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KHAO SAT PQ TRE PUONG TRUYEN HE THONG IOT THEO TIEU CHUAN ZIGBEE
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Tom tit: Internet ofThzngs (I0T) la mang ludi cdc thiét bi dwoc két noi internet dé truyén tai die liéu vm nhau ma khong
can dén sw tuong tdc truc tzep gitta nguoi voi nguoi, hay gitta nguoi voi may tinh. Do trée mang, mot yeu 1 quan trong
trong cac ung dung IoT, dac biét la Internet van vdt, c6 thé tao ra nhwng tac ddng tiéu cuwc dang ké. Do do trong khudn kho
bai viét nay nhom tdc gia khdo sdt dé tré trong hé thong IoT theo chudn Zigbee.
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SURVEY ON TRANSMISSION LATENCY IN IOT SYSTEMS
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Abstract: The Internet of Things (IoT) is a network of devices connected via the internet that transmit data with one
another without the need for direct human-to-human or human-to-computer interaction. Network latency, a critical factor
in IoT applications—especially in the Internet of Everything—can have significant negative impacts. Therefore, within the
scope of this paper, the authors conduct a survey on latency in loT systems using the Zigbee standard.
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I. PAT VAN PE

[oT 1a mdt khai niém mo td mang ludi cac thiét
bi vat ly duoc két ndi v6i nhau va co kha nang
thu thap, trao doi dir liéu théng qua mang internet.
Céc thiét bi nay bao gém cac cam bién, thiét bi
dién tir, phan mém va cac cong nghé khac nham
muc dich tao ra mot hé théng thong minh va tu
dong hoa. IoT cho phép cac thiét bi nay giao tiép
khong chi véi con ngudi ma con voi nhau, mang
lai kha ning giam sat, diéu khién va phan tich thong
tin trong thoi gian thuc. Diéu nay mé ra nhidu ting
dung tiém ning trong nhiéu linh vyc nhu y t&, nong
nghlep, giao thong, nha thong minh va cong nghi¢p
san xuat, gop phan nang cao hiéu qua tiét kiém chi
phi va cai thién cht luong cude song.

Zigbee 1a mot trong nhiing tiéu chuan két ndi
[oT dugc st dung rong rai trén toan clu. Vi kha
nang tiét kiém nang lugng, pham vi truyén dan
rong va chi phi thép, Zigbee da trd thanh mot luya
chon phé bién cho viéc trién khai cac hé théng
[oT. B tiéu chuin Zigbee ra doi tur su nd luc
phat trién ctia Zigbee Alliance vao nam 2004,
khi ma cong dong khoa hoc va cong nghé nhan
ra rang cac phuong tién truyén thong nhu Wifi
va Bluetooth déu c6 nhirng han ché khi ap dung
vao nhiéu tmg dung trong linh vuc cong nghiép.
Zigbee dd dugc didu chinh va cung cip mot giai
phap linh hoat, dédp ung duoc yéu cau dic biét
cua cac ing dung IoT, tur d6 gitip tang cudng hiéu
suat va kha nang két nbi cho cac hé théng thong
minh va ty dong hoa.
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II. NOI DUNG NGHIEN CUU

2.1. Do tré trong hé thong IOT

2.1.1. Khdi ni¢m vé dp tré

Do tré mang, mot yéu td quan trong trong cic
ung dung IoT, dac biét 1a Internet van vat, co thé
tao ra nhiing tac dong tiéu cuc dang ké. Trudc
hét, 3o tré mang cao c6 thé 1am giam hiéu suét
cua hé théng, din dén hoat dong cham chap va
khong hiéu qua. Bén canh d0, né ciing c6 thé
gdy ra gian doan trong viéc truyén dir liéu, lam
mat hodc hong thong tin va giy ra sy khong nhit
quan. Viéc dong bo hoa dir liéu giita cac thiét bi
cling c¢6 thé gap kho khin, tiém tang giy ra mat
thong tin quan trong.

Do d6, viéc giam thidu do tré mang la diéu
can thiét dé dam béo hiéu qua hoat dong va trai
nghiém nguoi dung tdi uu trong cac ung dung IoT

2.1.2.Khdi ni¢m dé tré tron vong tiv dau dén cudi

Do tré tron vong (RTT: Round Trip Time) 1a
mdt khai niém quan trong trong mang may tinh,
do luong thoi gian ma mot goi tin mang mét dé di
tir diém bat dau (dau cudi) dén diém két thic (dau
cudi khac) va quay tr¢ lai. RTT thuong dugc su
dung dé danh gia hiéu suét va do tre cua mang,
cling nhu anh huéng cua cic yéu t6 mang khac
nhau dén trai nghiém ngu:(n dung.

Trong qua trinh truyén thong mang, RTT bt
dau khi mot may tinh hodc thiét bi giri mot goi tin
dén mot dich. Goi tin s& di chuyén qua cac thiét
bi mang trung gian, nhu b dinh tuyén va cong cu
tuong lira, trude khi dén dich. Khi dich nhan duoc
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goi tin, n6 s& giri lai mot phan hoi, ma thuong 1a
mot goi tin tin nhén hodc mot phén cua dir liéu
yéu cau ban dau. Thoi gian ma goi tin mat dé di
tir may giri dén may nhan va quay tré lai dugc goi
la RTT.

bé giam thiéu RTT va cai thién hiéu suit mang,
cac quan tri vién mang thuong thuc hién cac bién
phap nhu t6i wu hoéa dinh tuyén mang, sir dung
cong nghé bo dinh tuyén nhanh chéng va thiét lap
cac may chii gan nhau vat 1y hodc logic v&i ngudi
ding. Dong thoi, viée str dung cong cu giam sat
mang dé theo ddi va phén tich RTT cling 1a mot
phu’orng tién quan trong dé duy tri va cai thién hleu
suat mang trong moai truong hoat dong thyc té.

2.1.3. Nhén t6 anh hwéng dén dp tré duong truyén

Trudce tién, topology mang dong vai trd quan
trong. S6 lwong thiét bi trung gian trong mang,
nhu Router va Coordinator, cling nhu khoang
cach giira cac thiét bi c6 thé anh huong dén do tré.
Néu mang c6 nhiéu thiét bi trung gian hodc céc
thiét bi dugc dat xa nhau, do tré co thé tang do tin
hiéu can phai truyén qua nhiéu diém trung gian
hodc quang duong truyén dai.

Thir hai, giao thirc truyén thong Zigbee, nhur
IEEE 802.15.4, cling dong vai trd quan trong. Céc
yéu t6 nhu toc do dir liéu va kich thude gbi dir
lidu c6 thé anh huong dén do tré. Tuy nhién, toc
d6 cao thuong din dén do tré thap hon, nhung c6
thé tiéu t6n nhidu niang luong hon, trong khi kich
thudc goi dir liéu 16n c6 thé ting do tré do thoi
gian truyén dai hon.

Cubi cung, phan cing va phdn mém cua cac

+3.3V

RXD

thiét bi Zigbee ciing anh huong dén do tré. Hiéu
sut cua cac thiét bi, bao gdm ca bo thu phat, bo
xtr Iy va bo nhd, ciing nhu phan mém mang nhu
firmware va trinh diéu khién thiét bi, déu co thé
anh huong dén do tré va hiéu suit tong thé cta
mang Zigbee.

2.2. Phuong phap do dp tré

Phuong phéap do do tré cia Module XBee trong
Céc loai Topology 1a phuong phap RTT. Trong h¢
thong mang khong day sir dung module XBee,
viée do @0 tré 1a mot yéu t6 quan trong dé danh
gia hiéu suit va do on dinh cua két ndi. Mot trong
nhitng phuong phap phd bién dé do do tré 1a st
dung giao thuc ping (RTT).

Ping (Packet Internet Groper) dugc su dung
rong rii dé kiém tra tinh két n6i va do do tré gitra
hai thiét bi trong mang. Trong phuwong phap nay,
mot gbi tin ping dwoc giri tir mot thiét bi ngudn
dén mot dich va thoi gian ma goi tin mat dé di
tir ngudn dén dich rdi quay tré lai duoc do lam
thoi gian (RTT). Trong mang st dung module
XBee, ping co thé duoc su dung dé do do tré gitra
hai thiét bi XBee hodc giita mot thiét bi XBee va
mot thiét bi mang khac nhu mdy tinh hoac thiét
bi mang IoT khéc. Bang cach niy, ta ¢6 thé danh
gia dugc su 6n dinh cua két ndi va toi wu hoa hiéu
suat truyén dit liéu trong mang XBee.

Pé thyc hién do do tré trong mang sir dung
module XBee, ta di tién hanh mot thi nghiém
thyc té bang cach két néi mot module XBee S2C
v6éi mot bo mach Arduino. Trong thur nghiém nay
da duoc thuc hién cac budc sau:
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Hinh 1: Két néi Xbee S2C véi Adruino Nano

2.3. M6 hinh khao sat.

2.3.1. Thiét ké cdc mé hinh topology

a. Topology 1

Dua trén cau tric ciia mang ludi Star, topology

1 duoc thiét ké voi mot diém trung tam 1a Coor-
dinator va ba thiét bi cudi 1a Enddevice duoc két
ndi truc tiép v4i Coordinator. Qua trinh gui tin
hiéu nhu hinh 2:
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Hinh 2: Topology 1
b. Topology 2.

Dya trén cdu trac cua mang ludi Tree,
topology nay dugc thiét ké voi bén nat, bao gdom 1
Coordinator, 1 Router va 2 Enddevice. Enddevice
A duoc két ndi truc tiép v6i Coordinator, trong

Coordinator

( Router

N

¢ Enddevice N
- D

L A 4

B

khi Enddevice B duoc két ndi voi Router. Router
cling dugc két ndi vdi Coordinator, tao thanh mot
ciu tric mang ludi hiéu qua va linh hoat. Qua
trinh giri tin hiéu tir End Device A dén End Device
B dién ra nhu hinh 3:
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Hinh 3: Topology 2

c. Topology 3

Dua trén cu triic cia mang ludi Tree, topology
nay dugc thiét ké voi bdn nit, bao g@)m 1 Coordinator,
1 Router va 2 Enddevice. Ca Enddevice A va End
Device B déu dugc két ndi truc tiép voi Router va
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Hinh 4:

2.3.2. Thiét ké bai do

Khao sat kha nang hoat dong ciia module XBee
S2C trong cac diéu kién méi truong ngoai troi
khong c6 vit can thi két ndi khong day thuong
dat duoc hiéu suét tt hon. Tuy nhién, trong céc
tmg dung thuc té, két ndi thudng phai vuot qua
cac rao can nhu cay cbi, toa nha, hodc su che chan
cta dia hinh. D3 tién hanh do do tré & cac cu ly
khac nhau dé danh gia kha ning hoat dong cua
module XBee trong diéu kién méi trudng ngoai
troi1. Cac cu ly dugc chon bao gém 50m, 100m va
200m, phan anh cac khoang céach thuc t& ma mot
hé théng mang c6 thé phai van hanh trong céc
ung dung ngoai troi, trong khong gian nay cac
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Router nay lai két ndi voi Coordinator. Didu nay
tao ra mot cau trac mang ludi linh hoat va phan tan,
cho phép truyén thong dé& dang giita cac nat trong
mang. Qua trinh truyén tin hiéu tir Enddevice 1
dén Enddevice 2 dién ra nhu hinh 4:
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Topology 3

node dugc dit cach déu nhau theo timg khoang
cach khac nhau.

2.4. Két qua mé phong

2.4.1.Po thoi gian tré
Duéi déy 1a cac két qua do thoi gian tré tron
vong (RTT) tir diém A (End 1) d&n diém B
(End 2) v6i khoang cach cac node ( End A -
Coor - End B) bang nhau topology 1 duogc biéu
dién bang cac do thi dudi day, d6 thi thé hién
su thay d6i cuia d6 tré mang theo thoi gian cho
cac khoang cach khac nhau tir 50m, 100m dén
200m, truc hoanh biéu thi thoi gian (mdi 3 gidy)
va truc tung biéu thi do tré (ms):
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Hinh 6: Do thi the hién do tré Topology 2 voi khoang cach: a) 50m; b) 100m, c) 200m.

Do d6 tré Topology 3:
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Hinh 7: D6 thi thé hién do tré Topology 3 véi khodng cdch: a) 50m; b) 100m; c) 200m.

Dua trén dit liéu do thi, o rang théy do tré
ctia mang tang theo chiéu dai khoang cach. Piéu
dang cha y 1a sy dong chuyén dang ké trong
do tré, dic biét 1a o cac khoang cach 100m va
200m. Trong pham vi nghién ctru, khoang cach
200m ndi 1én véi d6 tré trung binh cao nhit,
dat khoang 258 (ms), cung voi muc bién dong
16n nhat. Diéu nay phan anh mot anh hudng rd
rét ciia khoang cach 1én d6 tré mang. Ngoai ra,

khoang cach 100m cé do tré trung binh khoang
220 (ms), vuot cao hon so voi khoang cach 5S0m
véi @0 tré trung binh khoang 201 (ms), va ciing
c6 su bién dong dang ké. Két qua nay manh
m& cho thiy sy ting 1én dang ké cua do tré khi
khoang cach gia tang.

2.4.2. Do théi gian tré trung binh

Duéi day 1a thoi gian tré trung binh cla cac
Topology trén duogc thé hién qua db thi nay:

Do tré & khoang cach Do tre ¢ khoang cach Do tré ¢ khoang
203 50m 100m cach 200m
202.5 2215 260
202 21 259
201.5 2205 258
o 0 257
256
200.5 2195 255
200 219 y
2185 Chart Area
199.5
B TOPOLOCHY 1 M TOPOLOCHY 3 = TOPOLOCHY 1 m TOPOLOCHY 3 = TOPOLOCHY 1 m TOPOLOCHY 3
= TOPOLOCHY 2 = TOPOLOCHY 2 = TOPOLOCHY 2

Hinh 8: D6 thi thé hién d¢ tré trung binh ciia cac Topology trong khéng gian tir do
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Dua trén dd thi, ta c6 thé nhan ra mot s6 diém
noi bat vé do tré mang ciia topology (Topology 1,
Topology 2 va Topology 3) khi truyén dan dir liéu
qua cic khoang cach 50m, 100m va 200m: D¢ tré
mang cua ca 3 topology déu co xu huéng ting
dan theo khoang cach: Topology 1 thudng c6 do
tré thap nhét, sau d6 1a Topology 2, va Topology
3 ¢ do tré cao nhit trong ba loai, Topology 1 va
Topology 3 déu doi hoi dir lidu di qua 3 nut, trong
khi Topology 2 yéu cau dit liéu di qua 4 nat. Do
d6, s6 lugng nut ma dir lidu phai di qua dong vai
trd quan trong trong viéc anh huéng dén do tré
mang. Khi khoang cach truyén dan tang Ién, viéc
tang s6 lugng nut ma dir lidu phai di qua ciing dan

dén sy gia ting do tré. Do d6, Topology 2 ¢6 do tré
cao nhét trong ca ba loai do yéu cau dit liéu di qua
mot s6 lwong niit nhiéu hon so voi hai Topology
con lai.

1. KET LUAN

Zigbee 12 mot giao thirc tidu chuan phd bién
trong linh vyc IoT, khoang cach truyén dai ciia
Zigbee 12 mot vu diém dic biét quan trong khi
trién khai hé thong IoT trong cac khu vuc rong 16n
hodc ¢6 nhiéu cdu trac vat 1y phirc tap. Zigbee c6
thé truyén dan dir liu qua cac vat can nhu tuong
hoic cu trac kim loai mdt cach hi€u qua, cho
phép nd hoat dong tét trong cic mdi trudng cd
nhiéu ngd ngach hodc ving dia 1y kho tiép can.
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