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The main role of Application Support sub layer is to maintain data to match with devices, to send data 
between connected devices, to map address 64 bit IEEE address form to 16 bit Network Layer address 
form The main role of ZDO is to define and to discover the devices on the network and determine 
which application services 

The network layer provides functions to correct the operation of IEEE 802.15.4 MAC Sub 
layer and to provide a suitable service interact for application layer. And also define frame formats, 
correct data during transmission between network nodes   
 The MAC layer gives channel access to nodes 
The physical layer active or deactivate transceivers to transmit and receive data. 

 

Signal Encoding Techniques 

 

 

 

 

 

 

 

 

 

 

Technique 802.15.4 

Binary Phase-Shift Keying (BPSK) √	

Offset Quadrature Phase-Shift Keying (OQPSK) √	

8 Phase Differential Phase-Shift Keying (8DPSK) ‐	
Differential Quadrature Phase-Shift Keying (DQPSK) ‐	
Pi/4 Rotated Differential Quadrature Phase-Shift Keying (Pi/4-DQPSK) ‐	
Gaussian Frequency-Shift Keying (GFSK) ‐	
Amplitude-Shift Keying (ASK) √	
Direct-Sequence Spread Spectrum (DSSS) √	
Parallel-Sequence Spread Spectrum (PSSS) √	
Adaptive Frequency-Hopping Spread Spectrum (AFH) ‐	

Table 1.3: Simplified table of modulation and coding techniques 

Table 1.2: Zigbee Modulation and coding techniques 

Technique 802.15.4 
Phase-Shift Keying (PSK) √	
Frequency-Shift Keying (FSK) ‐	
Amplitude-Shift Keying (ASK) √	
Spread Spectrum (SS) √	
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Signal Encoding Techniques 

Technique 802.15.1 

Binary Phase-Shift Keying (BPSK) ‐	

Offset Quadrature Phase-Shift Keying (OQPSK) ‐	

8 Phase Differential Phase-Shift Keying (8DPSK) √	
Differential Quadrature Phase-Shift Keying (DQPSK) √	
Pi/4 Rotated Differential Quadrature Phase-Shift Keying (Pi/4-DQPSK) √	
Gaussian Frequency-Shift Keying (GFSK) √	
Amplitude-Shift Keying (ASK) ‐	
Direct-Sequence Spread Spectrum (DSSS) ‐	
Parallel-Sequence Spread Spectrum (PSSS) ‐	
Adaptive Frequency-Hopping Spread Spectrum (AFH) √	

Table 2.3: Modulation and coding techniques 

Technique 802.15.1 
Phase-Shift Keying (PSK) √	
Frequency-Shift Keying (FSK) √	
Amplitude-Shift Keying (ASK) ‐	
Spread Spectrum (SS) √	

Table 2.4: Simplified table of modulation and coding techniques 
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Error  

Bluetooth uses threes error corrections 
• 1/3 rate Forward Error Correction (FEC) 
Use with high quality voice packets by send 3 copies of each bit. Each received triple bits is 
mapped with the bit of data. 
• 2/3 rate Forward Error Correction (FEC) 
Use with data or voice packets by use Hamming code to correct all of errors. 
• Automatic Repeat Request (ARQ) 
Use with data or voice packets by use cyclic redundancy check (CRC) to detect errors in 
packages. 
If there is error the destination will send negative acknowledgement (NACK) to tell the source 
has to retransmit the package which is error. 

 

Application 

Bluetooth usually uses with equipment that want to link in short range (about 10 Meters) like 

mobile phone, head set, Personal Digital Assistant (PDA),Home theater etc. 
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Transmit media 

 Wireless LANs do not require any cables for data transmission. Radio waves and Infrared 
signals are used to send communication signals through air or space. Wireless LAN uses radio 
frequency between 1 GHz to 10 GHz. 
 Wireless LAN has many types of antennas each of them has different specification following 

table below 

Type Frequency Range Gain 
Voltage Standing 

Wave Ratio (50 Ohm) 
Polarization 

Panel 
2.4-2.5 GHz 10-18 dBi 

≤ 1.5 Vertical 

4.9-5.8 GHz 12-26 dBi 
Sector 2.4-2.5 GHz 10-18 dBi 

Parabolic 
2.4-2.5 GHz 18-24 dBi 
4.9-5.8 GHz 20-34 dBi 

Omni-directional 
2.4-2.5 GHz 6-15 dBi 
4.9-5.8 GHz 8-12 dBi 

Wall mount 
2.4-2.5 GHz 8 dBi 
4.9-5.8 GHz 10 dBi 

Ceiling mount 2.4-2.5 GHz 2-3 dBi 
Yagi 2.4-2.5 GHz 7-15 dBi 
Table 3.2 Type of Wireless Athena 
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Technique 802.11a 802.11b 802.11g 

Phase-Shift Keying (PSK) √	 √	 √	

Quadrature Amplitude Modulation (QAM) √	 ‐	 √	

Complementary Code Keying (CCK) ‐	 √	 ‐	

Orthogonal Frequency-Division Multiplexing (OFDM) √	 ‐	 √	

Spread Spectrum (SS) ‐	 √	 ‐	

Table 3.4: Simplified table of modulation and coding techniques 

Error 

At the physical layer of Wireless LAN it prepares data frames before transmit to target by 
using forward error correction technique to detect and correct the error data frame after receive data 
frames. 

 

Application 

In Thailand has allowed everybody to use wireless LAN at frequency 2.4 GHz that mean in 
Thailand has used the access point for standard 802.11b and 802.11g only.now in Thailand we use 
Wireless Lan in organizer like school or university network system and some public WIFI hotspot. 
 

 

 

 

 

 

 

 

 



 

C
 
W
W
f
c
s
 
w
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Cost and U
For W

WiMax int
WiMax is c
for client an
cost than W
support bot

Wire
we use 2.4 

Figure 3.

Used 
Wireless L
erm of clie
cheaper tha
nd greater 

Wiless Lan 
th WiMax 
eless Lan a
 GHz only 

2: Wireless

Lan cost is 
ent Wiless 
an Wirless
 rang than 
 and use in
 and Wiles
are normal
 by the com

s Lan acces

 higher tha
 Lan is few
s LAn beca
 Wiless La
n Some cou
ss Lan in m
lly use in a
mmunicati

 

 

 

 

ss point 

an Zigbee a
w different 
ause a Stati
an. But curr
untry. Now

market.  
almost coun
ion rules.  

 

 

and Blueto
 WiMax bu
ion of WiM
rently WiM

w a day, it e

ntry includ

Figure 

ooth but if c
ut if look a
Max can pr
Max station
easy to find

de Thailand

 3.3: Wirele

compare w
at provider
rovide man
n equipmen
d device th

d but for T

ess Lan rec

14 | P a g e

with 
r cost 
ny service 
nt is high 
hat 

Thailand 

ceiver card 

 

 

 



 

I

 

th

S

m

T

 

Introducti

Worl

hat has stan

Standard 

WiM

many versio

Version 

802.16 

802.16d 

802.16e 

Table 4.1: V

Figure 4.1

on 

ldwide Inter

ndard on IEE

MAX techno

ons and each

Spectr

10 – 66
Less than 
Less than

Version of W

1: Protocol 

roperability

EE 802.16 

ology has thr

h of versions

rum 

6 GHz 
 11 GHz 
n 6 GHz 
WiMax 

 stack of W

y for Microw

ree standard

s has differe

Chan
Condi

Line of si
None line
None line

WiMax 

wave Acces

ds which are

ent specifica

nnel  
ition 

ight only 
e of sight 
e of sight 

 

s (WiMAX)

e IEEE 802

ation. 

Maximum
data rate

134 Mbps
75 Mbps 
15 Mbps 

Protocol 

 Thi
protocol st
layer (Exam
presentatio
layer etc.) 

 The
sub layers 

 The
Sub layer (
harmony w

 

) is hi-speed

.16. The sta

m 
 

Bandw

s 28 MH
 20 MH
 5 MH

 stack  

is figure sho
ack. upper l
mple applic

on layer, ses

e data link l
which are 

e service sp
(CS) sets pr

with upper la

d wireless te

andard 802.

width 

Hz 1.6
Hz 1.6
Hz 1.6

ow a part of
layers are th

cation layer,
ssion layer, 

layer contain

pecific Conv
rotocol to m
ayers and lo

15 | P a g e

echnology 

16 has 

Range 

 – 4.8 Km 
 – 4.8 Km 
 – 4.8 Km 

f the 802.16
he complex 
 
transport 

n MAC 

vergence 
make it 
ower layers.

 

6 
 

 



16 | P a g e  

 
The Common Part Sub layer control all of  WiMAX features. 

 The Security Sub layer encrypt data before transmit to the receiver. 

 The Transmission Convergence Sub layer encodes data to analog signal by use Signal 
Encoding Techniques (Example OPSK, 16-QAM, 64-QAM) 

Transmission Media 

WiMAX has many types of antennas each of them has different specification following table below 

Type Frequency Range Gain 
Voltage Standing 

Wave Ratio (50 Ohm) 
Polarization 

Panel 
2.3-2.7 GHz 14-18 dBi 

≤1.5 Vertical 

3.3-3.8 GHz 15-21 dBi 

Sector 
2.3-2.7 GHz 10-18 dBi 
3.3-3.8 GHz 10-18 dBi 

Parabolic 
2.3-2.7 GHz 18-29 dBi 
3.3-3.8 GHz 18-30 dBi 

Omni-directional 
2.3-2.7 GHz 6-15 dBi 
3.3-3.8 GHz 5-12 dBi 

Wall mount 2.3-2.7 GHz 8 dBi 
Ceiling mount 2.3-2.7 GHz 2-3 dBi 
Table 4.2: Type of WiMax Athena 

Signal Encoding Techniques 

Technique 802.16 802.16d 802.16e 
Quadrature Phase-Shift Keying  (QPSK) √	 √	 ‐	

16 Quadrature Amplitude Modulation (16-QAM) √	 √	 ‐	

64 Quadrature Amplitude Modulation (64-QAM) √	 √	 ‐	

Orthogonal Frequency-Division Multiplexing (OFDM) ‐	 √	 ‐	

Orthogonal Frequency-Division Multiple Access (OFDMA) ‐	 ‐	 √	

Table 4.3: Signal Encoding Techniques of WiMax 
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