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DALI Control Device using XC836 DALI Board

1 Overview

Digital Addressable Lighting Interface (DALI) is a communication protocol for lighting control in buildings. The
interface was first described in Annex E, IEC60929 standard for fluorescent lamp ballast. Subsequently, it was
updated to the new standard IEC-62386, to include other lighting devices, such as LED, HID, and so on. The
complete standard for control interface of electronic control gears was published in June 2009. The standard for
lighting control devices is scheduled to be published in 2012.

DALI requires only a pair of wires to form the bus for communication to all devices on a single DALI network. Each
piece of operating equipment with a DALI interface can be communicated with, over DALI, individually. Using a bi-
directional data exchange, a DALI controller can query and set the status of each connected lighting device. As a
standalone system, DALI can be operated with a maximum of 64 devices. Alternatively, DALI can be used as a

Overview

subsystem via DALI gateways for connection to building management systems.

Grouped System : Brightness control within large open- plan office, lecture halls or conference
rooms . DALI can provide zoned or localised control of lighting Control could be offered through
infra-red remote control or a software control with GUI support, or used together as an easy
configuration tool to group loads together. Offering flexibility in customised lighting.

DALI Control Device(s)
(e.g. Control Panel, Remote Controller
, software control with GUI support)

DALI Bus

DALI Control Gear
(e.g. Lamp)

DALI Control Gear
(e.g. Lamp)

(
| Can connect up to 64
DALI Control Gear

Complex System : Multiple DALI systems can be connected together utilising gateways to building
management systems. Software programs offer more sophisticated programming functionality for
grouped systems, such as scenesetting, timeclock, and partition control.

Building
Management
System

.
DALI Control Device(s)
(e.g. Control Panel, Remote Controller
. software control with GUI support)

us

DALI Control Gear
(e.g. Lamp)

DALI Control Gear
(e.g. Lamp)

1__|Can connect up to 64
DALI Control Gear

Figure 1
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Overview

XC83x XC83x
DALI Slave Board DALI Slave Board

XC83x XC83x
SW Stack SW Stack
DALI DALI
PHY PHY

DALI BUS

Power
Supply

XC83x
DALI Master Board

XC83x DALI
SW Stack PHY

Figure 2 Block Diagram for DALI Control Device and Control Gear

An example solution for a DALI control device" has been created using the Infineon XC836 DALI Board. This
solution makes use of the available DIP switch on the XC836 DALI Board (KIT_DALI_RGB_XC836_DKV1) to
send user commands to the connected DALI control gear.

This document describes how the DALI control device software has been constructed and demonstrates the
supported software functions.

The following items are required for use with this application note:

+ 2 sets of XC836 DALI Board (KIT_DALI_RGB_XC836_DKV1) including DALI Control Gear Software Stack
(AP08102)

1) 1EC-62386 Part 300 for Control Devices is scheduled to be published in September 2012. This application example is
targeted at providing a method for the user to send out DALI commands frames.

Application Note 6 V1.1, 2012-10
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Hardware Setup

Hardware Setup

This section describes the hardware setup required for this example application. The control device, which makes
use of the XC836 DALI Board, has a standard 4 position DIP switch for user command decoding.

Details on the DALI control gear software and setup can be found in AP08102 DALI Control Gear Software Stack.

DALI Power Supply

15V supply with 100Q resistors
to power up the DALI bus line

DALI
Control Via

DIP Switch

DALI Master Board / DALI Slave Board .
(Control Device) / (Control Gear) |

Comprising of: ( / Comprising of:

- KIT_DALI_RGB_XC836_DKV1 - KIT_DALI_RGB_XC836_DKV1
- DALI Control Via DIP Switch

m— arwT— e

Figure 3  Hardware Setup for Infineon Control Device and Control Gear

The hardware setup for control device and control gear can be setup using the following steps:

1.

Connect the DAP MiniWiggler to the DALI Control board and download the generated hexfile using XC800
FLOAD in DAVEBENCH™ or KEIL UVision4. (Control Device file: DALIKIT Master.hex, Control Gear file:
AP08102_v1_2_Slave.hex).

To supply power for the DALI bus, connect 100Q resistors in series to each terminal of a power supply unit
supplying 15VDC. This supplies the DALI bus for the DALI network devices.

Connect the DALI Control Device (Master) and Control Gear (Slave) to the DALI bus. This completes the DALI
setup to control the device!

Application Note 7 V1.1, 2012-10
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Hardware Setup

Power Conn Connections for programming the DALI
Control G i DAP MINIWIGGLER
(Connector X3) 5V Supply ontrol Gear using a

2 |X3

VCC GND
VCC GND
Programming Pin 3] 2 HXZ ¢
(Connector X2)

SPD 412

T—- (KIT_DAL|_RGB_XC836_DKV1) KIT_DAP_MINIWIGGLER_USB
= 3F | I I

=>PC

KIT_DAP_MINWIGGLER U

KIT_DALI_RGB_XC836_DKV1

Figure4  Programming the DALI Control Board using the DAP MiniWiggler

DALI BUS

Connect to & 2
DALI BUS
- 11 X1

(KIT_DAL|_RGB_XC836_DKV1)

DALIBUS Connector
(Connector X1)

DALI Control Board
(KIT_DALI_RGB_XC836_DKV1)

DALIPHY
VCC

OK1
R2 SLis

—_— - R3 OR
11k D1 N 1&'{ . — DALI RX
= = R4 20k
BEX84C2V7 SEAETEAS —]
5 OK2 f-/l:: c GND
R6 ot D 4 1 -
4R7 Baste 3 ;I{‘SE 2 RS
) = = | DALI_TX]
T1 S560R
MMBT 3904, R7 330R| SFHB15A 3
A c1
3k = 22uF/50V

Figure5  XC836 DALI Control Board
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Hardware Setup

POWER SUPPLY

DALI
Control Via

DIP Switch

DALI Master Board
(Control Device)

Comprising of:
- KIT_DALI_RGB_XC836_DKV1

- DALI Control Via DIP Switch

- .

NIT )
+15V GND Connect 100Q resistors
’ in series to the Power
supply terminals
/
100Q []100 Q
1 DALI BUS 1
L 4
DALI Control DALI Control
Device Device

DALI Power Supply

L
\(

15V supply with 100Q resistors
to power up the DALI bus line

DALI Slave Board .
(Control Gear) [

Comprising of:
- KIT_DALI_RGB_XC836_DKV1

Figure 6 DALI Network Hardware Connection
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DALI Control Device Software

3 DALI Control Device Software

This section describes the program operational flow and the software structure used for developing this example
solution. This operation is presented in Figure 7.

MAIN PROGRAM FLOW
< START > Using the Real Time Clock (RTC) module on

the XC836, the inputs from the DIP Switch are
evaluated once every 500ms.

Once the evaluation is completed , the RTC is
restarted . This triggers the evaluation for any
new user inputs on the next 500ms event.

RTC event occurs

, <

Check for Port Status e = = == == — — — — gn an RTC event, stop the RTC and check

r the user input on the DIP switch.
Any changes?

Yes
Address Cmd? N
No
Yes
Update Address Execute DALI Commands
\
Yes
h 4
K» Start RTC —

———————— Once the commands are executed, restart the
RTC and wait for next RTC event

Figure 7 Main Program Flow

For code implementation, we have divided the software into two main layers:

« DALI protocol layer
— Supports the translation of user commands into the desired DALI format to be sent through the DALI bus.
« Application code layer
— Evaluates the user commands through the inputs from the DIP Switch on the XC836 DALI Board once every
500ms.
The following XC83x device modules are required for the implementation:
* GPIO for DALI
*+ TimerO
* Timer2
*  GPIO for User Input
* Real-Time Clock (RTC)

Note: Configuration is performed via Infineon’s Technologies’ free tool DAVE™ 2, which generate the skeleton
code based on the configurations set. The screen shots that follow are taken from DAVE™ 2.

Application Note 10 V1.1, 2012-10
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DALI Control Device Software

3.1 DALI Protocol Layer

In the control device, the DALI protocol layer provides the translation of user commands into the desired DALI
format to be sent and received through the DALI bus. For our example, the DALI bus chosen is P0.4 (Rxd) and
P0.5 (Txd).

3.1.1 GPIO for DALI
Port 0.5 and Port 0.4 is used to transmit and receive DALI frames respectively.

...................

Port Function: Fuort Direction; Push Pull / Open Drain; Dutput v aluie:
[ Uze POO az GPIO = |n{ [ [

[~ Usze P01 az GPID v |n " rd [

[~ Usze P02 a: GPID v |n " rd [

[ Usze P03 az GPID  |nt rd v

[ ' In{" I =

v Uze P05 az GPIO ™ In ™ Qut [ Open drain [v High

[~ UszePOE az GPID v |n " rd [

[ Usze P07 az GPID  |nt rd v

Pull Device

P00 pull device |Tristate J
PO pull deviee [ Tristate -]
PO2 pull device [ Tristate -]
P03 pull device |Tristate J
PO.4 pull device | Pull up device |
POS pull device [ Tristate ]
P06 pul device  [Pull up device -]
FO.Y pull device |Tristate J

Figure8  Port 0 DAVE™ 2 Configurations

Application Note 11 V1.1, 2012-10
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DALI Control Device Software

3.1.2 Timer O
Timer 0 module is used to send DALI command frames. Mode 1: 16 bit timer is selected for this purpose.

l Timer 1 ] Interrupts] Functions F'arameters] Nntes]

Timer Mode (TMOD. TOM) Timer O ptionz

™ Maode O: 8-bit timer [THO) with a divide-by-32 prescaler (TLO)| | Enable counter operation an Fin | None -
f* bode 1: 16-bit timer [THOATLO] [

" Made 2: 8-hit timer [TLO) with 8-bit auto-reload [THO) v Turnon timer (TRO)

" Mode 3 8-bit timer [TLO) and second 8-bit timer [THO)

Timer Registers Interupt Control

Lower byte of 16-bit timer (TLO)  |0x78 ¥ Enable interupt of imer (ET0)

Higher byte of 16-kit timer [THO]  |0<EC
Timer averflaw [us] [TFO]  |416.667

Figure9  Timer 0 DAVE™ 2 Configurations
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3.1.3 Timer 2

DALI Control Device Software

Timer 2 module is selected for reception of DALI command frames. The 16 bit timer function capture mode is
selected. Timer 2 is started on a falling edge on T2EX input.

T2 Dizabled Flag [PMCOMNT)
{* Enable maodule: the peripheral is supplied with the clack signal

(™ Disable module; the clock input of peripheral iz disabled

Input Clock,

Input clock of the module [MHz]

Prezcaler Optionz

[v Enable Prescaler [PREM)

Prezcaler [PRE] | fPCLE *

Timer # Counter Select [C_T2]
f* 16-bit timer function

™ 1EB-bit counter function

T2 Input Select

T2 Input Pin Selection | Hone

Capture / Reload Select [CP_RLZ2)]
" Automatic reload when timer 2 overflows

f* 1B-bit capture mode [hormal timerdcounter]

Start / Stop Control

[ Start timer 2 after initialization [TR2)

Module Clock | Timer 2 |

Timer2 Extermnal Trigger Input

Timer2 External Trigger Input Select | T2E=_1(FP0.4] -

Timer2 External Start Enable

v Enable extemal start [TZRHEM]

External Start Edge Select [TZREGS]
f» Select faling edge at Pin TZEx

" Select rizing edge at Pin T2EX

] Tirner 2] T2E><] Interrupts] Functions] F'arameters] Notes]

24.00

l T2Ex ] Interrupts ] Functions ] Parameters ] Motes ]

l Interrupts] Functiu:uns] F'arameters] Nu:utes]

Timer / Counter Reagizter

Tirner register [T2H,TZL] 00000
Reload reqgister [RC2H RC2L) 0=CF40
Timer overflow [uzec] R20.000

0.042

Timer rezolution [usec]

Ex=F2 Output Pin Selection

ExF2 Output Pin Selection Maone *

Interrupt Contral

W Enable Timer 2 interrupt [ET2)
[~ Enable Qverflow intermipt

v Enable External interrupt

Timer 2 External Enable Control

v Capture or reload when a pozitive/negative
tranzition occurs on pin T2Ex [EXEMZ)

Up / Down Counter
I

Edage Select in Capture/Reload mode [EDGESEL]
" Select faling edge at Pin T2Ex=
f* Select rizing edge at Pin T2EX

Figure 10 Timer 2 DAVE™ 2 Configurations

Application Note
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DALI Control Device Software

3.2 Application Protocol Layer

The application layer provides the user interface control through the DIP switch on the XC836 DALI board. By
making use of the real-time clock, the user input is evaluated once every 500ms.

3.2.1 GPIO for User Input
Port 2 [0:3] are used to read in the user input from the DIP switch.

Note: Debouncing is not required for this application as the inputs are read once every 500ms. However, if the
user’s application requires more frequent assessments, external debouncing circuits or software
debouncing methods, may be added for input consistency.

Port Function: Input Driver:
W Uze P20 az GFI [ Deactivate
W Uze P21 az GFI [ Deactivate
v Usze P22 as GFI [ Deactivate
v Uze P23 az GPI [ Deactivate
| Uze P24 a:z GFI |

[ Uze P25 az GFI [

[ Uze P2E az GFI [

[ Usze P27 asz GFI [

l Parameters ] Muotes ]

Pull Device
P2.0 pull device |Pull up device -]
P2.1 pull device |Pull up device -]
P2.2 pull device |Pull up device -]
P2.3 pull device |Pull up device -]
P2.4 pull device |Tri$tate J
P2.5 pull device |Tri$tate J
P26 pull device |Tri$tate J
P27 pull device |Tri$tate J

Figure 11 Port 2 DAVE™ 2 Configurations

Application Note 14 V1.1, 2012-10
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DALI Control Device Software

3.2.2 Real-Time Clock (RTC)

The RTC module is used to support sending DALI commands after a user defined time period. For this purpose,
“Mode 1: Periodic wake-up mode with 75KHz oscillator clock” is selected for the RTC.

Interrupt on compare counter match (ECRTC) is enabled, where a timer match of 500ms is selected. This is used
as a time base for evaluating the DIP Switch inputs. The user can also configure the time base towards minute,
hour or day timer matches.

llnterrupts] Fur‘u:tiu:uns] F'arameters] Nu:utes]

kMode Selection [RTH] Clock / Prescaler

-~ Made 0 Time keeping made with 32, 76EKHz RTECLK Input Frequency [kHz] /75000
crystal clock Frescaler [9-Bit) [2vailable

e Made 1: Perodic wake-up made with 75KHz Time Base [ms] [6.227

ozcillator clock,
Year Type [RTYR]

~ tode 2 : Time keeping mode with THz external P ~
clock via RTCCLE pin [F3.1]
. . ) Timer Match ¢ Compare Registers
kode 3 Timer mode with external clock via . .
" RTCCLE pin (P3.1] Required Timer Match [z |5EIEI.EIEIEI
Feal Timer tMatch [msz] |4E|B.34?

Counter Clock Reqisters

CHTD 00 CHTI D00 RTCCRO  p.4g RTCCRT w00
CHT2 000 CHTZ o0 | RTECRZ .00 RTCCR3 0400

CHT4.5 n.a. RTCCRAS [ )
[nterrupt Cantral Start ¢ Stop Cantral
[v Enable compare interupt [ECRTC]

- [w Start RTC clock after intialization [RTCC)

Figure 12 RTC DAVE™ 2 Configurations
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4 Getting Started

This section provides an overview on how the user can use this application. Information on the software package
contents and customization details are also included.

Getting Started

4.1 Supported Commands

This section describes the usage of the DALI Control Device, which has a 4 position DIP switch used for user
command selection. Figure 13 shows the user command selection available on the DIP switch.

Bit3—™
Bit2—»

Bit1—™

Bit 0—*

Bif[3] = 1: Set Address Instruction
- where DALI address is read from
Bit[2:0] of DIP switch

L
i‘_ '_‘
NO

Bit[2:0] = 0; Broadcast address
Bit[2:0] = 1; Short address #1
Bit[2:0] = 2; Short address #2
Bit[2:0] = 3; Short address #3
Bit[2:0] = Others; Short address #0

DALI Control Device
(KIT_DALI_RGB_XC836_DKV1)

Bit[3] = 0: Set Command Instruction
- where the selected DALI command is read from Bit [2:0] of DIP switch

L
!ﬁ—o
NO

4

€

14

=

USR_CMDO >> Bit[2:0] = 0

OFF Command assigned

z

€

14

=

USR_CMD4 >>Bit[2:0] = 4

ON Command assigned

z

14

A

=

Toggling this activates
this command

USR_CMD1 >>Bit[2:0] = 1
USR_CMD5 >> Bit[2:0] = 5

UP_Command assigned

4

€

14

A

=

Toggling this activates
this command

USR_CMD2 >> Biff2:0] = 2
USR_CMD6 >> Bif[2:0] = 6

DOWN Command assigned

4

€

14

€
mii! mi!I m!!!

=

USR_CMD3 >> Bit[2:0] = 3

GOTO SCENE 0 Command
assigned

4

€

14

miii m!il m!!i

=

USR_CMD7 >> Bit[2:0] = 7

GOTO SCENE 1 Command
assigned

Figure 13 Control Device DIP Switch Commands
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Getting Started

4.2 Customising Automated Commands

DALI functions are assigned to the DIP Switch controls via a user configuration file (config.h). Table 1 shows the
supported DALI commands and Table 2 gives the customisation possibility to the command assignments.

Table 1

Supported DALI commands

Supported Commands

Description

DALI_OFF

Turns light off

DALI_DIM_UP Set lighting level up by 1 level
DALI_DIM_DOWN Set lighting level down by 1 level
DALI_STEP_UP Fades lighting level up for 200ms

DALI_STEP_DOWN

Fades lighting level down for 200ms

DALI_RECALL_MIN

Sets connected lighting device level to minimum level

DALI_RECALL_MAX

Sets connected lighting device level to maximum supported level

DALI_STEP_DOWN_OFF

Set lighting level down by 1 level. If already at minimum, turn lights off.

DALI_ON_AND_STEP_UP

Turns on connected lighting device. If already on, set the arc power level up one
level.

DALI_GOTO_SCENE_XX

This is a Scene Selection commands. Choosing this enables device for user
configured Scene XX, where XX represents 00 to 15.

Table 2

Customising the commands

DALI Commands

Description

Customising the DALI
Command list

In the file: config.H, the timed command to be executed can be configured by the

user at compile time. A list of supported DALI commands can be referenced from

Table 1.

* To add supported address: #define USR_ADDX <ADDRESS>

* To add supported DALI command: #define USR_CMDX <DALI COMMAND>
where DALI commands can be referenced from Table 1.

Default command selection for file: config.H
#define USR_ADDO BROADCAST_ADDR
#define USR_ADD1 SHORT_ADDR1

#define USR_ADD2 SHORT_ADDR2

#define USR_ADD3 SHORT_ADDR3

#define USR_ADD4 SHORT_ADDRO

#define USR_ADD5 SHORT_ADDRO

#define USR_ADD6 SHORT_ADDRO

#define USR_ADD7 SHORT_ADDRO

#define USR_CMDO DALI_OFF

#define USR_CMD1 DALI_DIM_UP

#define USR_CMD2 DALI_DIM_DOWN

#define USR_CMD3 DALI_GOTO_SCENE_00
#define USR_CMD4 DALI_ON_AND_STEP_UP
#define USR_CMD5 DALI_DIM_UP

#define USR_CMD6 DALI_DIM_DOWN

#define USR_CMD7 DALI_GOTO_SCENE_01

Application Note
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Getting Started

4.3 Software Package
The file description for the software package is documented in Table 3 and Table 4.

Table 3 Source files description

Filename Description

DALIKIT_Master.dav DAVE project

DALIKIT_Master.uvproj Uvision project

MAIN.c Performs main program initialisation

10.c Performs GPIO module initialisation

RTC.c Performs RTC module initialisation

T01.c Performs Timer 0 module initialisation for application control functions inclusive
of DALI frame transmission activities.

T2.c Performs Timer 2 module initialisation for DALI command interpreter functions
inclusive of DALI frame reception activities.

START_XC.A51 Start up code for XC8xx device. This is part of the C51 Compiler package.

INT.c Performs Interrupt functions initialisation

BOOTROM_ADDR.A51 Library address for bootrom user routines

SHARED _INT.c Shared interrupts; LEDTS and RTC interrupt handling sections;

Table 4 Header files description

Filename Description

MAIN.h SFR Header file for XC836 Microcontroller

10.h GPIO function prototypes and macros

RTC.h RTC prototypes and macros

TO1.h Timer 01 function prototypes and macros

T2.h Timer 2 function prototypes and macros

INT.h Interrupt function prototypes and macros

SHARED_INT.h Shared interrupt function prototypes and macros

config.h Definitions of Address and DALI command assignments

Application Note 18 V1.1, 2012-10
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Summary

5 Summary

Infineon microcontrollers provides a great deal of flexibility for the creation of a wide variety of robust applications
for the users. This application note demonstrates the ease of creating a DALI control device, using the general
purpose port module and real-time clock module in the XC836. With the given instructions, the user can customise
this solution to their application, making it easy to use in any DALI network.

6 References

[11 IEC 62386 Digital addressable lighting interface; Part 101: General requirements - System (Edition 1.0, 2009-
06)

[2] IEC 62386 Digital addressable lighting interface; Part 102: General requirements - Control gear (Edition 1.0,
2009-06)

[3] AP08102 DALI Control Gear Software Stack
[4] XC836 User Manual 1.0
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APPENDIX - DALI Control Board
Schematic for KIT_DALI_RGB_XC836_DKV1

rDMX51 2_PHY 1

L& & & N & N N & & K R ___J ___J
[
k3
e
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Figure 14 DALI Control Board Schematic - Part 1
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Figure 15 DALI Control Board Schematic - Part 2
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