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Abstract

Communicating through visible light stands as a more secure and frequency-reusable alternative
than other communication methods, such as Wi-Fi. Light doesn’t propagate through walls, thus the
same bandwidth can be used in different rooms. Moreover, since the same light used for communication
is used for illumination, it is considered harmless to health. The usual implementations of Visible
Light Communication (VLC) use a direct transmission path from emitter to receiver. The Digital
Addressable Lighting Interface (DALI) protocol is used in lighting control systems to establish a
network between a control unit, luminaires and motion and light sensors. This protocol is slow,
affecting the user experience, as when entering a room the lights might turn on with a delay up to 5
seconds. Moreover, instalation erros are often reported due to mains and DALI wires being changed.
This work integrates VLC with a light control system, in order to compensate the DALI protocol. It is
achieved via the development of a luminaire driver that is able to transmit and receive data via light,
while performing the usual functions of a luminaire. Since reception and transmission are done in the
same plane, the communication is based on reflected light. It features a 100 kHz rate with On-Off
Keying (OOK) modulation. The driver developed can still communicate via DALI with the control
unit, since it is usually inside a fuse box and light does not propagate through walls. Thus, at least one
of the luminaires in the VLC network is physically connected to the light control system.

Keywords: visible light comunication, DALI, lighting control, luminaire driver, LEDs.

1. Introduction

ETAP [3] is a company that develops and produces
lighting solutions. One of their products, named
Excellum2 [4], is a lighting control system that con-
trols individual or groups of luminaires by gathering
information from sensors and acting accordingly to
user needs. Sensors and luminaires are physically
connected to a control unit with wires, communi-
cating via a protocol named Digital Addressable
Lighting Interface (DALI). As the number of de-
vices increases, the wiring needed to establish the
network increases in size, hence complexity. Due to
this, installation errors are often reported, mostly
due to the DALI and mains wires being wrongly
connected.

The DALI protocol has a communication rate of
1200 bits/s. This slow rate sometimes provides a
bad user experience, since the interval between the
detection of movement and turning on the lights
takes time, depending on the number of sensors and
luminaires connected. Moreover, when commission-
ing the system, each luminaire is assigned to their
position on the map of the installation area for user
control. This process is slow, hence the installation

cost increases.

In order to overcome these problems, it is pro-
posed the use of Visible Light Communication
(VLC) to complement the current protocol, by us-
ing the light emitted by the luminaires to commu-
nicate between them. This method can offer higher
communication speeds than DALI and as it doesn’t
require wires, installation errors and cost are re-
duced.

This thesis aims to create a luminaire driver that
is able to receive and send data through VLC at
100 kHz, by using On-Off Keying (OOK) modula-
tion, whilst performing the usual functions of a lu-
minaire with a DALI interface. The DALI interface
is still present since at least one luminiare needs
to communicate with the control unit, as the latter
one usually is inside a fuse box. It is excluded from
the objectives the design of the power supplies that
are part of the driver.

The system developed must have the same instal-
lation complexity as the current system and needs
to keep production costs low.
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2. Background

Many products that rely on VLC are being sold in
the market [13, 8, 12, 11].

IEEE working group 802.15.7 proposed schemes
regarding VLC [14, 16], that divide it’s physical
layer into three: PHY I is optimized for low-rate,
long-distance outdoor applications and PHY II for
indoor infrastructures and point-to-point applica-
tions. PHY III makes use of Color-Shift Keying
(CSK), a modulation technique that uses multiple
colors in order to transmit data. PHY I and PHY
II both use OOK or Variable Pulse Position Mod-
ulation (VPPM) for modulation, depending on the
data rate to be achieved. OOK relies on switching
the LEDs between two light levels, depending on
the data bits to be sent. In VPPM, the data bits
are identified by the pulse position on the optical
period. The term “Variable” comes from the dim-
ming capability of this technique, since the length
of the pulse can be variable, hence a variable light
intensity.

Moreover, Run-Length Limited (RLL) encoding
is applied. IEEE proposes the use of Manchester or
4B6B/8B10B encodings. It is also proposed the use
of Forward Error Correction (FEC) schemes such
as Reed-Solomon and convolutional codes so that
the system behaves better in the presence of noise.

Orthogonal Frequency-Division Multiplexing
(OFDM) is also an important modulation scheme
used in VLC, but not proposed by IEEE. This
method makes use of multiple orthogonal carrier
frequencies in order to transmit data, thus it is
transmitted in parallel, achieving higher data
rates. It’s implementation makes use of a Fourier
Transform to modulate the data, hence a cost
of complexity is assured. A low cost approach
to this problem was presented in [18], by using
multiple Direct Digital Synthesizer (DDS) in order
to produce the carriers. This modulation scheme
has several variants discussed in [6], that try to
improve power efficiency and dimming capability.

JEITA [7] has also published a set of standards
in VLC, named CP-1223. Unfortunately, the docu-
ment is only available in Japanese.

Apart from the ones presented, more modulation
techniques exist, as it can be seen in [6].

One important aspect of the project (and one
of the challenges of VLC) is the ability to dim
the luminaires without affecting the transmission
distance, rate and user experience. IEEE pro-
poses a set of methods to achieve dimming [20, 5].
VPPM modulation already has dimming capability,
by changing the duty cycle of each rectangle signal
that defines a symbol. This technique, although
maintains a constant bit rate, reduces the commu-
nication distance. Dimming when using OOK mod-
ulation supposes that the data signal is composed

by a DC balanced code, achievable with RLL en-
coding.

One other way to achieve dimming in OOK is
to change the “on” and “off” levels. This method
has the disadvantage of reducing the communica-
tion distance as the signal has lower intensity for
lower dimming levels. Another method that reduces
the bit rate, but maintains the communication dis-
tance, is the introduction of compensation symbols
into the data signal: the data frame is fragmented
into sub-frames and, between each one, compensa-
tion symbols are added so that the average value
of the signal changes. This method supposes that
the bit rate is sufficiently high so that flicker is mit-
igated.

When data is not being transmitted, idle patterns
are proposed for OOK, since VPPM already sup-
ports dimming in both scenarios. Another method
commonly used is to consider the data signal and
the dimming signal separately. After the data sig-
nal is generated (AC), the dimming signal (DC) is
added to the first one in order to correct it’s aver-
age value. This mechanism is achieved via a bias
tee [2, 20]. The downside of this technique is the
increasing complexity of the system, since two dis-
tinct sources need to be developed.

DALI is a standard communication protocol
for digital communication in many lighting sys-
tems. This protocol has a communication rate of
1200 bit/s and can connect up to 64 DALI compat-
ible devices by using an asynchronous half-duplex
Manchester encoding. This protocol has a set com-
mands presented in [10] that are used between mas-
ter and slave devices. The master devices send
frames with 16 bits of data, 1 start bit and 2 stop
bits. The slave devices may reply to some com-
mands by sending frames with 8 bit of data, 1 start
bit and 2 stop bits.

3. Implementation
Figure 1 shows the architecture of the proposed sys-
tem. The control unit is connected via DALI to
two luminaires, that route the data through VLC
to other luminaires. There are two physical connec-
tions to provide redundancy.

DALI Bus

Figure 1: Proposed architecture for control unit-
luminaire communication.

The driver for the luminaires is composed by two
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Printed Circuit Boards (PCB): an emitter and a re-
ceiver. They are separated since the receiver needs
to be on the same plane as the LEDs and the emitter
is on the backside of the luminaire. Thus, the com-
munication is based of reflected light, rather than
direct light.

3.1. Emitter
The overall emitter architecture is shown in Figure
2. It is composed by a DALI interface, that receives
and sends commands to the DALI bus. The volt-
age controlled current sink and the data modulation
block are responsible for driving the LED arrays
with the desired current, being it for communication
or not. A microcontroler, the ATMEGA328PB,
controls all the elements the solution.

This driver is able to supply 10 parallel arrays of 9
LEDs, with a maximum current of 150 mA per array
and 60 V of voltage output to them. The power
supplies within it are not in the scope of this thesis.

Microcontroller

Voltage Controlled 
Current Sink

AC/DC

DALI Interface

230 V
AC

Receiver
BUS

LED Array

DC/DC

Data Modulation

+5 V

+60 V

DALI BUS
 (optional)

Figure 2: Architecture of the emitter.

3.1.1. Voltage Controlled Current Sink
The voltage controlled current sink developed is
similar to the one described in Figure 3. There are
10 of these circuits, one for each of the LED arrays.
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Figure 3: LED driver circuit.

Considering the ideal model of the operational
amplifier, the voltage at it’s non-inverting input,
V+, is equal to the inverting input. Thus, a current,

IL, is created across RL, given by

IL =
V+

RL
. (1)

This current forces the MOSFET M1 to turn on,
effectively driving the LEDs. As consequence, the
amplifier outputs a voltage high enough to comply
with the (VGS , ID) curves of M1.

The resistor RF creates a non-inverting gain am-
plifier with RF and RL, considering that the resis-
tance between M1’s gate and source is near infinite.
Thus, the voltage on RL, VRL, is given in function
of the amplifier’s output, VO, by

VRL
≈ RL

RL + RF
VO. (2)

Providing that the value of RF is much larger
than RL, (2) yields, in fact, VRL

≈ VO. Without
it, the system would turn ON randomly, even with
0 V at it’s input.

This circuit maintains the same current in case a
LED of one of the arrays stops working, providing
that it creates a short-circuit between it’s terminals,
as it usually does when failing.

3.1.2. Data Modulation
The use of a 2-channel DAC in together with a
switch as shown in Figure 4 makes possible both
communication, by switching between two possi-
ble values, and controlling the idle current, by not
switching and changing the voltage on the respec-
tive DAC channel. The resistors R1 to R4 are used
to scale down the output voltage of the DAC, so
that the LED current is within the range defined in
the requirements.
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Figure 4: Data modulation circuit.

The circuit was made this way so that each of
the DAC’s channel can be independently controlled
by easily changing the resistors’ value, in case it is
needed in future versions/implementations of this
system.

3.1.3. Digital Addressable Lighting Interface
A solution based on [19] was developed in order
to control the current consumption of the circuit,
since the current consumption is limited to 2 mA
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Figure 5: DALI slave circuit to be implemented on
the project. Adapted from: [19].

per device connected to the DALI bus. The circuit
may be found in Figure 5.

The current limiting capabilities are achieved by
R4, R5, Q1 and Q2. D1 and C2 combine to form a
simple voltage source in order to supply M1’s gate
and to limit the voltage level at which the system
considers a logic one or zero. The LED inside U2

prevents C2 from discharging through the current
limiter. The optocouplers isolate the DALI bus
from the remaining circuitry so that in case the bus
misbehaves, the luminaires may still remain turned
on.

When transmitting, a logic 0 is determined by
puling the TX pin of the microcontroller low, which
makes the transistor in U3 conduct, thus making M1

turn on and pulling the DALI line low (with the
current limited to 250 mA by the control unit). On
the other hand, a logic 1 is determined by pulling
the TX pin high, thus turning off M1.

For the reception, a logic 1 is received when the
voltage on the line is higher than the sum of D1’s
Zener voltage the forward voltage of the LED inside
U2 and U1

1.

3.2. Receiver

Figure 6 shows the receiver’s block diagram. The
output of the photodiode amplifier is connected to
a high-pass filter to retrieve and amplify the data
signal and to filter noise from other light sources.
At the output of the filter, a comparator will decide
the logic value of each one of the bits received.

A low-pass filter is presented in order to deter-
mine the light intensity of the surroundings, so that
the luminaire can change it’s intensity in order to
provide energy savings. Moreover, an automated
commissioning system can be developed later on
by using the relative intensity between luminaires.

1The voltage drops on R4 and Q2 were ignored for sim-
plicity.
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Figure 6: Block diagram of the proposed receiver.

This will be achieved by connecting the output of
the low-pass filter to an ADC, available on the mi-
crocontroller. Although presented, this is not part
of the scope of the project.

3.2.1. Photodiode Amplifier
Linear Technology provides an application circuit
with LTC6244 [9] that provides a solution with a
1.6 MHz bandwidth, low noise and gain of 1 000 000,
which can retrieve up to 8 harmonics of a 100 kHz
square wave. The circuit may be found on Figure
7.
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Figure 7: Photodiode amplifier circuit proposed by
Linear Technology in [9].

On this circuit, the amplifier was changed due to
stability problems with the comparator stage. The
photodiode was also changed since the original was
sensible to infrared waves. Although not explicit
in Figure 7, 3 photodiodes were used in parallel in-
stead of one, to provide a greater gain to the sys-
tem. This reduced the bandwidth of the circuit, but
it didn’t affect the overall performance.

3.2.2. High-Pass Filter
Apart from filtering, it is necessary to amplify the
signal. Although it is amplified on the first block,
the signal amplitude is not enough for the compara-
tor to decide between a logic one or zero. For this
reason, a Sallen & Key high-pass filter with gain
complies with the specifications - see Figure 8.

Earlier experimental testing revealed that for cor-
rect operation a minimum amplitude of 100 mV
must be present at the input of the filter. Thus,
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Figure 8: High-pass Sallen & Key circuit.

the filter should have a gain of 10, at least. This
outputs a minimum amplitude of 1 V.

As the signal’s frequency is more than 50 kHz, it
was decided that the cutoff frequency of the filter
should be 5 kHz, so that the entirety of the signal
can be located on the constant gain region of the
passband.

One aspect to have into account when design-
ing this filter is the influence of the quality fac-
tor, Qp, on the step response. An high Qp filter
(Qp > 0.5) responds quickly to a step, but tends
to oscillate. A low Qp filter (Qp < 0.5) has less
oscillation, but the step response is slower. A third
case Qp = 0.5 combines the benefits of both of the
previous cases, resulting in a system with low oscil-
lation and faster step response. The responsiveness
is important, since a slow response combined with
noise might lead to decision errors on the compara-
tor. For this reason, when designing the filter, it
was chosen Qp = 0.5.

Since the calculations for the resistors and ca-
pacitor values lead to values that are not sold in the
market, the closest values were chosen. This lead to
a cutoff frequency of fp = 4937 Hz and Qp ≈ 0.61.

3.2.3. Comparator

A comparator with an inverting hysteresis assem-
blywas considered - see Figure 9.
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Figure 9: Comparator in an inverting hysteresis as-
sembly. For simplicity, decoupling capacitors are
not shown.

A non-inverting hysteresis would be a more ra-
tional way to accomplish this, since turning on the
luminaire would imply a high bit. Though, the
threshold values are more difficult to be defined and
the hysteresis tends to be slightly larger [15].

Accordingly to [1], the ratio of the resistors R3

and R1 is given in function of the high and low
voltage threshold values, VTH and VTL as

R3

R1
=

VTL

VTH − VTL
. (3)

The ratio R2/R1 can also be equated to

R2

R1
=

VTL

VCC − VTL
. (4)

As the system is susceptible to noise and, being
based on light reflection, the signal received doesn’t
have always the same amplitude, due to changes in
the rooms configurations, for instance. Thus, the
threshold values need to adapt accordingly to each
environment. This could be achieved by consider-
ing, for instance, R1 as constant, and make R3 and
R2 variable, via digital potentiometers, that would
communicate with the microcontroller.

For the proof of concept, after analysis of the
signal, it was consider the threshold values VTL =
0.2 V e VTH = 0.25 V. Upon calculations and ap-
proximations that lead to the values on Figure 9, it
was re-calculated VTL ≈ 0.22 V and VTH ≈ 0.26 V.
Note that the resistors used are not precision resis-
tors, thus there are expected large shifts on these
values, which need to be considered upon testing.
Moreover, the effect of R4 wasn’t taken into account
in the computation of VTH and VTL. In fact, VOL

cannot be equal to 0 V due to the saturation volt-
age of the comparator’s output transistor saturation
voltage. VOH can’t also be equal to 5 V. Accord-
ingly to [17] that approximation is valid if consid-
ered that R4 << R3, which is the case.

3.3. Visible Light Communication Protocol
Due to the cost restrictions, the protocol used on
the VLC needs to be as simple as possible, so that
the cost of hardware can be kept low. Protocols
like OFDM are impossible to consider, giving their
complexity. A simpler way of solving this problem
is by adapting the DALI protocol to VLC. Thus,
the LEDs need to turn on and off at a given rate
(OOK) via a Manchester coded signal.

The VLC protocol developed only has one frame,
used in both transmission and reception - see Fig-
ure 10. This frame is similar to the DALI forward
frame [10], apart from an extra bit, which is used
as a parity bit. This offers error detection to the
protocol that is useful since the signal is prone to
noise.

The communication is done by considering that
the average light intensity of the signal, whilst
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transmitting, is equal to the one while on idle. As
the LEDs’ current doesn’t have a linear relationship
with with it’s intensity, it is first necessary to estab-
lish a relation, whose test concluded in the results
shown in Figure 11.

Figure 11: Experimental curve of the system’s light
intensity, in lux, versus the 8 bit arc power level.

The results show that the luminaire’s light inten-
sity is constant among two distinct intervals. The
first one, defined on ]0, 15], is related to the min-
imum power level of the system and as a mean of
49.23 lux. The second one, in the interval [195, 254],
defines the maximum intensity that the LED can
provide, with a mean of 445.88 lux . The interval in
between, can be expressed by and 2nd order polino-
mial equation, given by

f(n) = −0.0085n2 + 3.9675n− 3.6405,

16 ≤ n ≤ 195.
(5)

Thus, instead of duplicating the current, one
wishes in fact to duplicate the light intensity - see
Figure 12. By doing this it is noted that for power
levels above approximately 65 there can’t be no du-
plication of the light intensity when transmitting.
Interestingly enough, the human eye does not per-
ceive the subtle change of light intensity verified
above, as it’s perception is also not linear.

As the human eye has not a linear response, the
values can be refined even further, thus providing
an even greater transmission power - see Figure 13.

Another interesting aspect of the system is that
the LED’s shouldn’t turn completely OFF while

Figure 12: Theoretical ON-State 8 bit power levels,
according to the average power value on the lumi-
naire.

Figure 13: Tuned ON-State 8 bit power levels, ac-
cording to the average power value on the luminaire.

transmitting data. If so, the signal would be af-
fected by overshoots and undershoots due to the
cut-off operation. Thus, the minimum current is
defined to be 16 mA while transmitting data.

4. Results

Although the system is defined as DALI compat-
ible, some aspects need to be in accordance with
the protocol. For instance, the DALI transceiver
needs to be able to correctly receive and transmit
messages.

The protocol was tested via a query command.
Figure 14 shows a broadcast QUERY STATUS com-
mand sent by the controller. The reply needs to be
between 2.92 ms and 9.7 ms. As it can be seen, it
takes 4.85 ms to occur, thus it respects the protocol.

A closer look on the reply reveals that the fre-
quency of operation is also in accordance with the
protocol - see Figure 15.

The DALI interface current consumption was also
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Figure 14: Command QUERY STATUS and reply
from the luminaire.

Figure 15: Frequency of DALI messages sent by the
luminaire.

evaluated, which measured 1.69 mA, being in accor-
dance to the protocol (2 mA at most) and very close
to the theoretical value of 1.62 mA

It was also tested the bus voltage that evaluated
a HIGH level, which the limit was measured at ap-
proximately 10 V. This value is 0.5 V above what
is stated by the protocol, which is considered to be
valid, since changes in components may affect this
limit.

Another aspect worth testing is the fade rate and
fade time related commands, as their implementa-
tion suffered changes. The test of this functionality
was done by following the suggested tests refereed
on IEC62386-102.

Table 1 summarizes the results for the testing
done on the fade rate. This test consists in sending
a sequence of evenly spaced (100 ms apart) DOWN
commands and analyse how many steps did the level
of light suffered. The same is then done with the
UP command. Due to excessive redundancy and as
this test is time consuming, only half of the testing
was done, i.e., the sequence of DOWN commands.
As it can be seen, the luminaire passed the test.

For the fade time there are 4 similar tests to do
according to the protocol. For the same reasons
stated above, only one of them was made, which
yield the results in Table 2. The test was done by
sending Direct Arc Power Control commands to the
luminaire and evaluating the time it takes to change
it’s level, which should be the same as the fade time,
within an acceptable error. The time is measured
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0 N/A N/A N/A N/A

1 1 64 72 78

2 2 68 72 83

3 3 64 71 78

4 5 68 76 83

5 7 64 73 79

6 11 67 77 84

7 15 63 71 79

8 22 64 73 81

9 31 62 71 80

10 45 63 73 82

11 63 61 72 81

12 90 60 74 83

13 127 58 73 85

14 181 55 74 88

15 255 51 73 91

Table 1: Number of steps obtained by fade rate
(n) and number of DOWN commands needed to be
sent, versus the minimum and maximum values of
steps considered in the protocol.

by sending QUERY STATUS commands, until the
’fade is running’ bit is unset. Note that the values
of OCR1A were changed in order to better tuning
the fade times.

Moreover, a test on the LED’s current was done.
The findings can be addressed in Figure 16. The
first thing to notice is that, up to 15 bit level, the
current remains constant. This is due to the physi-
cal minimum level of the system, which doesn’t al-
low the current to be below 6.57 mA in order to
provide a proper VLC link. This level is in accor-
dance with the protocol and can be defined in the
code.

It can also be seen a constant error between the
projected values and the ones obtained of approxi-
mately 2.75 mA. This is due to the non-ideal char-
acteristic of the components involved. This error
might be bigger, as the amplifier has a voltage off-
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0 N/A N/A N/A N/A

1 250 0.68 0.72 0.78

2 344 0.90 0.97 1.10

3 852 1.27 1.39 1.56

4 1219 1.80 2.06 2.20

5 1707 2.55 2.68 3.11

6 2439 3.60 3.88 4.40

7 3477 5.09 5.59 6.22

8 4881 7.20 7.59 8.80

9 6895 10.18 10.70 12.45

10 9764 14.40 15.16 17.60

11 13792 20.36 21.30 24.89

12 19529 28.80 30.80 35.20

13 27647 40.73 42.69 49.78

14 39061 57.60 60.41 70.40

15 55235 81.46 85.23 99.56

Table 2: Fade time obtained according to the up-
dated values of OCR1A versus the minimum and
maximum fade times considered by the protocol.

Figure 16: Theoretical (dashed line) and Experi-
mental (dotted line) LED’s current.

set 7 mV , which implies at least a 7 mA error on
the current. This possibility was taken into account,
but it was decided to address the accuracy of the
value of the current versus it’s intensity on a later

phase of the project, along with a Lighting Engi-
neer.

Figure 17 shows a Direct Arc Power Control com-
mand (level 254) sent via light, whose signal was
taken at the terminals of one of the 1 Ω resistors
that compose the voltage controlled current sink.

Figure 17: VLC message, taken from the terminals
of one of the 1 Ω resistors that compose the Voltage
Controlled current sink.

Figure 18 shows a message received from light
seen at the output of the high-pass, were the lumi-
naire is 3 m apart from the receiver.

Figure 18: VLC message, taken from the output of
the high-pass.

The interval A is a small stimulus created on the
luminaire by turning it on or off, depending on the
initial state of it, in order to correctly characterize
the first bit. If this is not done, there is the possibil-
ity that the first bit sent is lost, due to the transient
of the filter. The interval B refers to the stop bits of
the protocol. As the luminaire stops blinking, the
remaining of the system is a step response on the
receiver side. The interval between A and B is the
VLC message, note that the signal received as low
quantity harmonics, due to the increase of the num-
ber of photodiodes on the first stage of the receiver.
The current on the resistor swings between 148 mV
and 16 mV, as expected per protocol definition.

Another aspect worth noticing is the peak-to-
peak amplitude of the received signal, which is ap-
proximately 1.41 V. Though due to the comparator,
only the positive part is used.

Figure 19 shows the output of the comparator
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added to the oscilloscope. As it can be confirmed,
the comparator operates on the inverting hysteresis.

Figure 19: VLC message, taken from the output of
the high-pass (down) and taken from the output of
the comparator (up).

5. Conclusions
This work made possible to prove that it is possible
for two luminaires, on the same plane and facing the
same way, to communicate using light reflection.

Their installation is no different than the usual
luminaires. In fact, it’s simpler and faster, as the
number of luminaires that are connected to the
DALI bus is diminished, thus time is saved on cable
management.

The developed driver proved to work at a dis-
tance of 3 m between luminaires. Though, a more
careful (and more expensive) tuning could be done
to provide an even greater distance. For instance,
the comparator could be changed to a window com-
parator arrangement, so that the negative part of
the signal received could also be used on the de-
cision. Moreover, a blue filter could be fitted on
the receiver in order to increase the communication
speed and reduce the noise, since the white LED
used are made from a blue source and an yellow
filter.

Due to the decisions made along the creation of
the driver, the end result was a versatile driver. It
can work with any LED arrangement and supply
voltage2. It was also discovered along the course
of the thesis that this driver, with minimal changes
on the layout of the PCB, can be used as a RGB
controller.

The cost of the circuit, excluding the cost of the
PCB and power supplies, is no more than 10 e3,
which is an acceptable cost, taking into account the
complexity of the receiver.

Although it is proven to work, this system can be
upgraded by using a stronger microcontroller such
as ATSAM3S1B, which features an integrated 2-
channel DAC, offering a better current resolution.

2As long as the absolute maximum ratings of the circuit
are not jeopardized.

3This is an overestimated value, since data from decou-
pling capacitors and other low-cost components are missing.

With it’s 10 channel, 12-bit ADC would also be
possible to sample the LED current of each one of
the arrays and detect any flaws within the system,
such as a LED strip that doesn’t turn on. An energy
meter could also be added to the circuit, in order
to provide energy consumption information to the
user, for further energy savings.

One aspect that differentiates this implementa-
tion with the ones found during research is the lack
of IDLE patterns while not communicating, thus
providing a less populated channel. This might be
implemented in the future, since the presence of
IDLE patterns helps the system to recalibrate the
receiver on the comparator stage.

Moreover, the problem of communicating via
VLC while the lights are turned off still remains.
Nevertheless it is possible to turn a group of lights
on from an off state. This problem might be solved
by adding more intelligence to the driver, so that,
while off, the luminaire enters an autonomous state
until turned back on.
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