
Centre for Photonic Systems

Wireless Sensing and In-Building 
Wireless Comms

An Overview of Wireless Research in the Electrical 
Division

Richard Penty and Paul Robertson



Centre for Photonic Systems

End-to-End Research Provision
Materials                        Components/Sub-sys tems                                   Systems

Communications 
(optical and  wireless )

Displays, 2D/3D

Consumer 
Electronics

Biomedical Systems

Storage

Sensors

Imaging/Vision

Machines/Power
Systems
Sensing

Inorganic
Semiconductors
(inc quantum dots)

Organic
Semiconductors

Soft materials

Superconductors

Carbon Nanotubes

Magnetic Materials

Photonic Crystals

IC Electronics (inc RF)
Power Electronics

Amorphous Electronics
Photovoltaics

Optoelectronic Components
Free Space Photonics (flat panel)

Guided Wave Fibre Optics
Spatial Light Modulators

Packaging/Interconnection
Technologies

MEMS Technologies

Electric Drives/Bearings
Microwave Heating
Electromagnetics



Centre for Photonic Systems

Contents
Richard Penty
• Distributed antenna systems for in-building wireless
• Digitised RoF systems
• Enhanced range passive UHF RFID systems (with 

RTLS?)

Paul Robertson
• RF electromagnetic sensors for non-contact current 

measurement (& other applications)
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Enables Centralisation
• Radio services managed from central 

location
• Restores network management capability 

to Wireless:

Future Proof
• Standards agnostic
• Removes “fear of obsolescence” inertia

Multi-Service
• Cellular, Public Safety radio, WiFi, Data on 

same fibre
• Improved Infrastructure utilisation

Cost
• Cost advantage in Cellular and multi-

service
• Cheaper than coax for long run lengths

In-Building Distributed Antenna Systems
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Wideband MMF-Based Antenna Remoting

• Broadband DAS enables distribution of a 
range of both cellular and wireless signals

• Frequency range 1.5—6.4GHz covers 
GSM1800, UMTS (European implementation 
of 3G) and all ratified IEEE 802.11 WLAN 
standards

• Only weak influence of carrier frequency on 
performance of broadband DAS

• Good performance to 20GHz has been 
demonstrated over 1km OM2 MMF
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Distributed Antenna Network Performance
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In-building Digital DAS (DDAS)

• RF over Ethernet 
• convergence of all communications services 
(voice, data, video etc) onto Ethernet
• driven by constant reducing cost in 1/10Gb 
Ethernet components
• will allow flexible redeployment of radio 
services for in-building scenarios.

• Digital DAS
• Enabling Technologies (such as SDR)
• Digitised W-CDMA requires ~ 1.6 Gb/s data 
rate 
• Actual data carried, much lower – 7.7 Mb/s

• Aim to develop algorithms to reduce the 
required bandwidth down to the data rate.
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Real-Time Implementation on FPGA 

• System implemented for W-CDMA (3G)

• Multiple channels also demonstrated

• Category winner 2011 CUE £5K business 
competition

• EPSRC follow-on funding
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RFID Sensing
• Enables remote object detection, identification and at some level location.

UHF Passive

Far Field RF transmission
Up-to 10m Range
Less Reliable at Range
Low Cost

Few really major rollouts

Our aim: Enable wide area low cost reliable 
Passive UHF RFID

Active

Battery Powered
Long range
RTLS capability  
High Cost

High margin/safety critical 
applications
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Conventional system requires lots 
of antennas and RFID readers

Our System requires fewer antennas 
(better range)

Research Goal: Creation of Wide Area Passive UHF RF ID

RF Processing
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Warehouse Logistics 
Warehouse Logistics
• Asset tracking across multiple warehouses.

• Warehouses reconfigured multiple times per year.

• Operation in very hostile RF environment.

• Strict requirements for downtime / fall over.
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Document Tracking

• Ability to locate large number of files to desk level resolution across large
office areas.
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•Conventional Passive RFID readers have a reliable read range much less than the
maximum read range due to nulls.

• Results in short reliable range ~4m, or potentially missed tags.

• Our approach exploits multiple antennas to move the locations of the nulls on
successive read attempts.

• Over a number of reads, effectively 100% tag detection is achieved.

Enhanced Passive RFID Coverage
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Co-ax RFID DAS Reader Pre-Prototype Development

• Self contained demo system for 4 antenna pairs
• ~30m co-ax for antenna remoting – no power supply required at antenna
• Only requires external power connection and USB connected PC
• Currently supports enhanced tag detection, RTLS on Roadmap for next 6-12 
months
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� Currently, an error free (ie. no failure over 1 million attem pts) passive RFID system
demonstrated with 192 tags in ~2 seconds over a 10m by 4m area.

New system with error free performance 
due to intelligent RF signal processing 

RFID Coverage Performance

Conventional system with several read 
failures due to RF signal fading
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Antenna

� Four antennas are distributed over a 10m x 8m office area

� 115 Impinj Monza4 tags are placed on desks

Impinj Monza 4

Concrete Pillar

Reader

Pilot Studies - Document Tracking
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Read Success Rate of 115 Tags over a 10m x 8m Offic e 

Conventional system with <60% read 
success rate

New system with 100% success rate

Antenna location

Successfully read tag
Null
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Tag Location Invention
• Expanding the field of view with our coverage invention will open new 
applications where portals are not practical (e.g. Tracking people in airports).

• However, the fact that a tag can be read gives less information about the tag 
location!

• Solution: Use RF Signal Conditioning to also allow accurate triangulation.

• ~1 meter location accuracy
is possible in passive RFID,
possibly even better with
more signal processing.

• Not yet implemented in 
real time. 


