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Routing protocol research for BLE mesh energy optimization

ZHANG Yi, LIlJing

(School of Communication and Information Engineering, Chongqing University of

Posts and Telecommunications, Chongging 400065, China)

Abstract: In recent years, IOT technology has continued to advance and breakthrough, and the global IOT industry has
seen explosive growth. Bluetooth Low Energy Mesh has emerged as a highly competitive communication method compared
to other mesh protocols. However, existing BLE Mesh only considers managed flooding protocols for data transmission.
When the size of the network or the amount of transmitted data increases, the network will be filled with a large amount of
redundant data, resulting in increased energy use. To address the energy consumption problem, this paper proposes a node-
combined on-demand routing protocol for BLE Mesh. Firstly, the node-combined network topology is established through
three steps: neighbor node information exchange, node combination configuration and node combination full connectivity.
Secondly, route probe packets and route reply packets are used to obtain the shortest path of all transmission paths. Finally,
the source node sends packets sequentially along the shortest path. The protocol reduces the number of forwarding nodes by
limiting ordinary node forwarding and allowing only leader and relay nodes to forward packets in order to suppress
redundant packets. Simulation on MATLAB R2022a compares this node-combined on-demand routing protocol with a
managed flooding protocol. The results show that the protocol reduces the total number of packets in the network by
92.43% when the source node transmits 100 packets, thus reducing the energy consumption. Moreover, the more packets
the source node transmits, the better the result.

Key words: BLE Mesh; Routing Protocols; Energy Optimization

Fs HEA: 2022-11-28; {&E HEE: 2023-02-06


https://doi.org/10.19304/J.ISSN1000-7180.2022.0790

5510 11 3K, 4. il BLE Mesh fg 004k 00 5 b PMUBTSE 57
1 5§ 2 EIBEAZ AL

2017 4% 11 H 8 2 ¢ 01l 2% 8 /N4 (Bluetooth
Special Interest Group,SIG) 2 7+ T~ BLE Mesh #5 #E
V1.0" J5,BLE Mesh 3L T 24 £ (il 45 77 20 JF L
TRTIFE . AR BAS A 03T B A P B D) 5358 ) 0 5
I A B AE Y B M v A AR L Sk nT, B Al
BLE Mesh V1.0 H 25 845 Bz S DSl itEAT /0 246 45
ST . 1 ) 2% TS B3 A% i S 1 D 1) 245
W23 30k KR TUAREE A, S Bk 2 D FE R IR
B K 45 R,

B XA BN Pkt BE T FE RE AL (M), — 0 o2
TEARBUEZ HEHLTR R HTER T R JF 1055, STk [4] 3F
i I L3 T AS [R] 3% F 3% 18 3 Fic 48 5 #% (Connected
Dominating Set,CDS) Hr 4k 557 i A UER T
PEREIE Y ) db 5 A B T8 BLE Mesh 457 387
UL A Bk FE. TR RCA T2 A T S i e A5
P TP kY A5 DL R AL 2 A A5 S b
H T SR 1Y SRR AR I 28 REAE. SCHR [10] 48 i
T B AT i S 3 A ek r 2k A s ) DA T G
TG . SCIER [11] 48 T 3 R A Pk i
Ik VA R v Ak ) SR P SRR T 2% DA, SR T
17 UL A B A7 8 Tr) i, RS sl 2D 1 F 2y s i
H R s [] B 2k & 5 D 28, IR 2% AR TH AR AE R 8 1 T
AEAE A, T 5 AL IR DRI AE. STk [12] 46
T —Fp L S A AL AE IR T SEPE R ETER R,
38 S FEAL R T Ak — S T B 4 s
TN R A A TR D I R AT T 4% DA AR T, S
GG RET 4 A5 BB/ N 28 37 55 1 6 T M 4%
AR R MBI G, A FE AT
B A A Dy 22, SR [13] 240 T TR
2 % PR RIS 2o 7E W 24 o Sy AR AR H
% R 7 VR T I R B R v % pR R SR R S R
i T RRAIR T REAE. SR, AE 2 ST AR O 4k 77 1t
B, SCH U EARHE 19 A5 45 K/ N DA Fh 4k 4R
HRE AT R R SR A S T AR R R R

HRAE DA A5 AR AR SCHE H — By S A A
o i R PRS2 3% R 3300 H] T BLE Mesh 92,3
I PR A3 30 9 a5 e AN SRV T s T A
R BRI e s B DAk B TR B
AL . SEEEE SRR A ST 3 H Ay S A 2
FE T I R RSO LU A PR Uk RS e A Rl ek 2D
2 v A b BRI A A BSE TAE TTRARAP D £8% L B T .

BLE Mesh [% 2% (i J1]32 BRSO B AT 4.
i 1 B BBE 35 9 IR L8 5O H YT AL TR
T3 ST AR O {5 Vi N AR ST
SO 20 4 SR EIENE B, ik = AT R
SHIE A B AR B 0975 U AR I B 48 5 2 A
AR KL A, B2 8 Sk A 3 S RTHE.

7 [ N | N

7 x N NN

, | /NN AN

/ ! / AN * AN

/ @___ 4___
- , ,

AN *\ 7/ 7/ ? //

\\\ |I \/\'/ |I /.,

N | / |I /

B1 z#AXERREERE
Fig. 1 Data information is transmitted by flooding

SR A T IR A P P 2 T 285 3t B RO A 52
Wi, BLE Mesh [ 25 R T — ZR 5 AR, H b A0 45 9
ANETH: G READIIH TTL 7B, Bk
AR s

(D) {5 BEAFHLH . AT ST — DM
F R A AN TR C b dkad 195 2 an 2R i R
R 1 S5 A ) T JE R DG T, D0 T 2 5
it dE— Db

(2) TTL FE . B AH B e & — 1 TTL %
B iz BOnT BRI 2 A MR T B AR b gk
A TTL (SR 1,55 B2 vl AR P4k 126 1K

3 TRAAGXRFEANIN

T A T B PR 3 A B A, B
ZEA N 2 s, BB 1 oA A R b,
RO VR S 'a /N E SR Ai R T i e ey
I 3 PR S F N 2 R A
LK. BB 2 DB S, Y IR A ) H AT AL
SRS A ARG SR N L B R | el (152 2 A
PRAS BT A e i A P A SRR AR. Y BE 3 ot
A A, IR R AR R RO R R A B B 2 $RE A f
FEARHCUR 1) H B AL
3 TRASGHKHAMET

TGS ENESL I 3 AR LR 1
0835 AR B S A A AR AR B S B A
0 408 J £ B LA B R J 19 s A AR R B 2P0 2 2



58 o T2 L 2023 4
B SV iA s w7 E1 Y Sva )bl (L '8
e _—Ijm\_rji jﬁi@i LT r%lﬂj‘iﬂ: 33 2t 3 pre—
| i i B el A ] oA e | (6 'F15) ik @4 7 Heli 2 515)
I P | TEEE TS e s g
(651) ! $dﬁ—) (1 $dﬁ—) QF1) [(L 5701 F71)

ittt

B2 BEZREA4E
Fig. 2 Overall architecture diagram

SV G T B AR S AR Y A R TS Y A A
IR 3 A I AT T R Y R TR
Sk AR R TR AR R R, SE B A
W4 Hh T 9 s ATk

T A RN T, AT DR R N 4y
SRR AT 2 A BT S 2 A BT AR 4
Sk R R ST Ry RIS 2% B B L ST
S A TAE Bac et 28 e 78 AN gl A rh R
Fr— ANk L H G AT S L R g s LA
e RBIR AL ) R 8538 R R A R R R T IR
FU4 [ HA Y 5 (B AL B 2 3 A A )
A 4007 A B A
311 FEVRERERE

H1F BLE Mesh I 45 (1 85080 £ 4 B A B B 48 F
7 AR B F R R ORASOE LSS T LAY 2 K
Pe € N ) B L R Y el S S N s A G
Mesh Beacon AU 1840, T sl B AR e 4 B R,

BLE Mesh #rifERLEE LT PIRMERS. —FlUE A
L {5 b5, (5 B Ah 2 AE N 0x00. 573 —Fh % M 4515
B, (G FRFIZSE A 0x01. (R A2 SO0 1 A5 3
R 0x02-0xFF 8% 5 LR {4 B8 6r A SCH 0x02 1F K
A1 SE Bac G br. LA R AR A 1) AN ] i
JREAL AN 3 BN AN TR B AR AR R T
() ID AR o A5 R kT 36 6 i A5 3 oA 5 DA |
PIASFBE. A SCHY 5 ID 548 B Bkt 1
AN,

FEABJE 7 547 B aC e 2 v BLE 5 4538 i 28
e — BRI T 3B LR USCHE A4S Y A5 ID AT FE AU
BT R B RN 4 s, ABJE T SR B A
RN 5 Frs. A 20080 #561,BLE 15 55 8B H
O A5 BB 5 BT 6 1 s, 4R JEEi

B3 SETREEXHEE
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