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802.15 Working Group
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802.15 Working Group

Data Rate Configuration
802.15.1 1 Mbps 10M (class 3) |8 active device | Authentication,
(Bluetooth) 100M (class 1) |Piconet/ Encryption, Voice
Scatternet
802.15.3 22, 33, 44, |10M 256 active device | FCC part 15.249
High Rate 55 Mbps Piconet/ QoS, Fast Join
Scatternet Multi-Media
802.15.4 up to 10M nominal Master/Slave Battery Life:
Low Rate 250Kbps 1M-100M (256 Devices or [|multi-month to
based on more) infinite
settings Peer to Peer
802.15.2 Develop a Coexistence Model and Mechanisms
Coexistence |Document as a Recommended Practice




802.15 Working Group

e 802.11b vs Bluetooth vs ZigBee

TEXT INTERNET/AUDIO COMPRESSED MULTI-CHANNEL
VIDEO DIGITAL VIDEO

SHORT < RANGE > LONG

LOW < ACTUAL THROUGHPUT > HIGH



ZigBee Overview (4/7)

 The IEEE 802 Wireless Space
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0.01 0.1 1 10 100 1000
ZigBee standard uniquely fills a Bandwidth (Mbps)

gap for low data rate applications



802.15.4
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6.2 802.15.4 it

« LR-WPAN
e Star topology or Peer-to-Peer topology
« Two Types of devices

1. Full Function Device, FFD % —Y
FEIEREEER
— T oA REREAE A (PAN coordinator)
2. Reduce Function Device, RFD
— RV ERRRED AL "R
S LE




6.2.1 802.15.4 PHY

o ZigBee®rit * awip B (X274 E) ¢

1. >3Rid * 3 E24GHZ ISM & = 16 B4 g -
channel =% 5. = 11~26

2.2 Wi * 915MHz 4~ = 10 #f ¢ > channel:
¥ = 1~10

3. @ * 868MHz ¥ * 1R #E s » channel <
SHL 5 0



6.2.1 802.15.4 PHY

o ZigBee®Tig * eHif Fx

Frequency Channel
Area .
Band Numbering
Europe 868-870 MHz 0
America 902-928 MHz 1to 10
2.4-2.4835
Global GHz 11 to 26
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6.2.1 802.15.4 PHY

- DSSS(@‘ 12 B 5 B 4 5O
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Transmitter

Receiver

DSSS (& &/ 7| & 4 i)

Data input A 0 1 0 ] 1 0 1 1
«— 1
Locally generated [ | ] — — — — _
PN bit stream Ol1 101 [0 Oj1101L 10110 1O O]0 of1 1jOoj1 0 0110 01
>4 — — = I [ A I

'l'rur::rfmig:-:d ;Fnul 0|1 1[0 O]L 1|0 OfL L|{0o|1|0]L I L|Oof1|0 0 OJ1 1 1|{O|1 1]|O|1 1]0O

Received signal O o1 1[0 01 1|0 O 1jO]L{O]1L 1T 1{Oj1j0 0 01 1 1O 1j0)1 110

Locally generated
PN bitl stream
identical to B

11 1jOojLj0 01| Lo O]L 1jOjLjOjLj0 01 1jo]1]0 O 0 0]1

above

Data output

A=C= B 0 1 0 0 1 0 1 1
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ZigBee Radio

. ZlgBee’"Lr:% O R

JEHE i F d R Hic

B A siimodulation type & 32 i
PN-COdG—v‘F\ B «10-QPSK, Chip Rate 5 2Mchip/s

« 868/915MHzR] ¢ * 15PN-codesBPSK, Chip Rate
& %] & 300/600kchip/s

Spreading Data Parameters
Parameters
PHY
Chip Modulati Bit Symbol | Modulati
Rate on Rate Rate on
300
. BPSK 20 kb/s | 20 kbaud BPSK
868/915 kchip/s
MHz 600
. BPSK 40 kb/s | 40 kbaud BPSK
kchip/s
16-ary
2.0 250 62.5
2.4 GHz Mchip/s O-QPSK Kb/s Kkbaud Otholgona3




ZigBee Radio — BPSK (1/2)

b(1) be) | : BPSK DSSS
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ZigBee Radio - BPSK (2/2)
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ZigBee Radio — O-QPSK (1/3)

» QPSK (Quadrature Phase-Shift Keying)

Egﬂ;ﬁﬁbwmmmmm
i I NGV NI N N A N A N

Nﬂ“?]aset/“\r’“\r’—\/“\/’\/—\
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change
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Phase=90"° _/ / U \
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Phase=270° | U '\._./J \_/ U U




ZigBee Radio — O-QPSK (2/3)

e The problem of QPSK M m M W

nakamn

00 I
No change Phase=+180° Phase=+90°




ZigBee Radio — O-QPSK (3/3)

. OQPSK (Offset QPSK)
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6.2.2 802.15.4 MAC

ZigBeerframefd 5f 5 = fd -
Data frame®_* Xk i@ ﬁié:] s
Beacon&_% k fafe # it
Acknowledgment frame

Mac command frame | £ * X7 & 4g £
»]4edata request
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6.2.2 802.15.4 MAC

ZigBeesh i i ficst 5 7 & 0 — f& A Slotted
¥ — #& % _unslotted

Slotted ng}ﬁ coordinator ¢ T_FF % Jibeacon k
lpJ\Pf'ﬂ'b i edhs 1T o 3&/—‘ 3 j\@%] LFE):I""’m
F ’} ’ft’%ﬂ l'ﬂilitjimg ’}«—

. Unslotted 'l £ 45 % & @@1 BRI "’Kfa
CSMA/CAIU?EL%E E’@%J AN SRR N ’* N
1 W N
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ZigBee 8 ﬁ%‘j 2 B (1/3)

e Overview of 802.15.4 Data transfer
— coordinator i# ﬁi;f] “device

 Slotted Un-Slotted
. Network - Network
Beacon R Data request
g < Un-Slotted CSMA/CA
Data request Acknowledgment
< Slotted CSMA/CA >
Acknowledgment . Data
Data g
> Acknowledgment
 Acknowledgment <

Reference: ZigBee/IEEE 802.15.4 Summary

http://pages.cs.wisc.edu/~suman/courses/838/papers/ 21



ZigBee 8 ﬁ%‘j 2 B (2/3)

e Overview of 802.15.4 Data transfer
— device & & F L ¥ coordinator
e Slotted

coordinator

Network

Device

Beacon

Data

»
»

Slotted CSMA/CA

<
<

Acknowledgmept

Un-Slotted

coordinator

Network
Device

A

Reference: ZigBee/IEEE 802.15.4 Summary
http://pages.cs.wisc.edu/~suman/courses/838/papers/

Data

<
<«

cknowledgmey

Un-Slotted CSMA/CA

~—+
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ZigBee 18 i 2.7 (3/3)

 Overview of 802.15.4 Data transfer
— device & & 7L 45 device
* Only Un-Slotted

Network Network
Device Device

« Data Un-Slotted CSMA/CA

—

Acknowledgme

Reference: ZigBee/IEEE 802.15.4 Summary
http://pages.cs.wisc.edu/~suman/courses/838/papers/



Coordinator
allocate

e Super

Be=acon

Beacon
I | 1
MPE e » s
GTS GTS Inactive
0 1

0 ‘ 1 ‘ 2 ‘ 3 ‘ 4 ‘ 5 ‘ 6 ‘ 7 ‘ 8 ‘ 9 ‘ m | 1 ‘ 12 ‘ 3] M ‘ 15

8D = aBaseSuperfrare Duration*>”” symbols (Active)

BI = aBaseSuperframeDiration ¥ Sjlyniaols

— A — e —

Reference: ZigBee/IEEE 802.15.4 Summary
http://pages.cs.wisc.edu/~suman/courses/838/papers/

I




Superframe 7t = (2/5)

* Super Frame (Slotted Mode)

— Active¥® 12 & 5 161 pF % (first slot is beacon
slot) >

—ZlOBFFFFHRX ¥ A 5 Y 3B F B (CAP)fr-2t
i 3 B B (CFP)
— CAP (Contention Access Period)-CSMA/CA
— CFP (Contention Free Period)(<7slots)
o dp R RTEPEH(GTS) % & T B o X B
* Inactive4p ¥ 11 i iy T°AL P
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Superframe 7t = (3/5)

e Beacon=# i &
— Fx#s superframe
— ié’—f! R R
CURIREEL T S0 & R LN A
coordmator’W = e7IPAN
— coordinator4 ;7 &X E 7 P& @ i;?lfg, s

T B
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Superframe 7t = (4/5)

* {+beacon enables -zt T > @ﬁ%‘gﬁﬂliﬂﬁ 2
CAENS RN

1. % % ik 2CAPT » & . CSMA/CA X 5
R BIVDE R A A @rﬁﬂ PR e

2.% TR AXE BT ’-ﬁ-’rﬁﬂ B FLPF > Flcoordinator
£ KpF % > 4% coordinator & 3F i B B feh
oo f 4 R T (GTS) % & AU Tenge

= B

ﬁ’é»?‘&ﬂ.
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Superframe 7t = (5/5)

. Superframer’v”l{ BB R Be 74

Mz F 3 BO e SO
— BO; i— superframe ek B
— SO/ T

* 0=S0=BO=14

1

CAP 4 CFP |
T i
GIS GTS Inactive
0 ]
‘2‘3‘4‘5‘6‘7‘8‘9‘10 11‘12‘13 14‘15 l‘
| SD= aBaseSuperframe Duration*?” symbxils (Active) J

P

BI = aBaseSuparframeDuration®2™

'

slebols

—a—-

A §

Beacon

superframe® > activefF % & &
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Association Procedure (1/2)

F-BEEE A d - B
coordinator®} = s PANFF > coordinator
g LiFde % @3 FREPAN

- E P - l[é;%t% ) TP

PAN ericoordinator association Association req.

Network
Device

jg ‘}‘ ACK

% coordinatorfz 3| £ ¥ @ Kk

m.ﬁ FpF g S A i S 1 Make

iz B devicesr » decision Beacon
‘a‘f AT 4% 7 {8 > coordiantor Data reg.
@ beacons Frdevice k £ & F ACK
N sy
v T o f‘—E- v Association req.
coordinator#% J} data request ’
ACK

coordmator;r‘ LR R BT

Reference: ZigBee/IEEE 802.15.4 Summary
http://pages.cs.wisc.edu/~suman/courses/838/papers/

Scan
channel

Wait
for
response
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Association Procedure (2/2)

e Device#t iassociationr'v”l‘fi—ﬂc » coordinator %_

RS R Ak

* Device% & = coordinator# ! data request 1«
P~ ¥ association .55 %

* % % ¥ 4r » PAN{2 » coordinator ¢ X E 4y
i— 16T i o
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Slotted CSMA/CA

BE=macMinBE ‘l
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6.3 ZigBee 2k

ZigBeep o fr 2 EE FHE T - B¥ H
Z éﬁ@;ﬁi;r] :

BZigBeefe it & ¥ 0 3 = fadrst > 4 W[
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ZigBee i i 37 # (1/3)

o Star Topology
AR
— iR
CEE R
* 7 superframe
o €2f ¥% (one-hop)

— A BRI PR

End device

\
@ P
@

Coordinator O

Reference: ZigBee Alliance
http://www.ZigBee.org/en/index.asp
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ZigBee i 12 35 % (2/3)

End device

 Tree Topology ~
Rk 37 ¢
o MELY = A P 1

e ¥ 117 superframe @ ..""'“.
o ¥ % ELp¢pE (multi-hop) |

O O

Coordinator Router

e Fid 2EF A AKX
o #f ¥ £ (multi-hop)

Reference: ZigBee Alliance
http://www.ZigBee.org/en/index.asp
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ZigBee 3 1% 35 % (3/3)

End device

 Mesh Topology
7
- B

o UF 7 BLE*PE (multi-hop)

¢ PR, HE RN
o 153t
43
— 4~ 2
« # E 7 superframe
* route discovery = & i <

sE e - > sl =+ 2 +
c 3R R £

Router Coordinator

Reference: ZigBee Alliance
http://www.ZigBee.org/en/index.asp
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1.

ZigBee Network Layer

4 ZigBeedlt v » EBF Zfi b d T
i

fopr ] i -

2. ZigBeegtd ® @ f F
d«w%ﬂia

3.

e & sk fogdith e i

Coordinator : ¥ 12 * et ~ # 1 e fe - 43
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ZigBee i i5 §2, o

e ZiIgBee§: d
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ZigBeestik ik ik d (1/4)

Rk R 0 & Bdevicerhht & A &
FLF opbdg ke F

ER g fﬂ* Y 5 BF 0 coordinator . — ¥ ;lzp;]%
RE R 54

Cm : — Frouter¥ 14 3 & < e+ 3K
Rm @ - Fparent¥ 1 » & = cRouteric

T B A B B hdepth
ATV iR T moen e 3V ok B d Cskip
Cskip4_ig parentsi— i subtree s < fimodefes



ZigBeestik ik ik d (2/4)

— Address assignment in a ZigBee tree network

* Which is used to compute the size of its children’s
address pools (each child router)

1+Cm(Lm_d_1)9 1me: ............ (a)
CSklp(d) =<1+Cm-Rm-=Cm- RmLm—d—l
1-Rm ’
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ZigBeestk ik d (3/4)

 |f a parent node at
depth d has an
address Aparent

— the nth child router is
assigned to address

Aparent+(n- 2 R
1)xCskip(d)+1 i3 L) RS
— nth child end device is - =33,
assigned to address /@ ~ A=y
\ Addr=38 p

Aparent+RmxCskip(d) 1oap197.. "7

—— — e —

+n el
For node C [Of¢ 32 63 94

/

. ! 125 126 40



ZigBeestik ik ik d (4/4)

o ZigBeegtk B it o
— R e AR R

c F - B ﬁXkJT 0 KE g AREH

BEEF A Aop & g p e hFdk- 3%
— ek £ A <Adest<A +Cskip(d-1)
» /]* ga%—”]{i—fs m@ t'H’ﬂ e+ JiEEE

— Gk 7 n\m
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ZigBee i 4t f Ea i d (1/2)

ek L ¢ route discovery s ] #g i
> AODV routlng protocol » & £ 13 i 3
A RO A K iE 3T @

Route discovery & 4% -

B SRS LRSS S T

2. ﬁ, — iBnodeyc I Jﬂ‘é’ & >
et 0 r’v’ﬂ;;*%ﬁé’ R
(RFD)}I}L—'EE qu :E‘»l
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ZigBee ik i s d (2/2)
o ZigBee ik ik 4 4 55 o

-
-
-
- s
—_— e
-
-
-

—>  Unicast

“““ > Broadcast

Reference: ZigBee/IEEE 802.15.4 Overview O Without Routing Capacity
www.csie.nctu.edu.tw/~yctseng/WirelessNet05-02/ 43
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