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TOM TAT

Trong bi bao nay, ching té1 thue Ién mdt nghién ciru thiét ké nit cim bién khéng diy sit dung
cong nghc Z1gBee du‘a trén module XBee ZB Senal 2 dé danh 14 higu ning cua cde nit eim bién
bao g6m cdc théng sé nhr sau Cong sudt Léu thy, G 1§ truyén ahan go. tin, kha néng dmh tuyén
céu hinh mang a1 kich bin mang chinh duoc dénh gid (1) truyén din tuc tép gita nit
Coordmnator va cdc nit End device trong mé1 trudmg ¢ vat cin v khong cd vt can (u) truyén
déin gon tin  gilfa nit Coordinator dén cac nut End device thdng qua cic mat Router Phin cing cua
it cam bién dugc thiét ké cho lhl nghiém nay gbm ¢6 module truyén thong khang day ZigBee cua
hang Digi Intemalmml Phin mém muén phi XCTU cla Digi International dirgc ding cho vige cau
hinh ¢éc them s va kiém tra module ZigBee ctia mdi nilt cam blEn Sau khi c2u hinh xong, todn
bg mang s& duge mé phong trong thi gian (huc sit dung phin mém X(,l u

Tix khéa: Cong sudt néu thy, Mang cdm bién khéng day, Pinh wayén, Ti 1§ truyén nkan gor un,

XBee, ZigBee

GIGI THIEU

Mang cam bién khdng day (Wireless Sensor
Network WSN) la tap hop cdc nit cam bién
¢6 khi ning ty cAu hinh va giao tiép khéng
ddy vd1 nhau tao thanh mdt mang ludi khi
tridn khai trong kiéu Ad-hoc Mang cam bién
khdng day ngay cing duge str dung nhiéu trong
moi [inh vire, M6t s6 tmg dung hugn nay la giim
sit mor trudmg, hé théng do luong va gidm sat
tai c4c nha may, cac toa nha va bénh vién, ndng
nghiép thdng minh vi ¢ nhitng no1 ma viée cai
it cam bidn va di ddy gap kho khin.

Trong cic cdng nghé khéng day ding trong
mang cam ién (Wifi, Bluetooth, ZigBee) xu
héng hién nay si dung nhiéu cdng nghé
ZigBee [1] va IEEE 802.15.4 [2] do cong suat
tidu the nho, gia thanh thip, d& mo rong
mang, truyén nhin di héu dang tin cay.
Trong nghién clu nay, ching t6i s& nghién
ciru, phan tich hifu suft ciia mét mang cam
bién khéng ddy sa dung chuan ZigBee.
ZigBee dugc xdy dung trén chudn TEEE
802,15 4 dink nghla lap MAC v 16p vt 1y,
hoat déng trong dai tin khong dang ky 2.4
GHz. X4t vé kha ning két néi mang, chun
ZigBee hd trg ba loai giao thirc truyén théng

* Tel: 01689 964729

nhy 14 diém -~ didm, didm - nhidu didm, chu
tric hén két mang lugi. ZigBee cho phép
nhitng thiét bi hoat déng voi chu ky xung
nhip thép, vily do @6 tudi the pin cung cép s€
dwoc kéo dai hon gitip cho cic thiét bi dugc
sir dung rong rai hon trong mang cam bién
khong day Guao thire ZigBee cling co chu'c
ning truyén lhcng da budc, do dé cung cip
mét pham vi truyén thong va ving phii séng
rong lon

Nhimng tac gid trong 3], [5] d4 tdp trung vao
kiém tra nhitng thude tink khdng day (radio)
cua ZigBee nhy 12 khoang cach va dinh thén,
danh gia nang luong sir dung cia cac nit cam
bién, khi nang dinh uyén dva trén ché do lénh
AT. Tuy nhién, bai bao nay s€ tdp trung vao
viée st dung ché dd giao lap trinh wng
dung (A.ppllcatlon Progra.mmmg Interface:
APD) cdu hinh cho cac nit cam bién. Boi i
ché @6 API s& gidm bot dugc nhiing han ché
cua ché do AT [6] Qua dé danh gia mét sé
chi 58 hiBu suat phd bién khi st dung ché do
nay nhu ning lreng s dung caa cac nut cam,
ti & ouyén nhdn gol tin va khd ning dinh
tuyén ciu hinh mang vé1 hai kich ban thi
nghiém trong mdi trudng ¢ Vit can va khéng
vitcan,
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CAU TRUC HE THONG

Noi chung trong mot WSN thi bao gém nhidu
nut End device. Router nhung chi ¢6 duy nhit
mét nit Coordinator v mdt may tinh duge
the hién trong hinh 1
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Hinh 1. Nén téng phin cimg ciia ntit cam bién

Giai phap Phin cimg

l—‘ KHOINGUON

KHOLCAM BIEN s KHOI DIEU KHIEN et “"’!‘)'r';,”v{“"’"

MODULE XBEE

Hinh 2. Sodé khér chire ning ciia mit End device
va Router

Trong thiét ké nay, ching t6i sir dung module
XBee Serial 22 mW [7] tx hang Digi
International. Chirc nang cua module XBee la
thu thap true tiép dir lidu tir cam bién nhiét d6
TMP 36 va truyén tai no ma khéng can mét vi
diéu khién bén ngoai. Viée sir dung mét minh
module XBee co thé gitip kich thudc cia cac
nit cam bién dugc nho gon, trong lugng duoc
gmm té1 thidu. Mt khac, viée khéng sit dung
vi diéu khién ngoal gitp cho viée glam nang
luong sir dung. Diéu nay la mét loi thé quan
trong dé tang tudi tho ciia mang

Cam bién TMP36 la mét cam blen nhiét do
dién 4p thap. Ngo ra dién ap la tuyén tinh theo
ti Ié voi nhiét dé C vanhiét do K [8]. TMP36
khéng yéu ciu phai cé thém mach tinh chinh
bén ngoa dé cung cﬁp d6 chinh xac ¢ nhiét
d6 phong

Trong WSN, nit Coordina(or st dung Kit
Arduino Nano [9] két ndi véi module XBee
dé truyén théng dir lidu gitta WSN voi may
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tinh rhong qua giao di¢n UART. Kit Ardumn Ia
mét nén tang phét tnén dua tren Vi diéu khudy
AVR, n6 dang dugc str dung rit pha bién trong
nhiéu img dung hlen nay vi tinh dé dang trong
14p trinh va két ndi voi cac module khac.

Knéi ngudn

KHOIDIEU KHIEN KHOL THU PHAT
(Ard ) VOTUYEN

Hinh 3. So do khor chire nang cia wit Coordmator
Céu hinh phén cimg

Trong cac thir nghiém cia minh, ching t61 sit
dung phdn mém min phi XCTU duoc cung
cdp béi hing Digi Intemational. Viér phan
mém nay ngudi ding cé thé cip nhit cic
tham sb, nang cdp firmware (Coordinator,
Router, End device) va thuc hién kiém ta
truyén théng d& dang Truyén théng véi
module XBee thi thue hién théng qua bo
mach giao dién USB XBee v&i may tinh sit
dung cap USB nhu thé hién trong hinh 4 Tit
ca cac nut trong mot mang sé& duoc céu hinh
PAN ID giéng nhau véi toc do truyén dlwc
chon 115200bps [5]. Trong ché do API, mtca
dit iéu di vao va roi khoéi module Lnlyen
théng thi dwoc chira trong nhimg khung
truyén cat ma dinh nghia sw hoat déng. Trong
bai bao nay chiing téi sir dung ché 6 APLcd
kiéu khung truyén 1a 0x92 Kich thudc cla
khung la 22 Byte, trong do byte dhu tién 1
byte bit diu c6 gia tn bing OxTE, byte 2,3
cho biét 5 dai cua khung va gia tri clia né
bing 0\0014 byte 4 1a kiéu khung 0x92 8
byte tiép theo la dia chi 64 bit cia thiét bi
ngudn, 2 byte tlcp theo la dia chi 16 biti
nit gm Byte 21. 22 la doc gid tr AD(

|

Hinh 4. Module XBee két n1 vén man
bang grao dién XBee
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Giii phap Phdn mém
Hinh 5, 6 minh hoa phin mém ahing cho nit

cam bién End device hosc Router vi nit
Coordmator.
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Hinh 5. Phian mém nhing cho nit End device
hode Router

KET QUA THU NGHIEM VA DANH GIA
Thi¥ nghiém kiém tra khé niing dinh tuyén
cAu hinh mang

Kiém tra khodng edch giita cde wiit trong mang

Nut End device (hozc Router) doc gid tn nhiét
d6 161 gai vé cho nat Coordinator sau mdi 1
gidy. Sau d6 di chuyén nut End device (hode
Router) ra xa cho dén khi mét két ndi voi iz
Coordinator tir d6 xac dinh duyge khoang cach
tm)‘én - nhdn gifta hai nat. M6 hinh thi
nghiém dwroc thé hién trong hinh 7

et 2o
o TR
s o snip i as ari s |
gudik it

Hinh 6. Phdn mém nintng cho niir Coordinator

 O—— O

Coordinator End Device (hoge Ruuter)

Hinh 7. Khodang cdch hoar dpng ctia 2 it trong mang

- Truong hop khong gian khéng c6 vit can
Trong khf:ng gian khéng c¢d vit cin khoang
cich truyéa - nhan #r nit End device tdi nut
Ceordinator bang 5544 m Két qua nay duoc
tinh bing cach lay trung binh cng cua 10
phép do duce thé hién rong bang |.

Bang 1, K&t qua &0 trong khong gian khong o6 vét can

S8 1n thwc hign

Khodng cach (m)

SE\BQ&QO\A%MN.—
I
|

186 feet (186 %0 3 =55 8m)

186 feet (186 % 0
184 feet (184 % 0
180 feet (184 x 03 = 54m)
186 feet (186 x 0 3 = SS 8m)
188 feet (188 x 0 3 =56.4m)
184 feet (184 x0 3 =355 2m)
186 feet (186 x 9.3 — 35 8m)
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- Trwimg hop khong gian ¢6 vit cin
Thi nghiém nay duge thue hién véi nit Coordinator dit ¢ trong ph{)ng con nit End device
duoc di chuyén ra bén ngods hinh lang. Khi do khoang cich c6 thé truyén - nhan trong khung
gian ¢6 vat can tr mit End device tdi mit Coordinator bang 25.5 m. Két qua nay duge tinh bs.ng
céch 14y trung binh cong cua 10 phép do duge thé hién trong bang 2.

Bing 2. Két gna do trong khong gian ¢6 vét edn

56 1an thue hién

Khogng cdch (m)

DGO NG B L b

0

86 feet (86X 03 =25 Em)
76 feet (76 03 = 22 Bm}
88 feet (88 x 0 3 = 26 4m)
90 feet (90 x 0 3 = 27m)
74 fect (74 x 03 = 22.2m)
80 feet (80 x 0 3 = 24m)
88 feet (88 x 0.3 = 26.4m)
96 feet (96 x 03 = 28 8m)
84 feot (84 x 03 = 25 2m)
88 feet (88 % 03 =26 4m)

Thik nghém md rong 1dm hoat dbng ciia mang
M6 hinh ciu truc dige thé hién trong hinh 8
gdm mét mit End device két ndi véi nit
Router gin nhit. Ban than nit End device
khéng ¢o khd ning dinh tuyén vi thé mit
Router s& thay mit nit End device quan Iy
qué trinh nhin vi g goi tin Trong thy
nghiém ndy khoang cach truyén - nhin ma
duwoe ting 1én (16n hon nhiéu so vai 55 m) thi
ta cé thé dinh g4 nit Router c6 thé thye hidn.
chite néng chuyén tidp goi tm

®«—— O @

Counlator Rover B30 dence
Hinh 8. M6 hinh truyén 1héng qua méi router

Thye hién thi nghiém voi khoang cach tir nic
Coordinator dén nat End device 14 100 m thi
chiing 16i théy mit Coordinator vin nhan dwee
861 tin tir mit End device chitng 16 nit Router
dé hoat déng nhu md hinh dira ra.
Thar nghiém gicn phap dmh tiyén gér tn kin
har niit khong truyén dioe cho nhau
Kh mit Router ! chua két ndi vao mang thi
niit Router 2 khéng thé truyén trpc tiép dén
it Coordinator do ¢6 vat cdn chin & giia 2
nit. Vi vdy khi nit Router 1 tham gia vao
mang thi nit Router 2 s€ ty ddng dinh tuyén
va chuyen g6i tin ciia nd dén nut Router 1 48
truyén v& nit Coordimator MG hinh thi
nghiém diroc thé hién trong hinh 9.

56
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Hinh 9. AG hink truyén giita har mit khi 6 vt cin
Thir nghiém khd nang khér phuc hén két hing
trong dink tuyén mang
Xdy dung mdt mang ludi ZigBee duoc thye
én tw déng vai kén tuc bdi cac thiét bi
ZigBee Niit Cootdinator bil diu mét mang
ZigBee va cac thiét bj khac sau do tham g
vao mang bang cach giri yéu cu lién Kt
mang. ZigBce dugc coi 12 mang tu hinh thanh
(self- fcrmmg networks) Sau khu hinh thanh
mang dé chuyén uép g0l tin tor mét thit bi
dén thiét bi khac, con diromg ton ru nhdt s
duoc lwa chon. Tuy nhién, néu mét trong
nhiing nit Router bi hu héng hoic khing he
giao tiép do can kiét pin cfia nd, mang o thé
Iya chon mot tuyén duong thay thé. Vi thé,
mot trong nhiing dic diém quan trong ohdt
cla mang ludi ZigBee 1 kha ning tu khdi
phuc mang théng qua dinh tuyén mang ludi
Thi nghiém nay sir dung ciu tric mang duqc
thé hién nhu hinh 10.

Hinh 10. Cdx tnic mang phuc hét lién két hong
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Dl tién dit ligu dwgc giri tir nat End device
dén nit Coordinator. Sau dé cho mit End
device tién ra xa mit Coordinator cho déa khi
by ngét két ndi. Sau d6, ching tdi thém it
Router 1 va nit Router 2 viio mang dé chuyén
tiép gof tin ti nit End device dén nit
Coordmator. Sau khi kiém tra chung t6i théy'
g6i tin cia nit End device duge chuyén tiép
qua nit Router 1 dé dén nit Coordinator. Sau
mét khoing thén gian 1am viéc ching 6i tit
nit Router 1 & cho nit End device phai tim
mdt con dudng khac 88 chuyén goi tin dén
nit Coordinator. Kht mit Router 1 tit ching
16i thiy dudmg lién két dit liéu dwoc chuyén
sang nit Router 2 d& chuyén gor tin tir mat
End device dén nit Coordinator. Vay két ludn
mang ¢a kha nang phuc hdi lién két hong

Thir nghiém ti 1¢ rruyén nhdn got un

+ Truwimg hep mdi triwdng khdng 6 vit cin
Nut Coordinator ducc dit cach nuat End
device von khoang cach 25 m Ching 61 sir
dung phin mém XCTU vdi tinh ning range
test ¢ thiét 14p thir nghiém gi 1000 géi tin
tit nut Coordinator dén it End device.

Ima .55 mn Reee 6] e

| wi a5 1
Hinh 11. Ty & truyén nhin géi in & khodng cdch

25m khéng ¢o vt cdn

Két qua thir nghiém chiing t6i thu duoc vot
1000 géi tin glri &i v nut Coordinator thi co
121 géi tin truyén di bt 13i. Nat End device
nhén dugc 860 gon iin, trong qua trinh truyédn
co 18 goi tin bi mét. Ti 14 truyén nhén goi tin
thanh cong 1a 86,09%.
+ Trudmg hop méi trwdmg c6 vit cin
Nut Coordinator va End device duogc ddt
trong hai phong khac nhau vdi khoang gita
hat phong 14 25 m. Sir dung tinh néng range

test cia phin mém XCTU & thidt 1p tha
nghiém gii 1000 gbi tin tr nut Ceordinator
dén nit End device.

Hinh 12. 79 /2 ruvén nhan gor rm & khodng cdch
15m trong mér tredmg co vt can
Két qua thu duoc vé1 1000 géi tin g i tir
it Coordinator thi co 393 gé1 tin truyén di bi
18i. Nut End device nhin dwgc 594 g6i tin,
trong qué trinh truyén c6 13 gét tin bi mAt. Ti
1€ truyén nhin géi tin 1a 59,40%.
Pinh gia ning lwong tiéu thy va dy doin
tudi tho pin
Trong mang cam biér khéng diy thi hién sufit
nang hrong la rét chi s& quan trong vi né anh
hwéng truc tidp dén chu ky séng ciia hé théng
Thay pin thudng xuyén cho nhimng mit cam
bién hit pin trong mang cam bién khdng day
16n 13 Khéng kha thi do sy gioi han v& dia
hinh va khéng gian cling nhu do md1 trudng
nguy mém trong nhitng ¢hd ma cam bién
dugoe dit [10] Bér vay, phuong phap t6t nhit
dé tiét kidm nding luong 14 thist lap co ché
ngu. Viée thue hién do ning lwong tiéu thy
chi duoc thuc hign di véi nit End device va
it Router, con véi mit Coordinator thi nguén
cung cép 12 ngudn luén,
Trong thi nghiém niy, mdt mit End device
duoc ciu hinh trong ché 43 chu ky gidc ngi
(SM=4) va ché dd APL Sau khi truyén din
hoan thanh nit End device s& g vé ché do
ngy dé bér dhu cho mét chu ky ngi khac. Bé
giam sat mic tidu thu hign tai va thor gian
¢ho ché dd hoat ddng ciia cc nit End device,
chung t5 dat mét dién tro véL ga tn R=109
& gitra ngudn cung cp vi ngudn pin cta nit
End device. So 8 thuc hidn phép do duoc thé
hién nhu hinh 13,
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- Trong Bang 3 cho thiy mirc tidu thy ndng
% Twong hién ti v& céc khodng thoi gian trony
? cac ché a6 khac nhau cia mit end device,

8
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Hinh 13. Cdu hinh thi nghém phép do et 3
Trong thi nghiém nay mit Coordinator duoc . "
dat cach ntit End device | m, trong khi dién
p va idu db thai glan cho hoat dong tmyen i P
dir lidu cua nut cam bién dén ndt Coordinator Hinh 14. D0 Jlen ap cung cdp trong viée truyén
duge minh hoa trong hinh 14 dit héu & cdc grai doan khde nhau
Bang 3. Phép do hign tai ciia miit End device
Tham st Giai doan Gid tri
Cudmg 46 dong dién hién Lai trong ché d8 ngd () 1 08mA
Thot gaan biytat cia module thu phat (ty) 3ms
CuEng A6 dong dién trong chd dd baviat cba module thu phal (Tys) 2 10mA
Thén gian tidu thu dién nang cua cée Led va cam bien nhiét db 19ms
twée ki truyén (teg) 3
Cudmg d6 dong dién tiéu (hu cua cac Led va cam bicn nluét 46 18 A
trode kht truyén (fea) L
Théi gran ling ngl\e wrde khu truyén (b, 4ms
Cubng dé dong dién trong ché d6 1ang nghe trude khy u'uysn en (Tyey 4 46 mA .
Tho gian truyén (L) ___4ms
Cuomg 45 déng dicn trong ché d6 truyén (I.s) 5 44 mA
Thén gran lang nghe sau khu truyen () Tms
. Cuu'ng d9 dong dién trong ché d6 lang nghe sau khi truven (I.¢) 6 52mA
LT T o 36V
Dung luong pin 1200 mAh

Dua trén cac phép do thuc té ta 6 thé tinh toan cuong 45 dong dién ¢ m3i ché d6. Gia tri cuong
d6 dong dién trung binh ti€u thu b1 nit cam bidn & truyén mét goi tin dir Iidu dwoc thé hida
trong phuong trinh (1)

L= (lmim)'*(hnﬂ:chu)*(lluﬁm) ¢ Uoetered+lling tinsd a0
od tha

Trong d6° 1 1 thén gian hoat déng cua nit cam bién dwgc tinh toan nhu trong phuong trinh {2}

Thd = oz + teas Tting Flas Flime @

Tir 49 ta ¢6 thé tinh g1a tri cuémg 35 dong didn tidu hao nh saw’

Iy = ‘h_dlhd +{(1- q‘_d)lngl ©]

Trong do: T la thon gian gifta has 14n truyén lign Vay twdi tho tinh theo ngdy clia pin vdi dung
Jwong C (mAh) ¢b thé duge danh gia tir Ly, nhir sau,

_ S/
L=25 @

Dua vao nhiing phén tich trén, ta sit dung phin mém md phong Matlab dé tién hanh danh gia wéi
tho ctia nitt cam bién khdng diy vé1 nhimg gia tri khic nhau cia thoi gian giira hai 1an truyén lién
tiép duce thé kién trong hinh 15.
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Hinh 13. Dur dodn tusi tho pin cria it cam bién
KET LUAN
Trong ba bao nay, ching té1 di ché tao duoc
cic it cam bién khéng ddy sit dung module
XBec ZB Serial 2 dwoc ciu hinh trong ché do
API cho nhiém vu truyén théng va cac mit
cam bién thi khéng sir dung bit ky nén tang vi
didu khién nao. Dua trén céc nit cam bién da
thiét ké, ching 16i da thiét 1dp mot sb thir
nghiém d& dénh gia cdng suét uéu thu, ti &
truyén nhan g&i tin, kha nang dinh tuyén chu
hinh mang cia cdc nit cam bién trong méL
trudng ¢o vt can va khong cé vt can. Van
Két qua du doan cua chung 81, ching 161 ¢
mét sb danh gia nhu sau: 1. Tudi tho ciia nit
cam bién dugc kéo dai do thoi gian sit dung
cho qug trich truyén nhén dir liéu ngdn, 2. Ti
18 goi tin bi 13i va mdt trong qua trinh truyén
giam do dit héu dugc dinh dang Khung
1ruyén, 3, Kha ning dinh tuyén cdu hinh
mang trong ché d5 AP{ clia WNS 14 linh hoat
trong moi cAu tric mang.
Dbi véi cbng viée trong teong lai cha ching
tdi sé phat tnén nut cam bién tich hgp duoc
phiéu thidt bi do hrémg hom, ddng that ché tao

cée nit dicu khién dé xdy dung WSN c6 tinh
hai chidu
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SUMMARY
AN IMPLEMENTATION OF WIRFLESS SENSOR NODES
USING ZIGBEE TECHNOLOGY

Dang Van Nygac'
Fechnology - TNU

Unversity of 1 ard C

In this paper an mmplementation of wircless sensor nodes using zigbee technology based on
module XBee ZR to evaluate the performance of the sensoi node comsisls of the following
parameters. power plion, packet tr: on rate, the abilily 1o configure the network
routing. Two man groups of network scenartos have been evaluated' (1) direct transmissions
between the coordmator and the End device nodes in an environment with ebstructions ard no
obstructions, and (11) transmissions with routers which relay the packet between the coerdinator
and the End device nodes The wireless scnsor node hardware designed for this expenmentation
consists of ZigBee (XBee 82 with 2mW wire antenna) wireless commurucation module Irom Digi
Intenational XCTU software is utilized for configuring and testing the Z1gBee module of each
sensor node. After configuratton, the entire nehwork is simulated in real time usmg XCTU
software

Keywords: Power consumption, Wireless sensor networks, Routing, Packet transmission raie,
XBee, ZigBee
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