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1 Introduction

ZigBee Light Link (ZLL) is one of the public application profiles released for the ZigBee 2012-
Pro specification. It is aimed at consumer lighting market allowing a novice user to wirelessly
setup and control consumer lighting products.

Z-Stack Lighting Sample Application is the optimal starting point to build your own ZLL
application on top of Texas Instruments’ Z-Stack (www.ti.com/z-stack).

ZigBee Light Link wiki: http://processors.wiki.ti.com/index.php/Category:ZigBee Light Link

1.1 Scope

This document describes how to use the Z-Stack Lighting Sample Application and discusses its
theory of operation. For a more general description of ZigBee Light Link, reader is referred to
the Zigbee Light Link specification available from www.zighee.org.

IAR Project SampleApp.eww supports following applications
a. SampleRemote: A remote for controlling color, dimmable or simple on/off lights.
b. SampleLight: A color light.

c. SampleBridge: Host Interface application running on Linux/Windows PC can be used
to connect to CC253x running SampleBridge App

1.2 Definitions, Abbreviations, Acronyms

Term Definition

ZLL ZigBee Light Link

ZLLRC ZLL Remote Control

Hue Hue is the placement on the Color hue wheel, where 0 is the red area,
third of range is in the green and two-thirds are in the blue

Sat Saturation value shifts every color from white, through tint up to pure
color

Level Level controls the luminance of the light

1 Copyright © 2012-2013 Texas Instruments, Inc. All rights reserved.
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2 Setup

2.1 Required Software Tools

Software tools needed to evaluate this sample application:

a.

IAR Embedded Workbench for 8051 (CC2530)
http://www.iar.com/Products/IAR-Embedded-Workbench/8051/
Install 30-day time limited full version

SmartRF Flash Programmer Tool (includes USB drivers for the SmartRFO5EB
board)

http://www.ti.com/tool/flash-programmer

SmartRF Studio. It includes Ubiqua USB dongle driver and other necessary
software

www.ti.com/smartrfstudio.

Ubiqua Protocol Analyzer from Ubilogix (www.ubilogix.com) or other type of network
analyzer that can support ZigBee Light Link profile decodes.

2.2 Supported Hardware Platforms

2.2.1 SmartRFO5EB boards with CC2530EM

Figure 1: SmartRFO5 Evaluation boards

SampleRemote, SampleLight and SampleBridge builds are supported for the SmartRFO5EB +
CC2530EM HW platform. SampleLight: Level, XY Color, hue and saturation are displayed on
the LCD. LED1 indicates light being on/off. Table 1: SampleLight Functionalities Mapping on the
SmartRFO5 Board. Table 2 shows SampleRemote functionalities mapping on the SmartRF05

Board.

Copyright © 2012-2013 Texas Instruments, Inc. All rights reserved.
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Button 2

Figure 3: SmartRF05 Buttons on SmartRFO5EB

SampleLight

Joystick Functionality Comment

Right Reset to Factory New

Left Display NWK key

Up Start Classical Commissioning

Down Toggle PermitJoin State Sets permit join option for 60 seconds

Table 1. SampleLight Functionalities Mapping on the SmartRF05 Board

SampleRemote

Joystick Functionality Comment

Right Reset to Factory New

Left Touch-link

Up Send On command To currently selected target
Down Send Off command To currently selected target
Center Add Target to Group Default is Group 1

Button 1(S1) +
Right

Select Next target

From previously touch-linked target list

Button 1(S1)+
Left

Select Previous target

From previously touch-linked target list

Button 1(S1) + Send level step up command +25
Up
Button 1 (S1)+ Send level step down command | -25

Down

Button 1 (S1) +
Center

Start Classical Commissioning

Table 2: SampleRemote Functionalities Mapping on the SmartRF05 Board

Copyright © 2012-2013 Texas Instruments, Inc. All rights reserved.
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2.2.2 CC2530 ZLL Remote Control (ZLLRC)
ZLL Remote Control button mapping is shown below

o - -

~~~~~~~~~ P Press both ON and OFF Buttons during Touchlink

-
_— o e up
Move Level UP Move Saturation UP

Move Saturation Down |:|
Move Hue Down |:|

Select Device
Add Device to the Group

:l Move Level Down

Select Device

.......... » Scenes

Figure 4: ZLL Remote Control

2.2.3 (CC2530 Z-Light2
This HW platform can only be used as a SampleLight.
LED light has 4 channels mapped to Timer 1 with outputs as follows:

Red: timer 1 channel 1
Blue: timer 1 channel 2
Green: timer 1 channel 3
White: timer 1 channel 4

Figure 5: Z-Light2

4 Copyright © 2012-2013 Texas Instruments, Inc. All rights reserved.
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2.24 CC2531 USB Dongle

CC2531 USB Dongle is a fully operational USB device that can be plugged into a PC. The
dongle has 2 LEDs, two small push-buttons and connector holes that allow connection of
external sensors or devices. It supports the SampleBridge App.

Meandred F-antenna
|0 Connector

LEDs CC2531F256

Button 52

Button 31
Debug connector

“oltage regulator

Figure 6: CC2531 USB Dongle

2.3 Hardware Setup (Powering Up and Connecting to Debugger)

2.3.1 SmartRFO5EB board + CC2530EM:
Connect SmartRFO5EB board to the development PC using a USB cable. There are 3
ways to supply power to the SmartRFO5EB board: batteries, USB connection, or a DC
power supply. To provide power from batteries, pins 1-2 of jumper block P11 must be
connected. Otherwise, connect pins 2-3 to use USB or DC. Board can be powered ON
or OFF using switch P8. For Flashing and Debugging: Make sure USB cable is
connected.

Figure 7: Power Switch and Power Source Selection

5 Copyright © 2012-2013 Texas Instruments, Inc. All rights reserved.
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Figure 8: SmartRF board connected to PC

2.3.2 ZLL Remote Control (ZLLRC)
Insert CR2025 battery into remote control. Instructions on how to insert the battery are
illustrated at the back of the remote. For Flashing and Debugging: Debug interface for

the remote control is located at the back of the remote. Make sure CC Debug cable is
inserted as shown in the figure below:

Figure 9: ZLL Remote Control connected to CC Debugger

233  Zlight-2

Zlight-2 is powered using micro USB cable. For Flashing and Debugging: Make sure
CC Debugger is connected as shown in the figure below:

Figure 10: Z-Light2 Connected to CC Debugger

6 Copyright © 2012-2013 Texas Instruments, Inc. All rights reserved.
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2.34 CC2531 USB-Dongle
CC2531 USB Dongle is powered by plugging into PC USB port. For Flashing and Debugging:
Make sure CC Debugger is connected as shown in the figure below:

Figure 11: USB Dongle Connected to CC Debugger

3 Building, Flashing and Running the Application

3.1 Project Table

SampleApp.eww supports multiple projects/applications. Table below shows supported projects,
hardware platforms and applications. Please consult the table when building project in IAR

SmartRFO5EB + | USB CC2531 Z-Light2 ZLL Remote
CC2530EM Dongle (ZLLRC)

' 4

SampleLight EB - Router N/A Zlight - N/A
Router
SampleRemote | EB — EndDevice N/A N/A ZLLRC -
EndDevice
SampleBridge EB - Router Dongle-Router N/A N/A

Table 3: SampleApp.eww Project Table

7 Copyright © 2012-2013 Texas Instruments, Inc. All rights reserved.
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3.2 Build Steps

3.2.1 Open Project workspace
Open SampleApp.eww IAR workspace and consult section 3.1 to select application

File Edit Wiew Project Texas Instruments Emulator Tools Window Help
=N I N A ~ | e w VI [ B 50 48 O | WECR S| e D
Workspace x o - =
[EB - Router -
Files Ao B
[EfE |SampleLight - EB - Router |~ [ |
CaApp
O HaAL
O kaC
kAT
0 IR
O O=al
[ Profile
[ Security
[ Services
CaTools
CaZ00
[ Zkdac
3 ZkAain
O Cutput
Owerview | SampleBridge || SampleLight  SampleRemaote |
=
rMessages
Building configuration: SampleRemote - EB - EndD ewice
Updating build tree
Configuration is up-to-date.
— | [ (1] | 3
2 Build [Debug Log | Find in Files B
Ready Errors 0, Warnings 0 MNUNM

Figure 12: Open IAR Projects

3.2.2 Build Application

Pull down the Project menu and click on Rebuild All

24 Samplefpp - IAR Embedded Workbench IDE = | ] S

File Edit View [Broject | TexasInstruments Emulator Tools  Window Help
Add Files... |- % % E O 2 @ 0|0 W .| D
Add Group... o - o=
Import File List...
Edit Configurations...
Remowve
Create Mew Project...
Add Existing Project...
Options... Alt+FT
= Ca Profile Version Control System [
[ Security
L Service Lizle= 7
FE=ECD Tools Compile Ctrl+F7
=30 ZDo Rebuild All
O Zkac =
= 0 Zkdain ==
3 Output Batch build... Fa
Stop Build Ctri+Break
Overview | Sampl
— Downlead and Debug CtrleD
= tessage Debug without Dewnloading
Building o Make & Restart Debugger Ctri+R
Updating Restart Debugger Ctri+Shift~R
Configurad Download >
SFR Setup
Open Device File »
o0 Wi ] v
= Build [Debug Log | Find in Files =
Clean and make the active project Errors 0, Warnings 0 MU

Figure 13: Build Application

8 Copyright © 2012-2013 Texas Instruments, Inc. All rights reserved.
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3.3 Flashing and Running Image

3.3.1 Power Up and Connect Hardware

Consult section 2.3 to power up Hardware platform and connect to PC and CC Debugger.
3.3.2 Download Image

Pull down the Project menu and click on Download and Debug.

I
S sompleapp - AR Embesis Workberen 0 o
e — — u

File Edit View IE“’J_EC" Texas Instruments Emulator  Tools  Window Help
‘D W E Add Files... YR EE e @G| BEVIRS| S S
Add Group... v =
Import File List...
Files Edit Configurations...
ST7 TS amplo - NN
& CA4pp
O5A) Create Mew Project...
B [c] zll_sg Add Existing Project...
F— [ 2ll_s=
1 [ 2l_se Options... Alt+F7
CaHAL
COmAC Version Control System 3
FECOMT
1 1 NI R ]
[ Profile Compile Ctrl+F7
& [ Security Rebuild All
[ Service -
[OTools san
1200 Batch build... =]
[JZMac )
= Stop Build Ctrl+Break
Owerview I Sampl
Download and Debug Ctrl+D
* hMessage Debug without Downloading
Building o Make 8 Restart Debugger Ctrl+R
Updating Restart Debugger Crl+Shift~R
Configurat DTl i’
5FR Setup
Open Device File 3
=l [ m | 3
2 Build [Debug Log [Find in Files =
Download the application and start the debugger Errors 0, Warnings 0 MNUM

Figure 14: Download Image

Wait for download to complete

| Driver — S— E

Downloading and verifying application ...

—

Figure 15: Wait for Download to Complete

9 Copyright © 2012-2013 Texas Instruments, Inc. All rights reserved.
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3.3.3 Run Image
Pull down the Debug menu and click on Go

/‘g" Samplefpp - IAR Em lork

File Edit View Project [erug] Texas Instruments Emulator Toeols Window Help

=g === Go F5 - ¥ [ 2% W0 57 | b ol
Zle 2.0 Break
Workspace Reset bF | SampleRemote.dep ) » x Disassembly
- P —
£B - Bouler Stop Debugging Ctrl+Shift+D -~ Hol®
I FUNCTT
Files —— =0 [l FUNCTIONS Disassembly
te) er
E [ Samplelight - EE i 06EB033 9
= [ App Higplhi (38l void zmain_ext_addr{ void )z 0BO36 E
8 CaHAL Step Out Shift+F11  =in=d zCL_KEY ESTABLISH 06B037 F
= CaMAac Next Statement void zmain cert_init{ wvoid ); OEEO3E A
= CIMT 06B039 E
8 3 Mk b i Sem=mn woid zmain_dev_info{ woid ): 08BO3A F
F=CoosaL Autostep... wvoid zmain_wdd_check( veid ): F 06BO3C B
[ Profile Set Next Statement ORBO3E A
[ Security LCD_SUPPCRTED L 0EBO3F 4
[ Services C++ Exceptions » void zmain led init{ woid ) = OBEO40 E
—# (O Tools 06E041 2
@ 3zo0 Lz 4 i 06B042 F
= (O 2Zhac Refresh main 06B043 4
. ain
I (3 ZMain Macros... ie=f First functicon called after startup. DEad i
@ 3 Output i b v don't care OEB045 2
Lodaing " 06B047 B
int main{ veid ) QeB04T F
1 OcBO4E &
// Turn off interrupts D6EO04C A
= lbsel_int_disable( INTS ALL }|: 06E04D A
O6E04E 2
A4 Initialization for board related stuff such as LEDs o=al_int
HAT_BORRD_INIT{}: main
=
// Make sure supply voltage is high encugh to run 06BO51 1
zmain wdd check(): AT DA

Figure 16: Click Go

After downloading is complete, exit the debugger by pulling down the Debug menu and clicking

on Stop Debugging
S SampleApp - IAR Embeaded WarDane T e . = S|

File Edit VMiew Project [erug] Texas Instruments Emulator  Tools Window Help
=== N Go F5 - Sz V3 B & 20 | &% R B | ob ol
Sle|2a L& ek
Warkspace Reset ) = = Disassembly =
[EB - EndDevice Stop Debugging Ctrl+Shift+D = Gata
Files ! . . . Disa =
Step Ower F10 ic void zmain_ext addr({ woid }; N
Els|SampleRemote - S Fl1  [defined ZCL KEY ESIABLISH oS4
M= C App P ic wvoid zmain cert_init{ void ): | 05¢
OSAL_Sampl Step Out Shift+F11 s [ 05¢
zll_samplere Mest Staternent ic woid zmain_dev_info{ woid ) 0s5*
— Il_samplere ic void zmain_wdd_check{ woid ): 05¢
zll_samplere e (e e [o]=3
COHAL Autostep... £ LCD_SUFFORTED 0ss
O kAAC T [ St wold zmain lcd initc{ wold ): 05¢<
CamAT 05+
L0 MR C++ Exceptions > 05«
= 3 Profile H”,”,,,”#:”.,H,,,,”,,,”m”H,*H,*g**g*#**#**g**g*#** a5e
= [0 Security Memeory > | mazm . g . P 0se
] Servicas R bxief ;115’-: functicon called after startup. a5
return on't care
= g—zrl?]%ls Macros... gg:
g
d
= a1 2Mac Logging b | il ose
—_— . T T . 1u P 055~
Dverview| SampleBridge | SampleLight || S ampleR emote . IT‘ILIH = Locerrupbs ra| ESH b
3
Log
Fri Sep 27. 2013 16:28:26: Using license: Stanup license - AR Embedded Workbench for 8051 8.20
Fri Zep 27, 2013 16:28:34: Download completed and werification successful.
FriSep 27. 2013 16:28:34: Loaded debugee: Chsun_trunkiProjectsizstackhZLL\SamplespphCC2E 3EndDeviceEBYExe\SampleRemote
FriSep 27. 2013 16:28:34: Target reset
g
=
§ 4 | 11} *
& Debug Log | Build =
Stop the current debug session Ln 73, Coll System UM

Figure 17: Stop Debugging
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4 Sample Remote and Sample Light Applications

4. 1 Sample Light.

Power up the sample light. On SmartRF05 board, LCD will show “Texas Instruments”

and the IEEE Address on the next line and will wait for the SampleRemote to start the

touchlink procedure. On Z-Light2 board, all the LEDs will flash on power-up and will turn

off. Z-Light application will then wait for the touchlink procedure

There is a single button on the Z-Light2 board for which three functionalities have been

mapped, based on the time duration the button is pressed.

a. Pressing the button for less than 1 second: Sets the enable permit join for 60
seconds

b. Pressing the button for >1 second and <5 seconds: Resets to factory New

c. Pressing the button for >5 seconds: Initiates Classmal ‘Commissioning

Compile and Flash new images (if needed). Consult section 3.

4.2 SmartRFO5 Remote

421

4272

11

Setup

Power up the Remote. Consult section 2.3. On SmartRF05 board, LED1 will keep
blinking indicating the SampleRemote is waiting for the touchlink procedure to form a
network or become part of an existing network

Compile and Flash new images (if needed). Consult section 3.

Features
Consult section 2.2.1 for button mapping

Touchlink: Press the joystick left to touchlink a new ZLL device. Consult section 2.2.1.
A successful touch-link will cause the light to identify. On SmartRFO5EB LED1 will toggle
once.

Device select: If multiple lights have been touchlinked, specific device can be select by
holding SW1 and pushing joystick left or right.

On/Off: To turn the light on, push the joystick up. To turn the light off, push the joystick
down.

Level Up/Down: To step the level up by 25 over 1s, press both button 1 and up on the
joystick. To step the level down by 25 over 1s press both button 1 and down on the
joystick.

Reset to factory new: Push the joystick right to reset the remote. It will take about 5
seconds for the operation. You will then see LED1 start to toggle, indicating successful
processing of the command

Copyright © 2012-2013 Texas Instruments, Inc. All rights reserved.
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4.3 ZLL Remote Control (ZLLRC)

43.1

43.2

12

Setup
Power up the Remote. Consult section 2.3.
Compile and Flash new images (if needed). Consult section 3.

Features

Touchlink: To Touchlink the remote with Z-Light2, push ON and OFF buttons
simultaneously on the remote control while it is held close to the ZLight-2 (within 2
inches). You will then see LED’s on the Z-Light2 Board turn on and off. Successful
pairing is also indicated by a buzzer sound from the remote.

Device select: If multiple lights have been Touchlinked, specific device can be selected

by pressing arrow buttons on the remote ( . )
ADD

All devices that are Touchlinked with remote are added to the unique group. When user
uses arrow buttons on remote to make device selection, specific z-light2 device will get
selected and the light will flicker to indicate it is selected. Once all devices have been
traversed, unique group is selected and all touchlinked devices will flicker.

On/Off: To turn the light ON, press ON and to turn the light OFF, press OFF buttons
respectively.

Level: To move Level up/down by 20/second press Level “+"/“-” on remote. Level stops
changing when key is released

on remote. To move

Saturation: To move Saturation up by 20/second press

saturation down by 20/second press@. Saturation stops changing when key is

released.

e
&

Hue: To move Hue up by 20/second press =28 on remote. To move Hue down by

20/second pressﬁ. Hue stops changing when key is released.

Groups: There is one unique group. All Touchlinked devices get automatically added to
the unique group. User can select individual device, or the group using arrow keys. Add

device to a Group using “ADD” key E and remove it by pressing “ADD” and “OFF”
keys.

Scenes: User can store up to 3 scenes. To Store, long press one of the three keys. To
recall, press the associated key. (@)

Classic Commissioning: It can be enabled by pressing “red” and “yellow” buttons
together.

Reset To Factory New: ZLL Remote can be reset to factory new state using the reset
button at the back side of the remote, next to the debug port.
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4.4 Multiple Remotes in the Network

In order to add another Remote to the network, the new remote being brought into the network
should initially be in Factory New state. Then a touchlink should be performed between the
factory new and the existing Non-Factory-New (remote currently in the network) before the new
remote is used in the existing network.

5 Host Interface/Sample Bridge Application

Z-Stack Lighting project includes Host interface that allows host processors to connect to a
CC253x via UART and corzlf?(tfi‘cﬁ}%égiﬂﬂg (?f”ﬁ e/gp“&ﬁoﬂiyﬁe)rsn%ut'\i%ork using an abstract ZLL API.
Host interface code runs on Linux or Windows PC. Host PC is connected to CC253x running
SampleBridge application.

5.1 SmartRF05/CC2531 USB Dongle

SmartRF05 or USB Dongle can be used to run SampleBridge application.

5.1.1 SampleBridge Application Setup
- Consult Table 3 for devices that support SampleBridge application
- Power up the Bridge Hardware. Consult section 2.3.
- Build and Flash new images (if needed). Consult section 3.
- Setup Light as explained section 4.1.

5.1.2 Host Interface application Setup and Testing
Details on how to build and test Host interface application can be found at:
http://processors.wiki.ti.com/index.php/Category:ZigBee Light Link

Figure 18: SampleBridge Device connected to PC

13 Copyright © 2012-2013 Texas Instruments, Inc. All rights reserved.
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6 Applicable Documents
6.1 Z-Stack Documents (part of the Z-Stack installer)

Installed Documents folder contains Z-Stack documents

6.2 Other Documents (www.zigbee.org)

1. ZigBee Alliance — ZigBee Light Light Profile Specification
2. ZigBee Alliance —ZigBee Light Light Test Specification

14 Copyright © 2012-2013 Texas Instruments, Inc. All rights reserved.
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