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Wireless Mesh Networks (WMNs) [1, 2, 3, 4]i3,
Ay al—B LAy a2 TAT L ND2OD ) —
RTRERR SN TE Y, BHD A v ¥ a—F P
BICL > THAERERT DI L T—20ORX R R~
T — 2 BEHET 5. WMNsITAFFHIZZE U7z MR
Fy MU= 2R TE LTS LT, THICBITD
IoTHEER D72 D3 R T — 7 R0, FEFERFO—REH) 72 %
v =7 L LTHOWOLRTWND., Ay a/b—F0
B 5 P 238 A5 P REREFH O K & S0BIE O s RS
WCRESHETDOEBERMETHD. TOA v
2 b— & OFEZ Rt T 2MEZ, Ay ar—4
Bl & L CTOdads 2 L T2 [5]. Z ORIEIINP
MEETHDZ ENMLNTEY, Kx ZpilE ot F
ERREIN TS, Fx ofefTirstle, 7, 8, 9,
10, 11, 12] TIEEERT LT Y XL (Genetic Al-
gorithm: GA) [13], L% Y % (Hill Climbing: HC) [14],
BEE 72 L1k (Simulated Annealing: SA) [15], % 7'—
—F (Tabu Search) [16], HiT7-Fffi#{t. (Particle
Swarm Optimization: PSO) [17] 72 EDA X =2 — U X
T4 v 7 VT REC LA RS, L TE .
FEHITETORA v ab—F OEERTENAE H#E
SNz Ay al—XOEER T X MMIEKT D
Tk & L TCoverage Construction Method (CCM)[18] %
BEL. FCCMEYERE LR L, RFTER
B TR B Ak 9~ % F1E & L TCCM-based Hill
Climbing (CCM-based HC) [19], CCM-based Simulated
Annealing (CCM-based SA) [20] 2222 L, DO
2 b—a UREICTHE, MREt Lz [21, 22, 23].
FELWRDO A v v a—FEEREETFETIE, v
o b—3a VIZBWCIERS S — koA, B
7 EOMERGHERANTT U AMTERINIZA v v
27 TATV FOREERIGE L TEL. FHITLY
BEWRA v 27 74T 2 FORRBELZBET 5120
12, HBRFRICESN T I 2 b— 3 VEREOHEE

2022412 H5H = #)

ATV, mLEENTZA v 2y AT v NOBEE H
#9 & L7=F¥4 L L CDelaunay Edge and CCM-based SA
(DECCM-based SA), Voronoi Edge and CCM-based SA
(VECCM-based SA) Z 42852 L 7= [24, 25].

AFETIL, DECCM-based SAIZHKBWNTA v al—
ZDHIFIZ LD A v v 2 — 2 BEHIb 2T 5 Fik e
L CNMR-Reduction method #2579 5. ¥ I =L —¥
a > CIERHHFEIE & L CSGC (Size of Giant Compo-
nent) [26], NCMC (Number of Covered Mesh Clients),
% L CNMR (Number of Mesh Routers) % % & L 7=.
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Alg. 1 Avial—FT5 X NERKiE

Algorithm 1 The method for randomly generating mesh routers.

Output: Placement list of mesh routers.
1: Set Number of mesh routers.

2: Generate mesh router [0] randomly in considered area.
i+ L

4: while i < Number of mesh routers do

5:  Generate mesh router [i] randomly in considered area.
6:  if SGC is maximized then

7: i i+ L

8:  else

9: Delete mesh router [i].

10:  endif

11: end while

Alg. 2 Coverage Construction Method

Algorithm 2 Coverage construction method.

Input: Placement list of mesh clients.
Output: Placement list of best mesh routers.
: Set Number of loop for CCM.
2 1, Current NCMC, Best NCMC « 0.
: Current mesh routers < Alg. 1.
. Best mesh routers < Current mesh routers.
: while i < Number of loop for CCM do
Current NCMC < NCMC of Current mesh routers.
if Current NCMC > Best NCMC then
Best NCMC < Current NCMC.
9: Best mesh routers < Current mesh routers.
10:  endif
1 i+ i+ L
12:  Current mesh routers < Alg. 1.
13: Current NCMC + 0.
14: end while

3.1 CGCoverage Construction Method
Coverage Construction Method (CCM) (22T~
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Alg. 3 CCM-based SA

Algorithm 3 CCM-based SA.
Input: Placement list of mesh clients.
Output: Placement list of best mesh routers.
1: Set Number of loop for SA, Initial Temp, Final Temp.
2: Current number of loop <+ 0.
3: Current mesh routers < Alg. 2 (Placement list of mesh clients).
4: Best mesh routers < Alg. 2 (Placement list of mesh clients).
5: Current NCMC, Best NCMC <~ NCMC of Current mesh routers.
6:
7
8

. while Current number of loop < Number of loop for SA do

: Randomly choose an index of Current mesh routers.

: Randomly change coordinate of Current mesh router [choosed index].
9: Current NCMC <~ NCMC of Current mesh router.
10:  if SGC is maximized then

11: r < Randomly generate in (0.0, 100.0).

12: Eval < 10 x (Best NCMC — Current NCMC)

13: T « Initial Temp+ (Final Temp — Initial Temp) x W
14: ife~ 5 > 1.0 then

15: Best NCMC < Current NCMC.

16: Best mesh routers < Current mesh routers.

17: elseif ¢~ 7 > r then

18: Best NCMC < Current NCMC.

19: Best mesh routers < Current mesh routers.

20: else

21: Restore coordinate of Current mesh routers [choosed index].
22: end if

23:  else

24: Restore coordinate of Current mesh routers [choosed index].
25:  endif

26:  Current number of loops < Current number of loops + 1.
27: end while

3.2 CCM-based SA
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3.3 DECCM-based SA
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3.3 NMR-Reduction method
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Alg. 4 NMR-Reduction method

Algorithm 4 NMR-Reduction method.

Input: Placement list of mesh clients, Placement list of best mesh routers, Best NCMC.
Output: Placement list of reduced mesh routers.

1: Set Number of loop for NMR-Reduction Method.

2: Current NCMC, Current number of loop < 0.

3: Current mesh routers <— Placement list of best mesh routers.

4: while Current number of loop < Number of loop for NMR-Reduction Method do

5 Shuffle the list of current mesh routers.
6 n o+ 0.
7
8

whilen < NMR of current mesh routers do
Remove the mesh router with array number n from the current mesh routers.
9: if SGC is maximized then
10: if Current NCMC = Best NCMC then

11: Best mesh routers <— Current mesh routers.
12: else

13: Restore the removed mesh router.

14: end if

15: else

16: Restore the removed mesh router.

17: end if

18: n <« n+ 1.

19:  end while

20:  Current number of loop < Current number of loop + 1.
21: end while
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The Wireless Mesh Networks (WMNSs) consist of two nodes, a mesh router and a mesh client, whi-
ch are interconnected to form a large wireless network. WMNSs is a technology that can provide a stab-
le wireless network over a wide area and is used as a network for IoT devices in factories and as a
temporary network during disasters. There are different methods for optimizing the placement of mesh
routers. In our previous work, we proposed a Coverage Construction Method (CCM), CCM-based Hill
Climbing (HC) and CCM-based Simulated Annealing (SA) system for mesh router placement problem
considering normal and uniform distributions of mesh clients. We also proposed a Delaunay edge and
CCM-based SA and considered a realistic scenario for mesh client placement rather than randomly gen-
erated mesh clients with normal or uniform distributions. However, this approach required many mesh
routers to cover mesh clients located over a wide area.

In this paper, we propose a method for optimization of number of mesh routers in WMNs.

Keywords: Wireless Mesh Network; Mesh router placement problem; Simulated Annealing;
Delaunay triangulation.





