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Chapter-8 Data Communication and Networking 

၈.၁. Data Communication  
 Computer information system          data         binary information unit    ႔      bits           
      ၾ      0       1                              (information)                

 Data communication           transmission medium (wire ၊ cable                         ) 
                            device          ႔ data                       ၾ           ၾ      Wireless 
communication           radio wave       microwave    ႔    transmissi                        
                         device       ၾ    data                                       

 
    ၈-၁ Data communication system components 

 Data communication system ၏ effectiveness                                             
(၁) Delivery : System     data                       (correct destination)   ႔            

      ႔                       (receiver device)    ႔                (user)         
data                         ၌                  data                           
              

(၂) Accuracy : System         data                                  ႔                             
                 data                     data                                         

(၃) Timeliness  : System     data                                                                ႔    
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Data communication system                     (component) (၅)                         
(၁) Message     : Message                 ႔      information    ႔                       ႔      

       (communicate)    information     (data                Message         
         (text) ၊           (number) ၊        (sound)    ႔             (video)      
                                           

(၂) Sender :       ႔  (sender)           data message           ႔    (send                  
         Computer ၊ workstation ၊ telephone handset ၊ video camera    ႔         

(၃) Receiver :        (receiver)          message              (receive                  
         PC ၊ handset ၊ TV    ႔         

(၄) Medium : Medium          (transmission media)                ႔  (sender)     message     
       (reciver)      ႔                                                      
Twisted pair wire ၊ coaxial cable ၊ fiber optic cable ၊ laser ၊ radio wave       satellite 
microwave    ႔          

(၅) Protocol : Protocol           data communication         ၾ                                     
         Communicating device                                                   
device                                         Protocol           device           
        (connect)                                (communication)                   
         

 
    ၈-၂ Link 

၈.၂ Network  
 Network           media link                                    device                         
    device         “Node”                Data               ႔        (send             )         ၊       
         (receive              )                  device     (node      )    computer       printer    ႔          
    device                        connecting link     “Channel”           

 Network     ၏                                           ႔                               
 ( )              (performance) 

 ( )          (reliability)       

 (ဂ)            (security)   ႔          
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    ၈-၃ Network criteria 

(၁)               (Performance ) – Network      ၏ performance     
 ( )                    (number  of user) –               (users)                     network 

                  ၾ         ႔         (response time)    ၾ                                       
High traffic       ၌              (performance)                    ႔ ၾ      network           
          (user)              ၌               ႔    (response)                       (performance) 
                            

 ( ) Type of transmission – Data                   medium                    100 Megabits 
per second (100 Mbps)                              medium     10 Megabits per second 
(10 Mbps)                              medium     (၁၀)    ႔                       
                  

 (ဂ)  Hardware – Transmission                                                    storage capacity 
   ႔    network performance                     

 (ဃ) Software - sender ၊ receiver       intermediate node    ႔၌ data         process          
software      ၾ                                            

(၂)           (Reliability) 
          (reliability)                                          
 ( )                                (frequency of failure) 

 ( )                                                ၾ       (recovery time after a network failure)      

 (ဂ)                    (catastrophe)    ႔          

Network                      ၊                                        (catastrophic event) 
                                           

(၃)            (Security) 
 Unauthorized access ၊ virus         ႔    network     ၏           (security)            
             Data                               ႔           ႔                                    
communication device                         (relationship)                       

                    (၅)               
 ( ) Line configuration 

 ( ) Topology 
 (ဂ)  Transmission mode 

 (ဃ) Categories of network       

 ( ) Internet work  ႔              
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Line configuration           link           communicating device                           
(attach             )               Link           device                  device        ၾ       data 
transfer                                        ၾ     (physical path)          

 Line configuration              point to point       multi point    ႔            
 ( ) Point to Point configuration           device        ၾ             ႔                 

                          Channel          ၏ capacity         device                
                     

 ( ) Multipoint line configuration                            device      link              
               ၾ                

 
    ၈-၄ Link  

၈.၃ Topology  
 Topology           physical         ႔      logical                                       
(connect)                             Device           ႔                        device      link      ၌ 
                Link                                  topology                

       topology (၅)         Mesh ၊ Star ၊ Tree ၊ Bus       Ring    ႔         

 
    ၈-၅  Categories of topology 

၈.၃.၁ Mesh topology 
Mesh topology      device        သည္       device                                  ႔ 

(dedicated) point to point link    ၾ      Dedicated           device                         
             ႔               Device          n        mesh network      fully connected 
            physical channel                   
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      ႔               (connect)      device           device                          
(n-1)  input/output port                 

  
    ၈-၆ A fully connected mesh topology(five devices) 

       ႔(dedicated) link                         ၾ      link         device                    
               (own data)                               Traffic problem         Multi device          
link                          (share         )    traffic problem                  Link                   
network                               Privacy    ႔               (security)               

                                                (fault identification)                          
             ႔              (fault i                                                  cable         
                       device     ၌ input/output port                             

၁.၃.၂ Star Topology 

 

 
    ၈-၇ A star topology connecting four stations A star topology connecting five stations 

 Device       ၌ hub           central controller               (connect)         point to point 
link         Device                                              Star      device        ၾ   ၌ direct 
connection         Hub     exchange                        Device          data    ႔         hub 
   ႔      controller      ႔            ႔         ႔      hub               device (destination device) 
     ႔       ႔        Forward              

                                  Device       ၌ I/O port                         Link       
                (connect     )        ႔ ၾ                                          reconfigure 
                                                       device                  connection            
                    Robust          Link                         link                           link 
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                       (fault identification)                                                  ႔       
                                      ႔                                                         
                            link               ၾ                 Monitor                        link 
                           Bypass               

Star                cable                                   tree ring       bus    ႔    
           cable                         

  
    ၈-၈ Tree (Hierarchical) topology 

 
    ၈-၉  A bus topology connecting three stations 

၈.၃.၃ Tree (Hierarchical) topology 
Tree topology     star topology                                                          

         Tree topology      hub             secondary hub                Device            secondary 
hub               (connect)                      central hub                  (connect)      Central 
hub                         Active hub ၌ repeater           Repeater     hardware device       
                       data                           ႔                 (forward         )          bit pattern 
                    (regenerative     )        ႔ ၾ      signal  strength                            
             ႔ data                                    

 Secondary hub                                  passive hub                    Passive hub 
    physical connection                Data         regenerative          repeater           Star ၏ 
                            Secondary hub                 ၾ      device                            
                computer    network     isolate          ၊ communication priorities                    ႔ 
                 Cable TV technology     ၌ star topology        ႔                     topology    ႔    
point to point configuration               
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၈.၃.၄ Bus topology 
 Network           device      link                   bus                                    
cable     backbone       ႔                  Device    ႔      node          bus cable     drop line 
      tap                        Drop line           device       main cable (backbone)        ၾ    
                                   Tap     connector                   Backbone            
      ၾ      signal      ၏              (heat)        ႔                    ႔ ၾ                        
signal strength                           ႔ ၾ                           tap                ႔    
               

                                       Bus topology      cable                             

၈.၃.၅ Ring topology 

 
    ၈-၁၀ A ring topology connecting six stations 

 Reconfiguration                                                                 Fault isolation 
                  Device                                             ၾ      signal            
(quality)            Fault    ႔                                  ၾ      transmission             
                                   signal                    ႔                   ၾ      (reflection           
 ၾ     )    ႔                                            ႔            direction            ၌ noise              
               ႔ ၾ                                        

Ring topology ၌          device                            device                dedicated 
point to point line configuration         Signal                            (direction)         
device                                                  (destination)   ႔                  Device      
           repeater       ႔                  Device                device            signal      
                      regenerate                       ႔     

               reconfigure                    Device                    ႔                 
      connection                                      Ring                   cable             ႔    
               Ring                    device             ႔                               
           ႔        (fault isolation)                                              ၾ      signal 
        ring                                    

Device                                              signal                   alarm         
            ၾ      network operator     network       ၌            ၌                 
       ၾ                     ႔                ၾ                  
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     ၈-၁၁ Ring topology connecting     ၈-၁၂ Hybrid topology: a star backbone with three bus  

                                   ၾ                                 Ring ၌                  
      ၾ      network           down               Station                ၾ          network           
                             Dual Ring (ring                                                                 
                               ၌ switch                                    

၈.၃.၆ Hybrid Topologies  
 Network               topology        network    (subnetwork)                       
                (department)         bus topology                 ၊         (department)          
ring topology    ႔      star topology                           network                                     
           star network                               

 
    ၈-၁၃ Hybrid topology 

၈.၄ Transmission Mode  
 Link             device          ႔ ၏ signal                    ၾ                    direction)     
                “Transmission Mode”                  Transmission mode           device      
 ၾ                                         (information flow direction)                
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    ၈-၁၄ Simplex ၊ Half-duplex       Full-duplex 

Transmission mode               
 (၁) Simplex 
 (၂) Half-duplex       
 (၃) Full-duplex    ႔         

၈.၄.၁ Simplex  
 Simplex mode                             Link                       device            
                                                                                               
                                                                         Keyboard       Monitor 
   ႔    simplex device              Keyboard              computer      ႔ input                 ၊ 
monitor              CPU    data     display                       

၈.၄.၂ Half Duplex 
 Half Duplex transmission mode                device                        (transmit)           
     (receive)              ႔                                              Device                   ႔        
(sending)၌       device                    (receiving)                 

                                                                                            ႔     
                         ႔                   Channel ၏ capacity                                
Walkies-talkies                -                       

၈.၄.၃ Full Duplex 
 Full Duplex                                                                                         
       Full duplex mode      signal                 ႔                                         
Telephone network                                         

                                               link                                         cable 
                      cable                     ႔      channel capacity                      ႔         
          



HVAC Controls and Building Automation Systems                                                                           ႔   

8-10 

 
    ၈-၁၅                         network 

၈.၅ Network                (Categories of Network) 
         (size)၊                 (ownership)၊     ႔    (cover)                        physical 

architecture    ႔               network                                  ၾ      Network          
                                    
 ( ) Local Area Network (LAN) 
 ( ) Metropolitan Area Network (MAN)       
 (ဂ)  Wide Area Network (WAN)    ႔          

၈.၅.၁ Local Area Network (LAN) 
 LAN                ႔          ႔                                            device                  
network              ၊                          device                  network                    
             ႔     (organization)၏                                     (technology)          
       PC               printer                         (home office)                   LAN           
                             ႔    (cover)             

 LAN     Personal Computer(PC)    ႔      work station     ၊ printer ၊ scanner          ႔     
                 (share        )                                        - printer          PC             
                           ၊ LAN     ၏ topology         bus ၊ ring       star    ႔         LAN     ၏ data rate 
    4Mbps    16Mbps                  ႔        ႔    100 Mbps                

၈.၅.၂ Metropolitan Area Network (MAN) 
 MAN                       device                                          television network ၊ 
company                                    LAN                                        Telephone network 
                 

 

The IEEE 802-2002 standard describes a MAN as being: 
“A MAN is optimized for a larger geographical area than a LAN, ranging from several 

blocks of buildings to entire cities. MANs can also depend on communications channels of 
moderate-to-high data rates. A MAN might be owned and operated by a single organization, but it 
usually will be used by many individuals and organizations. MANs might also be owned and 
operated as public utilities. They will often provide means for inter networking of local networks.” 
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၈.၅.၃ Wide Area Network (WAN)  

 
    ၈-၁၆ (a) Switched WAN       (b) Point-to-point WAN 

 Wide Area Network (WAN)                ၊                                     long distance 
transmission                                   

 
    ၈-၁၇ Switched WAN       Point-to-point WAN    ႔                     network 
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၈.၆ OSI Model 

 

International Standard Organization 
(ISO)                     network 
communication model          ၁၉၄၇ 
                              model    
Open System Interconnection (OSI) 
m               

OSI model     layer (၇)              
              Seven Ordered Layer 
m              Device A          ႔     
message          device B    ႔ 
              intermediate mode 
                      

    ၈-၁၈ OSI (Open System Interconnection) model 
 
    intermediate mode          Layer 1 ၊ Layer 2       Layer 3                 

Layer 2     Layer 3     service provide             
Layer 3     Layer 4     service provide             

Machine      ၏ Layer 3           machine         Layer 3       communicate                ႔ 
communication                          (             )                     “protocol”    
              ႔ Layer           machine        communicate          process     Peer-to-Peer process    
        

 

 
    ၈-၂၀ Layer (၇)                 OSI (Open System Interconnection) model 
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    ၈-၁၉ 

 
    ၈-၂၁  
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    ၈-၂၂ OSI layers 

 
    ၈-၂၃ An exchange using the OSI model 
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Machine A          ႔(send)         original message     Layer 7                       Layer 
7    message     Layer 6    ႔                  original message       Layer 6               
message              Layer 5     Layer 6    message          Header 5             Layer 6 ၊ 
Layer 5 ၊ Layer 4 ၊ Layer 3       Layer 2    ႔    Header             ၾ      Layer 2 ၌ Trailer     
         

Machine A    message     Layer 7                     Layer 1    ႔              ႔      
                   ႔      transmission medium           machine B    ႔          Machine B ၏ 
Layer                      Layer 7      original message         ႔           Layer          
               message      ႔      ႔ ၏ own message              

 
    ၈-၂၄ Internet connection 

Interface between Layer 
 Layer        ၾ        ၾ       (interface)               

၈.၆.၁ Organization of Layer 
 Layer 1 (Physical Layer)၊ Layer 2 (Datalink Layer)၊ Layer 3 (Network Layer)    ႔    “network 
support layer”               Device         data            device    ႔               electrical 
specification ၊ physical connection ၊ physical addressing       transport  timing                     
                Layer 5 (Session Layer)၊ Layer 6 (Presentation Layer)၊ Layer 7 (Application Layer) 
        ႔    “user support layer”          ၾ      Layer 4 (Transport Layer)    data      
transmission                       
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OSI model ၏ Layer            Layer 5 ၊ Layer 6       Layer 7    ႔    s                         ၊ 
(            ) low l                     Layer 1 ၊ Layer 2 ၊ Layer 3    ႔    h                           

၈.၆.၂ Physical Layer (Layer 1) 

 
    ၈-၂၅ 

Physical layer     node         bit            node         ႔                             
                    

 
    ၈-၂၆ 

Physical Layer                                     
 ( ) Physical characteristic of interface and media ( ) Line configuration 
 ( ) Representation of bit ( ) Physical topology       

 (ဂ)  Data rate ( ) Transmission mode    ႔          
 (ဃ) Synchronization of bits   
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၈.၆.၃ Data Link Layer (Layer 2) 
Data link layer     node         frame            node           ႔               ႔      

                                                 
Data link layer                                     
 ( ) Framing (ဃ) Error control       
 ( ) Physical addressing ( ) Access control    ႔          

 (ဂ)  Flow control   

 
    ၈-၂၇ Data link layer 

 
    ၈-၂၈ Network layer 

 
    ၈-၂၉ Source-to-destination delivery 
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၈.၆.၄ Network Layer (Layer 3) 
Network layer           ႔  (source host)      data packet                          destination 

       (host)      ႔                                          

Network Layer                                     
( ) Logical Addressing       ( ) Routing    ႔         

 
Source-to-destination delivery 

 
    ၈-၃၀ Source-to-destination delivery 

၈.၆.၅ Transport Layer (Layer 4) 
Transport layer     process         message               process    ႔              ႔    

(deliver        )                  
 

Transport layer                                     
 ( ) Service point addressing (ဃ) Flow control       
 ( ) Segmentation and reassembly ( ) Error control    ႔          

 (ဂ)  Connection control   

 
    ၈-၃၁ Transport layer (process-to-process delivery) 
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    ၈-၃၂ Session layer 

၈.၆.၆ Session Layer (Layer 5) 
Session layer                                     
 ( ) Dialog control       
 ( ) Synchronization    ႔          

  
    ၈-၃၃ Presentation layer 

၈.၆.၇ Presentation Layer (Layer 6) 
Presentation layer                                     
 ( ) Translation   
 ( ) Encryption       
 (ဂ)  Compression    ႔          

  
    ၈-၃၄ Application Layer 
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၈.၆.၈ Application Layer (Layer 7) 
Application layer                                    service                           

            Application Layer                                      
 ( ) Network virtual terminal (ဂ)  Mail service       
 ( ) File Transfer Access and Management (FTAM) (ဃ) Directory service    ႔          

၈.၇ Network Standards 
HVAC control system          protocol                  HVAC information                       

protocol                                                   controller                   ႔     data         
                                 Network protocol     information      physical medium            
      ႔                      packaging                 unpackaging              ႔                    

                              (performance)           network                                   
                capacity                                     Network capacity                ႔            network 
performance                                 ႔ ၾ      network                             spare node 
      traffic capacity                                   

BAS                        network standard          
၈.၇.၁ Ethernet (IEEE 802.3)  

Ethernet                       Local Area Networks                         (speed)      
    ႔                                 Ethernet                             

RG-8/U coaxial cable                     thick Ethernet (10BASE5)       RG-58 coaxial cable     
             thin Ethernet(10BASE2)    ႔                  ‘T   ’ E        ၏              RG-58 coaxial 
cable                                    ၊     ႔                              (၂၀၀)          
U          ‘             ’                             10 Mbps                   (၁၀၀      ႔                 
Twisted pair                                              Segment                          repeater 
                            Repeater         signal                                          

Ethernet                         IT                                     BAS system       
                      ႔     IT department          IT network              system                 
                                           Unknown traffic       security                               

Network     ၏                   (uptime)                          (downtime)                      
IT system              ၾ             ၾ                     (downtime)                               ၊ 
  ဂ                          upgrade          ၊                             (maintenance)    ႔ ၾ      network 
              (down)           

   
    ၈-၃၅ Coaxial cable is used to 

transmit 10BASE-2 Ethernet 
10BASE2 cable with BNC T-

Connector 
10BASE2 cable end 

Terminator 



             ႔                                                               Chapter-8 Data Communication and Networking 

                                                                                                                           8-21 

၈.၇.၂ ARCNET 
ARCNET     Ethernet                                    19 kps    10 Mbps                

Cable                                                                Device (၂၅၅)                         
HVAC network          ARCNET     intermediate level                  Building       operator 
terminal  ၾ        Ethernet                      ET       Controller                              
        ARCNET                                     www.arcnet.com                     
           
၈.၇.၃ RS-485 

HVAC network     ၏ lower level     ၌ RS-485             ၾ                           (two-
wire)      ground                       BACnet MS/TP protocol     RS-485                              
Network                     master node (၁၂၇)                       (၂၅၄)                   
                ႔                                        (၄၀)   ႔         ၾ       

                    9.6 kbps                            76.8 kbps               Master node 
                                      (communicate)     ၾ          slave node         master 
node                                         ၾ                 Building network     master node     ၌ 
ARCNET communications port            
၈.၇.၄ Wireless 

Wireless                                                                               
Wireless signal     network cable                                  ၾ      Node          
wireless signal                     node          ႔      node                            Node ၌ 
               (power)             (battery)                                                           
                

      (battery)                   ၾ      device             (power)                             
                                message                                                     (occasionally 
broadcast                                                 (power)                     message         
                (passing on messages                                                     Message 
                                                    device         Limited Function(LF) device         
        Lithium ion battery                 device                         (၅)                             

 
    ၈-၃၆ Wireless network with self- and building-powered devices 

   (၈-၃၆)           (battery)                     thermostats (T)၊ building power controllers 
(C)       operator workstation (OW)    ႔        (communicate)                   
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Wireless                    (power)                 device                              
ၾ               (wireless          ၾ                                Sensor                    
               ၅၀                   ႔     battery                                           

Full Function(FF) wireless node         information              (receive)                node 
         ႔       ႔(send)           Full Function(FF) node            (၈-၃၇)[a]                             
          Mesh topology                                ၾ         (၈-၃၇)[b]                      
      node                     node          ႔ information               ႔            

 
    ၈-၃၇ Linear and Mesh arrangements of Nodes 

Wireless signal             (distance)                                               
(materials)                    Wireless signal                   (distance)           wireless 
signal                            Wireless signal                      “signal attenuation”    
                (concrete)       ႔                            wireless signal                       
       signal                    (absorption  ၾ      signal                                         (metal) 
    signal                      ၾ                                 wireless signal                
          

    ႔ ၾ                      ဂ           node                               (spacing) 
                          wireless signal                           (attenuation                             
             signal    (strength)    ၊                                                                 
Node                                                                  repeater              ၊ node         
                           signal    (strength                              Repeater     message         
         (receive)                          (rebroadcast)     device          Repeater         “signal 
power booster”                           

                  (wireless communication)    hard-wired connection                         
          (wireless communication)        wireless signal                       (interference  
                             ဂ၊   ၊                                             ၾ      interference 
                  lights ၊ variable speed drives ၊ elevators                radio equipment    ႔ ၾ          
interference                   
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                                         (radio frequencies)              
(၁) 2.4 GHz (2.4 to 2.4835 GHz) [IEEE 802.11] 

2.4 GHz frequency      EEE                            ဤ frequency band                   
                                                                    Commercial building 
      institutional building            (indoor range)၌   (၁၅၀)                              
                    (၃၀၀)       non-mesh communication                          

(၂) 900 MHz (902 to 928 MHz)    2.4 GHz band                      ႔           (range)  
                                      ၾ   ၾ                                            ၾ      
                                                        

(၃)  800 MHz                             ၾ   ၾ                                                    ႔     
       (range)                                                                 

 
    ၈-၃၈ WI-FI Range Diagram 

Data Transmission Feature of Wired and Wireless Network 

Table 8.1 Feature of wired and wireless transmission data 
Feature Wired Wireless 

Range Better Bad 
Installation effort and flexibility Worse Better 
Data volume Better Worse 
Availability of information in room Bad Better 
Realibility Better Good 
Cost Good Better 



HVAC Controls and Building Automation Systems                                                                           ႔   

8-24 

 

 
    ၈-၃၉ Wireless Building Automation System (BAS)          

 
-End- 
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