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Abstract

This paper describes the design and implementation of a new digital dim-
ming electronic ballast with the capability of being remotely controlled in a
digital way, this is achieved through a novel lighting network based on Con-
troller Area Network (CAN) bus standard. The proposed ballast was de-
signed to drive a T5, 28 Watts fluorescent lamp. The proposed functional
performance was tested using an implemented lighting network system
based on CAN 2.0A bus specification. The defined lighting network func-
tions include dimming, turning on and off, and fault condition detection.
The network control is made with a lighting system software in a personal
computer (PC) through one specific CAN node, being able to address up to
2047 individually controllable ballasts. According to the obtained results the
proposed digital dimming electronic ballast performed the established func-
tions successfully, meeting C class of the International Electrotechnical Com-
mission (IEC) standard. The resulting system consists of a novel fully
functional CAN bus lighting network with a reliable two wire remote con-
trol. Applications for this CAN Bus lighting network include lighting sys-
tems focused on design issues like lamp dimming control for electrical
energy consumption savings and efficient lamp maintenance. Such applica-
tion areas cover building lighting management, precision lighting effects,
and studio lighting.
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Resumen

Este articulo describe el disefio e implementacién de un nuevo balastro elec-
tronico digital con variacion de intensidad luminosa controlado digitalmen-
te a distancia, mediante una novedosa red de iluminacién basada en el es-
tandar Bus CAN (Controller Area Network). El balastro propuesto opera
con una ldampara fluorescente del tipo T5, 28 Watts, el cual se implemento en
una red de iluminacién basada en la especificacion CAN 2.0A. Se incluyeron
funciones de variacion de intensidad luminosa, apagado, encendido y detec-
cion de condicion de fallo. El control de la red se realiza con un programa en
una computadora personal (PC) a través de un nodo CAN especifico, con el
cual es posible controlar individualmente hasta un maximo de 2047 balas-
tros. De acuerdo con los resultados obtenidos el balastro electrénico pro-
puesto realiza exitosamente las funciones establecidas, cumpliendo con el
estandar internacional clase C de International Electrotechnical Commission
(IEC), lo cual permite la implementacién de una red de iluminaciéon CAN
novedosa completamente funcional con control remoto confiable. Las apli-
caciones para esta red de iluminacién CAN incluyen sistemas de ilumina-
cion enfocados al control de intensidad luminosa para ahorro en el consumo
de energia eléctrica y mantenimiento eficiente de ldmparas. Tales areas de
aplicacion cubren sistemas de mantenimiento de lamparas en edificios, efec-

Descriptores

e balastros electrénicos

e control de iluminacién

o interfaces de redes

e estdndares de comunicacion

o CAN

e aplicacién de microcontrola-
dores

tos luminosos de precision e iluminacion de estudios.

Introduction

The use of electronic ballasts to drive fluorescent lamps
has been increased mainly due to the advantages they
offer compared with electromagnetic ballasts. In early
proposals the ballast design goal was focused to pro-
vide just enough light for visual tasks on specific areas.
Nowadays, the electronic ballast design goal has been
extended to achieve more efficient systems including
design issues like: low harmonic distortion, high pow-
er factor and light dimming, reducing in this way elec-
tric energy consumption. Another important ballast
feature is the controllability, which is the ballast capa-
bility for sending and receiving information through
some reliable network communication protocol, allow-
ing a remote control of a complete lighting environ-
ment.

Currently, there are available electronic ballasts de-
signs meeting the mentioned features. Some controlla-
ble ballasts use an analog 1-10 VDC signal to perform
just lighting intensity control, while electronic ballasts,
based on digital control, are capable to feature more
complex tasks, such as lighting dimming with a dedi-
cated digital power controller (In-Hwan, 2004), and re-
mote control based on lighting network communication
protocols. Most of the existing lighting network sys-
tems are based on a master-slave scheme such as the
proposed in (Marchesan et al., 2004) and (Alonso et al.,
2000), where the power line is used as transmission me-

dia. One of the most commercially available lighting
network based on a master-slave scheme is the Digital
Addressable Lighting Interface (DALI) (Contenti et al.,
2002), (Hein, 2001), that performs individually electron-
ic ballast control.

DALl s a standard lighting system protocol defined
by the Europe lighting industry (DALI, 2001), allowing
digital communication in electronic ballasts systems.
This standard is an asynchronous serial protocol using
a two-wire differential signal. A DALI lighting network
is composed by one DALI Control node and up to sixty
four ballast nodes. The communication is based on a
master-slave scheme without collision detection and
avoidance features, where DALI Control node sends
commands and data to any ballast node (Forward Mes-
sage Frame) and each ballast node sends data to DALI
Control node (Backward Message Frame). By this way
it is not possible the information transfer between two
ballasts without DALI Control node intervention (Hein,
2001). Due to the lack of integration presented in DALI,
the use of external global systems has to be employed.
An example of such global systems is the Integrat-
ed Building Environmental Communications System
(IBECS), which is a communication network that allows
most building equipment loads, including individual
light fixtures, operable window blinds, motors and en-
vironmental sensors, be controlled and monitored by
an Ethernet network (Rubinstein ef al., 2000), (Rubin-
stein et al., 2003).
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Most of the lighting industry efforts for the develop-
ment of advanced lighting systems, commonly using
environmental sensors for automatic light control, are
focused to meet two main design goals: to achieve elec-
trical energy consumption savings and to increase
work productivity by providing control over the work-
place light.

The Controller Area Network (CAN) is an asyn-
chronous serial communication protocol for microcon-
trollers networks, which is based on carrier sense
multiple access/collision detection (CSMA/CD) and
supports distributed real-time control (bit rate up to
1Mbps) with a very high level of security (Bosch,1991).
CAN communication protocol is based on a distributed
scheme, there is no control unit, allowing a direct data
transfer between any two nodes without a master node
mediation. The CAN protocol was initially created in
mid-1980s as a robust solution for automotive applica-
tions, and since 1990 CAN has become a reality in auto-
motive applications as well as in industrial control
design, (Lawrenz, 1997). Standard ISO 11898 defines
CAN bus as a two wire reliable protocol for high-speed
applications (Microchip, 2002). A standard CAN bus
configuration is implemented with CAN nodes com-
posed by the modules: microcontroller, CAN controller
and CAN transceiver, as shown in figure 1.

This paper describes the design and implementa-
tion of a digital dimming electronic ballast capable of
being part of a novel CAN bus controlled lighting net-
work. In next section the development of a CAN bus
lighting network system, using the proposed ballast, is
shown. In following two sections the proposed digital
electronic ballast and the developed lighting system
software are described. Finally experimental results
and conclusions are presented in last two sections.

Can bus lighting network system

The general block diagram of the lighting network is
shown in figure 2. A personal computer (PC) performs
the system control through one specific CAN network
node (CAN node 0). The CAN 2.0A specification is
used, thus the network system allows a maximum of
2047 digital dimming electronic ballasts be individual-
ly controlled. The defined network functions include:
dimming, turning on/off, and fault condition warning
such as lamp removal, end of lamp life or broken tube.
The network communication is done through the two
differential signals: CANH and CANL, in this way a
remote two-wire control is achieved.

Each ballast in the CAN network has an individual
and unique assigned identifier. This identifier is an
eleven bits number in the range from 0x01 to 0x7FF. The
addressing range might be divided to achieve other
functions, such as lighting group control, where each
ballast would have both individual and group identifi-
ers. Also some identifiers would be reserved for special
purpose features with functions like sending informa-
tion from local environment sensors through the light-
ing network.

The PC control is made through the CAN node 0,
identifier 0x000, which performs either PC-ballast or
ballast-PC communication. For first case one speci-
fied ballast is requested to execute an instruction, dim-
ming for instance, in two phases. First the instruction is
sent through the PC serial port to CAN node 0 as a four
bytes code (two bytes for ballast identifier, one for in-
struction code and one for dimming level). In second
phase the CAN node 0 transmits the instruction code as
a CAN data frame to the addressed ballast, whose iden-
tifier field includes the eleven bits identifier of the spe-

CAN Node 1 CAN Node 2 CAN Node 3
Microcontroller Microcontroller Microcontroller
CAN Controller CAN Controller CAN Controller

- i -

i - i

| CAN Transceiverl

| CAN Transceiverl

| CAN Transceiverl

CANH

200 3

YWY

BUS CAN

3 1200

2

CANL

Figure 1. The 1SO 11898 standard CAN bus configuration scheme
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cific ballast and the data field includes the instruction
code. In the same way two phases are done in a ballast-
PC communication where a specific ballast message is
received by the PC, such as fault condition. In first
phase a CAN data frame is sent by the specific ballast to
the CAN node 0, including as identifier field its 11 bits
identifier and a fault message code as data field. In
second phase CAN node 0 sends the received fault
message code and ballast identifier, through the serial
port, to the PC in a 3 byte format (two bytes for ballast
identifier and one for the message code). When the
fault message code is received by the PC the sys-

tem control software shows a warning fault condi-

tion to the user in the PC screen, indicating both

the fault type and the ballast identifier having the

fault condition. In the same way more ballast local
conditions messages might be added to the sys-

tem (up to 256), for instance environmental sensor

data (occupancy, daylight, temperature, etc.). The
CAN node 0 block diagram is illustrated in fig-

ure 3, which is composed by: CAN transceiver
(MCP2551), microcontroller with on chip CAN
driver and serial ports (Microchip PIC18F258),

and one RS232 serial interface (MAX232).

The CAN bus standard collision detection and
avoidance features allow information transfer be-
tween any two ballasts, or between one ballast
and several ballasts, without PC or node 0 media-

12m§

Figure 3. Block diagram of CAN node 0

tion, in this way implementation of additional control
features is possible, such as the required ones in an in-
telligent lighting system (Miki et al., 2004).

Electronic ballast design

The block diagram of the proposed digital electronic
ballast is shown in figure 4. The overall structure is
composed of three main components: the input stage,
the resonant inverter stage and the digital communica-
tion stage.

' PIC18F258 '
Microcontroller i
. CAN Module
: CANTX CANRX 3
s &

k

TX RX

f
I

L CAN Transceiver
. IMCP2551)

3 CANL CANH

CAN BUS % 1200
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Figure 4. Block diagram of the digital dimming electronic ballast

The conventional front-end off-line converters typi-
cally consist of a full bridge rectifier (FBR), a capacitor
filter, and one unregulated DC bus. For such converters
the current drawn from the AC mains is a series of nar-
row pulses whose amplitude is five to ten times higher
than the resulting DC value; a lot of drawbacks result
from that: high semiconductor current stress, high RMS
current drawn from the line, distortion of the AC line
voltage, overcurrents in the neutral line in three-phase
systems and, after all, a poor utilization of the pow-
er system energy capability.

The use of a Power Factor Correction (PFC) pre-reg-
ulator, located between the FBR and the filter capacitor,
allows drawing from the mains a quasi-sinusoidal cur-
rent in-phase with the line voltage. In this way the
resulting power factor approaches to unity and the
drawbacks described above are reduced.

The ballast input stage is composed by an EMI filter,
a FBR and a DC/DC boost converter. This section is
based on the integrated circuit L6561, as shown in fig-
ure 5, which controls the PFC preregulator using the
transition mode technique, this approach consists of a
Zero Current Turn-on system, switching with variable
frequency and duty cycle. Given the desired specifica-
tions the main design issues in this mode approach are:
boost inductor and bulk capacitor values computation
and switching transistors selection. The input stage de-
sign specifications are: input line voltage in the range of
90 to 140 Vrms, rated output power of 35W, minimum
switching frequency of 35KHz and a regulated DC out-
put voltage of 350 VDC.

The boost inductor design involves several param-
eters and different approaches may be used. In order to
ensure a correct transition mode operation the induc-
tance value (L) is usually computed such that the mini-

mum switching frequency is greater than the maximum
frequency of the internal starter. The inductor value is
given as:

2
{/ir1rls(méx)L‘/(7 - \/E‘/irms(méx)J
2 j;w(min) B‘/o

L:

, Q)

where V,,.;, is the maximum input voltage, V, is the

desired DC output voltage, f, i i the minimum
switching frequency and P, is the input power value.
An inductance value of 2.18 mH is obtained for the de-
sign parameters values: V.. = 140 V, V = 350V,
Frominy = 35 KHz and P, =55.55 W.

The minimum value of the output bulk capacitor
(C,) depends on the DC output voltage V,, the tolerated

voltage ripple AV, and the output power P,

P
C=—-90 2
e @)

avalue of C,=9.47 uF is obtained for P, =50 W, f=120 Hz
and AV, =10. A commercial value of 22 uF was used, as
shown in figure 5.

The switching MOSFET transistor is chosen mainly
by its drain-source on resistance, R,,. Since the break-
down voltage is fixed just by the output voltage then
the transistor selection depends on the specified over-
voltage, the safety margin and the output power. The
MOSFET power dissipation is given by the conduction
and switching losses. The conduction power loss is giv-
en by:

P

Mconduction

=12 Ry, =(0.5467)>-(0.85)=0.2540 watts (3)
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Due to the transition mode operation the switching
losses occur only at transistion falling edges of the
switching transistor:

PMswitching = ‘/a : Irms : tfall : f;w

= (350)(0.6172)(20e — 9)(35000)

=0.1512 watts. (4)
According to the computed transistor power dissipa-
tion the selection of the transistor IRF840 to perform the
switching task fulfills the required specifications.

The boost freewheeling diode D, must have a fast
recovery time, which is met by the MUR1560. The value
of its DC and RMS current, useful for losses computa-
tion, are given respectively by:

I,, =1,=01428 A,

IDrms =2 \/E Irms ' 49\/E ’ ‘i;ms
TC 0
4-42 (12
=22 (0.6172). 9*[-2358;
= 04572 A‘rms (5)

Microcontroller power supply
VCDI1

Table 1. Inverter Design Parameters

Parameter Value
Maximum preheat voltage 340 Vpk
Preheat time 1 Sec
Preheat current 0.4 Arms
Maximum ignition voltage 750Vpk
Power at 100% 28 W
Voltage at 100% 270 Vpk
Power at 2% 0.56 W
Voltage at 2% 300 Vpk

The resonant inverter stage, shown in figure 6, was de-
signed to drive a T5, 28 Watts fluorescent lamp type al-
lowing a current mode preheat starting. The design
parameters to drive the lamp are shown in the table L
This stage is performed by the International Rectifier
integrated circuit IR21592, which has a dimming inter-
face for analog lamp power control. The dimming is
controlled by a DC variable voltage in the range of 0.5
to 5.0 volts applied in the Dim pin (International, 2005).
In the resonant inverter stage a fault condition detec-
tion circuit is proposed, as shown in figure 6, which is
implemented with the operational amplifier LM358 op-
erating as comparator. The comparison is made be-
tween a fixed internal voltage reference and the voltage

Serial communication power supply
cD2

LM7E0S LM7EDS
DB o2 =
vouT 2N DIN40D4  D1N40D4 VIN 2 vouT
o cE 4
1000uF
- o1 D13
DIN4DD4 DIN4DD4
—= <]
= JZ Signal from microcontroller
Laux1 Leux2 Lawd
17 uH ® 3TuH e ITuH ,__l
o7 =
MUR 1580 [p—
. Tt —+=__1 Bus DC+
L
= R4 D& c5 ARG 218 mH L
3 2ok DN#14E  10nF 100 3 'R'r Relay
TYYY
P "W
Wh
R1 RS 08 S Ru
o1 D2 M 220k 15 L E
D1N4004 Z5  D1N4004 25 cE 3 2&102k Ak
= RTS  F
-3
! 4 e7
= c1 T 2uF aerr
Vac Fa0F i _| 35OVISOW
90-140 R2
( ) 820k o & > N
Q= R - M1
ilco 8 15 ] IRFB4D L
GD = L
Lesa1 o s R
o3 L D4 ‘ 3 -
DiN4004 D1N40O4 MULT s 4 33k
o
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> 12x Tnmﬁ Imur T.luF o s T s
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Figure 5. Input stage schematic diagram
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Figure 6. Resonant inverter stage

on SD pin of IR21592. When the lamp tube is removed
or broken a fault condition occurs and the IR21592 en-
ters in fault mode turning off its driver outputs, HO
and LO, protecting in this way the ballast. A rising volt-
age transition is obtained at the comparator output
when the fault condition occurs. Such transition acti-
vates the microcontroller enabled external interrupt
INTO, whose interrupt service routine sends a data
frame to the CAN node 0 through the CAN bus net-
work, including the ballast identifier and the fault mes-
sage code. If the lamp is replaced, the sequence process
(preheat, ignition and dimming) takes place again.

PIC18F258
Microcontroller

| CCP module

Figure 7. Dimming DC voltage level generation

IR21592 j

The dimming voltage is controlled remotely through
the CAN bus network. This level is transmited by CAN
node 0 as an 8 bits number representing the duty cycle
value of a PWM signal with a fixed frequency of 40
kHz, which is generated within the Compare/Capture/
PWM (CCP) module of the Microchip PIC18F258 mi-
crocontroller. The dimming level voltage is obtained
from the average voltage of the generated PWM signal,
through RC filtering, as shown in figure 7.

The digital communication stage is the interface be-
tween the digital electronic ballast and the CAN net-
work. This stage can be implemented using any Full

Dim VCC|
LO

~HO

LRES = 2.8 mH =

" — -
Bl CRES = 4.7 nF Lamg

L

i
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CAN controller, the proposed prototype communica-
tion stage uses the on-chip CAN controller of Micro-
chip PIC18F258 microcontroller, (Microchip, 2004), and
the CAN transceiver MCP2551, which supports up to 1
Mbps transfer rate meeting the ISO-11898 standard
physical layer requirements (Microchip, 2003). The
CAN controller bit rate was configured to 200K bps, al-
lowing a maximum ballast to ballast distance of 250
meters. In order to avoid potential short circuit failures
on the CAN network the ballast input stage is isolated
with high speed Hewlett Packard optocouplers
HCPL2202 (Hewlett, 1998), as shown in figure 8.

The proposed ballast includes one communication
stage for each lamp allowing in this way individual
control, which is useful in several applications such as
generation of special lighting effects. Group controlling
would be possible assigning two different identifier
values to each one of the lamps within the group. One
would be used for individual control and another for
group control. If only group controlling is required the
implementation might be done using only one commu-
nication stage per lamps group, having in this way all
lamps the same identifier value.

The addition of a CAN-Ethernet interface as a CAN
node in this lighting network would allow building
area control. In this way several building areas might
be controlled through the existing building Ethernet
network.

PIC18F258
Microcontroller
CAN Module
CANTX
CANRX
VDD VSS
JE
| | |
HCPL-2202 2 hien GNP HCPL-2202
e PRLTE B N rCP0
GND! Voo -
| [ [

%7 R =1200
—m

N
TXD RS

VDD
— RXD

VREF —

CAN Transceiver
MCP2551

Isolation of the serial communication

1
1
]
1
1
1
1
1
1
]
:
i =" vss
]
1
1
1
]
1
1
]
1
1
]

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Figure 8. Digital communication stage

VDCl

CANH f————) CANH
CANL —————1 CANL

CAN Bus cable

When one specific ballast receives an instruction
code from CAN node 0, the microcontroller decodes
the function to be executed. In this way instruction
codes were proposed to carry on the defined network
functions. The dimming function code is 0x03 and the
dimming level is given by a number in the range of 0 to
100 (0-100% dimming), which establishes the PWM
duty cycle. The functions of turning on/off are coded as
0x081/0x082, when any of these functions is requested
the microcontroller enables/disables the relay shown in
figure 4. The use of one-byte length instruction codes
allows up to 256 instructions be added to the proposed
system, such as group dimming (broadcast), local envi-
ronmental sensors reading, programmable sequences
execution, etc.

Lighting system control software

The lighting system control software was developed in
Visual Basic for Windows platform. The main window is
a Graphical User Interface (GUI) with three available
functions, as shown in figure 9. The serial communica-
tion between PC and CAN node 0 is opened with the
Serial Link tab.

Once the serial communication is achieved, configu-
ration and control functions of the lighting network
are available. The network configuration is made with
the Storage tab, shown in figure 9, where each one of
the ballasts can be added or removed
of the lighting network. Thee ballast
addition is done by defining its initial
setup, such as identifier, dimming lev-
el, dimming increasing step and status.

The lighting network control is fea-
tured in real time with the Ballast Con-
trol tab as shown in figure 10. This GUI
allows the execution of the chosen
function and status monitoring on spe-
cific ballast; the functions include dim-
ming with a sliding bar, turning on and
off buttons. In figure 10 is shown the
case of a small lighting network with
three ballasts, where one of the ballasts
has a dimming level of 50%.

In the case of a fault condition is de-
tected in one specific network ballast,
the software pops up a warning win-
dow displaying the fault condition
type and the identifier of the failed bal-
last. For instance the fault condition
window for removal of lamp tube with
identifier 001 is shown in figure 11. In
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Figure 9. Storage window of lighting system control software

this way the software allows the user to know what the
problem is and where it is located; this is a good tool for
fast maintenance response.

Experimental results

The experimental prototype of the proposed digital
dimming electronic ballast is shown in figure 12. In or-
der to test the ballast performance a lighting network
was implemented with four CAN nodes, correspond-
ing to three controllable ballasts and one CAN node 0.
Several tests were made performing the defined light-
ing network functions successfully. In figure 13 is
shown one example of individual dimming control
with levels of 100%, 50% and 10% for each one of the
T5, 28 W fluorescent lamps. The measured electronic
ballast power factor was 0.96, and a total harmonic dis-
tortion of 12.36% was obtained, meeting the C class In-
ternational Electrotechnical Commission (IEC) stan-
dard EN61000-3-2 specification.

Error detected:

Lamp tube removal!!!
Balast ID: 001

Figure 11. Fault condition window for lamp tube removal

Figure 10. Ballast control window of lighting system control
software

The lamp voltage and current in steady state, the DC
voltage level and the PWM signals measured in the bal-
last with dimming levels of 100%, 50% and 10% are
shown in figure 14-16, respectively. The DC voltage is
used as dimming level voltage in IR21592 dimming pin.
As can be observed this DC voltage level is directly pro-

| !
Digital Communication Stage |Resonant Inverter Stage
CANFutocol

Figure 12. Physical prototype of digital dimming electronic
ballast

Figure 13. Digital controllable ballasts operating at 100%, 50%
and 10%
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Figure 14. Electronic ballast waveforms for dimming level 100%
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Figure 15. Electronic ballast waveforms for dimming level 50%
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portional to the PWM duty cycle, which value is con-
trolled through the lighting network. The lower PWM
duty cycle, the lower ballast current peak value, mean-
ing lower energy consumption. In this way the ballast
energy consumption is remotely controlled through the
CAN network according to the required dimming level.
Several ballast to ballast distance tests were made, ob-
taining good CAN data transmission/reception for a
maximum distance of 250 meters. Longer control dis-
tances may be achieved using smaller network bit rate.

There are a few commercially available lighting net-
works protocols, among them DALI is one of the most
widely used in developed countries. Main manufac-
tures of DALI components are: Advanced Transform-
ers, Beckhoff, Creative Lighting, Helvar, Lumernergy,
Lutron, Leviton, Luella Enterprise, Lightolier, Osram-
Sylvania, Tridonic Atco, Square D, Wattstopper, and
Zumtobel.

Some commercially available DALI components,
manufactures and current prices are shown in table 2.
As it is noted DALI components prices are high. For
instance the T5 1x28W DALI ballast price is $134 USD
in contrast an electronic ballast without DALI support
(high power factor and universal input voltage) has a
price varying from $20 to $30 USD.

On the other hand the total prototype component
cost of the implemented CAN bus ballast is approxi-
mately $45 USD, including its own DC power supply
source and its communication interface. Such proto-
type cost might be notably reduced if it is produced in
mass volume. It is important to highlight that an exter-
nal power supply source is not required in the pro-
posed ballast, as a DALI ballast does, since it is already
included in the ballast itself through the auxiliary wind-
ing shown in figure 5. The proposed ballast has been

Table 2. Characteristics and prices for dali components
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Figure 16. Electronic ballast waveforms for dimming
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level 10%

- Unit Price
Component Manufacturer/Characteristics (USD)
eZDALI/Four groups $ 155.00
Controller eZDALI/Two groups $115.00
eZDALI/Two groups/Four scenes  $230.00
Power eZDALI/ DALI compliance $230.00
Supply
Sylvania/High Power Factor
1x54W T5 $229.00
Sylvania/High Power Factor
134.00
Electronic 1x28W T5 $
Ballast Sylvania/High Power Factor
1x32W T8 $129.00
Sylvania/High Power Factor
2x28W T5 $239.00
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Table 3. Quote for lighting network example based on dali

.. Unit Price Amount Price

Component Characteristics (USD) (USD)
Controller eZDALI two groups $115.00 1 $115.00
Power Supply eZDALI Wattstopper $230.00 1 $230.00
Electronic Ballast Sylvania T5 1x28W $134.00 1 $134.00
Electronic Ballast Sylvania T5 2x28W $239.00 1 $239.00
Total $ 718.00

Table 4. Quote for lighting network example based on can bus

. Unit Price Amount Price

Component Characteristics (USD) (USD)
Controller Microcontroller $ 115.00 1 $ 115.00

solution, LCD display
and keyboard.

Power Supply NA $0.00 0 $0.00
Electronic Ballast T5 2x28W $45.00 3 $ 135.00
Total $250.00

designed taking into account efficiency and reliability
factors. Some preliminary thermal, EMI and operating
tests were performed to the prototype in the imple-
mented CAN bus lighting network. Such tests might be
extended in order to achieve a commercial product
through a manufacturing process.

As a matter of costs comparison the individual and
total prices of a DALI lighting network, meeting similar
specifications than the one exposed in this paper, are
presented in table 3. In the same way evaluated costs
for the lighting network using the CAN bus ballast are
detailed in table 4. Although an embedded network
controller was not implemented a cost of $115 USD was
estimated as enough for including a small controller
board as CAN node 0, where lighting network control-
ling and monitoring might be performed by the user
through a 4x16 LCD display and a small keyboard.

Conclusions

A fully functional digital dimming electronic ballast
has been described, which main feature is its capability
of being part of a novel and reliable lighting network
based on CAN bus standard. Hence each one of the bal-
lasts is digitally addressable through a distributed con-
figuration scheme; this is without a master node
mediation.

The proposed ballast was designed and implement-
ed to drive in preheat mode a T5, 28 Watts fluorescent
lamp. A CAN bus lighting network system, composed
of three ballasts and one controller node, was tested
with remote functions of dimming, turning on/off, and
fault condition detection.

The lighting network control was made through
one specific CAN node with a lighting system control
software in a PC. Each one of the network ballasts per-
formed the established functions successfully. Accord-
ing to the obtained results the proposed ballast presents
low harmonic distortion, high power factor and a reli-
able controllability through a robust lighting network.
The used CAN 2.0A specification allows the network
lighting system may be expanded to a maximum of
2047 individually controllable ballasts. But the use of
CAN 2.0B would increase the total number up to 229
network nodes.

The CAN bus introduction for controlling lighting
networks, based on the proposed ballast, allows the
performance of complex features. For instance a global
lighting system can be designed for a complete control
of lighting environment, where local environmental
sensors (e.g. occupancy sensors, daylight sensors, etc.)
and special functions (e.g. group dimming, predefined
lighting sequences and scenes, etc.) might be integrated
into the system.
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The implemented ballast is an initial prototype,
some improvements are considering for future work,
such as board area reduction, digital control for reso-
nant inverter stage and the addition of environmental
Sensors.

The proposed CAN lighting network might be ex-
panded to be part of a global network like Ethernet/In-
ternet, this would be possible using a commercial
CAN-Ethernet bridge. In this way the proposed light-
ing network control might be added to a global system
such as IBECS.

Applications for this CAN Bus lighting network in-
clude lighting systems with design goals: lamp dim-
ming control for saving electrical energy consumption
and efficient lamp maintenance. Those application ar-
eas might be building lighting management, precision
lighting effects, and studio lighting.
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