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090.0 BAS Software Structure

BAS $00:0pm038  3a§jedjgeoon  software architecture gp: Odsa§§idgs  §§Eo0pd
RS[ge755:0p003 326[gde) oopdesoindooopd BAS network gpiogE Workstation PC
communication unit 1 DDC ©20p503 ecgeeay dloCo3o0pbi BAS software architecture 0od9ope
6320053 software gp: dlo€o300p5

(o) Operating System(OS) software

(J) Utility software $&

() Application software o3 (&5
Software o:§js(three classes) 22[$32008 ©005a305002:003 O(00-0)0z¢ GwSgoozaopd
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0.0.0 Operating System (Lowest Level)

Operating system software 20p5 memory location 8de§3c0sgCs §od5c0pdo0pd ercds(text)qp:od
co0ddeugl:s ©o0pd hardware-specific function g3 eeonCgodeusoopdi op§giomnodEont
Operating System(0S) software 325p5:00:006§z §g§ B22600p51 Windows 951 Windows NT
Windows XP 1 Windows 7 ©20p5032005 Operating System(0S) software qpslg6o300051

02.0. J Utility Software

DDC 300p8:§ software gp:aopd sacdeagpad ss00delgod run eglogoopdn oBeodd
35,600 operation qpoopd 0068londeaon operator 6l §€:0ge330503¢E (run)q§ G605
330393 0068londgean run g§ cB=ab20pd software o3 “Utilities Software” vpesl 2051

Communications functions 1 database management functions |1 operator-machine interface
functions a3w0pod specific control algorithms 020p9 cpbesqp:ad utility software oo 6eoaEQod
Gozo0pdi Application program gp:e utility software modules o3 sl ¢j("called") 00699 cpbeoig$

8E:608E20001

09.0.9 Application Program Software (Highest Level)
Application software qpzoopd BAS @i 28mncpSefs(main  function)gp:o? ceonlgod

G0220p9 program gp: [gd[o30005
328n0p6css(main functions)gqps 205056 32§),09 e8200503EEE5(gooza0pdN

(o) Data acquisition () Control
(J) Metering (§) Energy management <§§
() Monitoring (6) Operator-machine interface applications o3[gaopS

Application program qpsoopd database qpis 30[g$3200§ 06e0056520051 BAS system
g€ 0069005 3gpro0pd database gp: §8E2000n Database g0 controlled plant $& codeeont
qopd specific function o3¢l sagi053ac005qPiedl 03¢ woopde) 05b00y 328z0d0DMERSEEd

ooo:ooéu

Communication network 32038:q] 8a§je§jgeoon controller qpsi communication node qpsi
0000003 20g053000dgP: 0CvuSeSeRed  protocol opo8eS 832600001 BAS  application
programme s>§ede §§$Ea0p5n Application program gp:ei capability $C effectiveness 2005
control task sa§jg3200: $& DDC network @i architecture 3363 0g€eo0p500051
Typical BAS Application Software
Start/Stop Control

(on) Energy Management applications

(o) Start/Stop Control
(J) Duty Cycling

() Load shedding

(G) Temperature setback
(§) Enthalpy control
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() VAV control

(Q) Optimal start/stop

(o) Chiller and condenser optimization
(®) Energy Management applications

(o) chilled water(cooling)

() -electricity

(p) Gas

(g) Water

(§) fuel consumption(e.g. for standby generators)

(6) advance warning and action required for maintenance service
(o) Facilities Management

(o) Fire detection, alarm and prevention

(J) Access control and security

(p) Intelligent Building applications

(g) Operation and maintenance management (e.g. work order generation,
maintenance procedures, management information)

(§) Maintenance Scheduling, Inventory Control, Logistics

(©) Office automation
(q) Facility booking s
:§ppeo0> application program gps 0od§§0005:03E 320p run §Ea05
09, J BAS Software Design Concept

09. J.0 DDC Software

DDC software qpsoopd DDC =202 6pSa303eam a3odg0dg [girpdepd opbadesomnignd
qopda3a00d R&lorsgedgpa(set of instructions)s¢ cpdeSiopgp(procedures) 8deoepSi DDC
software o3 DDC & Random Access Memory (RAM) cdlogE a38:e0p5s00:600§ 00051

83260009324 operator ¢ [§Esol[gla a[gpE:cd[gE: 020p503 [gjrpd§Eaopdi

09. J. ) DDC Firmware

Firmware qp:oopd ©05§e  copdeuscdodo0pd  (factory-embedded) DDC  software
instruction qpslgd20p51 DDC Read-Only Memory (ROM) el o3¢ saeoo(permanently)eqgoonzoopdi
System user ¢ [g€eoCe[pE:cd[gés [grpdgs o Firmware programme odogE DDC program
module gpsgdaopd on/off control 1 PID control 1 scheduling 0200503 Glo€2000u

9. J.9 DDC Database

DDC database ood9a3€ physical data point gps3an:cds 6l 3agj053c005gp: dlo&aopd
DDC configuration cpSodsaogt: database c30opbesonodfd: DDC memory (RAM) edlogé
036:0005:000200051
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DDC database &l property qpsed
(0)  RAM edlopt 9B6se0p5:000:0005 DDC database o3 [gE€e0E§E0p5 god(delete)§EoopS
F[gp: memory device 8823 ag c[gpCs(move) §E2005
(J) DDC database object qpza0p5 input/output sa§jpeeon:sEaondadaopd esomygps(type
of data) 1 control programs 1 variable 00§3sqp: $& constant 00§8sqp: 0200503 [gdaopdi
0. J.G DDC Database Configuration
DDC database configure [gcod[gE:opE operational data $& data point gp:ei 329105
:20005gp: DDC memory edlogé a38:e0p5iqf 0sdoooy) [gEeolge: Clo€aopbi BAS application
programs gp: executie cpdq§ea005 database qps (332500001 Database 2005 workstation PC §
copdieomEs Fa[gpiean central network communication unit gps§ copSseomes §8Ea00i

DDC Software Modules
DDC software op& DDC il memory (ROM) edlop€ §eso0pd internal module gpzgo
Clo€o05i Software module gpsod graphical $p5: 93w0pdb text based $p5:(method)g¢ configure
c968E2001
DDC software modules 3a§s§j:03 codlgoonsaopd
(o) Control modules ( e.g., on/off, PID)
(y) Arithmetic modules (e.g. averaging, summing, totalization)
(p) Programmable logic modules (PLC)
(G) Interlock modules , etc (e.g., EF with EF OUT)

00.p DDC Software Programming
6e0nCgodcdaopd control cpSekiqpsad  program eege] DDC & memory 3203893
copdoon: (download) GozqooRdi
$05:506§HsC program eep8a05i
(o) Text-based programming language
(o) Program qpzaopb DDC 8202 050393 cpdesoCeepd 22820503 ps[ogrsoopd
() sp00:gi8:0q€0pgp:000 Program eee§Eaopdi
(J) Graphical programming language(similar to that used for data base configuration)
(o) Program gpza0pS DDC 320t 0p50393 cvbee0nteepda? psoapoopdi
(9) Program Gqgoon:onadqs caooyCepogt agudopaopdi
(0) =20d3g[opgps 0guday sasolelgaopdi (user-friendly)

09.9.0 Text-based programming
Translator

Text based programming language og& input text file cﬁ pseudo code or?eéT:Dé
compressed cpbaon:a0pd binary file 33(gda3 elgpE:ada0pb Compression coSooneamaeopé
DDC memory el o3¢ esepsaspdicaSoomunaopdi Control program 22038 execute apdg$320305
DDC operating system ¢ pseudo code & 33820503 g&adeaop5i

11-4
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Object
code
Compile
Source Download source code Direct
code > digital
controller
Translate
Pseudo
code

& 00-j Text based programming language 026961 powd
Compiler
Compiler 2005 input text file o3 machine instruction qps3algda3 elgpCseosaopdi
Compile coSoon:00pd  machine instruction qpzo3 DDC(microprocessor) 2000 §2:c0p58E(3s
control coSeeqpeeonEgrdeuzoogdi
010 A= (TEMP;AI)- (PID;SP)
020 IF A<5 THEN 30 ELSE 80
030 IF A<-5 THEN 40 ELSE 80
040 (PID;PI)=0
050 (PID;PE)=0
060 (PID;RP)=(PID;DP)
070  GOTO 20
080  B=A* (PID;DP) /100
090 IF(PID;DP)>=100 THEN 120 ELSE 100
100 IF(PID;DP)<=0 THEN 120 ELSE 100
110 (PID;PI)=A+(PID;PE)/2* (PID;IC)+ (PID;P1l)
120  C=(PID;P1)/100
130 (PIC;PE)=A
140 A= (PIC;RP)+B+C
150 IF A>=0 THEN 170 ELSE 160
160  A=0
170 IF A<=100 THEN 190 ELSE 180
180  A=100
190  IF(SAFETY;BV)==1 THEN 200 ELSE 210
200 A=0
210 (PID;DP)=A
220  SWAIT 1
230 GOTO 10

q) 00-p Text-based programming

Text-based programming 0296l powd
DDC program gp:03 6§:000G:e5005 translate cpS[gés compile cpd[gts 0200503 o3gyp:
680005g05[G:e5005 DDC 3203€ memory 6dl 23 download cpSoopde0pS

Text-based method &l s20:000g/05gP:e
(0) Parameter qpz 320:00:0% oo6{o3pE:00da{oypEionp5dqE eapo:8E0p5
() orcdugps(text) [gEeapomiconseomelopé oopnm ¢odondiones ocdsadeon  Entry
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format gps syntax gp: 03 og6soqCop FaegpegEoopdi

() Program 250385 oodgqiodgps comment gp:ad 330po0aRGeE08EGaNGOPE Sa[gPrapyp:
00dgePaRt §7:00pba06omEAlNeS 38 cgudapaopd

(6) [g§copSodesoigs(reviewing) 320305 print cpod8Ea000

Text-based method &l 8202505:q/05qpsen

(0) Syntax qp:od 3a09S030qgn GqEoogScdaopdl  database entry statement qpsod 93§
832600001
(J) DDC & memory 0323 download ecp&et compile cpdgs 3290¢ 00de0¢ SpbeSaaopd

() Compile C¥620pd F2e0&aFeEPdEa 3egP:d GRS

09.9. J Programming Language (GPL)

Present Value 13.72degF

?O ?0 Zone Low F1
MIN ¢ Present Value
Zone Temp 1-2 @s Output Ref
Present Value
[ nputRef 1/ 7240degf
ne Temp 1-
Present Walue L
7070 gegT ne Ave F 1
Input Ref - AVG G 72.66 Present Value
utput Ke
Zone Temp 1-4 N
Present Value =
Input Ref 74.10 deT i
?4 10 one High F1
Zone Temp 1-3 MAX c & Present Value
Present Value Cutput Ref
Input Ref 7240 degF

c‘;) 00-G Example of Graphic Programming Language(GPL)

3200053 $(00-G) Programming 20p5 &(g)9 ¢ Temperauter gps 1-1 ¢ 1-5 03 3285902
00$s(minimum  value) 3a[gadionsds(maximum value) $& qdiqon$3s(average value)ogodo
e65[goopd program [gdo0pdn Graphics diagram ogE Gl§oopd MIN block 1 MAX block 1 AVG block
032005 software “objects” qpegdo300p5i

MIN block 20p5 &(Zone)(§))9 ¢ temperauter qp:eas050 3o86ad: 30§50 egrgde0:00di
MAX block 20p5 &(Zone)(§))9 ¢ temperauter qp23s505¢ 22[g¢ad: 30§53 agegdeuzoopdi
AVG block 20p5 &(Zone)(§)9 ¢ temperauter gp: gi&sq 329§$03 3056000051
09.¢ Logic Concept

DDC g2 220060060 $¢ 30004g8EOqpia? $2:000068320305 logic concept 03 vocowdgd
522000598 832600001 326[gd logic function (p)§jgda0pd AND 1 OR $& NOT 0303 oj[gpsesant
electric circuit qps $& ladder diagram gpzsConay 326002805 qEsc: Gedlgoo:aopdi 3 logic
function ()0} 226[gde] §:qC:0050m0005 control decision gpze 0] ©053dc0og:0pd control
decision 2208 00p56e00058E 005!
11-6
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09.G.0 Binary Concept

Binary concept 2005 33E8020800080069 ©0upoddli Binary concept o3 egruoatmonpdian
000803:83[0300p01 powd-Bsad: 00dad0pS gE(on) e58E0pdN  Bo5(off) e8Ea0pbi eaRd
(switch) 00692005 open [§0es88a0p0 3wwpod close [gdesfCaopdi  Gudomodado0pd
eens(running)es§Ea0pdn qd(stop) e$8E2005n Digital System qp:apE sac(gzacs( )§jE(two state
condition)oon §8Ea0pdi Signal §[g: (signal activated) o8ewpcd offgEs(not activated) high
030005 Low 1 on 9Bewpdd off I open 9Bewrdd close 0200508 7333 saalgEacs( ) 325050
006§§03E 006§jz000 (465880005 o two state concept (binary concept)aopd decision qpigie$
200> :26[gdlgdoopdi Binary concept a0pd DDC gp:ei function block gp: [geedes $¢ digital
computer gpzell sa6[gd(fundamental) coGomodepsgP: [§B2001

PLC 03p6¢p:0p€ Binary 1 2005 signal §[g€:od a3c8aopbi Binary 0 2005 signal o§gC:
(absence of signal)od qpSpg$soopdi Digital system gp:opl ozac[gsses( j)§jE(two state)od
0080005 voltage level ())9[gE cwdlgoopdn +V volt $& OV volt o303 Table 11-1 03¢ eudlg
000300001 Volt 00692005 oofgps Volt 00890005 8360IC:Slodem: adewpod 3a38lodsan: (more

positive) dqpzoopSi 0odslondq) Binary 1 98ewr0d logic 1 63 true 1 on 1 high ©20p5 328¢puSqgp:
[0 qpdpR$:e(radd: binary 0 98ewrdd logic 0 o3 false 1 off 1 low ©20p) 328¢>0Sqp: F2[yd
R5e8%: elpadoopds

Table 11-1. Binary concept using positive logic.

Example Logic 1 (+V) Logic 0 (OV)
Limit switch Operating Not operating
Bell Ringing Not ringing
Light bulb On off
Horn Blowing Silent
Motor Running Stopped
Clutch Engaged Disengaged
Valve Closed Open

00.G. J Logic Function

Table 11-1 ogSewd[goon:aopd more positive voltage o3 logic 1 s2[gd c00500d20p5 Less
positive voltage o3 Logic 0 35[gd 2005¢05000:00001 8856520050008 390Ee[goocd Ggeqed
200560500045+ [gd20p5H

Binary concept 20p5 physical quantities (Binary variables) qpseil sacfgzacs( )§ (two
state)od 0 $& 1 [§€ ecdoodn mefgeacs( ))§mes05 0d§ES soefgzaes006§jz0m [§68E0R0
()9 00532005 binary variable gp: cAE:00G: §§o0pdqeSad True (1) aBwupod False (0)
mefgmees md§E§igc eodgd 0055 erpamnepdi DDC gp:aopd logical statement gpso?
:e[gdg 93qodqodgp: qeod(make decision) 0300051 DDC gp:oopd digital equipment gps
[g8[03e00e[o3pE AND 1 OR $& NOT 02005 saa[gd(fundamental) logic function ()0 226[gdq)
operation gp: [gjopSe300p5n & function gp: Al binary variable qp:o?d statement 32[gd
00p5680005(03005
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Function 03E03¢ opSicn&sgod(rule)gp: §o300p51 aBopSicndaqiod(rule)qpienq oS
(result)od  cocdeo:a0pbn  8digodeo:a0pdi  03ud3Ea0endon(symbol)gp: o005 §9:c0pSe
qC:cuticoqancgod qound(result of statement)o? output oy 2005005 Gele3a0pbi  Output o3
326085m06p(Y)[gE 20050adewigoopd Statement gp:el sa6[g3aes(condition)gp:o? input (A
$C B) gpsop 20050052005 Input $& output (j)90cd:ad sacfgeacs( j)§ (two state variable) [g¢

eeH[g§Eoopd
Inputs } Output

00.G.9 "AND" Function
(;) 00-§) Symbol for the AND function.
$(00-§)0p5 AND gate o0bgel 20God00(symbol) [gdaopSi AND function o3 dlgé
eedlgooodgEs [go0p5n Input gpesnzad: True (1) [gbea0o AND output 2005 True (1) [g620251

The AND output is True (1) only if all inputs are True (1).

AND Truth Table

Inputs Output
A A B Y
Y 0 0 0
B 0 1 0
1 0 0
1 1 1

& 00-6 Two-input AND gate and its truth table.

00.G.G “OR"” Function

$(00-q)20p5 OR gate 006903 206ad0D
Inputs Output  (Symbol) [§€ esBlgoozaopdi OR function o8 fgé
eedlgooagEs (96205

¢ 00-q Symbol for the OR function.
The OR output is True (1) if on or more inputs are True (1).
OR gate &l input qp:eascd:ers0de $0:ed: input 0od9 True [gdagié output 2005 True (1)
(580065

AND function (AND Gate) $& OR function (OR Gate) o30RC input GdlC:qp:gndsc
600500p0: output 0069200 §epdi G(00-0)oz€ OR function @ true table o3 codlgaon:ooodn input

s 30200260 [§6§E2005 combination o aac[gde) output Y 03 coodeuiaonzoopdi
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OR Truth Table
Inputs Output

A
Y A B Y
B 0 0 0
0 1 1
1 0 1
1 1 1

¢ 00-0 Two-input OR gate and its truth table.
00.G.§ "NOT” function

&(00-g) NOT function 03 2060500 (symbol) [g& ewdgoosoopdi NOT function & input ¢o
FALSE (0) [96cq€ output 20pSTRUE (1) [g20p5n so[g§sacpsseandgS input o> TRUE (1) [gdagie
output 20p5 FALSE (0) [g20p51 NOT Gate il operation ¢ input & state o3 e[ g$(inverse)
c06e0qf [doopdn oBeloppé NOT Gate o3 inverter vpcopSs 6al 2opSi

NOT Truth Table

m B Input Output
Input Output A A
0 1
1 0

¢ 00-@ Symbol for the NOT function. ¢ 00-00 NOT gate and its truth table.

m[gpseoon AND function $& OR function gpasC wopoopdsagode> NOT function ogé
input  02&900pd:000  Al§[gEegd0R5n L598E[GE(E05N NOT function o3 oodooopSs
20d4g|ecy o§eon AND gate a300pod OR gate o3[gC a3¢) saadigieodoopdi

&(00-00)E NOT Operation $& 0ol true table o3 eodlgoonzoopdi A saedlog€oms (

Bar) ooecoionlq) A 3a[gdesd[g[gt:oopd NOT A o qobog§eaodi

NOT function 320Q0S000pa3[gE8EqS(Visualize cpbqs) Suodeaopbn AND $E OR odel
function o3 o3[gE§EqS (visualize pSs) agudoopdi a8cgudi [gEagudoopdi a3eos NOT function
2005 20038845 3p0g83a08:0E[030005

32088:03¢ qEdgoonsaopd 2ag05(p)gI0d

() 193 03885620050005503E: agegSdh

() Logic 1 2005 $e&30igC(gpieonsadg) TRUE 1 HIGH 1 ON [gdaopdi Logic 1 2005 Device
d§pdjgo? Activate cobgs 6pbguda0pdi powd- Output Y=1 [gdgi€ 66500003 cudliqs
[g®20p5

() Logic 0 2005 desaandqE (qpeoo3a0dgE) FALSE | LOW 1| OFF [gdoopdn Logic 0 20p5 device
006§§:0d deactivate cpde$ [g2051
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pown- Output Y 2005 0 [g6cqi€ 665003 q0es (8205 3am005¢) Bmsefgsnesa’ elgptiadngc
NOT function 03a%:00051 pows- logic 0 20p5 Device od§j Active cpSc3agi€ NOT function o3
32004gJo0pdi poen- output Y=0 [gagqi cedomadewntqfgdoopdi NOT function 20pd saad:0C
2001
()  NOT o3320%gj00p5n Logic 0 (low condition) [g6cgiE Device 0od§je§jpo?d Active cpdes
(®)  Logic 1 (High Condition) [g6cqi€ Device 0od§§jso? deactivate cpbg$sacgod NOT
0332294100001
63200503E NOT function 03 93500220009 powd(J)90% Gw5[GEo:200N
NOT function o3 AND $& OR function gpsg&saadigeco§ogeacdoopds vcowpowogé
NOT function 006900p5:03 00929:000:00001

00.G.5 NAND Gate

A NAND Truth Table
Y Inputs Output
B — A B Y
0 0 1
0 1 1
1 0 1
¢ ©0-00 Two-input NAND gate and its truth table. 1 1 0

¢ 3-7 o3& NAND gate & logic symbol $& truth table o3esbgoon:oopb OR gate &
output § NOT 20eod0on (symbol)oopdagi€eopds 320060060 09p820001 OR gate @i normal
output o3 function copdoonseomalopé NOR gate [gdaopbi O(00-0 j) g€ NOR gate @i logic
symbol $& truth table o3eed[goon:a05i

A

NOR Truth Table

Y Inputs Output

B Y

>
w

¢ 00-0 ¢ 3-8. Two-input NOR gate and its
truth table.

200

-0 -0
(e N e e RN

09.§) Review Questions
(o) Explain briefly about the software architecture applied to BAS.
(J) List three classes of software used in building automation systems, and outline the

functions of each type.
() Describe three typical application software made available to BAS. Give examples on their

real-life applications.
(G) (o») (What is OOP?) Explain the term “object oriented programming” as applied to
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Q)]
©)

Q)

(®)

©
(00)

(00)

()

(09)

(09)

building automation systems.

(®) Give one example of a DDC database entry that conforms with OOP, ignoring the
actual syntax used.
Describe the information contained in a DDC database.

Explain the difference between “software” and “firmware”, stating clearly, where each one
resides in a computer system.
(o») Explain the purpose of a DDC database.

(®) Describe two methods commonly used for DDC database configuration in BAS
industry.

(o) Explain the difference between DDC database configuration and DDC
programming.

(on) Describe two methods used to develop BAS application programs.

(®) Give two advantages and disadvantages for each method.
Explain the terms compiler and translator as used in computer programming.

Give two advantages of graphical programming method over test-based method in the
development of BAS / DDC application programming.

List and describe five types of DDC program modules used for building control
applications.

List three BAS application programs typically available/used for:-

(o») energy management
(®) metering and monitoring of building services
(o) facilities management

Describe, with the aid of diagrams, the following real-time energy management
routines generally used in BAS:-
(o») Time and temperature profiling

(®) Optimal start-stop
(o) Duty cycling
(o) Time and calendar scheduling

The facility management has to deploy the efficient energy management routines to
their car parks in three basements of a commercial building. Propose some useful “energy
management routines” which will be suitable for basement car park lighting and
ventilation systems. Explain clearly how to implement this proposal with your
programming knowledge.

-End-

11-11



HVAC Control and Building Automation Systems eomio0d038,

Chapter-11 BAS Software

00.0 BAS Software Structure

0.0.0 Operating System (Lowest Level)

00.9. J Utility Software

09.2.p Application Program Software (Highest Level)

00. | BAS Software Design Concept
09. J.0 DDC Software
09. J. ) DDC Firmware
09. J.p DDC Database

09. J.G DDC Database Configuration

00.p DDC Software Programming
290.9.0 Text-based programming

09.9. J Programming Language (GPL)

09.G Logic Concept
00.G.0 Binary Concept
09.G. J Logic Function
09.G.9 "AND” Function
29.G.G "OR" Function
00.G.§) "NOT” function
00.G.6 NAND Gate

09.6) Review Questions:-
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