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Tom tit: Hién nay, cong nghé truyén thong khong ddy Bluetooth léi (Bluetooth
mesh - BM) dang rdt phdt trién va c¢é nhiéu img dung, trong do, phé bién la img dung trong
cdc hé thong chiéu sang trong nha. Khi trién khai mét mang BM, ¢é nhiéu thong sé cdu hinh
ma hién tai, ngwoi dimg phai tw lwa chon nhir s6 lan truyén lai tin nhdn, thoi gian giita cdc
lan truyén, tinh ndng chuyén tiép tin nhin, TTL (time-to-live)... Va dé cung cdp thém co so
cho viéc lua chon thong $6 cdu hinh phu hop, nghién ciru nay sé thuc hién danh gia su anh
hieong ciia mot trong cdc thong sé cau hinh nay t6i chat hrong ciia mang. Cu thé, nghién ciru
€ sir dung mé phong dé danh gid thong so cdau hinh la tinh ning chuyén tiép cua nit mang,
va tiéu chi danh gid chdt lwong mang la dg tré diem-tGi-diém va ti 1é chuyén giao g6i tin véi
kich ban 1o hé thong chiéu sang trong nha.

Tir khéa: Bluetooth luéi, chiéu sang théng minh, cdu hinh mang, nit chuyén tiép, chdt
lwong mang.

I. Pit vin dé vue, phd bién 1a hé thdng diéu khién chiéu
sang, hé thdng giam sat, cac thiét bi gan
nhan... Theo du bao cia Bluetooth [1],
t6i nam 2027, ¢6 khoang 7.6 ty thiét bi
Bluetooth duoc san xudt, trong dé, Ging
dung diéu khién chiéu sang chiém khoang

Bluetooth ludi (BM) dugc phat
hanh vao nam 2017 la budc phat trién 16n
ctia Bluetooth. BM cho phép két n6i hang
nghin thiét bi trong mot mang, dem dén

kha niang md& rdng rat 16n, dong goép vao
su phat trién cua internet van van hién

nay. BM dugc tmg dung trong nhiéu linh

" Truong Pai hoc Mé Ha Noi
" Bénh vién da khoa tinh Dak Nong

27%. Hé thdng chiéu sang thuong dugc
trién khai trong méi truong trong nha nhur
van phong, ctra hang ban 1é, nha may hay



cAc trung tdm thuong mai, nham tiét kiém
nang luong, nang cao hi¢u qua van hanh
va trai nghiém nguoi dung [2].

Viéc nang cao trai nghiém nguoi
dung chinh 13 nang cao chét lugng mang,
vi du nhu do tré truyén tin giira diém-diém
(End-to-end delay — E2ED), ti 1& chuyén
giao thanh cong goéi tin (Packet delivery
ratio — PDR)... PDR la mét trong céc tiéu
chi quan trong nhat dé dénh gia chét luong
clia mang, va ching ta luén mong mudn
gia tri PDR nay la 100%, tirc 1a géi tin nao
guri di trong mang ciing déu dén duoc t6i
dich. Vi du, ngudi ding ra yéu cau tat 100
deén thi 100 dén phai tit, khong thé chi c6
99 dén tit, 1 dén van con sang. Tuy nhién,
trong mang khong day, dé dat PDR 100%
1a didu kho, vi c6 nhiéu yéu t6 ¢ thé dan
dén viéc goi tin truyén trong khong khi
bi mét nhu vat can, suy hao, nhiéu, hay
xung dot do cting mot thoi diém c¢6 qua
nhiéu thiét bi gan nhau cung truyén... Va
vi BM la mot loai mang khong day nén
cling s& dbi mat v6i nhiing van dé nay.
Déi véi E2ED, chiing ta ludn mudn gia tri
cang nho cang tot. Vi du, ngudi dung ra
yéu cau bat 100 dén, néu E2ED 16n, thi
khoang cach thoi gian gilra cac bong den
duoc bat 1én s& 16n, diéu nay tao cam giac
hé théng khong chay muot ma; con néu
E2ED rét nho, thi cac bong dén sé bét lén
gan nhu dong thoi va tac thi, s& dem dén
trai nghiém t6t hon.

Trong chuén BM, ¢6 nhiéu c4u hinh
anh huong dén viéc guri di mot tin nhan nhu
thoi gian gitra cac lan gii, s6 lan giri lai
mot goi tin, s6 luong nat tham gia chuyén
tiép goi tin, va s luong hop hay TTL ma
g6i tin ¢6 thé dugc gui lai trong mang...
Do vy, can thiét dé biét duoc hoac danh
gia dugc sir anh huong, tac dong cuia cac
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cAu hinh nay dén chat luong ctia mang, dé
tir d6 ¢6 co so lya chon cdu hinh phi hop.
Mic dii ¢6 nhiéu thong s6 cdu hinh, ciing
nhu nhiéu tiéu chi vé chét luong mang,
nhung & nghi€n clu nay, tac gia s& chi
chon mot thong s6 cau hinh 1a tinh ning
nut chuyén tiép dé danh gia chit luong vé
hai ti€u chi 1a E2ED va PDR, nhiing thong
sO va tiéu chi khac s& thur nghiém & céc
nghién ctru sau. Va nhu da néu ¢ trén, BM
dugc tmg dung nhiéu trong hé thong chiéu
sang trong nha, nén nghién ctru sé 13y kich
ban 1a hé thong chiéu sang trong nha dé
thuc hién danh gia.

II. Kién tric va mdt s6 khai niém
cua Bluetooth lwéi

BM la mét giao thirc mang ¢6 kién
truc phan 16p dugc xay dung dua trén
ngin xép giao thirc BLE (Bluetooth Low
Energy) ma Bluetooth da xay dung trudc.
Theo déc ta Mesh Profile [3], cac 16p tir
trén xudng dudi ciia BM nhu sau:

-Lép moé hinh: Thuc hiéc viée
chuin héa cac yéu ciu ciia nguoi ding
hoac tir cac 16p cao hon khac thanh cac
md dugc quy dinh trong Bluetooth Mesh
Model [4].

- L6p mo hinh nén tang: Trién khai
cac trang thai, tin nhan va md hinh can
thiét dé quan ly va cau hinh mang.

- L&p truy cap: Quy dinh, kiém soat
dinh dang, ma hoa va gidi ma dir li¢u (ing
dung.

- L6p van truyén trén: Cung cap
tinh bao mat cla tin nhin truy cap thong
qua viéc ma hoa, giai ma va xac thuc dir
liéu Gng dung.

- LSp véan chuyén dudi: Xir ly viée
phéan doan hay lép rép céc tin nhin.
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- L6p mang: Xac dinh xem tin nhin
¢b dugc nhan dé xur ly tiép hay chuyén
tiép tin nhan di hay khong, dong thoi ciing
ma héa va xac thuc dir ligu.

- Lp mang: Quy dinh cach trao doi
tin nhén gitra cac nut.

- Lép dac ta 161 BLE: Lép nay su
dung ngan xép BLE.

Céac thiét bi thuoc mot mang BM
dugce goi 1a nut (Node) hay thiét bj da
dugc cap phép, con nhiing thiét bi khac
goi 12 thiét bi khong dugc cap phép. Trong
mdi nit s& co cac phén tir (Element) dugc
dinh danh bdi mot dia chi. Mot nut phai
¢ it nhat mot phﬁn tor, va dia chi cia
phﬁn tor dau tién duge coi 1a dia chi cua
nat d6. Trong BM c¢6 3 loai dia chi: don
(Unicast), nhdm (Group) va ao (Virtual).
Khi mot nut guii tin nhin s& kém theo dia
chi dich cua tin nhan. Néu dia chi dich la
loai dia chi don, thi chi c6 mét nut s€ dugc
nhan tin nhin d6, trong khi néu guri ti loai
dia chi nhém hodc 4o, thi ¢ thé c¢6 nhiéu
nat cung nhan dugce tin nhin d6. BM xay
dung co ché trao ddi tin nhin nay 13 co
ché xuat ban/dang ky (publish/subscribe).
Tirc 1a mot nat mudn gii tin nhan di, n6
s& thuc hién viéc xuét ban tin nhin dé di,
va cac nat nhan s€ thuc hién dang ky theo
dia chi, néu nat nao nhan dugce tin nhin
c6 dia chi la dia chi n6 da dang ky thi
nat d6 s& xur 1y tin nhan d6. Cac tin nhin
trong BM co6 thé chia lam 2 loai 1a loai
tin nhan c6 phan hdi (ntt nhan can gui tin
nhén phan hdi lai cho nit gui) va loai tin
nhin khong phan hdi (nat nhan khong can
gui tin nhan phan hdi lai cho ndt gui). Co
ché trao dbi tin nhan cung voi loai dia chi
nhém rat phit hop cho céc hé thong chiéu
sang. Boi vi ching ta thuong diéu khién

nhiéu dén cung ltc, thi khi sir dung mang
BM, chiing ta chi can cai dit cac dén do
dang ky t&i mot dia chi nhom nao do, va
khi mudn diéu khién ca nhom nay, chi can
xudt ban tin nhan t&i dia chi nhom, thay vi
phai xudt ban yéu cdu t6i timg deén, s& mat
rat nhiéu thoi gian.

Céc nut trong BM ngoai chuc nang
co ban 1a trao d6i tin nhén, chung cé thé
duoc cdu hinh dé c6 thém mot sb chuc
nang khac gém:

- Tinh nang chuyén tiép (Relay): nit
¢6 tinh niang chuyén tiép c6 thé goi la nit
chuyén tiép (Relay node). Theo ciu hinh
cua BM, moi nut dugc dat mic dinh la
nat chuyén tiép. Nut chuyén tiép cho phép
phat lai tin nhén né nhan duge, tir d6 tin
nhin ¢6 thé lan truyén di toan mang. Mbi
tin nhén khi duoc xuét ban, n6 s& duoc dat
mdt gia tri TTL (Time To Live, gia tri tdi
da va mac dinh la 127), gia tri nay cho biét
tin nhén nay c6 thé dugc chuyén tiép bao
nhiéu lan. Khi mét nat chuyén tiép nhan
duoc mdt tin nhén, néu nut théiy tin nhin
nay c6 thé chuyén tiép duoc, va gia tri TTL
van con 16n hon 1 thi tin nhin d6 s& duoc
chuyén tiép, ddng thoi TTL sé& bi giam di
1. Pay la tinh nang giup hinh thanh nén
cong nghé ludi cia Bluetooth.

- Tinh ning cong sut thdp va tinh
ning ban: nut ¢6 tinh ning cong suit thap
¢6 thé goi 1a nit cong suat thap (Low
Power Node — LPN), nut ¢ tinh nang ban
goi la nat ban (Friend Node). Nut LPN s¢
thuong xuyén & trang thai ngu, va dinh
ky s& thire ddy dé hoi nat ban (da két ban
trude do), kiém tra xem c6 tin nhin nao
gui toi n6 khong, néu co thi nit ban s& gui
lai cho nat LPN. Nut ban ¢6 nhiém vu la
nhan va luu lai nhitng tin nhin g tGi nit



LPN, va gui lai nat LPN khi nat LPN d6
yéu ciu. Vdi co ché nay, nat LPN s& dam
bao tiét kiém duoc ning lugng ma khong
so bi mat tin nhan.

- Proxy: nut c6 tinh nang Proxy c6
thé goi 1a nit Proxy. Tinh ning nay cho
phép 1 nat c¢6 thé trao ddi cac tin nhin
trong mang BM t6i céc thiét bi Bluetooth
khac khong hd trg BM.

II1. Kich ban thir nghiém va thong
s0 danh gia
3.1. Kich ban thir nghiém

Nhu da néu & trén, tac gia sé thu
nghiém d4nh gia mot hé thong chiéu sang
trong nha. Hé thdng chiéu sang trong nha
thuong ¢o cac thiét bi nhu dén (thuong bd
tri dang ludi va cach nhau khoang 2-3m),
cac cam bién (cam bién chuyén dong, anh
sang...), cong tic va thiét bi diéu khién
trung tam. Cac thiét bi déu duoc cip phép
tham gia chung mot mang BM dé ching
¢6 thé giao tiép v6i nhau. Thiét bi diéu
khién trung tdm hay con goi 1a Gateway,
1a thiét bi c6 két ndi internet, giup giao tiép
dugc véi may chu/ ddm may, tir d6 ngudi
dung c6 thé tuong tac, diéu khién tir xa;
ddng thoi ¢6 kha nang giao tiép vdi cac
thiét bi trong mang BM. Vi hé thong ¢
Gateway, cac tuong tac gitra nguoi dung
va cac hé théng dén, cam bién déu gian
tiép thong qua Gateway: nhan cac yéu cdu
bét/tét, cdu hinh dén/cam bién tur nguoi
ding va gui ti cac thiét bi tuong ung;
thu thap cac dir liéu gui tir cam bién dé
xtr ly tai chd hodc ddy 1én may chi/ dam
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bi trung gian va tuong tac vGi moi thiét
bi trong mang BM, nén Gateway thuong
dugc dat & vi tri gitra hé théng dé dé dang
két néi.

Tu cac dac diém cia hé théng chiéu
sang trong nha néu trén, tac gia thuc hi¢n
md phong mot mang nhu sau: mang gdm
100 thiét bj (nut mang) dugc bd tri dang
ludi, cach nhau 2m nhu Hinh 1; chi xét cac
nat thuong (tie chi ¢6 tinh ning chuyén
tiép hodc khong c6 tinh nang chuyén tiép,
khong xét tinh nang LPN); ¢6 4 nat phat dir
lidu (v6i tan s6 phat dir liéu 1a 4 Hz), trong
d6 ¢6 3 nat dong vai trd nhu cac cam bién,
I nat dong vai tro nhu Gateway, dir liu
dugc giri boi cac cam bién toi Gateway
béng cach dat dia chi cho géi tin la dia chi
don cua Gateway, trong khi d6, Gateway
s& glri yéu cau tdi toan bo niit trong mang
bang cach giri t&i dia chi nhom dac biét 1a
0xFFFF (do BM quy dinh). Céc gié tri vé
thoi gian, s6 1an truyén lai sé& sir dung gia
tri mac dinh theo dat ta cua BM. Téng hop
céc thong sé md phong & trong Bang 1.
Thong s6 mé phong Béang 1.

So dd bo tri mang Bluetooth mesh
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Thong sb Gia tri
S6 luong tin nhin mdi nit nguon g 30
THc do nat nguodn gii 4 gdi tin/giay
Khoang thoi gian truyén ¢ 16p mang va gdi tin chuyén tiép 60 ms
Khoang thoi gian quang bé va quét 20 ms va 30 ms
Hé sd tap 4m va cOng suat truyén 0 dB va0dBm
Khoang céch giffa cac nit va pham vi nhan dif liéu 2mva9m

Vi nghién ctu danh gia anh huong
ctia cu hinh nat chuyén tiép, nén tac gia sé
thir nghiém mang trén & cac kich ban khac
nhau vé c4u hinh nat chuyén tiép trong
mang. Cu thé, nghién ctru s& thir nghiém
4 kich ban twong tng vdi viéc chon ngau
nhién cac nut lam nat chuyén tiép theo
khoang 25%, 50%, 75% va 100% tong
nat, cac nit con lai 1a nat khong chuyén
tiép. bbi véi mdi kich ban, nghién curu s¢€
md phong lap lai 10 1an, mdi lan s& khac
nhau vé& thoi diém bét du truyén tin cua
4 nat (ngau nhién trong 200 ms), tic 1a 4
nut c6 thé s& khong bat ddu giri cling mot
thoi diém nham tao su bt d(‘?)ng bd. tang
tinh khéach quan cho viéc mo phong hon.

TU nim 2019 dén nay, MATLAB
da phat hanh cong cu Blueooth cho phép
mb phong mang BM véi trién khai day dii
cac 16p trong kién tric cua BM [5]. Do
vay, tic gia s& s dung cong cu ndy dé mod
phoéng cac kich ban.

3.2. Théng s ddnh gid

Goi N la téng s6 nut trong mang,
N(i) biéu dién nut thtr i trong mang va
iGW 1a chi sb cua nut gateway. Khi thuc
hién mé phong thudt toan Ian thir isim,
voi , s€ thu thap cac tham sb sau:

- recv(i): 13 tong cac tin nhin duoc
nhan boi nit tha i.

- trans(i): 1a téng cac tin nhin duoc
gui téi nut thu i.

- e2ed(i): 1a tong tré ctia cac tin nhin
duogc nhan boi nuat thir i

Tir cac tham sd nay, sé tinh toan hai
thong so:
- Trung binh PDR cua mang & lan
mo phong thir isim:
N recv(i)

PDR;sim =
BN trans(i)

(M

Trung binh E2ED cuia cac tin nhin
gui boi Gateway t6i toan bd mang & lan
mo phong thir isim:

N e2ed(i)
i=Li%6W rocp (D) (2
E2EDigi, = N—1 @ @

(N-1 1a téng sb nut khong phai nit
gateway)

Tu cac thong s6 PDRi va E2EDi, s&
tinh toan va thu dugc hai thong sb:

YIS PDR;

PDRgyy = =" Il\lsim : 3)
YNsum g2ED,

E2EDqpg = ==t (4)

Hai thong s6 nay s& dugc dung dé
danh gia. Troqg do, PDR, la trung binh
cua ti I¢ chuyén giao goi tin trong mang
va s& dugce dung dé danh gia chat luong
vé ti 1& chuyén giao g6i tin (PDR) cua
mang. Nhu di néi & phan trude, cac yéu
cau cua nguoi ding s& dugce giri téi cac
nat trong mang thong qua nut gateway.
Do d6, nghién ciru s€ sir dung E2ED, 1a
do tré trung binh clia cac gi tin giri tir nat
gateway ti toan bd mang dé danh gia chat
luong chung vé do tré (E2ED) cuia céc tin
nhin yéu ciu tir ngudi ding.




Ngoai ra, nghién ctru ciing tinh dén
d6 1éch chuan ciia PDR va E2ED dé cung
cip thém thong tin khi danh gia. Cong
thic tinh do 1éch chudn s cua tap dir lidu
x (x & day co thé 1a PDR va E2ED) c¢6 N
phan tir nhu sau:

IV. Két qua
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Hinh 2. Két qua chdt heong mang 6 cdc kich ban khdc nhau:
a) Theo gia tri PDR b) Theo giad tri E2ED

Hinh 2 1a két qua md phong. Nhin véo
két qua, ta c6 thé nhan xét duoc ngay ring ciu
hinh nut chuyén tiép anh huong rat nhiéu dén
PDR va E2ED. Cu thé & Hinh 2.a, & truong
hop tat ca nit déu Ia nat chuyén tiép, PDR
trung binh dat 95.12%, véi d6 léch chuén 16n,
trong khi & céac truong hop 25%, 50%, 75%
tong sb nat 1am nit chuyén tiép, déu c6 PDR
16n hon 98% véi do 1éch chudn nho, trong
do, cao nhét 1a 98.72%, cao hon truong hop
100% nut chuyén tiép 1a 3.6%. Pay duoc coi
14 gié tri 16n. Ngoai ra, két qua ciing cho thdy
rang khong phai cang nhiéu nit hay cang it
nat chuyén tiép s& cang thu duge PDR tét.
Con ddi v6i E2ED & Hinh 2.b, ¢6 thé thay 16
rang & trudng hop 25% c6 do tré trung binh
nhé hon rét nhiéu so véi trudng hop 100%
nit chuyén tiép (0.09s so véi 0.216s). Hon
nita, két qua dang cho thdy mdi quan hé ring
cang it nut chuyén tiép thi E2ED cang nho,
nhung van can phai thir nghiém, nghién ctru

thém dé co thé ket luan dugc vé moi quan hé
nay c6 chinh xac hay khong.

Tom lai, tir cac két qua nay, ta co thé
rit ra dugc 2 két luan nhu sau:

1. Céu hinh nat chuyén tiép c6 anh
hudng nhiéu dén chét lugng mang vé PDR
va E2ED.

2. Céu hinh mic dinh (100% nat
lam nat chuyén tiép) s& khong dam bao
ludn ¢6 duogc chat luong mang tot nhit vé
PDR va E2ED.

Ngoai ra, viéc lua chon cAu hinh nut
chuyén tiép phi hop hoan toan c6 thé gitp
nang cao thém cht lugng mang. Diéu nay
1a co s dé mo ra cac bai toan nghién ctru
d6 1a 1am sao dé lua chon duoc cau hinh
nat chuyén tiép phu hop, hay néi cach
khéac, can nghién ctru thuat toan gitp lua
chon duoc niit nao 1a nat chuyén tiép, nit
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nao khong la nat chuyén tiép dé nang cao
chét luong mang v& mdt hodc ca hai tiéu
chi PDR va E2ED.

V. Két luin

Nghién ctru da su dung cong cu
MATLAB dé thyc hién mé phong mot hé
thdng chiéu sang trong nha sir dung mang
BM, nhim dénh gia sy anh hudng cua cau
hinh nat chuyén tiép dén chét luong cua
mang, cu thé vé tiéu chi ti 1é chuyén giao
g6i tin (PDR) va do tré diém-tGi-diém
(End-to-end delay). Tir két qua thu dugc,
cho thdy ring: cau hinh moi nit la nut
chuyén tiép (cau hinh mic dinh) ciia BM
s& khong dam bao c6 PDR va E2ED tbt
nhét; cdu hinh nat chuyén tiép anh huong
nhiéu t6i PDR va E2ED, do d6 can lya
chon cac cdu hinh nay than trong va ph
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hop khi trién khai hé thng.

THE IMPACT OF RELAY NODE CONFIGURATION ON
BLUETOOTH MESH NETWORK QUALITY IN INDOOR
LIGHTING SYSTEMS

Phan Van Hai*, Nguyen Duc Tho’

Abstract: In the contemporary world, Bluetooth mesh (Bluetooth mesh - BM) wireless
communication technology has made significant strides and is widely used, particularly in
indoor lighting systems. When setting up a BM network, users are presented with a range of
configuration parameters to choose from, such as the number of message retransmissions,
time between transmissions, message relay feature, TTL (time-to-live),... This study, which
aims to provide a more robust basis for choosing appropriate configuration parameters, will
rigorously evaluate the impact of one of these parameters on network quality. Specifically,
the study will use simulation to assess the relay node configuration of network nodes, with
the network quality being evaluated based on end-to-end delay and packet delivery ratio in
the context of an indoor lighting system. The methodological rigor of this research ensures
the trustworthiness of its findings.

Keywords: Bluetooth mesh, smart lighting, network configuration, relay nodes, network quality
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