dang dugc phat t trién. Cac thong tin so
sanh bao gom: Kiéu trién khai phan cung, cac
mo-dun keét n01 cac loai tin hiéu cam bién
dugc va mot sb ung dung trong y té.

Bang 4. So sanh mét s6 hé thong gidm sdt sirc khoe
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Tén dw | Phan Két Tin  higu | Ung dung
an cirng nbi cam nhin | trongy hoc
duoe
LiveNet/ | Microcon | Co ECG,BP, | Theo ddi
Ml troller day, T,EMG, bénh phan
board radio V.V parkinson,
GPRS bénh nhan
dong kinh.
WEALT | PDA, Blueto | ECG, Theo  ddi
HY/EU | cam bién | oth AT sic  khoe
ISTFP6 | gin trén | GPRS ngudi  cao
quén 4o tudi
Code Sensor ZigBee | ECG,Sp Theo doi cac
Blue/Harv | mote 02,A trang thai sinh
ard hoc theo thoi
University gian thuc
Body area | Zigbee ZigBee, | ECG, Phat hién va
network/ Wi-Fi, BP, R du doan céac
Malta GPRS trang  thai
Univ. sinh hoc
HealthG | Sensor Blueto HR, Theo  ddi
ear/ and Cell- | oth, Sp0O2 gidc ngi
phone GPRS
AUDAB | Mit na, | Ké& ndi | ECG, R, | Theo dgi
E Ging tay, | ¢0 day, | EMG, A trang  thai,
Vong Bluetoot hoat dong
cam bién | h, Wifi
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Céac loai tin hiéu cam bién dugc bao gém:
ECG — electrocardiogram (dién tam dd), HR —
heart rate (nhip tim) , EMG - Electromyogram
(dién dd co), BP — blood pressure (huyét ap),
T — temperature (nhiét d6 co thé), A — activity
(hoat dong)...

4. Mo phéng va danh gia hiéu nang mang
4.1. Gioi thiéu cong cu mo phong

Network Simulator -2 1a phan mém mé phong
mang dugc phét trién boi Trudng Pai hoc UC
Berkeley, duoc cung cap dudi dang ma ngudn
mé va cé thé chay dugc ca trén moi truong hé
diéu hanh Windows 1an Linux.

NS-2 1a mot chuong trinh bién dich ma Otcl
dugc lién két t6i cac thu vién viét bang C++.
Céc d6i tuong co s¢ trong NS-2 nhu TCP,
UDP, cic giao thic dinh tuyén dugc xdy
dung bang ngdn ngit C++. Pau vao cua NS-2
1a tap 1énh Otcl dugc viét bang ngon ngit TCL
12 ngdn ngit kich ban. Két qua mo phong cia
NS-2 ¢6 thé duoc két xuét ra file text dang
.nam dé c6 thé quan sat bang hinh anh mo ta
truc quan véi Ung dung NAM (Network
Animator), hodc c¢6 thé dugc két xuit ra file
vét tr co dang text dé co thé phan tich, két
xudt va v& dd thi theo yéu ciu ciia nguoi phan
tich v6i cac cong cu nhu Xgraph va GnuPlot.
So d6 cac thanh phan cua NS-2 duoc thé hién
trong hinh 4.

rulation '\ | Simulafisn
Cbject Trace
b Fie
OF¢
WS -—
YTANd (5] foe S
— -
-
A
A Xoragh
A Polsng

Hinh 4. Kién triic ciia NS-2
Dé co thé thuc hién mé phong WSN trong bai
bao nay tac gid co st dung thém mo-dun
MANNASIM [5] 1a m§t cong cu mé rong cho
NS-2 phuc vu cho viéc md phong hoat dong
cua WSN. MANNASIM duogc st dung dé hd
trg NS-2 cling nhu nguoi st dung trong viéc
céu hinh cac kich ban mé phong, diéu chinh
cac thong s trong mang nhu: s lugng node,
vi tri phéan bd cac node, dién tich khu vuc

thuc hién mé phong, kiéu duong lién két...
Sau khi thuc hién md phong mannasim co thé
sinh ra két qua md phong bang cac tép vét
trong do c6 day du thong tin vé tinh trang cia
hé thong mang. Vi du nhu ti 1¢ mét g0i tin, do
tré, mic ning lugng tidu thy... gilp cho
nhitng nguoi nghién ciru ¢6 thé d& dang két
xuit do thi va danh gia.

4.2. Viin dé nguén sinh luu lwong mé phong
Trong bai bao nay, tadc gid xay dung mot md
hinh WSN cho giam sat sticc khoe con ngudi
v&i cac tham sd strc khoe chinh 1a: Nhip tim,
nhiét d6 co thé va huyét 4 ap.

Pé dam bao tinh chinh xac ciing nhu do tin
ciy cua két qua mo phong, cong viéc quan
trong nhét 1a phai tao ra dugc ‘mot nguon sinh
luu lugng c6 phan bo xac suét g10ng Vol céac
dir lidu trong thuc té. Pdi voi cac tham sd
sinh hoc trén co thé nguorl cac dir li€u thu
dugc co phan b kha giong vai phén bd chuan
(normal distribution) trong xac suat thong ké.
Cu thé nhu sau:

Phan b chuan (con goi 1a normal distribution
hay phan b6 gauss) trén R véi gia tri trung
binh (ki hiéu 1a p) va do 1éch chuan (ki hiéu Ia
) la phan bé lién tyc v6i ham mat do:

- -2
(x) = =5
P EXp 202 4

99,7% of the data are within

~ 3 standard deviations of the mean
95% within

2 standard deviations
68% within

«— 1 standard —|
daviation

JZJT

Hinh 5. Phdn phéi chudn
Db thi ciia ham mat do phan bd chuén c6 hinh

céi chudng, trong do trung diém 1a ¥ = H va
1

d6 cao chudng chinh bang ovzm . Hinh 5 cho
thay hau hét xac sudt cua mot phan bd chuan
nam trong doan [u—30,u+ 3'5], chi co
0,3% nam ngoai doan d6. Vi vay, néu X la
mot bien ngau nhién c6 phan bo xac suat la
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phan bd chuan véi cac tham s§ [w,0] thi co
99,7% kha nang gid tri cia X nam trong doan
[0 —30,u+30]

Pay 1a mot phan bd rt quan trong trong xéac
suat thong ké. Vi nhidu phan bd xac suit gip
trong thyc té c6 dang diéu rat gidong véi phan
bd chuan, vi du nhu phén bd chiéu cao cua
dan o6ng, phan bd chi sd IQ, gia chung
khoan... So sanh hinh 5 va hinh 6 ciing cho
thdy sy twong dong vé mat do thi.

L)

Number of pabents

o0 0o 70 0o B0 100
Haoarn rate (bpm)

Hinh 6. Thong ké nhip tim ngueoi triedng thanh

Chinh vi vay trong bai bao nay, tac gia su
dung céc ham sinh luu lugng tuén theo phan
bd chuan duoc tich hop trong cong cu NS-2
va mo-dun Mannasim dé mo phong viéc cam
bién cac thong sd vé nhiét do, nhip tim va
huyet ap trén co thé nguoi. Cac tham s6 nhu
gia tri trung binh (MEAN), d¢ léch chuan
(Standard Deviation) duogc lay tir cac tai lidu
tham khao di duoc trinh bay trong phan 3.2.

4.3. Thiét ldp topo mang va cic kich bin mé phong

Trong phan nay, tac gla s& trinh bay vé viéc
thiét ké topo mang cling nhu lgya chon cac
tham s, chuan cOng ngh¢ s& trién khai cho mo
hinh mang cam bién khong day phuc vu gidm
sat stc khoe. Hinh 7 md t4 topo WSN giam sat
stuc khdée cho 4 bénh nhan trong mot ph(‘)ng
bénh. Cac nat nl n2 n3 n4 dong vai trd cam
bién nhiét do co thé, nat n5 n6 n7 n8 dong vai
trd cam bién nh1p tim, nat n9 nl0 nll nl2
dong vai tro cam bién huyét ap. Nat n0 dong
vai tro 1a nat sink va access point.

Hinh 7. Topo mang gidam sat sirc khde

Céac tham sb duge cai dat trong phﬁn mém md
phong dugc tuan theo bang 5.
Bang 5. Cdc tham s6 mé phong

Tham s Gia tri

Dién tich 5m x 5m

Tong sb nut 12

S6 nt sink 01

S6 nit access point 01

Giao thirc MAC Mac/802_11

Kiéu hang doi Queue/DropTail/PriQueue
D¢ dai hang doi 200

Giao thirc dinh tuyén ~ DumbAgent

Ché d6 nang lugng Battery

Mannasim da cung cap 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 yéu cau (on
demand). Trong bai bao nay tac gia s€ mo
phong sir dung 02 phuong thirc cam bién 1a 1-
continous, 3-event driven. V&i cac tham sb
mo phong tuan theo cac kich ban sau.
Kich ban 1: St dung phuong thirc cam bién
lién tyc, tham sé duoc s dung nhu trong
bang 6.
Khoang cam bién: 0,01s
Kiéu cam bién: Cam bién lién tuc

Bang 6. Kich ban mé phong 1

Tham s6 Gia tri trung Do léch
binh (Avg)  chuin (Std)
Nhiét do co thé 37,5 1,0
Nhip tim 74,0 5,0
Huyét 4p 120,0 10,0

Kich ban 2: St dung phuong thirc cam bién
su kién

Theo dic diém cua mang WSN gidm sat stc
khoe. Yéu t& nhan biét cac thay d6i tham sb
theo thoi gian thuc 1a rét quan trong. Vi vy,
tac gia thir nghiém mot sb thay doi vé gia tri
trung binh va d¢ 1éch chuan cua tin hiéu theo
cac truong hop déac biét. Cac gia tri trung binh
va d6 1éch chudn thay ddi 1a cac gia tri dugc
trich ra tir cac s6 liéu thong ké. Ngoai ra, tac
gia cling dua thém vao cac gia tri ngudng canh
bao cua dir li¢u. Tac gia s€ danh gia kha ning
phén (g clia mang cam bién trong viéc cam
nhédn cac sy kién thiang giang vuot ngudng.
Cac tham s cu thé duoc thé hién trong bang 7
duoi day.

Kiéu cam bién: Cam bién sy kién
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Bang 7. Kich ban mo phong 2

Tham s6 Gid tri Do Ngwong
trung l1éch canh bao
binh chuén (Max
(Avg)  (Std)  Allowed)
Nhiétdo cothé 37,5 5,0 40,0
Nhip tim 74,0 150 90,0
Huyét ap 136,7 16,4  146,0

4.4, Thyc hién mo phong

Trong phan nay, tic gia s& thuc hién chay mo
phong b?mg Ns-2. Sau d6 két xuat thong tin
dé v& do thi bang GnuPlot, str dyung ngon ngix
lap trinh Perl dé phan tich tép vét va dua ra
danh gia, phan tich hiéu nang. Cac script danh
gid hiéu ning duoc viét dya trén cac script
danh gia hiéu ndng mang trong tai li¢u.

Dbi véi kich ban 1 sau khi thuc hién chay mo
phong, cac két qua dugce sinh ra trong cac tép
vét c6 dang nhu hinh 8.

B B Y T T

L — &

Hinh 8. Kéi qua Méphdng
Ta ¢6 thé sir dung céc dir li¢u do dé vé @6 thi
nhu hinh 9 va 10.

120 ¢

‘,'..,. I“ ;l‘ \‘ o “'l-“'.
! ”“ ",“..'1 B "\.

St lota

Hinh 9. Biéu d‘(; dﬁ* liéu cam bién

Hinh 10. Biéu do tré truyén tin

Hodc c6 thé st dung cac perl script dé tinh
toan cac gia tri nhu do tré truyén tin va muc
dd suy hao nang luong

Ngoai ra, ta ciing c6 thé tinh toan duoc mirc
tiéu hao ning lugng. Pay la mt md hinh
dugc cong cu Mannasim gid 14p mo phéng lai
hoat dong cua cdc vién pin trong thyc té bo
tiéu thy pin dugc tinh bing cong sudt cam
bién nhén véi thoi gian cam bién.

Trong kich ban nay mirc tiéu hao pin duoc thé
hién trong hinh 11:

huytran@huytran-virtual-machine: ~/Desk

huytran@huytran-virtual-machine:~/Desktop/
Max: 10 , Min: 8.034321

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

Hinh 11. Mitc tiéu hao pin
D6 tré trung binh khi guri tin hinh 12:
huytran@huytran-virtual-machine:

huytran@huytran-virtual-machine:~/De
huytranghuytran-virtual-machine:~/De
tput.tr

Avg Delay: 4.99764491794841
huytranghuytran-virtual-machine:~/De

Hinh 12. Dg tré trung binh
Thuc hién tuong ty ddi vai kich ban 2:

Trong kich ban nay hé thong s& kiém tra lién
tuc cac sb liéu cam bién thu nhan duoc va so
sanh v61 ngudng dua vao tur kich ban. Chi
nhitng s6 lidu nao co gia tri vuot ngudng thi
m&i c6 canh bao giri vé& Access Point. Do vay,
s6 luong goi tin giri dén Access Point giam di
dang ké. Diéu nay giup giam do tré truyén tin
va muc ti€u hao nang lugng cia cac nut mang.
Truo'ng hop nay, nhom tac gla chi két xuat va
v& dd thi biéu dién nhimng gia tri cam bién
vugt ngudng hinh 13.

Hinh 13. Biéu dé dit liéu cam bién
Do tré truyén tin
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4.5. Mt vai danh gi4 vé hi¢u ning
Nhin vao két quéa dit liéu caa tép vét va do thi
nhén duogc, tac gia dua ra cac nhan xét sau:
- Trong trudong hop st dung cam bién & ché
dd lién tuc, voi sd lugng 12 node cam bién da
giri khoang 42000 ban tin cap nhat dén nut
sink cho mdi loai cam bién trong khoan thoi
gian 120s. Tuy nhién, do tré truyén tin van
nim trong muc chip nhan duoc & khoang
4,5s. Nhu vay theo quan diém c4 nhén, tac gia
cho 1a hé théng dd dap tmg duoc nhu ciu
trong mo hinh gidm sat sirc khoe voi s6 lugng
12 nat cam bién.

00 tre Suag b o bin 3

U

“deay time

Delay Time (3)

Saudsdon Time (s
Hinh 14. Biéu do tré truyén tin

Mirc ti€u hao pin cua kich ban 3

Hinh 15. Miic tiéu hao pin

- Phuong thitc mo phong huodng su kién da
cho thiy sy téi wu trong viéc sir dung WSN
giam sat sic khoe cho con nguoi. Voi didu
kién li tuong, do tré truyén tin trong khoang
2ms nhu hinh 14, muec tiéu thu nang lugng chi
khoang 0,3% dung luong pin/1 phit cam bién
nhu trong hinh 15. WSN véi phuong thic
cam bién hudng su kién rat thich hop cho viéc
theo doi, giam sat va canh bao kip thoi cac
bién dong vé stre khoe cuia con nguoi, vira tao
su thuén tién, thoai mai.

5. Két luan

Trong khuon khé bai bao ndy, nhom tac gia
da thuc hién mo phong va danh gia hi€u ning
ctia mot hé théng WSN cho giam sat sirc khoe
sit dung phan mém moé phong NS-2 va bd
cong cu Mannasim. Cac két qua tinh toan cho
thdy hé théng WSN sir dung chuan 802.11 ¢o
kha ning dap ung duoc cac yéu cau vé hiéu
ning cua mang. Nhitng sy kién cam bién thu
nhén dugc déu duoc gui vé nut trung tam voi
do tré nhoé. Cac su kién thing giang vuot
ngudng cho trudc cling dugc canh bao kip
thoi. Nhu vay, nhém tac gia nhéan dinh, viéc
trién khai hé thong WSN cho gidm sat stic
khoe trong thuc té 1a kha thi. Hé théng nay s&
dem lai su tién lgi cho nguoi bénh khi khong
bi gioi han boi cac két ndi vat Iy. Tuy nhién,
can tiép tuc nghién ctru va danh gia thém cac
yéu t c6 thé anh hudng dén hiéu ning cia hé
théng, vi du nhu trang thdi di chuyén cua
ngudi bénh va cic van d& lién quan dén
ngudn ning luong.
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