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Chapter-2 Control Systems for Buildings 

၂.၁ Modem Control System  
                                                                                

            control system                                                   (occupant)           
                                HVAC plant      efficient               (operate)               
           control system                 HVAC plant                                           
                                                                                         
                                               (sophisticated) control system                           
                                                       control system                         
        

                   (energy saving)                                             ႔           
(greenhouse gas emission)                            control system                            
                ၁၉၇၀                        digital                                  data         
sequence of number                                          analogue value                 ႔ 
(transmit)                       digital data                  (communicate)                            
                                                            Error detection                          
                         Direct Digital Controller(DDC)                     data                    
                           (numerical message)                       ႔                        data 
communication                            

Data communication                                     variable              (value)          
        origin device            destination device      ႔       ႔                            -          
                                    (information)                               ႔ data          device      
                                                                    data communication protocol 
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Central computer                         (computing power)                                  
                  (sophisticated)             (central function)                              energy 
consumption monitoring   report printing   trending                                (function)        
                            

Microprocessor                             monitoring       control function                 
central computer                                           Microprocessor                          
Direct Digital Controller(DDC)     monitoring  control       communicating function                 
                                              central computer           supervisory controller       Direct 
Digital Controller(DDC)                action     supervise            alarm                       set point 
                             schedule time(operating time)                                ႔                
                   

Data communication       Local Area Network (LAN)                                DDC      
      PC                                     Network                               (communicate) 
                                                                                                
                                     (operate)            

                       Building Management System (BMS)                                
                       control system                             control system           
           Building control system          control element       controller       network       
communication device       central controller       software           database                   

Building Management System (BMS)                     service system         control       
monitor               component         ႔      device                                        
(communicate)                                   (single point)          ႔   (manage)          system 
               

   ႔                                      ႔            (operation)                (business) 
                  ႔                                 (information)         process         
            

၂.၂ Sustainable Development and Global Environment 

 
 (၁)                                                                    (social progress) 

 (၂)                (environment)                                              

 (၃)                     (natural resources)                            

 (၄)                                                       ႔         

UN world mission                           sustainable development           
                    (future generation)                                                   
(compromising)            ႔                                                              
(development)                                                                              
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၂.၂.၁ Energy Efficiency 
                ႆ                          (building)                       BAS 

system                                                                                     
(energy)                                        

( ) Building envelope                    thermal efficiency 
 (၁) Thermal insulation (                                    ) 
 (၂) Air tightness (                    ) 
 (၃)                                                                              ) 

( ) Indoor environment                  
 (၁) Temperature schedule 
 (၂) Ventilation needs  
 (၃)  Humidity control 
 (၄) Indoor air quality 
 (၅) Lighting requirement 
 (၆)  Hot water requirements -  lifts and mechanical services 

( )                                  
 (၁) IT equipment 
 (၂) Industrial process 

                                                                     (business)   
                                                                                                
(            )                        

                            (actual energy expenditure)                                  
        (base requirement)                                                    (avoidable waste) 
                  

                                                                                                     
 (၁) Poor time and temperature control of the building interior  
 (၂) Ineffective utilisation of internal heat gains 
 (၃)  Plant oversizing 
 (၄) Excessive ventilation 
 (၅) Low operating efficiency of the HVAC system 
 (၆)  Poor system design and installation 
 (၇)                       
 (၈) Unnecessary use of                                             ႔          

                                                                                     
                                                                              - 

( ) Heating    ႔      cooling                                                     ႔                                   
                       optimal start/stop strategy                           occupancy sensor 
                                   heating                        ႔           
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( )                     (operation)                                          

( )  Equipment                             (malfunction)    ႔                                      
            (warning                                    (monitoring)    ႔          

၂.၃ Building Control System 
Control system                                      (element)                     Sensor        

controller             controlled device(control                  device)    ႔             (၂-၁)      
              Sensor             (temperature)       (pressure)       control variable                  
             controller      ႔    ႔   (transmit)     Controller     sensor                 (value)    
                              controlled device      ႔ output signal             Controlled device     
load output                       

  
    ၂-၁  Open loop control system     ၂-၂ Feedback in a closed-loop system 

 

 
    ၂-၃ Common control system 

                          control system         closed loop                  (၂-၃)      
                 setpoint                                                                         
heater   output                    

Heater   output                                                                         sensor 
             controller      ႔    ႔        Controller                     controlled variable               set 
point    ႔                            output                 

         “Closed Loop Control System”    ႔  ႔      “Feedback System”         controlled variable     
feedback                  loop                                    control system         “Open 
Loop”    ႔  ႔      “Feed Forward System”            
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    ၂-၄ System using heating coil     ၂-၅ Air Handling Unit’                  alve 

Controlled device                  (operation)    sensor                           (value)     
                      ႔     controller                measured variable                               
        Weather compensator     open loop Proportional control                                
                         heating system                    (temperature)     control                  ႔     
    control system                                      (temperature)                             
             Control loop           input signal                      output signal                          
Control loop                                                  control sequence                         

 
    ၂-၆ RTD                                  valve     control             control system  

Controller   input       output    ႔                                                           
                                            control system       interlock                         

System                                   variable                system                
                  interlock                        Input       output            On/Off    ႔      
Open/Close                    Binary Input(BI)       Binary Output(BO)              Digital 
Input(DI)       Digital Output(DO)                                   
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Control system                     component         component                             
             - Thermostat 

 

 
Thermistor 

 
Controller 

 
Valve and actuator 

    ၂-၇ Control system                     component      

၂.၄ Control Modes 
   (၂-၆)                                      closed loop system                           

Control system           ႔        (respond)       controlled variable                                 “Control 
Mode”                                                   control         (control mode)             
           ႔             control                        control mode                                    
      

၂.၄.၁ Two Position (ON/OFF) Control 
Two position control mode   control device                  (maximum) output       

         (minimum) output     output                                      On/Off    ႔      
open/close     ႔         Control system            controlled variable                       
        (desired temperature)    ႔      set point                        Controlled device             
(             )                                   )                      (                                 
                   Heating valve                                      (space temperature) 
                          sensor output     set point                             
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Heating valve                     (switch off)              (space temperature)             

            (           ) differential                           ႔      controller                  (space 
temperature)    set point                         heating valve                       output         
             

 
    ၂-၈ Two-position(on/off) control 

 
Differential gap    ႔      deadband         output state     “  ”                          

“   ”                                      switching                                          
Heating valve                                                                            
                                        radiator                    (hot water)           
                                                                                      

Two position control                                                          (temperature swing) 
                                             (desired temperature)     set point                       
set point                       Heating load                              (mean temperature)    set point 
                                            Heating load                              (mean temperature)    

Upper limit       lower limit               gap     “Differential Gap”    ႔      “Differential 
Band”           American Society of Heating and Air-Conditioning Engineers(ASHRAE) 
               “Deadband”                            

Heating control                    set point                      (              )              
                  Cooling control   set point                                          
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set point                                             (peak space temperature)                               
         “Swing”    ႔      “Operation Differential”            Differential                              
“     ”                                         ႔                                                          
                                                                                   

         thermostat         two position controller                 Thermostat         
accelerator heater                       operation differential                                 Power 
         heater       thermostat       load     parallel                    ႔        thermostat    
                                                                                 
                                         ႔                                                    operating 
differential                                                                                    
                               (mean temperature)              Set point                 
Proportional control         ႔            load error                Accelerated thermostat   
                     pseudo-proportional                        

 
    ၂-၉ Floating control 

၂.၄.၂ Floating Control 
Floating control         two position control                          Controlled device     

                                                              output                                         
Three position    ႔      tristate control                     hotwater         (flow)    control 
                                  Controller                                   valve     
              ႔ (close position)    ႔                     ႔(open position)                        
Signal            valve                                 ႔        controller   output signal 
                                       three position    ႔      tristate control                        

Temperature Heating Valve Cooling Valve 

Above upper limit             ႔            (shut)               ႔            (open) 

Within natural zone                          (hold)             (hold current positioin) 

Below lower limit              ႔            (open)              ႔            (shut) 
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   (၂-၉)     floating control                (floating control mode)                        
            upper temperature limit                      controller     valve      ႔  ,               
        Valve                                         ႔                                 
                                 upper limit                    controller   hold signal             
valve                                   ႔                        upper limit       lower limit 
         natural zone                                upper limit    ႔      low limit     
                     controller                                          signal     valve   actuator 
     ႔    ႔        

System            ႔                                controlled device                      
       (fully open)                          (fully closed position)   ႔                          
              Load                               two position control                                 
                                -                       Sensor      downstream                    
(immediately downstream)             floating control                            - control damper     
coil                            

 

 ၂.၄.၃ Proportional Control 

 

            Proportional control   controller     
controlled device      ႔                  
(variable) output                            ႔ 
       Setpoint       measured variable    ႔  
               error           Error signal       
                                   ) output 
           controlled device      ႔              
System           load                 output     
                 (controller   ) set point       
controlled variable        offset                 
               

    ၂-၁၀ Proportional control showing steady-state conditions 

   (၂-၁၀)    Proportional control        steady-state                               
Controlled variable                        controller output                        Set point    Tc         
                offset    ႔                           

 
   (၂-၁၁)     heating system        Proportional control output     0%    100%     

                 “Throttling range”           Steady state          control point   equilibrium 

         Proportional control               steady state condition   load error    ႔      offset         
               System load          offset                          

Long lead time         system       floating control      controlled variable              
natural zone          actuator                                                               
            disturbance     correction                 Integral control                          
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           set point                             Offset     load                                 
                                                heating load                      

 
 

    ၂-၁၁ Proportional control loop (cooling system) 

 
    ၂-၁၂                                 Proportional controller      ႔     (response)    

 
     control   scale range     0°C    80         Proportional band   width          

          Proportional band     25%                         Physical unit                
                           (Non-dimensional)                        Proportional band         
          Proportional gain                Proportional band 50%       Proportional gain 2    ႔    
           

Proportional band     controller sensor span                                                 
                          

Proportional band                control                  physical quantity         
(unit)                                   (Temperature)     control          Proportional band 
         °C    ႔                       (Pressure)     control          Proportional band 
         pascal    ႔                        ႔      control scale range                            
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“    ”    industrial control system                                   (term)                
Proportional control   gain            Proportional band                                    

       
   

                  
 

 
    ၂-၁၃ Proportional-Integral control response to load changes 

   (၂-၁၃)         (၂-၁၄)     Proportional control system                                  
controller      ႔                         Controlled variable          (value)                     
                 steady state offset temperature                                            

 
Proportional band               control action     on/off control       ႔                   

Proportional control     time proportioning                          Output device     On/Off 
                two position outpu            Proportional                                     Control   
output     constant cycle period                     (on)                        (off)                
                                   control                    cycle time     (၁၀)               control 
    40% output              control device                                                        
                 

Cycle time                                            ႔                                             
                            ႔      over all system   response time                              
              ႔         (longer response time)        system                                           

Proportional band                                        ႔      gain                             
                                               ႔     Proportional band                        
   ႔      gain                control system                                                  
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system                      two position on/off control     temperature swing                    
Control                    (behavior)    Proportional control system          load error      
         Time Proportional control     switching frequency                                 
                 (heater)         disturbance                                          

၂.၄.၄ Integral Control 
Integral control     PI control          Proportional control                         ႔               

Integral control     “I control”                     Integral control                                   
                Integral control     Proportional control                         Integral control     
                                set point         (deviation)        control variable                
              (integrate             )            

 
    ၂-၁၄ Integral control            action          Steady state                    System 

          set point                                    ႔      (response)                   

Proportional control                                      offset                                 
                                      PI control     steady state                                   
Steady output              PI control     floating control                       Natural zone   
width                        (zero       ) output                          

Integral control                            time constant                               ႔      (fast 
reaction rate)                 system                                 ႔               (slow response) 
system    ႔      long time constant         system                                                      
                     ႔    (over correct or over react)          Integral control                           
control device     variable speed actuator                                   
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Control response                                         (variable) rate of change 
                 Controller   variable  pulse              constant speed actuator             
                   Valve                       (speed of closure of valve)     controlled system   response 
speed                        Proportional       Integral                     PI control          
                         

၂.၄.၅ Proportional Plus Integral (PI) Control 
Proportional controller   Integral                      load error     ႔      offset         

                     HVAC control          PI control                  ႔                   PI control 
    offset          (zero offset) stable control                  Set point         (deviate)        
                    controller    control output     adjust                   set point               
                             Proportional                                   control                     
Proportional band     stable control                Integral                                      
Proportional                              PI control                                        

 
PI controller                                Integral time                  Proportional band 

                                              Integral time                  steady state error 
                    

 
Integral term   output     controlled variable              (                                

Equipment                  (                              error                                            
                              ႔                   “wind up”                       

                                                              
 (၁) System              

 (၂) Heating    ႔      cooling medium                          

 (၃)  Control loop     override               ႔         

                                              error                                        
                               Integral action                                         
                                                                             system                    
windup                                                                        gain                

Integral time        steady state error                       
 PI control      integral time              (                    Proportional controller                 
                  Integral time     (    )     PI control     Proportional controller            
               ႔     Integral time     control system   time constant         (                   
                                 

  Integral setting     integral                                                 error         
        correction                       Integral control   unit                         ႔    ႔      
               Error    ႔                                                                    
integral setting     “reset rate”                        Reset rate                     reset 
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                (normal operation)          ႔                     Anti wind up feature           controller 
               ႔                             Equipment                     (not in operation)  PI 
control loop     disable                           ႔ Integral  action     disable                 system 
                          ႔           ႆ                          ႔                           Proportional band 
                                                      

၂.၄.၆ Proportional Plus Integral Plus Derivative (PID) Control 
Derivative action   control signal     control variable                 (rate of change)      

             Controlled variable     set point      ႔                               derivative action 
    control action                     Controlled variable     set point                          
                                                     ႔        over s                                 
Inertia         system                            

            D                               ႆ                 Measured variable     
                                            controller   derivative action     erratic output         
          (                          amplitude                            )   

 
Derivative gain setting                                                                       

                         control output                                HVAC application       derivative 
action                PID controller   derivative time     zero                                 
         derivative time               PID controller     PI action                                
Process control application          PID control loop                                   

 
    ၂-၁၅ P only   PI       PID control mode                                 

   (၂-၁၅)    PID control              (start up)  control variable     control          behavior  

Derivative action           Proportional gain       Integral gain                           
              Proportional   Integral       Derivative                  PID control                      
Proportional gain    steady control                     Integral              zero offset            
     Offset                                                                                     
             ႔    (respond)              ႔        PID control     steady state             load 
         ႔                    ႔      disturbance           ႔          zero offset         steady control 
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               ideal characteristic                   Proportional control                       output     
set point                                                 Control variable         (stabilize)          
                                               Integral control                       control variable 
    set point    ႔                  ႔     stable operation                  overshoot          
                   ႔              Derivative control     overshoot                     control variable 
                    set point                      

 
    ၂-၁၆ Room temperature               controller   set point     reset          Cascade control 
               Controller   set point     supply air temperature     control          

၂.၄.၇ Cascade Control (Reset Control) 
                  (application)          controller         sub system        (master controller 

      submaster             )                                      Master controller     submaster loop     
set point                             Submaster controller     controller system   intermediate part 
    control                                                          control              master 
controller       submaster controller                      

Master controller     supply air set point     control          Submaster controller     
supply air temperature     control             Heating coil   hot water modulating valve            
hot water flow rate     control              

                        (term)                                                  Cascade 
control           UK                                  USA   “Reset Control”              Control 
                                                                                     

Cascade controller           master       sub master controller                Control loop 
                          control                    Master-slave    ႔      primary- secondary                   
           Cascade control               PI control                                                  
           PI control                               

“         ”   
        feedback control loop           control system      ႔      (response)            

                            Incoming air temperature          ႔                  ႔      heating coil   
hot water temperature          ႔               submaster controller     supply air temperature     
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            set point                  control             Master controller     supply air set point 
    reset             Space temperature                                   supply air temperature set point 
    reset          Control loop                Integral action                             system 
                                                 

 

 

    ၂-၁၇ System      ႔      (response)    dead time                          
t = 0      valve             

              (space temperature)                                                      
               ႔    (response)     Feedback control loop         control system       controlled output 
                            control system response                        (delay)    ႔         ႔       
                                        

(၁) Transport delay     “Distance Velocity Lag”                 Heat source       (heat) 
        heating medium                controlled space    ႔                                  
“Transport Delay”                                           heating system         
                                             ႔                                                  
                                                              

(၂)       delay               “Transfer Lag”          Component                            
                                    (၂-၁၇)               heating circuit   controller    valve 
                             hot water         heating coil          ႔                          ႔ 
                                            (heat transfer)                       Hot water    
heating coil  heating coil    supply air   supply air    sensor                 sensor    system 
respond                     

         ႔                        ႔                             control system               
           Integral    ႔      floating control    ႔                        (dead time         ) system 
                                   Dead               (system                      )         controller 
    output                                     ႔                                  PI control     
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                                                   P band         Proportional control       stable 
control                                Integral time                                load error     
                                   

 
    ၂-၁၈ PID control mode                                 

၂.၅ Logic Control 
Logic control function                controller         control operation                     

                     - 
Hysteresis Hysteresis module                                              filter             

Hysteresis module                                                      
                     process            Control variable                  
           (fluctuation)         control system       ႔      (response)         hysteresis 
module                              fluctuation              ႔     (respond)    
                                                                                        
                                  

Averaging Averaging module     input                                               ႔      
                                      (zone)          temperature sensor          
input                                         averaging module                   

Logic Operator Logic module   Boolean AND   NOT   OR       XOR gate                            gate 
        ႔      logic         software interlock                                
                                                              (operate       
                                  Safety       critical interlock                      
        interlock                   
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Look up table Look up table         functional relationship                             Thermistor 
resistance    temperature                          (conversion              ) look 
up table                     ႔      control element       characteristic                  
      linearization           resistance    temperature    ႔ conversion                  

၂.၆               Control Mode                    
                     control mode                                                        

                      
 (၁)            accuracy                      offset      

 (၂)                                         (                            load       
                                ) 

 (၃)                                                            sub system       ႔     
(respond)      speed        

 (၄)                          start up        (situation)        ႔          

                                                            control mode                      
                                       (complicated) control mode                       setup         
                         control                                Derivative control     HVAC          
                    Derivative control     high inertia system                                              
      set point     approach                                           Overshoot                  
          equipment     (additional equipment                )                             

Table 2.1 Recommended control modes 

Application Recommended 
control mode 

Notes 

Space temperature  P  

Mixed air temperature PI  

Chilled water coil discharge 
temperature 

PI  

Hot water coil discharge temperature PI  
Air flow PI Use wide Proportional band and short 

Integral time. PID may be required. 

Fan static pressure  PI Some applications may require PID 
Humidity  P Possibly PI for tight control 

Dewpoint P Possibly PI for tight control 

Static pressure control of supply fan PI  

Flow tracking control of return fan PI  

Space temperature control PI  

Steam heat PID  
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၂.၇ Optimum Start 
Building control system                             (function)                               

                 equipment                                                       equipment         
         (shut down)   ႔                          HVAC equipment                               
(continuous operation)                                                                                    
                       ႔                                                            (lightweight 
building)     thermal inertia                                                         (saving)          
                                               intermittent heating       cooling             ႔    
                                             

  ( ) Lightweight building (low thermal mass) 
 ( ) Short occupancy period       
 ( )  Over sized plant    ႔          

Heat output 30kW             heating system          timer    ႔      time switch     
                 Optimal start controller                                                        
         ႔                   heating system                                    ႔     occupant      
                          (comfortable)                                           

                                                       )                                       
                                               (start too early)                               
                  occupant                    (comfortable)                          ႔      
                                                                                 Optimizer start 
controller                                                                                                     

   (၂-၁၈)     control characteristic                    ႔                      ႔    unoccupied 
period         heating       occupied period                                        cooling       
occupied period                                                

Optimal start controller                 (primary function)                                   
                                    (internal space temperature)                    (external air 
temperature)                       Optimal stop function     occupancy period          (       
           ႔                        ) cooling       heating    ႔                                                 
                                    occupant                     (comfortable)             
                                               (၁၅)         ႔                                Optimal 
start     optimal stop                        (energy saving)                               

HVAC system                                          )                                               
                        (max condition)                                      capacity             
   ႔                            system    part load                           Part load condition 
             control behavior     design                            VAV system        
           ႔                 (operate)                       (air flow)    design flow(max flow)  
         ႔                       system gain                                       system gain       
                  system stability                      ႔        system                                 
system gain                                                   
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    ၂-၁၉ Optimum start control 

 
    ၂-၂၀ Weather compensation control characteristic with two adjustable slopes 

Sampling Time 
Digital control system       controlled variable                interval     sampling time    
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Sampling time                                         
 ( ) Time period required by the A/D converter 
 ( ) Any multiplexing between sensor inputs       
 ( )  Density of traffic on a bus system    ႔          

Sampling time               (too fast) BAS/BMS   data handling                             
                     (            )data            handle           Sampling time              
system                  (changes)                        Detect                  ႔                  control 
                           Equipment           system                     (performance)    evaluate 
             data                             Sampling               data                       
information         ႔                                information                             ႔               
               information                                     “Aliasing”             

                     sampling frequency            ’                                 
           Maximum frequency(time max)     system    ႔      equipment component              
                       time max                    frequency                      Theoretical 
sampling frequencies                       sampling frequencies           ႔                  
                    

Disturbance                                                Control system                   
                      disturbance               
( ) Supply disturbances 
  (Chilled water supply temperature    ႔                                          ) 

( ) Demand disturbances 
 (Occupant                                    ) 

( ) Set point changes 
                          ) 

(ဃ)Ambient (environmental) variable changes 
 (                                                                                         ) 

၂.၈ Tuning 
                               control           control loop       behavior     control 

setting                                      setting            controller parameter         system 
              (unstable)                 Controller        optimum performance              
                      control parameter setting                                  

        System                                                           Stability                
                                      

 ( )     Proportional band                          

 (   )     Integral action time                  

 (   )    Derivative action time                      
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Tuning             system              manual mode                      ႔       output signal 
                                                                                       tuning 
                     Set point                                                                  
                                    

 (၁) Process noise                               Controlled variable                   
                                                                

 (၂)                                                                                    
 (၃)          operating region                                            

Control loop          turning                                                

 ( ) On/off controller     Proportional controller           Proportional action     
                                         

 ( ) Controlled device     udk operating range                              Fully 
open    ႔      fully closed                                     

 ( )  Cascade control     turning                   (inner) loop            
submaster              turning           Primary water circuit               
                       turning              secondary loop     turning           

 (ဃ)           controller                    controlled device         control 
                temperature controller     heating coil        cooling coil     
control                      operation          disable       
                   turning               

 

                                            

Proportional band :                 Proportional band                                  plant output 
  50%               controlled variable                                

Integral time        : 
 

                Integral time                                  open loop time 
constant                                             Component time constant 
                                                actuator       sensor    ႔ time 
constant                     

Derivative time     : Control loop      delay                 Derivative time                      
                Derivative time                                  control loop 
dead time                     

Sampling time      : Open loop time constant   25%                      
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Initial controller setting                        (manufacturer)                Common 
application                                                                                

Table 2.2 Typical settings for a PI controller 

Controlled device Controlled quantity Proportional band  Integral  time (min) 

Heating coil Zone temperature 2 K 0 

Preheat coil Duct temperature 3 K 4 

Chilled water coil Duct temperature 8 K 4 

Humidifier Zone RH 15% RH 15 

Dehumidifier coil Duct RH 15% RH 4 

Thermal wheel Duct air temperature 4 K 4 

Run around coil Supply air temperature 6 K 4 

Recirculation damper Mixed air temperature 4 K 4 

Ventilation  supply Zone CO2 concentration 100 ppm 10 

Room terminal unit Zone temperature 3 K 4 

Supply fan Static pressure 1000 Pa 1 

၂.၉ Complexity of Control Systems 
          control system                                             Manually control 

                                                              Integrated control system         
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    ၂-၂၁ Relative capability and complexity of key control systems (Based on diagram from BSRIA AG 
15/2002) 
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