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Application Requirements and Constraints

« Large scale

« High Reliability requirement

« Fast communication for emergency information and very low duty cycle
communication for regular information.
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Application Requirements and Constraints
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Application Requirements and Constraints (cont.)

* Placement constraints
e Lifetime constraints
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Objective
1. Increase reliability
2. Increase deterministic degree of end-to-end communication

3. Balance the fast communication for emergency information and the
very low duty cycle communication for regular information

4. Compatible with IEEE 802.15.4-2006 device

Components.

1. Mesh+Star topology

2. Extended superframe

3. CSMA/TDMA+FDMA during CAP+CFP period

4. TDMA+FH/AFD during scheduled period, 1.e. inactive period of 15.4-2006
5. Two-stage resource allocation
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Network topology
-- Mesh + Star

~<3

Manger@ Gateway

@
© router Sensor node
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E-Superframe

IEEE802.15.4 Superframe

Beacon of 802.15.4 superframe
16 slot

A
A

CAP CFP
SD

inactive

A

BI

A

E-Superframe

Beacon of E-superframe
16 slot

A 4

&

CAP CFP \\ Intra-cluster Inter-cluster

Schedule period
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E-Superframe(cont)

CAP is used for device joining, intra-cluster
management and retry.

CFP is used for emergency data and
communication between router and intra-
cluster mobile devices.

Intra-cluster is used by intra-cluster fixed
devices.

Inter-cluster is used for communication
between routers or router and gateway.
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CAP+CFP: CSMA/TDMA+FDMA

In CAP+CFP period of one superframe cycle, all
devices in a cluster use the same channel, which
can be modified in another cycle by forecast of
beacon.

Neighbor routers are assigned with different
working channels.

o If there is no enough channel, CAP+CFP period of
neighbor routers should be scheduled to be staggered.
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Two examples ot CAP+CFEFP

Example 1: R1: 32 slots, R2: 64 slots,R3: 128 slots

R1
Channel 1 <
R2 W

Channel 2 R3 & I ' I S

Channel 1

Channel 2

Example 2: R1: 64 slots, R2: 128 slots, R3: 256 slots

Rl Z Z 7 7 Z 7 7 7 S

Channel 1 L 7 V U 7 7 S
LI 7/ U 7 W
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Intra-cluster and Inter-cluster

Intra-cluster: TDMA + Adaptive Frequency
Diversity (AFD)

o AFD: Change communication channel according
to the real channel condition. In another word, bad
channel condition, which can be measured with
packet drop rate or resend time, triggers the
operation of changing channel.

Inter-cluster :TDMA+FH

o FH: Change communication channel according to
a scheduled frequency hopping pattern,
regardless how the real channel condition is.
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Two-stage Management: timeslot, channel vs. link

Inter-cluster period is scheduled by network manager
CFP and Intra-cluster is scheduled by router.

‘ @ @ @ Network manager
Q Router

() Device
° O
AVaVAN
Distributed
Resource O @ 3 @ S
O

Allocation &
@ O
O O O
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CHI
CH2
CH3
CH4
CHS
CH6
CH7

SC

Two-stage Management: timeslot, channel vs. link

A

scheduled period of routers are managed by the system manager

$—>R1 Sleeping

L T T T I~ T T T T T 0T 1 N I o I I 1 1 0 1
Collect Relay data .

data from via mesh sleeping
SNs backbone @
Distributed \
management G
|:| *=>R1 I * retry I * retry I R2=>R1 9
heduled by cluster head |:| RI=>R2 |:| R1=>R3 |:| R3 =>R1 I R2 =>R1 @< e
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‘ An example of Device Joining and Resource
Allocation

Join Sequence:

@ . = GW ->R1->N1->R2->N2->N3
2 (m)
(k) o Data communication path:
= N1->R1->GW
32 64 64
= N3->R1->GW
@ Gatenas o = N2->R2->R1->GW

‘ Fixed Device ‘ Mobile Device
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Data Rate

Router data rate =
min rate(devicel, device 2,..., device n);

GW data rate is defined as the minimum data rates of network.

Device Data Rate (slots)
N1 32
N2 64
N3 64
R1 32
R2 64
GW 32
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Default Superframe -64 slots

16

CFP

3132

63

Inter-cluster

Hopping
Period Length (slots)
Beacon 1
CAP 7
CFP 8
Intra-cluster 16
Inter-cluster 32

<«138]10 [dUURyD-»>
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Final Superframe Length and Channel

Intet- Intet-
GW (channel 11) cluster
Intet- Intet-
R1 (channel 12) cluster

R2 (channel 12) CFP Inter-cluster

Superframe length | Channel Slot Offset

GW 32 11 0

R1 32 12 0

R2 64 12 16
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Final Superframe Structure

Beacon | CAP | CFP | Intra-cluster | Inter-cluster
GW 1 / 8 8 8
R1 1 7 8 8 8
R2 1 / 38 16 32
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‘ Joining Process of R1

GW Rl — GW broadcast link
Beacon (Beacon)
(ChO=(. GW-> *) —»  RI1->GW dedicated link
’ > ~»  GW->RI dedicated link
JOin Req GW : " CFP B . Intet-cluster
(ChO=0,R1->GW, R1)
Join Rsp
(ChO=(, GW->RI, R1) L T R R
> Channel 11
(ChO=()
Add-Superframe
(ChO=0, GW->RL, SF=64, Defalt R1) _ —
Add-Link
(ChO=0, GW->RL, R1)
P
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GW

R1

Joining and resource allocation of N1

Beacon NI
(ChO=1.RI->*) | ¢4
Join req
__(ChO=I.NI->RI,ND) | ¢z
Join req
o6 (ChO=0, R1->GW, N1)
Join rsp
o7 (ChO=0, GW->R1,N1)
Update-Superframe
(ChO=0, GW->R1, SF=32,
98 RL > R1 R1->GW Dedicated Link
Update-Link GW->R1 Dedicated Link
99 | (ChO=0.GW->RIL.RI) | Beacon I\ R1 Broadcast Link
(ChO=1,R1->%) 128 / (Beacon)
— / R1->N1 Dedicated Link
NI Join rsp i )
(ChO=1.RI->NI,NI) 129 — N1->R1 Dedicated Link
Add-Superframe
(ChO=1, RI->N1, N1)
> 130
Add-Link
(ChO=1, R1->N1, N1)
> 131
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6 7 7 7 8 s 9
4 1 2 9 0 56 127
R1 CFP
64 65 66 67 68 69 70 71
Channel 12 R1->% 2.
(ChO=1)
6 7 7 7 8 9
4 12 9 @ 56 127
GW CFP
R1 CFP
9 97 98 99 100 101 102 103
Channel 11
(ChO=0)
1 11 11 11 1
2 3 3 4 4 55 5
8 5 6 34 12 9
R1 CFP
128 129 130 131 132 133 134 35
Channel 12
- >
(ChO=1) R1-=
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= After GW receiving N1's joining request, GW
updates R1’s superframe, and allocates data
slots to R1.

11 1
2 33 44 5
56 34 Int
nter-
GW CFP cluster
R1 CEP ‘ Inter-
cluster
ieN 152+32i 153+32i  154+32i 155+32i 156+321 1 32i 158+32i 159+32i
284 85 196 187 188 189
153 154 155 156 157
Channel 11 5 5
(ChO=0)
Channel 12
(ChO=1)
v v
R1 Management Slots R1 Data Slots
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= R1 allocates resources to N1

€0, 1,2... 1444321 145+32i 146+32i  147+32i 1484321  149+32i 1504321  151+32i

145 146 147 148 149

Channel 12
(ChO=1)
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100

101

103

102

154

G

Joining a

(ChG=1,R1-> %)
> 64
Join req
(ChO=1, R2->R1. R2) 66
Joi -
oin req
(ChO=(0, R1->GW, R2)
-
Join rsp
(ChO=(0. GW->R1. R2)
>
Add-Link
(ChO=0, GW->R1, Rl)>
@-
Add- Superframe
(ChO=0. GW->R1. SF=64, \
Default. R2) > \
ChO0, Gk 1, R2 Beacon
= >
( : : )> (ChO=1, R1-> %) 160
Join rsp
(ChO=1, R1->R2, R2)
» 161
Add-Superframe
(ChO=1, R1->R2.SF=64,
Default, R2) s 162
Add-Link
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Beacon R2

R1->GW Dedicated Link
GW->R1 Dedicated Link
R1->R2 Dedicated Link
R2->R1 Dedicated Link
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6 7 7 7 8 c
4 1 2 2 ¢ 5 127
R1 CFP
64 65 67 68 69 70 71
Channel 12
-> X
(ChO=1) Rl
6 7 7 7 8 S
4 12 S @ s 127
GW CFP
R1 CFP
9 97 98 99 100 101 102 103
Channel 11 -
(ChO=0)
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1 11 11 11 1
2 33 4 4 55 S
8 S 6 34 12 S
GwW CFP
R1 CFP
153 154 155 156 157 158
Channel 11
(ChO=0)
1 11 11 11 1
6 6 6 77 88 S
(0] 7 8 56 34 1
R1 CFP
160 161 162 163 164 165 166 67
Channel 12 R1-> %
(ChO=1)
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= GW allocates management slots to R2

1 11 11 11 1

2 33 44 55 5

8 56 34 12 ; 9
nter-
GW CFP cluster
R1 CFP e
I cluster

R2 CFP Inter-cluster

152+64i  153+64i 154+64i  155+64i 6+64i  157+64i  158+64i 159+64i

i€0,1,2...

155 156 157 158 159

Channel 11
(ChO=0)

Channel 12 5 5 R1->R?
(ChO=1)

v
R1 Management Slots
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Joining and resource allocation of N2

GW RI R2 N2
Beacon
(ChO=1,R2->*)
. Join req
Join req (ChO=1, N2->R2, N2)
' (ChO=1,R2->R1,N2) '
Join req 216 =
(ChO=0, R1->GW, N2)
217 - ;
Join rsp
ChO=0,GW->R1, N2 -
218 ( ) » Join rsp
(ChO=1,R1->R2, N2
‘ 219 >
Add-Link
hO= ->R1, R2
5y | (ChO=0.GW->RI,R2) .
Add-Link
ChO=1,R1->R2, R2
283 | : K
Beacon
(ChO=1,R2->%) |
Join rsp
(ChO=1,R2->N2, N2)
>
Add-Superframe
(ChO=1,R2->N2, N2) >
Add-Link
(ChO=1,R2->N2, N2)
L
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~—»™ RI->GW Dedicated Link

™ GW->R1 Dedicated Link
R1->R2 Dedicated Link

——» R2->RI1 Dedicated Link

R2 Broadcast Link
(Beacon)

—» R2->N2 Dedicated Link
—» N2->R2 Dedicated Link

1 1 1 2 2
7 8 9 0 3
6 3 1 7 9

R2 (channel 12)

Inter-cluster

7€ 177 178 176 180 181 182 83

Channel 12
(ChO=1)

06 September 2008
Peng Zeng/ Qin Wang IEEE 802.15-08-0619-00-004¢ 30



1 1 11 1 2 2
6 6 7 99 9 2
0 7 5 12 9 5 3
GW (channel 11) CFP CFP
R1 (channel12) CFP CFP
R2 (channel 12) [ car | crr [GacRsEn 000 mereluser
216 218 219 220 221 222 223
Channel 11 -
(ChO=0)
Channel 12 - .
(ChO=1)
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2 22 22 22 2
s 66 77 78 8
6 34 12 90 . 7
nter-
GW CFP cluster
R1 - CFp | e
I cluster
R2 CFP Inter-¢luster
280 282 283 284 285 286 287
Channel 11
(ChO=0)
Channel 12 R1->R2
(ChO=1)
3
6
7
R2 (channel 12) Inter-cluster
04 305 306 307 308 309 310 11
Channel 12 R2->N2 R2->N2 R2->N2
(ChO=1)
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= After GW receiving N2’s joining request, GW

allocates data slots to R2 (see above figure
for detail)

2 2 2 2 22 2 3 3 3
5 6 7 7 88 9 0 1 1
6 3 1 9 78 5 3 1 9
GW (channel 11) CFP CFP Inte-
R1 (channel 12) CFP Cllnl::;;r CFP CIII:::E e:r
R2 (channel 12) CFP Inter-c¢luster

152+64i

153+64i

154+64i 155+64i 156+ 57+64i  158+64] 159+64]
i€0,1.2...
je2.34..
156 157 158 159
Channel 11
(ChO=0)
Channel 12 R1->R2 R1->R2
(ChO=1)
v v
R2 Management Slots R2 Data Slots
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= R2 allocates resources to N2

3 33 33 3 3
0 11 12 3 6
4 12 90 5 7
R2 CFP Inter-cluster
i€0,1,2... 320+641  321+64i 322+64i 323+64i 324+641 325+641 326+64i 327+64i
320 321 322 323 324 325 326 3
Channel 12
(ChO=1)
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oining and resource allocation ot N3

GW Rl

(ChO=1, R1-> %)

Join req

s o (ChO=0.RI->GW. N3)
: -

Join rsp

>

<

Join req
(ChO=1, N3->R1, N3)

Beacon N3

» 320

Beacon
(ChQ=1,R1-> *)

>

Join response
(ChO=1, R1->N3. N3)

-«

>
GTS req
(ChO=1, N3->R1. N3)

GTS rsp
(ChO=1, R1->N3, N3) >

321

352

353

354

358

R1->GW Dedicated Link

GW->R1 Dedicated Link
R1 Broadcast Link
(Beacon’

R1->N3 Dedicated Link
N3->R1 Dedicated Link
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320 =— 327 335 —— 343 351
R1 (channel 12) CFP c]l;;re—r
320 321 322 323 34 325 326 7
Channel 12
>

33 3 3 3 3

22 2 3 4 5

01 7 5 3 1

nter-
GW (channel 11) CFP | i |
R1 (channel 12) . CFP clnut:tr‘;r
3 345 346 347 348 349 350
Channel 11
(ChO=0)
33 3 3 3 3
55 5 6 7 8
23 7 5 3 1
ter-
R1 (channel 12) CFP m
3 353 354 355 356 357 358

3 M
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R1 allocates resources to N3: 3 slots

3 33 3 3 3
5 55 6 7 8
2 7 8 5 3 1

R1 || CAR CFP nier-

cluster

1€0, 1, 2... 358+32i / 359+32i 360+32i 361+32i 362+321 — 363+321 364+32i 365+321
\
358 359 360 361 361 363 364 65
(ChO=1)
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‘Overall Resource Allocation Graph

Inter-cluster:

1€0,1.2.. 150464] 1534320 154432  155+64j 1564321 157+32i 158+64k  159+64k
j€0,1,2..,

j€2,3.4.. 152 153 154 155 156 157 158 159
Channel 11 : S

(ChO=0)

Channel 12 o R1->R2 R1->R2 ESY
(ChO=1)

\/ v

Management Slots Data Slots
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1€0,1,2...

Channel 12
Intra-cluster ~ 0oy
of R1:
1€0, 1, 2...
Intra-cluster channel 12
of R2: (ChO=1)
1€0, 1, 2...
CFP Channel 12
(ChO=1)
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144+32i

144

NI->RI1

320+64i

358+32i

358

145+32i  146+32i  147+32i  148+321  149+32i 150+32i  151+32i
145 146 147 148 149 150 151

321+64i  322+64i  323+64i  324+641 325+64i 326+64i  327+64i
321 322 323 324 325 326 327

359+32i 360+32i 361+32i 362+32i 363+32i 364+32i 365+32i
359 360 361 361 363 364 365
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Overall Link Graph

GW Broadcast Link

R1->GW Dedicated Link
GW->R1 Dedicated Link
R1 Broadcast Link
R1->R2 Dedicated Link
R2->R1 Dedicated Link
R2 Broadcast Link
R2->N2 Dedicated Link
N2->R2 Dedicated Link

R1->N3 Dedicated Link
N3->R1 Dedicated Link

R1->N1 Dedicated Link
N1->R1 Dedicated Link
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‘ Used Resource ot Device Joining Process

0 1 2 3 4 5 6 7 152 153 154 155 156 157 158 159
Channe! 11 Channel 11
(ChO=0) (ChC=0)
Channel 12 Channel 12
(ChO=1) (ChO=1)
64 65 66 67 68 66 7 71 16C 161 162 163 164 163 16€ 167
Channel 11 Channel 11
(ChO=0) (ChO=0)
Channel 12 Channel 12
1->% RI->% | RI->R2 | RI->R2 | RI->R2
(ChO=1) R (Cho=1)
9¢ 97 98 95 100 101 102 103 176 177 178 179 180 181 182 183
Channel 11 Channe! 11
(ChO=0) (ChO=0)
Channel 12 Channel 12 |55
(ChO=1) (Cho=1)
128 129 130 131 132 13: 134 135 216 217 218 219 220 21 222 223
Channel 11 Channel 11 RI-SGW
(ChO=0) (ChO=0)
Channel 12 Channel 12
> % RI->R2
(ChO=1) Rl (Cho=1)
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280 281 282 283 284 285 286 287 344 345 346 347 348 349

Channel 11 Channel 11

(ChO=0) (ChC=0)
Channel 12

RI->R2 Channel 12

(ChO=1) (ChC=1)

352 353 354 355 356 357
304 1 11
305 306 307 308 309 310 3 Channel 11
Channel 11 (Ch0=0)
(ChO=0) Channel 12 RI->% > 5
Channel 12 % (ChO=1)
(ChO=1)
320 321 322 323 324 325 326 327
Channe/ 11
(Ch0O=0)
Channel 12 Rl->
(Cho=1)
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