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Abstract
In this paper, the design and development o@undm@gy and Environment
Monitoring System (BEEMS) for smart campus, applicatio roposed. The system is
implemented based on distributed sensor nodg$,using Zlg@chnology, which empowers

the collection and monitoring of vario of meas ents that reflect the energy
ing§. T parameters include temperature,

consumptlon and environmental status

humidity, air velocity, sound, bubb e te e, TVOC, CO2 concentration, air
quality level, et al. The applicatio are syste 1S developed using jQuery-based Ajax
general interactive architect rther rated with campus GIS, which offers rich
analysis and report functlons mon & oth energy consumption and environment
parameters.

Keywords: Built Q@nen@rmg system, ZigBee Network, Energy consumption
1. Introdu

In smart @us applications, an appraisal of built energy and environment provides
sufficient evidence to 0 nderstanding of the impact of ambient surroundings on human
health and thermal{coqifort. In order to make a valid assessment and mitigate the burden of
manual monitoriftg, dutomatic environmental measures and monitoring systems are attracting

increasing a@on.
The eartieSt environmental measures and monitoring systems for smart buildings made
use of& communication technology, such as CAN-bus, Power Line Carrier (PLC) [1].

cabled communication systems were not very aesthetically pleasing solutions.
}i% is a set of specifications created specifically for wireless sensor networks (WSNs)[1],
[3]. Tt was built on IEEE 802.15.4 standard, which restricts the data rate to 250 kbps in the
global 2.4-GHz Industrial, Scientific, Medical (ISM) band, while also specifying low power
consumption and cost. Zigbee-based sensing systems require low latency, low data rates, low
cost, and low energy consumption. As a result, residential and commercial applications [4]
include lighting controls, smoke and CO2 detectors, home security, automatic utility meter

readings, building environmental controls, et al.
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In this paper, a WSN based distributed monitoring system for building energy and
environment monitoring is proposed. ZigBee technology is introduced to environment
monitoring and integrated into a Building Energy and Environment Management System
(BEEMS), in which energy consumption monitoring using traditional electric meters and
environment parameters monitoring. The utilization of ZigBee WSNs outperforms traditional
techniques in providing a low power-cost and fully distributed building environment
monitoring methodology. Moreover, the system is featured with the integration with campus
Geographic Information System (GIS), which improves the user experience by providing easy
access to different scale of campus, e.g., buildings, floors and rooms.

2. System Development

L 4

2.1. System Overview \/

The BEEMS is developed with a Browser/Server structure as shown |n In the
BEEMS system, two groups of field sensors are deployed. igst gro Iar digital
meters that capture consumption of energy, such as elec\%as et mart gateway
collects data from these meters on LONWORKS fieldb 0 nec control network
of the building. The second group is distributed wir sors in different rooms
that measure environmental parameters. A base statian’is deplo at gathers and stores

environmental parameters measured in this bwLQQ and |;s®her connected to the control
network of the building and the campus netw, \
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Figure 1. The BEEMS System Architecture
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2.2. Deployment of Wireless Sensor Nodes

For this implementation, Sensor Nodes are made up of Mote Processor/Radio Platforms
(M) and Sensors (S). Each node is a fully integrated, rugged sensor package that uses energy-
efficient radio and sensors for extended battery-life and performance. Each node integrates
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Crossbow’s IRIS/IMOTE2 family processor/radio board and antenna that are powered by
rechargeable batteries. The node is capable of radio range of 10m to 80m (indoor) and 50m to
300m (outdoor) depending on deployment, remembering that the nodes themselves form a
wireless mesh network and to extend the range of coverage simply adding additional wireless
mesh networks expands the range of coverage. The nodes come pre-programmed and
configured with Crossbow’s XMesh low-power networking protocol. Figure 2 shows the
scheme of the WSNE.
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Figure 2 e of

Figure 3 shows the list of har W dules usé&\we system:

e Q120, an embedded r Netw way device. The gateway runs the Debian
Linux operating system and reloaded with Crossbow’s Sensor Network
management and V|suaI|z oftware packages, eKoView and XServe.

e MIB520CBy iréless interface board and programming interface. It
provides conn ~%pto the IRIS and MICA family of Motes for
com i andl m‘programming.

e X adio interface board. The XM2110CB is based on the Atmel
AT o@gwer microcontroller which runs MoteWorks from its internal
flash memo IRIS 51-pin expansion connector supports Analog Inputs,
Digital 1/ Pl and UART interfaces.

e CITY -C0O2, an environmental sensor. It offers Non-Dispersive Infra-Red

r General Purpose Portable/Fixed CO2 Detection. Measurement Range is
0;:5%"vol. Carbon Dioxide; Accuracy (-20°C to +50°C) is within £ (0.1% vol CO2 +
‘%- concentration); Response Time (t90)<35 Seconds.

D-AH, an Alphasense Photo lonisation Detector. Minimum detection level is 5
(ppb isobutylene); Linear range (3% deviation) is 50 (ppm isobutylene); Overrange
is 50 (ppm isobutylene); Sensitivity (linear range) >20 (mV/ppm isobutylene).

* EE66-VA3, an environmental sensor. It is designed for high accuracy measurement
of lowest air velocities.

e JTCO1, an environmental sensor. It is designed for high accuracy measurement of
lowest air velocities.

* DEC1000, a measurement meter. It measures power energy consumption and sends
the data via wireless communication.
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Figure 3. Sensor Nodes

2.3. Application Software Development

0 the user through an
indgpendently developed.
ile and the interaction

L 4
The monitoring application software follows a Brower/Server structure, wh| Mrts
users to easily get access to both real-time and historic monitoring data campus
network or Internet. In the Web server, data is stored and managed in a SQ tabase
The application software is designed according to the Model:\View-Con C) design
pattern. In the MV C pattern, users send HTTP requests to_the troller e browser; the

behaviors between web pages are implemented Qg jQuery %

2.4. Database Design and Developmen%
tabas

The data table in the SQL server 2 ned according to the category of the
statistical information that is ¢ d dlff ent atlal scales of a campus, such as room

level, floor level, building Iev campus iTable 1 and Table 2 displays the data table
designed for environmental tormg&veters and energy monitoring parameters,
respectively. The software LINQ t as an interface to query data from the database.
In addition, Ajax techni is employed to implement the data interaction between client
and server. Ajax s ahili %commumcatmg with server asynchronously. For
interchanging da he web, ipt Object Notation (JSON) [7] is used as a light-
weight text— n st n(@designed for human-readable data.
Table 1. D, le for Environmental Monitoring Parameters
environmentalClassID className
1 00 NULL
2 01 Temperature
% 3 02 Humidity
O 4 03 Velocity of air flow
O 5 04 Tadiation temperature
6 05 Thermal comfort degree
7 06 Atmospheric pressure
8 07 COo2
9 08 TVOC
10 09 02
11 10 HCHO
12 11 Illuminance
13 12 Sound
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Table 2. Data Table for Energy Monitoring Parameters

energyClassID className
1 00 NULL
2 01 Electricity consumption
3 02 Water consumption
4 03 Air consumption
5 04 Central heating consumption
6 05 Central cooling consumption
7 06 Other energy consumption
3. Integration with Campus GIS and Applications .
The system is applied in the campus of southeast university for monitorin Jdings

distributed in the whole campus. A series of sensor nodes are equipped in sopfie rs of the
monitored buildings. These nodes continuously sending mes ges of capt ata to the
server through the campus area network. Both energy aﬁwronr@measurements
collected by the distributed sensing nodes are mtegr lon system for

centralized display and management. Some typica torlng application
system are listed as follow.

* Energy Profile Q .

Different categories of energy o ion are fled based on the statistical
information that is computed accor dn"f re atial scales, such as room level,
floor level, building level and ca vel. ical data can also be reported and
displayed in terms of table, ch ar figure rding to different time scales of hour,
day month and year. Thls?S1 nt eqer rofiling function offers great supports for
energy consumption analy d

maki gy saving policies.
* Energy Comparisop-gnd Ranki
statics conchuged in different categories and different items are

7
compared and ankeg xpllcitl,g%any time level. Hence it is obvious to find the unit

Energy consumptign

¢ Data/

The red parameters to planned value can be displayed at any time
of the day: , the tendency of energy consumption can be easily revealed.
Moreover, the M In value of a measured parameter that reported at different time of
the day can ysis, so that the feature of such type of energy consume can be
discovered.

The ap )ﬁﬁen software is further integrated with the 3™ party three-dimensional map of

the camp wn as Southeast University GIS (available at http://map.seu.edu.cn/ugis/). The

) uses ImageMapsterl.2, an interactive map plug-in to web page and JavaScript. As

e application software provides friendly user’s interface that enables easy access to

¢ nt rooms, floors, buildings as well as campuses, as shown in Figure 4 and Figure 5.

Figure 6 shows the result of querying the power consumption statistics (e.g., two rooms in

which sensor nodes were installed), and the reports in bar chart format and line chart format,

respectively. The application system has been tested in the university campus for several
months and the system performance validates the reliability of the software.
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Figure 6. Power Consumption Statistical Results ?y

4. Conclusion

*
In this paper, the design and development of a BuNg Energin@ng Environment

Monitoring System (BEEMS) for smart campus appligat pfeposed. The system is
elopedusing’ZigBee technology.

Compared with other similar systems, the proposed em is fe by the integration of

both energy and environment monitoring of bujléiags usirlg igbee ‘technology. Besides, the
monitoring application software integratgd ﬁe cam IS provides friendlier user
experience. An application in a universi pus @at s the system performance in

the evaluation, monitoring and

practical use. The system has provj sol x
management of the energy and envi@ of Iar&&a campus buildings.
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