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Abstract: Demand-controlled ventilation (DCV) can be adjusted based on room occupancy levels. In this study the feasibility of 

a visitor counting sensor network in occupancy detection was evaluated. A sensor network spots and real time activity 

visualization was designed and assembled at the Aalto Design Factory building. Direction sensitive light beam and infrared (IR) 

camera sensors were used. Counting data was collected for one week. The sensor spots divided the building into ten zones and the 

zones’ occupancies were calculated in five minute intervals. The results suggest that visitor counting errors easily accumulate 

over time and the use of correction factors or a more sophisticated counting algorithm is needed. The operation of a visitor sensor-

based DCV could also be complemented with CO2 sensors to guarantee both sufficient ventilation and a short response time. 

. 

Keywords: Visitor Counting Sensor, Occupancy Detection, Demand-Controlled Ventilation, Wireless Sensor Network, Real 
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I. INTRODUCTION 

    Visitor counting data can be exploited in the determination 

of room or building occupancy levels for the adjustment of 

demand-controlled ventilation (DCV)[1,2]. Ventilation 

recommendations usually determine the required outdoor 

airflow rates as units of volume per person [3], and during 

unoccupied periods the ventilation system can therefore be 

turned down to minimum or shut off completely. Hence, 

through the use of DCV, the energy consumption compared 

to a constant airflow ventilation system can be reduced 

without impairing the indoor air quality [3, 4, 5]. A problem 

with the currently widely used CO2 sensor-based DCV is a 

long response time, resulting from the time it takes for the 

CO2 level to build following an increase in the room’s 

population[6]. On the contrary, a visitor counting system 

responds to change in the room’s population essentially 

without delay. A visitor counting system also provides 

information about the movement of people around different 

parts of a building, which can be used for commercial or 

security applications [7, 8]. The objective of this study was to 

implement a network of visitor counting sensors that could be 

used to collect counting data at selected locations of the test 

building. The collected data was used to calculate the 

occupancy levels as a function of time in the zones bounded 

by the sensors. The system’s applicability for controlling a 

DCV was evaluated based on the calculated zone 

occupancies. 

 

II. PROPOSED HARDWARE SYSTEM 
ARM7TDMI: ARM architecture [9] is based on Reduced 

Instruction Set Computer (RISC) Principles. The RISC 

instruction set, and related decode mechanism are much 

simpler than those of Complex Instruction Set Computer 

(CISC) designs. This simplicity gives: 

• A high instruction throughput 

• An excellent real-time interrupt response 

• A small, cost-effective, processor macro cell. 

1. Microcontroller A LPC2148 Micro controller [10] 

consists of a powerful CPU tightly coupled with memory 

RAM, ROM or EPROM), various I / O features such as 

Serial ports, Parallel Ports, Timer/Counters, Interrupt 

Controller, Data Acquisition interfaces-Analog to Digital 

Converter (ADC), Digital to Analog Converter (ADC), 

everything integrated onto a single Silicon Chip. 

 

2. Liquid-crystal display (LCD) is a flat panel display, 

electronic visual display that uses the light modulation 

properties of liquid crystals. Liquid crystals do not emit 

light directly. LCDs are available to display arbitrary 

images or fixed images which can be displayed or 

hidden, such as preset words, digits, and 7-segment 

displays as in a digital clock. They use the same basic 

technology, except that arbitrary images are made up of 

a large number of small pixels, while other displays have 

larger elements. 

 

3. ZIGBEE: ZIGBEE [11] is a new wireless technology 

guided by the IEEE 802.15.4 Personal Area Networks 

standard. It is primarily designed for the wide ranging 

automation applications and to replace the existing non-

standard technologies. It currently operates in the 

868MHz band at a data rate of 20Kbps in Europe, 

914MHz band at 40Kbps in the USA, and the 2.4GHz 

ISM bands Worldwide at a maximum data-rate of 

250Kbps. 



K. RANJITH REDDY, T. MANASA
 

International Journal of Scientific Engineering and Technology Research 

Volume.04, IssueNo.27, July-2015, Pages: 5104-5108 

III. DESIGN OF PROPOSED HARDWARE SYSTEM 

    Implement a network of visitor counting sensors that could 

be used to collect counting data at selected locations of the 

test room. The collected data was used to calculate data was 

used at station levels as a function of time in the zones 

bounded by the sensors. The system’s applicability for 

controlling a DCV was evaluated based on the calculated 

zone occupancies and also controls the devices. 

 
Figure1. Transmitting Section 

 
Figure2. Monitoring Section. 

 

IV. BOARD HARDWARE RESOURCESFEATURES 

A. ZIGBEE Technology 

    ZIGBEE is a new wireless technology guided by the IEEE 

802.15.4 Personal Area Networks standard [11]. It is 

primarily designed for the wide ranging automation 

applications and to replace the existing non-standard 

technologies. It currently operates in the 868MHz band at a 

data rate of 20Kbps in Europe, 914MHz band at 40Kbps in 

the USA, and the 2.4GHz ISM bands Worldwide at a 

maximum data-rate of 250Kbps.The ZIGBEE specification is 

a combination of Home RF Late and the 802.15.4 

specification. The specification operates in the 2.4GHz (ISM) 

radio band - the same band as 802.11b standard, Bluetooth, 

microwaves and some other devices. It is capable of 

connecting 255 devices per network. The specification 

supports data transmission rates of up to 250 Kbps at a range 

of up to 30 meters. ZIGBEE's technology is slower than 

802.11b (11 Mbps) and Bluetooth (1 Mbps) but it consumes 

significantly less power [11, 12].802.15.4 (ZIGBEE) is a new 

standard uniquely designed for low rate wireless personal 

area networks. It targets low data rate, low power 

consumption and low cost wireless networking, and its goal 

is to provide a physical-layer and MAC-layer standard for 

such networks. 

 

     Wireless networks provide advantages in deployment, 

cost, size and distributed intelligence when compared with 

wired networks. This technology allows users to set up a 

network quickly, and allows them to set up networks where it 

is impossible or inconvenient to wire cables. Wireless 

networks are more cost-efficient than wired networks in 

general. Bluetooth (802.15.1) was the first well-known 

wireless standard facing low data rate applications. The effort 

of Bluetooth to cover more applications and provide quality 

of service has led to its deviation from the design goal of 

simplicity, which makes it expensive and inappropriate for 

some simple applications requiring low cost and low power 

consumption. These are the kind of applications this new 

standard is focused on. It's relevant to compare here 

Bluetooth and ZIGBEE, as they are sometimes seen as 

competitors, to show their differences and to clarify for 

which applications suits each of them. The data transfer 

capabilities are much higher in Bluetooth, which is capable 

of transmitting audio, graphics and pictures over small 

networks, and also appropriate for file transfers. ZIGBEE, on 

the other hand, is better suited for transmitting smaller 

packets over large networks; mostly static networks with 

many, infrequently used devices, like home automation, toys, 

remote controls, etc. While the performance of a Bluetooth 

network drops when more than 8 devices are present, 

ZIGBEE networks can handle 65000+ devices. 

 
Figure3. Pin diagram of X-Bee Transceiver 

 

B. WIFI 

 
Figure4. HLINK WIFI Module. 

http://www.palowireless.com/i802_11/
http://www.palowireless.com/bluetooth/
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    HLK-RM04 is a new low-cost embedded UART-ETH-

WIFI module (serial port - Ethernet - Wireless network) 

developed by Shenzhen Hi-Link Electronic co., Ltd [13]. 

This product is an embedded module based on the universal 

serial interface network standard, built-in TCP / IP protocol 

stack, enabling the user serial port, Ethernet, wireless 

network (Wi-Fi) interface between the conversions. Through 

the HLK-RM04 module, the traditional serial devices do not 

need to change any configuration; data can be transmitted 

through the Internet network. Provide a quick solution for the 

user’s serial devices to transfer data via Ethernet. This 

module provides working channel configuration, when the 

channel of the target network is known, users can specify the 

working channel directly, the networking time will be 

reduced from 2 seconds to about 300 milliseconds, and then 

quick networking is achieved. 

 

C. IR pair 

IRLED: IR LED means Infrared Light Emitting Diode. The 

IR LED emits Infrared light which is not visible to human 

eye. We can find these IR LED's in our TV Remotes. IR 

LED's works like normal LED's but the material used in the 

core is different, it emits Infrared Light when current passed 

through it [14]. These IR LED are used to detect obstacles 

ahead of the robot. The IR LED emits IR light which gets 

reflected if any obstacle is present in the direction of emitted 

IR ray, the reflected IR ray caught by Photodiode which 

calculates the reflected light strength. The higher the 

reflected IRray strength, the closer is the obstacle and vice-

verse. 

 
Figure5. (a) IR LED (b) Photo diode. 
 

      Photodiode: Photodiode is a light sensitive semi-

conductor diode which converts the light energy into voltage 

or current based on the mode of operation. In general 

Photodiodes [15] are operated in reverse bias condition. The 

clear Photodiode can detect visible and IR rays to limit the 

Photodiode to detect only IR rays a black coting is applied to 

the glass of the Photodiode. The photodiode allows the 

current to pass through it if the photodiode is exposed to IR 

rays and it doesn't allow current to pass through it if no IR 

rays falls on it. The amount of current passed through the 

photodiode is directly proportional to amount of IR rays falls 

on it. 

 

Co2 Sensor: Co2 sensors are used in gas leakage detecting  

equipment’s in family and industry, are suitable for detecting 

of LPG, i-butane, propane, methane, alcohol, Hydrogen, 

smoke. Sensitive material of MQ-2 gas sensor is SnO2, 

which with lower conductivity in clean air.  

 

 
Figure6. MQ2 Co2 sensor. 

 

   When the target combustible gas exist, the sensor’s 

conductivity is higher along with the gas concentration rising. 

Please use simple electro circuit, Convert change of 

conductivity to correspond output signal of gas 

concentration. MQ-2 gas sensor [16] has high sensitive to 

LPG, Propane and Hydrogen, also could be used to Methane 

and other combustible steam, it is with low cost and suitable 

for different application. 

 

D. Wireless AV camera 

    Tiny size for discreet observation and portability Built-in 

microphone for audio monitoring 4 channels optional to 

avoid possible interference camera [17] (Effective range:3m) 

Up to 100m (330ft.) transmission range in open space 

 
Figure7. Camera Transmitter and Reciever 

 

V. RESULT 

 The prototype of sensor network based building environment 

monitoring system results as shown below,     This system 

consists of IR sensors to detect entry and exit of a person, 

CO2 sensor to detect excess CO2 acquiring in environment, 

Zigbee to convey information from our system to PC, WIFI 

to get updates in Mobile, Camera is Used to monitor 

condition visually. The total information about the visitor’s 

entry, exit and smoke content will be displayed on LCD, Pc 

as well as in the mobile. Following figure9 shows the floor 

entry count display of LCD. 
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Figure8. Prototype of Proposed System. 

 

 
Figure9. Floor entry count display of LCD. 

 

  The information about the visitor’s entry and exit conveyed 

through zigbee is as shown in below figure10. And we can 

also get mobile updates about visitor’s entry and exit can be 

as shown in below figure11. 

 
 Figure10. Receiving data in pc through Zigbee. 

 
Figure11.Receiving data in the mobile through Wi-Fi 

 

VI. CONCLUSION 

    The counting error of the visitor sensors chosen has to be 

taken into account when the minimum ventilation level of the 

DCV serviced zone is decided and the threshold for a 

ventilation set point change is determined. The operation of a 

visitor sensor-based DCV could also be complemented with 

another sensor technology, like CO2 sensors, to always 

guarantee both sufficient ventilation and a short response 

time of the control.Directional visitor counting can be used to 

control DCV in real time. The test results, however, suggest 

that visitor counting errors easily accumulate over time and 

use of site-specific correction factors or a more sophisticated 

counting algorithm is needed. The operation of a visitor 

sensor-based DCV could also be complemented e.g. with 

CO2 sensors to guarantee sufficient ventilation along with a 

short response time. The sensor-logger pairs could be further 

equipped with a rechargeable battery to make the sensor 

network completely wireless. 
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