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CHAPTER ONE

1. INTRODUCTION

1.1. Scope of Document Application

This document outlines the procedure and methods of development of OPL1000 application
procedure on OPL1000 DEVKIT. Through the reading of this article, users can quickly grasp the

theory and process of the development of OPL1000 user application procedure.

1.2. Abbreviations

Abbr. Explanation

APP APPlication

APS Application Sub-system - and it refers to M3 MCU in this
document

AT Attention Terminal Command Index

DevKit Development Kit

EVB Evaluation Board

FW FirmWare , Operating Software embedded on Processor

ICE In-Circuit Emulator

OTA Over-the-Air Technology

RX Receive

SWD Serial Wire Debug

X Transmit

1.3. Reference

[1] OPL1000-patch-download-tool-user-guide.pdf

[2] OPL1000-DEVKIT-getting-start-guide.pdf
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CHAPTER ONE

2. OPL 1000 APP DEVELOPMENT PROCEDURE

2.1. Relationship between APP & ROM Code & Patch

OPL1000 consists of two MCU's of ARM Cortex M3 and Cortex MO. The so-called OPL1000 APP
Development refers to the application procedure for development users on M3 MCU of OPL1000.
The initial M3, MO firmware of OPL1000 is comprised in the Chip as ROM CODE. Furthermore, as
functions expand and bugs resolved, OPL1000 also provides firmware patch of M3 and MO.
Therefore, the development of user APP is completed based on the foundation of ROM code and

firmware patch. Their relationship can be demonstrated with Figure 1.

Figure 1: The Relationship Between User APP & ROM CODE and Patch

M3
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The MO Patch is sent out via Opulinks in the format of binary files. M3 Patch is provided in the
format for lib documents, as the user APP and SDK source code from Opulinks are used as Keil C
project for coding, therefore, the generated M3 bin document include M3 Firmware Patch, SDK

and user APP application procedure. Ultimately, MO Patch Bin documents and M3 Bin documents

Copyright © 2019, Opulinks. All Rights Reserved.
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are combined and then downloaded to external Flash, and after OPL1000 is powered up, M3/M0O
Bin documents in the Flash is loaded into RAM to execute. The overall process can be shown with

Figure 2.

Figure 2: Compiling of User APP & Patch, Loading Process (without OTA Function)

| MO Patch Bin Files

Keil uvision
Compile {} RAM
M3 User APP&SDK |g Link Download ﬁ
M3 Patch
M3 Patch Lib Bin File ;> Load & Execution

The two types of Bin documents, supported by OPL1000, are “"Pure Bin" documents as shown in
Figure 2, as M3 bin document coded with users’ procedure, then combined with MO bin
document in generating opl1000.bin file. This file stored in Flash 0x0000 position, neither
including OTA loader, nor supporting OTA (Over-The-Air Download) function, and the other is
called "OTA Image” document which is based on “Pure Bin” document, with messages such as
OTA Loader and Bin Header, etc. included, in generating firmware documents that support OTA
download, with the document generated by using download tool named as "opl1000_ota.bin".

In order to understand the structure of OTA Image document, we need to first understand the
working process of OPL1000 OTA upgrade firmware. When OPL1000 firmware supports OTA
download for upgrade, there are two firmware maintained in Flash, as shown in Table 1,as the
first OTA Bin file and the second OTA Bin file are placed in 0x00005000 and 0x0003E000 locations
respectively, with the maximum size of 228K Bytes. At the locations of 0x00003000 and
0x00004000 there are Header message of the first and the second OTA bin. Header messages
include the chip type, version message, firmware calibration and firmware size and Header

Calibration, etc., of OTA Bin Firmware. The first OTA bin file and the second OTA bin use ping-

Copyright © 2019, Opulinks. All Rights Reserved.
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pong switch method to execute upgrade. For example, when the currently executing firmware
corresponding to the first OTA Bin document, then the firmware (and its Header message)
downloaded through OTA download would be placed in the second OTA Bin document location
(firmware in 0x0003E000, and header in 0x00004000). If the currently executing firmware
corresponding to the second OTA Bin document, then the newly downloaded upgrade firmware
would be placed in the first OTA Bin document location (firmware in 0x00005000, and header in
0x00003000)

Table 1: Reflective Address of OTA Image Stored in Flash

&

Number Address Size Content
0x00000000
1 ~ 12K Bytes | OTA Firmware Loading Procedure
0x00003000
0x00003000 , ,
The Header of the first OTA Bin document only uses
2 ~ 4K Bytes - .
up 64 bytes, and the rest is filled up with OxFF.
0x00004000
0x00004000 . .
The header of the second OTA Bin document, with
3 ~ 4K Bytes
the same format as above.
0x00005000
The first OTA Bin document, just like the previously
0x00005000 _ ,
4 228K Bytes | mentioned opl1000.bin document. It and the second
~ 0x0003E000 . . . .
OTA Bin document using ping-pong switch upgrade.
The second OTA Bin document, just like the
0x0003E000 ~ previously mentioned opl1000.bin document. It and
5 228K Bytes ) . . . .
0x00077000 the first OTA Bin document using ping-pong switch
upgrade.
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The composition of opl1000_ota.bin document, corresponding to Table 1, is shown in Table 2. Its
first 3 sectors are the same as Table 1. As opl1000_ota.bin document only contains 1 Bin
document, therefore it does not have the 5™ sector, i.e. the 2" OTA BIN document data. Also, the
size of the 4" sector is determined by firmware size. Assumed that there is already an OTA image
in Flash, e.g. the first OTA Bin document corresponding to Table 1. Then the content of the 2™
and 4" sectors of the newly downloaded opl1000_ota.bin document will be written into the 3

and 5" sectors shown in Flash Table 1.

Table 2: Composition of OPL1000 OTA

Number. Address Size content
0x00000000 ~ ) )
1 12K Bytes | OTA Firmware Loading Procedure
0x00003000
The Header of the first OTA Bin document only
0x00003000 ~ o )
2 4K Bytes | uses up 64 bytes, and the rest is filled up with
0x00004000
OxFF.
3 0x00004000 ~ 4K Byt The header of the second OTA Bin document, with
es
0x00005000 y the same format as above.
0x00005000 ~ OTA Bin file which is the previous mention
4 N Bytes o
0x00005000+N opl1000 bin file

Please note that there are two premises for OPL1000 firmware supporting OTA download that
firstly, being structured on opl1000_ota.bin, and the other being OTA Bin document supporting
the function of obtaining firmware through BLE or WIFI. Regarding user APP coding that supports
OTA function, download process is shown in Figure 3, as it includes two-time Pack combination
functions. One is to combine user APP bin document and MO0 bin document as opl1000.bin. The
second is to combine opl1000.bin, OTA loader and the Header message of opl1000.bin, in

forming opl1000_ota.bin document.
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]
Figure 3: Coding of User APP & Patch, Loading Process (Supporting OTA Function)
Keil uvision
M3 User APP&SDK OPL1000 RAM
M3 Patch Lib . ﬁ
ile & Li e
Compile & Link

M3 Patch Bin File
Opl1000_app_m3.bin

MOPatch Bin File
Opl1000_m0.bin

2.2. APP Development Procedure

OTA loader File

Pack
OPI1000 Bin File

Opl1000.bin

Opl1000_ota_loader.bin |~ |

N

OPI1000 Bin File

Header

Pack & [OTA image Bin File
Opl1000_ota.bin

build

User can use two modes to develop application procedure.

Mode 1: IDE Online Debugging Development Mode

The development entails four steps, as shown in Figure 4.

1. Obtain OPL1000 SDK software pack from the original manufacturer.

Download

2. Pack the MO Bin document under the “FW_Binary” folder that contains SDK software pack,

according to the download tool guide outlined in Reference (1), into a Bin document and

download it to Flash. Please note that MO bin document needs only be downloaded from SPI

flash once, when there is no update on SDK Development Pack.

3. Develop user APP on Keil uVision (based on SDK example source code project)

pu Hﬂ kg Copyright © 2019, Opulinks. All Rights Reserved.
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4. Under Keil C environment, as online emulator operates and debugs, and confirm execution
result through serial-port, while taking note that code has not yet been downloaded to flash

yet, as code is only operating in RAM.

Figure 4: IDE Online Debug Development Mode

Obtain OPL1000 SDK Development Pack

z

MO Bin document packed and combined into a Bin Download Tool
document before downloaded into Flash

4L

N .
I
Develop user APP, and executing, debugging and confirm
execution result, under Keil C that is based on SDK
source code project Keil C Development Environment

- R

OPL1000 executes user APP in confirming execution result, Serial-Port Debugging Tools, etc.
through serial-port printing or other devices.

Mode 2: Serial-Port Debugging Development Mode
The development entails five steps, as shown in figure 5.

1. Obtain OPL1000SDK software pack from the original manufacturer.
2. Develop user APP, and executing, debugging and confirm execution result, under Keil C that
is based on SDK source project.

3. Obtain coded M3 Bin Document
Pack the MO Bin document under the “FW_Binary” folder that contains SDK software pack,

according to the download tool guide outlined in Reference (1), into a Bin document and
download it to Flash. Please note that MO bin document needs only be downloaded from

SPIflash once, when there is no update on SDK Development Pack.

pu Hﬁ ks Copyright © 2019, Opulinks. All Rights Reserved.
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5. As OPL1000 is powered on or reset. Execute user APP, and confirm execution result through

serial-port messages.

Figure 5: Serial-Port Debug Mode

Obtain OPL1000 SDK Development Pack

N

Develop user APP, and executing, debugging and confirm
execution result, under Keil C that is based on SDK source
code project

CHAPTER ONE

Keil C Development Environment

2

Coded M3 Bin and MO Bin document packed and
combined into a Bin document before downloaded into
Flash

S

When OPL1000 is powered on or reset, it executes user
APP in confirming execution result, through serial-port
printing.

During the actual development process, users can combine his/her own development needs to

Download Tool

Serial-Port Tools

switch between these two development modes with flexibility.

! ,pu ”ﬂ kg Copyright © 2019, Opulinks. All Rights Reserved.
Co‘ FEFRHE OPL1000-SDK-getting-start-guide-R02, Version V06



OPL1000

&

BERHR

3. USING KEIL

PROCEDURE

TO

DEBUG APPLICATION

User application procedure can carry out development and debugging on DEVKIT board. For the

usage of DEVKIT board, please refer to reference (2) DEVKIT Quick Usage Guide.

3.1. Keil Engineering Setting

DevKit board uses USB as power-supply, while correctly connecting K-link emulator and DevKit

Board. Opening up project: SDK\APS_PATCH\examples\get_started\hello_world. Select

"Options of Target” button, with dialogue box prompted, before selecting Debug interface,

before the prompted interface shown below appears.

Figure 6: Option for Target Dialogue setting

Options for Target 'OPL1000_APS_App'

Device I Target I Output | Li sting] User ] C/C++ ] Asm } Lirker Debuz

Utilities |

" UseSimulator  #ith restrictions Settings | * Use |J-LINK /J-TRACE Cortex
[ Limit Speed to Real-Time

Iv Load Application at Startup Iv' Run to main() [ Load Application at Startup o
Initialization File: Initialization File:
| J | | \op000_app_md.ini
Restore Debug Session Settings Restore Debug Session Settings
W Breakpoints v Toolbox Iv Breakpoints v Toolbox

IV Watch Windows
Iv Memory Display

IV Watch Windows & Performance Analyzer
Iv Memory Display ¥ System Viewer

v System Viewer

ﬂ Settings

CPUDLL: Parameter: Driver DLL: Parameter:
[SARMCM3.DLL | -MPU SARMCM3DLL | -MPU
Dialog DLL: Parameter: Dialog DLL: Parameter:
[DCM.DLL |-pCM3 |TCM.DLL |-pCM3

Manage Component Yiewer Description Files ... |

Cancel

o ]

Defaults |
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For debugging port, select the port of JLINK / J-TRACE Cortex port, and if users use other
emulator, please select the corresponding emulator port type, e.g. when using CMSIS DAP
emulator, then the port of CMSIS-DAP Debugger should be chosen. After having selected the
correct port, press == button, before what's illustrated in Figure 7 appears. What is displayed
in SW Device is the designated number of device, indicating the device is properly connected and
operating normally, and if the field of “SW Device” is empty, then device connection should be

checked to ensure correct connection.

Figure 7: Correct Identification of J-link ICE Emulator

Debug | Trace | Flash Dumlod|

J-Link f J-Trace Adapter SW Device
svi [EIERE 00 - IDEODE Device Narme
Device: | Lk SWiDI @ 2B A44ATT ARM Cbregight Sw-Dp
Hae | ved0 dis| veade [
Pw:  [i-Link v8 compiled Mar 10 2 E—

Port: Masc &

[sw =] [omHz <] | |

fusto Clk | | |

3.2. Application Procedure of Online Debugging

arriving at the displayed image as shown in Figure 8, which means coding has been correctly

completed.
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Figure 8: Keil coding hello_world Example Code

—_— . — - S — . ——

V]
File Edit View Project Flash Debug Peripherals Tools SVCS Window Help
=a=N- 1 | || . | | % nwrim_Flashiayoutupal| 5 #4 | @ | @ S & B-| X
£ 1 H 2| 8] orcooar PR Y
Project =8 1 main_patchc | | ] mw_fim.h v %
= “i¢ Project: opl1000_app_m3 141 L -
S5 OPL1000_APP 142 5,
= 5 source 143 | * FUNCTION:
] main_patch.c 144 | *. . -Main_AppInit_patch
B object 145 | =
[ eymdsfs.o 146 | * DESCRIPTION:
L1 opl1000_patch_m3.lib ii; : ~the-initial-of -application
L1 opl1000_sck_m3.lib B |~ PARAMETERS
158 | = none
151 | *
152 | * RETURNS
153 | * - -none
154 | *
155 L /
156 static void Main_AppInit patch(woid)
157 B4
158 -osThreadDef_t tThreadDef;
159 osMessage(Def_t tMessageDef;
168 -osPoolDef_t - tMemPoolDef;
161 .
162 // create-the thread for AppThread_1
163 ~tThreadDef.name = "App_1";
164 tThreadDef.pthread = Main_AppThread_1;
165 -tThreadDef.tpriority = 05_TASK_PRIORITY_APP; - - - -// osPriorityNormal
_4‘ ‘j 166 tThreadDef.instances = 8; // reserved, it-is no-used v
i=] Project | &3 &« {YFunctio | O Templates| || € >
Build Output Ll |

**% Using Compiler 'V5.06 update 4 (build 422)', folder: 'C:\Keil v5\ARM\ARMCC\Bin'

Build target 'OPL1000O_APP'

After Build - User command #1: .\opll000_app_m3.bat D:\sdk\From TW\GEL1000_00Z_002_001_20180730_2227\CPL1000_002_002_001_20180730_2227\A1\SDK'
D:\sdk\From TW\OPL1000_002_002_001_20130730_2227\0PL1000_002_002_001_20180730_2227\AI\SDK\APS_PATCH\examples\get_started\hello_worlds i
D:\sdk\From TW\OPL1000_002_002_ 001 20180730_2227\0PL1000_002_002_001_20180730_2227\AL\SDK\APS_PATCH\examples\get_started\hello worl
D:\sdk\From TW\OPL1000_002_002_001_20180730_2227\0PL1000_002_002_001_20180730_2227\A1\SDK\APS_PATCH\examples\get_started\hello_worlds>
".\Cutput\Objects\opll000_app_m3.axf" - 0 Error(s), 0 Warning(s).

Build Time Elapssd: 00:00:01

=1 Build Output | Cg Find In Files
J-LINK / J-TRACE Cortex L148 C:2 CAP NUM

After coding is completed, click “Debug @ " button, before correctly entering debugger

environment, as shown in Figure 9.
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Figure 9: Using Keil Online Debugging

a - =] X
Eile Eon  View Projet Flash Debug Pegipherals Jools SVCS Wincow Help
S d@ a - R VR L @ ramaxsrc 2z VR R Q S8 B
RO wOCu s /DASEGA-D0-3-0-0- -] -
Register{ | Run (FS) 1 0 [ Disassembly L x |
= —
| Start code execution : =ain: A
0x0004DS40 FIBSFOF0 BL.W Boot_Sequence (0x00002924)
0x0004D544 4C09 LOR x4, [pc, #36] : @0x0004DSEC
0x0004DS46 €820 LOR £0, (x4, $0x00)
0x0004D548 4780 BLX x0 .
< >
_] main_patchc v x|
232 while (1) ~ |
233 |
234 // receive the message from AppMessageQ
235 tEvent = osMessageGet(g_tAppMessageQ, osWaitForever);
236 if (tEvent.status != osEventMessage)
237 ]
238 printf("To receive the message from AppMessageQ is fail.\n");
239 continue;
. 240 }
| # 241
B // h f
ode Tieasd 242 // get the content of me:sage ]
Privilege Privileged 243 ptMsgPool = (S _MessageQ *)tEvent.value.p;
Stack wp = 244
e ten, ojfNas /1 oo the-contect of westape .
&) Project Eiwmusl < >
Command 8 [ Call Stack = Locals L x |
if;;g-‘L INCREMENTAL A [ Name | Location.. | Type
Setup(): // Get ready to execute image in SRAM or whatever re( @ mo.. 000000000 ink 0
g, main v
< >
=
ASSIGN BreakDisable BreakEnable BreakKill BreaklList BreakSet i 5y Call Stack = Locals o J¥
Start code exeaution CMSIS-DAP Debugger 13: 0.04442350 sec L242¢

When proper connection to serial-port is maintained, use serial-port tool to open up APS serial-

port, while clicking “Full-Speed Operation =* " in keil, and when APS serial-port prints out log
message as shown in Figure 10, it indicates that the procedure is executing correctly in RAM.

Figure 10: Execution Result of Printing Confirmation Procedure of APS Serial Port

The init of MW_FIM is done.
[SVN REV] SVN_REVISIOM:1655

[Lib] SDK version info: 2221

[Lib] Compile time: 2@18/67/3@ 11:47:02

wifiMac Task create successful

Supplicant task is created successfully!

controller_queue creates successful!

controller_queue_ble creates successful!

controller_task_create successful!

LE Task create successful

[SYS_COMMON]: OTP not support yet, read STA default mac addres.
WIFI sta cfg REQ idx=1, value=8!

There is no any OTA image.

Sw patch is changed successfully.

Hello world 1
Hello world 2
Hello world 3
Hello world 4
Hello world 5
Hello world 6
Hello world 7
Hello world 8
Hello world 9
Hello world 1

(]
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3.3. Procedure Download

When performing online debugging, codes will only be loaded to OPL1000 RAM area, and once
users complete APP development through online debugging, and they need to download APP

procedure, through download tool, to flash that is external to OPL1000.
Users first use download tool to load corresponding script document and bin document, and
take note of user APP added to the location of M3 patch. Script document and MO bin document

are stored under the FW_Binary folder in SDK, which can be accessed by users under this folder.

Figure 11: Add Script and bin Document

®
UART Setting
Pack OTh Townload About
UART Port | COM9 bt
Script |D\sdk\duwnluad_vZU\PatchData.bd | Load
Baud Rate | 145200 w
Refresh M3 Bin |D\sdk\duwmuad_vzu\upmuuu_app_ms.mn | Load

p
p u | [ kS Mo Bin |D\sdk\duwnluad_vZU\upHUUD_mU bin | Load
" . 100% Pack
Co R I -

Load seript file: D:'sdk\download v20%FPatchData. txt
Load M3 file: I:hsdkidownload v20%0pl1000_app_n3. bin
Load M0 file: T:'=dkhdownload_v20%0pl1000_mn0. bin
Success, generate D:\sdk\dowrloead_v20%Fatchlepl1000. bin

Once script document and bin document are added, click “pack” button, and the procedure will
combine user’'s M3 bin and MO bin documents to generate an opl1000.bin document, according
to script definition, and stored in the patch document folder, the same folder as that of download

tool.
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When looking at Download page, the previously combined opl1000.bin document address has
been automatically written in the location of Patch Bin. As outlined in reference (2) DEVKIT Quick
Usage Guide, select the serial-port number connected with mini-USB in the selection box of
UART Port, and click "Download” button, and resetting OPL1000 DEVKIT within 5 seconds, before
opl10000.bin begins to be downloaded to Flash, as shown in Figure 12. When the green progress
bar reaches 100%, it means that the download is complete, and the interface is shown as in

Figure 13.

Figure 12: Download APP Procedure

@& oPL1000 Download Tool ? X
UART Setting
Pack OTA Download About
UART Port COM13 -
Baud Rate 115200 |
Refresh CE =Tl e outputidownoad releaselPatchiopl1000 binjEITTs RIS UM (SEs!

N &R

%Opu inks o "

Load Patch bin file: D:
\Dong\Work\pro ject\GUI_Too

\ser\D
Open COM13 @115200 bps succ

1'\Download r020\exe_output\download release\Patch\opll1000. bin
ssfully.

Download D:\User\Dong\Work\project\GUI_Tool\Download_r020hexe_outputdownload_release\Patchiopl1000. bin
with speed-up mode.
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Figure 13: Successful Download of OPL1000 Firmware

@ oPL1000 Download Tool ? X
UART Setting
Pack OTA Dewnload About
UART Port COM13 >
Baud Rate  115200| |
Refresh Patch Bin (o _outputidownload_release\Patchiopl1000bin| | Load  Download

Qpu inks ™ °%
% G2

Load Patch bin file: D:
\User\Dong\Work\pro je
Open COM13

\GUI_Tool%Download_r020%exe_output\download_release‘\Patchopl1000. bin
@115200 bps successfully.

Download D:\User\Dong\Work\project\GUI_Tool\Dowmload_r020%exe_outputidownload_release\Patch\opl1000. bin
with speed-up mode.
Download D:\User\Dong\Work\project\GUI_Tool\Download_r020\exe_output’download_release\Patch\opl1000. bin

successfully !

Users use serial-port tool to open APS serial-port to reset OPL1000 DEVKIT board, and relevant

log of APP procedure can be observed
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