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* Problem Definition

* Design Objectives

e Architecture Overview

* Description of Each Component
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Problem Definition

e Certain situations require upgrade of DSP flash
without the use of an emulator:

— Emulator use may not be possible due to controller
location (under dash of car, in tail of airplane, etc.).

— Costs: Providing emulator and tools to end users or
service personnel may not be practical.
 The upgrade process must be robust so that
faillures during reprogramming process do not
result in a “dead” controller.

Minds in Motio

Technology for Innovators” Wi TEXAS INSTRUMENTS




Tl | Developer Conference

Design Objectives

Do not require direct access to the hardware
other than a serial cable.

 Use a PC, laptop or handheld device running a
standalone application to program the device.

« Gracefully recover from any failed programming
attempt.

e Launch only valid applications.
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Solution Architecture

Target Hardware
DSP
Bootloader Applet FLASH
Upgrade out | | s, .
Application - Bootloader Applet
(Windows hex DSP APPLICATION Action
Client) o
Application
I Sectors
(ActiveX Server) : I
RS-232 Protocol @ Operations
PC/LAPTOP/PDA (or other)
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Functional Summary

 Bootloader applet loaded and launched via
on-chip bootloader.

* Applet reads variable from flash to determine
action to take (i.e., wait or launch application).

 |f action is launch, performs checksum on
application area of flash and launches
application if valid.

 |If action is wait or application is invalid, applet
sits in loop until PC downloads new application
via Comm Protocol and issues launch
commana. Minds in Motio
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Flash Device Sections

 Three unigue sections

FLASH are defined.
Bootloader Applet Protected Sector
Action Variable iOne Sector  Loader applet burned
ApplliesEiien Into protected sector
Software
. of flash at factory.
eserved
Sectors e Action variable tells
applet what function
Other J to perform at startup.
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Communications Protocol

Header Len DeviD & Cmd Cmd Data ChkSum

Main purpose is to provide asynchronous “peek” and
“poke” operations on DSP Target Memory.

« “Logical Layer” is packet-based Query/Response
Protocol with checksum and retries.

 PC is master, requesting certain operations and waiting
for a response.

 DSP is slave, servicing requests and returning any data.

* “Physical Layer” can be any suitable link (RS-232,
Ethernet, USB, etc.).
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Protocol Commands: Minimum Set

« MemRead: Read from DSP memory.
 MemWrite: Write to DSP memory.
« Getld: Return identification string.

« For MemRead and MemWrite commands, the
DSP looks at the passed address and calls the
~lash Read or Write functions when necessary.
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Functional Logic —-DSP Side

Tl Bootloader Bootloader Applet
Load & Run
Loader | Eras B
Applet Cmd v ==1 v ==2 P
E . Erase Use Comm
rase Action N
==0 Secian A%p"ca“o” Protocol to
* ecltors Erase
\2 Sectors and
Read action erte_ neyv
from Flash application
code to flash
NN
NO
Application

» to Flash via
Application Comm Protocol

Write new code}
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Functional Logic — PC Side

dsp.Ul_Erase_cmd = > < v
ERASE_ACTION_SECTOR l Write “LOAD
Write each line of AND RUN” é?
v hex file data to aCt'icr’]”F‘I’:;'r? €
Write “WAIT” to Uzl Ui
: : ) memWrite
action variable in command
Flash ~ END
v NO
dsp.Ul_Erase cmd =
ERASE_APP_SECTORS
A YES NOTE: dsp.var = X
l ¢ indicates use of memWrite
Verify command to change a dsp
(intel hex, tek, Sector contents
ascii etc.) against hex file
| I-—(VALID)__
Minds in Motion

Technology for Innovators” Wi TEXAS INSTRUMENTS




Tl | Developer Conference

DSP Memory Considerations

Reserved{

entry point

DSP RAM DSP RAM
Bootloader Applet Application Data
{.text, .bss} Memory

{.bss, heaps etc.}
-hole-
Application Application
Program Memory Program Memory
and

Initialized sections:

{.text, .const, .data
.cinit, etc.}

-hole-

Application Data
Memory

Prior to Application
Launch

After Application
Launch

 Memory map must be
designed to allow
Bootloader Applet to
run from RAM as
application is loaded to
RAM.

« Bootloader Applet must
reside in uninitialized
sections of application
memory.
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Demonstration

LAPTOP Automotive Controller
C5510 DSP
MATLAB < .hex C— :
(Windows . Bootloader Applet
Client) e, |

{ DSP APPLICATION
LDX™ Flash L
Protocol |l Operations 0

e Live Data Exchange (LDX™) communications protocol.
« MATLAB used as PC-side application.

FLASH

LDX™ ActiveX Server
(Communications Protocol) ( )

RS-232
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Live Data Exchange (LDX™)

* Initially developed as an internal tuning tool to
allow viewing and modifying DSP variables over
a serial link.

« Available from Applied Signal Processing, Inc.
for the C2800, C5000 and C6000.

 Two components: LDX Protocol and LDX
ActiveX Server.

e Protocol Commands:
— MemRead, MemWrite
— Getld, GoTo
— Reset, SetBitRate
Minds in Motio
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LDX™ ActiveX Server

e Allows any Windows client (MATLAB, Excel, Visual C++,
etc.) visibility into a DSP application’s symbol table and
memory, including structures and arrays.

* Provides layer of abstraction between a Windows client
and the low-level protocol.

* Provides high-level operations (“Methods”) that are
translated into low-level protocol commands:
— SymRead, SymWrite, LoadSym, SetBaud, etc.
 Examples (MATLAB):
>>invoke(h,’SymWrite’, myDSPArray’,[1 2 3 4]);
>>xMatrix = invoke(h,’SymRead’,’aDSPMatrixVar’);

Minds in Motio
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Demonstration Walk-through

e Establish communication with controller and
load symbol table of application.

« Start the upgrade process.
 Interrupt upgrade process (pull serial cable).

e Power cycle controller and re-establish
communication (with Bootloader Applet).

Minds in Motio:
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Demo: Automotive controller

ARRRERR

Minds in Motion

Technology for Innovators” Wi TEXAS INSTRUMENTS



Tl | Developer Conference

Demo: Establish communication with controller.

= J: Command Window -0 x|
File Edit Debug Desktop ‘Window Help N
>> StartDVE [
MatlLabh Version 7.1.0.246 [(R1l4) 3Zerwvice Pack 3

LDE Ahutomation Server Version: LDE Z2.a0

Feturning doubles for MatLab script backwards compatibhilty.
Feturning MNalM for SymBead, GetID, and commmunhication failures.
Coml:

Packet Retries 1

Packet Timeout 500 [msec]

Baud ERate 9600,

Target info =

JwId: 400 (Q7) 3JwWer: 1.061 Wehicle: 400 [(Audi Q7)

w
|DVH 4

e

Minds in Motion
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Demo: Load symbol table of application.

) LoadSymGui =10 x|
Detected HH"'EI’Si'I'ﬂiJﬂ'rtIIZ:l: 19 Hwell: 22 Fweter: 0400 Picher: 0206 Swyld: 400 Swiyer: 1.061 Nehicle: 400
work Directory: 'E:l@?_DVEWD:{EE“I Dhappsia W1 061 I
S - |
dve_ep.out
hd
Out File: (*.0ut)  ive_ep.out LiS_tI
Load
Fead':.f Ta Load Symbal Table File: dve_epoot
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Demo: Start the upgrade process.

J BurnFlashGui =10 x|

Detected H'-"''3"Si'I'f'liJrTrtIII:l: 19 Hwll: 52 FwYer: 0400 PicYer: 02068 Swld 400 Swier: 1.061 “ehicle: 400

Whiork Directory: lE:'I.QT-’_D"-.-"E'ID:-:SS“I Mappsia e 051 I

T ———— . |
dve_ep.dhx

hd
Hex File: (.dhix) five_ep List

Eurn Flazh [v Erase Parameter Sector

head%_.-' To Burn File: dve_ep.dhx
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Demo: Interrupt the upgrade process.

J BurnFlashGui =10] x|

Detected ”‘-"EFSiDﬂiJn'rtlD: 19 HwlilD: 52 FPw'Yer: 0400 Picver: 0206 Swld: 400 Swhier: 1 061 “ehicle: 400

Work Directory: o7 _DWEIDxSS1 Dappsia? vl 051 | 0

F
—

dve_ep.dhx

& L

Hexx File: (*.dhix) lj'-.-'e_ep.dh:-:

F BUrn FIashE v Eraze Parameter Sector

I(:::ummunin:atinn Failure during Burh of Flash
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Demo: Power cycle controller and re-establish
communication with Bootloader Applet.

) LoadSymGui =10 x|

« ): Command Window Detected VEFSiDﬂi UnitiD: 19 HwlD: 52 Fatver: 0300 Picver: 0206 Swid: 1 Swier: 0410 Yehicle: 500

File Edit Debug Desktop

Work Directory: :
——— ¥ ER7_DYEDxS510Loader 410 Al

MatLab Version 7.1 _Zl
[oader .out

LDE Lutomation 3Jer
Eeturning doubles
Returning Nall for

Coml:
Packet Eetries 1 ll
Packet Timeout S0C  Out File: (*.out) lnader.nut ﬂ
Baud Rate 9600,

Load |
Target_info = Feady T Load Symbal Takle File: loader out
Swld: 1 (Loader) 3wWer: 0.410 WVehicle: 500 (VI T4) ﬂ
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Questions/Comments

Shawn Steenhagen

Applied Signal Processing, Inc.

608-441-9921
shawn.steenhagen@appliedsignalprocessing.com
www.appliedsignalprocessing.com
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enhancements, improvements, and other changes to its products and services at any time and to
discontinue any product or service without notice. Customers should obtain the latest relevant information
before placing orders and should verify that such information is current and complete. All products are sold
subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other quality control techniques are used to the extent
Tl deems necessary to support this warranty. Except where mandated by government requirements, testing
of all parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible
for their products and applications using Tl components. To minimize the risks associated with customer
products and applications, customers should provide adequate design and operating safeguards.

Tl does not warrant or represent that any license, either express or implied, is granted under any TI patent
right, copyright, mask work right, or other Tl intellectual property right relating to any combination, machine,
or process in which Tl products or services are used. Information published by TI regarding third-party
products or services does not constitute a license from Tl to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or
other intellectual property of the third party, or a license from TI under the patents or other intellectual
property of TI.

Reproduction of information in Tl data books or data sheets is permissible only if reproduction is without
alteration and is accompanied by all associated warranties, conditions, limitations, and notices.
Reproduction of this information with alteration is an unfair and deceptive business practice. Tl is not
responsible or liable for such altered documentation.

Resale of Tl products or services with statements different from or beyond the parameters stated by TI for
that product or service voids all express and any implied warranties for the associated TI product or service
and is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Following are URLs where you can obtain information on other Texas Instruments products and application
solutions:

Products Applications
Amplifiers amplifier.ti.com Audio www.ti.com/audio
Data Converters dataconverter.ti.com Automotive www.ti.com/automotive
DSP dsp.ti.com Broadband www.ti.com/broadband
Interface interface.ti.com Digital Control www.ti.com/digitalcontrol
Logic logic.ti.com Military www.ti.com/military
Power Mgmt power.ti.com Optical Networking www.ti.com/opticalnetwork
Microcontrollers microcontroller.ti.com Security www.ti.com/security
Low Power Wireless www.ti.com/lpw Telephony www.ti.com/telephony
Video & Imaging www.ti.com/video
Wireless www.ti.com/wireless
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