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NGHIEN CUtJ THIET KE NUT CAM BIEN KHONG DAY 
SIT DUNG CONG NGHE ZIGBEE 

Dang Van Ngoc* 
Trudng Dai hgc Cdng nghe Thong hn vd Truyen thong - DH Thdi Nguyen 

TOM T A T 
Trong bai bao nay, chiing tfli thuc hi^n mot nghien cihi thiet ke nilt cam bien khflng day sii dung 
cflng nghe ZigBee dua tren module XBee ZB Senal 2 de danh gia hieu nang cua cac niit cam biln 
bao gom cac thflng so nhu sau Cong suat tieu thy, ti 1̂  truyen nhjin goi tin, kha nang dinh tuyen 
cau hinh mang. Hai kich bin mang chinh dupc danh gia' (i) truyen dan true tiep giOa mil 
Coordmatpr vk cac niit End device trpng mfli trudng co v | t can va khflng co vat can, (u) truyen 
dan goi tingitta mit Cpordinator den cac niit End device thflng qua zic niit Router Phan ciing cua 
niit cam bien dupc thiet ke chp thi nghiem nay gom co module truyen thong khong diy ZigBee ciia 
hSng Digi International Phan m^m miln phi XCTU ciia Digi Intemational dugc diing cho vigc cau 
hinh cac tham so va kiem tra module ZigBee ciia mfli mit cam bien, Sau khi cau hinh xong, toan 
bfl mang se dupc mo phong trpng thfli gian thyc sii dung phan mem XCTU 
Tii khoa: Cong sudt lieu th\i. Mgng cdm bien khong day, Djnh tuyen, Ti li truyen nhdn goi tm. 
XBee, ZigBee 

GlQl THIEU 

Mpig cam bien khong day (Wireless Sensor 

Network WSN) la tap hgp cac mil cam bien 
cd kha nang ty cau hinh va giao tiep khdng 
day vdl nhau tgo thanh mdt raang ludi khi 
trien khai trong kieu Ad-hoc Mang cam bien 
khdng day ngay cang dugc sii dung nhieu trong 
mgi lmh vyc. Mgt so ung dung hi^n nay lii giam 
sat moi tnrdng, h? thong do ludng vii giara sal 
tai cac nhii may, cac tda nhii va b^nh vien, nong 
nghiep thong minh vii d nhiing nen mil viec ciii 
d t̂ cam bien va di day gap khd khan, 
Trong cac cong nghe khdng day dung trong 
mang cam bien (Wifi, Bluetooth, ZigBee) xu 
hudng hi$n nay su dung nhieu cdng ngh? 
ZigBee [1] valEEE 802.15.4 [2] do cdng suat 
tieu thu nhd, gia thanh thap, de md rdng 
mang, truyen nhan dii lieu dang tin cay, 
Trong nghien ciiu nay, chiing tdi se nghien 
Cliu, phiin tich hi?u suat cua mdt mang cam 
bien khdng day su dung chuan ZigBee. 
ZigBee dugc xiiy dung tren chuan IEEE 
802.15 4 dinh nghla Idp MAC va Idp viit ly, 
hogt dgng trong dai tan khdng dang ky 2.4 
GHz. Xet ve khii nang ket noi mgng, chuan 
ZigBee ho trg ba loai giao thiic truyen thong 
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nhu lil diem - diem, diem - nhieu diem, cau 
tnic lien ket raang ludi. ZigBee cho phep 
nhiing thiet bi hoat ddng vdi chu ky xung 
nhip thap, vi ly do dd tuoi tho pin cung cap se 
duoc keo dai hon giiip cho cac thiet bj dugc 
su dtmg rdng rai hon trong mang cam bien 
khdng day Giao thiic ZigBee ciing cd chiic 
nang truyen thdng da budc, do dd cung cap 
radt phgm vi truyen thdng vii vimg phii sdng 
rpng Idn 

Nhiing tac gia trong [3], [5] da tap trung vao 
kiem tra nhiing thudc tinh khong day (radio) 
ciia ZigBee nhu la khoang each vii dinh thdi, 
danh gia nang lugng sii dyng ciia cac ntit ciim 
bien, kha nang dinh tuyen dua tren che do lenh 
AT. Tuy nhien, bai bao nay se tap trung vao 
viec sii dyng che dp giao dien lgp trinh iing 
dyng (Application Programming Interface' 
API) cau hinh cho cac mit cam bien. Bdi vi 
che do API se giam bdt dugc nhiing han che 
ciia che dp AT [6] Qua dd dimh gia mdt so 
chi so hieu suat pho bien khi sii dung che do 
nay nhu nang Iuang sii dung ciia cac mit cam, 
ti le tmyen nhan gdi tin vii kha nang dinh 
luyen cau hinh mang vdi hai kich ban thii 
nghiem trong moi trudng cd vat can va khdng 
v&t cim. 
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CAU TRUC HE THONG 

Ndi chung trong mgt WSN thi bao gdm nhieu 
mil End device. Router nhung chi cd duy nhat 
mpt mil Coordinator vii mgt may tinh dugc 
the hien trong hinh I 

• \ . / " 

Hinh 1. Nin ldng phdn cieng cua mil cdm bien 

Giai phSp Phan ciing _ 

Hinh 2. Sa do khoi chuc ndng cua mil End device 
vd Router 

Trong thiet ke nay, chiing toi sii dung module 
XBee Serial 2 2 mW [7] tir hang Digi 
Intemational. Chiic nang ciia module XBee la 
thu thap tnrc tiep dir lieu tir cam bien nhiet do 
TMP 36 va truyen tai no ma khdng can mot vi 
dieu khien ben ngoai, Viec sii dyng mot minh 
module XBee cd the giiip kich thudc ciia cac 
niit cam bien dugc nhd gpn, trong lugng duoc 
giam toi thieu. M t̂ khac, viec khdng sii dung 
VI dieu khien ngoai giiip cho viec giam nang 
lugng sir dyng. Dieu niiy la mdt lgi the quan 
trgng de tang tudi Ihg ciia mang 
Cam bien TMP36 Iii mgt cam bien nhiet do 
di?n ap thap, Ngd ra dien ap \k tuyen tinh theo 
ti le vdi nhiet do C vii nhiel do K [8], TMP36 
khdng yeu cau phai cd them mgch tinh chinh 
ben ngoai de cung cap dg chinh xac d nhiet 
dp phdng 

Trong WSN, mit Coordinator sii dung Kit 
Arduino Nano [9] ket noi vdi module XBee 
de truyen thdng dfl li?u gifla WSN vdi miiy 
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linh flidng qua giao di?n UART. Kit Aiduino la 
mdt nen tang phat tnen dya tren vi dieu khien 
AVR, no dang dugc sii dung rat phd bien trong 
nhieu iing dung hi?n nay vi tinh de dang trong 
1^ trinh va ket noi vdi cac module khac. 

....... 

KHOI O l t t KHltN 
(Arduin a Nano) 

KH6ITHUPHAT 
v o TUVEN 

Hinh 3. Sa do khoi chuc nang ciia nut Coordinator 

cdu hinh ph^n cung 
Trong cac thii nghiem ciia minh, chiing toi sir 
dung phan mera mien phi XCTU dugc cung 
cap bdi hang Digi Intemational, Vdi phan 
mem nay ngudi dung cd the cgp nhSt cac 
tham so, nang cap firmware (Coordinator, 
Router, End device) va Ihyc hien kiem tra 
tmyen Ihdng de dang Tmyen thong voi 
module XBee thi thyc hien thong qua bo 
mach giao dien USB XBee vdi may tinh sir 
dung cap USB nhu the hien trong hinh 4 Tat 
ca cac mit trong mdt raang se duroc cau hinh 
PAN ID giong nhau vdi toe dg trayen dugc 
chgn 115200bps [5]. Tiong che do API, tat ca 
dii lieu di vao vii rdi khdi module trayen 
Ihdng thi dugc chiia trong nhflng khung 
truyen cai mil dinh nghTa su hoat dpng. Trong 
bai bao nay chiing tdi sir dyng che dp API co 
kieu khung truyen la 0x92 Kich Uiudc ciia 
khung la 22 Byte, trong dd byte dau tien la 
byte bat dau cd gm tn bang 0x7E, byte 2,3 
cho bi^t do dai ciia khimg vii gia tri cua no 
bang 0x0014, byte 4 la kieu khung 0x92, 8 
byte tiep Iheo la dia chi 64 bit ciia thiet bi 
nguon, 2 byte liep Iheo la dia chi 16 b i | (^ 

mil glil B)le 21, 22 ladocgiatri A.DC 

Hinh 4. Module XBee ket n6i vdi ma\ li'ili T'" 
bdng giao dienXBee 1 
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Giai p h a p fhha m l m 

Hmh 5, 6 minli hpa phan mem nhiing cho niit 
cam bien End device hoac Router va nut 
Coordinator. 

Niit End device (hoac Router) doc gia t n nhiet 
dp roi giii ve cho nut Coordinator sau moi 1 
giay. Sau do di chuyen nut End device (hoac 
Router) ra xa cho den khi mat ket noi voi mit 
Coordinator tir do xac dinh dupc khpang each 
truyen - nhan giiia hai niit. M6 hinh thi 
nghiem dugc the hi?n trong hinh 7. 

. "i":_-._ 

_.J"T"" 
rrî T r, 

' IL' 

Hinh 5. Phan mem nMng cho mit End device 
hogc Router 

Hinh 6, Phdn mem nhiing cho nut Coordinator 

KET QUA T H U NGHIEM VA DANH GIA 

Thii- nghi@m kiem t r a khS n3ng dinh tuyen 

cau hinh m a n g 

Kiem tra khoang each giita cac nut trong tnang 

Bang 1, Ket qud do trong khdng gian khong co vdt cdn 

Loorainator End Device (iiojc Roiiter) 

Hinh 7, Khodng cdch hoot ddng cita 2 niit trong mang 

- Ti'u&ng hffp khong gian khdng c6 vat can 

Trong khong gian khong c6 vat can khoang 

each tiuyen - nhan tir niit End device tdi niit 

Coordinator bang 55 44 m Ket qua nay duac 

tinh bang each iay trung binh cpng ciia 10 

phep do duac the hien trong bang 1. 

So lan thirc hicn Khoang each (m) 
186feet(186x03 
186 feet ( 1 8 6 x 0 . 3 ' 
182fec t (182x03i 
186 feet (186x0.3-
184fee t (184x03-
180feet (184x03 

186feet (186x03 
188 feet ( 1 8 8 x 0 3 
184feet (184x03 
186feet(186x0.3 

- 55 8m) 
= 55 8m) 
= 54 6m) 
-55.8m) 
= 55 2m) 
-54ra) 

= 55 8m) 
-56,4m) 
= 55 2m) 
- 55 8m) 
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- TrudTig hop khong gian cd vat can 

Thi nghiem niiy dugc thuc hien vdi mit Coordinator dat d trong phdng cdn mil End device thi 

dugc di chuyen ra ben ngoai hanh lang. Khi do khoang each cd the truyen - nhan trong khong 

gian cd v | t can tir mit End device tdi mit Coordinator b ^ g 25.5 m. Ket qua niiy dugc tinh bSng 

each lay trung binh cgng ciia 10 phep do dugc the hien trong bang 2. 

Bang 2. Kit qua do Irong khong gian co vdl cdn 

So lan thuc hien Khoang each (m) 
1 86 feet (86 x 0 3 = 

76 feet (76 x 0 3 = 
88 feet (88 x 0 3 = 
90 feet (90 X 0 3 

74 feet (74 x 0.3 -
80 feet (80 X 0 3 

88 feet (88 x 0.3 = 
96 feet (96 x 0 3 = 
84 feet (84 x 0 3 = 
88 feet (88 x 0 3 = 

= 25 8m) 
= 22 8m) 
= 26 4m) 
= 27m) 
= 22.2m) 
= 24m) 
= 26.4m) 
= 28 8m) 
= 25 2m) 
= 26 4m) 

Thd nghiim md rong tam hogt ddng cda mgng 

Md hinh cau tnic dugc the hi?n trong hinh 8 

gom mdt mil End device ket noi vdi mil 

Router gan nhat. Ban than mil End device 

khong cd kha nang dinh tuyen vi the mil 

Router se thay mgt niit End device quan ly 

qua trinh n h ^ vii giii gdi tin Trong thii 

nghiem nay khoang each truyen - nhgn ma 

dugc tang len (ldn ban nhieu so vdi 55 m) thi 

ta CO the danh gia mit Router co th6 thyc hi?n 

chiic nang chuyen tiep gdi tm 

• < — > o ^ — • • 
CooidiiillQr ROUIH End dentre 

Hinh 8. Mo hinh truyen Ihong qua mgt router 

Thuc hien thi nghiem vdi khoang ciich lir mit 

Coordinator den mil End device la IOO m thi 

chiing tdi thay mit Coordinator van nhiin dugc 

gdi tm tir mil End device chiing td mit Router 

da hoEit dgng nhu md hinh dua ra. 

Thu nghiim gidi phdp dmh tuyin goi tin khi 

hai nut khong truyin duac cho nhau 

Khi mit Router I chua ket noi vao mang thi 

mit Router 2 khdng the truyen tryc tiep den 

mit Coordinator db c6 v^t can chjn d giua 2 

mil, Vi vay khi mit Router I tham gia vao 

mang thi mit Router 2 se tu dgng dinh luyen 

vil chuyen gdi lin ciia nd den mil Router I de 

truy6n ve mil Coordinator Md hinh thi 

nghi?m duac th^ hi^n trong hinh 9, 
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Hinh 9. Md hinh truyen giira bai nui khi co vgi can 

Thd nghiim khd ndng khoi phtic bin kit hong 

trong dinh tuyin mgng 

Xay dyng mgt m ^ g ludi ZigBee dugc thirc 

hi?n ty ddng va hen tuc bdi cac thiel bi 

ZigBee Niit Coordinator b i t dau mdi mang 

ZigBee vil cac thiet bi khac sau do tiiam gia 

viio mang bang each giii yeu cau hen ket 

mang, ZigBee dugc coi la mang lu hinh thanh 

(self-fonning networks). Sau khi hinh thanh 

mang de chuyen tiep gdi tin tir mdt thiet bi 

den thiet bi khac, con dudng toi tm nhat se 

duac lua chgn. Tuy nhien, neu mgt trong 

nhiing mil Router bi hu hdng hoac khong th^ 

giao tiep do can kiet pin ciia nd, mgng cd the 

Iya chgn mdt tuyen dudng thay the. Vi the, 

mgt trong nhiing dac diem quan trong nhat 

cua mang ludi ZigBee la kha nang tu khoi 

phuc mang thdng qua dinh tuyen mang luoi 

Thi nghi?m nay sii dyng cau tnic mgng dugc 

the hien nhu hinh 10. 

•-r- 'X' 
^ ~ 1 J 9 . ' ^ — 

Hinh 10, Can tnic mang phuc hoi hen kel hong 



g Van Nggc T^p chi KHOA HOC & CONG NGH$ 166(06). 53 - 60 

Dau tien dii lieu dugc giii tit mit End device 
den niit Coordinator. Sau dd cho mit End 
device tien ra xa mit Coordinator cho den khi 
bl ngat ket noi. Sau dd, chiing tdi them niit 
Router 1 va mit Router 2 viio mang de chuyen 
liep gdi tin tii mil End device den mit 
Coordinator. Sau khi kiem tra chiing tdi thay 
gdi tin ciia mit End device dugc chuyen tiep 
qua mit Router 1 de den mit Coordinator, Sau 
mpt khoang Ihdi gian lam viec chiing ldi ik 
niit Router 1 de cho mit End device phai tim 
mgt con dudng khiic de chuyen gdi tin den 
mit Coordinator. Khi mit Router I tit chiing 
tdi thay dudng lien ket dii lieu duoc chuyen 
sang mit Router 2 de chuyen gdi lin lir mit 
End device den mit Coordinator. Vgy ket lugn 
mang cd kha nang phuc hoi lien kel hdng 
Thd nghiem ti li truyen nhdn goi tm 
+ Trutmg hop moi trirdng khong cd vat can 
Niit Coordinator duac dgt each mit End 
device vdi khoang each 25 m Chiing tdi sir 
dyng phan mem XCTU vdi linh nang range 
test de thiet lap thii nghiem giii 1000 gdi tin 
tir mit Coordinator den mit End device. 

li^iirif^^'A^'"-

Hinb I I . Tyle truyin nhdn goi tin d khodng cdch 

25m khong co vgt cdn 

Kel qua thii nghiem chiing tdi thu duoc \di 
1000 gdi tin giii di tir mit Coordinator thi cd 
121 gdi tin truyen di bi loi. Nut End device 
nhan dugc 860 gdi tin, trong qua trinh tmyen 
cd 18 gdi lin bj mat, Ti 1? truyen nhan gdi tin 
thanh cdng Iii 86,09%. 
+ Trirdng hgfp moi trirdng cd vat can 
Niit Coordinator va End device dugc dat 
trong hai phdng khac nhau vdi khoang giiia 
hai phdng la 25 m. Sii dung tinh nang range 

test cua phan mem XCTU de diiet lgp thit 
nghiem giii 1000 gdi tin lii mit Coordinator 
den mil End device. 

\'t^C:^,.=^\^r_^ 

MSl i-iCdlBil 
Hinh 12. Ty li tmyen nhgn goi tin a khodng cdch 

15m trong moi trudng eo vdt cdn 

Kel qua thu dugc vdi 1000 gdi lin gui di lir 
mit Coordinator thi cd 393 gdi tin Iruy^n di bi 
loi. Niit End device nhan dugc 594 gdi lin, 
trong qua trinh truyen cd 13 gdi tin bi mat. Ti 
1? truyen nhgn gdi tin la 59,40%, 
Banh gia nang Itrong tieu thu va du* doan 
tudi thg pin 

Trong mgng cam bien khdng day thi hieu suat 
nang lugng lii mdt chi sd quan trgng vi nd anh 
hudng Iryc liep den chu ky song cua h? thong 
Thay pin thudng xuyen cho nhung niit cdm 
bien het pin trong mgng cam bien khdng day 
ldn la khong kha thi do sy gidi han ve dja 
hinh va khdng gian cung nhu do moi trudng 
nguy hiem trong nhiing cho mil cam bien 
dugc dat [10] Bdi vgy, phuang phiip lot nhat 
de tiet kiem nang lugng la thiet lap co che 
ngii. Viec thuc hi^n do nang lugng lieu Ihy 
chi duoc thuc hien doi vdi nut End device va 
mit Router, cdn vdi mit Coordinator thi nguon 
cung cap la nguon ludi. 
Trong thi nghiem nay, mgt niit End device 
duoc cau hinh trong che do chu ky giac ngii 
(SM=4) va che dp API. Sau khi tmyen dan 
hoan thanh mil End device se trd ve che do 
ngii de bit dau cho mdt chu ky ngii khiic. De 
giam sat miic deu thu hi?n lai va Ihdi gian 
cho che dg hoat dpng ciia cac mit End device, 
chiing ldi dat mdt di?n trd vdi giii tn R = 10 Q 
d giiia nguon cung cap va nguon pin ciia mil 
End device. Sa do thuc hien phep do duoc the 
hien nhu hinh 13, 
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Trong Bang 3 cho thay miic lieu thy nang 

lucmg hien tai va ciic khoang thdi gian trong 

ciic che do khac nhau ciia mit end device. 

Hinh 13. Cdu hinh thi nghiem phep da ^ L-̂ ^—" , "̂  

Trong thi nghiem nay niit Coordinator duoc 

dat each mil End device 1 m, trong khi dien 

ap vit bieu do thdi gian cho hoat dpng truyen . . . MIHO™ -I -

dir lieu ciia mit cam bien den mit Coordinator Hinh 14. Do diin dp cung cap trong viic truyen 

dugc mmh hpa trong hinh 14 dii- lieu a cdc giai dogn khde nhau 

Bang 3. Phep do hiin tai cua mil End device 
Tham so 

Cuong dg dong dien hien tai Irons che do npi (Insj) 
Thdi gian bat/tat ciia module thu phat ( t^) 

Cudng do dong di?n trong che do bat/tat ciia module thu phat (Ibc) 
Thdi gian tieu thu dien nang ciia cac Led va cam bien nhict do 

trudc khi truyen (tiĵ s) 
Cudng do dong dien tieu thu ciia cac Led va cam bien nhiet do 

truce khi tmyen (Iisda) 
Thai gian l§ng nghe tnrdc khi truyen ( t^) 

Cudng do dong di?n trong che do Ung nghe trudc khi truyen (Iin4) 
Thdi gian truyen (tirs) 

Cudng dg dong dien trong che 36 truySn (Î -s) 
Thdi gian iang nghe sau khi truyen (tine) 

Cudng d$ dong dien trong chS dd lang nghe sau khi truyen (Ibs) 
Dien ap pm 

Dung luong pm 

Giai doan 
1 

2 

3 

4 

5 

6 

Gia tri 
08mA 

3 ms 
10mA 
19 ms 

18mA 

4 ms 
46 mA 
4 ms 

44 mA 
7 ms 

52 mA 
3 6V 

1200 mAh 

Dua lren cac phep do thyc te ta cd the linh toan cudng dp ddng dipn d moi che dp. Gia tri circrag 

dd ddng dien trung binh tieu thu bdi mit cam bien de truyen mpt gdi tin dii hpu dugc the hien 

trong phuang trinh (1). 

T _ C^btBtbtaHtliBds^eil8>-^('lii4l^in) , tltrs%si+<Iln6tin6^ /n 
^hd T + Z W 

thd ^d 

Trong dd' thd la thdi gian boat ddng ciia niit cam bien dugc tinh loan nhu Irong phuang trinh (2) 

"̂ hd ~ %x2 + *Ied3 + %n4 + ^trS + *ln6 (2) 
Tir dd ta cd the tinh gia Iri cudng dg ddng dien tigu hao nhu sau' 
I t h = ^ I h d + ( l - ^ ) I n g l (3) 

Trong dd: T la thdi gian giiia hai lan truyen lien Vay tuoi dig tinh theo ngiiy ciia pin vdi dung 
,iuang C (mAh) cd the duoc danh gia tit Ith nhu sau. 

^ = ^ (̂ ) 
Dua vao nhiing phan tich tren, ta sii dung phan mem md phdng Matlab de tien hanh danh gia tuoi 

Ihg ciia mit cam bien khdng day vdi nhiing gia tri khac nhau ciia thdi gian giiia hai lan tmyen lien 

tiep dugc the hien trong hinh 15. 
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Hinh 15. Du dodn turn tho pm ciia nia cam bien 

KETLUAN 

Trong biu bao nay, chiing toi da ch^ tgo dugc 

cac mit cam bien khdng day su dyng module 

XBee ZB Serial 2 duac cau hinh trong che do 

API cho nhi?m vy truyen thdng va cac mit 

cam bien thi khdng sii dung bat ky nen tang vi 

dieu khien nao. Dua lren cac mit cam bien da 

Ihiet ke, chiing tdi da Ihiet lap mgt sd thti 

nghiem de danh gia cdng suat tieu thy, ti Ie 

truyen nhgn gdi tin, kha nang dinh tuyen cau 

hinh mang ciia cac mit cam bien trong mdi 

Irudng cd vat can va khdng cd vgt can. Vdi 

ket qua du doan cua chiing tdi, chiing tdi cd 

mgt so danh gia nhu sau; 1. Tudi tho cua mit 

cam bien dugc keo dai do thdi gian sii dung 

cho qua trinh tmyen nhan dii lieu ngan, 2. Ti 

le gdi lin bi Ioi va mat trong qua trinh truyen 

giam do du lieu dugc dinh dang khung 

truyen, 3, Kha nang dinh luyen cau hinh 

mang trong che do API cua WNS la Iinh hoat 

trong mgi cau tnic mang. 

Doi vdi cdng viec Irong tucmg Iai cua chiing 

toi se phat tnen niit cam bien tich hpp dugc 

nhieu thiet bi do ludng hon, ddng thai che lao 

cac mil dieu khien de xay dung WSN cd tinh 

hai chieu 
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SUMMARY 
AN I M P L E M E N T A T I O N O F W I R E L E S S SENSOR NODES 
USING ZIGBEE TECHNOLOGY 

Dang Van Ngoc* 
University of Information and Communication Technology - TNU 

In this paper an implementation of wireless sensor nodes using zigbee technology based on 
module XBee ZB to evaluate the performance of the sensor node consists of the following 
parameters, power consumption, packet transmission rate, the ability to configure the network 
routing, Two mam groups of network scenanos have been evaluated' (1) direct transmissions 
between the coordmator and the End device nodes in an environment with obstructions and no 
obstructions, and (11) transmissions with routers which relay the packet between the coordinator 
and the End device nodes The wireless sensor node hardware designed for this expenmentation 
consists of ZigBee (XBee S2 with 2mW wire antenna) wireless communication module from Digi 
Intemational XCTU software is utilized for configuring and testing the ZigBee module of each 
sensor node. After configuration, the entire network is simulated in real time using XCTU 
software 

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