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A 1.25-Gb/s Indoor Cellular Optical Wireless
Communications Demonstrator

Hoa Le Minh, Dominic O’Brien, Grahame Faulkner, Olivier Bouchet, Mike Wolf, Liane Grobe, and Jianhui Li

Abstract—This letter reports an experimental demonstration of
an indoor angle-diversity optical wireless communications system.
This operates at 1.25 Gb/s and provides bidirectional communica-
tions between two terminals. Each terminal uses three transmitting
“cells” giving a field of view of approximately�� � over a range
of approximately 3 m. Data is transmitted to a terminal that uses
three receivers to obtain a similar reception field of view. Link op-
eration at a bit-error rate �� -� is reported, together with an
overview of the system configuration.

Index Terms—Infrared (IR), optical wireless, wireless communi-
cations.

I. INTRODUCTION

T HE deployment of fiber to the home and ultrafast broad-
band will bring data rates of 100s of megabits per second

to the home, and to fully utilize these home access networks
(HANs) that provide gigabits per second, class connectivity will
be required. A European Community project “Home Gigabit
Access Network” (OMEGA) aims to achieve this, using a va-
riety of wireless and wired techniques [1]. This heterogeneous
approach is likely to be increasingly important as the number
and variety of different wireless devices increases.

Part of this project is to investigate optical wireless commu-
nications, using visible light communications (VLC) to broad-
cast information [2], and infrared (IR) optical wireless com-
munications to provide high-speed line-of-sight connections to
the home area network. This letter focuses on the IR line-of-
sight system. Line-of-sight architectures are often used for very
high-speed systems, and narrow field of view free space op-
tical (FSO) links operating over several kilometers at gigabit
rates have been demonstrated [3]. Indoor optical wireless re-
quires high data rates and wide field of view (FOV) to achieve
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Fig. 1. One-dimensional optical wireless cellular system.

coverage, while maintaining eye safety. This requires the use
of multiple transmitters and multiple receivers, and these are
usually arranged using imaging [4] or angle diversity [5] con-
figurations. In this case, an angular diversity configuration was
preferred, as it allows the use of commercially available compo-
nents, rather than custom arrays of devices, as used, for example,
in [6].

Fig. 1 shows a schematic of the system which contains a base
station (BS) and a number of user terminals (UTs) which have
identical physical layer components. The BS transmitter con-
sists of three separate channels arranged to give continuous an-
gular coverage of a field approximately in extent. Each
UT has three receiver channels, each of which has a field of
view matched to a transmitter channel. Together these create an
overall reception field of view matching that of the BS trans-
mitter. This system of three transmitter and receiver channels
forms a “downlink” from the BS to UT. As the UTs move within
the coverage area, they fall within the coverage of different
transmitter channels, so some control mechanism is required
to ensure the correct receiver and transmitter channels are ac-
tive. For this demonstration, all BS transmitter channels send
the same data and are always on, and a thresholding mechanism
is used at the UT to select the individual receiver channel that is
detecting the transmitted data. This is the simplest scheme that
allows system operation with one BS and UT, and work by other
partners in the OMEGA project is concerned with implementing
a full optical wireless medium access control (MAC) layer [7]
that would allow multiple terminals to operate. The “uplink”
from UT to BS operates independently of the “downlink” and
uses an identical set of components and control mechanisms.

In Sections II–IV the system components, operation and re-
sults are described.
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Fig. 2. Functional block diagram of a base-station/user-terminal unit.

II. SYSTEM DESCRIPTION

A. System Description

Fig. 2 shows the functional block diagram of the physical
layer (PHY) of the proposed BS (or UT as they are identical).

Transmit data from the MAC is split and used to modulate the
IR beams emitted from the transmitter lasers (shown as Tx1,2,3
on the diagram). All transmitters transmit the same data and are
always active. This light propagates to the receiving terminal.

The receiver subsystem (Rx1,2,3) is also shown on the dia-
gram and consists of three receivers which collect the received
optical power, and recover a binary electrical signal from it.
Each receiver provides a “received signal strength indicator”
(RSSI) signal to allow the “active” receiver to be determined.
This is set to “high” when the received signal has its power
level greater than a predefined threshold (at which the signal
bit-error rate (BER) is ). Decision circuitry controls a
demultiplexer which will route that received signal to a clock
and data recovery (CDR) module which forwards the recovered
data to the MAC. In the case where two receivers have their
RSSI values greater than the threshold (which might happen
at the overlapped region of two cells), the one with the lower
given index number (e.g., Rx1 has a lower given index number
than Rx2) will be selected. This might be called “Select Good
Enough” and is inferior compared with Maximal Ratio Com-
bining or Select Best, but a simple priority encoder integrated
circuit can be used to implement this strategy, so it was suffi-
cient for this initial demonstration.

In Sections 2-B and 2-C, the transmitter and receiver compo-
nents are described.

B. Transmitter Design

Fig. 3(a) shows a single transmitter channel and Fig. 3(b)
shows a modeling of the optical system. The transmitter consists
of a driver, laser, and optics system. A commercial (MAX3869)
laser driver is used to modulate a single-mode 820-nm laser
(AXCEL PHOTONICS), which emits an average communica-
tions optical power of 25 mW. The optical system is used to
collimate the laser and illuminate a commercial holographic
diffuser (LUMINIT 10 LSD). The diffuser renders the source

Fig. 3. (a) Transmitter laser driver and (b) optics subsystem.

Fig. 4. (a) Receiver optics ray-tracing design and (b) receiver prototype.

class 1 eye-safe and spreads the illumination within the desired
10 transmitter field of view.

C. Receiver Design

The receiver consists of an optical filter, collection optical
system, avalanche photodetector (APD), and transimpedance
amplifier followed by a limiting amplifier. Fig. 4(a) and (b)
shows the receiver optical system and a prototype receiver,
respectively. An interference filter with an optical bandwidth of
10 nm is used to reject ambient light before entering the optical
system, which consists of two plano-convex lenses. These
collect light and focus it onto the receiver APD. The maximum
optical “gain” (defined as the ratio of the collection area to
the detection area) is set by the desired FOV ( full
angle) and limited by constant radiance considerations. In this
case, only commercial lenses were available, and an estimated
on-axis optical gain of 300, about 65% of theoretical maximum
(assuming a glass refractive index of 1.5) was achieved. A com-
mercial APD and transimpedance amplifier in receiver-optical
subassembly (ROSA) form (AD500-1.3G-TO5) was used, with
a 0.5-mm diameter APD. The overall optoelectronic bandwidth
is approximately 850 MHz, with a measured sensitivity of

35 dBm for nonreturn-to-zero (NRZ) data transmission at
1.25 Gb/s for a BER below .

D. Decision Circuitry

As mentioned in the system description, a “Select Good
Enough” approach is used at the receiving terminal. The signal
from each ROSA is fed into a limiting amplifier to obtain
logic level outputs. In addition, a threshold detection output
is available, and this is used to indicate received signals high
enough to recover good data. These signals are used as inputs
to a priority encoder (74LS148) that selects the appropriate
output of a multiplexer (MAX9386).

III. EXPERIMENTAL RESULTS

A system consisting of one BS and one UT was fabricated. A
pseudorandom bit-stream (PRBS) data source was used
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Fig. 5. (Left) Received optical power and (right) BER against link range.

Fig. 6. (a) Measured received power distribution versus angle. (b) Front face
of user terminal.

TABLE I
LINK BUDGET AT CELL CENTER

to test the system. Fig. 5 shows the BER performance against the
on-axis link range, showing error-free operation BER
up to 4 m, together with the power collected at the receiver en-
trance aperture. The reduction in received power density is ap-
proximately 2.7 dB when the range is increased from 3 to 4 m,
indicating the system has an operating margin of approximately
3 dB at the desired 3-m range. A plot of the relative received
power with angle for the system is shown in Fig. 6(a). This is
derived from the measured transmitter emission patterns and
the measured receiver collection characteristics, and shows an
FOV of approximately using the 3-dB contour (cor-
responding to the system margin) as the edge of the coverage
area. At the desired operating range of 3 m, this corresponds to
an area of 1.3 m 0.45 m. Measurements of the BER within the
coverage area were made, by translating the UT relative to the
BS, and these remained below . Fig. 6(b) shows the front
face of a terminal, with transmitters and receivers visible.

Table I shows the link budget for the system. The measured
overall margin is 3 dB, as mentioned earlier, but there are un-
accounted losses of approximately 4 dB compared with simula-
tion. These are likely to be due to misalignment in the receiver
optical system and additional noise in the thresholding and de-

cision circuitry (which is not taken into account in the receiver
sensitivity measurement). Work to reduce these is ongoing.

A 3.4-m link was established and the UT was directed to an
open window on a bright sunny day (without direct sunlight)
and an on-axis incandescent lamp. The total luminous inten-
sity measured at the UT is 1200 lux (a typical minimum level
for a well-lit office is approximately 400 lux). The measured
BER increased from a level below (without incandescent
lighting) to showing that the system is robust. The BER
increase corresponds to an additional noise current of 14 nA,
which is due to the additional shot-noise caused by the direct
current (dc) photocurrent from the ambient illumination. This
value is in good agreement with that expected from estimations
using the measured spectra of these ambient sources. Bidirec-
tional data transmission was also implemented between BS and
UT. These were both connected to personal computers (PCs)
via field programmable gate array (FPGA) boards acting as the
media converters. Video streaming over these links in both di-
rections was reliably demonstrated.

IV. DISCUSSION AND CONCLUSION

This letter reports the operation of a 1-D angle diversity op-
tical wireless system at 1.25 Gb/s, the fastest demonstration of
its type to the best of our knowledge. Spectrum scarcity means
that RF wireless systems are moving to higher carrier frequen-
cies, where propagation is close to, or line of sight. In such cir-
cumstances optical wireless may offer a low latency, energy ef-
ficient alternative using baseband modulation and simple cir-
cuitry. This system represents first steps toward this, but demon-
strates that systems with gigabit throughput are feasible.
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