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ABSTRACT

The 6LoWPAN mesh Tl designs implemented the 6LOWPAN mesh stacks based on the SimpleLink™
CC13xx SDK (Software Development Kit) TI-15.4 stack example. As the SimpleLink SDK is evolving with
new features or bug fixes, developers might need to integrate the existing 6LoOWPAN mesh software into a
new SimpleLink SDK TI-15.4 example. As the TI-15.4 stack supports 2.4-GHz frequency bands in the
SimpleLink CC26x2 SDK, developers might be also interested in integrating the 6LoOWPAN mesh stacks
into the 2.4-GHz-based TI-15.4 example. This article aims to provide the details on how to achieve this.
The corresponding Tl designs are TIDA-010003 and TIDA-010024.
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1 Introduction

g

This article will discuss the step-by-step instructions based on the TIDA-010003 reference design. The
6LOWPAN mesh software example was implemented based on the TI-15.4 sensor example as parts of the
SimpleLink CC13x0 SDK v2.10.0.36. Figure 1 shows the Code Composer Studio screen capture for the
SimpleLink CC13x0 SDK version in the 6LOWPAN mesh Code Composer Studio project, which was the
latest version at the time the TI design was published.

v Properties for 6lowpan_ti_15_4_project e ———

E) i |

type filter text
» Resource
General
4 Build
» XDCtools
4 ARM Compiler
Processor Options
Optimization
Include Options
ULP Advisor
Preclefined Symbols
> Advanced Options
> ARM Linker
ARM Hex Utility [Disablec
Debug

4 | 1N 3

~ .
@,‘ Show advanced setfings

General

G v v

Configuration: [debug_poll [ Active ]

'] I Manage Configurations...

=i Products

¥DCtools version: l 3.50.5.12_core

=i Products and Repositories ‘% Order|

- [ |=h Grace (MsP430)
- [ | = Inter-processor Communication
» [ ]=h NDK
- [ ]=h Svs/BIOS
a []=h SimpleLink CC13x0 SDK
&% 210036
[]4% 160021
[]2# 150.0.08

i Add...
‘E ‘ Edit

Remave

Select All
Deselect All

Target ti.targets.arm elfM3
Platform: t.platforms.simplelink:CC1350F 128

Build-profile: release

Apply and (Iose] I Cancel

Figure 1. SimpleLink™ CC13x0 SDK Version
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2 Integrating the 6LOWPAN Mesh Software Example into a New TI-15.4 Sensor Example

Figure 2 and Figure 3 show the Code Composer Studio projects for the TI-15.4 sensor example and the
6LoWPAN mesh software example, respectively. The 6LoOWPAN mesh software example was
implemented based on the TI-15.4 sensor example and thus most of the file names under the directory of
Application are identical.

. cc1310_project_sensor_example - sensor_cc1310Ip/Application/subg/config.h - Code Composer S!udin__
File Edit View Mavigate Project Run Scripts Window Help
o RvP P RED @i Gy - <jJ_u|<kAc<ess;@|
&5 Project Explorer E% ¥ = O [4featuresh [ configh 52 =0
4 4% sensor_cc1310lp [Active - sensor_cc1310Ip] o I e P e S S R R e e S S TR R EC S SRR e ~
il 2 =
- Includes =
i Applicat 3 {@file config.h |—
4 = Application 4 B
= ICall 5 (@brief TI-15.4 Stack configuration parameters for Sensor applications
» = LaunchPad 6
. 7 Group: WCS LPC
» & MAC § Target Device: ((13xx
» = PALNA E
» (= Services I R R R R E R R R S R P R PR E P PR E P PR R R
11
> = sub
B 9 12 Copyright (c) 2016-2018, Texas Instruments Incorporated
> kg apl_mac.c 13 ALl rights reserved.
> [ api_mach 14
> [ boardh 15 Redistribution and use in source and binary forms, with or without
» @ ccfac 16 modification, are permitted provided that the following conditions
B 9 17 are met:
¢ Ll )dllee 18
> [ jdilch 19 * Redistributions of source code must retain the above copyright
. W lleh 20 notice, this list of conditions and the follosing disclaimer.
= 21
» [B mac_user_config_cc13x0_subg_chinah 22 % Redistributions in binary form must reproduce the above copyright
> B mac_user_config_cc 13x0_subg_us_euro_200kh 23 e, this list of conditions and the following disclaimer in the
| mac_user_config_cc13x0_subg_us_euro.h 24 documentation and/or other materials provided with the distribution.
25
» e mac_user_canfig.c
= - - 9 26 % lleither the name of Texas Instruments Incorporated nor the names of
» [8 mac_user_canfigh 27 its contributors may be used to endors promate products derived
> [ mainc 28 fram this software without specific prior written permission.
> [ sensor.c 29 =
@ sensorh 30 THTS SOFTWARF TS PROVIDFN BY THF (OPYRTGHT HOIDFRS AND CONTRTRUTORS "AS TS™
4 R 4 b
> [H smsgsh »
> [8l ssfc 1#1 Problems &2 F v=0
o B ssth 0 errars, 3 warnings, 0 others
=
> [€ imer.c Description Resource Path Lacation Typ
> [0 timerh > & Warnings (3 items)
> 8 vart_printf.c
> [ vart_printf.h |
> L€ utile
> W utilh
(= sensor_cc1310Ip
v = targetConfigs o [a] o D
(5n) Writable SmartInsert 18:1
= =

Figure 2. TI-15.4 Stack Sensor Example Project
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+'» cc1310_project - 6lowpan_ti_15 4 _project/cc13x0lp.cmd - Code Composer Studio

File Edit View Navigate Project Run Saipts Window Help

HmiRd Bt @R i@ LERCRY
5 Project Explorer &3
PR 6lowpan_ti_15_4_project [Active - debug pell]
3 ?‘fs" Binaries
> i Inclucles
+ = 6lowpan
4 (= Application
> = 1Call
» = LaunchPad
- = MAC
» = PALNA
> = Services
» = subg
- 19 api_mac.c
- [ api_mach
> [8 boardh
» lg ecfge
- [ jile_middleware.c
» [1 jdilc_middlewareh
> 8 lich
- 5 m ac_user_config_cc13x0_subg_chinah
- [8 mac_user_config_cc 13x0_subg_us_eura_200k.h
» [8 mac_user_config_cc13x0_subg_us_euro.h
» [2 mac_user_config.c
» [8 mac_user_configh
» le) main.c
+ gl middleware.c
>[5 middleware h
>[5 smsgsh
> 8 ssf.c
> ) ssfh
> [8 tmer.c
> [8 imerh
| uart_printf.c
- [8) uart_printfh
> [8 util.c
>[5 utilh

(= /6lowpan_ti_15_4 project/6lowpan

-

El

-3

- =78

-

m

Quick Access | [ |[B)%
v featuresh & cc13x0lp.cmd &2 =8
1O FEERRR R AR R R R R BRI R AR R R AR R R
11
12
13
14
15
16
1
18
19 #
20
21
22t

-

Copyright (<) 2016-2018, Texas Instruments Incorporated
A1l rights reserved.

111

Redistribution and use in source and binary forms
modification, are permitted provided that the fc
are met:

~ without
i

Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

Redistributions in binary form must reproduce the above copyright
ice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

23 T
24
25
26
7

Heither the name of Texas Instruments Incorp
its contributo ¢
from this software

of
anote products derived

orated nor the names
pr
without specific prior written permission.

be used to endors

"S may

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTON
AND ANY EXPRI OR IMPLIED WARRANTIES, INCLUDING, BUT HOT LIMITED TC
THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITHESS FOR A PARTICULAR
PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR

JTRIEU S
IPLARY, O QUENTIAL D

AS IS

5 ) MAGES (INCLUDING, BUT NOT LIMITED TO,

5 PROCUREMENT OF SUBSTITUTE OR SERVICES; LOSS OF USE, DATA, OR PROFITS;

OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND OH ANlY THEORY OF LIABILITY,

WHETHER Il CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING HEGLIGEINCE OR -
4 )

== 0 = 8

L2 = B

& Console &

Mo consoles to display at this time.

|2l Problems ' Advice 4 Search &
44 R%EB|lS
‘fhChannelMask’ - 3 matches in workspace
PRES Glowpan_ti_15 4 _project [Active - debug poll]
4 (= Application
- jdllc_middleware.c (3 matches)
= 141 STATIC uintd_t fhChannelMask[] = CONFIC
= 253 sizeOfChannelMask = sizeof(fhCk 1.

= 292: excludeChannels[idx] = ~h |i;ll];;9||‘.’|é“sl§[l

1 ]

— i

2.1

2.2

221

Figure 3. 6LOWPAN Mesh Tl Design Software Example

Copying the Complete "6lowpan” Directory Into the New Sensor Example

The first step is to copy the complete directory of the 6lowpan in the 6LOWPAN mesh software example
into the new TI-15.4 sensor example. The directory of the 6lowpan is highlighted in Figure 3 .

Include Options

Figure 4 and Figure 5 show the Include Options in the sensor example and the 6LOWPAN mesh example,

Updating Code Composer Studio Project Configuration

respectively. The new TI-15.4 sensor example needs to be updated with the Include Options based on the

6LOWPAN mesh example.
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.
'« Properties for sensor_cc1310Ip ey *- | — L — E‘m
type filter text Include Options R A
» Resource
General
4 Build Configuration: lsensor_ccl310lp [ Active ] 'l lManage Conﬁgurations...]

» XDCtools
4 ARM Compiler

Processor Options Add dir to #include search path (--include_path, -I) & e 85l
Optimization ${XDC_INCLUDE_PATH} = 2|
|Include Options| S{COM_TL_SIMPLELINK_CC13X0_SDK_INCLUDE_PATH} (= =
ULP Ackvisor $PROJECT_ROOT} =
. i
Predefined Symbols HPROJECT_ROOT) Application [

HPROJECT_ROQT} Application/subg

» Advanced Options ${MAC_APPS}/common =1

4 ARM Linker ${MAC_APPSY common/boards [
Basic Options HMAC_APPS} common/boards/subg [
File Search Path MMAC_APPSY comman/boards/CCL3X0_LAUNCHXL = =
» Advanced Options L - — .
I n ) Specify a preinclude file (--preinclude) £ & & Gl ¢
N ARM Hex Utlity [Disablec | | ey e I T e
Debug
(|
[l
[l
< | 1 | »

@ Show advanced setings |Appl3.r and Closel l Cancel

Figure 4. Include Options in the TI-15.4 Sensor Example
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'+ Properties for 6lowpan_ti_15_4_project | = P |
=1 v v

type filter text
> Resource
General
4 Build
> XDCtools
4 ARM Compiler
Processor Ophons
Optimization
Include Options
ULP Advisor
Predefined Symbols
> Advanced Optons
> ARM Linker
ARM Hex Utility [Disablec
Debug

< | in | »

Include Options

Configuration: |debug_poll [ Active]

'] lManage Configurations...

Add dir to #include search path {--include_path, -I)
HDC_IMCLUDE_PATH} =
HCOM_TLSIMPLELINK_CC 13X0_SDE_INCLUDE_PATH} (=1
MHPROJECT_ROOT} =
MPROIECT_ROOTH Application [

MPROJECT_ROOTH Application/subg [
${PROJECT_ROOT}/6lowpan/config m
HPROJECT_ROOTH 6lowpan =

HPROJECT_ROOTY 6lowpan/simple-udp £
MPROIECT_ROOTY Blowpan/uip [

Specify a preinclude file (--preinclucle)

${PROJECT_ROOT}/Application/subg/featuresh @

& 8§ H

) »

-~

€ & 8 5l 2

@ Show advanced settings

iAppIy and Close] I Cancel

2.

Figure 5. Include Options in the 6LOWPAN Mesh Example

2.2 Predefined Symbols

Figure 6 and Figure 7 show Predefined Symbols in the sensor example and the 6LoWPAN mesh
example, respectively. The new sensor example needs to update the Predefined Symbols identical to
those in the 6LOWPAN mesh example.
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-

'« Properties for sensor_cc1310lp

] ] e |

. - —

type filter text

» Resource
General
4 Build
» ¥DCtools
4 ARM Compiler
Processor Options
Optimization
Inclucle Options
ULP Achvisor
Predefined Symbols
» Advanced Options
4 ARM Linker
Basic Options
File Search Path
» Advanced Options

Predefined Symbols R S

Configuration: lsensor_cc 13101p [ Active ] 'l lManage Configurat ons...]

Pre-define NAME (--clefine, -D) & & &8 Gl H
F{COM_TL_SIMPLELINK_CC 13X0_SDK_SYMBOLS} (=1

TEMP_SENSOR

AUTO_START

*ASSERT_LEDS

INV_RESTORE

RF_MULTL_MODE

*xPOWER_MEAS

MAX_DEVICE_TABLE_ENTRIES=3

L | »

—

I i = ine, - i £l b
ARM Hex Uility [Disablec Undefine MAME (--undefine, -U) & a8 3 Gl E
! Debug
1]
< | 1 | »
® Show advanced settings [Apply and Close] l Cancel
Figure 6. Predefined Symbols in the TI-15.4 Sensor Example
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«'+ Properties for 6lowpan_ti_15_4_project = %

type filter text Predefined Symbols T

> Resource

General
4 Build

» XDCtools

4 ARM Compiler
Processor Options
Optimization
Include Options
ULP Advisor
Predefined Symbols
Advanced Options

» ARM Linker
ARM Hex Utility [Disablec
Debug
< | 1n | »

o
@ Show advanced settings

Configurahon: [debug_poll [ Active] '] [Manage Configuraﬁons...]

Pre-define NAME (--dlefine, -D) & & &8
FH_KEEP_ALIVE
S{COM_TL_SIMPLELINK_CC 13X0_SDK_SYMBOLS} [
AUTO_START
UIP_SMARTMET
IS_ROOT=0
IS_INTERMEDIATE=1
UIP_COMF_TCP=0
TI_MAC_USE_MACE4

%

mp

Undefine NAME {--undefine, -U) L=

[Apply and Close] I Cancel

Figure 7. Predefined Symbols in the 6LOWPAN Mesh Example

2.3 Updating app.cfg and cc13x0lp.cmd
The next step is to update the Code Composer Studio configuration (.cfg) and command (.cmd) files in the
new TI-15.4 sensor example. The app.cfg is located in the directory of Tools and the cc13x0lp.cmd is in
the main project directory as shown in Figure 8.
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+'» cc1310_project - blowpan_ti_15_4_project/cc13x0lp.cmd - Code Composer Studio =Ey X
File Edit View MNavigate Project Run Scripts Window Help
v Biti@ Ry @i oo v v Quick Access | B |[E)%
) Project Explorer 25 Y7 O [ featuresh # cc13x0lp.cmd 2 [5) app.cfg = a
i Glowpan_ti_15 4 _project [Active - debug poll] 151 uip_nd6.obj(.bss) Ps
- 4¥ Binaries 15_2 r‘pl_dag.ob]:(.bss)
153 rpl_dag.obj(.data)
+ & Inclucles 154 rpl_icmp6. obj( .data)
¢ (= Glowpan 155 rpl_mrhof.obj(.data)
- & Application 156 jdllc_middleware.cbj(.data)
. 157 api_mac.obj(.data)
& debug poll 158 / fhmac_global .obj (. data)
> (= debug_push 159 fh_global.obj(.data)
> (= targetConfigs 160 } > CACHE_RAM
4 (= Tools 1e§1
- 162 GROUP > SRAM
b 2 sic 163 {
= app.cfg 164 .data
> & cel3x0ip.cmd 165 bss
> 166 .vtable
El projectlog 167 vtable_ram
@ README htm| 168 vtable ram
|5 README.md 169 .sysmem
17a -nonretenvar
171 } LOAD_END(heapStart)
172
173 .stack : > SRAM (HIGH) LOAD_START(heapEnd)
174}
175
176 /% (reate global constant that points to top of stack '/ =
177 /% ((5: Change stack size under Project Properties by
178 __ STACK_TOP = _ stack + _ STACK_SIZE; —
179 m
4 »
& Console v [~ = 8 [2 problems ' Advice 4 Search i =8
Mo consoles to display at this ime. 30 %% BléymF~t -
‘fhChannellMask’ - 3 matches in workspace
a5 6lowpan_ti_15_4_project [Active - debug_poll]
4 (= Application
A jdlic_middleware.c (3 matches)
& 141 STATIC uintd_t fhChannelMask[] = CONFIC
= 253 sizeOfChannellask = sizeof(
= 292: excludeChannels[idx] = i
< 1 »
# [6lowpan_ti_15_ 4 project/cc13x0lp.cmd B

Figure 8. app.cfg and cc13x0lp.cmd

2.4 Modifying Source Files in the Directory of Application

The final step is to modify the source files in the directory of Application. Finding the modifications in the
source files can be done by running “diff’ those files in the 6LOWPAN mesh software example and the TI-
15.4 sensor example. Table 1 summarizes the list of files to be compared.

Table 1. List of Files to be Modified

Path File Name
Application/ICall icall addrs.h
icaIII:
Application/MAC/FreqHop fh_global.c
Application/subg config.h
Application/ ccfg.c
main.c

middleware.c (senesor.c )
middleware.h (sensor.h)
jdllc_middleware.c (jdlic.c)
jdllc_middleware.h (jdllc.h)
ssf.c

ssf.h

@ This is the baseline file to be modified in the new TI-15.4 sensor example
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An easy way to find the modifications in the 6LoOWPAN mesh software example is to search for “FIXME” in
the Code Composer Studio project. Figure 9 shows the screen capture of the list of files and changes on
the right bottom window by searching “FIXME” in the 6LOWPAN mesh project.

+'+ cc1310_project - Blowpan_ti_15_4_project/cc13x0lp.cmd - Code Composer Studio

—_——

= | [F -

File Edit View MNavigate Project Run Scripts Window Help
By B Qv Pig i i

T Gv

{5 Project Explorer &2 =% =8 features.h # cc13x0lp.emd 2 2 app.cig

4 1= Glowpan ti_15 4 project [Active - debug_poll] - 151 uip_nd6.obj(.bss)
. 4 Binaries 152 rpl_dag.obj(.bss)
153 rpl_dag.obj(.data)

> & Includes 154 rpl_icmp6.obj(.data)

» Iz Blowpan 155 rpl_mrhof .obj(.data)

4 (= Application 156 jdllc middleware.obj(.data)
+ = ICall ‘
- & LaunchPad B Console 2 ~H-r=8
> = MAC No consales to display at this ime.
: = PALNA
+ = Services
> = subg
- [8 api_mac.c
+ pi_mach
> [l boardh =
2 19 cefge

| jdllc_middleware.c

> [nl jdilc_middleware h

» W llch
ac_user_config_cc13x0_subg_chinah

[ ac_user_config_cc13x0_subg_us_euro_200kh
d mac_user_config_cc13x0_subg_us_euro.h
| mac_user_config.c

> mac_user_configh

> [ mainc

+ & middleware.c

>l middlewareh

> [6 smsgsh

> [8 ssf.c

> lnl ssfh

> [&l imerc

4 timerh

> € vart printf.c

> [0 uart_printth

- [¢ utile

> 8l utilh

Quick Access ;3 |’i{;

= 8
-
»
[2! Problems ;' Advice < Search & = O
CHIRKBD 8~

FIXME' - 70 matches in workspace
PR 6lowpan_ti_15 4 _project [Active - debug poll]
> = Glowpan
4= Application
A = ICall
> e icall_addrsh
> e icalle
= MAC
> 2% native_oac
» = subg
> € cefge
- g mainc (10 matches)
+ kel middleware.c
» g ssf.c (22 matches)
> |8 ssth (6 matches)

Figure 9. "FIXME" in the 6LOWPAN Mesh

3 References

Example

1. Simple 6LoOWPAN Mesh End-Node Improves Network Performance Reference Design (TIDA-010003)
2. Secured 6LOWPAN Mesh End-Node with Enhanced Network Capacity Reference Design (TIDA-

010024)
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