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Monitoring and managing energy consumption in domestic environment is one of 

the major goals of DEMEMS project. This deliverable attempts to present a brief 

overview of technologies and devices used for this purpose. The ultimate aim is 

to produce a list of energy monitoring devices that augment the electrical 

monitoring in Cycle 1.  

 

Monitoring of household energy consumption in Cycle 1 was concerned with the 

overall energy consumption of the household without any regard to individual 

appliances energy consumption. In a way this type of monitoring is similar to one 

carried out by electricity utilities for the billing purpose apart from having sensing 

and display devices decoupled. The primary objective was to enable user to 

monitor their energy consumption and influence their behavior towards efficient 

energy use.  

 

In Cycle 2 we include an additional level of granularity in measuring electrical 

energy consumption of individual household appliances and gas consumption in 

heating and food preparation. Where required optical meter readers can enable a 

traditional meter into a smart meter without an invasive installation. This is the 

approach taken for physical flow metering found in gas and water supply. In this 

Cycle we also provide a list of temperature/humidity light and motion sensors that 

can be used to efficiently sense lighting, temperature and occupancy conditions 

of the house. 

 

Household appliances’ level energy consumption is required to be monitored in 

DEHEMS Cycle 2 in order to provide users a more detailed picture of their 

energy consumption and for understanding the energy performance over a 

prolonged period of use.  This appliance level data should inform models of 

performance degradation in mechanical devices such as washers, refrigerator 

and cleaning appliances.  
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Gas usage will be coupled with a model that has been created in Work Package 

4 for the estimation of energy consumed using inside and outside temperature 

differentials. Real readings should be able to determine error rates in the 

estimating model. 

���������	����������������	
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 One of the key objectives in WP3 is to monitor total energy consumed in the 

household including appliance level energy consumption data so the users could 

get real time feedback on effect of their overall consumption of changing their 

usage of these appliances. This detailed picture will help users better identify 

those appliances and usage patterns that are leading to unnecessary energy 

consumption.  Without such precise information on energy consumption, it will be 

difficult to make informed decision and feel motivated to take actions that lead to 

efficient use of energy in home environment.  Appliance level energy usage 

information helps household indentify the best strategies to deal with energy 

waste and contribute towards reduction in their CO2 footprint. 
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This deliver is concerned with preparing list of compatible devices that can be 

used to implement DEHEMS’ sensor and actuator network (SANET). Following 

activities were carried out in order to prepare a list of device that can be used in 

cycle 2 for energy consumption monitoring and management.  

 

·  A literature review was carried out on home automation, communication 

protocols and various strands used in home automation. Protocols like 

X10, Wi-Fi and ZigBee were evaluated. 

·  A survey was carried out in order to prepare a list of currently available 

appliance level energy consumption monitoring devices. 
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·  A survey was carried out to prepare a list of optical devices that attach to 

existing gas meters in order enable their automatic readings. Gas 

consumption reading is also required in DEHEMS cycle 2. 

·  A review was carried to find available temperature/humidity, light and 

motions sensors. Although these sensors doe directly contribute to energy 

data monitoring, but they play an important role in reducing energy waste. 

·  Liaised with various manufacturers in order get technical specifications of 

the devices and their cots. 

·  Evaluation criteria for various devices was prepared in order evaluate 

these devices against DEHEMS’ cycle 2 requirements and their costs etc. 

 

 ���!!�����   

The approach to evaluating and selecting measurement devices was to minimise 

cost and have ease of setup and maintenance. All sensors must be able to 

communicate either directly or through a common gateway to the central web 

service via the Internet protocol (IP). 

 

Where possible, integration with common components was sought. This includes 

using a single data gateway in the home that brokers the various edge protocols 

i.e. 433 MHz wireless and Zigbee, thus reducing installation complexity. 

"����	
�
	
���#
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The main objective of selecting compatible sensor devices was achieved along 

with a more comprehensive evaluation of sensor devices. A list of compatible 

devices is presented in appendix 1. 
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The next task is to deploy the recommended devices in users’ homes. This 

deliverable has identified specific devices that are cost effect and meet the 

requirements of DEHEMS project cycle 2 for appliance level monitoring. 

Protocols such as ZigBee and X10 are widely accepted protocols being used in 

the state of art sensor and actuator network.   
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In this deliverable we provide lists of appliance level energy monitoring devices, 

optical devices for gas meter reading; motion, temperature/humidity and light 

sensors.  We also provide evaluation criteria for these devices. 

 

1. Plug Level Monitoring of Appliance Level Energy Consumption 

 

The following section provides a list of candidate devices considered for 

appliances level energy monitoring.  The device evaluation framework defined in 

deliverable D 3.7 will be used with little or no modification for the evaluation 

purpose.  One notable difference in data transmission in cycle 2 devices is that 

appliance level data will be transmitted to central database rather than aggregate 

energy consumption data of the household. There are choices among many 

different type of communication protocol for these devices, but we will restrict 

ourself to ZigBee and X10 protocol due to their advantages as discussed at the 

end of this document.  

 

Below we discuss some of available appliances energy consumption data 

monitoring devices. 

 

1.1 Ecosavers Energy Meter 

The Energy Meter from Ecosavers offers a way of measuring electrical energy 

consumption at appliances level. The device has a display which shows power 

consumption, prices, and operating time.  
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Energy consumption of an appliance is measured simply by plug the Energy 

Meter into a wall socket and then plug the appliance into the socket at the front. 

The meter will then display the cost and power usage of the appliance in use.   

 
Figure 1: EcoSavers Energy Meter 

Specifications:  

Voltage display (V) : 90-250V 

Current display (A) : 0.1-16A 

Power consumption display (W) : 0.2W-3120W 

Display operating time : hours/minutes/seconds 

Maximum current : 16A 

Price: £14.95 

 

1.2 Plugin Power Meter 

It is used to measure the power consumption of individual plug-in devices. It is 

easy to use simply, just plug in meter in socket and then plug in appliance in 

meter socket to monitor its energy consumption. LCD display shows the amount 

of power consumed by the appliance.  
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Figure 2: Plugin Power Meter 

Specification: 

Operating voltage: 230 volts  

Operating current:  0.02-13 amps  

Voltage display ( AC ): 190 - 276 volts  

Current display (amps ): 0.00 A - 16.00 A  

Wattage display ( watts ): 0 W - 4416 W  

kWh display ( kWh ): 0.00 - 999.99 kWh  

Power factor display ( PF ): 0.20 - 1.00  

Accuracy:  

Voltage: +/- 3% of measured value  

Current: +/- 3% of measured value +/- 0.04 amps  

Wattage: +/- 3% of measured value +/- 10 watts  

 

Cost: £19.00 
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1.3 Current Cost CC 128 ENVI Power Monitor 

The current cost CC128 "ENVI" power monitor has added benefit of individual 

appliance monitoring so you can identify and monitor energy consumption of 

each appliance. The power monitor has the ability to monitor up to 10 channels 

of energy consumption data. 

 

 

 

 

 

 

 

 

 

 

 

Figure 3:  128 ENVI Power Monitor 

 

Currently IAMS are not available with this power monitor so we do not consider 

as a candidate device at the moment. 

 

Specification 

Internal Power Requirement: Mains block adapter (nominal 1.0 watt) 

Receiver: 433MHz SRD band 

Communication Platform:  C2 architecture 

Sensor Coding Recognition: 10 channel (each three input potential) 

Number of Permitted Sensors: Ten (x3 input) 

Display: Liquid Crystal segmented display 
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1.4 Plugwise 

 

Plugwise have developed energy management and control system for monitoring 

and controlling energy consumption of individual appliances. It allows users to 

gain detailed understanding of their energy consumption. Plugwise uses the 

ZigBee technology and support full MESH networking. In Plugwise each 

appliance has its own MAC address. Plugwise system consists of following parts. 

 

 

Figure 4: Plugwise System 

 

Circle 

Circle is a basic element of the Plugwise system. It is a basically a smart plug 

that is installed between socket and plug of an appliance. It measures the energy 

consumption of its associated appliance and has ability to store energy 

consumption data of the connected appliance. The Circle uses ZigBee mesh 

network to transmit energy consumption data to PC. This data is then processed 

by the software on the PC   and presented to users in a graphical form. 

 

Figure 5: Circle 
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Circle+ 

 

One Circle+ is required for each network. The Circle+ contains all basic functions 

of the Circle and additionally plays role of a coordinator in the build up of the 

Plugwise network. It keeps track of all Circles within network and communicates 

this information to the Stick in the computer. After the buildup the Circle+ 

functions as a regular Circle. 

 

 

Figure 5: Circle+ 

Stick 

The Stick is connected to USB port of the computer. It provides link between the 

Plugwise Software and the installed Circles as well as other Plugwise products. 

The Stick receives data from and transmits commands to the installed Plugwise 

modules via a wireless MESH-network. 

 

 

Figure 7: Stick 
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Stretch Lite 

The Stretch Lite is placed in the Plugwise ZigBee-Mesh network and connected 

to the TCP/IP network. It allows to remotely approach the Plugwise ZigBee Mesh 

USB stick via TCP/IP. A driver will be installed on the PC to connect the TCP/IP 

network with the USB-stick, using the software. With the Stretch Lite multiple 

Plugwise ZigBee-Mesh networks can be managed from one location. 

 

Figure 8: Stretch Lite 

Screen 

Screen allows the users to centrally operate and read the data of all Plugwise 

modules. It also permits the consumer to see at a glance and per individual room 

the status of the appliances and their energy consumption.  

 

Source/Software 

The Source is the Plugwise software program to be installed on the PC. The 

program gives insight in the energy consumption of the connected appliances by 

means of clear overviews and graphs. 

Circle Specifications  

Voltage: 100-240 V~ 

Frequency: 50 / 60 Hz 

Max. capacity: 3680 Watt 

Max. power: 16 A 
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Plug: CEE 7/7 (E&F Hybride) 

Counter plug: CEE 7/4 Schuko (F) 

ZigBee-MESH: 2,4 GHz 

Circle+  Specifications  

 

Voltage: 100-240 V~ 

Frequency: 50 / 60 Hz 

Max capacity: 3680 Watt 

Max power: 16 A 

Plug: CEE 7/7 (E&F Hybride) 

Counter plug CEE 7/4 Schuko (F) 

ZigBee-MESH: 2,4 GHz 

 

Stick Specification  

ZigBee-MESH: 2,4 GHz 

Minimum system requirements: 

     Operating system: Microsoft Windows XP/Vista  

     30 MB free disc space 512 MB RAM memory 1 GHZ 

    Available USB-port  64 MB graphical chart 

Home Start Costs € 124,95 (£10,716) (2 plugs) 

 



 16

1.5 Plogg Energy Management System 

 

Plogg energy management system allows energy consumption monitoring and 

management at appliance level. Using Bluetooth or Zigbee wireless technology, 

Plogg enables power consumption to be checked in real time, monitored over a 

longer period, and controlled remotely from anywhere within a building or site. 

 

 

 

Figure 9:   Plogg ZigBee Mesh Network 

 

It is consists of following components.  
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Plogg 

Plogg is a smart meter plug that provides essential data about energy 

consumption at household appliance level. The plogg use single chip single-

phase meters that integrate all the primary functional blocks required of a solid 

state electricity meter 

It enables the users to check the power consumption of appliances in real time, 

monitor it over a longer period, and even control it remotely from anywhere in a 

building or over a network. Plogg transmits kilowatt-hour (kWh) and other power 

consumption information wirelessly to PC, laptop, smart phone or PDA. A 64kB 

FRAM memory provides fast data storage for up to 5000 measured values plus 

associated date and time stamps. The logging interval can be set from between 

one minute and one month. 

 

Ethernet Access Point  

The Ethernet Access Point (EAP) is a gateway which allows access to ZigBee 

mesh networking modules over industry standard Ethernet IP Network.Using a 

ZigBee wireless network of ploggs (smart plugs) with an Ethernet host 

coordinator enables remote access to the network over the internet. Provided 

there is a local internet connection and the EAP can be installed with a static IP 

address then access to distributed local networks can made from anywhere in 

the world.  

 

 

 

 

 

Figure 10: EAP 
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Software  

The Plogg Manager software monitors both instantaneous and cumulative 

values. Logged data is downloaded in csv format to a spreadsheet or displayed 

in graphs: 

·  Cumulative kWh  
·  Period delta values for kWh,  
·  max Watts, Current and Voltage  
·  Reactive Power  
·  Frequency and Phase Angle  
·  Logging date and time  

Cost: £97.00 (PloggZgb ) + £120 (Plogg EAP) 

 

1.6 Omnima System 

 

The Onima System is consist of two units know as transmitter and receiver. The 

system allows appliance level measurement of energy consumption data.  The 

system is based on Zigbee protocols.  This system is custom built and its full 

technical specification are not available yet, but the system is being built to meet 

DEHEMS project cycle 2 appliance level energy data monitoring requirement.   

The Transmitter unit has following main components: 

• Clamp type current sensor 

• Voltage reference and voltage amplifier 

• 433MHz RF module transmitter 

The Transmitter component has following components 

• Omnima Embeded Controller 

• 433MHz RF module receiver 

Specifications: 

Cost of basic system: £55.93 
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Evaluation 

 

The CC128 has the capacity to monitor individual appliances in  home with up to 

nine channels for use with separately available 'Individual Appliance Modules' 

(IAMs) scheduled for launch in Summer 2009.   

 

Ecosavers Energy Meter provides appliance level monitoring capability but it 

does not support energy data communication to PC or other network device. Its 

inability to communicate data to external device makes it unsuitable for use in 

DEHEMS cycle 2. 

 

Plugin Power Meter is similar to Ecosavers meter due to not being able 

communicate energy consumption data of its associated appliance to external 

system.  It also does meet one crucial requirement of data communication. 

Plugwise provide excellent solution based on Zigbee but it is too expensive to be 

used in DEHEMS project. 

 

Plogg energy management system is another promising system to meet the 

appliance level energy monitoring requirements of DHEHES project.  Plogg 

energy management system’s functionality is available on Plogg website but its 

technical specifications are missing from website. We sent two emails to the 

company but still waiting for their reply. 

 

The custom designed Omnima  system has similar functionalities as Plogg 

system, and Omnima is also based on ZigBee, but Ominma system is much 

cheaper than plogg system. Omnima system is choice for using it  to monitor 

electrical appliances energy consumption data in DEHEMS project cycle 2. 
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2. Gas Meters 

Following evaluation criteria is proposed for selection of Gas Meter Readers. 

1. Meter reader should be ATEX certified 

2. No modification to current meter is required 

3. Enable automatic reading of old meter 

4. Easy to install 

5. Able to communicate gas meter reading  

6. Low power consumption 

7. Internal data storage capability. 

8. Low Cost   

 

Following meter devices are considered for obtaining gas meter readings. We will 

evaluate these meters based on framework provided above. 

 

2.1 ISA Optical Meter Reader 

ISA's iEyeMeter is an optical meter reader device that attaches to existing old 

utility meters in order to enable Automatic Meter Reading (AMR) in these old 

meters. iEyeMeter is ideal for reading gas meters as well as water and electric 

meters. The meter is plug and play in that no software or complex installation is 

required. A mesh network ready wireless version is also available and uses 

license exempt radio transmission.  

 

Figure11 : ISA Optical Gas Meter 

There are no specifications for ISA meter available on web and we are in 

communication with ISA to get specification and price information of the 

iEyeMeter. 
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2.2 NXE Optical Meter Reader 
The NXE OMR uses state of the art optical character recognition technology to 

perform reading.  It makes most existing mechanical meter types AMR 

compatible. It has applications for reading gas, electricity and water meters, It is 

ATEX certified intrinsically safe equipment for use within Ex-hazardous areas 

classified as Zone 0 and therefore requires no “chatterbox” isolation unit when 

connected to a gas meter.  Plexus has fully integrated its software. 

 

Figure 12: NXE OMR 

The NXE OMR come with the products that use ZigBee mesh wireless 

technology to reliably pass information around a site by using multiple, self 

organising, communication paths. 

Specification 

Power Supply: Batter powered (10 year battery life) 
Ambient operating temperature: -20….60C 
Storage temperature: -20….60C 
Module with pulse output  and serial interface 
Module with Bluetooth Radio Interface 
Cost: £200 
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2.3 Willow Optical Meter 

Willow optical meter reader is suitable for most gas, water or electricity meters, 

converting them in to 'pulse output' types suitable for remote reading and 

datalogging. The new Willow OMR saves the cost and inconvenience of meter 

replacement. It allows automatic meter reading simple and cost effective. 

 

Figure 13: Willow Optical Meter 

Specification:  
Power Supply: 5VDC I0W Max  
Sensor: Pulsed Infra Red. Suitable for ambient conditions up to 4000 Lux  
Range: 40mm sensor to target  
Input Frequency: 1Hz (Pulse rate)  
Output: Open collector Max rating: 24V 150mA  
Pulse Width: 80 msec  
Cost: £220 

 

2.4 Xemtec Comet Optical Meter Reader   

 

It is a Optical Character Recognition device that provides  pulse output from any 

mechanical meter. With Pulse, Serial, and Radio Output, the Xemtec Comet is 

the fastest way of converting non-pulse enabled meters into Smart Meters.  
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Figure 14: Xmetic Optical Meter Redaer 

 

Specification s  

Non-Invasive Retro-Fit Solution  

Absolute meter reading using unique OCR technology  

ATEX Zone 0 Approved Intrinsically Safe for use on Gas Meters  

Pulse, Radio, Serial or M-Bus Outputs available  

Battery Powered (5 year Life)  

FREE Configuration Software   

Internal Datalogger Function to store readings  

Cost: £279.00 
 

 
Data Logger 
 
The Enica Opti-Pulse GSM is one of the worlds most advanced AMR Pulse 

Dataloggers. Using ground-breaking GPRS technology sending half hourly data 

via email, the Opti-Pulse GSM upgrades old meters into smart meters in 

seconds. 
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Figure 15: Data Logger for Xmetic 

Specifications 

 

Expected Battery Life.........up to 4 Years 

Operating Temp. Range.. -20oC to +60oC 

Pulse Input Frequency......................10 Hz 

Switch on Resistance..........................<1�  

Switch off Resistance.......................>1M�  

Network (UK)................Vodafone or O2 
 
 
Evaluation 
 

According to evaluate criteria for gas meter readers NXE is a good candidate for 

using gas meter reading.  Its low cost and lower power consumption are 

attractive features, but its does not have data logger capability and separate data 

logger is available for price of £300.  That makes it expensive for our purpose. 

Willow optical meter does not meet our two of evaluation criteria. It is not ATEX 

certified and its installation process is not easy as compared to other devices. 

Xmetic Optical Meter Reader qualifies our evaluation criteria. Though its cost is 

bit higher then NXE Optical Gas Meter Reader, but it has built in data logger 

that’s makes it more cost effective as compared to NXE meter with separate data 

logger.  There is also separate data logger available for Xmetic, which is 

available from Enica for £69 including airtime.  



 25

 

3. Motion Sensor 

Below we describe motion sensors that may be used to determine room 

occupancy. Motion sensors are evaluated using following criteria. 

1. An indoor sensor  

2. Operational Parameters 

3. Wireless connectivity 

4. Lower Power Consumption 

5. Must be reasonably accurate 

6. Allow to send command after range of delays 

7. Must have reasonable range for motion detection 

 

3.1 MS13 Wireless Motion Sensor 

 

MS13 is Marmitek X10 wireless motion sensor. The MS13 motion detector sends 

radio signals to an X10 transceiver (Marmitek X10 TM13 or Marmitek X10 

station). The transceiver or station then transmits these signals wirelessly  to 

switch lights (or appliances) that are connected to X10 receivers on and off. The 

Marmitek X10 TM13 and a Marmitek X10 CM11 computer interface can also be 

used to activate previously programmed macros. The MS13 can also be 

programmed to detect motion both at night and during the day, or only at night. 

The Marmitek X10 MS13 can also be used to detect the transition from light to 

dark and vice versa. 
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TECHNICAL SPECIFICATIONS 

Power supply: 2x AAA battery 

RF frequency: 433.92 MHz 

RF Range: Up to 30m free field, up to 20m through walls and ceilings 

PIR range: 45º - 5 metres, straight ahead - 12 metres 

Ambient temperature: - 10°C to + 30° C (operation) - 20°C to + 70° C (storage) 

 

Cost:  £20.95 (Plus £19.99 for Transceiver) 

 

 

Transceiver Module TM13 

Takes radio frequency commands from Marmitek wireless controllers (remote 

controls, wireless switches and wireless sensors) and converts them to the X-10 

signals carried over existing house wiring. The TM13 also has a built-in appliance 

module. You need one TM13 per installation when you use a wireless controller.  

 

3.2 Marmitek X10 - CM15 Pro Computer Interface & Tr ansceiver 

The Marmitek CM15Pro computer interface and transceiver offers the user 

improved control of their X10 modules along with Marmiteks's ActiveHomePro 

software. It has built X10 RF transmitter and X10 transceiver (like the TM13) for 

specific or all HouseCodes. The software is ideal for setting up macros, a 

combination of actions.  

Specification 

Power: 230 VAC 50 Hz, 7 Watt 

Backup battery: 1x 9V 6LR61 alkaline block battery 

Backup time: 1 week type 

Supply current : <30 mA 

X-10 Powerline: 120 kHz ± 2 kHz / 2.5 Vpk-pk 

Signal sensitivity: 15 mVpp min, 50 mVpp max at 120 kHz 

Signal / noise ratio 1,35 : 1 
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X-10 transmission: 1 pulse burst at 0, 60 and 120 degrees. 

RF Range: 30 meters 

RF receiver frequency: 433,92 MHz 

RF transmitter frequency: 433,92 MHz 

Ambient temperature: -10°C - +50°C (operation) -20° C - +70°C 

Cost : £49.53 

 

X10 Computer Interface - USB Version 

 

The Computer Interface connects to your PC and sends signals over your 

existing house wiring to control lights and appliances connected to X10 modules. 

The X10 PC interface is the ideal way of using your PC to enhance your home 

security, save energy and add convenience to the way you run your home. The 

computer interface is fully two-way, both generating and receiving X10 powerline 

commands 

Specifications 

AC supply: 230 VAC/50 Hz 

X10 Powerline: 120 KHz/2.5vp-p 

Backup battery : 2 x AAA cell 

Backup time: 1 Week typ 

Events/macros stored: 25 typ, 39 max 

 

Cost: £49.99 

 

3.3 X10 Pro Occupancy Sensors 

The Occupancy Sensor is a battery operated, RF transmitter capable of sensing: 

motion and dusk/dawn events. It transmits an X10 command to an X10 PRO RF 

base transceiver (PAT01 sold separately which costs £7.96) which then passes 

the X10 command onto the AC powerlines of the structure. 
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Specifications 

Power supply: 2AA batteries 

Range: 12m 

Weather resistant: Yes 

 

 Cost:  £9.75(sensor) + £7.96( Transceiver) 

 

3.4 Eagle Eye Motion Sensors 

 

The EagleEye Motion Sensor sends wireless Radio Frequency (RF) signals to an 

X10 transceiver. The Transceiver receives the signals from the motion sensor 

and passes them onto house wiring. These signals are then received by X10 

lamp, appliance, or wall switch modules to control lights (or appliances) around 

the home.  

The signals transmitted onto house wiring can also be received by the two-way 

computer interface (CM11A) to initiate macros. The computer interface then 

performs a sequence of events that you've set it up to do. 

 

Specification  

Connection:  Wireless 

Weather resistant – yes 

Operational parameters:  Sends one X10 commands every time it sees motion 

Delay:  Select 2, 4, 8, 16, 32, 64, 126 or 256 minute time delay 

Power:  2AAA 

Range: 6m 

 

The Wireless Transceiver  

This powerful Module is the backbone of any X10 home control system. It 

receives commands from X10 EagleEye motion sensor and sends them on to 

X10 remote chime through household wiring to control lights and appliances.  

Cost:  £ 15.00 (Sensor) + £7.96 (Transceiver) 
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Evolution 

By applying above criteria on motion sensors described above we concluded that 

the most cost effective motion sensor is X10 Pro Occupancy Sensors. 

 

4. Temperature/Humidity and Light Sensors 

 

Temperature humidity and light sensors are required for getting information on 

house temperature and level of light. This information in conjunction with 

occupancy information plays a crucial role in home energy management.   

Following evaluation criteria will be used to evaluate temperature/humidity and 

light sensors. 

1. Accuracy of sensed data ( We do not expect too precise measures, but 
readings should be reasonably accurate; less then 1% error is acceptable) 

2. Lower Power Consumption.  

3. High range of measurements 

4. Low cost 

 

4.1 Phidgets Temperature/Humidity Sensor 

 It is used for measuring temperature and humidity. It comes with both LCD 

display interface and USB for connecting to PC.  It requires PhidgetInterfaceKit 

and USB cable to connect with computer. 

This sensor has following features. 

1. Measures Relative Humidity from 10% to 95% 
2.  Operates over 0% to 100% Relative Humidity 
3. Accurately measures ambient temperatures from -40°C to +100°C (-40°F to 

212°F) with a 
4. typical error of ±0.75 degrees Celsius in the 0°C to 100°C range 
 

Specification for Humidity 

Current Consumption:  3.6mA 

Output Impedance: 1K ohms 

Accuracy:  ±2% RH @ 55% RH 
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Accuracy:  over 10% to 95% RH ±3% Typical, ±5% Maximum 

Reaction Time for humidity: 10 seconds 

Minimum / Maximum Voltage: 4.75VDC - 5.25VDC 

Operating temperature range: -40C to 100C 

 

Specification for Temperature 

 

Current Consumption:  300uA 

Output Impedance: 1K ohms 

Accuracy: 1 Degree Celsius 

Minimum/Maximum Voltage: 4.75VDC - 5.25VDC 

Range of Operation: -50C to 150C 

Cost:  £30.67 (Sensor) + £49.00 (Interface Kit). 

 

4.2 Phidgets Precision Light Sensor 

The Precision Light Sensor measures human perceptible light level in lux; its 

measurement range is from 1 lux (Moonlight) to 1000 lux. It supports both LCD 

display interface and USB interface. 

 

Specifications: 

 

Device Current Consumption: 2 mA 

Output Impedance: 1K ohms 

Bandwidth / Reaction Time: 50 Hz 

Minimum / Maximum Voltage: 3.3VDC to 5.0VDC 

Minimum Light Level: 1 lux 

Maximum Light Level: 5V pwr supply 1000 lux 

Error / Accuracy:  0.5% 

 

Cost: £6.75 (Sensor) + £49.00(Interface kit) 
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4.3 Wireless Temperature & Humidity Sensor 

It is wireless combined temperature and humidity sensor (Wireless Measurement 

Limited). It comes with LED status indicators. Wireless sensors offer the lowest 

total cost for environmental monitoring. They are cheap to install, easy to use 

and operate as both real time sensors and data loggers. When operating offline 

each sensor can store approximately 6 weeks’ data.  

 

Specifications:  

Humidity 

Humidity range: 0% to 100% Relative Humidity 

Humidity accuracy: ±1.8% 

Humidity resolution: 0.03% RH 

Temperature 

Temperature range: -20°C to +85°C 

Temperature accuracy: ±0.3°C  

Operating temperature: -20°C to +85°C 

ZigBee Pro compatible: 2.4GHz, IEEE 802.15.4 

Standard Power: 1mW, Up to 100m line of sight 

Meshing capability: Range extended with ZigBee Meshing technology 

Reporting Interval: Programmable 6s to 18h 

Logging: Approx 6 weeks data logged offline 

Cost: £160. 
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4.4 CHT1 - Humidity & Temperature Sensors 

 

The CHT1-Series humidity and temperature sensor offers a low-cost, high 

precision solution for monitoring relative humidity and temperature. It combines 

both wired and wireless access through its CANopen and ZigBee standard 

interfaces. It offers a truly plug-and-play experience.  

 

Specification 

 Radio Type: IEEE 802.15.4 

Network Type: Mesh 

Encryption: AES 128-bit 

Frequency: ISM 2.4 GHz 

Humidity: 

Accuracy:  ±1.8 %RH 

Range: 0-100 %RH 

Response Time 6-10 second 

 

Temperature: 

Accuracy: ±0.3 

Range: -40 85 

Response Time 5-30 second 

Cost:  £254.00 

Ethernet connection, is £303 

 

4.5 XBee® Sensors 

 

XBee sensors offer the ability to provide real-time data from a variety of sensors 

(e.g., temperature, humidity, light) in a single solution for wireless communication 

across a ZigBee infrastructure. Installation is a easy. Simply insert batteries, add 

the XBee sensor to the ZigBee network, and configure the update interval.  
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XBee sensors can be used with ConnectPort™ X gateways, XBee embedded 

modules, XBee adapters or XBee wall routers to drop-in end-to-end device 

networks without the need for a wired network infrastructure. 

Networking topologies: Point-to- Point, Point-to-Multipoint, Peer-to- Peer, Mesh 

Number of channels: 16 - 5 MHz channels (Direct Sequence Spread Spectrum) 

Power requirements: 3 x AA alkaline 1.5V batteries 

Operating temperature: -18° C to 55° C (-0.4° F to 131° F) 

 

Humidity Sensor 

Range: 0 to 100% RH 

Accuracy: +/- 3.5% RH 

 

Temperature Sensor 

Range: -18° C to +55° C (-0.4° F to +131° F) 

    Accuracy: +/- 2° C 

 

Ambient Light Sensor 

Range of spectral bandwidth: 360 to 970 nm (similar to human eye) 

Wavelength of peak sensitivity: 570 nm 

 

Cost: £84.60 (Sensor) + £183.00 (X Gateways) 

 

Evaluation 

Two of the sensor solutions described above fit well into DEHEMS requirement.  

Phidgets sensor provides cheap solution with a reasonable accuracy as 

compared to XBee® Sensors. XBee® Sensors provide a compact device having 

all sensors in one device and it is based on ZigBee protocols. Phidgets provides 

low cost solution that meets the criteria of low cost. 
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5. Communication Protocols 

 

The devices mentioned in this deliverable uses X10 and ZigBee protocols for 

communication of the sensor data.  In the following we will provide brief 

description of these standards.  

 

5.1 X10 Protocols 

 

X10 is an open industry standard for communications among electronic devices 

using existing electrical (120V) wiring. The X10 standard was developed in 1975, 

making it the oldest Powerline Control Systems (PCS) for controlling lights and 

appliances. X10 is a low bandwidth protocol. That provides up to 100kbs over 

exiting home powerline wiring. The data is encoded onto a 120 khz carrier which 

is transmitted as a bursts during the zero crossing of 60Hz AC waveform. The 

protocol control some simple actions in house such as switching on/off the bulbs 

of the lighting system, switching the household goods, window blinds control, 

temperature control for heating of cooling systems in the house. The X10 

commands are broadcast from X10 transmitters to X10 receivers through 

standard household wiring, hence the name powerline-based control system. 

The method used by X-10 is based on a simple data frame with eight data bits 

(one byte) proceeded by a predetermined start code. The complicated part of this 

technology was not the system of binary data, but the method in which it was 

transmitted from one device (the transmitter) to another device (the receiver). 

Whether using power line or radio communications, packets transmitted using 

the X10 control protocol consist of a four bit house code followed by one or more 

four bit unit code, finally followed by a four bit command. For the convenience of 

users configuring a system, the four bit house code is selected as a letter from A 

through P while the four bit unit code is a number 1 through 16. 

 

A complete code transmission encompasses eleven cycles of the power line. The 

first two cycles represent a start code. The next four cycles represent the house 
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code and the last five cycles represent either a number code (1 to 16) or a 

function code (On, Off etc.). This complete block, ( StartCode, HouseCode, 

KeyCode) should always be transmitted in groups of 2 with 3 power line cycles 

between each group of 2 codes. Bright and dim are exceptions to this rule and 

should be transmitted continuously (at least twice) with no gaps between codes.  

 

5.2 ZigBee 

ZigBee is a wireless technology developed as an open global standard to 

address the unique needs of low-cost, low-power, wireless sensor networks. The 

standard takes full advantage of the IEEE 802.15.4 physical radio specification 

and operates in unlicensed bands worldwide at the following frequencies: 2.400–

2.484 GHz, 902-928 MHz and 868.0–868.6 MHz. The ZigBee protocol was 

engineered by the ZigBee Alliance, a non-profit consortium of leading 

semiconductor manufacturers, technology providers, OEMs and end-users 

worldwide. The protocol was designed to provide OEMs and integrators with an 

easy-to-use wireless data solution characterized by low-power consumption, 

support for multiple network structures and secure connections. 

ZigBee's main advantage is its ability to be configured in so-called mesh 

networks with wireless nodes that are capable of multi-year battery lives. In a 

mesh topology, each node is in direct communication with its immediate 

neighbour.  If a node fails, messages are automatically rerouted a sort of 

miniature Internet. ZigBee also supports more efficient star topologies, in which 

central access points talk to the nodes.  

 

The Zigbee protocol was designed to be optimal for the control and sensor 

application space. It is less complex than Bluetooth, has superior power 

management (2 AA battery can have ZigBee module last over years) supports 

many more nodes per network, has lower latency, lets devices join the network 

more quickly, and wakes up in milliseconds instead of seconds. 

 
 


