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ABSTRACT

Aimed at interoperability and mutual communication limitations of building automation equipment for different
manufacturers and systems, a device driver of DasRdb real-time database is designed and developed independently based on
BACnet/IP technology after the BACnet/IP technology and real-time database was analyzed. The device driver adopts UDP
communication mode to write and read operations respectively by driving the real-time database DasRdb. This can
effectively realize the communication between BACnet devices and DasRdb real-time database, and make it possible for
building automation equipment to interoperate. The field engineering application shows that the designed driver conforms to
the requirements of the consistency of BACnet, and it has the characteristics of simple, efficient, high precision and good

real-time.
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1. INTRODUCTION

With the further development of intelligent building and
smart city, building automation system (BAS) is moving in
the direction of network, intelligent and integrated [1]. It is
inevitable to integrate the central air conditioning systems,
power monitoring systems, intelligent lighting systems,
elevator systems, fire and intrusion alarm systems and other
subsystems to the same network platform.

Due to the interoperability of intelligent building
communication devices to continuously strengthen and
seamless integration of intelligent building rising, intelligent
building storage capacity of status data is increasing, and the
efficiency of stored data is decreasing, which has become the
bottleneck to improve the performance of building
automation system. The rise of real-time database technology
and its wide application in ISCS (Integrated Supervisory
Control System) provides a new way to solve this problem.
Real-time database can be timely and accurately access to
real-time data, suitable for processing continuous updated
data and affairs with time constraints [2]. At present, real-
time database has already been applied in IBMS (Intelligent
Building Management System) .

2. THE REALIZATION OF THE BACNET/IP
TECHNOLOGY
2.1 BACnet standard system

BACnet(A Data Communication Protocol for Building
Automation and Control Network)[3] is a data
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communication protocol special customized for intelligent
building and control system network . It is funded by the
American Society of Heating Refrigerating and Air Engineers
(ASHRAE)[4], used to open field bus of building automation
systems, and it has become an unique ISO standard
(15016484-5) in the field of building automation system[4,5].

2.2 BACnet/IP architecture

Intelligent building control network is moving into the
direction of integration of the Internet, entering the network
era. BACnet/IP technology through two layers of micro
protocol BACnet/IP (BIP) protocol and BACnhet virtual link
layer (BVLL) to shield the difference between BACnet
and the bottom of the Internet,to realize the seamless
interconnection based on IP protocol [6]. In BACne/IP
network, you can send messages to any of the BACnet
devices based on TCP/IP protocol through a unique IP
address. At the other end of the transmission network, the
data block encapsulated in the data segment will be taken out
from the transmission network and restored to the original
data packets [7]. BACnet/IP architecture is shown in Fig.1.

BACnet Application Layer

BACnet Network Layer

IS0 8802-2 BVLL
(IEEE 802.2) Type I HS/TP U

LonTalk UDP
IS0 8802-3 EIA-485 | EIA-232
(TEEE 802.3) ARCNET (RS485) | (RS232) 1P

Figure 1. BACnet/IP architecture



3. DASRDB REAL-TIME DATABASE

Real-time database DasRdb is responsible for on-site data
acquisition and conversion as well as storage of engineering
values of historical data. Device drivers simply need to
provide on-site acquisition value, and the mutual conversion
between acquisition value and engineering value will be
accomplished through the formula. Running real-time
database need to read fast, be flexible access, be easy data
sharing between modules. Device drivers are written by
regular way of DLL, and real-time database DasRdb loads
these DLL drivers dynamically when it starts. Each device
DLL drivers also use standardized interface functions, and the
driver achieve its specific functions by calling the standard
interface functions. ECDINFO driver information structure is
shown in Figure 2 (filled out by the driver, fixed length of
512 bytes), including specific information for each device
manufacturer.

typedef struct tagECDINFO { // Driver information structure size=512
unsigned long dwEcdVer;  //Specification version, in hexadecimal notation
char szVersion[28]; /I The version number, such as V1.0.0
char szCategory[96]; /I Device driver classification
char szProducer[32]; /IEquipment manufacturers, such as "Omron"
char szDriverName[32]; /I Device driver name
char szCommbDesc[32]; /ICommunications description, such as

"BACnet/IP"

char s7DriverFileNamel321: // Driver file names . such as "BACnet/IP"

Figure 2. Information structure of the device driver

4. REALIZATION OF THE COMMUNICATION
BETWEEN REAL-TIME DATABASE AND
COMMUNICATION EQUIPMENT

Real-time database DasRdb used in this article is
developed by Shenzhen DAS Intellitech Co., LTD, which has
independent intellectual property rights, and its real-time
values of variables in the real-time database can be
dynamically  refreshed  efficiently. =~ Communications
equipment adopted global controller of BCM-ETH and BCM-
MS/TP, field controller such as VLC-853, VLC-1600, VLC-
550 and VLC-660R, which is produced by the U.S.
ALERTON company [8] .The bus connection of BCM-ETH,
BCM-MS/TP, and each of BCM-MS/TP adopted the way of
hand in hand, and BACnet/IP mode is used for
communication. The equipment on the MS/TP bus is also
using hand in hand with the bus connection and MS/TP mode
is used for communication. The rate of MS/TP bus transfer
can be up to 76.8Kbps [9], and the rate of transmission on the
BACnet/IP bus can reach 10/100Mbps [9,10].

4.1 The network structure model of field engineering
application system

In the field of engineering applications, a global controller
connected three BCM-MS/TP via the way of hand in hand,
and each global controller BCM-MS/TP used the same way
of hanging 127 different field controllers, such as VLC-853,
VLC1600, VLC550 and VLC660R. Real-time database
DasRdb can read and write the real-time dynamic data when
it is running on the PC and the PC terminal is connected to
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the BCM-ETH through network cable. The network structure
of field engineering application is shown in Figure 3.
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Figure 3. The network structure of field engineering
application

4.2 Device driver process

The main process Run of the Device driver is shown in
Figure4.
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Figure 4. Drivers flowchart




The driver process can be described as follows:

(1) After entering the main process Run, the program first
initializes, including open communication port, open threads,
group command frame, etc., and then enters the main loop.

(2) Firstly, the real-time database DasRdb carries on write
operation, judging whether the thread is open in the first
nested loop of the main loop, if the thread is off, then exit;
otherwise, it will immediately send frames to send buffer.

(3) To determine whether there is data in the data buffer, if
there is no data, then enter the next read operation; if there is
data, it will immediately send frames (i.e. write command
frame) to the external devices, and receive response frame
operation from the external devices.

(4) Determine whether the response frame is successfully
received from the external devices, if not successfully
received, return and immediately send frames to send buffer;
Otherwise, the received data will be processed, and invoke
the callback function to refresh real-time database DasRdb,
and then enter the next step.

(5) The real-time database DasRdb carries on read
operation, judging whether the thread is open in the second
nested loop of the main loop, if the thread is off, then exit;
otherwise, it will immediately send fixed transmission frame
(i.e. read command frame) to send buffer.

(6) To determine whether there is data in the data buffer, if
there is no data, and then enter the next read operation; if
there is data, it will immediately send fixed transmission
frame to the external devices, and receive response frame
operation from the external devices.

(7) Determine whether the response frame is successfully
received from the external devices, if not successfully
received, return and immediately send the fixed transmission
frame to send buffer; Otherwise, the received data will be
processed, and invoke the callback function to refresh real-
time database DasRdb, and then enter the next loop.

5. TEST AND ANALYSIS OF EXPERIMENTS

5.1 Test results

According to the structure of the model shown in Figurer
3, the BCM-ETH and a VVLC-853 device access BACnet/IP
network; the MAC address conFigureuration of the VLC-853
device is 7, and the IP address of the BCM-ETH is set to
192.168.1.100, port 47808, as a test platform. The driver runs
on the PC, which is used to read and write the object of the
equipment, and to refresh and display the real-time database
DasRdb. Run the driver, get real-time database running
interface of the test as shown in Figure 5.

rre— Device Variable Table-BACnet/IP
.M BACnet 10 Nane Data Types | hecess Node | Project value | Citatien Comments oanpled values
+m BACnet/IP | [+2VLCE53_0T.AID FLOAT R 4095 VLCBE3_07.AID Qoooo 0
1 LCBA3_0T Al FLOAT R -196.354 YLCEE3_07.AN naoot 0
£ WLCBA3_0TAQD  FLOAT R 325 VLCBE3_07.AQD naooa 0
£ WLCEs3_07 A1 FLOAT R 212793 YLCBA3_07.AD1 pooo 0
£ WLCEs3_07 AV FLOAT R 0 VLCBA3_07.AVD oooon 0
£ WLCEa3_07 AVt FLOAT R 1.458 YLCBA3_07 AW pooo 0
< YLCE53 07 BI0 BIT R 0 YLCB43_07.810 oooon 0
i WLCEs3_07 B BIT R 1 YLCBA3_07.8I1 pooo 0
1 YLCBA3_07 BVD BIT Ry 0 YLCBA3_07.Bv0 noooo 0
1 YLCRA3_0T B BIT Ry 1 YLCRA3_07 B nonot 0
«YLCBA3_07.Bv2 BIT R 1 YLCBE3_07.8v2 noooz 0
1 YLCBA3_07.Bv3 BIT R 0 VLCBE3_07.8v3 nooo3 0
£ YLCBA3_0TAQZ  FLOAT R 219678 VLCBE3_07. A2 noooz 0
£ WLCE93_0TADT  FLOAT R 329784 YLCBa3_07.A03 oooo3 0
£ WLCEs3_07 A2 FLOAT R 98 VLCBA3_0T Av2 ooooz2 0
£ WLCEs3_07 AV FLOAT R 45649 YLCBA3_07 AV oooo3 0
{4 WLCE53 07 BIZ BIT R 1 YLCBA3_07.812 ooooz2 0
4 WLCE53_07 B3 BIT R 1 YLCBA3_07.813 oooo3 0
£ WLCRA3_0TROOD  BIT Ry 0 YLCRE3_07.A00 noooo 0
1 YLCBA3_0T BO1 BIT R 0 VLCRA3_07.BO1 nonat 0
£ WLCBA3_07T RO BIT R 1 VLCRS3_07.802 noooz 0
£ VLCBA3_07TRO3  BIT R 1 VLCRE3_07.803 nooo3 0
1 YLCBA3_07 By BIT R 0 VLCBE3_07.6v4 nooo4 0
S WLCEs3_07TBvS  BIT R 1 YLCB53_07.845 oooos 0
S WLCEs3 07T BvE BT R 0 VLCBa3_07.84E 0oooe 0
S WLCEsa 07T BvY BT R 1 VLCBa3_07.84T ooooy 0

Figure 5. Running interface of DasRdb of the test
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5.2 Consistency Analysis

Use VTS (Visual Test Shell) software to access BACnet
devices and to read the data. VTS sends
ReadPropertyMultiple service primitives to specify BACnet

Timestamp : 18:39:43 908
Sonree/Testination = 192 188.1. 100: 0xBACD
EACnet VWirtual Link Layer Detail
BACnet Wetwork Layer Detail
= BACnet Application Layer Detail

4 First Header Octet =¥

Invoke IT =2

Read Property Multiple Aclmowledzement = 14
- listOfReadhecessRasults

4 [0] objectIdentifier:
=-[1] list0fResults:

analog-input, 1
Paired tag

+-Opening Context Tag = ¥1E
4 [2] propertyldentifier: present—walue (55)
= [4] propertyValue: Faired tag
+)-Opening Context Tag = ¥ 4F
+-Real: 4095.00
+-Closing Context Tag = ¥ 4F
+/-Closing Context Tag = ¥1F
+- [0] objectldentifier: analogoutput,0
—-[1] listOfResults: Faired tag
+-Opening Context Tag = ¥ 1iF
+- [2] propertyldentifier: present-walue (85)
—|- [1] propertyValue: Faired taz
+-Opening Context Tag = X' 4E
+-Real: 3.25000
+-Closing Context Tag = ¥ 4F
+/-Closing Context Tag = ¥'1F
+- [0] objectIdentifier: sanalogwalue, 0
- [1] list0fResults: Faired tag
+|-Opening Context Tagz = ¥ 1E
+- [2] propertyldentifier: present-walue (85)
= [4] propertyValue: FPaired tag
+)-Opening Context Tag = ¥ 4F
+-Real: T.00000
+-Closing Context Tag = X' 4F
+/-Closing Context Tag = ¥1F
+- [0] objectIdentifier: analozwalue, 1
= [1] listOfResultz: Faired tag
+-Opening Context Tag = ¥1F
+- [2] propertyldentifier: present-walue [(85)
- [4] propertyValue: Faired tag
+-Opening Context Tag = X' 4E
+-Real: 1.45600
+-Closing Context Taz = ¥ 4F
+-Closing Context Tag = ¥1iF
+- [0] objectIdentifier: binary-input,0
—-[1] listOfResults: Paired tag
+-Opening Context Tag = ¥'1E
+- [2] propertyTdentifier: present-walue (85)
- [4] propertyValue: Faired tag
+-Opening Context Taz = X 4E
+-Frumerated:  inactive (0)
+-Closing Context Tag = ¥ 4F
+-Clozing Context Tagz = ¥ 1F
+-[0] objectIdentifier: binaryoutput,]
—-[1] listOfResults: Faired tag
+-Opening Context Tag = ¥1E
+- [2] propertyldentifier: present-walue (85)
= [4] propertyValue: Faired tag
+)-Opening Context Tag = ¥ 4F

¥ Ermmerated:  actiwe (1)

device, for example, the service primitives of All is ”0C 00
00 00 01 1E 09 55 1F”, and then BACnet devices run this
procedure to reply. The following Figure 8 is the reply results
after sending All, AOO0, AV0, AV1, BI0, BO1, BVO
primitives.

o000 Co AS 01 64 BA CO S1 O& OO 74 01 08 00 14 01 07 ...d..... Lovann
00l0 30 02 OE OC 00 00 00 01 1E 29 55 4E 44 45 7F FO O........ JUNLE.
0020 00 4F 1F OC 00 40 00 00 1E 29 55 4E 44 40 50 00 .0...f...)UND@EP
0030 00 4F 1F OC 00 &0 00 00 1E 23 55 4E 44 40 E0 00 .0....... JUNDE.
0040 00 4F 1F OC 00 &0 00 01 1E 2% 55 4E 44 5F BA 3E .0....... JUND 2.
0050 35 4F 1F OC 00 CO 00 00 1E 2% 55 4E 91 00 4F 1F S0....... JUM..0
0060 0OC 01 00 00 01 1E 29 55 4E 91 01 4F 1F OC 01 40 ...... JUN..0...
0070 00 00 1E 29 55 4E 91 01 4F 1F LJUN..L 0.

Figure 6. VTS experimental test results

From the VTS test results in Figure 6, it can be seen that
All, AOO, AV0, AV1, BIO, BO1, BVO of BACnet device
returns the value of the Real respectively are 4095.00,
3.25000, 7.00000, 1.45600, 1, 0, 1. Comparing DasRdb
results of experimental tests in Figure 7, we are pleasantly
surprised to find that in addition to the different bits of data
retention, numerical value completely consistent.

Test results show that data acquired in real-time database
DasRdb and response data acquired using VTS software on a
PC to send ReadPropertyMultiple instructions are exactly the
same, in line with BACnet standard conformance
specification. It can be seen that the proposed driver is
feasible and efferent.
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6. FIELD ENGINEERING APPLICATIONS

According to the network structure model of field
engineering application shown in Figure 4, BCM-ETH, three
BCM-MS/TP connects hand in hand in bus-type mode, each
global controller BCM-MS/TP hang multiple field controllers
such as VLC-853, VLC1600, VLC550 and VLC660R.
Running the device drivers on a PC, the PC as a master node
is connected to the BACnet/IP network, to read and write the
object of the equipment, and to refresh and display the real-
time database DasRdb. Run the driver, get real-time database
running interface as shown in Figure 7.



2 Device Variable Table-BACnet/IP

0 Name | Data Types |Access NMode | Project value| Citation Comments | Sampled values
i BACnet/IP £ WLCAS0_B1F_02_1.5FY_ET BIT R 1 YLCA50-B1F-02-1.58FY-5T 0aoog 1]
4 WLCAs0_B1F_0Z_1.5FY_ALM BIT R ] WYLCA50-B1F-02-1.5FY-ALM ooont 1]
4 WLCAa0_B1F_02_1.5FY_MA BIT R 1 WYLCA50-B1F-02-1.5FY-MA 0aooz 1]
+WLCAS0_BIF_02_1A#PFY_C BIT R 1 YLCAS0-B1F-02-1.1#PFY-C 0oon3 0
< WLCEA0_B1F_02_1.2#PFY_C BIT R 0 VLCAS0-B1F-02-1.24PFY-C noon4 0
« YLCES0_B1F_02_1.1#xF_Air Supply Temperature! FLOAT R 19.0476 YLCHS0-B1F-02-1.1#¢F-ERURRT 00003 0
«aYLCES0_B1F_02_1.2#PFY_ST BIT R 0 YLCAS0-B1F-02-1.2#PFY-5T noonr 0
A WLCAa0_B1F_0Z_1.2#PFY_ALM BIT R ] YLCA50-B1F-02-1.2#PFY-ALM 0aoog 1]
a1 WLCAS0_B1F_02_1.2#PFY_MA BIT R ] YLCA50-B1F-02-1.2#PFY-MA 0aooy 1]
4 YLCAa0_B1F_0Z_1.2#PFY_Remote Contral BIT R ] VLCSS0-B1F-02-1. 2#PFY-TEE 00010 1]
4 WLCAa0_B1F_0Z_1.1#4F_C0Z Feedback Value FLOAT R TT4.603 VLCSS0-B1F-02-1.1#4F-CO2EIRE 00011 1]
< WLCES0_B1F_02_1.1#xF_CO2 BetValue FLOAT R gon VLCSS0-B1F-02-11#4F-COREER 00012 1]
2 WLCEA0_B1F_02_1 A#4F_Frequency Modulation Praportion  FLOAT R 5 VLCAS0-BIF-02-1 1P -4REER 00013 i
«aWLCES0_B1F_02_1.1#4F_Freguency Modulation Integral FLOAT R 3 VLCAS0-BTF-02-1.18F-Fifa 00014 0
< ¥LCAA0_B1F_02_1.1#%F_Frequency Modulation Differential FLOAT R 1 VLCA50-B1F-02-1 1P -8R 00015 i}
«aYLCHE0_B1F_02_1.1#5F_Return Air Temperature FLOAT R 24.2369 YLCHS0-B1F-02-1.1#4F-BIRVER 00016 0
4 WLCBSI_B1F_01_1.2#Lighting Circuits_C_8T BIT R 1 VLCE53-B1F-01-1. 2+ BARIEE-C-5T 00000 1]
4 WLCBA3_B1F_01_1.2#Lighting Circuits_O_ST BIT R ] VLCE53-B1F-01-1. 2+ BEIEE-0-5T  000M 1]
4 WLCBEI_B1F_01_1.1#F_ Indoor Humidity1 FLOAT R 827228 VLCBE3-B1F-01-1.1#¢F-E/ER1 00002 1]
< WLCBS3_B1F_01_1.1#xF_ Indoar Humidity2 FLOAT R 62.5397 VLCEE3-B1F-01-1.1#¢F-ERIEF2 00003 1]
4 WLCBEI_B1F_01_1.1#¥F_Indoor Temperaturel FLOAT R 138462 VLCBE3-BIF-01-1.1#¢F-EMIBET 00004 1]
« WLCBSI_B1F_01_1.1#4F_Indaor Temperature2 FLOAT R 24,2369 YLCES3-BIF-01-1.1#¢F-ERIBF2 00005 ]
«aWLCBAI_B1F_01_1.1#%F_Blasting Humidity1 FLOAT R 98.0464 VLCBA3-BIF-01-1.1#¢F %0 00006 0
< WLCBA3_B1F_01_1.1#5F_Blasting Humidity2 FLOAT R 98.0464 VLCBA3-BIF-01-1.18¢F-%0UEE2 - 00007 0
4 YLCB53_BIF_01_1.1#5FY_C BIT R 1 VLCEI3-BIF-01-1.1#5FY-C noong 0
4 WLCBSI_BIF_01_1.2#8FY_C BIT R ] YLCB53-B1F-01-1.2#5FY-C oaoogy 1]
4 YLC1B00_B1F_01_1.1#PFY_8T BIT R 1 WYLC1B00-81F-01-1.1#PFY-5T naooog 1]
< WLC1600_B1F_01_1.1#PFY_ALM BIT R ] WLC1BO0-B1F-01-1.1#PFY-ALM oooot 1]
4 YLCTB00_B1F_01_1.1#PFY_MA BIT R 1 WLCABO0-81F-01-1.1#PFY-MA oaooz 1]
2 YLC1600_B1F_01_1.2#PFY_Remote Control BIT R 1 VLC1B00-B1F-01-1. 2#PFY-iZigsE .. 00003 1]
< YLC1B00_B1F_01_1.2#%F_Fresh Air Humidity FLOAT R f5.9585 VLC1B00-B1F-01-1.2#<F-$iFUERE 00004 1]
«aYLC1B00_B1F_01_1.2#5F _Fresh Air Temperature FLOAT R 30.4762 VLC1B00-B1F-01-1.2#KF-$RRUREE 00005 0
£ YLC1600_B1F_01_1.3#%F_Remate Contral BIT R 1 VLCTB00-B1F-01-1.3#KF-ITESH] 00006 0
«aYLC1600_B1F_01_1.3#xF_Power Fredhack FLOAT R 25 VLCTB00-B1F-01-1.3#KF-THEE IR 00007 0
«aYLC1600_B1F_01_1.3#%F _Frequency Feedback FLOAT R a0 VLCTB00-B1F-01-1.38KF-MIZEFI% 00008 ]
< WLC1600_B1F_01_1.2#Lighting Circuits_C_ST BIT R 1 VLC1600-B1F-01-1. 248 8AR]-C-ST 00014 1]
«aYLC1600_B1F_01_1 2#Lighting Circuits_0O_S8T BIT R ] VLC1B00-B1F-01-1. 248 8HR]-0-ST 00015 1]

<

Figure 7. Running interface of DasRdb field engineering applications

In Figure 9, the VLC-550_B1F 02_1, LC-853 B1F 01_1
and VLC-1600 B1F 01 1 are the three device name, used to
distinguish between different devices and device location;
“SFY” represents air blower, “PFY” represents exhaust fan,
“XF” represents air supply, “ST” represents a running state,
“C-ST” represents the closed state, “O-ST” indicates the off-
state, “ALM” indicates fault alarm, “MA” indicates auto
mode. As can be seen from the diagram, the real-time
database can read a variety of different BACnet standard
objects.

The inevitable direction of automatic control and
communication protocol is IP-based. Field application shows
that, through independent research and development, device
driver based on BACnet/IP protocol is capable of driving
real-time database DasRdb efficiently to collect real-time data
of BACnet/IP devices. It solves that the equipment of various
manufacturers is not compatible and difficult integration in
the building automation system, and provides a unified
standard to realize the integration of different building control
equipment. On the current situation of social technology,
BACnet/IP protocol used in the field controller is feasible,
due to the decreasing cost of Ethernet, using integrated wiring
technology to establish a BACnet/IP communication network
has great practical value, and has already started to get a wide
range of application. In addition, the engineering application
found that device driver using BACnet/IP protocol
communication is the best choice, compared to Modbus, OPC
and other protocols in terms of remote monitoring.
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7. CONCLUSIONS

With the growing rise of intelligent building and the further
promotion of BACnet protocol, BACnet/IP can enable the
building automation equipment of different manufacturers,
different systems to be mutual communication, coordination,
which make it possible for building intelligent, network and
integrated. Accordingly, ISCS throughout the building
automation equipment is also more and more attention. Due
to real time database timely and accurately to read and write
the status of the building automation equipment, it can be
used to design and integrate the ISCS of the whole intelligent
building, which has a very broad application prospects, and it
is significant of the intelligent building and smart city to
facilitate each subsystem integration.

ACKNOWLEDGEMENTS

The research work was supported by National Natural
Science Foundation of China under Grant No. 61103202 and
Strategic Emerging Industry Development Special Fund
Project of Shenzhen under Grant No.
CXZZ20120618142442306.



REFERENCES

1.

Wang Ruihua, Wang Pu, Yin Jinyu, et al., TCP/IP-Based
Building Automation and Control Network BACnet [J],
Journal of Measurement & Control Technology, 2003,
22(4): 38-41.

Liang Hua, Liu Xiande, Implementation of BACnet
Based on TCP/IP [J], Journal of Computer & Digital
Engineering, 2004, 32(3): 63-65.

Zhou Ye, Pan Luoping, Application of Real-time
Database in State Monitoring of Hydroelectric
Generating Set [J], Journal of Mechanical &Electrical
Technique of Hydropower Station, 2011, 34(1): 16-18.
BACnet—A Data Communication Protocol for Building
Automation and Control Network [S], ANSI/ASHRAE
Standard 135-2012.

Zhang Jing-fang, Yu Jun-qi, Application of large public
buildings energy efficient BACnet network information
platform [J], China (International) Electrical Building

22

10.

Technology Forum on 2010
Proceedings, 2010.

Wang Kai-hang, Liu Xinde, Hui Xiaoshi, Implement the
Foundation Software of BACnet/IP Based on Java [J],
Journal of Computer Engineering and Applications,
2003, 39(17): 230-232.

Dong Chungiao, Principle and Application of
Intelligent Building BACnet [M], Publishing House of
Electronics Industry, 2003.

Yang Zhishen, Zhang Xin, Mu Song, Honeywell-Alerton
as Pioneer of BACnet [J], Journal of China
Instrumentation, 2013 (6): 23-26.

He Haizhou, Meng Lingyuan, Analysis of the Building
Control System Based on BACnet [J], Journal of China
Information Technology, 2013 (4).

[10] Yao Yuan, Yi Benshun, Yang Bo, Design of
Embedded Data Acquisition and Control System Based
on 10/100M Network [J], Journal of Computer
Applications, 2005, 24(B12): 287-288.

Energy Saving in





