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ABSTRACT

This thesis jproposes convergecast of ‘multi’ destinations in Zigbee wireless sensor
network. Multi-destinations in wireless sensor network have extremely benefited for monitoring
system. Then, convergecast is a_fundamental operation in wireless sensor network. Existing
convergecast solution focused on latency and energy consumption. However, a good design
should be complaint to standard. This paper proposes convergecast solution of multi-destinations
in Zigbee beacon-enabled wireless sensor network and proves that this solution is simulation. Our
solution is optimal convergecast of multi-destination in- wircless sensor _network and using
accompany with network’s resource for all destinations. Then, our algorithm is compliant with the
low-power design of IEEE 802.15.4. Simulation results show that the proposed algorithm can

indeed achieve convegecast of multi-destinations.
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Number Symbol
Frequency Chip Rate | Bit Rate Spreading
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(MHz) (Kchip/s) (kbps) Method
Channel (ksymbol/s)
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868-868.6 1 BPSK 300 20 20
DSSS
Binary
902-928 10 BPSK 600 40 40
DSSS
20-bit
868-868.6 1 ASK 400 250 12.5
PSSS
Optional
5-bit
902-928 10 ASK 1600 250 50
PSSS
16-array
868-868.6 1 0O-QPSK 400 100 25
orthogonal
Optional
16-array
902-928 10 0-QPSK 1000 250 62.5
orthogonal
2400~ 16-array
16 0-QPSK 2000 250 62.5
2483.5 orthogonal
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Lildinailyvvsemailawiieohgaveslgmmsyuiuvesteyaluniedin (Data
Collision Problem : DCP) ayn1uesnnua1dn lun3e41s (Delay Beacon Scheduling Problem

: DBP) nazilymausamsdstoyaligndeslunieuio (Data Incorrect Problem : DIP)

[[] Destination or Root
_oF @ Destination and Zigbee Router

(O Zigbee Router
A\ “Sensor

—— Zigbee Link (Router to Router)

~~=Zigbee Link (Router to Sensor)
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Haymvesanuanlunieas (Delay Beacon Scheduling Problem : DBP) uazilaymives
msdadoynlignAsslumiedis (Data Incorrect Problem : DIP)
msAnuasaunietnseingwiu Baouuuglnseldaemanate

91lnsaiTao191nas31u  Zigbee UUY Beacon Enable Wumswauiitmsdedeyandu
Audnans FedeiitinanelszAniamusunieteiineniinutiiinm fe msiadduues
msdadeyalu Superframe WU MAC Layer lag3smsniesanesnufinausdeaiian
APANABIRLINASTIN  Zigbee ttaiiualss Tominemswannge  uazannsorily1dsy
pUnsaifseasumAsgIM Zigbee Tuilagiinlg Tnofidanosiiueies il

- Random Assignment (RA)

- Distributed Assignment (DSA)

- Centralized Tree-Based Assignment (CTB)

- Random Plus Assignment (RPA)

- Distributed Plus Assignment (DPA)

- Fast Convergecast Assignment (FCA)

Random Assignment (RA) ﬁ‘_luﬁana’%'ﬁnﬁugm Distributed Assignment' (DSA) 11y
Centralized Trec-Baséd ' Assignnient (CTB). iiusonnsfudagniuaieluandsy Meng-
Shiuan Pan, Yu-Chee Tseng, Quick convergecast in Zigbee beacon-cnabled trec-based wireless
sensor networks, International journal of computer communications 31,999-1011;-2008. [11]
Random Plus Assignment (RPA) 11/1A15WAI41 Random Assignment (RA) 1 eu1saviiau
Tuasevwglnstinsnin¥monuuginseilatomvaeginsalld  Distributed  Plus
Assignment (DPA) #1131 Distributed Assignment (DSA) THannsaigluniode
aUnsainsiulfmomnninssilaemmaivealnsalld wag. . Fast’ / Convergecast

o = i o a ) o - ar ;
Assignment (FCA) Hudanesdnntinaues luinninusniiud

Beacon interval = u % .l

lg »l
"~ =il
)
1 2 3 4 gros
Active Portion = u x 2°° u = aBaseSuperframeDuration

A superframe can contain 2050 non-overlapped active portions (slots)

51 4.3 Tnseerd19u04 Superframe
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4.2.2 Distributed Assignment (DSA)
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M1319N 5.1 W']i’]ll!.ﬁﬂ‘iﬂ?ﬁ‘]ﬂsl%’iuﬂﬂﬂﬂﬂﬁuuﬂg'mﬂ 1

13

Parameter Value
Number Of Area 10 X 10 #U0
Length Of Area 100 4R35
Number Of Router 20 Q‘ﬂﬂ‘i al
Number Of Destination 2 qﬂﬂ‘iiﬁ’
Length Of Router 500 AT
aBaseSuperframe Duration 960 symbols
Beacon Order 14
Superframe Order 10
Beacon Length 16 bytes
Bit Rate 250000 bit/s
Symbol Rate 62500 symbol/s
M319% 5.2 mamﬁs‘immm?mhmﬁﬂmﬁauﬁwﬁgmﬁ 1.:DCP
y Heynmnsanduvasdeyn (DCP)
f3IN
RA DSA CTB RPA DPA FCA
1 i Jais Taidd Taisi Taldi aii
, il il a3 Taid Taifi Taid]
3 1 Taids T il Tais Tajdl
4 3 iy Yai] i i Tail
5 i aii i) Taidi Taili Taidl
i i i i 1] i i

= 2 A = 5
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ret = 141 a r-‘%,
Taid} manods Tufiflywunatiu
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MINN 5.3 WAN1391A0AUNTDUNBNATDUANNATIUN 1 : DIP

2 Pamimsdedoyaligndes (DIP)
QM
RA DSA CTB RPA DPA FCA
1 il i i) Taisi Taidi Taii
2 aidi Taid] i Taii i il
3 il il il 3 i Taii
4 i i il i Taisi i
5 1 il il Taidi Taii Taidi
d' = = = T 1= 1A
e il 1 il i T 13l
Wuume - 3 naede Tlgyuinayy
el =2 1=y a -:3’
13f vawrefls lusidlawufisdu
M195199 5.4 HANITI10DUASDVIDINONATOU ANATIUN 1 ; DBP
2 Pamaanua1en lunsoare (DBP) 11910 (TT(G))
CH
RA DSA CTB RPA DPA FCA
9 L
1 WIN 3 VoY - . 1ipy
L 9
2 N - Wy wIn - 1oy
9 Y 9/ 3/
3 - 1oy W0y N Wy 1oy
4 ; N g 11 - =
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WINOINA : 10 MR TR auarin lunsevrsaniigalunmssiaoaidasads
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annuszdwmaneilymusunievieginsainsiniylimenuuednssiaemanais

1AATIA 52 5.3 waz 5.4 wuh daneshiumssadiauvesdeyaly Superframe

£ '
gilnsaianeiu naNAe 6ano3iiu Random Assignment (RA) wihtiuiAailymnmsyuiu

a 3 s a . Ly e . -
vosdoya (DCP) 1AAdl 6ane3iy Random Assignment (RA) 8ane3fiu Distributed

Assignment (DSA) 1AZOAN®3NY Centralized Tree-Based Assignment (CTB) %Lﬁﬂﬂﬂgﬂmﬁ

L T =y 13 s Bl o i
defeya’ligndos (DIP) 1T uAzdane3iiy Random Assignment (RA) vhidAnma1in

vounTevelumsdadeyanduuniiqa dane3iu Fast Convergecast Assignment (FCA) 1

Teanumdveuniedelumsdedoyandudiosiiga
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NNFUNATINA 2 Sidaneiiumsindiuvesdeyaly Superframe ANAUIZAIND

1 a a A ] o ar 9 d C ar
avszinimmasunieieglnsaliasvdy meunuginsaiaemenaieginsalseny

Ed
LNSNATDUAVUAT I A1)

¥ 3 v
NAAVVATINOON 2.1 SUUIRUBIRUNA1INULAZNTOANDS NUNSINTIALVDS

3 @ 1 1 a a 1 o ar
Yoyalu Superframe uandAnfuzdIvanelsz@nEnmvounsotieginsainsieduliay

Vv
uuudnsaiaemanavglnssiseiu Auamsiiinesveimsiaounsetis Al

A!I = o1 A 9 = ~
@317 5.5 W15 30e0T A1 N 15 luneeeUTILAT TN 2.1

Parameter Value
Number Of Area X
Length Of Area 100 W3
Number Of Router K ’e‘gﬂﬂﬁﬂf
Number Of Destination 2 Qﬂﬂﬁiﬁ,
Length Of Router 500 1A 3
aBaseSuperframe Duration 960 symbols
Beacon Order 14
Superframe Order 10
Beacon Length 16 bytes
Bit Rate 250000 bit/s
Symbol Rate 62500 symbol/s

M3190 5.6 WAYD9 L(G)INenAdouaNuag N 2.1

Number Of Area= 8

2 4 L(G) (v#%470)
ATIN
RA DSA CTB RPA DPA FCA
1 - - - 27 14 10
2 - - - 17 14 12
3 - - - 21 12 13
4 - - - 21 15 14
5 29 14 15 26 15 15
mAo . - - 24.40 14.00 12.80

=2 1 o v A a o P
vinoma : - vuede lannseldauld Weswnifadymiveunieteiu
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M 3199 5.7 HOUDI L(G) NONAAOUTANNAFIUN 2.1 : Number Of Area = 11
2 L(G) (M11i9)
ATaN
RA DSA CTB RPA DPA FCA
1 . - . 27 11 11
3 - - - 24 14 13
3 - - - 21 9 9
4 - - = 22 11 12
5 - - . 26 12 10
Ay - i - 24,00 11.40 11.00
2 1 ko 9/ d'! a g A ] 3
WINoIme : - i awsn1dauld esnninallymveunistniu
M13199 5.8 WAUEI L(G) tanaaalauuag ui 2.1 - Number Of Area= 14
2 L(G) (M1728)
ATIN
RA DSA CTB RPA DPA FCA
1 g - ¢ 41 8 9
2 - - X 44 12 9
3 - - A 38 8 12
4 g - 2 40 13 9
5 - 3 - 31 9 10
may s . y 38.80 10.00 9.80
=< ' ¥ ¥ A a g A g
MBI : - Mend wanseldnld imesnnnatlaymweunseiisuy
M15197 5.9 Haved L(G)ienadoUadNAg1MN-2.1 : Number Of Arca= 17
2 4 B(G) (WD)
A9
RA DSA CTB RPA DPA FCA
1 - - - 73 10 10
2 - - - 37 7 6
3 - - - 50 12 8
4 . - - 37 6 7
5 - - - 58 9 9
miy - . . 51.00 8.80 8.00

1 4 a o] ¥ 3
vanomg : - vanede lignseldoul] esnnifatlymysaniotisin
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A13199 5.10 WAV L(G) tWONATOUSVUAFIUTN 2.1 : Number OF Area = 20

2 i L(G) (H170)
AsIN
RA DSA CTB RPA DPA FCA
1 - = - 43 11 8
2 = = - 76 13 11
3 = - - 68 12 10
4 - - - 58 14 12
5 - - - 41 11 9
ﬁ]a;f_l - - - 57.20 12.20 10.00

= y ] ¥ A a o r
HyuLme - HUIUON llﬂJ’Cl"llniﬂiﬁf\ﬁu]lﬂ L‘I-Jﬂ\ﬁnﬂlﬂﬂﬂmuﬂ'ﬂlﬂqmﬁﬂm’m‘uu

L(G) (¥170)
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40 el ———— Kk TAY. A R\ Ve  ——— e RPA

§ PR NGRS AT Numia OffAffea (miat)
0 5 10 i 20 ris]

71li5.8 u@mannudTlFYes Number OF Area ) L(G)

nnglil 5.8 WUTIGANE3TY - Random.Assigiment (RA) 90ano3iuDistributed
Assignment (DSA) 11AdanNo3NY Centralized Tree-Based Assignment (CTB) lignnsals
amlunsetwglnssidaenemaioglasalld  dillmsldaudaneiiiv  Random Plus
Assignment (RPA) sﬁawmﬁuﬁﬁmumiﬂajmni‘fmxﬁﬂﬁ L(G) Fsmnntualudaouas
finnniiqa daudano3fiu Distributed Plus Assignment (DPA) AzaNINY  Fast

v ]
Convergecast Assignment (FCA) y1a iy liidawade L(G) uazil L(G) Indisadiu



M1 5.11

HOYDY TS(G) iNoNATDUANUATIUN 2.1 : Number Of Area =8
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2 TS(G) ()
AN
RA DSA CTB RPA DPA FCA
1 - - - 424.68 220.20 157.29
2 - - - 267.39 22020 188.74
3 - - - 330.31 188.74 204.47
4 - : 2 330.31 235.93 220.20
5 456.14 220.20 235.93 408.95 235.93 235.93
Y - 5 - 352.32 220.20 201.32
=2 ' Y] ¥ A a o A 8
wome : - i awasaldauld esnninailymuensevivin
M13190 5.12 WAV TS(G) NONARDVAVNATIUN 2.1 : Number Of Area = 11
2 4 TS(G) Gy
A3
RA DSA CTB RPA DPA FCA
1 ! - : 424168 173.02 173.02
i : - L 377.49 220.20 204,47
3 4 - 5 33031 141,56 141.56
4 c : - 346.04 193.02 188.74
5 - 3 ¢ 408.95 188.74 157.29
e 5 ; y 37749 179.30 173.01
= T 4 ¥ A A - ‘é’
WK : - nNede el ld esninmailapmeunseisiu
M319% 5.13 WAVDY TS(G) TNONATDUAUNAFIMN 2.1': Number Of Area = 14
2 4 TS(G) (311h)
ATIN
RA DSA CTB RPA DPA FCA
1 - - - 644.89 125.83 141.56
2 - - - 692.08 188.74 141.56
3 - - - 597.70 125.83 188.74
4 - - - 629.16 204.47 141.56
5 - - - 487.60 141.56 157.29
iy : : - 61028 | 15728 | 154.14

2 ' 3 Y A a o PR {
vewmg : - vanene aunsaldauld esnnifelyriveunieiisiy
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M1519% 5.14 WVO9 TS(G) LONATOVAUNAFIUN 2.1 : Number Of Area = 17

2 4 TS(G) (AWN)
39N
RA DSA CTB RPA DPA FCA
1 - - - 1148.22 157.29 157.29
2 = - - 581.97 110.10 94.37
3 - - - 786.45 188.74 125.83
4 - - - 581.97 94.37 110.10
S - - = 912.29 141.56 141.56
mgﬂ - > = 802.18 138.41 125.83

= ' ¥ ¥ A a o a4
‘Hll'lf]!.‘ﬁﬁ! = TUEON “lnmm'mhem"lﬂ Luﬂﬁ%iﬂkﬂﬂﬂﬁgﬁ'I“Uﬂﬁlﬂiﬂ‘ll’lfﬁlu

A1519N 5.15 WOV TS(G) NONAFoDEUNATINN 2.1 - Number Of Area = 20

v TS(G) Guh)
AIIN
RA DSA CTRB RPA DPA FCA
1 { ; d 67635 173.02 125.83
2 ; = ! 119541 | 20447 173.02
3 4 = > 1069.58. ||/ 188.74 157.29
4 : - : 01229 (|| 122020 188.74
5 - 3 g 644.89 193.02 (2 | 141.56
Ay g - r 899,70 191.89 157.28

- ' o 9 A a g "
ﬂn’ﬂlﬁﬂq R (b UNISIAN hl‘llﬁ'lﬂ'ﬁﬂal‘ﬁﬂ'luvlﬂ l‘uaﬂ%’]ﬂ!ﬂﬂ'ﬂiﬂﬂ1‘“3‘3“]38‘“183]14

TS(G) (Gunil)
JOOT s ir 2
900 +— e "/‘S}
B e i e ,j;:;“"’,, S

700 r S R NN
600 +—-—— S
eipmem RP A
500
400 e 0—’4/ _ =fi=DPA

300 — e FCA
200 — —
100
o - — ‘ l Number Of Area (Wing)
4] 5 10 15 20 25

U1 5.9 uaAINNUFURUTVD Number Of Area 1l TS(G)
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gl 59 WUNIFano3Au Random Assignment (RA) Sane3diuDistributed
Assignment (DSA) UaZdanoINY Centralized Tree-Based Assignment (CTB) laianansals
snlumSedwglnsailaemanaioglaseild  drlimsldaudaneiiu Random  Plus
Assignment (RPA) Lfiawmﬁuﬁﬁwmiﬂm:mﬂ‘ﬁu%zﬁﬂﬁ' TS(G) Hrmnnduaylugae
wazildnnniiga diudanosiy Distributed Plus Assignment (DPA) uag8anainy Fast

¥ ¥
Convergecast Assignment (FCA) v laifiui lidanade TS(G) nazdl TS(G) Indifivady

M13197 5.16 WavDd TT(G) INONATBUANNAFIUN 2.1 : Number Of Area =8

g 4 TT(G) (i)
Asan
RA DSA CTB RPA DPA FCA
1 5 - c 42468 23593 157.29
2 & = B 408.95 235.93 188.74
3 = - . 503.33 239G3 204.47
4 ; s ) 456.14 361.77 220.20
5 581,97 251.66 235.93 644.89 267.39 235.93
may ) = ¥ 487.59 267.39 201.32
= ' 9 oA & of FOEBVE;
winowmg ; - uuaed s Tdmwnsa i1 desmafialavyeunsevisun
M15199 5,17 AavD3 TT(G) Lﬁﬂmmnﬁuuﬁijmﬁ 2.1+ Number Of Area = 11
2 TT(G) (W)
Asan '
RA DSA CTB RPA DPA FCA
1 X - Z 644.89 251.66 173.02
2 - - - 519.06 267.39 204.47
3 - - - 534.79 251.66 141.56
4 - - - 550.52 235.93 188.74
5 - = - 519.06 314.58 157.29
e ; - - 553.64 | 26424 | 173.01

= ' v Yy A a o AW 2
vanemg : - vunede lignnsaldau 1 desnmiiaiymveuniovisiy
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A15197 5.18 WaY0d TT(G) INONATBUTNUATIUN 2.1 : Number Of Area = 14

2 g TT(G) GuN)
Asan
RA DSA CTB RPA DPA FCA
1 . . - 849.37 251.66 141.56
b . . - 707.81 330.31 141.56
3 - - - 613.43 235.93 188.74
4 3 = - 644.89 235.93 141.56
5 = = - 534.79 235.93 157.29
0y - . - 670.05 257.95 154.14
I= ' 9/ 9 A a g A v 3
Wanome : - et liatwasalsauld eananailymusinssvisiy
M15197 5.19 WAYDI TT(G) ONAABVAUNATINN 2.1 ; Number Of Area = 17
24 TT(G) Quan)
ATIN
RA DSA CTB RPA DPA FCA
1 L : : 1242.60 251.66 157.29
2 ¢ = L 739.27 283.12 94.37
3 4 E A 78645 267.39 125.83
4 . = A 660.62 251.66 110.10
5 - 3 ¢ 990.93 251.66 141.56
may 3 - 1 883.97 261.09 125.83
-4 ' Y 3 A a o a1 AN
NINBINE : - NYIBDI Taeusaldanld iesnmnatlavveunsouisyy
13197 5.20 WOV TT(G) DNATDUNUNAF M 2.1"s Number Of Area = 20
s 4 TT(G) (A1)
ASIN
RA DSA CTB RPA DPA FCA
1 - . - 817.91 235.93 125.83
2 - 2 s 1384.16 235.93 173.02
3 s i . 1195.41 251.66 157.29
4 . - . 1053.85 235.93 188.74
5 - - 5 786.45 251.66 141.56
may i y - 1047.55 242.22 157.28

= 1 9 [ = o - :?
oA : - vuede Tannsaldould esnnmailymvsunsenviu
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TT(G) (UN)
1200 S I -

1000 /ﬁ

300 = :
- // ) == RPA
— ~i—DPA

A st ——  amFCA
I |
200 ey —————
0 +——r———— ——————  Number Of Area (118}
4] 5 10 15 20 25

i 510 uAAINNUFURUTUBY Number Of Area 11 TT(G)

fiﬂﬂ;‘ﬂﬁ 5.10 Wu2IBane3 NN Random | Assignmient-(RA) Sane3NyDistributed
Assignment (DSA) HaZDane3 Ny Centralized Tree-Based Assignment (CTB) Lignselsd
alunenegunsshiaemavatsgnsalls  dllasldaudanosiin - Random  Plus

. A 4 e ) & o q g = 4 W
Assignment (RPA) tpwanufiiavialnanniuazinld TGy dannniunalilée
wazfinuniiga @uonesiy Distibuted Plus Assignment (DPA) LAZOAA0IMY Fast
e v

Convergecast * Assignerdt | (FCA) | atnaTiunlidawone TT(G) wasdanssiiu Fast

Convergecast Assignment (FCA) R TT(G) ﬁ‘t’iﬂ‘ﬁq’ o

a ' i o o ' "W o a
vinanyRgutoni 22 s nousininselluaioiisariuuazmsdanosiums
v o W ¥ o T a a v o
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M1 5.21 ndwesmea il lunaaouauuigiun 2.2
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Parameter Value
Number Of Area 15 15 1170
Length Of Area 100 tuA3
Number Of Router X
Number Of Destination 4 Qﬂﬂitﬁ
Length Of Router 500 1uRng
aBaseSuperframe Duration 960 symbols
Beacon Order 14
Superframe Order 10
Beacon Length 16 bytes
Bit Rate 250000 bit/s
Symbol Rate 62500 symbol!;

M15197 5.22 Wav09 L(G) tHenAdoUdnNAgIui 2.2 : Number Of Router = 20

2 4 L(G) (11 78)
A5IN
RA DSA CTB RPA DPA FCA
1 - " 3 32 6 6
2 - ! ( 50 6 8
3 F y - 39 8 8
4 s g - 34 6 S
5 2 = = 45 9 8
Lﬂéﬂ - - 2 40.0 7.0 7.0

=2 1 v Y A a_ o A .3'
wunomg : - vueis lisuse1fenla lesmminfguwouaiensiu




A19197 5.23 Wav0d L(G) iNonadauauuaz i 2.2 : Number Of Router = 30
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3 4 L(G) (¥1118)
A5
RA DSA CTB RPA DPA FCA
1 - - - 36 9 9
2 - - - 46 11 13
3 - - - 29 9 9
4 5 - - 30 8 9
5 - - - 38 12 10
moe - - - 35.8 9.8 10.0
2y v wy A o o a0 &
Mg : - nuede ast ldauld isannnailymiveunsovisin
A15197 5.24 WAV L(G) tHONATDUANUATIUN 2.2 : Number Of Router = 40
2 L(G) (19)
AFIN
RA DSA CTB RPA DPA FCA
1 : - - 33 13 1
2 - - - 43 13 13
3 - - - 41 14 13
4 ) ) S 48 10 11
5 - ; - 48 12 11
may - - - 42.6 12.4 11.8
= ¥ 3! 9 & o o ) T 3
MaoImg : - ved e waneldannld iesnsnatlyvveunsovsun
M15197 5.25 Haved L(G) [NenaauduuigIug 2.2 rNumber Of Router = 50
24 L(G) (n1i1t)
AN
RA DSA CTB RPA DPA FCA
1 - - - 34 14 14
2 - - - 28 16 16
3 E ~ = 40 15 12
4 - - - 33 16 14
5 - = B 30 15 13
may - - - 33.0 15.2 13.8

- ] 9 g/ d‘l a o A ¥ cg’
vnowg) : - nueds liannsalFould Wesnninatymveunsevnsin
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M15197 5.26 WAUDI L(G) INDNATOUTUNAFINN 2.2 : Number Of Router = 60

2 L(G) (vi170)
ATIN
RA DSA CTB RPA DPA FCA
1 - - - 41 16 16
2 - - - 33 15 16
3 - - - 36 14 16
4 - - - 41 14 15
5 - - - 50 16 13
nay - ; - 40.2 15.0 15.2

= v 9/ 9 A a o A 1 d?
UYL © - NUYEN Llnmmmhmu'lﬂ Luﬂﬂi]"lﬂlﬂﬂ“ljﬂlu“r’i'ﬁlﬂﬁ&ﬂﬁ'E]‘il"lfﬂlu

L(G) (n120)
K v*v*;v*’**** LR A e R e =
40 Al T NVA . N/ W\ © N\ ~sfcl
' > k- N
35 L T
tlip. SR AW SN VAL & \ @)
25 S TP 2P S BN 1T /59 T 78 sy e RPA
20019 € - - - < DPA
e FCA
‘ .
] Y ) ‘ : 7 77 77%  Number Of Router (Qﬂﬂim)

0 20 40 60 80

1 5.1 uEasn U FsiuBao s Number Of Router 1) L(G)

nnglil 5.11 wuhdaneifiy-Random Assighment (RA) 8ane3iuDistributed
Assignment (DSA) 1AZdAND3NY Centralized Tree-Based Assignment (CTB) Tuaansald
swlwaiedigasallaemanawginsalld  diimsldaudanesiin  Random Plus
Assignment (RPA) Lﬁﬂi‘hmuqﬂnsﬂfiuxﬂ?a1i"|e1mﬂﬂ‘|’?u%x'hiﬁawa¢iﬂ L(G) uf L(G) &iim
lJ"IﬂﬁfIﬂ ﬁaué’aﬂa’?ﬁu Distributed Plus Assignment (DPA) Elﬂzﬁ’ﬁﬂﬂ?ﬁu Fast Convergecast
Assignment (FCA) ﬁimuqﬂﬂstﬁmﬂ%ﬁwmﬂﬁuﬁqnaﬁiﬂ L(G) wniudednosunsi

L(G) nlndiReaiu



3191 5.27 WAV TS(G) LNBNATBUTUNARTIUMN 2.2 : Number Of Router = 20

s TS(G) (i)
ATIN
RA DSA CTB RPA DPA FCA
1 - . . 503.33 94.37 94.37
2 : - - 786.45 94.37 125.83
3 - - - 613.43 125.83 125.83
4 - - - 534.79 94.37 78.64
5 - - - 707.81 141.56 125.83
InaY - - - 629:16 110.10 110.10
» 7
MUY : - v waunse l5aula iesninfetlymvesniovisiu
M3197 5.28 Ha09 TS(G) INONATDUAULAFIUA 2.2 ¢ Number OF Router =30
L TS(G) (A1)
ATIn
RA DSA CTB RPA DPA FCA
1 L - - 566.24 141:56 141.56
2 - : - 72354 173.02 204.47
3 - . ¥ 456.14 141.56 141.56
4 - - ? 471.87 125.83 141.56
5 - \ C 597.70 188.74 157.29
iy g - g 563.09 154,14 157.28
= 1] 9 ﬂ' allle = 1] J
Home - - v lawselFaunld esmpatlgmivoniouisiy
A15197 5.29 WAVDI TS(G) INDNATODAUNATIUNNA 2.2 ; Number Of Router = 40
22 TS(G) (F1N)
Asan :
RA DSA CTB RPA DPA FCA
1 - - - 519.06 204.47 173.02
2 - - - 67635 204.47 204.47
3 - - . 644.89 220.20 204.47
4 : . . 754.99 157.29 173.02
5 - - - 754.99 188.74 173.02
Ay - - - 670.05 195.03 185.60

=2 1 9 ¥ A a o A 14
rnome : - nneds ianseldould iesnndailymiveunsedivau
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A15199 5.30 WAUDY TS(G) INONATBUFNUAFINY 2.2 : Number Of Router = 50

s 4 _ TS(G) ()
A5
RA DSA CTB RPA DPA FCA
1 - - - 534.79 220.20 220.20
2 - - - 440.41 251.66 251.66
3 - - - 629.16 235.93 188.74
4 - - - 519.06 251.66 220.20
5 - - - 471.87 235.93 204.47
R0y - - - 519.05 239.07 217.05
2 o v vy A a o A &
WIIme : - vueda e ldaula iesnninallgmvenssvisuy
M3197 5.31 HAAIDI TS(G) INONAADANLATIMN 2.2 ¢ Number Of Router =60
2 TS(G) ()
ATIN
RA DSA CTB RPA DPA FCA
1 - - - 644.89 251.66 251.66
2 - - - 519.06 235.93 251.66
3 - - - 566.24 220.20 251.66
4 - - - 644,89 220.20 235.93
5 - : - 786.45 251.66 204.47
iy f - : 632.30 235.93 239.07

= ] g/ o A A of & ] J
WM : - D nsaldania e imnatiyniveunsouisu

TS(G) 3uh)
800 ———

700 +——
600 +——

500

V1o I —

300
200 -

100 -

01—

0

31]1‘1; 5.12

20

LEAIANNTUNUEUDS Number Of Router 111 TS(G)

60

80

et RPA
=== DPA
et FCA

Number Of Router (Qﬂﬂiﬂf)
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‘ﬂ’]ﬂgﬂﬁ 512 WUNHANO3NY Random Assignment (RA) Sano3NUDistributed
Assignment (DSA) 11ALPANDINY Centralized Tree-Based Assignment (CTB) Tiensaly
awlwaietwglnsalaemamarwginsaild  SiimslFudanesfin  Random Plus
Assignment (RPA) Lﬁ"ﬂﬁmmqﬂﬂsiﬁ“lum?miwmﬂﬁu%s"lajffawaﬁiﬂ TS(G) s TS(G) 9H
Amnnfiga  daudaneiy Distibuted Plus Assignment (DPA) uazSane3iiu  Fast
Convergecast Assignment (FCA) §1muqﬂﬂm‘f‘lum%’mimmﬂﬁmiwmia TS(G) T

iBntesuazil TS(G) NlndiReariy

A15197 5.32 Wav0a TT(G) iNonadavaliuAgIuil 2.2+ Number Of Router = 20

24 TT(G) (W)
asan
RA DSA CTB RPA DPA FCA
1 5 - € 550.52 251.66 94.37
2 = a . 833.64 235.93 125.83
3 = y 629.16 235.93 125.83
4 & 1 = 581.97 23893 78.64
5 - - : 786 45 235.93 125.83
1oy - - - 676.34 239.07 110.10
=2 ' 9 | a o a4
vnamg : - vneie lidunia 15anla iissnn@atlgmvesniovisyy
M 3197 5.33 WOVBI TT(G) iR NAgRUALNAFILN 2.2 Number Of Router= 30
8 TT(G) (W)
A3In
RA DSA CTB RPA DPA FCA
1 - - - 644.89 235.93 141.56
2 - - . 865.10 298.85 204.47
3 - - - 566.24 235.93 141.56
4 - = - 581.97 235.93 141.56
5 = = = 817.91 330.31 157.29
m%ﬂ 2 % = 695.22 267.39 157.28

HUTWEN A

PR o y 4 s o PR 1
- - ynede liansaldaud esnanadymusuniedisiu
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A13190 5.34 WAYDY TT(G) iNonAToUTUNATIUN 2.2 : Number Of Router = 40

2.4 TT(G) (Au)
AsIn
RA DSA CTB RPA DPA FCA
1 - - - 550.52 361.77 173.02
g - - - 912.29 235.93 204.47
3 - - o 786.45 283.12 204.47
4 - = = 990.93 267.39 173.02
5 - - - 754.99 235.93 173.02
A - - - 799.03 276.82 185.60
¥ )
Wuome : - nuene lieuso 15auld iesnndatlyvivensavisiv
A15197 5.35 Wa¥Da TT(G) iloNaRalauuAg Ui 2.2 ¢ Namber Of Router =50
2 g TI(G) Gunh)
A5
RA DSA CTB RPA DPA FCA
1 . ! : 692.08 26739 220.20
2 ; = : 534.79 361.77 251.66
3 - - - 629.16 267.39 188.74
4 - - - 660,62 487.60 220.20
5 - : . 692.08 361.77 204.47
may - - - 64174 349,18 217.05
S A 1 9/ A a gl A 3
WUOMA : - D anunselFeanld ieanmpailynivsaniedigyy
M15190 5.36 HAUDI TT(G) NONATDDAUNATIUN 2.2 ; Number OF Router = 60
s THG) (T11)
AsIn
RA DSA CTB RPA DPA FCA
1 - - - 770.72 393.22 251.66
2 - - - 566.24 346.04 251.66
3 - - - 644.89 346.04 251.66
4 - - - 754.99 267.39 235.93
5 - - - 849.37 267.39 204.47
iy . - . 71724 | 32401 | 239.07

< ' ) Y A a e P
HUaLne : - HUWHI hhlﬁ’lll'ﬁﬂahf\‘nu]lﬁ L‘LIENﬁnﬂkﬂﬂﬂﬂ]ﬂﬁ']ﬂflﬂlﬂﬁfﬂl'iﬂmu
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TT(G) GuIN)
900

800 -
700 - - e

600
500 -+ e RPA

400 = DPA

300 A—
dﬁtm\x
g - FCA

200 — e
100 - e

O 7 === Number Of Router (Qﬂﬂiﬂf)

G 20 40 60 80

51091 513 uaAIRNUFUNUEUDA Number Of Router 7)) TT(G)

naglfi 513 WihSanesiy Random Assignment- (RA) 9ane3Muistributed
Assignment (DSA) WAz danes Ny Centralized Tree-Based Assignment (CTB) Tdewnsalsd
nulwasedisglnsaldaenanarognseila - dlimslFnudansiiu’ Random  Plus
Assignment (RPA) Lﬁ"ﬂi‘immqﬂniiﬁum?aﬂiwmnifu%z"lﬁﬁqwaﬁia TI(G) ua TT(G) 321
Annildn Cdausanoiu  Distibuted | Plus Assignment (DPA) L0£Bane3ily Fast
Convergecast Assignment (FCA) ﬁ1muqﬂnsa‘f’lum§'mi'mmﬂﬁuff'wassia TT(G) N

iAntipolngdann3 Ny Fast Convergeeast Assignment (FCA) ¥ l# TT(G) vioviiga

- T = o o ¥ " [
NNTNNATIMNEEN 2.3, Mdmauvesglassi)aenelundevigmenunazns
danasiumsiadiduvssdeyaly Superframe  uandisiuIzdsaaolsednininuos
A o o 3 o Lol o ] = 4
n3evtognsainsaeiu¥auivuglasalaenmarvginsaiaieiu” Smuanisiiimes

v
Y9INIINADUATOVY A3



-:; = a v ~ = P
1319N 5.37 W']'i'Ill!.{ﬂ‘ﬂiﬂ'lﬁ“’]ﬂ'lmuﬂﬁﬁﬂ‘ﬂﬁﬂﬂﬂj'luﬂ 23
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Parameter Value
Number Of Area 15 x 15 HUW
Length Of Area 100 tuA g
Number Of Router 30 Q‘]Jﬂ‘i af
Number Of Destination X
Length Of Router 500 tuAg
aBaseSuperframe Duration 960 symbols
Beacon Order 14
Superframe Order 10
Beacon Length 16 bytes
Bit Rate 250000 bit/s
Symbol Rate 62500 gymbovs

A15197 5.38 WAUD L(G) iWonAdaDauATINTN 2.3 « Number Of Destination = 1

2 i 1/(G) (W17)

334N
RA DSA CTB RPA DPA FCA

1 32 10 ¥ 44 10 7

2 38 11 9 50 11 9

3 35 12 9 39 12 9

4 27 9 8 42 9 8

5 39 9 9 42 9 9
mﬁﬂ 34.2 10.2 84 43.4 | 10.2 8.4

<y 9 A o o PII 1
wnomg : - vanena liannse e ld dewndailguweunieisiu




92

f135191 5.39 HAUDI L(G) Lﬁﬂﬂﬂﬁﬁm’dnuﬁj’mﬁ 2.3 : Number Of Destination = 2

2 3 L(G) (11i78)
AsaN
RA DSA CTB RPA DPA FCA
1 = : - 34 13 9
2 - - - 46 15 10
3 39 12 - 40 12 9
4 - - - 31 12 8
5 - - - 25 7 8
mae - - - 35.2 11.8 8.8
= ' P v A s o 4
winema : - e Tdewsnldaula desnmnalymvednssuisiu
A15197 5.40 HAYDI L(G) NONAADDNUNATINN 2.3 - Number Of Destination =3
2 4 L(G) (1420)
ATIN
RA DSA CTB RPA DPA FCA
1 L : : 38 11 9
2 ¢ = . 43 10 11
3 4 - 5 29 9 8
4 : - : 43 9 10
5 - } ¢ 30 10 10
1naY - - E 36.6 9.8 9.6
=3 v 3 o 2 = o - ] ;5
MR : - MRS lewselFnnld iesnimnatiyviveunTouisyy
M1919% 5.41 WAUD9 L(G) [Nenad ol duuAT 1N 2.3 « Number Of Destination = 4
3 4 L(G) (M)
AN
RA DSA CTB RPA DPA FCA
1 - - - 31 11 10
2 . - - 27 10 12
3 - : - 30 10 8
4 - - - 39 9 9
5 . - - 33 10 10
naY - - . 32.0 10.0 9.8

nunomg : - e Tannsalfou 18 Wesnnifadynveunioniiu
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13197 5.42 WAUDI L(G) INeNATDUAUNAT N 2.3 : Number Of Destination = 5

3 L(G) (W111)
fAIIN
RA DSA CTB RPA DPA FCA
1 - - - 34 11 10
2 = - - 39 12 11
3 - . - 42 8 10
4 . - - 39 12 11
5 . - . 49 12 9
A - 2 = 40.6 11.0 10.2

=< ' Y] ¥ A a o M 2
W?J'lﬂﬁ’iﬁ! - HUEOd 13Jﬁ‘11.l15€ﬂ°ﬁ~1’lu'1ﬂ luENﬁnﬂlﬂﬂﬂﬂgﬁ'l‘ﬁﬂmﬂiﬂﬂ']fﬁfu

L(G) (1170)
s 4 il A =4 J e “ Y/ v L L a
45 A = T

) Number Of Destination

o
0 1 2 3 4 5 & (gUnsal)

UM 5,14, ta@an a1 ¥ed Number Of Destination 111t L(G)

913 5.38 N Tuadovwernseiereismitiginsel Fane3iiy Random
Assignment (RA) W L©G) IndiReany sane3fu Random Plus Assignment (RPA) danaInu
Distributed Assignment (DSA) W L(G) Mileuiy dane3ny Distributed Plus Assignment
(DPA) Laz8anesfiy Centralized Tree-Based Assignment (CTB)IA L(G) wileufiy
§an03NY Fast Convergecast Assignment (FCA)

9ingil 5.14 wuiSane3fiy Random Assignment (RA) Sane3ilu Distributed
Assignment (DSA) 1a2danv3Ny Centralized Tree-Based Assignment (CTB) Tianseld
aulumSetwgdnssidmemanaroginselld  Silmsldaudaneiiy  Random  Plus
Assignment (RPA) Lﬁ"'ai‘i“m:luqﬂﬂm‘fﬂawmalum?mﬁﬂmﬂ?i’uﬂz‘lﬂﬁawmia L(G) uA

L(G) vziimuniiga dausane3iy Distributed Plus Assignment (DPA) Unzdianoiiiy Fast
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- o 1 3 LIS ] 1
Convergecast Assignment (FCA) $1augUnsaitaensluniedionniuhidwads LG)

wazil LG) nlndinoanu

M3197 5.43 WAUDI TS(G) tNonAeoUANNATIUN 2.3 : Number Of Destination = 1

v TS(G) (A1)
ATIn
RA DSA CTB RPA DPA FCA
1 503.33 157.29 110.10 692.08 157.29 110.10
2 597.70 173.02 141.56 786.45 173.02 141.56
3 550.52 188,74 141.56 613.43 188.74 141.56
4 424.68 141.56 125.83 660.62 141.56 125.83
5 613.43 141.56 141.56 141.56 141.56 141.56
1naY 537.93 160.43 132.12 578.82 160.43 132.12
< 1 P A a o A oA
Weme : - winens Wawnsalsaula iisgninadlamivouasouviiy
M3199 5.44 WaUD9 TS(G) NBNATDUNVUAFTING 2.3 : Number Of Destination = 2
24 TS(G) (AU
AT
RA DSA CTB RPA DPA FCA
1 - - ; 534.79 204.47 141.56
2 - A : 723.54 235.93 157.29
3 613:43 188.74 - 629.16 188.74 141.56
4 : - . 487.60 188.74 125.83
5 - - : 393.22 110.10 125.83
i - : - 553.66 185.59 138.41

) o - ] 9) 3/ A a g =1 ] 3
wnome : - nuede anseldaidwissnmfadgnvounievisuy
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MM3190 5.45 WYY TS(G) LNONATBUANVAFIUN 2.3 : Number Of Destination = 3

2 TS(G) (A1)
AsInN
RA DSA CTB RPA DPA FCA
1 - - - 597.70 173.02 141.56
2 - - - 676.35 157.29 173.02
3 - - - 456.14 141.56 125.83
4 - - - 676.35 141.56 157.29
5 - - - 471.87 157.29 157.29
Ny - - - 575.68 154.14 150.99
) Fd
o : - nuneds lewsalFould aanniailgmvesinietiwiu
M15197 5.46 WaYDI TS(G) INONAROUFULAT I 2.3 : Number Of Destination = 4
£ a TS(G) (3u)
AsIN
RA DSA CTB RPA DPA FCA
1 - - - 487,60 173.02 157.29
2 - - - 424.68 157.29 188.74
3 . - > 47187 157.29 125.83
4 - - - 61343 141.56 141.56
5 - - - 519.06 157.29 157.29
Wy - - - 503.32 157.29 154.14
=4 ! ¥ ¥ A a ol A &
vanemg : - e lisuseldnuidiesnimaailapreuniedisyy
M3199 5.47 WAV TS(G) Lﬁamﬁﬂuﬁnnﬁgmﬁ 2.3 : Number Of Destination = 5
23 TS(G) (311h)
ATIN
RA DSA CTB RPA DPA FCA
1 - - - 534.79 173.02 157.29
2 - - - 613.43 188.74 173.02
3 . - - 660.62 125.83 157.29
4 - - - 613.43 188.74 173.02
5 - - - 770.72 188.74 141.56
may - - - 638.59 173.01 160.43

2 ' o v A P PR
vanomg) : - vaneda limwse a4 iesnnifatdymveunseuisiy
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700
600
500
400
300

200

100 -

0
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i RPA

=i~ DPA

= FCA

1

Number Of Destination

0

5

6 (@lnsal)

51 515" AR MFURL5¥8 Number Of Destination 111, TS(G)

1 4 3 & o a
MaATsa 543 wun-adeswmlinsaiatunisnisgilasal Sane3fin Random

Assignment (RA) W TS(G) 1pdifeany danashil Random Plus Assignment  (RPA)

Sane3iu Distfibuted Assignment (DSA) 1# TS(G) ilaufu 8ane3iiy Distributed Plus

Assignment (DPA) LazoanoaNi) Centralized Tree-Based Assignment (CTB)GE?’T’ TS(G)

milouf 8ana3i Fast Convergecast Assignment (FCA)

vIngU# 5.15 WUT¥anesiy Random Assignment (RA) ©an9574 Distributed

Assignment (DSA) 1aedANO3NY Centralized Tree-Based Assignment. (CTB) Taianans ol

alunderwgunsailmenimaisgdnsalld. SiilanylFnudaneiiiu, . Random  Plus

A o 1 13 T 1 L\
Assignment (RPA) 4fiosnugalnsshlmomsluniedisanines lidwade’ TSG) ua

TS(G) &iiAnnnijda d91idane3 7y Distibuted Plds Assignment (DPA) 0£0an07 i1y Fast

& ] a ] (] 3 "o ¥
Convergecast Assignment. (FCA) Sunugdaseilamemslunseviemnan hidawade

TS(G) azil TS(G) NndiReafiu
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M13199 5.48 WAUDY TT(G) oNATOUAUNAF NN 2.3 : Number Of Destination = 1

3 TT(G) (3u1N)
ATIN
RA DSA CTB RPA DPA FCA
1 613.43 298.85 110.10 770.72 298.85 110.10
2 707.81 267.39 141.56 786.45 267.39 141.56
3 550.52 314.58 141.56 613.43 314.58 141.56
4 424,68 267.39 125.83 723.54 267.39 125.83
3 629.16 267.39 141.56 865.10 267.39 141.56
mﬁﬂ 585.12 28342 13212 751.84 283.12 132.12
waomg : - winods lienutsaldauld aﬁmmmﬁﬂﬂﬂgﬁwmm?mha??u
ﬂﬁ%‘ﬁ:‘;l 5.49 Waw9d TT(G) Lﬁﬂﬂﬂﬁi‘)ﬂﬂuﬁaﬁ'mﬁ 2.3« Number Of Destination = 2
24 TT(G) (i)
Asan ’
RA DSA CTB RPA DPA FCA
1 = - 3 566.24 267.39 141.56
2 F 7 3 723.54 235.93 157.29
3 660.62 267.39 > 754.99 267.39 141.56
4 - = 3 676.35 251.66 125.83
5 - 2 < 566.24 235.93 125.83
lﬂ?llﬂ 5 a L 657.47 251.66 138.41
vy : - ninead lewsaldenla gﬁmmmﬁﬂﬂfuuﬂwmm%'mjwifu
ﬂ'l‘a'N‘ﬁ 5,50 Woaved TT(G) Lﬁwﬂaamuuﬁgmﬁ 2.3 : Number Of Destination = 3
24 TT(G) (‘imﬁf ' ]
CHNT
RA DSA CTB RPA DPA FCA
1 - - % 644.89 235.93 141.56
2 7 - - 896.56 251.66 173.02
3 - = o 503.33 251.66 125.83
4 = - - 865.10 267.39 157.29
5 = = 2 660.62 267.39 157.29
mio : . - 71410 | 25480 | 15099

¥ 4 = o ¥ 3
naneing : - vanea Tignnsaldanl] desnnifadymveunseiioiu
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13197 5.51 WAYD3 TT(G) NONATBUAVUATIUN 2.3 : Number Of Destination = 4

AP TT(G) (W)
AN
RA DSA CTB RPA DPA FCA
1 - - - 597.70 235.93 157.29
2 - - - 581.97 235.93 188.74
3 - - - 629.16 267.39 125.83
4 - - - 723.54 267.39 141.56
5 - - - 692.08 283.12 157.29
way - - - 644,89 257.95 154.14
=2 1 ¥ 9/ A a o A .§'
nuomg : - nuneda e lsnuld tlesnninailynivesnsevisin
A151991 5.52 WAV TT(G) NONARDVANLAFINN 2.3« Number Of Destination = 5
g TT(G) GuTh)
AN
RA DSA CTB RPA DPA FCA
1 : - - 739.27 314.58 157.29
2 - - - 676.35 267.39 173.02
3 - - - 865.10 251,66 157.29
4 - - - 723,54 346.04 173.02
5 - : . 912.29 251.66 141.56
Wy - - - 783,31 286.26 160.43
=2 ' ¥ 9 A a e "I
WioIe - - vneds Wannseldeulaieanmnatligmiveansoiisuy
TT(G) (W)
900 -
800 --
700 - \\0’/*\\//
600
500 4=— RPA
400 —#— DPA
300 | —— i FCA
200 - : e
100
0 Number Of Destination
1 2 a 5 6 (91nsal)

511 516 uaAINNUFNIUTYEI Number Of Destination /) TT(G)
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wnas 548 wuh lundedweinsaidaemeniligunsal $ane57y Random
Assignment (RA) it TT(G) 1ndifeefy daneSNy Random Plus Assignment (RPA)
$ano5iu Distributed Assignment (DSA) 11 TT(G) miloufy dane3fy Distributed Plus
Assignment (DPA) HAZDaNaSNN Centralized Tree-Based Assignment (CTB)E}sﬁ' TT(G)
miloufiy 9ano3 Ny Fast Convergecast Assignment (FCA)

103Ut 5.16 WuhFane3fiy Random Assignment (RA) 8ane3iu Distributed
Assignment (DSA) 1Az ®ane3NY Centralized Tree-Based Assignment (CTB) Tiansald
awluaienognseimemanavgdnsalld  iimsldaudanesiy  Random  Plus
Assignment (RPA) s,ﬁ‘e{numqﬂﬂsafﬂmﬂmq‘lmﬂ?miwmnﬁi{uw"l:tiffawaeria TT(G) ué
TT(G) wﬁﬁmmﬁqw d8ane5 7y Distributed Plus Assignrient (DPA) LAz 8ana3ny Fast
Convergecast Assignment (ECA) i‘hmuqﬂnsnfﬂmaww‘lum%'aﬂhﬂmﬂi‘fuTﬂﬁqwaﬁia

TT(G) 1A an®3 Ny Fast Convergecast Assignment (FCA) Wi li TT(G) ﬁﬂﬂﬁt}ﬂ

a ' { U o T T o
nnAvuATMIeNR | 24 fssevnisdsdoyavesgiiniatluniovigseiunazns
ganosnumasadduaosteyalis " Superframe | uaneInuIsdINanlszANENINID
A o [ o o Cnd o o ) 4
i3 inegnsainspiulsamanungUnanilaomanaagunssiaiens Smuainsumes

9
UBINTH 1A ONUAS DAY FIT

A15190 5,53 WSR3 AN AT IUNARO D TUNAT LN 2.4

Parameter Value
Number Of Area 15:x 15 i3
Length Of Area 10093
Number Of Router 30 ‘Qﬂﬂ‘iﬂf
Number Of Destination 3 Qﬂﬂiﬂf
Length Of Router X
aBaseSuperframe Duration 960 symbols
Beacon Order 14
Superframe Order 10
Beacon Length 16 bytes
Bit Rate 250000 bit/s
Symbol Rate 62500 symbol/s




15199 5.54 WAUD9 L(G) INONATBUANUATIUN 2.4 : Length Of Router = 400

100

23 L(G) (1120)
Asan
RA DSA CTB RPA DPA FCA
1 - - - 75 17 11
2 = - 2 53 11 8
3 - - - 56 9 9
4 - = . 36 7 9
5 - - - 56 16 7
InaY - - - 55.2 12.0 8.8
] 4
oy : - vnoae igmnsnlau i idesnnieilynivesmsoiin
5197 5.55 HAYDY L(G) tNBNATBUABUATIUN 2.4 : Length Of Router = 600
g L(G) (W1i90)
Asan :
RA DSA CTB RPA DPA FCA
1 s 3 e 44 13 14
2 - = % o 13 11
3 . - > 30 11 1
4 - - . 51 11 12
5 - 3 - 29 9 9
Ay - - - 35.8 11.4 11.4
=2 H 9 oA = of - é’
MIBINA : - MRS lananseldauldiesnanatiamivesnsouigiy
A15190 5.56 WAUBd L(G) INeNATODAUUATIUD 2.4 « Length Of Router = 800
24 L(G) (11i70)
Asan
RA DSA CTB RPA DPA FCA
1 = = - 30 16 i6
2 - - - 20 12 12
3 - - - 24 13 15
4 a - - 29 11 12
5 - - - 28 10 12
naY - - - 26.2 12.4 13.4

=] ¥ ) o & a e A ] cg
nnoma : - waneda Tiewnse ldauld iesnnifatymiveunseiioiu




M54 5.57 WAUDY L(G) INBNATDUTUUATIUN 2.4 : Length Of Router = 1000

101

2 L(G) (M1i28)
A5
RA DSA CTB RPA DPA FCA
1 - - - 20 16 15
2 - - - 29 16 16
3 - - - 23 15 15
4 - - - 27 15 15
5 - - - 27 16 15
RAY - - - 25.2 15.6 152
2y v y A a o A &
nome : - viona lianaselyould iesnnifailyriveinseuisiu
M3199 5.58 WAYDY L(G) tHONATDUAVNAT UM 2.4 : Length Of Router = 1200
2 L(G) (M120)
AvaN
RA DSA CTB RPA DPA FCA
1 - - - 26 15 15
2 - = X 27 16 15
3 L - ; 20 16 15
4 . - . 21 16 15
5 - A g 20 16 16
WAy - - - 228 15.8 15.2
@2 o P v A \~ V e 1 A
vnome : - 1ea e lannseldauls imesnafatiamiveunsouisyn
L(G) (117)
60
50 \\
40
\ = RPA
30
\‘¢\’ —@—DPA
28 - et FCA
0 ' ' Length Of Router (14913)
0 500 1000 1500

510 5.17 uanInudURLTYDI Length Of Router A1 L(G)
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winglit 5.17 WuiSane3iiu Random Assignment (RA) Sane3iu Distributed
Assignment (DSA) HaZdaNo3NY Centralized Tree-Based Assignment (CTB) Tuaunsald
aulundevisglnssimomemarglasalld  drlimsldeudanesiiv  Random  Plus
Assignment  (RPA) Lf}aszazm'si'hﬂi’fﬂymmqﬂﬂsnf’iup,ﬂ‘%'miwmm’iymzdma?ﬁ L(G)
Hovaws LG) wildwiniiga dausane3iu Distributed Plus Assignment (DPA) Uaz
$aneSTiu Fast Convergecast Assignment (FCA) szozmisdadoyavesgunsalluaioiivunn

3 T T q' 3 dl- =t 7]
Judanane L(G) mududntootazi L(G) nlndifsaiu

M15197 5.59 Waved TS(G) ionaaeuaniifig1uil 2.4« Length Of Router = 400

5 TS(G) (3Uh)
AN
RA DSA CTB RPA DPA FCA
1 - - - 1179.68— | —267.39 173.02
2 - - - 833.64 173:02 125.83
3 : ; - 880.83 141.56 141.56
4 : - - 566:24 110.10 141.56
5 - - - 880.83 251:66 110.10
1ndg - - - 868:24 188.74 138.41

= ' 4 ¥ A a9 28 B v d?
wnemg : - vaneds ludanse 1dagl ifiesnnifiatlamuoansoiisiu

' & _—
M15199 5.60 HAUD3 TS(G)INONATDUAVURTIUN 2.4 : Length Of Router =600

2 d TS(G) (3uN)
AIIN
RA DSA CTB RPA DPA FCA
1 . : . 692108 | 20447 | 22020
2 . - ; 303207 | 20447 | 173.02
3 . . . 471.87 173.02 | 173.02
4 - : . 802.18 173.02 | 18874
5 i . i 456.14 14156 | 141.56
i - . . 563.09 179.30 179.30

2 ' % v A a o P 1
’ﬂll']ﬂm‘ﬂ - AU ‘luﬂ1ll'lﬁﬂ(1‘}ﬂ'|u]1ﬂ E‘I«E'EN‘il'lﬂkﬂﬂ‘ljiyﬂ'l‘tlﬂ\ﬁﬂﬁﬂ‘mﬂ‘ﬂu




M13197 5.61 WOV TS(G) tiNoNATOUTUVATIUTN 2.4 : Length Of Router = 800

103

s TS(G) Guni)
ATIN
RA DSA CTB RPA DPA FCA
1 - - - 471.87 251.66 251.66
2 - - - 314.58 188.74 188.74
3 - - - 377.49 204.47 235.93
4 - - - 456.14 173.02 188.74
5 - - - 440.41 157.29 188.74
may - 5 - 412.09 195.03 210.76
=2 ' % v A a o r I}
WUOWA : - nnedd Ludwnse Ifanla esnntalgviveniotisiu
M13197 5.62 WAV TS(G) INONARDVAVNHATIUN 2.4 1 Length Of Router = 1000
Y TS(G) (uh)
ATIN '
RA DSA CTB RPA DPA FCA
1 - - - 314,58 251.66 235.93
2 - : < 456.14 251.66 251.66
3 - - - 36177 235.93 235.93
4 - . - 424,68 235.93 235.93
5 - - - 424.68 251.66 235.93
Y - - - 396.37 245.36 239.07
2 ) 3 9 A Ao " |
MU : - vinens lianseldauld mesnmnailyviveunioviguy
M 3197 5.63 WAV TS(G) NaNATUANATIMN 2.4 1 Length OF Router = 1200
y TS(G) (311h)
AFIN
RA DSA CTB RPA DPA FCA
1 B - = 408.95 235.93 235.93
2 - - - 424,68 251.66 235.93
3 - = E 314.58 251.66 235.93
4 - - - 330.31 251.66 235.93
5 - - - 314.58 251.66 251.66
may - - - 358.62 248.51 239.07

& ' ) ¥ A a o a 1 2
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TS(G) (1)
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300
800
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300
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0
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\ cpem RPA

W _H__—_.___m_ == DPA

st FCA

0

500

B — Length Of Router ({WA3)
1000 1500

U518 LaRIRFURUTUD4 Length Of Router 11 TS(G)

nngf 518 nudidana3iin Random Assignment (RA) 8037, Distributed

Assignment (DSA) Az and3 Ny Centralized Tree-Based Assignment (CTB) Tsiansald

! L4 ar =y
aulwasenegnshiaenamaiwginsails - dlimsldnudanaiiy’ Random | Plus

» 9t
Assignment (RPA) ~ (iinssegns dedoyavosgilnsa lumisviusnniuesdwald | TS(G)

Yovas TS(G) 2R uIn¥ign @ audans37iy Distributed Plus Assignment (DPA) 1ag

r a ] o ]
8an0371 Fast Convergedast Assignment (ECA) 5563m3addoynveigilnial hin3omionn

-g 1 1 1=' 3 A c; = s
Sudannde TS(G) muauanToonasll TS(G) A lnaResnu

A1519% 5.64 HAVDITT(G) INONATDUANUATIUN 2.4 : Length OF Router = 400

2 4 TT(G) (JW)
AIIN
RA DSA CTB RPA DPA FCA
i . . i 1305517 | 487.60 | 173.02
2 . . i 84937 | 23593 | 125.83
3 . . . 110104 | 25166 | 141.56
4 . - - 61343 | 25166 | 14156
5 . : i 99093 | 487.60 | 110.10
iy - - A 972.05 34289 | 13841
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M3197 5.65 WAYDY TT(G) iNenadoUauuAgIUf 2.4 : Length Of Router = 600
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24 TT(G) (i)
Asan
RA DSA CTB RPA DPA FCA
1 - - - 896.56 346.04 220.20
2 - - - 597.70 330.31 173.02
3 - . - 613.43 314.58 173.02
4 - - - 959.47 346.04 188.74
5 : - = 456.14 298.85 141.56
naY - 5 - 704.66 327.16 179.30
1 4 =Y L] 1 13
viinomea : - nueds Tdawaso 1Fauld esnnifailymveniovsiu
A3139 5.66 WAVDI TT(G) INONAROVAUHATIUT 2.4 « Length Of Router = 800
g 3 TT(G) (i)
1IN
RA DSA CTB RPA DPA FCA
1 L - g 487,60 487.60 251.66
2 ¢ = : 346.04 330.31 188.74
3 c - > 424.68 408.95 235.93
4 - - - 644,89 283.12 188.74
5 - A g 503.33 314.58 188.74
WAy < - ¢ 48130 364.91 210.76
= ' 9/ o A a o -y J
WINoWA : - neH e wawseldnuld iesnimnatiyriveunseiinyu
ﬂﬁN‘ﬁ 5.67 Waved TT(G) Lﬁamﬂﬂuﬁnnﬁgmﬁ 2.4 : Length Of Router = 1000
22 THG) (F11)
AsIN
RA DSA CTB RPA DPA FCA
1 , - - 534.79 361.77 267.39
2 - - - 660.62 393.22 251.66
3 - - - 597.70 235.93 235.93
4 - = - 519.06 440.41 235.93
5 - - - 471.87 487.60 235.93
e - - - 556.80 383.78 245.36

] y = o ] J
o : - e lignnsaldau s esnnfailymveuniedioiu
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M15190 5.68 HAVDI TT(G) INONATBUAUNATIUN 2.4 : Length Of Router = 1200

'y TT(G) (3UN)
FAIIN
RA DSA CTB RPA DPA FCA
i , : - 503.33 36177 | 23593
2 . : - 613.43 408.95 330.31
3 - - - 33031 48760 | 23593
4 - - - 566.24 39322 | 23593
5 ‘ : . 424.68 39322 | 251.66
e - . - 487.59 408.95 257.95

L} 4 LY O ) g
winomg : - e luawse 15aulditssnnailyriveuniovis iy

TT(G) (Auh)
1200 A= P~
000" &
g0 | N

|

; ~%—RPA
660 H—freas

—fi— DPA

400 -

; 2 FCA
2000

0 AN SIS = v Length Of Router (1Uf7)
0 500 1000 1500

710 519 L#9INMUTUIUTUOI Length Of Router N1 TT(G)

Nzl 5.19 WUOanesil Random-Assignment (RA) 820371l Distributed
Assignment (DSA) Uazoane3NY Centralized Tree-Based Assignment (CTB) Taansaly
alunioteginssidmomeananvginseild  didimsldamdanesiin  Random  Plus

Y 1 1 3 L
Assignment (RPA) lpszozmidadeyavesginsailumietoinniuezdwald TT(G)
Yovauw TT(G) seiiAnnnfiga diudano3iy Distributed Plus Assignment (DPA) Uag
$ana3iy Fast Convergecast Assignment (FCA) 5¥8en1sdadoyaveaginsal luasedieun
é’ 1 1 A 3 4 9 ar a R . o 3
YUFINAAD TT(G) INNVWANUBULATOANDINY Fast Convergecast Assignment (FCA) min

TT(G) Hounga
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VINTUNATIUOBON 2.5 B1A1 Beacon Order (BO) UDUATBVWAWAUUATNIS

Sanesiumsiadduvosdoyaly  Superframe  uanAniuIzdINadelsz@NEAIMYD

A L4 @ ¥ o o 1 o o a o
in3degUniainsiedu lFmeuvuglnsallmomevarsginsaiaeny  MruamIiines

4
YDINITIA ﬂ\‘ltﬂ?ﬂﬂlﬂﬂ fatl

M15190 5.69 Winesaen i 1¥ lunaaoudunAgiun 2.5

Parameter Value
Number Of Area 15 x 15 W7
Length Of Area 100 1@ 3
Number Of Router 30 Q‘]Jﬂ‘i af
Number Of Destination 3 Q‘]Jﬂ’i o
Length Of Router 5001093
aBaseSuperframe Duration 960 symbols
Beacon Order X
Superframe Order 8
Beacon Length 16 bytes
Bit Rate 250000 bit/s
Symbol Rate 62500 symbol/s

M15197 5.70 WATDI L(G) IVeNAARUaULATIMN 2.5 s Beacen Order = 10

2 2 L(G)(H1iw)
ATIN
RA DSA CTB RPA DPA FCA
1 - - - 5 6 4
2 . : - 8 8 4
3 . s : 7 7 7
4 - - - 9 4 4
5 - - - 9 7 7
iy . - - 7.6 6.4 )

= ' ¥ v A o o P 1
ninomg : - naneds Wiensaldnuld desnifallgmvsunievioim




A15197 5.71 HOUBY L(G) tNenadouaduuAgIui 2.5 : Beacon Order = 11
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2 2 L(G) (Mu7w)
Asan
RA DSA CTB RPA DPA FCA
1 - - - 33 9 11
- - - - 18 11 8
3 - - s 18 10 8
4 = & = 15 8 8
5 = - - 18 11 7
mae - - - 204 9.8 8.4
] F4
vuemg : - mnede lienuiseldaulddisinnmailymveunseteiy
M3197 5.72 Wawes L(G) Monadelduuag i 2.5 Beacon Order = 12
3 a L(G) (M12b)
A3IN
RA DSA CTB RPA DPA ECA
1 = 3 2 28 I 9
2 r 0 S 25 9 4
3 - - o 33 7 8
4 c = G 28 10 8
5 - : - 44 10 7
1Ay - - - 32.0 9.4 7.8
2 ] 3 ¥ A a g A . A
waeme : - nnene eanseldaonls Wenmfailamvounsevioiy
A1519% 5.73 WaVD9 L(G)LNBNAT0UANUAFIUN 2.5 ¢ Beacon Order =13
o L(G) (M1130)
GH
RA DSA CTB RPA DPA FCA
1 = - = 119 13 11
2 g = = 74 10 9
3 - = - 99 11 9
4 - = = 98 12 10
- ; - 67 10 10
may - - - 91.4 11.2 9.8
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' ¥ a o , 4
;- v ldananse a1 Wiesnnifatlgvivesniedisiy




A13197 5.74

WOV L(G) INDNATDUANNAFIUN 2.5 : Beacon Order = 14
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24 L(G) (11178)
A5
RA DSA CTB RPA DPA FCA
1 : - : 132 9 10
2 . - . 191 12 10
3 . : . 173 10 10
4 s - . 190 12 9
5 - . . 114 9 1
g . . - 160.0 10.4 10

< ’ 9 9 A a o A &
TT?J'IUL‘H@J HER 2P Ui 1] 1?”?\’1“15'&115])"31141@ Luaﬁ%—]ﬂlﬂﬂﬂﬂéﬂ'lsﬂﬂ‘uﬂiaeu'lﬂsuu

L(G) (H170)
60 /,
9% dl / :
t’i(} i G ‘\— W J, i
e R P,
30 _\\f F PVIIS A
\»-"‘\@ i DPA
20 el FAL FANL ' FaL FAL FAVNY. U e ™ . _
mamfmes FCA,
! S e |
e L N i
1
Q - ' T — TS 77 ] ==~ Beacoff®rdey
8 10 12 14 16

gﬂﬁ 520 WAAIANUTUNUTVOS Beacon Order 11 L(G)

N3 520 wuhdane3il - Random- Assighment (RA) §ane37iy Distributed

Assignment (DSA) 1ALdAND®INY Centralized Tree-Based Assignment (CTB) Tyeunsaly

awluniedwgdnseilmomavarsginsella  drilmsldaudaneifin  Random  Plus

. ] ' & . s 42
Assignment (RPA) 131 Beacon Order ¥04tA300MINUYUIZdINa 1 L(G) mwuvuaeninmn

uag L(G) awilmunniiga dausaneiy Distributed Plus Assignment (DPA) 1az8ane3fiu

T 13 L} T
Fast Convergecast Assignment (FCA) Beacon Order anmm%‘ﬂmﬂmﬂw'lnmwama L(G) ung

14 LG) Indinvanu
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A13191 5.75 WaUe9 TS(G) tNoNATDUAVUAFIUN 2.5 : Beacon Order = 10
> TS(G) (3ui)
N
RA DSA CTB RPA DPA FCA
1 - - - 19.66 23.59 15.73
2 - - - 31.46 31.46 15.73
3 - - - 27.52 b 27.52
4 . - - 35.39 15.73 15.73
5 - - - 35.39 27.52 27.52
Ay 29.88 25.16 20.44
= ] 9/ 9 A a - o - ] 13
WU @ - T8I hlﬂJﬁ"lﬁJ'ﬁﬂ(I‘]N']uklﬂ L'L!.?J\ﬁ]']ﬂlﬂﬂ‘ljﬂluﬂ’l‘llﬂﬂlﬂﬁﬂﬂﬂﬂ“uu
M15197 5.76 HAUDY TS(G) 1ONAADEANNATIUN 2.5 : Beacon Order= 11
r TS(G) (i)
3N g
RA DSA CTB RPA DPA ECA
1 : - - 12977 35.39 43.25
2 : - - 70.78 4325 31.46
3 : - - 70.78 39.32 31.46
4 - - - 58.99 31.46 31.46
5 - : : 70.78 43.25 27.52
My - - - 80:22 38.53 33.03
= ' 3 g A a o A cg
WA : - nIneDe ligseldnula desanadlynveuniovisiy
M15197 5.77 HOUDI TS(G) NRNATDUTUNAFIMN 2.5 3 Beacon Order= 12
r TS(G) (M)
A3IIN i
RA DSA CTB RPA DPA FCA
1 - - - 110.11 43.25 35.39
5 - - - 98.31 35.39 27.52
3 - . - 137.64 27.52 31.46
4 - - - 110.11 39.32 31.46
5 - - - 173.03 39.32 27.52
mae - - - 125.84 36.96 30.67

= ) 9 ¥ A a o & o 4
winomeg : - vanede liawsaldould desnndatlymvounievisiu




A15199 5.78 WAUDY TS(G) tNONATOUANUAFIUN 2.5 : Beacon Order = 13
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2.4 TS(G) (AUM)
asad
RA DSA CTB RPA DPA FCA
1 . . . 467.98 51.12 43.25
2 . . = 291.01 39.32 35.39
3 : - - 389.33 4325 35.39
4 - - - 385.40 47.19 39.32
5 : : - 263.48 39.32 39.32
it = ; - 359.44 44.04 38.53
Wi : - vunene Tuewse ldaula iosnnifailauesniovisiy
A15197 579 WY1 TS(G) iMOMARDDANBATINA 2.5 ¢ Beacon Ofder = 14
22 TS(G) Guh)
ATIN
RA DSA CTB RPA DPA FCA
1 S - : 519.11 35.39 39.32
2 ; 3 ! 751.14 47.19 39,32
3 4 - y 68035 39,32 39.32
4 : : 1 74720 47.19 35.39
5 . A C 448,30 35.39 43.25
WA 3 : : 62022 40.89 39.32

=3 T ¥ 9 A a e = 3
naome : - e wanselfaula e imiailyniveuniovisvu

TS(G) AuIn)
1000 —
900 -

800

700 -

600
500
400
300
200
100

0

el RPA
—i— DPA
de= FCA

1 Beacon Order

5111521 uansnuduiuEyes Beacon Order 11 TS(G)
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mﬂgﬂﬁ 521 WU9ane3Ny Random Assignment (RA) 8ane3Ny Distributed
Assignment (DSA) UALOAN®3NY Centralized Tree-Based Assignment (CTB) Tuenunsals
ulunSetnoginsaldaemamarogUnsalla  diilimsldnudanesiiu  Random  Plus
Assignment (RPA) 110 Beacon Order vounSoeIn Lz denals TS(G) WRLeNIN
oz TS(G) wfinnnniiqa dausane3iy Distributed Plus Assignment (DPA) uazSane3 i
Fast Convergecast Assignment (FCA) Beacon Order ﬂjﬂﬁiﬂ?ﬂﬂiwmﬂ‘i{uqﬁﬁﬁwaﬁiﬂ TS(G)

uaz i TS(G) IndiRuedu

M15197 5.80 WAVDI TT(G) tNONAABVANUAFIUT 2.5 Beacon Order = 10

g TT(G) ()
ATIN
RA DSA CTB RPA DPA FCA
1 - - - 252 31.46 15.73
2 : . A 35.39 3932 15.73
3 - - - 31.46 PA Sy 27.52
4 - - - 4325 2R52 15.73
5 - - - 43725 39.32 27852
na A - - 3647 33.02 2044
2L W 9) 9 d'l = o A ] .5'
Mo : - Hinone ldwsa o e dissendadlgwivesnioiisiu
M15197 5.81 WD TT(G)iNaNARBUANNATIUN 2.5 - Béacon Order = 11
22 TT(G) ()
ASaN
RA DSA CTB RPA DPA FCA
1 - - - 157.30 62.92 43.25
2 5 = i 94,38 58.99 31.46
3 - - - 70.78 58.99 31.46
4 . - - 58.99 51.12 31.46
5 - - - 98.31 70.78 2752
nay . . . 95.95 60.5 33.03

= ' o v A . PR
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ﬂ]i]ﬂﬁ 5.82 WaUDd TT(G) Lﬁ@ﬂﬂﬁﬂﬂﬁlﬁhﬁg’mﬂ 2.5 : Beacon Order=12

113

v TT(G) (3ui)
fTIN
RA DSA CTB RPA DPA FCA
1 - - - 114.04 58.99 35.39
2 - - - 110.11 66.85 27.52
3 - - - 141.57 58.99 31.46
4 - . - 157.30 78.65 31.46
5 - - - 200.56 74.72 27.52
WAy - - - 144.71 67.64 30.67
1 4 o o 1 13.
nuema : - naneds ldawsn l5auld desnnnadymveinsovisiy
M13197 5.83 WaYDI TT(G) INONARDVEIVBATINN 2.5« Beacon Order= 13
22 TT(G) Gy
f33IN x
RA DSA CTB RPA DPA FCA
1 S - - 519.11 121.91 43.25
2 ¢ - - 381.46 149.44 3539
3 - - - 479.78 121.91 35.39
4 - - - 380,33 145.50 39.32
5 - : ¢ 263.48 121.91 39.32
Ay - - : 406.63 132.13 38.53
2 ' 3 @ A 2 o "I i
MO : - nIned Wawse e id ieamaailyniveunienigiu
M131370 5.84 HAUDI TT(G) INANATOVAUUAFIUN 2.5 : Beacon Order= 14
y TTG) (1)
f3IN -
RA DSA CTB RPA DPA FCA
1 - - - 609.56 255.62 39.32
2 - - - 912.37 283.15 39.32
3 - - - 802.26 247.75 39.32
4 - - - 971.36 251.69 35.39
5 - - - | 487.65 267.42 4325
WAy . - - 756.64 261.12 39.32

= 1 v 9 A a o P
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TT(G) Gun)
1200

1000 \
800 \
PN
600 RPA

\,/’\.. —— DPA
e H_,—l-—‘l;'—'——' e FCA

Al I

0 - i ———1 Beacon Order
8 - 10 12 14 16

§1015.22 _uannanduiniives Beacon Order i TT(G)

1ngUN 522 wu4IdaNe5NY Random Assighment (RA) 6ane3iiy Distributed
Assignment (DSA) Az 0anNe3 1Y Centralized Tree-Based Assignment (CTB) s ld
amluaseiwglnsalilaisnisrawgilnseils Sillmsi¥udona3iiu’ Random Plus

4 ) 2 ; e g
Assignment (RPA) (119 Beacon Order ¥paIn5 0100 NTUILdIMA 1A TT(G) MuvLouINUIN
oz TT(GQ) i]%ﬁfi‘lll'tﬂ‘?lf!ﬂ ﬁaué’aﬂa?ﬁu Distributed Plus Assignment (DPA) 11§D Beacon
' E . A £ AL
Order YpUASaVIWUININITTIWAlE TTG) IHMIUMGIAZOaNDI N Fast Convergecast
. A ] ‘3 (! ¥ L 3

Assignment (FCA) Beacon Order vouAsoennUL IdINane TT(G) wazld TTG) ov

(=
b

VNAUNATIMOOIN 2.6 T1AT Superframe Order (SO) VBUATUIWANIUUALNS
dane3numsiadiiuvesdayaly o Superframe * uandNMlzapanolszdnsnInues

A o o o o7 Y ° ) o
in3eeginseingiedu limenuugdnsallmemanawgnseiieny  fmuamsiines
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YPINTADAATDUIY A1



ni = ) ~ a A
fN1379N 5.85 W'l'i'Ilimﬂiﬂ?ﬁﬁ]ﬂflﬂ’i}ﬁluﬂﬂﬁﬂﬁﬁﬂﬂﬂj1uﬂ 2.6
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Parameter Value
Number Of Area 15 x 15 11y
Length Of Area 100 U@
Number Of Router 30 ’Q‘ﬂﬂ‘i ol
Number Of Destination 3 Qﬂﬂ‘i ol
Length Of Router 500 LUAT
aBaseSuperframe Duration 960 symbols
Beacon Order 14
Superframe Order X
Beacon Length 16 bytes
Bit Rate 250000 bit/s
Symbol Rate 62500 symbol/s

' 3 LG
A15197 5.86 HAUDYL(G) NONAATVABUAFIUN 2.6 : Superframe Order = 8

- | L(G) (MUW)
asad
RA DSA CTB RPA DPA FCA
1 - - : 131 10 9
2 . ! [ 198 13 10
3 g . ¢ 21 15 8
4 : : - 150 9 8
5 ) - 4 172 8 13
ey 172.4 11.0 9.6

T 4 —_ of ] 3
Wy : - e annse 1euld Mesnifadaynveunieiisiu




3197 5.87 HAVDY L(G) tNoNAdoUaNNATIUN 2.6 : Superframe Order = 9

116

8 L(G) (v12w)
GERT
RA DSA CTB RPA DPA FCA
1 - - = 74 10 13
2 - = = 61 8 9
3 - - - 100 10 9
4 - - - 45 12 10
5 - - - 89 11 12
naY - - - 73.8 10.2 10.6
=< kS ¥ v A a o P
WG : - natede Wewrseldanla wesnimfadlywveunsovisuu
M13197 5.88 Hav03 L(G) INONATODANUAT N 2.6 : Superframe Order = 10
2 LAG).(111i0)
GERIT '
RA DSA CTB RPA DPA FCA
1 : L : 33 9 8
2 . < 0 34 10 8
3 = = F 45 15 9
4 - - : 51 12 9
S = & £ 37 12 14
iy g - ¢ 400 116 9.6
2 ' 9 w 4 alle I
Wemg : - ied e dwse ldnuldifiesmfetigrivesaiovaviu
3191 5.89 WAYDI L(G) LNONATDLAUNATIUN 2.6 Supcrframe Order = 11
P L(G) (N1w)
Asen
RA DSA CTB RPA DPA FCA
1 - - - 15 10 14
2 - - - 13 11 13
3 - - - 14 15 12
4 - - - 19 8 8
5 - - - 21 8 8
nay - - - 16.4 10.4 11.0

2 ' ¥ 9 A a o P
Hyee : - HUWE ‘lﬂﬁ'lll’ﬁﬂﬂlsﬂﬁ']u‘lﬂ luﬂﬂﬂ‘lﬂlﬂﬂﬂfgﬁ']‘llﬂﬂlﬂiﬂ“lﬂﬂ‘ﬂu




A13147 5.90

HOUDY L(G) INONATDUAUNAFINTN 2.6 : Superframe Order = 12

117 -

24 L(G) (M118)
fIIN
RA DSA CTB RPA DPA FCA
1 = c 3 9 4 4
2 - - - 7 7 4
3 - - - 10 5 4
4 - - - 7 4 5
5 - - - 9 5 8
@0y - - - 8.4 5.0 5.0
=2 i 9 ¥ A a o A1 3
WINeKg : - vede Tewsaldaula iesnninailymuenssvieiu
L(G) (N1iw)
200
180 ‘
60—
1462}
126)+
: =4 RPA
160 +
80..¢ === DPA
6P — S : LA TR FCA
a0 - — - \\ -
20 ~ I . UF __ SRR . oS EEEES
Pl s ,wﬂ._ﬁ_m
0 . = = 07— =4 Superframe Order
Vi 8 9 10 11 12 13

511 523 L@pan N AU LFAD S Stperframe Order 11 L(G)

13U 5.23 WUIPane3iin - Random -Assighment (RA) 6ane3#iy Distributed

Assignment (DSA) 1AZOaN®3NY Centralized Tree-Based Assignment (CTB) Tuenwnsold

' L4 o a
s lunietiwgunsaimomavatsginsslla  diimsldaudaneiiiy  Random  Plus

Assignment (RPA) 1318 Superframe Order Y9uiA309103nn AUz danal L(G) annsad1aun

uA L(G) ziiAnnniiga dusanesity Distributed Plus Assignment (DPA) Ltag6ane3iu

1 ‘3 L I 1
Fast Convergecast Assignment (FCA) Superframe Order U81A38% 18013 Tidewase L(G)

uazld L(G) IndiRsariy



@13197 5.91 WU TS(G) INONATOUTUUAFIUN 2.6 : Superframe Order = 8
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24 TS(G) (i)
AIIN
RA DSA CTB RPA DPA FCA
1 2 = = 515.18 39.32 35.39
3 . - . 778.66 51.12 39.32
3 - . - 829.79 58.99 31.46
4 - - - 589.90 35.39 31.46
5 2 e 2 676.41 31.46 51.12
mae . 3 = 677.98 43.25 37.75
= 1 ¥ v A a o r
‘HM'IU!,‘HGE A (PRI ] vl‘iJ'ﬂ"Ilﬂ‘iﬂi"ﬂﬂ"lu‘lﬂ luﬂﬂﬁ1ﬂlﬂﬂﬂfﬁuﬂ1ﬂlﬂﬁlﬂiﬂﬂ'}ﬂi}u
A15199 5.92 KAV TS(G) NONAADUAUUATIUN 2.6 + Stperframe Order = 9
22 TS(G) (Bu)
AIIN
RA DSA CTB RPA DPA FCA
1 L - g 581.99 78.64 102.24
2 ’ = X 479.75 6291 70.78
3 4 e S 786.48 78:64 70.78
4 e 5 5 35391 94.37 78.64
5 . 1 g 699.97 86.51 94.37
naY g ’ 1 580.42 80.21 83.36
] : ) @ A a e PR
WROmg : - nnene lianseldould iesnmnadavivoansedisiy
M31397 5.93 HAUDY TS(G) Lﬁﬂﬂﬁﬁﬂuﬁunﬁj‘mﬁ 2.6 : Superframe Order = 10
2 TS(G) (1)
ASIN
RA DSA CTB RPA DPA FCA
1 . - . 519.06 141.56 125.83
2 - - - 534.79 157.29 125.83
3 - - - 707.81 235.93 141.56
4 e . - 802.18 188.74 141.56
5 . . . 581.97 188.74 220.20
Ay . . . 629.16 182.45 150.99

= ' 9 9 A a o A a2
wuome : - vede Tiawnse g la Wesnnfailyniveuniouisiy




19197 5.94

WOV TS(G) tNONATOUAUNAFIUN 2.6 : Superframe Order = 11
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» TS(G) (Gui)
gad
RA DSA CTB RPA DPA FCA
1 - - - 471.86 314.57 440.40
2 - - - 408.95 346.03 408.95
3 - = = 440.40 471.86 377.49
4 - = = 597.69 251.66 251.66
5 = 2 = 660.61 251.66 251.66
1y - - - 515.90 327.15 346.03
] y = of ] 53’
vaneme : - nanede lueasaldaul] esnnidadamivesnsotniu
@13199 5.95 WAV TS(G) MNONAADDANBATIN 2.6+ Superframe Order = 12
® TS(G) (i)
AFIN -
RA DSA CTB RPA DPA FCA
1 ! : : 566.23 251,66 251.66
2 - - g 440.40 440.40 251.66
3 4 - > 629.15 314.57 251.66
4 - - : 440:40 251.66 314.57
5 . ? & 566.23 314.57 503.32
MY - - - 52848 314,57 314.57
=2 ' ¥ ¥ A a o A g
Naomg : - nens lamsaldnuld ieanmpadlynivouniodigiy
TS(G) (GuN)
800 — ==
700 <
500
——RPA
400
—@~DPA
300
=== FCA
200
100
0 = . Superframe Order
7 8 9 10 12

51 5.24 naRsANUFNRUTVOS Superframe Order A1 TS(G)
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nngift 524 WuNSane3Au Random Assignment (RA) Sane3fiu Distributed
Assignment (DSA) HaLdane3NY Centralized Tree-Based Assignment (CTB) Tiennsely
amlunSeteginsallaemevatognalld  drilimsl¥audanesinu  Random  Plus
Assignment (RPA) ille Superframe Onder vounsomnnauszdanaly TS(G) anadLs
TS(G) wiinnniiqa drusane5iiu Distributed Plus Assignment (DPA) uaz8ane3 iy Fast
Convergecast Assignment (FCA) Superframe Order voundotonniudaraly TS(G) 11N

4} r=} ar
Fuuaz 1 TS(G) Indifeaniu

A15191 5.96 WAVDY TT(G) INDNANDUANNAFIUN 2.6+ Superframe Order = 8

8.3 TT(G) (W)
asad
RA DSA CTB RPA DPA FCA
1 - - < 696.08 247.75 35.39
2 - - - 967.43 251.69 39.32
3 : - - 994,96 267.42 31.46
4 - - - 672,48 255.62 31.46
5 - - - 766.87 251.69 5112
i 819.56. /(1 /25483, [ 3775
vaome ;- inena ananselganla desnnifadlamnuansoroiy
m‘mﬁ 5.97 Wa¥ol TT(G) Lﬁaﬂﬂawﬁuuﬁgmﬁ 2.6 Superframe Order =9
24 TT(G) (3uah)
AN
RA DSA CTB RPA DPA FCA
1 - - - 621132 267.40 102.24
2 : - - 503.34 243.80 70.78
3 - - - 833.67 267.40 70.78
4 - - - 542.67 243.80 78.64
5 - - - 739.29 267.40 94.37
i . - - 64805 | 25796 | 8336

HuuLve

=] ] 9/ 9 A a e | ] 3
- - viwede liawnse e la Wiesnnfadlynvsuniovieau




A13197 5.98 WAUDY TT(G) gﬁamﬁanﬁunﬁgmﬁ 2.6 : Superframe Order = 10
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24 TT(G) (Au1#)
fAIIN
RA DSA CTB RPA DPA FCA
1 . . = 739.27 251.66 125.83
g . ” = 770.72 283.12 125.83
3 - - - 912.29 235.93 141.56
4 : : - 817.91 235.93 141.56
5 . g ; 581.97 251.66 220.20
naY . - = 764.43 251.66 150.99
= ' Y 9y A a  of I
weme : - nueds Tuawso 1¥aul] Wesnmifadymvesnsetisiu
M13197 5.99 HOWD3 TT(G) Lﬁ'amﬁauﬁnuﬁgmﬁ 2.6 : Superframe Order = 11
¥ TT(G) Guh)
1IN
RA DSA CTB RPA DPA FCA
1 £ d g 629.15 534,78 440.40
2 4 = 4 534.78 471.86 408.95
3 4 . > 566.24 471.86 377.49
4 5 5 : 597.69 471.86 251.66
5 = A ¢ 754.98 283.12 251.66
Ry P - 4 616.56 446.69 346.03
= ' 2 9 A = \W N
‘Hiﬂﬂmﬂ ;= UMD 1Mﬁ1u15ﬂ1%@1u1ﬂ mawmmmﬂqmwmuﬂimnﬂw
H A = A:E
ﬂ'li'lﬁ'ﬁ 5.100 AUl TT(G) L‘W‘E]Tlﬂ’d'ﬂ‘l]ﬁl]ﬂﬂj'mﬂ MG Superframe Order =12
s g THG)(1N)
AINN
RA DSA CTB RPA DPA FCA
1 . . - 754.98 440.40 251.66
2 . - . 503.32 629.15 314.57
3 - - - 754.98 440.40 251.66
4 2 . » 503.32 314.57 314.57
5 = - . 754.98 440.40 503.32
Ay ; ; ; 654.31 452.98 327.15

= ] k4 ¥ A a o A 3
vnowme : - nanens ligwsaldoula esnnfailyriveuniotsiu
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TT(G) (A1)
900

800
200 \v/\
600 \/0

500 #==RPA
400 s == DPA
3 0 0 / Lei:‘-"‘“’— v, u..‘;;
T—— g e FCA
200 A
100 e
0 — T ' Superframe Order
7 8 9 10 14 12 13

510525 uaasndiniugueg Superframe Order MITT(G)

i]‘lﬂgﬂ‘ﬁ 525 WU0anBINy Random Assignment- (RA) fanesni Distributed
Assignment, (DSA) azdanes Ny Centralized Tree-Based Assignment (CTB) Tsdernsolsd
awluasedweaselmemenaegunsalld . Silmsldnudanesiiu. Random  Plus

4 ) 5 ) ¥
Assignment (RPA) 1i8 Superframe Order 489105 0anounvuazdanald TT(G) aaaiua
TT(G) 1himinniiga daudanos iy Distibuted Plus Assignment (DPA) iag 600035710 Fast
9
Convergecast Assignment (FCA) Superframe Order Yon3 TN I 1 TT(G) WD
‘; as a4 % Y L o
YULAZOANOINN Fast Convergecast Assignment (FCA)IW TT(G) Wosnga
o A ' ) A‘ = A

5.3.3 Migiaeunisnsiluuunsiena e U uLNAZ NN 3

nauuAgIui 3 Srdanosiumsdadavuodeyaly Superframe fanuazdnn
1 a A 1 [y Col Y
ae1lszAnTraveuniadiwginssingndy Bmouvunlnssitatonnasginsaimaniv

9
UM NAARUAUNAY U Al
) U = 9 o EL -] ] ] ar ar a L

VINAVUATINGON 3.1 D19 UIUVDIGUATAl ATV IBANNULAZNITBANDI NS
v o w v 1Y 1 ' a a 1 L4
adduvesdoyalu  Superframe  uARANAUIZdINAADYszANTHAvBUATBUWYYN A

) s o 1 W o a d °
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M3190 5.101 WiswesagilFlunageuauudzini 3.1
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Parameter Value
Number Of Area 15 x 15 ©70
Length Of Area 100 1ua3
Number Of Router X
Number Of Destination 2 Q‘]Jﬂ‘s ol
Length Of Router 500 LUAT
aBaseSuperframe Duration 960 symbols
Beacon Order 14
Superframe Order 11
Beacon Length 16 bytes
Bit Rate 250000 bit/s
Symbol Rate 62500 symbol/s
Time for Simulation 900 3N
Number of Error Report 5%
Length Of Head and Tail 18 bytes
Length Of Report 16 bytes
A Unit Back Off Period 120 symbols
A CCA time 3
MacMinBE 3
AMaXBE 5
MacMaxCSMABackOffs 3
Number Of Retransmission 2 ﬂ'gj 3
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M1519% 5102 WaN15 19 RPA tNonaeouauuAgIui 3.1 : Number Of Router = 40

RPA
ﬂ‘?ﬁ‘ﬁ Goodput(G) Channel Utilization(G) Number of drop frame
(%) (%) (frame)
1 93.22 37.50 2
2 100.00 40.95 0
3 96.55 38.82 2
4 95.52 41.76 2
5 98.36 42.44 0
m?%a 96.73 40.29 1.2

M15199 5.103 Han s IFRPA tNonaaBlauLAg U 3.1 : Number Of Router'= 60

RPA
ﬂ%‘i‘ﬁ Goodput(G) Channel Utilization(G) Number of drop frame
(%) (%) (frame)
1 94.38 49.47 4
2 96.87 50.56 3
3 9:A 1A 48.95 1
4 95.23 49.21 4
o] 96.73 50.00 !
iy 96.19 49.63 26

M13199 5.104 HAN15 19 RPALNONATBUANUAFIUNA 3.1 2 Number Of Router = 80

RPA
ﬂ%ﬁ‘?‘} Goodput(G) Channel Utilization(G) Number of drop frame
(%) (%) (frame)
1 93.18 59.63 2
2 92.00 62.76 5
3 95.68 58.07 5
4 93.16 59.89 5
5 93.16 61.38 5
mi 93.43 60.34 44




a
13191 5.105
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#an 314 RPA 1WonadoUauNAT NN 3.1 : Number Of Router = 100

RPA
ﬂ’g": ﬁ% Goodput(G) Channel Utilization(G) Number of drop frame
(%) (%) (frame)
1 93.20 76.30 0
2 89.11 69.79 5
3 79.04 76.56 5
4 91.94 78.12 3
5 92.45 69.27 4
Lﬂ%ﬂ 89.14 74.00 34

M15190 5.106 #aN15 19 RPA tRonaTaDauuAg UM 3.1 - Number Of Router = 120

RPA
ﬂ%@ﬁ Goodput(G) Channel Utilization(G) Number of drop frame
(%) (%) (frame)
1 89.78 79.94 6
2 85.48 76:56 7
3 82.53 84.11 1
4 93.08 7812 6
5 80.11 73,95 0
i 86.19 78.53 40

M13191 5.107 Ham3 ¥ DPALNONAND ANHAFIUN 3.1 s Number Of Router = 40

DPA
ﬂ% ﬁ'l Goodput(G) Channel Utilization(G) Number of drop frame
(%) (%) (frame)
1 98.61 40.88 0
2 100.00 39.06 0
3 100.00 37.76 0
4 95.16 40.36 3
5 97.05 42.96 2
mfy 98.16 40.20 10
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M13197 5.108 HaN15 1% DPA tNonaaouauuAzIui 3.1 : Number Of Router = 60

DPA
ﬂ%sj an Goodput(G) Channel Utilization(G) Number of drop frame
(%) (%) (frame)
1 95.06 49.73 0
2 90.00 46.35 0
3 94.44 4791 4
4 95.74 49.47 2
5 98.79 48.43 1
i 94.80 48,37 1.4

M1319% 5.109 WAN13 19 DPA [Nonadanauu@giui 3. - Number Of Router = 80

DPA
ﬂ%&“ﬁ Goodput(G) Channel Utilization(G) Number of drop frame
(%) (%) (frame)
1 86.99 55.46 2
2 83.63 57.29 5
3 79.66 52.08 2
4 8771 59:11 4
5 90.59 55,72 1
mi 85.71 55.93 28

M523 5.110 WA 3 1% DPANDNATELANUAFINA 3.1 “Number Of Router = 100

DPA
ﬂ‘igﬁﬁ Goodput(G) Channel Utilization(G) Number of drop frame
(%) (%) (frame)
1 75.00 64.06 1
2 81.01 64.84 2
3 74.46 63.54 0
4 72.15 65.88 0
5 74.82 55.98 4
mﬁﬂ 75.48 62.86 1.4




M3 5.111
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Wan15 1% DPA [enaaeuauuAT LN 3.1 : Number Of Router = 120

DPA
ﬂ‘%ﬁj an Goodput(G) Channel Utilization(G) Number of drop frame
(%) (%) (frame)
1 70.76 61.71 0
2 66.66 64.32 )
3 65.05 71.87 4
4 66.66 61.97 1
5 61.04 61.97 7
méﬂ 66.03 64.36 3.8

A15197 5.112_Wans 19 FCA tonagalauuagIud 3.1 Number Of Router = 40

FCA
ﬂgﬁﬁ Goodput(G) Channel Utilization(G) Number of drop frame
(%) (%) (frame)
1 100,00 43.58 0
2 96.92 41.92 4
3 95.38 4418 3
4 96.82 4135 2
5 98.00 39.62 1
iy 97.42 42,31 146

M13197 5.113 a3 19 FCALonaaalauu@gIum 3.1 »NumberOf Router = 60

FCA
ﬂ‘g an Goodput(G) Channel Utilization(G) Number of drop frame
(%) (%) (frame)
1 94.50 48.17 0
2 89.36 49.70 3
3 95.50 49.20 3
4 97.61 49.21 0
5 97.80 48.95 1
A 94.95 49.04 14




15199 5.114
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wan15 19 FCA iivonadouauuAgIui 3.1 : Number Of Router = 80

FCA
ﬂ% an Goodput(G) Channel Utilization(G) Number of drop frame
(%) (%) (frame)
1 80.50 49.47 3
2 83.63 54.16 3
3 87.90 51.30 1
4 84.42 56.91 4
5 84.61 54.16 0
iy 84721 53.20 22

M15199 5.115 #ans 1¥ FCA tonaaelauuAT 11N 3.1 T Number Of Router = 100

FCA
ﬂ%gw Goodput(G) VChannel Utilization(G) Number of drop frame
(%) (%) (frame)
1 79.03 60.67 1
2 7300 5651 0
3 A0 06.66 b
4 74.21 5842 2
5 87.12 61.19 y
Lﬁﬁiﬂ 78.76 60.15 2.0

@15197 5.116 Wan15 19 ECANONATBU Ay AgIMN 3.1 NumberOf Router = 120

FCA
ﬂ% Q“ﬁ Goodput(G) Channel Utilization(G) Number of drop frame
(%) (%) (frame)
1 71.76 57.81 5
2 72.47 68.22 7
3 63.75 71.09 6
4 69.46 54.89 1
5 66.85 61.14 0
e 68.85 62.63 38
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Goodput(G) (%), Channel Utilization (%),

Number of drop frame (frame)

100 N
80
=g Goodput(G
&% oodput(G)
=== Channel Utilization (G}
40
—==Numberof drop frame
20
0 I B ot o % o,
’ Number Of Router (’Q‘ﬂﬂi )
0 50 100 150

3UN 526 waasdszansuavosns 196anes iy RPA iNoNagouaLNAZIUN 3.1

Goodput(G) (%), Channel Utilization (%),

Number of drop frame(frame)

=== Go0dputiG)

== Channel Utilization(G}

== Number of drop frame

0 - e Al TS B “~ Number Of Router (Qﬂﬂﬁtﬁ)
0 50 100 150

31 527 gaalsz@niraveimslddanes v DPA iNenaaeuauuAgUN 3.1

Goodput(G) (%), Channel Utilization (%),

Number of drop frame (frame)

- \
80

= GOOd put(G)

60
== Channel Utilization (G}
40
<= Number of drop frame
20
0 e = e o
; Number Of Router (Qﬂﬂi )
0 50 100 150

5N 5.28 wanilszinBnavosmislddanes it FCA enadeuauuagIui 3.1
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1103107 5.26 5.27 uaz 5.28 wuh yadaneInumimIuvesgilnsailumieoinn
g ' ' .. A £ -
Auazadanald Goodput(G) aAAY 1A Channel Utilization (G) thuunUy Tash Random Plus
Assignment (RPA) %3l Goodput(G) (8¢ Channel Utilization (G) ¥1nN19anashudu
g 9
@niloy

VINAUNATINGDEN 3.2 §A1 Beacon Order (BO) vdATDAWAINAULAZAS
danesfiumsiaduvesdoynly  Superframe  uandAwfuszdInadelszEnSHavea
A T Cs [ 9 o a1 o o = o
nseneglnitiasvdu IFmeunuglnsaidaemenaeglnsalaeiy Smuanisiiines

v
YDINTIIADUAT DU AaT)

a ) g 1 A a P
A1919N 5.117 "W"Ii"IZJLGIB';?ﬁTQ“]ﬂal%juﬂﬂﬁﬁlﬂﬁﬂJnﬂﬂ'iuﬂ 32

Parameter Value
Number Of Area 15 x 15 %490
Length Of Area 100 tums
Number Of Router 60 Qﬂﬂiﬂf
Number Of Destination 2 E}‘ﬂﬂi o
Length Of Router 500 60@3
aBaseSuperframe Duration 960 symbols
Beacon Order X
Superframe Order 8
Beacon Length 16 bytes
Bit Rate 250000 bit/s
Symbol Rate 62500 symbol/s
Time for Simulation 300 3N
Number of Error Report 5%
Length Of Head and Tail 18 bytes
Length Of Report 16 bytes
A Unit Back Off Period 120 symbols
A CCA time 8
MacMinBE 3
AMaXBE 5
MacMaxCSMABackOffs 3
Number Of Retransmission 2 ﬂ‘gjﬁ
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M50 5.118 Wams 14 RPA iNenagoUauNAgIUTN 3.2 : Beacon Order = 10

RPA
ﬂ:‘? I Goodput(G) Channel Utilization(G) Number of drop frame
(%) (%) (frame)
1 89.57 80.00 1
2 89.18 75.00 5
3 94.16 74.06 3
A 89.67 77.50 5
5 87.65 79.06 3
Lﬂéﬂ 90.04 7.y2 34

M13199 5.119 Hans 19 RPA ilenadouauuAg 11 3.2 - Beacon Order = 11

RPA
ﬂgj Mm Goodput(G) Channel Utilization(G) Number of drop frame
(%) (%) (frame)
1 96.15 49.21 2
2 88.52 47.26 3
3 96.36 48.04 2
4 94.9] 5B 1
5 95.00 58.98 3
Lﬂgﬁl 94.18 51.40 2.2

M191991 5.120 Wan13 1% RRA WD NATBDANUAFINA 3.2 ¥Beacon Order = 12

RPA
ﬂ% \‘11‘7{! Goodput(G) Channel Utilization(G) Number of drop frame
(%) (%) (frame)
1 100.00 37.50 0
2 95.45 37.50 1
3 93.54 33.20 0
4 96.77 35.15 1
5 100.00 36.71 0
i 97.15 36.01 0.4




A15190 5.121
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Wan3 1% RPA lﬁﬂﬂﬂﬂﬂﬁﬁunﬁiﬂuﬁ 3.2 : Beacon Order = 13

RPA
ﬂ%ﬂﬁ Goodput(G) Channel Utilization(G) Number of drop frame
(%) (%) (frame)
1 96.42 23.24 2
2 98.24 23.16 1
3 96.66 23.64 2
4 08.18 23.38 1
8§ 98.33 ;3.25 1
Lﬂgﬂ 97.56 23.33 1.4

3197 5.122 Hams 19 RPA iNonadonauuagui 3.2 < Beacon Order = 14

RPA
ﬂ‘%’: an Goodput(G) Channel Utilization(G) Number of drop frame
(%) (%) (frame)
1 100.00 18.35 0
2 96.42 19.68 L
3 7 100.00 17.67 0
4 96.66 18.06 1
5 95.83 18.35 1
mﬁiﬂ 97.78 18.42 0.6

A15191 5.123 Wan3 1% DPAWHENATUENUAFIUN 3.2 »Beacon Order = 10

DPA
ﬂ%ﬁﬁ Goodput(G) Channel Utilization(G) Number of drop frame
(%) (%) (frame)
1 62.33 61.25 1
2 71.33 64.37 7
3 70.32 62.81 1
4 64.05 63.12 4
3 59.02 65.31 6
m%‘ﬂ 65.41 63.37 3.8
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M3190 5.124 WAN15 1% DPA [WonAdoUdNNAZ LA 3.2 : Beacon Order = 11

DPA
ﬂ‘;’; am Goodput(G) Channel Utilization(G) Number of drop frame
(%) (%) (frame)
1 93.75 50.78 3
2 84.74 47.26 2
3 91.37 50.00 2
4 90.47 55.85 2
5 93.05 | 55.85 3
md 90.67 51.94 24

M3190 5.125 Han15 19 DPA [WonaaauduuagIun 3.2 : Beacon Order = 12

DPA
ﬂ%’: Q“ﬁ Goodput(G) Channel Utilization(G) Number of drop frame
(%) (%) (frame)
1 96.00 33.98 I
2 96.42 36.71 0
3 96.77 33.98 1
4 100.0 37.50 0
5 96.87 33.20 It
iy 97.21 35.07 06

M15197 5.126 HAM5 1% DRAMNONATODANNATIUN 3.2 ¥Beacon Order = 13

DPA
ﬂ%ﬁ‘ﬁ Goodput(G) Channel Utilization(G) Number of drop frame
(%) (%) (frame)
1 96.61 22.24 2
2 98.30 22.93 1
3 95.16 23.4 3
4 95.23 24.02 3
5 96.92 23.36 2
iy 92.02 2971 26
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M1319% 5.127 W13 19 DPA WeNAXDUANUATIUAN 3.2 : Beacon Order = 14

DPA
ﬂ?&‘ﬁ Goodput(G) Channel Utilization(G) Number of drop frame
(%) (%) (frame)
1 100.00 18.55 0
2 100.00 19.82 0
3 96.29 18.30 1
4 96.15 17.87 0
5 96.15 17.18 1
i 9771 18,34 0.4

M 319N 5.128 Hans 19 FCA tienadailauuAgum 3.2 Beacon Order = 10

FCA
ﬂ%ﬂ‘ﬁ Goodput(G) Channel Utilization(G) Number of drop frame
(%) (%) (frame)
1 66.20 64.80 0
2 7 17.722 57.56 3
3 76.10 64.47 0
4 7191 62.50 0
] 62.26 64.80 4
m"éﬂ 69.53 62.82 1.4

' 4 .
M13197 5.129 HAM5 1% ECALNONATDIANNATIUN 3.2 v BeaconOrder = 11

FCA
ﬂ’? Qﬁ Goodput(G) Channel Utilization(G) Number of drop frame
(%) (%) (frame)
1 95.52 51.56 2
2 96.15 44.92 2
3 91.66 47.65 2
4 93.22 49.21 2
5 90.47 55.64 3
i 93.40 49.79 22
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M3199 5130 Wan13 19 FCA iNonadouauuAgIui 3.2 : Beacon Order = 12

FCA
ﬂg ﬂ‘ﬁ Goodput(G) Channel Utilization(G) Number of drop frame
(%) (%) (frame)
1 96.96 36.25 1
2 100.00 35.88 0
3 96.29 35.54 1
4 96.77 38.70 1
5 100.00 38.79 0
iy 98.00 37.03 0.6

M13199 5.131 #ams3 19 FCA [Nonadouauuagiuil 3.2 Beacon Order = 13

ECA
ﬂ‘sjj Q‘ﬁ Goodput(G) Channel Utilization(G) Number of drop frame
(%) (%) (frame)
1 100.00 24.75 0
2 98.30 2429 1
3 98.33 23.42 1
4 100.00 2542 0
5 96.15 23/87 p
i 98.55 24.29 08

M3199 5.132 Wam3 19 ECANDNATDUANUAFIUN 3.2 rBeacon Order = 14

FCA
ﬂ‘?&‘ﬁ Goodput(G) Channel Utilization(G) Number of drop frame
(%) (%) (frame)
1 98.28 21.54 1
2 96.55 21.56 1
3 100.00 22.53 0
4 94.28 22.07 1
5 100.00 20.77 0
m?;tl 97.82 21.69 0.6
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51 529 uaasdszanswavenislddones iy RPA iMoNAGoUAUNATIUN 3.2

Goodput(G) (%), Channel Utilization (%),

Number of drop frame (frame)

100 - N
80 +- ~— e
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: == MNumber of drop frame
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et Beacon O]'der
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o a8 o 9 os a2 A o ={
517 5.30. naawlszanrnveins 1¥aneshu DPA INonadouuuAZ LN 3.2
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import random
import math

import copy

# Setting Parameter
NumberOfArea
LengthOfArea
NumberOfRouter
NumberOfDestination
LengthOfRouter
aBaseSuperframeDuration
BeaconOrder
SuperframeOrder
BeaconLength

BitRate

SymbolRate
TimeOfReport
MaxErrorReport
LengthOfHeaderAndTail
LengthOfReport
AUnitBackOftPeriod
ACCATime

MacMinBE

AMaXBE
MacMaxCSMABackOffs

NumberOfRetransmission

NumberOfReport

NumberOfErrorReport

# Network Model
network = list(' ")

tmp network = list( ')

=100
=60

=400
=960

=250000
=62500
=300

=5
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# number N of area (NxN)
# meter

# router

# router

# meter
#.symbol
#0<=BO<=14
# SO <= BO

it byte

# bit/s

# symbols/s

# second

# %

# byte

# byte

# symbol

# symbol



tITlp _n
for i in range(0,NumberOfArea) :

tmp = tmp+'"-'

for i in range(0,NumberOfArea) :
t = list(tmp)
network[i] =t

if (i != NumberOfArea) :

network = network + tmp_network

# Router Model
class router(object) :
position ="
parent =0
child = list(')
slot =-1
report = list("')

def printrouter(self) :

print 'position : +str(self. position)

print "parent : '+str(sclf.parent)
print 'child : '+str(self.child)
print 'slot : "+str(self.slot)
print 'report : +str(self.report)
return "'

def addposition(self,iden) :
self.position = iden

def addparent(self,iden) :
self.parent = iden

def addchild(self,iden) :

tmp = list(" ")

self.child[len(self.child)-1] = iden

self.child = self.child + tmp

def addslot(self,iden) :
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self.slot = iden

def addreport(self,report) : #report T=true F=flase
tmp = list(' ")
self.report[len(self.report)-1] = report

self.report = self.report + tmp

# Function
def rand() : # random number (0,Number Of Area-1)

return random.randint(0,NumberOfArea-1)

def printnetwork(a):
for i in range(0,NumberOfArea) :
tmp ="
for j in range(0;NumberOfArea) :
tmp = tmp-+a[ij[j]
print tmp

"n

return

def printlist(r):
for i in range(0,len(r)):
print r[i]

nn

return

del randomdestination(network).
for i in range(0,NumberOfDestination) :
tmp1 = rand()
tmp2 = rand()
while (network[tmp1][tmp2] ='D") :
tmp1 = rand()
tmp2 = rand()
network[tmp1][tmp2] ='D’'

return network
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def randomrouter(network):
for i in range(0,NumberOfRouter-NumberOfDestination) :

tmp1 = rand()

tmp2 = rand()

while (network[tmp1][tmp2] == 'D' or network[tmp1][tmp2] == 'R") :
tmp1 = rand()
tmp2 = rand()

network[tmp1][tmp2] =R

return network

def randomrule(network): # ((destinaition,router,...),...)
tmp rule=""'
rule = list(tmp rule)
add_rule = list(tmp_rule)
1=0
for j in range(0,NumberOfArea):
for k in range(0,NumberOfArea):
if network[jl[k] =="D!:
tmp rule ="("+str()++str(k+)!
r = random:randint(0;NumberQfR outer-NumberOfDestination)
for Lin range(0,r) :
tmp1 = rand()
tmp2 = rand()
while (network[tmp1]ftmp2] !="R") :
tmp1 = rand()
tmp2 = rand()
t =",(+str(tmp1 ', +str(tmp2)+')’
if (t not in tmp_rule) :
tmp_rule = tmp rule +t
rule[i] = tmp rule
if (i '= NumberOfDestination-1) : rule = rule+add_rule
i=1+1

return rule



def distance(a,b,c,d): # distance between(a,b) and (c,d)

return (((abs(c-a)**2)+(abs(d-b)**2))**0.5)*LengthOfArea

def edge(network):
tmp_interference ="'
interference = list(tmp_interference)
add_interference = list(tmp_interference)
1=0
for j in range(0,NumberOfArea):
for k in range(0,NumberOfArea):
if (network[j][k] =='D") or (network[jl[k] ="R!)) :
for1in range(0,NumberOfArea):
for m.inrange(0,NomberOfArea):
if (network[1l[m] == 'D' or network[1][m] =="R’):
if (distance(j,k,l,m) <= LengthOfRouter):
tmp-interference = '(*-strG)+ Fstr(k)+),(+ste(D+, +str{m)+")'
ifG!1=1ork '=m )
interferenceli] = tmp_interference
interference = interferencet+add interference
r=1i+]
del interference[len(interference)-1]

return interference

def listpart(network) :
allpart = list("' ")
i_allpart=0
tmp use = list(' ")
i tmp use=0
node = network[0]
tmp use[i tmp_use] = node.position
tmp use = tmp_use+list(' ")

i tmp use=1i tmp use + 1
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while (len(tmp_use)-1 < NumberOfRouter) :
part = list(" ")
i part=0
node = network[0]
part[i_part] = node.position
part = part-+list(' ')
i part=1i part+ 1
while (node.child '=1ist("") ) :

node = searchrouter(network,node.child[random.randint(0,len(node.child)-2)])

part[i_part] = node.position

part = part-+list("")

i_part=4_part +.1

if (part not in allpart) :

allpart[i_allpart] = part

allpart= allpart+list(* ")

i allpart =1 _allpart+ |

for i in range(0,len(part)-1):

if (part[i] notin tmp use) :

tmp_use[i_tmp_use] = partfi]
tmp-use'= tmp_use+list( ')
1 tmp use=1i tmp use-1

return allpart

def latency(nodel,node2) :
latency = (nodel slot - node2.slot)%(2**(BeaconOrder-SuperframeOrder))

return latency

def canassignment(network,edge.position,slot):
for i in range(0,len(edge)-1) :
if(position == selectfirst(edge[i])) :
tmp_i = searchrouter(network,selectlast(edgeli])).slot
if (tmp_i == slot) : return False

return True
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def searchrouter(network,position) :
for i in range (0,len(network)-1) :
if (network[i].position == position) :

return networkl[i]

def selectfirst(tmp) :
for i in range (0,len(tmp)) :
if (tmpli] ="' :

return tmp[0:i+1]

def selectlast(tmp) ¢
for i in range (1 ,len(tmp)) :
if (tmp[i] ='¢)
for j inrange (iJen(tmp)) :
if (tmp[j]==""):

return tmp[izj+1]

# Function for Algorithm

def settree(edge,root) :

tree = list("")

router_use = list("!)

tmp_position = root

tmp router p = router()
tmp_router_p.addposition(tmp_position)
router use[0] = tmp_position

router use = router_use + list(’ ")
tmp_use =1

for i in range(0,len(edge)) :

if (selectfirst(edge[il) == tmp_position) :
tmp_router_p.addchild(selectlast(edgel[il))

router use[tmp use] = selectlast(edge[i])

router use = router_use + list(' ")
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tmp use =tmp use + 1
tree[0] = tmp_router p
tree = tree + list(" ")
tmp=1
i=0
while (tmp < NumberOfRouter) :
#if (i >= len(tree)-1) : return router()
childofparent = tree[i].child
for j in range(0,len(childofparent)-1) *
tmp_router = router()
tmp_router.child= list("")
tmp_router.addposition(childofparentj])
tmp_router.addparent(tree[i).position)
for k in range(0,len(edge)-1) :
if (childofparent[j] == selectfirst(edge(k])) :
if (selectlast(edge[k]) not in router use) :
tmp_router.addchild(sclectlast(edgelk]))
router use[tmp. use] = selectlast(edge[k])
router use =router use +list('")
tmp_use = tmp_use + 1
tree[tmp] = tmp router
tree = tree + list(" ")
tmp = tmp+1
i—i+1

return tree

def randomassignment(network) :
for i in range (0,len(network)-1) :
network[i].slot = random.randint(0,(2**(BeaconOrder-SuperframeOrder))-1)

return network

def distributeassignment(network,edge) :
k = (2**(BeaconOrder-SuperframeOrder))-1
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network[0].slot = k
for i in range (1,len(network)-1) :
slot_parent = searchrouter(network,network[i].parent).slot
slot = slot_parent-1
while not(canassignment(network,edge,network[i].position,slot)) :
slot = slot-1
slot = slot % (2**(BeaconOrder-SuperframeOrder))
network[i].slot = slot

return network

def slotassignment(network,edge) :
k = (2**(BeaconOrder-SuperframeQrder))-1
tmp = len(network)-2
for i in range (0,Jen(network)-1):
maxchild=0
forj in range (0.Jen(network[tmp].child)-1) :
t = searchrouter(network,network[tmp].child[j]).slot
if (maxchild < t) : maxchild =t
slot = maxchild
while not(canassignment(network edge,network[tmp].position,slot)) :
slot = slot+1
slot = slot % (2**(BeaconOrder-SuperframeOrder))
network[tmp].slot= slot
tmp — tmp-1

return network

def checkdip(network,rule) :
for i in range (0,len(rule)) :
tmp a=0
tmp b=1
child = list(" ")
child[tmp_a] = selectfirst(rule[i])

tmp = searchrouter(network,child[tmp_a]).child
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while (child[tmp a] !=""):
for j in range(0,len(tmp)) :
if (tmp[j] !=""):
child[tmp b] = tmpl[j]
child = child + list(' )
tmp b=tmp b+1
tmp a=tmp a+ 1
if (child[tmp a] !="") : tmp = searchrouter(network,child[tmp a]).child
count=10
for k in range(0,len(child))
if (child[k] inrule[i]) :
count = count + 1
c=0
for | in range(len(rule[il])) :
if (mulefil[1] ='(") :
g =6 |
if (count!= c) :
return False

return True

def listlatency(network;allpart) :
listlatency = list("")
for i in range(0,len(allpart)) :
part = allpart[i]
tmp_latency =0
for j in range(0,len(part)-2) :
nodel = searchrouter(network,part[j])
node?2 = searchrouter(network,part[j+1])
tmp_latency = tmp_latency + latency(nodel,node2)
listlatency[i] = tmp_latency
listlatency = listlatency + list(' ")

return listlatency
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def reportlatency(listlatency) :
tmp=0
for i in range(0,len(listlatency)-1) :
if (listlatency[i] > tmp) :
tmp = listlatency[i]

return tmp

def reportlatencytime(reportlatency) :
total = int(reportlatency)
symbol = (aBaseSuperframeDuration*(2.00**SuperframeOrder))*total
time = symbol/SymbolRate

return time

def reporttime(network,reportlatency) -
time =0
total =0
tmp_slot =network|[len(network)-2|.slot
total = int(reportlatency) -+ int(tmp _slot)
symbol = (aBaseSuperframeDuration*(2.00**SuperframeOrder))*total
time = symbol/SymbolRate

return time

def randomreport(netweork) :
tmp_number — 0
total = 2**(BeaconOrder-SuperframeOrder)
symbol = (aBaseSuperframeDuration*(2.00**SuperframeOrder))*total
time = symbol/SymbolRate
rangereport = int(TimeOfReport/time)
for i in range(0,len(network)-1) :
for j in range (0,rangereport) :
tmp = random.randint(1,2)
iftmp=1):

network[i].addreport('S')
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tmp number = tmp_number + 1
else :
network[i].addreport(' ")

return tmp_number

# CSMA-CA
def csma(slot,r) :
for i in range(1,MacMaxCSMABackOffs) :

tmp = random.randint(0,(2**MacMinBE)-1)

if (slot[tmp] =="") :
slot[tmp] =r
return slot

return slot

# senddata
def senddata(network) : # return list of data schedule
data = list(*")
total = 2**(BeaconOrder-SuperframeOrder)
symbol = (aBaseSuperframeDuration*(2.00**SuperframeOrder))*total
time = symbol/SymbolRate
rangereport = int(TimeOfReport/time)
for r in range(0,(rangereport)+((NumberOfRetransmission-1)*rangereport)) ©
for s in range(0,(2* *(BeaconOrder-SuperframeQrder))) : #'s = slot number
# Slot Model
tmp_slot = list(' ")
for 1 in range(0,(2**MacMinBE)-1) :
tmp_slot = tmp_slot + list(' ')
tmp_slot[0] ='B'
for 1 in range(0,len(network)-1) :
if (network[i].slot ==s) :
if (network[i].child[0] =="") :
if (r < len(network([i].report)) :

if (network[i].report[r] =="'S') :
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re="8'

tmp1 = copy.deepcopy(tmp_slot)

tmp2 = copy.deepcopy(csma(tmp_slot,re))

if (tmp1 == tmp2) : # can not add in channel
network[i].addreport('S") # fix retransimition = 2

else :
if (r < len(network([i].report)) :
if (network[i].report[r] =='S") :

re="S'

tmp1 =<¢opy.deepcopy(tmp, slot)

tmp2 = copy.deepcopy(csma(tmp’ slot,re))

if (tmpl == tmp2) : # ¢an not add in channel
network|i].addreport('S') # fix retransimition =2

else :

e 'Oy

tmpl = copy.deepcopy(tmp. slot)

tmp2 = copy.decpcopy(esmaltmp_slot,re))

if (timp1 == tmp2) «# can not add in channel
networkli}.addreport('O") # fix retransimition.= 2

dataflen(data)-1] = tmp slot
data = data +1list(' ')
tmp = len(data)-2
while (data[tmp] ==tmp_slot) :
del data[tmp]
tmp =tmp - 1

return data

# Main Network Simmulation
print ""

network_model = network

network model = randomdestination(network)

network model = randomrouter(network_model)

rule = randomrule(network_model)



edge = edge(network _model)

tmp_random = random.randint(0,NumberOfDestination-1)
destination_random = selectfirst(rule[tmp random])
tree_random = settree(edge,destination_random)
tree_random = copy.deepcopy(tree_random )

tree_random = randomassignment(tree_random)

tmp_distribute = random.randint(0,NumberOfDestination=1)
destination_distribute = selectfirst(rule[tmp_distribute])
tree_distribute = settree(edge,destination - distribute)
tree_distribute = copy.deepcopy(tree_distribute)

tree distribute = distributeassignment(tree_distribute,edge)

tmp_slot = random.randint(0,NumberOfDestination-1)
destination_slot = selectfirst(rule[tmp_slot])

tree_slot = settree(edge,destination_slot)

tree_slot = copy.deepcopy(tree  slot)

tree_slot = slotassignment(treeslot,cdge)

tree_random plus =1ist(" ')
tree_distribute_plus = list("")
tree_fastconvergecast = list(' ')
for i in 1ange (0,len(iule)) :

destination = selectfirst(rule[i])

tree_dip = settree(edge,destination)

if (checkdip(tree_dip,rule)) :

tree_random_plus = copy.deepcopy(tree_dip)

tree_random_plus = randomassignment(tree_random_plus)

tree_distribute_plus = copy.deepcopy(tree_dip)

tree_distribute_plus = distributeassignment(iree_distribute_plus,edge)
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tree_fastconvergecast = copy.deepcopy(tree_dip)

tree_fastconvergecast = slotassignment(tree_fastconvergecast,edge)

print

R R R AR
HEHEHEHEER R

print ""

print "welcome to Simulation"

print "Convergecast of multi-destinations Zigbee beacon-enable wireless sensor network"

# Network Parameter

print ""

print "Network Parameter”

print "Number Of Area = "+str(NumberOfArea)+! X "+str(NumberOfArea)

print "Length Of Area= "+str(LengthOfArea)+" meters"

print "Number Of All Router = "tstr(NumberOfRouter+" routers”

print "Number Of Destination = "+str(NumberOfDestination)+" routers"

print "Length Of Router = "+str(LengthOfRouter)+" meters”

print "aBaseSuperframeDuration = "+str(aBaseSuperframeDuration)t" symbols"

print "Beacon Order (BO) = "+str(BeaconOrder)

print "Superframe Order (SO).= "+str(SuperframeOrder)

print "Beacon Interval (BI) = "+str(aBaseSuperframeDuration*(2* *BeaconOrder))+" symbols”
print "Superframe Duration (SD)=""-+str(aBaseSuperframeDuration*(2**SuperframeOrder)+"
symbols"

print "Duty Cycle = "+str(100.00/(2**(BeaconOrder-SuperframeOrder)))+" %"

print "Number Of Active Portion (k) = "+str((2**(BeaconOrder-SuperframeOrder)))+" slots”
print "Beacon Length = "+str(BeaconLength)+" bytes"

print "Bit Rate = "+str(BitRate)+" bit/s"

print "Symbol Rate = "+str(SymbolRate)+" symbol/s"

print "Time for Simulation = "+str(TimeOfReport)+" second"

print "Number of Error Report = "+str(MaxErrorReportH" %"

print "Length Of Head and Tail = "+str(LengthOfHeaderAndTail)+" byte"

print "Length Of Report = "+str(LengthOfReport)+" byte"



print "A Unit Back Off Period = "+str(AUnitBackOffPeriod)+" symbol"
print "A CCA ime = "+str(ACCATime)}+" symbol"

print "MacMinBE = "+str(MacMinBE)

print "AMaXBE = "+str(AMaXBE)

print "MacMaxCSMABackOffs = "+str(MacMaxCSMABackOffs)

print "Number Of Retransmission = "+str(NumberOfRetransmission)+" time'

# Network Model

print ""

print "Network Model"

print "D = Destonation of Network , R = Router of Netweork"

print printnetwork(network _model)

print "Rule of Network"

print "(y,x),(b,a),(b;a),... (y,X) = Destination.of Network ;(b,a) = Router of Network"

print printlist(rule)

#RANDOM ASSIGNMENT (RA)
allpart_random= listpart(tree random)
listlatency_random = listlatency(tree random,allpart random)
reportlateney _random = reportlatency(listlateney random)
reportlatencytime random = reportlatencytime(reportlatency, random)
reporttime_random = reporttime(tree. random,reportlatency_random)
print 'Report for RANDOM ASSIGNMENT (RA)
print 'Latency of netwiok (L(@)) S *sti(teportlatency random)+* unit'
print 'Latency of netwrok (L(G)) : "tstr(reportlatencytime_random)+' seconds'
print 'Time of netwrok : '+str(reporttime random)+' seconds'
if (checkdip(tree_random,rule)) :
print 'Network dose not have Data Incorrect Problem (DIP)'
else :
print 'Network have Data Incorrect Problem (DIP)'
NumberOfReport = randomreport(tree_random) # return number of report
NumberOfErrorReport = random.randint(0,NumberOfReport*MaxErrorReport/100)

data = senddata(tree random)
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NumberOfReceive = 0.0
for i in range(0,len(data)) :

for j in range(0,len(data[i])) :

if (data[i][j] =="'S') :
NumberOfReceive = NumberOfReceive +1

goodput = ((NumberOfReceive-NumberOfErrorReport)/NumberOfReport) * 100
NumberOfUse = 0.0
for i in range(0,len(data)) :

for j in range(0,len(data[i])) :

if (data[i][j] ='S' or data[ill[j] == 'B' or data[i][j]l ="'0") :
NumberOfUse = NumberOfUse +1

channelutilization = (NumberQfUse/(len(data[ 0])*len(data)))*100
print 'GoodPut of netwrok : '+str(goodput)+' %'
print 'Channel Utilization of netwrok  '+str(channelutilization)+' %'
print '"Number of dropframe * “+strf(NumberOfErrotReport)+ frame'
print ""
#DISTRIBUTED ASSIGEMENT (DSA)
allpart distribute = listpari(tree distribute)
listlatency distribute = listlatency(tree_distribute;allpart distribute)
reportlatency distribute = reportlatency(listlatency distribute)
reportlatencytime. distribute = reportlatencytime(reportlatency _distribute)
reporttime distribute =reporttime(free_distribute,reportlatency. ‘distribute)
print 'Report for DISTRIBUTED ASSIGEMENT (DSAY
print 'Latency of netwrok (L(G)) : "+str(reportlatency_distribute)+' unit'
print 'Latency of netwrok (L(G)) : '+str(reportlatencytime_distribute)+' seconds'
print 'Time of netwrok : "+str(reporttime_distribute)+' seconds'
if (checkdip(tree_distribute,rule)) :

print 'Network dose not have Data Incorrect Problem (DIP)'
clse :

print '"Network have Data Incorrect Problem (DIPY

NumberOfReport = randomreport(tree_distribute) # return number of report

NumberOfErrorReport = random.randint(0,NumberOfReport*MaxErrorReport/100)
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data = senddata(tree_distribute)
NumberOfReceive = 0.0
for i in range(0,len(data)) :
for j in range(0,len(data[i])) :
if (data[i][j]=="S") :
NumberOfReceive = NumberOfReceive +1
goodput = ((NumberOfReceive-NumberOfErrorReport)/NumberOfReport) * 100
NumberOfUse = 0.0
for i in range(0,len(data)) :
for j in range(0,len(datalil)) :
if (data[i][j] =='8'er data[i}[j] =='B' or data[i][j1 =="0":
NumberQfUse = NumberOfUse +1
channelutilization = (NumberOfUse/(len(data[0])*1en(data)))*100
print 'GoodPut of netwrok : +str(goodput)+ %'
print 'Channel Utilization of netwrok : +str(channelutilization)+' %!
print 'Number of drop-frame : '+str(NumberOfErrorReport)+' frame'

nn

print
#CENTRALIZED TREE-BASED ASSIGEMENT (CTB)
allpart_slot = listpart(tree_slot)
listlatency slot = listlatency(tree slot,allpart slot)
reportlatency _slot= reportlatency(listlatency_slot)
reportlatencytime_slot = reportlatencytime(reportlatency _slot)
reporttime_slot = reporttime(tree_slot,reporilatency_slot)
print 'Report for CENTRALIZED TREE-BASED ASSIGEMENT (CTB)
print 'Latency of netwrok (L(G)) : "+str(reportlatency_slotH' unit'
print 'Latency of netwrok (L(G)) : "+str(reportlatencytime_slot)+' seconds'
print 'Time of netwrok : "+str(reporttime_slot)+' seconds'
if (checkdip(tree_slot,rule)) :

print "Network dose not have Data Incorrect Problem (DIP)
else :

print '"Network have Data Incorrect Problem (DIP)'

NumberOfReport = randomreport(tree_slot) # return number of report
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NumberOfErrorReport = random.randint(0,NumberOfReport*MaxErrorReport/100)
data = senddata(tree_slot)
NumberOfReceive = 0.0
for i in range(0,len(data)) :
for j in range(0,len(data[i])) :
if (data[i][j] =="'S"):
NumberOfReceive = NumberOfReceive +1
goodput = (NumberOfReceive-NumberOfErrorReport)/NumberOfReport) * 100
NumberOfUse = 0.0
for i in range(0,len(data)) ;
for j in range(0,len(data[i])) :
if (data[i][j] = 'S' or-datalil[j] == 'B"or datafi][j1=="0'):
NumberOfUse = NumberOfUse +1
channelutilization="(NumberOfUse/(len(data[0])*len(data)))* 100
print 'GoodPut of netwrok = "+str(goodput)+' %'
print 'Channel Utilization of netwrok : '+str(channelutilization)+ %'
print 'Number of drop frame : “+str(NumberOfErrorReport)t' frame’

prirlt nn

#RANDOM PLUS-ASSIGNMENT (RPA)

print 'Report for RANDOM PLUS ASSIGNMENT (RPA)'

if (tree_random_plus.!= list(’ ) :
allpart random_plus'= listpart(tree_random_plus)
listlatency random_plus = Hstlatency(tree_random_plus,allpat_sandom_plus)
reportlatency random_plus = reportlatency(listlatency random_plus)
reportlatencytime_random_plus = reportlatencytime(reportlatency_random plus)
reporttime_random_plus = reporttime(tree_random_plus,reportlatency_random _plus)
print 'Latency of netwrok (L(G)) : '+str(reportlatency_random_plus)+' unit'
print 'Latency of netwrok (L(G)) : "+str(reportlatencytime_random_plus)+' seconds'
print 'Time of netwrok : “+str(reporttime_random_plus)+' seconds'
if (checkdip(tree_random_plus,rule)) :

print 'Network dose not have Data Incorrect Problem (DIP)

else :
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print "Network have Data Incorrect Problem (DIP)
NumberOfReport = randomreport(tree_random_plus) # return number of report
NumberOfErrorReport = random.randint(0,NumberOfReport*MaxErrorReport/100)
data = senddata(tree_random_plus)
NumberOfReceive = 0.0
for i in range(0,len(data)) :
for j in range(0,len(data[il)) :
if (data[i][j] =="S") :
NumberOfReceive = NumberOfReceive +1
goodput = ((NumberOfReceive-NumberOfErrorReport)/NumberOfReport) * 100
NumberOfUse = 0.0
for i in range(0,len(data)) :
for j in range(0,len(datafi]))
if (data[i][j}=="S’ or data[i][jl=="'B"' or datali}[j}=="0") :
NumberOfUse = NumberOfUse +1
channelutilization = (NumberOfUse/(len(data[0])*len(data)))* 100
print 'GoodPut of netwrok : "+str(goodput}+" %'
print 'Channel Utilization of netwrok : "+str(channelutilization)+' %'
print Number of drop frame: '+str(NumberOfErrorReport)+' frame'
print ""
else :
tmp_random_plus = random.randint(0;NumberOfDestination-1)
destination_randomplus = selectfirst(rule[tmp_random _plus])
tree_random_plus — settree(edge,destination_random_plus)
tree_random_plus = copy.deepcopy(tree_random_plus)
tree_random_plus = randomassignment(tree_random_plus)
allpart_random_plus = listpart(tree_random_plus)
listlatency random_plus = listlatency(tree_random_plus,allpart random plus)
reportlatency random_plus = reportlatency(listlatency_random  plus)
reportlatencytime_random_plus = reportlatencytime(reportlatency _random _plus)
reporttime_random_plus = reporttime(tree_random_plus,reportlatency_random _plus)
print 'Latency of netwrok (L(G)) : '+str(reportlatency random_plus)+' unit'

print 'Latency of netwrok (L(G)) : "+str(reportlatencytime_random_plus)+' seconds'
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print 'Time of netwrok : "+str(reporttime_random_plus)+' seconds'
tree_random_plus = randomassignment(tree_random_plus)
print 'Network can use RPA but must be group Destination’
NumberOfReport = randomreport(tree_random_plus) # return number of report
NumberOfErrorReport = random.randint(0,NumberOfReport*MaxErrorReport/100)
data = senddata(tree_random_plus)
NumberOfReceive = 0.0
for i in range(0,len(data)) :
for j in range(0,len(datali])) :
if (data[i][j] ='S")
NumberOfReceive = NumberOfReceive +1
goodput = (NumberOfReceive-NumberOfErrorR eport)/NumberOfReport) * 100
NumberOfUse = 0.0
for i in range(0,len(data)) :
for j in range(0,len(datafil)) :
if (data[i][j]1=="S"or datali][j] == 'B' ordatali][j] = '0').:
NumberOfUse = NumberOfUse +1
channelutilization = (NumberOfUse/(len(data[0])*len(data}))*100
print 'GoodPut of netwrok : +str(goodput)+' %!
print 'Channel Utilization of netwrok < 'Y-str(channelutilization)+' %'
print 'Number.of drop frame : "+str(NumberOfErrorReport)+ frame'

print nn

#DISTRIBUTED PLUS ASSIGECMENT (DPA)

print 'Report for DISTRIBUTE PLUS ASSIGEMENT (DPA)

if (tree_distribute_plus !=1ist(" ")) :
allpart_distribute_plus = listpart(tree_distribute_plus)
listlatency distribute_plus = listlatency(tree_distribute_plus,allpart_distribute_plus)
reportlatency_distribute_plus = reportlatency(listlatency_distribute_plus)
reportlatencytime_distribute_plus = reportlatencytime(reportlatency_distribute - plus)
reporttime_distribute_plus = reporttime(tree_distribute . plus,reportlatency_distribute_plus)
print 'Latency of netwrok (L(G)) : “+str(reportlatency distribute_plus)+' unit'

print 'Latency of netwrok (L(G)) : "+str(reportlatencytime_distribute_plus)+' seconds'
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print 'Time of netwrok : "+str(reporttime_distribute_plus)+' seconds'
if (checkdip(tree_distribute plus,rule)) :
print "Network dose not have Data Incorrect Problem (DIP)'
else :
print 'Network have Data Incorrect Problem (DIP)'
NumberOfReport = randomreport(tree_distribute_plus) # return number of report
NumberOfErrorReport = random.randint(0,NumberOfReport*MaxErrorReport/100)
data = senddata(tree distribute_plus)
NumberOfReceive = 0.0
for i in range(0,len(data)):
for j in range(0,len(data[i])).:
if (data[il[j}J=="S}).:
NumberOfReceive = NumberOfReceive +1
goodput = ((NumberOfReceive-NumberOfErrorR eport)/NumberOfReport)-*.100
NumberOfUse = 0.0
for i in range(0,len(data)) :
forj in range(0,len(datali])) :
if (datafil[j] =='S' or data[il[j] == 'B' or data[i][j] == '0"):
NumberOfUse = NumberOfUse +1
channelutilization = (NumberOfUse/(len(data[0])*len(data)))* 100
print 'GoodPut of netwrok : '+str(goodput)+ %'
print 'Channel Utilization of netwrok : "+str(channelutilization)+' %'
print "Number of drop frame : +ste(NumberOfErrorReport)+' frame'
print "
else :
tmp _distribute_plus = random.randint(0,NumberOfDestination-1)
destination_distribute_plus = selectfirst(rule[tmp_distribute_plus])
tree_distribute_plus = settree(edge,destination_distribute_plus)
tree_distribute_plus = copy.deepcopy(tree_distribute_plus)
tree_distribute_plus = distributeassignment(tree_distribute_plus,edge)
allpart_distribute_plus = listpart(tree_distribute_plus)
listlatency distribute plus = listlatency(tree_distribute_plus,allpart_distribute - plus)

reportlatency _distribute_plus = reportlatency(listlatency_distribute_plus)
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reportlatencytime_distribute_plus = reportlatencytime(reportlatency_distribute_plus)
reporttime_distribute_plus = reporttime(tree_distribute_plus,reportlatency_distribute_plus)
print 'Latency of netwrok (L(G)) : "+str(reportlatency_distribute_plus)+' unit'
print 'Latency of netwrok (L(G)) : +str(reportlatencytime_distribute_plus)+' seconds'
print 'Time of netwrok : “tstr(reporttime_distribute_plus)+' seconds'
print 'Network can use DPA but must be group Destination'
NumberOfReport = randomreport(tree_distribute_plus) # return number of report
NumberOfErrorReport = random.randint(0,NumberOfReport*MaxErrorReport/100)
data = senddata(tree_distribute_plus)
NumberOfReceive = 0.0
for i in range(0,len(data)) :
for j in range(0,len(datalil)).:
if (datalil[j] =="S") :
NumberOfReceive = NumberOfReceive +1
goodput = ((NumberOfReceive-NumberOfErrorReport)/NumberOfReport) ¥ 100
NumberOfUse = 0.0
for i in range(0,len(data)) :
for j in range(0,len(data[il)) :
if (datalilfj] = 'S"or data[i][j] =='B! or data[i][j] ='0") "
NumberOfUse = NumberOfUse +1
channelutilization = (NumberOfUse/(len(data[0])*len(data)))*100
print 'GoodPut of netwrok : "+str(goodput)+' %'
print 'Channel Utilization of netwrok : "+str(channelutilization)}+' %'
print Number of drop [rame: Fste(Number OfEitotReport) 1 frame'

print "nn

#FAST CONVERGECAST ASSIGNMENT (FCA)

print 'Report for FAST CONVERGECAST ASSIGNMENT (FCA)'

if (tree_fastconvergecast != list(' ) :
allpart_fastconvergecast = listpart(tree_fastconvergecast)
listlatency fastconvergecast = listlatency(tree_fastconvergecast,allpart_fastconvergecast)
reportlatency fastconvergecast = reportlatency(listlatency _fastconvergecast)

reportlatencytime fastconvergecast = reportlatencytime(reportlatency_fastconvergecast)



168

reporttime _fastconvergecast =
reporttime(tree_fastconvergecast,reportlatency_fastconvergecast)
print 'Latency of netwrok (L(G)) : +str(reportlatency_fastconvergecast}+' unit'
print 'Latency of netwrok (L(G)) : "+str(reportlatencytime_fastconvergecastH+' seconds'
print 'Time of netwrok : "+str(reporttime_fastconvergecast}+' seconds'
if (checkdip(tree fastconvergecast,rule)) :
print 'Network dose not have Data Incorrect Problem (DIP)'
else:
print 'Network have Data Incorrect Problem (DIP)'
NumberOfReport = randomreport(iree_fastconvergecast) # return.number of report
NumberOfErrorReport = randem.randint(0,NumberOfReport*MaxErrorReport/100)
data = senddata(tree fastconvergecast)
NumberOfReceive= 0.0
for i in range(0,len(data)) :
for j in range(0,len(data[il)) :
if (datali][j] ==18"):
NumberOfReceive = NumberOfReceive +1
goodput = ((NumberOfReceive-NumberOfErrorReport)/NumberOfReport) * 100
NumberOfUse = 0.0
for i in range(0,len(data)) :
for j in range(0,len(datali)) :
if (data[i][j] = 'S"or data[i][j}=="B' or data[i}[j}=='0") :
NumberOfUse = NumberOfUse +1
channelutilization = (NumberOfUse/(Ien(data[0])*len(data)))*100
print 'GoodPut of netwrok : "+str(goodput)+' %'
print 'Channel Utilization of netwrok : "+str(channelutilization)+' %'
print 'Number of drop frame : "+str(NumberOfErrorReport}+' frame'
print ""
else :
tmp_fastconvergecast = random.randint(0,NumberOfDestination-1)
destination_fastconvergecast = selectfirst(rule[tmp_fastconvergecast])
tree_fastconvergecast = settree(edge,destination_fastconvergecast)

tree_fastconvergecast = copy.deepcopy(tree fastconvergecast)
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tree_fastconvergecast = slotassignment(tree_fastconvergecast,edge)
allpart_fastconvergecast = listpart(tree_fastconvergecast)
listlatency _fastconvergecast = listlatency(tree_fastconvergecast,allpart_fastconvergecast)
reportlatency_fastconvergecast = reportlatency(listlatency_fastconvergecast)
reportlatencytime_fastconvergecast = reportlatencytime(reportlatency fastconvergecast)
reporttime fastconvergecast =
reporttime(tree_fastconvergecast,reportlatency fastconvergecast)
print "Latency of netwrok (L(G)) : “+str(reportlatency fastconvergecast)+' unit'
print 'Latency of netwrok (L(G)) : “+str(reportlatencytime. fastconvergecast)+' seconds'
print 'Time of netwrok ; '#str(reporttime_fastconvergecast)+' seconds’
print 'Network can'use FCA but must be group Destination'
NumberOfReport = randomreport(tree fastconvergecast) # return number of report
NumberOfErrorReport = random.randint(0,NumberOfReport *MaxErrorReport/100)
data = senddata(treeﬁfastconvergecast)
NumberOfReceive = 0.0
for i in range(0,len(data)):
for j in range(0,len(datali]) :
if (datali][j] =='8"):
NumberOfReceive =NumberOfReceive +1
goodput = ((NumberOfReceive-NumberOfErrorReport)/ NumberOfReport) *100
NumberOfUse = 0.0
for i in range(0,len(data)) :
for j in range(0,len(data[i])):
if (data[i][j] =='S" or Qata[il{jl— B" 01 data[i][j] == '0")"
NumberOfUse = NumberOfUse +1
channelutilization = (NumberOfUse/(len(data[0])*len(data)))*100
print 'GoodPut of netwrok : "+str(goodput)+' %’
print 'Channel Utilization of netwrok : "+str(channelutilization)+' %'
print "Number of drop frame : "+str(NumberOfErrorReport)+' frame'
print ""
print
D R
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Abstract

We propose a new concept of a nano-sensing
transducer system using a nano-waveguide. The small
change in physical quantity affects to the change in device
parameters such as refractive index or length which is
relatively absorbed and observed by the resonant signals. In
principle, the stored light pulsc at the specified wavelength
is generated by using a soliton propagating within the ring
resonators, whereas the resonant signals can be- stored
within the nano-waveguide, i.c. a sensing transducer, which
is formed by the sensing ring device. The induced-change in
the resonant signals by the surrounded environment -is
ocecurred, and can be detected by using the optical/quantum
processor. Such a proposcd device is namely suitable 10
perform the mcasurcments in the nano-scale regime such as
force, stress and temperatare.

Quantum mctrology, Nano-transducer ,
Nano-scale measurcinent

Keywords:

1. Introduction

Nano-scale measurement has become the method
that introduces many related research areas today. Onc of
them is the nano=scale measurement resolution, i.e. nano-
metrology which can be used to support and confirm the
small scale measurement regime of the observed physical
quantitics. To date, there arc many techniques that can be
used to perform the nano-scale measurement resolutions
and standards [1-4], howevery the, searching for new
measurement methods still remains. Recemly, Yupapin
and Pornsuwancharoen_[5] have shown the interesting
result that a soliton pulse can be stretched or compressed
and stored within a tiny device-known ‘as @ “nano-
waveguide”. Several rescarch works have also shown the
interesting results that light can be stored within the micro
cavities [6], micro-sphere [7] and nano-waveguide [8]
Many carlier works of soliton applications in cither theory
or experimental works are foundtin a soliton- application
book by Hascgawa et al [9]. Many of the soliton: related
concepts in fiber optic are discussed by Agrawal [10]. The
problems of soliton-soliton intcractions [117, collision [12];
rectification [13] and dispersion management [14] are
required to solve and address, In practice, the soliton -
soliton interaction would affect the dense wavelength
division multiplexing (DWDM), however, this problem can
be solved by using the suitable free spectrum range
arrangement, which can be designed [15]. The promising
concept is that light pulse can be generated. amplificd and
stored within a nano-waveguide, which is allowed to store

a narrow light pulse. i.e. a narrow spectral width at the
specified wavelength. This can provide the required
measurement in term of the change in optical resonant
wavelength, whereas the measurement resolution of pm
or fmcan be casily achieved. To present this concept, the
usc of optical seliton in nano-ring resonator is formed by
the large bandwidth signal, which can be compressed.
filtcred and stored within a nane-waveguide. Finally, the
different resonant signals with different wavelengths arc
storcd” via_the  specific  nane-wavcguides in  the
waveguide. which is available for sensing applications.
The changes in physical quantitics in term of wavelength
and” walk-off length [16, 17] relating to the device
paramcters are obscrved and scenby the deteetor.

2. Operating Prineiple

To perform the proposed concept, a bright soliton
pulse is introduced into . the “multi-stage | nano-ring
resonators as shown in Fig. 1, the input optical feld (E;,)
of the bright soliton pulse input is given by-an Eq. (1)[5] as

E, (1) = Asee h[%]exp {-%—J—in)(,r )

.

Where A and z are the optical ficld amplitude and
propagation distance, respectively. 7 is-a soliton pulse
propagation time ina frame-moving at the group yelocity,
T = t-Bi*z. where By and B; are the coefhicients of the
lincar and sccond order terms of Taylor expansion of the

propagation  constant. Ly=Ty /1/31' is the  dispersion
length of the soliton pulse. T, in cquation is the initial
soliton pulse width. Where t is the soliton phase shift time.
and he frequency shift of the seliton is . This solution
describes a pulse that keeps its temporal width invariance
as it propagates, and thus is called a temporal soliton.

When a soliton peak intensity Qﬂ: iFT,,’D is given, then is
known. For the soliton pulse in the micro ring device, a
balance should be achieved between the dispersion length
(Lp) and the nontinear length (L= (1/T¢n), where =
ns*k,, is the length scale over which dispersive or
nonlinear cffects makes the beam becomes wider or
narrower. For a soliton pulse, there is a balance between

dispersion and nonlinear lengths, hence Ly=Ly.

When light propagates within the nonlincar
material (medium), the refractive index (n) of light within
the medium is given by



Iy

P,

n=ngy+nyd =ny+( @)
elf L

where 70 and 72 arc the lincar and nonlinear
refractive indexes, respeetively. £ and P are the optical
intensity and optical power, respectively. The cffective

mode core arca of the deviee is given by A . For the
micro ring and nano-ring resonators, the effective mode
core areas range from 0.10 to 0.50 pm’ [18]. where they
found that fast light pulse can be slow down experimentally
after input into the nano-ring.

When a soliton pulse is input and propagated
within a micro ring resonator as shown in Fig: T, which
consists of a serics micro ring resonators. The resonant
output is formed, thus, the normalized output of the light

field is the ratio between the outputand input figlds ( £

and £.()yin cach roundtrip, which can be expresscd as [35,
15]

(-5 mw
{l-x 1= pT=x) +4.\—1fl—','\ﬂl—xsin’(g)

=0-rf 3

The close form of ‘eguation (3) indicates that a ring
resonator in the particular casc is very similar 1o a Fabry-
Perot cavity, which has an input and output/mirror with a
ficld reflectivitye(1-* ), and a fully reflecting mirror. . _is

the coupling cocTicient, dind % =exXpl=aL’2) Fepresents 4

roundtrip loss coeflicient, o = kg and

¢y, =kLn,

k=27/4 js the-wave propagation number in a vacuum.
Where L and “are a _wavcguide length and lincar
absorption cocfficient, respeetively. In this| work, the
iterative method is‘introduced to obtain. the results as shown
in equation (3), similarly, when the output “ficld  is
connected and input into the other ring resonators.

E,,,f- are the lincar and nonlincar phasc shifts,

3. Sensing Transducer

Initially, the large bandwidth signal. within the
microring device can be generated by using a soliton-pulse
input into the nonlincar microring resonator. This means
that the broad spectrum of light can be gencrated after the
soliton pulse is input into the ring resonator system. The
schematic diagram of the proposed system is as shown in
Fig. 1. A soliton pulse with 50 ns pulse width.as shown in
Fig. 2(a). peak power at 2.0 W is input into the system. The
suitable ring parameters are used, for instance, ring radii
R,= 15.0 pm, Ry=9, R=R=9.0 um and Ry= 200.0 pym. In
order to make the system associate with the practical device
[18, 19], the selected parameters of the system are fixed to
Jo = 1.35 um, ng = 3.34 (InGaAsP/InP), Ay = 0.50, 0.25
um2 and 0.10 pym® for a microring and nanoring resonator,
respectively, o = 0.3 dBmm”, y = 0.1. The coupling
coefficient (kappa, x) of the microring resonator ranged
from 0.1 to 0.96. The nonlinear refractive index is n;=2.2 x
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10" m*%W. In this case, the wave guided loss used is 0.3
dBmm™. The input soliton pulse is chopped (sliced) into
the smaller signals spreading over the spectrum (i.c. broad
wavelength) as shown in Fig. 2(b), which is shown that the
farge bandwidth signal is generated within the first ring
device. The coupling cocfficients are given as shown in the
figures. The coupling loss is included duc to the different
core effective arcas between micro and nanoring devices,
which arc given by 0.1dB. In Fig. 1. H and V is the
horizontal and vertical polarize light respectively.
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Fig. 1. ‘Nano_ring storage array waveguide system, (a) a
sensing unit, (b) a distributed sensing system, where R;:
Ring radii. %% Coupling cocfficient, x;; : Coupling loss. A, :
Signal output with wavelength ki, OSA: Optical Spectrum
Analyzer.
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Fig. 2. Soliton output with the genter wavelengths at 1.5
wm, where(a) input soliton, (b) ring R;, (c) ring Ra, (d)
ring Ri, (¢) and (f) drop port signals (ring Ry). (d)
compressing spectral width signals.

4. Walk-off Compensation

In opecration, the sensing and reference signals
can be formed by using the system as shown in Fig. 1,
wherceas the generated soliton/signal can be stored within a
nano-waveguide (ring R, g Ry), which is confirmed by
Yupapin and Poensuwancharoen [5]. Whereas the trapping
pulse is circulated within  the nano-waveguide
(stopping/storing pulse), which is available to detect, i.c. it
can be slowed down and detected by any available
detector, They have also found that the light pulse energy
recovery can be obtained by connecting into the nano-ring



device. By using an equation (3), the output light pulse
within a ring R, is obtained via the drop port, where the
main parameters that can provide the constant coupling
cnergy are Ky, Kge and the input power. The measurement
is performed comparing to the reference transducer, which
is formed the same resonant wavelength with the sensing
transducer. The combination of the transducer and reference
signals can be scen within the add/drop device. The induced
change within the ring Ry is oceurred and detected relating
1o the applied physical quantities, whereas the signal
detection  device can  be  optical spectrum  analyzer,
wavelength tuner. wavelength filter. or the recovery ring
resonator. The plot of the entangled photon visibility and
walk-off length compensation relating to the change in the
applicd parameter can be formed the measurcment.

Fig. 3. A schematic of the entangled- pheton gencration
system: PBS: Polarizing Beam Sphtter, Ds: Detcctors.

In  applications, the walk-off entangled statc
parameters involving in the measurement are related to the
changes in the applicd physical parameters such as force,
stress, strain, heat. and pressure ete and the optical device
property. Howeyer, “the interested 'parameters in this
proposed systems.are concerned the optical birefringence
parameters, whiclrean be givenby

2 g N\n| Yy,

A go= =

(&3]

Where An = (i, ~ n,) is the optical bircfringence,
L., is the entangled states walk-offlength, and A is the light
source wavelength.

In principle. the movement of the signal and idler
from the optimum location ‘introduces the walk-ofT length
change by the external or physical quantitics, which can be
compensated, i.c. measured. This clfeet is presented by the
measurement parameter known as birefringence.  The
entangled photon visibility is randomly formed a pair, of
signal and idler, which was well deseribed by reference 1]
When the measurement signal is gencrated then passing
through the rotatable polarizer and polarizing beam. splitter
as shown in Fig. 3. The required azimuth angle is adjusted
to obtain the specific orientation angle via the rotatable
polarizer. The random cntangled photon pair is split via a
PBS and detected by the two detectors. In gencral, the
entangled photon pairs may be formed by two different
forms of the orientation angles (0°, 90 ) or (135°, 180 °),
which is represented by light traveling into the optical
components as described carlier. The entangled photon
visibility is seen when the azimuth angle is rotated between

175

0-180°, where cach peak power of the entangled photon
pair is formed by cach value of the maximum peak power
at the specific orientation angle. In applications, the
induced change duc to the external disturbance on the
stored light pulse within the sensing waveguide effects the
change in the entangled photon phase shift, which is
recovered by using the walk-off compensation. This is
related to the change in the applied physical quantities
such as force, temperature or strain on the sensing device.

5. Conclusions

We have proposed the interesting concept where
the small scale measurement in the nano scale resolution
regime is plausible, using the nano-waveguide transducer,
whereas thesmcasurement of physical quantities such as
nano foree; - nano - temperature, nano strain can be
performed  using the proposed system. The major
advantage is the sensing deviee can be formed the storing
signal which is~ capable to perform the long period of
measurcment, while the very marrow optical pulse has
shewn the potential-of using such system for nano scale
measurement  and.beyond.  Finally,  the quantum
measurcment concepl is also plausible, which is allowed to
ohtain the increasing in measurement resolution. By using
the polarization concepty the measurement of force under
zero gravity perturbation is also available.
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Abstract We propose a new system of optical imaging using optical tweezers. A system consists of a dark
soliton generation that can we use to probe atom, where the imaging construction of the sampling rarget can be
realized by using the trapped atom in the optical nveezers. The interaction, ie. Diterchange benveen the
transmitted atoms and received atoms can be use for imaging construction. The advaniage is that the optical
tweezers in this case is a moveable probe, whickh ean be imaging ivany location of the interesting target.

Keywords: Atomic imaging, Optical tweezers, Atomic recording

Introduction

Modern endoscopes’ have been developed for. 2
centuries and have provided several usages. The idea
of endoscopy in modern era was first attempted by
Bozzini in 1806 to investigate inside human body but
it was not approved by Vienna medical society!:
Endoscopic  technology has been ~continuously
improved since that time. Nowadays, fibcr oplics
technology has been used to build endoscopes. They
work by propagating the light from the light source
within optical fibers. When the light emits from the
other ends of-fibers to the object, it reflects back
through fibers to recciver, a monitor for- instance.
Fiber optics endoscopes provide medical  doctors
visual images inside patients’ bodies, they help
diagnosing thercause of the disense more accurately.
Besides providing visual images inside \the budy,
they also have other functions when work with other
tools, for instance, taking biopsics and endoscopic
surgeries.

An endoscope built with latest technology
provides sufficient image quality. but its quality can
still be improved. The quality of-an image retricved
from the latest endoscope is like a photograph taken
from the camera. The disorder can be seen if it is
large enough. However, some disorder that is very
small like in atomic or molecular Jevel cannot be
shown with an ordinary endescope. The combination
of fiber optics endoscope with eptical_soliton that
work in nanoscale can achieve that goal.

Dark Soliton Generation

The experimental configuration for the dual Brillouin
fiber laser (DBFL) is shown in Fig. 1. The laser
consists of a 7.7 km length Dispersion Compensate
Fiber (DCF) as the non-lincar gain medium that
produces the first Stokes, a Brillouin pump (BP) that
pumps a narrow signal with a power of 1.96 dBm
and a wavelength of 1500 nm into the cavity. The
two optical circulators used are labeled as CI and
C2. The signal from BP is injected into the cavity

from port-3 of CI and deteetedat port 1 of CT by the
optical spectrum analyzer (OSA) with a resolution of
0.02nm. Port 3-and port 1 of C2 which is placed at
the end side of the conficuration, is connected to
form the double pass configuration inside the linear
cavity. This double pass configuration allows the
signal from BP-and the first Stokes to re-circulate
into~the: DCF and hence producing a significant
amplification -with stable dual Brillouin peaks. The
enhanced DBEL is obtained after the insertion of
Raman pump (RP) witha pump power.of 296 mW at
awavelength of 1420 nm into the lincar cavity = (Fig.
2). RP will . pump the DCF thus enhancing the non-
linear interaction of BP signal. “A 1420/1500nm
wavelength- selective  coupler (WSC)is used to
combine the pump and lascrwavelength.

7.7 km
DCF
) | 5
196dbmy o 3 26 N2 vty o ¥
BP : LY
e &
1 ]
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Fig. 1: DBFL configuration

w
P

Fig. 2: Enhanced DBFL configuration



The stability of the dual Brillouin is shown in
Fig. 3. Fig. 4 shows the stability of the enhanced dual
Brillouin spectrum obtained by repeating the
experiments. The dark soliton valley dept. i.e.
potential well, is changed when it was modulated by
the trapping energy as shown in Fig. 4. The trapping
of photon within the dark well is occurred and seen,
the recovery photon can be obtained by using the
dark-bright soliton conversion, which is well
analyzed by reference”, where the trapped photon or
molecule can be released an scen separately from the
dark soliton pulse, in practice, in this case the bright
soliton is become alive and seen.
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Fig. 3: DBFL spectrom. train
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Fig. 4: Enhanced DBFL specurum train with Raman
pumping

Dark Soliton Generation using Ganssian pulse
input

Optical soliton is reeognized as the powerful light
source for long “distance link_in . optical
communication. However; ithe pumping  systern-is
required before the soliton’ being generated. For
simplicity, a Gaussian soliton is recommended o
form the soliton instcad of the pumping soliton.
Moreover, one interesting aspect of the Gaussian
soliton is that the non-dispersive soliton can’ be
realized by using the 1,300 nm light source, which
can be obtained by using the Gaussian soliton. Many
research works have reported in use of a Gaussian
pulse in both theoretical and experimental works™7.
Recently, the interesting aspect of light pulse
propagating within a nonlincar microring device has
been reported®, where the transfer function of the
output at resonant condition is derived and studicd.
They found that the broad spectrum of light pulse
can be transformed to the discrete pulses. An optical
soliton is recognized as a powerful laser pulse, which
can be used to enlarge the optical bandwidth when
propagating  within  the nonlincar  microring
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resonator’'”. Moreover, the superposition of self-
phase modulation (SPM) soliton pulses, where either
bright or dark"" solitons can generate the large output
power. Therefore, in this work we are using a
common laser source that can be used lo generate
dark soliton. with the broad center wavelengths
within the range from 400-1,500 nm are used. One of
the results has shown that by using the center
wavelength at 1,300 nm with suitable parameters. the
Gaussian soliton generation is plausible. By using
the suitable microring parameters, most of the results
have shown that the optical signals, i.e. Gaussian
pulsc can be amplified within the nonlinear ring
resonator system.

Light from a monochromatic light source is
launched into a ring resonator with constant light
field amplitude (Eg) and random phase modulation,
which is the combination of terms in attenuation ()
and phase((y) constants, which results in temporal
coherence_degradation. Hence, the time dependent
input_light-ficld (E;,). without pumping term, can be
expressed as

E(t)=Eyexp ™ """ M

where L is a propagatien distance(waveguide
length).

We-assume that the nonlinearity of the optical
ring resonator is-of the Kerr-type, i.c., the refractive
index is given by

WP @)

i,

n=ar, +i 0 =g+

sl

where my and 1y are the lincar and nonlinear
tefractive indexes, respeetively. ' and. P are the
optical intensity and oplical power. respectively. The
effective ‘mode core area of the device s given
by A+ For the microring and nanoring resenators,
the effective mode core areas range from (.10 to 0.50
pmz i

When a. Gaussian pulse is dinput and
propagated within a {iber ring resonator, the resonant
output is formed, thus, the normalized output of the
light ficld is the ratio beétween the output and input
fields (£ _ ) and E, (1)) in each roundtrip, which

12
can be expressed as

[ 3)

0 == )%
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FEquation (3) indicates that a ring resonator in the
particular case is very similar to a Fabry-Perot
cavity, which has an input and output mirror with a
field reflectivity, (1- &), and a fully reflecting mirror.
K is the coupling cocfficient, and v = exp(- aL/Z)

|Fft)
E, (1)

represents a roundtrip loss coellicient. ¢y = kLng

and g, =kLi2p are the linear and nonlinear phase
.-\‘__6

shifts, k =27/ A4 is the wave propagation number in

a vacuum. Where L and « are a waveguide length



and linear absorption coefficient. respectively. In
this work. the iterative method is introduced to
obtain the results as shown in equation (3), similarly,
when the output field is connected and inpul into the
other ring resonators.

The input optical field as shown in equation
(1), i.e. a Gaussian pulse, is input into a nonlinear
microring resonator. By using the appropriate
parameters, the chaotic signal is obtained by using
equation (3). To retricve the signals from the chaotic
noise, we propose to use the add/drop device with
the appropriate parameters. This is given in details as
followings. The optical outputs of a ring resonator
add/drop filter can be given by the equations (4) and
(5).

H (1= )= 2T T = coslh, L) s P
(1 X 0 = 24T v, T e cosfh, L)
and

s (s)
Eul 1 (mx -l 2 o T wertens(il)

where E, and Ey represents the optical fields of the
throughput ‘and drop ports respectively. = The
transmitted output can be ¢ontrolled and obtained by
choosing the suitable coupling ratio of the ring
resonator, which is well derived and deseribed by
Where ﬁ=knw-

- i
reference. ! represents. the

propagation constant, #.; is the effective refractive
index of the waveguide. and the eircumference of the
ring is L=27zR 7 here R istheradiusof the ring. “In
the following, new -paramcters will _be used  for
simplification, where @ = L is the phasc constant.
The chaotie neise cancellation can be managed by
using the specific parameters of the add/drop device,
which the required signals at the specific wavelength
band can be filtered ‘and retrieved. Kjand K are
coupling  coefficient  of ——add/drop. = filters,

k“ =27/ A is the wave propagation number for in

a vacuum, and the waveguide (ring resonator) loss is
o = 0.5 dBmm™. The fractional coupler intensity loss
is v = 0.1. In the case of add/drop device, the
nonlinear refractive index is neglected.

Fig. 5: A schematic of a Gaussian soliton generation
system, where R ring radii, Kt coupling coefficients, Ry
an add/drop ring radius, A.gs: Effective areas.
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From Fig. 5. in principle, light pulse is sliced
to be the discrete signal and amplified within the first
ring, where more signal amplification can be
obtained by using the smaller ring device (second
ring).Finally, the required signals can be obtained via
a drop port of the add/drop filter. In operation, an
optical field in the form of Gaussian pulse from a
laser source at the specified center wavelength is
input into the system.
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Fig. 6: Resuli of the spatial pulses with center wavelength
at 0.40 pm, where (a) the Gaussian pulse, (b) large
bandwidth signals, (e} large amplified signals, (d) filtering
and amplifying signals from the drop port.

From Fig. 6, the Gaussian pulse with center
wavelength (Xp) at 0.40 pm, pulse width (Full Width
at-Half Maximum, FWHM) of 20 ns, peak power at
2-W is.input into the system as shown in Fig. 6(a).
The large bandwidth signals can be scen within the
first microring device, and shown in Fig. 6(b). The
suitable ring parameters are used, for instance, ring
radii R)= 16.0 pm; Ry=5.0 pm, and Ry= 25.0 pm. In
order to-make the system associate with the practical
device', the sclected parameters of the system are
fixed to np = 3.34 (InGaAsP/InP), A,y = 0.50 um’
and 0.25 pmz for a microring and add/drop ring
resonator, respectively, o = 0.5 dBmm’™, y = 0.1. In
this investigation, the coupling coefficient (kappa, K)
of the microring resonator is ranged from 0.55 to
0.90. The nonlinear refractive index of the microring
used is m=22 x 1077 m¥W. In this case, the
attenuation of light propagates within the system (i.c.
wave guided) used is 0.5dBmm’'. After light is input
into the system, the Gaussian pulse is chopped



(sliced) into a smaller signal spreading over the
spectrum due to the nonlinear effects®, which is
shown in Fig. 6(a). The large bandwidth signal is
generated within the first ring device. In applications,
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the specific input or out wavelengths can be used and
eenerated. However, the amplified power is required
to control to keep the device being realistic

Atomic Endoscope

Eﬂl "

Eouz Thoevehiput pest

Emn atomic chamber

“

Lﬂbso.rb-er‘? ===

Fig. 7: Alomic endoscope and imging mechanism dingram: where R ring radii: Ko coupling coefficients. Ry: an add/drop
ring-radius: A, ys: Effective areas.

Dynamic tweezers generation by-amplification of
dark soliton in the microring resonator

The schematic diagram of the proposcd system.is as
shown in Fig. 7. A soliton pulse with 50 ns pulsc
width, maximum power at-1.25 W is input. into the
system. The suitable ring parameters are wsed, for
instance, ring radii Rj= 10.0 pm. In order to make
the system associate with the practical device?, the
sclected parameters of the system are fixed to Ay =
1.55 um, ny =3.34 (InGaAsP/AnP), A = 0.50, 0:25
wm’ and 0.10 pmz for a micro ring_and nano ring
resonator, respectively, o = 0.5 dBmm™.y = 0.1. The
coupling coefficient (kappa, k) of the micro ring
resonator is 0.009. The nonlincar refractive index is

- 4 . -
n,=2.2 x 107" m¥»W. In this case, the wave guided
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Fig. 8: Results obtained when a dark soliton pulse is input

into a micro ring resonator, where Rj= 10 pm. A,y = 0.50
pm, Ky = 0.009.

loss used is 0.5dBmm’’. The input datk soliton pulse
is chopped- (sliced)_inlo a smaller signal spreading
over the spectrum as shown.in Fig. 8(middle).

This+is shown that the large bandwidth signal is
gencrated within the {irst ring device, however, it is
excepted the region that the signal level is very low
or vanished, about 0.85-0:15 x 10" roundtrips, which
is called a stop band. The plot of nonlinear behaviors

output and input - power (intensity) is scen. The
bistability, bifurcation and chaos are occurred when
the input intensity is increased, for instance, the first
bistability is occurred when the input intensity is
betweenl.8-2.0W.

Atomic endoscope (device using interaction of
reflective atom in the optical tweezers

The remaining part of proposed system is show in
schematic « diagram _as in Fig. 7. 'The dynamic
tweezers  generated by a group of microring
resonators (Rj»3) are beaming into atomic chamber
to collect atoms, then they are feeding into Add/drop
filter (Ry) which/have 50% coupling coefficient, 50%
though put and 50% dropping on an absorber. The
50% though put-dynamic tweezers with trapping
atoms_are-project-directly to desire target area and
reflect -back into the same fiber. After that, The
reflected-trapping atom in the dynamic tweezers are
coupling to the same add/drop again. So only 25% of
the reflected dynamic tweezers with trapping atoms
are coupling to detector(the recovery photon can be
obtained by using the detector or a dark-bright
soliton conversions schematic). Finally, to create the
image of targeting area the detector is use to analyze
the interaction of trapping atom power with the
targeted-imaging area.



For safety reason. the coupling coefficients of
all microring resonators Kyand k> are designed to
keep low output energy, such as 50% - 50 %.

Conclusions

Atomic endoscope and imaging are proposed in this
paper by the propagation of a Gaussian pulse within
microring resonator system. After a Gaussian pulse is
input into designed system, dark solitons are
generated. Then they are amplified to obtain dynamic
optical tweezers that are going 1o atomic chamber.
Then they are trapping the atom and going out the
atomic chamber to add/drop filter. With a certain
coupling coefficient of add/drop filter, The dynamic
tweezers with trapped atom is beaming to targeting
area. When contact, tweezers with trapped atom will
interact with the target making some change to
trapped atom and reflect back to the system.
Tweezers will pass add/drop filter again and exil the
system to the detector which are going to_release
trapped atom and examine it to-create the value of a
pixel of an image. All pixels of the image will be
created by repeatedly performing the process to
entire target area,
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Abstract— Multi-destinations in wireless sensor network have extremely benefited for monitor-
ing system. Then. convergecast is a fundamental operation in wireless sensor network. Existing
convergecast solution focused on latency and energy consumption. However, a good design should
be complaint to standard. This paper proposes convergecast solution of multi-destinations in Zig-
bee tree-based wireless sensor network and proves that this solution is simulation. Our solution is
optimal convergecast of multi-destination in wireless sensor network and using accompany with
network’s resource for all destinations.  Then, our selution is compliant with the low-power de-
sign of IEEE 802.154. Simulation-results show that the propesed solution ean indeed achieve
convegecast of multi-destinations.

1. INTRODUCTION

Nowadays, usability of wireless sensor network (WSN) used widely. Especially, WSN used hy Zighee
standard. For example, Smart home svstem [1] which increase capability more than regular home.
Zighee car parking management system [2] is using Zighee network for spots status report snch as
having car in-spot.  Location svstery [3-5] is using Zighee for identify position of person or thing
such as for identify position of eldexly and disabled people. Then. usabilitv of Zighee in monitoring
system sensé all enviremment such'as bridge condition. air pellution. precision viticnlture, home
care system [6-9]. Inclnding, Zighee wireless sensor vetwork have benefit for logistic systemn [10].

If usability. of Zighee wireless sensor network in present have system’s design for Zighee multi-
destination wireless sensor network will have henefited for monitering system. For example, mostly
person in Bangpakong to Tear snapper. If usability of wireless sensor network was happen for water
and water pollution system will help fisherman for plan to rear snapper. Which. fishermen want
monitoring system’s data form Bangpakong river. This case, Multi-destinations in wircless sensor
network have extremely henefited for mionitoring system.

2. OVERVIEW OF ZIGBEE

Zighee is a standard that defines a set of comnunication protocels for low-data-rate wireless net-
work. Zighee-hased wireless devices operate in 868 MHz, 915 MHz and. 2.4 GHz freguency bands.
Then, the maximum data rate-is 250k bits per second. Zighee is targeted mainly for battery-
powered applications where low data rate; low cost and long battery life are main requirements.
The Zighee standard is developed by the Zighee Aliance, which has hundreds of number compa-
nies, from semiconduetorindustry and software developers to original equipment manufacturer and
installers.

There are two methods for channel aceess: contention based oreontention free. In contention-
hased channel access, all the devices that-want to transmit-in thesame frequency channel use the
CDMA-CA, and the first one that finds the channel clear starts transmitting. In the contention-free
method, the PAN coordinator dedicates a specific time slot to a particular device. This called a
guaranteed time slot (GTS). To provide a GTS, the PAN coordinator needs to ensure that all the
devices in the network are synchronized. Beacon is a message with specific format that is used
to synchronize the clocks of nodes in network. A coordinator has the option to transmit beacon
signals to synchronize the devices attached to it. This called a beacon-enabled PAN.

One of the advantages of a beacon-enabled network is the availability of guaranteed time slots
(GTSs). The beacon are MAC frames that contain beacon information such as the time interval
hetween the heacons and mumber of GTSs. In beacon-enable operation. it is possible to use a
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superframe structure. A superframe, shown in Figure 1, is bounded by two beacon frame. The
use of super frame structure is optional in the IEEE 802.15.4 standard. There can be up to three
types of periods in a superframe: the contention access period (CAP), the contention-free period
(CFP). and the inactive period. This paper proposes convergecast solution which is management
other slot called slot assignment.

3. DECIDE PROBLEM

This section formally defines the convergecast problem in ZigBee networks [11]. Given a ZigBee
network, we model it by a graph G = {V, £'} where 1" contains all routers and the coordinator and
E contains all symmetric commmnication links between nodes in 1. The coordinator also serves as
the sink of the network. End devices can only associate with routers. but are not included in V.
From G, we can construct an interference graph Gy = {V. £} where edge (i, j) € E} if there are
direct/indirect interferences between ¢ and j. We denote by k = 2(BO=50} the number of active
portions (or slots) per beacon interval [11].

The beacon scheduling problem is to find a slot assignment s(i) for each router i € 1, where s(7)
is an integer and s(i) € [0,k — 1], such-that router i's active portion is in slot s(z) and s(i) # s(j) if
(i.7) € E;. Here, the slot assignment means the position of the.outgoing superframe of each router
(the position of the incoming superframe. as clarified earlier, is deternmined by the parent of the
router).

Given a slot assignment for G, the yeport latency from node 7 to node j[11], where (i,7) € E,
is the number of slots. denoted by d;;:that node 7 has to wait-to relay its colleeted sensory data to
node j.

di; = (s(J) = (i) nod k. (1)

Then. report latency of Zighee beacon-enabled wireless sensor network L(G) shown in Equa-
tion (2). Good designof Zighee wireless sensor network designing is mininum report latency L(G).

E{ Gt Z(d;j) on longest part of network (G- (2)
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Figure 1: IEEE 802.15 .4 superframe structure,
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Figure 2: Problem of multi-destinations in wireless sensor network.
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Point. two problems of multi-destinations in wireless sensor network shown in Figure 2. Fig-
ure 2(a) shows sensors’ data wanted form destination can’t send to it too. This paper called
Data Incorrect Problem {DIP). If slot assignment havn’t optimal procedure then Datal (D1) which
wanted from Destinationl (Desl) not send to it (Figure 2(a)) or want have special procedure for
sent to it which cause low-speed in network. Figure 2(b) shows convergecast problem cause more
report latency or low-speed in Zighee wireless sensor network. From Fignre 2(a), routerl (R2) want
send data to Des2 but have convergecast schedule shown in Figure 2(b) show data from R2 must
wait a one superframe. But. if slots assignment have optimal procedure then data from R1 not wait
that data from R1 send with data from R2 at the same time. This problem called Minimum Delay
Beacon Scheduling Problem (MDBP) [11]. From two problems. this paper proposes convergecast
solution of multi-destinations in Zighee tree-based wireless sensor network for solve problems and
mininmm report latency L(G).

4. CONVERGECAST SOLUTION

Clonvergecast solution proposed in this paper, Given G = (V. E). G; = (V. E;) and k., we propose
solution. Our Solution is composed of the following step:

Step 1: From (. we first construct a breadth first search (BFS).tree I which rooted at one in
destinations.

Step 2: Check DIP. Has DIP in tree network {rom Step 1?7
Yes, it has. Wedo Step-1.by change root to other destinations.

No. it hasn't. We do-Step-3:

If change root to all destinations then No in all answer. We mmst from into group of destina-
tions which destinations in-oroup must can send data to each-destination. Look, each group
is one destination., we do Step 1.

Step 3: We traverse vertices of 7 in a hottom-up maiiner. For these vertices in depth d, we first
sort them according to their degrees in Gy in a descending order. Then we sequentially traverse
these vertices in that order. For each vertex o in depth d visited, we compute a temporary
slot number t(v) for v as follows.

If @ is a leaf node. we set {{¢) to the minimal nen-negative integer ! such that for each vertex
u that has been visited and (u, v)& Ep (tH{ujmod k) # L

If w is an-instree node. letm be the maximum of the numbers that have heen assigned to v's
childrensi.e.. n = max(t(child(#))); where child(v} is the set of ¢’s children. We then set ¢(v)
to the minimal non-negative integer I > m such that for each vertex u that has been visited
and (u. o) € Ep (t(u) mod k) (lmmodF).

After every vertex v is visited. we make the assignment s(v )= t(v) mod k.

Step 4: Vertices are traversed sequentially from £.in a top-cown manner. When each vertex v is
visited, we tiy 4o greedily find anew slot ¢ such that/ (s{ parent{v))—1) mod k< (s(parent(v)) —
—s(v)) mod ki stch that [ # s(u) for each (ww).€ Ez. il possible. Then we reassign s(v) = I.
If multi-destinations in Zighee tree-base heacon-enabled wireless sensor network used con-
vergecast. solution which this paper proposed such that wireless sensor network guarantee
minimum report latency and solving Data Incorrect Problem (DIP).

5. SIMULATION RESULTS

The simulations resnlts is show eompared To the random slot assignment and our solution {(our
algorithm). Then. results shown in Figure 3. Figure 3(a) shows relationship between report la-
tency of multi-destinations Zighee wireless sensor network and number of Zighee routers for two
destinations network. However. Figure 3(b) shows relationship between report latency of multi-
destinations Zighee wireless sensor network and number of Zighee routers for three destinations
network.

Explaining, Figure 3(a) and Figure 3(b) show compared to the random slot assignment and
our solution in multi<destinations Zighee wireless sensor network. They are apparent our solution
for slot assigiument have report latency L(G) less than random slot assignment. And, increasing
of number of destinations cause decreasing-speed and increasing-report latency for the equal of
number of routers in multi-destinations Zighee wireless sensor network. Finally, our solution which
proposed can indeed achieve convegecast of multi-destinations.
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Figure 3: Graph show simulation results.

6. CONCLUSION

In this paper. we have propose convergecast solution of multi-destinations in Zighee tree-based
heacon-enabled wireless sensor network for solving DIP and decreasing report latency L(G) which
defined in Meng-Shinan Pan. Yu-Chee Tseng [11]. It is a slotassignment which optimal convergecast
and using accompany with network’s resource for all destinations. Simulation. compared to the
random slot assignment and oursolution can effectively schedule the ZigBee routers’ beacon times
to achieve convergecast.,

“uture, it deserves to consider extending this work to multimedia of multi-destinations in Zig-

bee tree-based beacon-enabled wireless sensor network which extend from Changsu Suh. Zeeshen
Hameed Mir, Yonng-Bea Ko [12] and multi-destinations in Zighee mesh wireless sensor network.
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