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Preface

NOTICE TO CUSTOMERS

All documentation becomes dated, and this manual is no exception. Microchip tools and
documentation are constantly evolving to meet customer needs, so some actual dialogs
and/or tool descriptions may differ from those in this document. Please refer to our web site
(www.microchip.com) to obtain the latest documentation available.

Documents are identified with a “DS” number. This number is located on the bottom of each
page, in front of the page number. The numbering convention for the DS number is
“DSXXXXXA”, where “XXXXX” is the document number and “A” is the revision level of the
document.

For the most up-to-date information on development tools, see the MPLAB® IDE on-line help.
Select the Help menu, and then Topics to open a list of available on-line help files.

INTRODUCTION

This chapter contains general information that will be useful to know before using the
Real-Time Data Monitor (RTDM). Items discussed in this chapter include:

* Document Layout

» Conventions Used in this Guide

» Warranty Registration

* Recommended Reading

* The Microchip Web Site

» Development Systems Customer Change Notification Service

» Customer Support

* Document Revision History

DOCUMENT LAYOUT

This user’s guide describes how to use the Real-Time Data Monitor. The document is
organized as follows:

» Chapter 1. “Introduction” — This chapter introduces the real-time data
monitoring software developed for the MPLAB® Data Monitor and Control
Interface (DMCI) integrated on the MPLAB IDE 8.10 or higher. It also outlines
requirements for a host PC.

+ Chapter 2. “Getting Started” — This chapter describes how to run the RTDM
code example, CE155, and how to add RTDM code to your application code.

» Chapter 3. “Application Programming Interface (API)” — This chapter outlines
how the API functions provided in the Real-Time Data Monitor, which can be
included in your application software via the Application Programming Interface.

© 2008 Microchip Technology Inc. DS70567A-page 1
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» Chapter 4. “Protocol” — This chapter describes the RTDM protocol specification,
which is used to debug dsPIC® DSC devices and PIC24H embedded applications
at run-time.

» Chapter 5. “DMCI Operating Modes” — This chapter outlines the different
MPLAB DMCI operating modes used for debugging applications in a real time
fashion.

DS70567A-page 2 © 2008 Microchip Technology Inc.
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CONVENTIONS USED IN THIS GUIDE

This manual uses the following documentation conventions:

DOCUMENTATION CONVENTIONS

Description

| Represents

Examples

Arial font:

Italic characters

Referenced books

MPLAB® IDE User’s Guide

Emphasized text

...Is the only compiler...

dialog

Initial caps A window the Output window

A dialog the Settings dialog

A menu selection select Enable Programmer
Quotes A field name in a window or | “Save project before build”

Underlined, italic text with A menu path File>Save
right angle bracket
Bold characters A dialog button Click OK

A tab

Click the Power tab

N‘Rnnnn

A number in verilog format,
where N is the total number of
digits, Ris theradixand nis a
digit.

4'p0010, 2'hF1

Text in angle brackets < >

A key on the keyboard

Press <Enter>, <F1>

Courier New font:

Plain Courier New

Sample source code

#define START

Filenames autoexec.bat

File paths c:\mccl8\h

Keywords _asm, _endasm, static
Command-line options -Opa+, -Opa-

Bit values 0, 1

Constants 0xFF, ‘A’

Italic Courier New

A variable argument

file.o, where file can be
any valid filename

Square brackets [ ]

Optional arguments

mccl8 [options] file

[options]

Curly brackets and pipe
character: { |}

Choice of mutually exclusive
arguments; an OR selection

errorlevel {0]|1}

Ellipses...

Replaces repeated text

var_name [,

Represents code supplied by
user

var name. . .]
void main (void)
{

}

WARRANTY REGISTRATION

Please complete the enclosed Warranty Registration Card and mail it promptly.
Sending in the Warranty Registration Card entitles users to receive new product
updates. Interim software releases are available at the Microchip web site.

© 2008 Microchip Technology Inc.
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RECOMMENDED READING

This user’s guide describes how to use the Real-Time Data Monitor. Other useful
documents include:

dsPIC30F Family Reference Manual (DS70046)

Refer to this document for detailed information on dsPIC30F device operation. This
reference manual explains the operation of the dsPIC30F DSC family architecture and
peripheral modules but does not cover the specifics of each device. Refer to the
appropriate device data sheet for device-specific information.

dsPIC33F Family Reference Manual Sections

Refer to these documents for detailed information on dsPIC33F device operation.
These reference manual sections explain the operation of the dsPIC33F MCU family
architecture and peripheral modules, but do not cover the specifics of each device.
Refer to the appropriate device data sheet for device-specific information.

dsPIC30F/dsPIC33F Programmer’s Reference Manual (DS70157)

This manual is a software developer’s reference for the dsPIC30F and dsPIC33F 16-bit
MCU families of devices. It describes the instruction set in detail and also provides
general information to assist in developing software for the dsPIC30F and dsPIC33F
MCU families.

MPLAB® ASM30, MPLAB® LINK30 and Utilities User’s Guide (DS51317)

This document helps you use Microchip Technology’s language tools for dsPIC DSC
devices based on GNU technology. The language tools discussed are:

+ MPLAB ASM30 Assembler

* MPLAB LINK30 Linker

* MPLAB LIB30 Archiver/Librarian
* Other Utilities

MPLAB® C30 C Compiler User’s Guide (DS51284)

This document helps you use Microchip’s MPLAB C30 C compiler for dsPIC DSC
devices to develop your application. MPLAB C30 is a GNU-based language tool, based
on source code from the Free Software Foundation (FSF). For more information about
the FSF, see www.fsf.org.

Other GNU language tools available from Microchip are:

+ MPLAB ASM30 Assembler

* MPLAB LINK30 Linker

* MPLAB LIB30 Librarian/Archiver

MPLAB® IDE Simulator, Editor User’s Guide (DS51025)

Refer to this document for more information pertaining to the installation and
implementation of the MPLAB Integrated Development Environment (IDE) software.

To obtain any of these documents, contact the nearest Microchip sales location (see
back page) or visit the Microchip web site at: www.microchip.com.

Microsoft® Windows® Manuals

This user’s guide assumes that you are familiar with the Microsoft Windows operating
system. Many excellent references exist for this software program and should be
referenced for general operation of Windows.

DS70567A-page 4
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THE MICROCHIP WEB SITE

Microchip provides online support via our web site at www.microchip.com. This web
site is used as a means to make files and information easily available to customers.
Accessible by using your favorite Internet browser, the web site contains the following
information:

» Product Support — Data sheets and errata, application notes and sample
programs, design resources, user’s guides and hardware support documents,
latest software releases and archived software

» General Technical Support — Frequently Asked Questions (FAQs), technical
support requests, online discussion groups, Microchip consultant program
member listing

» Business of Microchip — Product selector and ordering guides, latest Microchip
press releases, listing of seminars and events, listings of Microchip sales offices,
distributors and factory representatives

DEVELOPMENT SYSTEMS CUSTOMER CHANGE NOTIFICATION SERVICE

Microchip’s customer notification service helps keep customers current on Microchip
products. Subscribers will receive e-mail notification whenever there are changes,
updates, revisions or errata related to a specified product family or development tool of
interest.

To register, access the Microchip web site at www.microchip.com, click on Customer
Change Notification and follow the registration instructions.

The Development Systems product group categories are:

» Compilers — The latest information on Microchip C compilers and other language
tools. These include the MPLAB C18 and MPLAB C30 C compilers; MPASM™
and MPLAB ASM30 assemblers; MPLINK™ and MPLAB LINK30 object linkers;
and MPLIB™ and MPLAB LIB30 object librarians.

+ Emulators — The latest information on Microchip in-circuit emulators. This
includes the MPLAB ICE 2000, MPLAB ICE 4000 and MPLAB REAL ICE.

* In-Circuit Debuggers — The latest information on the Microchip in-circuit
debugger, MPLAB ICD 2.

- MPLAB® IDE - The latest information on Microchip MPLAB IDE, the Windows®
Integrated Development Environment for development system tools. This list is
focused on the MPLAB IDE, MPLAB SIM simulator, MPLAB IDE Project Manager
and general editing and debugging features.

* Programmers — The latest information on Microchip programmers. These include
the MPLAB PM3 and PRO MATE® || device programmers and the PICSTART®
Plus and PICkit™ 1 development programmers.

CUSTOMER SUPPORT

Users of Microchip products can receive assistance through several channels:

+ Distributor or Representative

* Local Sales Office

+ Field Application Engineer (FAE)

 Technical Support

» Development Systems Information Line

Customers should contact their distributor, representative or Field Application Engineer

(FAE) for support. Local sales offices are also available to help customers. A listing of
sales offices and locations is included in the back of this document.

Technical support is available through the web site at: http://support.microchip.com

© 2008 Microchip Technology Inc. DS70567A-page 5
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REAL-TIME DATA MONITOR

MICROCHIP USER’S GUIDE

Chapter 1. Introduction

This chapter introduces the Real-Time Data Monitoring (RTDM) software developed for
the MPLAB Data Monitor and Control Interface (DMCI), which is integrated on MPLAB
IDE 8.10 or higher. These DMCI features address the need for monitoring and
modifying data in a real-time fashion.

This user’s guide provides information you can use to incorporate the RTDM into your
embedded solution. Topics covered include:

» Overview
» Features
» System Requirements

1.1 OVERVIEW

FIGURE 1-1:

Most existing embedded applications demand more complex and sophisticated
debugging tools, providing methods to reduce the development cycle, and therefore,
the time-to-market.

The MPLAB DMCI provides dynamic input control of application variables in MPLAB
IDE projects. Application-generated data can be viewed graphically using any one of
four dynamically-assignable graph windows.

Applications such as motor control and power conversion require high-speed data
monitoring from MPLAB DMCI. Achieving such tasks with the existing debugging tools
and the on-chip debugging module, requires the use of an additional communication
link between a host PC and a target device.

RTDM, along with MPLAB DMCI (MPLAB 8.10 or higher), creates an alternative link
between a host PC and a target device for debugging applications in real-time.

Using these tools for getting data in and out of the target device allows developers to
run their applications, while providing the ability to tune the variables and immediately
see the effect without halting the application. Figure 1-1 provides an example
application.

APPLICATION EXAMPLE

MPLAB® DMCI RTDM software running in
l users’s application code

© 2008 Microchip Technology Inc. DS70567A-page 7
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1.2 FEATURES

RTDM has the following features:

* Runs under Debug mode or user’s application
+ Fully compatible with MPLAB DMCI

* Provides dynamic access to control and monitor software variables without halting
program execution

» No recompiling is required between debug sessions
+ Ability to control or view any global variable defined by the target application code
* Provides an alternative link to read/write data from/to the target device

» Uses the RS-232 standard protocol as the primary communication link between
the host PC and target device

* Maximum baud rate: 460800 bps
» Configurable to use the UART1 or UART2 modules on the target device
» Supported by all dsPIC30F, dsPIC33F and PIC24H devices

1.3 SYSTEM REQUIREMENTS

The RTDM code requires the following resources on the target device:

* One UART module
» Flash memory used:
- 2 Kbytes of Flash if the dsPIC Peripheral Library is used, or
- 600 bytes if the UART driver is configured using hardware-dependent code
* RAM used: 48 bytes plus buffered data
+ 1 MIPS

DS70567A-page 8 © 2008 Microchip Technology Inc.
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Chapter 2. Getting Started

This chapter describes how to run the RTDM code example, CE155, and how to add
RTDM code to your application code. Topics covered include:

* Running the Real-Time Data Monitor Code Example CE155

» Adding the Real-Time Data Monitor to an Application

» Application Tips and Hints

21 RUNNING THE REAL-TIME DATA MONITOR CODE EXAMPLE CE155

This code example shows how to use RTDM to create an alternative link between a
host PC and a target device for debugging applications in real-time using MPLAB DMCI
(MPLAB 8.10 or higher). You can download the code example, CE155, from the
Microchip web site (www.microchip.com/codeexamples). This code example runs on

the dsPIC33FJ256GP710 and utilizes the Explorer 16 Development Board
(DM240001).

1. Open the RTDM code example by double-clicking the file,
RTDM Code Example.mcw, as shown in Figure 2-1.

FIGURE 2-1: OPENING THE RTDM CODE EXAMPLE MPLAB® IDE WORK
SPACE

File Edit WView Favorites Tools Help

7 7, ir 7 Search Folders

=D sre RTDM.o

@ RTDM Code Example.cof E’I RTDM_Readme. TXT
CMCI Example. dmdi

RTDM Code Example.hex

RTDM Code Example.map

RTDM Code Example.mcs

&F{TDM Code Example.mcp

s RTDM Code Example . mow

2. Once the MPLAB workbench is open, compile the project by selecting
Project>Build All, as shown in Figure 2-2.

Note: This step requires the use of the MPLAB C Compiler version 3.10 or higher.l

© 2008 Microchip Technology Inc. DS70567A-page 9
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FIGURE 2-2: COMPILING THE PROJECT

Edit View Debugger Programmer Tools  Configure
Project Wizard...

56 ™

Mew...

Open...

Close »
Set Active Project 4

Clean

Export Makefile

Build Al Ctrl+F10
Make F1i0 5
Build Configuration »

M

3. Select the desired programmer to program the target device. For example, to
choose MPLAB® REAL ICE™, select Programmer>Select Programmer>REAL
ICE, as shown in Figure 2-3. Then hit the program button or go to
Programmer>program. This action will download the program to the target
device.

FIGURE 2-3: SELECTING THE PROGRAMMER

File Edit WView Project Debugger T:mls Configure  Window Help

D@
2 MPLAE ICD 2
= ] RTDM Code Example.m 5 PICKit 2
=[] Source Files & MPLAB PM 3

Main.c
RTDM.c

= (27 Header Files

v 7REAL ICE

Settings...

p33FI256GP710.h

J Il -I \Firrrmwar

4. Connect the host PC to the target device. If your PC has a serial port, connect

the PC port to the DB9 connector P1 (Explorer 16 Development Board), and then
identify your COM port. If your PC does not have a serial port, you will need a
USB-to-Serial adapter. Please install the USB-to-Serial adaptor USB driver
before proceeding. The following steps describe the process for assigning the
PC port COM number to your USB-to-Serial adaptor.

a) Open the Windows® device manager by right-clicking the My Computer icon
from your desktop and selecting Properties, and then selecting the
Hardware tab, or by opening the Control Panel (Start>Settings>Control
Panel) and clicking System. The System Properties window appears, as
shown in Figure 2-4.

DS70567A-page 10
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FIGURE 2-4: OPENING THE WINDOWS® DEVICE MANAGER

System Restore Autoratic U pdates Remaote
General Computer Mame Hardware Advanced

Device Manager

4 The Device Manager liztz all the hardware dewices installed
an your computer. Lse the Device Manager to change the
properties of any device,

Device kManager N&

Drrivers

Drriver Signing letz vou make sure that installed drivers are
compatible with Windows, Windows Update letz you set up
b Windows connects ta Windows pdate for drivers.

[ Drriveer Signing ] [ Windows pdate

Hardware Profiles

Hardware profiles pravide a way far you to set up and stare
different hardware configurations.

[ Hardware Profiles ]

[ ]9 H Cancel ]

b) Click Device Manager, and then expand Ports (COM & LPT). Identify your
serial port, as shown in Figure 2-5.

© 2008 Microchip Technology Inc. DS70567A-page 11
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FIGURE 2-5: IDENTIFYING THE SERIAL COM PORT NUMBER

E: Device Man ager E| [E| E|

File Action View Help

M HES 2 8 =B

- Microchip S
E. Batteries

-j Computer

“ge Disk drives

@ Display adapters

it DVD/CD-ROM drives
g Human Interface Devices

IDE ATA/ATAPI controllers

% Infrared devices

+

e R e N e ey R

+|-s Keyboards

+-[ "y Mice and other pointing devices

+ MicrochipTools

+ L Modems

+ @ Monitors

+-HE Metwork adapters

+- [ PCMCIA adapters

-1 % Ports (COM &LPT)
r;’i Prolific USB-to-Serial Comm Port (COM1)
r;’i RIM Virtual Serial Port w2 (COMZ)
r;’i RIM Virtual Serial Port w2 (COMS)

+ ﬂ. Processors

+- 8, Sound, video and game controllers

+|-age Storage volumes W

c) Make sure your COM port configuration matches the RTDM configuration,
Data bits: 8, Parity: None, Stop bits: 1 and Flow Control: None, as shown in
Figure 2-6.

d) If you are using MPLAB 8.10, make sure your operating system assigns the
COM port 1, 2, 3 or 4 to your serial communication link. To change the COM
port assignment, click Advanced, and then modify the COM port number as
shown in Figure 2-7. Select any number from 1 to 4 and finally, restart your
PC.

DS70567A-page 12
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FIGURE 2-6: SETTING THE COM PORT PROPERTIES

Prolific USB-to-Serial Comm Port (COM1) Properties

Genaal| Part Settings |D1'i\re.-r Details

Bits per second: | 115200 v |
Data bis: |8 v |
Party: | None v |

Stop bits: |1 v

Flow control: | None v|

[ Advanced. .. C\LS[ Restore Defaults ]

FIGURE 2-7: CHANGING THE COM PORT NUMBER

Advanced Settings for COM1

Use FIFD buffers (requires 16550 compatible UART)

Select lower settings to comect connection problems.

Select higher settings for faster peformance.

Receive Buffer: Low (1) J High (14) (14}

Transmit Buffer: Low (1) J High (16) {16}

COM Part Mumber:

Note: In MPLAB 8.10, the DMCI only communicates through the COM1-4 ports.
In MPLAB 8.14 or higher, DMCI can communicate through the
COM1-COM25 ports.

© 2008 Microchip Technology Inc. DS70567A-page 13
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5. Open the DMCI project by selecting Tools>DMCI - Data Monitor Control
Interface, as shown in Figure 2-8. The DMCI - Data Monitor Control Interface
window appears, as shown in Figure 2-9.

FIGURE 2-8: ENABLING DMCI

File Edit Wiew Project Debugger Programmer BEGES Configure  Window Help

1 Matlab,/Simulink
2 Gimpel PC-Lint/MISRA

3 DMCI - Data Monitor Control Interface
4 MFPLAE Macros

5 Memory Starter Kit
= L] RTDM Code Example.mcp & RTOS Viewer
=-I_1 Source Files 7 Keelog Plugin
Main.c 8 AMN208 ACIM Tuning Interface
RTDM.c
=-/Z1 Header Files 10 Visual Initializer
s —————————— 1 T~

6. Click to load the profile, as shown in Figure 2-9. The Open dialog
appears, as shown in Figure 2-10.

FIGURE 2-9: BLANK DMCI PROJECT
B DMCI - Data Monitor Control Interface
Dynamic Data Control | Dynamic Data Input | Dynamic Data View
[Jslider 1 [ slider 2 [ slider 3 [ slider 4 [ 5lider 5 [ slider & [ slider 7 [ slider 8
| I I I Il Il Il Il
| I I I Il Il Il Il
[JBoolean 1 [Boolean 2 [Boolean 3 [Boolean 4 [JBoolean 5 [JBoolean & [JBoolean 7 [JEoolean 8
:I | | |
I (=) @B & -e conossnte: |
< >
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7. Double-click DMCI Example.dmci to open the project, as shown in Figure 2-10.

FIGURE 2-10: OPENING THE DMCI PROJECT
Open E]
Lok in: | ) CE155_RTDM_Bxample v 0@ E
Ty [E]src
i 23 DMCI Example. dmci
My Recent
Documerts
?F
Desktop
My Documents
My Computer
I File name: |D|'u'|CI Bxample dmci w | [ COpen ]
My Metwork Files of type: |I‘u'|F‘L}lB Data Monitor Control Interfface (* dmci) v| [ Cancel ]

8. Configure the communication properties by selecting DMC/>Remote
Communication from the MPLAB menu, as shown in Figure 2-11.

FIGURE 2-11: OPENING THE DMCI REMOTE COMMUNICATION
PROPERTIES

Programmer Tools Configure  Window Help

I

View Mode (O
v Force Top Window After Halt
Remote Communication

Dynamic Data Contral

Slider 1

Slider 2 []slider 3

[ slider 4
| 1000 | | 327686 | | | |

a) AsshowninFigure 2-12, verify the serial communication settings. Make sure
that the settings match the RTDM configuration and the COM port number
assigned to the serial port. The COM PORT should be set to your COM port,
and the BAUD RATE should be set to 115200.

© 2008 Microchip Technology Inc. DS70567A-page 15
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FIGURE 2-12: SETTING THE DMCI REMOTE COMMUNICATION

PROPERTIES

DMCI - Remote Communication Properties E|E|

Settings
Serial Communication Settings
COM Part Baud Rate
eE v 115200  w

RTDM Connection Settings

Connection Status: NOT DETECTED

Enable Communication
Transmit Individual Control Settings On Change

[ K H Cancel H Help

b)

c)

d)

Click TEST. The DETECTED message should appear. If not, make sure that
all of the RTDM settings are correct, you can verify this in the RTDMUSER . h
file, which can be found in your MPLAB project window. Note that your
device must be running for this test to work.

Make sure that the RTDM settings match the DMCI communication settings.
Check your hardware and double check the PC communication settings
again.

As shown in Figure 2-13, select the Enable Communication Option and
Transmit Individual Control Settings On Change options, and then click
OK.

FIGURE 2-13: DMCI REMOTE COMMUNICATION PROPERTIES

DMCI - Remote Communication Properties E|g|

Settings
Serial Communication Settings
COM Port Baud Rate
ConM 1 115200

RTDM Connection Settings
Connection Status: | DETECTED

N

Enable Communication
Transmit Individual Control Settings On Change

[ oK H Cancel H Help
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9. Modify and record variables at run time.

a) Inthe DMCI window, click the OFF button above the Snapshot button to turn
the Snapshot feature on. This feature will record the value of “MyVariable”
into the SnapShotBuffer.

b) Click to update the plot.

¢) You can modify the Frequency and Amplitude by moving the sliders.
d) You can turn the board LEDs ON or OFF by clicking the LED buttons.
e) Any time you want to update the plot, repeat sub-steps “a” and “b”.

f)  You can save the DMCI parameters for future use by clicking .

FIGURE 2-14: MODIFYING AND RECORDING VARIABLES AT RUN TIME

B DMCI - Data Monitor Control Interface
Dynamic Data Control
[] slider 1 [] slider 2 [ siider 3 [ slider 4

1000 32768

Dynamic Data View

[ siider 5 Symbol: SnapShotBufferPlottedinDMCI

ferPlottedInDMCI Tail: Pointer ToSnapShotBuffer

Cireular Array: SnapSho

Frequency 2mplitude

Boolean 1 Boolean 2 Boolean 3 Boolean 4

0x0000 0x0000 0x0000 0x0000

id

SnapShot

Boolean 5

Ox0000

(v )(8])[=][O](%])[(s ][]

[ I ] [ ? ] Configuration file: | C:\Documents and Settings\RDTM_DCMI_TEST \Desktop\CE155_RTDM_Example

© 2008 Microchip Technology Inc.
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2.2 ADDING THE REAL-TIME DATA MONITOR TO AN APPLICATION

This section describes the steps required to add RTDM into a user’s application code.

1. Copy the RTDM. ¢, RTDM. h and RTDMUSER . h files from the RTDM code
example project to your project folder.

FIGURE 2-15: ADDING THE RTDM FILES TO THE APPLICATION PROJECT
FOLDER

File Edit WView Favorites Tools Help

@Eack - M_/I lj]‘ /..-\JSEarm - Folders |'$ Ij} x n v

3 objects selected 44.3KB ¢ My Compute

2. In your application MPLAB workspace, right-click the source file folder and add
the RTDM. ¢ file, as shown in Figure 2-16.

FIGURE 2-16: ADDING THE rTDM. ¢ FILE TO THE MPLAB PROJECT

I RTDM Code Example.mcw [Z”E| E'

= ] RTDM Code Example.mcp
(L1 source Fil==

(L7 Header Fi dd E' Fc:ld
[0 ObjectFil oo SHETOEED
] Filter...

2 Library Fil
[ Linker Script
(L1 other Files

(] Files | ¥ Symbols |
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3. Inyour application MPLAB workspace, right-click the header file folder and add
the RTDM.h and RTDM. h files, as shown in Figure 2-17.

FIGURE 2-

17: ADDING FILES TO THE MPLAB PROJECT

B RTDM Code Example.mcw

S=1E

= ] RTDM Code Example.mcp

= (1 source Files

Main.c
RTDM.c
B8] Header Files _
(2 Object Files MM
. ] Create Subfolder...
[ Library Files Fite
ilter. ..

[ Linker Script

(L1 other Files

(] Files | ¥ Symbols

4. Open the RTDMUSER. h file and define the values for the RTDM macros, as

shown in Example 2-1.

EXAMPLE 2-1: DEFINING VALUES FOR RTDM
e o e e e e e e e e el e
$define RTDM ECY 23451200
$define RTDM BAUDRATE 115200
$define DTDM UART 1
$define RTDM UART PRICRITY 3
$define RTDM RXBUFFERSIZE =2
fdefine RTDM MAY HMIT LEN  0xl000
$define DRTDM_DOLLING YE3
gdefine RTDM MIN CODE SIZE YES

o o e e o o o o e o o o o o e o

© 2008 Microchip Technology Inc.
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5. If the DMCI Data Viewer is activated, it is required to create a buffer for each
graph in order to plot the data snapshot. Also, declare the Boolean variables
required to trigger the data recorder, as shown in Example 2-2.

EXAMPLE 2-2: ALLOCATION MEMORY FOR THE DATA BUFFERS

._."ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ 'E__-'E:ia'bles to dlspli:(- d.Et-E Llsln.g :.x:I ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ;

fdefine DATA BUFFER SIZE 128 //5ize in lé-bit Words

SfBuffer to store the dete samples for the D[MCI dete wviewer Graphl

unsigned int _ attribute | (aligned (DATR BUFFER_ S5SIZE RecorderBuffer]l [DATE BUFFER SIZE];
SfBuffer to store the dete samples for the D[MCI dete wviewer Graphz

unsigned int _ attribute | (aligned (DATR BUFFER_ S5SIZE RecorderBufferZ [DATE BUFFER SIZE];
SfBuffer to store the dete samples for the [MCI dete wviewer Graphs3

unsigned int _ attribute | (aligned (DATR BUFFER_ S5SIZE RecorderBuffer3 [DATE BUFFER SIZE];
SfBuffer to store the dete samples for the [MCI dete wviewer Graphd

unsigned int _ attribute | (aligned (DATR BUFFER_ S5SIZE RecorderBuffer4 [DATE BUFFER SIZE];
unaigned int * PtrRecBufferl = SRecorderBufferl[0]; //Teil pointer for the DMCI Graphl
unaigned int * PtrRecBufferZ = SRecorderBufferZ[0]; //Tail pointer for the DMCI Graphz
unaigned int * PtrRecBuffer3 = SRecorderBuffer3[0]; //Teil pointer for the DMCI Graph3
unaigned int * PtrRecBuffer4 = :SRecorderBufferd4[0]; //Teil pointer for the DMCI Graphd

S fBuffer Recorder Upper Limit
unsigned int * RecBufflUpperlimit = RecorderBuffer4 + DATA BUFFER SIZE -1:
atruct
unaigned StartStop -1;
unaigned Recorder :-1;
unaigned PIControl :-1;
unsigned unused :-13;
| DMCIFlags;

6. Callthe RTDM_Start () function at the beginning of your main function. If you
are using a dsPIC DSC device that has a PPS module, it is also required to
assign the UART port pins as shown in Example 2-3.

EXAMPLE 2-3: ADDING THE RTDM Start () FUNCTION

f*Rssigning the T and B pins to ports RPE7 & RFS to the dsPICI3FJ3IZMCZO4+/
frrdddb b b ddid Code section for the low pin count devicesg **ddddilddiiisf
_builtin write OSCCONL (OS5CCOON = (~(l<<g i fS clear bit 6

RPINR1Bbits U1RXR = 7; // Make Pin RP7 ULRX
RPOR4bits EPSR = 3; /f Make Pin RES TLTE
__builtin_write_ OSCCONL (OSCCON 1<<6)); // Fet bit &

AR R R L R e L LRl Rl R R L
RETDM Start : FF Configure the UART module used by RTDM
f£F it mlso initielizes the RTDM wvariaebles
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7. If the polling method is defined, add the RTDM_ProcessMsgs () function to the
main loop, as shown in Example 2-4. Otherwise, if the interrupt method is
selected, proceed to the next step.

Note: In the polling method, the RTDM state machine will be called as soon as
the RTDM ProcessMsgs () functionis called. Therefore, the incoming and
outgoing messages would not be processed until this function is called. Itis
strongly recommended to call the RTDM_ProcessMsgs () function before
10 ms have elapsed.

In the interrupt method, the RTDM state machine will be called as soon
as an incoming message is received. If using the interrupt method, it is
recommended to enable the nested interrupt method.

EXAMPLE 2-4: ADDING THE RTDM ProcessMsgs () FUNCTION

kb In._-ln.lt-E L::p iR R R R R Rl Rl R R Rl R L LR

foxi;;

w

SFRTDM process incoming and outgoing message
RTDM ProcesaMags :

f/ait for START/STOP button on DMCI window to be pushed
while | !DMCIFlags.StartStop! {RTDM ProcessMags(); ]

TZO0Nbits . TON = 1; fF Btart TIMER , enebling speed measurement
7

BWM1CON1 = Ox077 fF eneble PHM ocutputs

S*ROTOR ALIGHMENT SEQUENCE*/

Flags . RotorBAlignment = 1; S5 TUBN ON rotor alignment segquence
Flags.BunMotor = 1; S Indiceting that motor is running
CurrentPWMDutyCyole = MIN DUTY C¥CLE: FFInit PHM walues
DesiredPWMDutyCyole = MIN DUTY CYCLE; SFInit DPHM wvalues

EiMticks = 0; SFInit Botor aligment counter

friddddbbbbidd Datpr alignment sequence and ramp-up Sequence *hdRkbdldddd r
for (REampUpCommState=1; RBampUpCommState< 7 ; RampUpCommState++

RTDM ProcessMags () ;

while (++DPHMticks<MRY DWM TICES
P1OVDCOON=DWM_STATE [ RempUpCommState] ;

E¥Mticks = 0O;

Flags RotorAlignment = 0; fSF TUBN OFF rotor alignment seguence

PAMticks = MRX PWM TICES+1; S/ BREMP UP for bresking the motor IDLE atate
DelaylmSec (RRM UD DELRY) ; S/ RRMP UP DELRY

ek ol o ol o ol ol o o e V:t:w— i5 “’Lln.n.ln.g o o ol ol kol o ol ko ok o ko e e

while (Flags . PunMotor ff while motor is running

n

SS/RTDM process incoming and outgoing message
RETDM ProcesaMagal);

b o b e e b b o o o e o St:p x:t:: R R R R R R R L R R
ffwait for START/STOP button on DMCI window to be pushed
if (!DMCIFlags.StartStop

EWM1CON1

= 0x0700; f4 diseble BPWM ocutputsa
B1OVDNCOM = 0x0000; S owverride PWM low.
Flags RotorAlignment = 0; f4 turn on RBMP TP
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8. Record the variables on the buffers, as shown in Example 2-5.

EXAMPLE 2-5: FILLING THE BUFFERS

vold _ attribute  ((__interrupt , auto_pav _ADCl Interrupt (vodid
MotorPhaselh = ADC1BUFL; SFADC CH1 holds the Phase A wvalue
MotorPhaseE = RDCIBUFZ; FARDC CHEZ holds the Phase B wvalue
MotorPhaseC = ADCIBUFR3; S/BADC CH3 holds the Phase T walue
S fBeconstrucs Voltage =2t the Motor Heutral Point
MotorNeutralVoltage = (MotorPhasel + MotorPhaseB + MotorPhasel) /3
;ﬁﬁhﬁﬁﬁﬁﬁﬁﬁhﬁﬁﬁﬁﬁﬁﬁhﬁﬁ EK:I 3?&&11: :Eti view; ﬁﬁﬁﬁhﬁﬁﬁﬁﬁﬁﬁhﬁﬁﬁﬁﬁﬁﬁ;

;ﬁﬁhﬁﬁﬁﬁﬁﬁﬁhﬁﬁﬁﬁﬁﬁﬁhﬁﬁﬁ RECSRDIHG K:I&R FHES: v&luzs ﬁﬁﬁﬁﬁﬁﬁhﬁﬁﬁﬁﬁﬁﬁ;
if (DMCIFlags.Recorder) |
*PtrRecBufferl++ = MotorPhased;

*PtrRecBufferZ++ = MotorPhaseR;
*“PtrRecBufferi++ = MotorPhaselC;
*PtrRecBufferdi++ = MotorPhaseB:;

if (PtrRecBufferd4 > RecBuffUpperlLimit) |
PtrRecBufferl = RecorderBufferl;
PtrRecBuffer?Z = RecorderBufferZ;
PtrRecBuffer3 = RecorderBuffer3;
PtrRecBufferd = RecorderBufferd;
DMCIFlags.Recorder = 0;

9. Create the DMCI project.

a) Enable the DMCI tool by selecting Tools>3 DMCI - Data Monitor Control
Interface, as shown in Figure 2-18.

FIGURE 2-18: ENABLING THE DMCI TOOL
File Edit WView Project Debugger Programmer Tools Configure Window Help
M = o 7 Rell 1 Matlab/Simulink
2 Gimpel PC-Lint/MISRA
- 3 DMCI - Data Monitor Control Interface
4 MPLAB Macros
= ] RTDM Code Example.mcp 5 Memory Starter Kit
=[] Source Files 6 RTOS Viewer
.:= Main.c 7 Keeloq Plugin
S] RTDM.c

8 AN908 ACIM Tuning Interface
=} (L1 Header Files

p33FI256GP710.h

(B RTOM.h 10 Visual Initializer

b) Resetthe DMCI controls by selecting the following options from the MPLAB
IDE menu, as shown in Figure 2-19:

* DMCI>Reset>Dynamic Controls>All
 DMCI>Reset>Dynamic Data Input>All
 DMCI>Reset>Dynamic Data Views>All
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FIGURE 2-19: RESETTING THE DMCI CONTROLS
imer Tools  DMCI Configure Window Help
Reset k Dynamic Data Controls Disabled Only
e View Mode » Dynamic Data Input * Enabled Only
_| v Force Top Window After Halt Dynamic Data Views » All
Remote Communication
Help Find in Files | REAL ICE |
c) Add variables on the DMCI Dynamic Data Control window:
1. Enable the slider by checking the Slider box.
2. Open the Dynamic Data Control Properties menu by right-clicking the
active slider (as shown in Figure 2-20).
3. In the global symbols window, select the variable to be controlled.
4. Set the variable format and the maximum and minimum levels.
5. Click OK to save your changes.
FIGURE 2-20: OPENING THE DYNAMIC DATA CONTROL PROPERTIES
Dynamic Data Contra™ e Z =
Dynamic Data Control Properties
Slider 1 E—
Slider 1 |
Slider Control Settings
Global Symbals Absolute Address
{f} Dynamic {:} Data
Amplitude ~ Range:
Frequency
MyFlags Address:
MyVariable
PointerToSnapShotBuffer
PointerToSnapShotBufferl e
RTDMErrorFrame SETR L
RTDMFlags .
RTDMR.xBuffer u Data Range:
RTDMRxBufferEndMsgPoin| -
T | ey Fomats [oeanal [ ]
Selected Variable: Upper Limit: | 65535
IJ'-\mpIih..lde
Address: Lower Limit: |0
anm ol o
ternate L :
[ ]Boclean 1 rhate Labe
Interactive Behavior
allow Refresh Update
STF [] Apply Run-Time Changes
(04 l [ Cancel ] [ Help
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d) Plot the variables in the DMCI Dynamic Data View window.

1.
2.
3.

4.
5.

In the DMCI project window, select the Dynamic Data View tab.

Enable the graph by checking the graph box.

Right-click the active graph and select the configure data source option,

as shown in Figure 2-21.
In the global symbols window, select the buffer to be plotted.
Click OK to save your changes.

Note:

It is required to compile the project before adding variables to the DMCI
project. DMCI utilizes the .map file to obtain the variables information.

FIGURE 2-21:

SELECTING THE CONFIGURE DATA SOURCE OPTION

Dynamic Data Contral | Dynamic Data Input | Dynamic Data View |

Graph 1

[J&raph 3

Dynamic Data View Properties

Graph 1 |

Graph Control Settings
Streaming Data Configuration

Array Configuration
Standard [circular Required Resources:

Data Sources

Selected Standard Array: First Index: |0
T amplitude
Last Index: | 4
Address:
Dx804 Sample Count: | 4

@ Display Configuration

|:| Persist Previous Run Session Data
Auto Assign Title
Title: No Data Source

¥ Axis Label: | X Axis

¥ Axis Label: | Y Axis

Global Symbols Abszolute Address
@' Dynamic {:} Data
Amplitude » Range:
Freguency
MyFlags = Address:
- MyVariable
- PointerToSnapShotBuffer )
: PointerToSnapShotBufferl Data Size:
[ RTDMErrorFrame
: RTDMFlags Data Range:
s RTDMRxBuffer (- _ :
E = ] . | [ }] Display Format: _

QK ] [ Cancel

J

Help
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2.3 APPLICATION TIPS AND HINTS

The following are a few tips to consider when using the RTDM code with DMCI.

* Do not write to the data buffer while transmitting its contents. This will corrupt the
calculation of the CRC16 checksum, and therefore, the message will be discarded
by the host PC. To prevent this situation, always use a triggering condition (either
by software or hardware) to enable and disable writing the data buffer.

 To reduce the bit rate error, always make sure that the FCY frequency is a multiple
of the selected baud rate. A 7.37 MHz oscillator provides different values that are
multiples of the DMCI baud rates.

* When defining the data buffers, make sure that the compiler allocates the buffers
in an unused RAM section. Use the “aligned” attribute as much as possible. For
more information on this attribute, refer to the “MPLAB® C COMPILER for PIC24
MCUs and dsPIC® DSCs User’s Guide” (DS51284).

» To avoid user code malfunction, the priority of the UART interrupt used by the
RTDM should be lower than the critical timing interrupts used by the user’s
application software.

» Make sure that the memory data model is selected according to the size of the
data buffers. While using the RTDM in an application, the compiler should be
directed to use the most adequate data memory model according to the dsPIC
DSC device and the amount of data desired to display on the DMCI data view.
This is particularly useful in dsPIC DSC devices with a considerable size of RAM.

The following procedure describes the steps required to change the memory model.

1. From the MPLAB IDE menu, select Project>Build Options>Project, as shown in
Figure 2-22.

FIGURE 2-22: SELECTING PROJECT BUILD OPTIONS

View

-

(R LT

Funci

Cutpy

Hote

PR R
did |
Mo
Mo
Mot

B8] Build Options. .. 4 AN1160 MC204 dsPICDEM MCLY with data capture DMCL.c

Debugger Programmer Tools DMCI  Configure  Window Help
Project Wizard. .. i " ! - .
~ o @ Bo =5 Checksum: 03

Mew,.. —
Open... HW BP [2]|Used [2]@pSWBP
Close »
Set Active Project 3

W o o ok ok o o o o o o e o o o o o e ol e e o o o ol e e o

Clean

Export Makefile

Build all Ctrl+F10
Make F10

Build Configuration »

RTDM.c
Save Project

Add Files to Project...
Add Mew File to Project...
Remove File From Project »

SRR R R R LR LR R L R R

W _ADC1Interrupt (woid
Select Language Toolsuite. ..
Set Language Tool Locations. .. holds the Phase R value

holds the Phase B walue
holds the Phease C

Version Control...

value
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2. Click the MPLAB C30 tab and set the following options. From the Categories
drop-down list, select Memory Model, and then select the appropriate data
model according to the available RAM and the size of the RTDM data buffers.

The selection is shown in Figure 2-23.

FIGURE 2-23:

ASSIGNING THE MEMORY DATA MODEL

enerate Command Line
Code kModel

(%) Default
() Large code modsl
(3 Small code maodel

[ata bMaodel
(3 Default

(¥ Large data model
() Small data model

-q - all -mlarge-data

Ilze Alkernate Settings
-0 - all

Directories Custom Build Trace ASM3DACI0 Suite
MPLAB ASM30 MPLAB C30 MPLAE LINK30
Categories; | Memory Model "

Location of Constants

(%) Default
() Constants in data space

() Constarts in code space

Scalar Maodel

(%) Default
) Large scalar model
) Small zcalar model

Restore Defaulks

oK

l [ Cancel

Build Options For Project "AN1160 MC204 dsPICDEM MCLV ... [?]X]

Help

DS70567A-page 26

© 2008 Microchip Technology Inc.




REAL-TIME DATA MONITOR
MICROCHIP USER’S GUIDE

Chapter 3. Application Programming Interface (API)

This chapter describes in detail the Application Programming Interface (API) functions
and constants that are available in the Real-Time Data Monitor.

3.1 APIFUNCTIONS AND CONSTANTS

The functions and constants are listed below followed by their individual detailed
descriptions.

* RTDM_Start ()

e RTDM_ProcessMsgs ()

® CloseRTDM ()

e RTDM CumulativeCrclé6 ()
e RTDM_FCY

e RTDM BAUDRATE

e RTDM UART

e RTDM UART PRIORITY

e RTDM RXBUFFERSIZE

e RTDM MAX XMIT LEN

e RTDM POLLING

e RTDM MIN CODE SIZE
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RTDM Start ()

Description

This function initializes the UART that is to be used to exchange data with the host PC.
Some processors may have two UART modules; therefore, it is required to specify
which UART module is to be used by RTDM.

Include

RTDM.h
RTDMUSER . h

Prototype
int RTDM_ Start () ;
Arguments

None.

Return Value

0 if initialization process was successful
-1 if initialization process failed

RTDM ProcessMsgs ()

Description

This function processes the message received, and then executes the required task.

These tasks are reading a specific memory location, writing a specific memory location,
receiving a communication link sanity check command, or are querying for the size of
the buffers.

Include

RTDM.h
RTDMUSER . h

Prototype

int RTDM_ ProcessMsgs () ;
Arguments

None.

Return Values

0 if there is no message to be processed
-1 if a message is being processed
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CloseRTDM()

Description

This function closes the UART used to exchange data with the host PC.

Include

RTDM.h
RTDMUSER.h

Prototype
int RTDM Close() ;
Arguments

None.

Return Values

Returns ‘0’ when the UART module was successfully closed.

RTDM CumulativeCrclé6 ()

Description

This function calculates the polynomial for the checksum byte. There are two
approaches to calculate this number.

1. “On-the-fly” every time. Saves code space because no const table is required.
This approach saves code space but yields slower throughput performance.

2. Using a coefficients table. This approach has faster performance but consumes
a higher amount of program memory.

Include

RTDM.h
RTDMUSER.h

Prototype

unsigned int RTDM CumulativeCrclé (unsigned char *buf, unsigned
int uléLength, unsigned int ul6CRCQC) ;

Arguments

unsigned char *buf A pointer to the state memory for the
data to be used on the checksum calculation

unsigned int uléLength Number of bytes to be computed
unsigned int ul6CRC Polynomial value used to calculate the CRC16
checksum

Return Values
CRC16 checksum value
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RTDM FCY

Description

This constant defines the system operating frequency, whose value is used to calculate
the value of the BRG register.

Value

System Frequency

RTDM BAUDRATE

Description
This constant defines the desired baud rate for the UART module to be used by RTDM.

Value
Available options are 38400, 57600, 115200, 230400 and 460800.

Note: UART modules can support higher baud rates, please refer to your trans-
ceiver specifications to check if your hardware supports higher baud rates.

RTDM UART

Description

This constant defines the UART module to be used by RTDM. It has only two possible
values: 1 or 2

Value
Depending on the dsPIC DSC device it could be 1 or 2.

RTDM UART PRIORITY

Description

This constant defines the UART receiver interrupt priority assigned to receive the
RTDM messages.

Value
1t07
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RTDM RXBUFFERSIZE

Description

This constant defines the buffer size used by RTDM to handle messages.

Value
32

RTDM MAX XMIT LEN

Description

This constant defines the size in bytes of the maximum number of bytes allowed in the
RTDM protocol frame.

Value
4096

RTDM POLLING

Description

This constant defines the mode that the RTDM will be operating in the user’s
application. If it is set to YES, the user should place the RTDM_ProcessMsgs ()
function in the main loop. In order to make sure that the messages are being
processed, it is recommended that the main loop always polls this function as fast as
possible (minimum 10 ms).

If it is set to NO, the RTDM_ProcessMsgs () function will be called on the UART
receiver Interrupt Service Routine (ISR). If multiple interrupts are enabled, it is required
to activate the nested interrupts mode on the dsPIC DSC device.

Value
YES or NO
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RTDM MIN CODE SIZE

Description

This constant defines the Cyclic Redundancy Check (CRC) algorithm calculation
minimum code size. If it is set to YES, the RTDM library will be built including a
precalculated polynomial table for the CRC algorithm. This method reduces the device
CPU throughput required to calculate the CRC16 checksum.

If it is set to NO, the CRC16 value is calculated from scratch and the predefined poly-
nomial values would not be loaded into the program memory. This mode saves 768
bytes of code, but requires more device CPU throughput to calculate the CRC16
checksum.

Value
YES or NO
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Chapter 4. Protocol

This chapter describes the RTDM protocol specification, which is used to debug dsPIC
DSC devices and PIC24H embedded applications at run-time. The RS-232 protocol
utilized by the RTDM is a set of simple binary structures and conventions, enabling a
data exchange between a personal computer and a target device. The serial frame
definition is: 1 start bit, 8 data bits, 1 parity bit and 1 stop bit. The maximum serial
transfer rate is 460800 bps. Topics covered include:

* The Protocol Model
+ Commands

* ERROR Code

* Files

41 THE PROTOCOL MODEL

The communication model is based on the GDB Remote Serial Protocol, which is a
single master-slave protocol with some modifications according to the nature of the
application. This protocol is based on a basic principle — the host PC sends a message
with a command and its arguments, and then the target replies with the operation status
code and return data. The target device never initiates communication; its replies are
specified and always have a known fixed length.

All GDB commands and responses are sent as a packet. A packet is introduced with
the character ‘$’, the actual packet-data, and the terminating character ‘# followed by
a two-digit checksum. For example:

$packet-datat#ichecksum

The two-digit checksum is a CRC16 calculation of all characters between the leading
‘$’ and the trailing ‘#'. When either the host or the target device receives a packet, the
first response expected is an acknowledgment: either ‘+’ (to indicate the package was
received correctly) or ‘-’ (to request retransmission).

The host sends commands, and the target (RTDM incorporated in your program) sends
a response. In the case of step and continue commands, the response is only sent
when the operation has completed. The packet-data consists of a sequence of
characters with the exception of ‘# and ‘$’. These characters are the commands and
the data required to execute those commands.
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42 COMMANDS

The command codes supported by the RTDM protocol are listed in Table 4-1.

TABLE 4-1: COMMANDS SUPPORTED BY RTDM
Function Data Access | ASCII Code Code (Hex value)
Read Memory 16-bit word m 6D
Write Memory 16-bit word M 4D
Check Communication Link Sanity 16-bit word 73

421

This function code is used to read from 1 to 65536 contiguous RAM locations on the
target device. The Host Request specifies the starting register address and the number
of memory locations formatted in little-endian format. The structure of this command is
shown in Table 4-2 and Table 4-3.

Read Memory Command

TABLE 4-2: HOST PC REQUEST
Frame Arrangements ASCII Code SIZ?BI;tES'me Possible Values

Start Code 3 1 0x24
Function Code m 1 0x6D
Starting Address in [XXXXXXXX] 4 0x00000000-0xFFFFFFFF
little-endian format

Number Of Bytes in [XXXX] 2 0x0000-0xFFFF
little-endian format (N)

End Of Message Code # 1 0x23
CRC16L [XX] 1 0x00-0xFF
CRC16H [XX] 1 0x00-0xFF
TABLE 4-3: TARGET DEVICE REPLY

Frame Arrangements ASCII Code SIZ?B';tZ:;me Possible Values

Reply Code 1 0x2B

Start Code 1 0x24
Memory Values in [XX].... [XX] Nx2 0x00-0xFF
little-endian format

End Of Message Code # 1 0x23
CRC16L [XX] 1 0x00-0xFF
CRC16H [XX] 1 0x00-0xFF
An example of reading the 16-bit memory location 0x00001234 is shown in
Example 4-1.

EXAMPLE 4-1:

Host PC Command:

Target Device Reply:

+SEFBE# [CRC16]

$m432100002000# [CRC16]
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422

Write Memory

This function code is used to write a block of contiguous RAM locations (1 to 65536
registers) on the target device. The requested written values are specified in the
packet-data field. The structure of this command is shown in Table 4-4 and Table 4-5.

TABLE 4-4:

HOST PC REQUEST

Size in Frame

Frame Arrangements ASCII Code Possible Values
(Bytes)

Start Code S 1 0x24
Function Code M 1 0x4D
Starting Address in [XXXXXXXX] 4 0x00000000-0xFFFFFFFF
little-endian format

Number Of Bytes in [XXXX] 2 0x0000-0xFFFF
little-endian format (N)

Values to be written in [XX] Nx2 0x00-0xFF
little-endian format

End Of Message Code # 1 0x23
CRC16L [XX] 1 0x00-0xFF
CRC16H [XX] 1 0x00-0xFF
TABLE 4-5: TARGET DEVICE REPLY

Size in Frame

Frame Arrangements ASCIl Code (Bytes) Possible Values
Reply Code + 1 0x2B
Start Code S 1 0x24
Command Acknowledge 0 1 Ox4F
Command Acknowledge K 1 0x4B
End Of Message Code # 1 0x23
CRC16L [XX] 1 0x00-0xFF
CRC16H [xX] 1 0x00-0xFF
An example of writing OXBEEF value to the memory location 0x00001234 is shown in
Example 4-2.
EXAMPLE 4-2:

Host PC Command:

Target Device Reply:

+SOK# [CRC16]

SM43210000EFBE# [CRC16]
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423 Communication Link Sanity Check Command

This command is used to check the link status and verify that there is a target device
attached. The structure of this command is shown in Table 4-6 and Table 4-7.

TABLE 4-6: HOST PC REQUEST
Frame Arrangements ASCII Code Slz?BlgtESme Possible Values
Start Code $ 1 0x24
Function Code s 1 0x73
End Of Message Code # 1 0x23
CRC16L [XX] 1 0x00-0xFF
CRC16H [xX] 1 0x00-0xFF
TABLE 4-7: TARGET DEVICE REPLY
Frame Arrangements ASCIlI Code S'Z?B';;Sme Possible Values
Reply Code + 1 0x2B
Start Code S 1 0x24
Memory Values RTDM 4 0x5254444D
End Of Message Code # 1 0x23
CRC16L [XX] 1 0x00-0xFF
CRC16H [XX] 1 0x00-0xFF

An example of link sanity request and response is shown in Example 4-3.

EXAMPLE 4-3:

Host PC Command:
$s# [CRC16]
Target Device Reply:

+SRTDM# [CRC16]
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43 ERROR CODE

When the host PC sends a request to the target device it expects a normal response.
One of four possible events can occur from the master’s query:

+ If the target device receives the request without a communication error, and can
handle the query normally, it returns a normal response.

« If the target device does not receive the request due to a communication error, no
response is returned. The host PC program will eventually process a time-out
condition for the request.

+ If the target device receives the request, but detects a communication error
(parity, CRC, etc.), no response is returned. The Host PC program will eventually
process a time-out condition (after 10 ms have elapsed) for the request.

« If the target device receives the request without a communication error, but cannot
handle it (for example, if the request is to read a nonexistent output or register),
the target device will return an exception response informing to the host PC the
nature of the error.

In a normal response, the target device replies with an “OK” command. In an exception
response, the target device replies with the “E” command plus the Error code. Table 4-8
shows the possible error code and its meaning.

TABLE 4-8: ERROR CODE

Code Name Meaning

01 lllegal Function | The function code received in the query is not an
allowable action for the target device. It could also
indicate that the target device is in the wrong state
to process a request of this type, for example,
because it has not been configured and is being
asked to return register values.

An example of an error reply when a command is not supported is shown in
Example 4-4.

EXAMPLE 4-4:

-$E01# [CRC16]

4.3.1 Cyclic Redundancy Check (CRC) Generation

The CRC field is two bytes, containing a 16-bit binary value. The CRC value is
calculated by the transmitting device, which appends the CRC to the message. The
device that receives, recalculates a CRC during receipt of the message, and compares
the calculated value to the actual value it received in the CRC field. If the two CRC
values are not equal, an error is generated.

The CRC is started by first preloading a 16-bit register to all ‘1’s. Then, a process
begins of applying successive 8-bit bytes of the message to the current contents of the
register. Only the eight bits of data in each character are used for generating the CRC.
Start and stop bits and the parity bit, do not apply to the CRC.

During generation of the CRC, each 8-bit character is exclusive ORed with the register
contents. Then, the result is shifted in the direction of the Least Significant bit (LSb),
with a zero filled into the Most Significant bit (MSb) position. The LSb is extracted and
examined. If the LSb was a ‘1’, the register is then exclusive ORed with a preset, fixed
value. If the LSb was a ‘0’, no exclusive OR takes place.
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This process is repeated until eight shifts have been performed. After the last (eighth)
shift, the next 8-bit character is exclusive ORed with the register’s current value, and
the process repeats for eight more shifts as described above. The final content of the
register, after all the characters of the message have been applied, is the CRC value.

4.3.1.1 CALCULATING CRC

The steps for calculating a CRC are as follows:

1.
2.

3.

Load a 16-bit register with FFFF hex (all ‘1’s). Call this the CRC register.
Exclusive OR the first 8-bit byte of the message with the low-order byte of the
16-bit CRC register, putting the result in the CRC register.

Shift the CRC register one bit to the right (toward the LSb), zero-filling the MSb.
Extract and examine the LSb.

If the LSb is ‘0’, repeat Step 3 (another shift). Otherwise, if the LSB is ‘1,
Exclusive OR the CRC register with the polynomial value 0xA001

(1010 0000 0000 0001).

Repeat steps 3 and 4 until eight shifts have been performed. When this is done,
a complete 8-bit byte will have been processed.

Repeat steps 2 through 5 for the next 8-bit byte of the message. Continue doing
this until all bytes have been processed.

The final content of the CRC register is the CRC value.

When the CRC is placed into the message, its upper and lower bytes must be
swapped.
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4.4

FILES

The RTDM code is contained in three files: RTDM. ¢, RTDM. h, and RTDMUSER . h. In
addition, RTDM also requires the dsPIC Peripheral Library file (1ibpic30-coff.a).
This library provides the UART initialization routines, the send buffer routines, and the
transmit buffer routines.

The RTDM. c file contains the RTDM source code and defines the state machine and
functions required to receive and send commands to and from the host.

The RTDM. h file contains the RTDM function definitions. It also calculates the baud rate
deviation for the selected target device system frequency (FcY). When the delta
between the FCY and the selected RTDM_BAUDRATE is higher by 2% or lower than 2%,
the compiler generates an error message.

The RTDMUSER . h file defines the RTDM operational mode. This file sets the
communication baud rate, the UART module to be used, the UART receiver interrupt
priority, the command-reception buffer size, the maximum number of bytes to be sent,
the form RTDM state machine is called (polled or interrupt-based), and the CRC16
calculation method.
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Chapter 5. DMCI Operating Modes

This chapter describes three different DMCI operating modes. Topics covered include:
+ RTDM Mode

» Data Capture Mode

» Combine Mode

51 RTDM MODE

This DMCI mode acquires and modifies data at run time using the alternative

communication link explained in Chapter 1. “Introduction”. An application example is
shown in Figure 5-1.

The steps required to implement this mode are explained in Section 2.1 “Running the
Real-Time Data Monitor Code Example CE155” and Section 2.2 “Adding the
Real-Time Data Monitor to an Application”.

FIGURE 5-1: RTDM-BASED APPLICATION EXAMPLE

MPLAB® DMCI RTDM software running in
user’s application code
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5.2 DATA CAPTURE MODE

This mode utilizes the MPLAB REAL ICE In-Circuit Emulator and the on-chip
debugging module (ICSP™) to read data from RAM. It acquires data as fast as 50 ys
and periodically displays the acquired data using the DMCI dynamic data view graphs.
It was developed for reading RAM contents without halting execution. This DMCI mode
only runs under Debug mode. The number of variables that can be plotted using this
method depend on the number of hardware breakpoints available on the target device.
An application example is shown in Figure 5-2.

FIGURE 5-2: DATA CAPTURE APPLICATION EXAMPLE

MPLAB® DMCI Running
in Debug mode

!

Target device running
in Debug mode

MPLAB REAL ICE™
In-Circuit Emulator

Emulator Pod

For more information on how to implement this mode, refer to the DMCI Help, as shown
in Figure 5-3.

FIGURE 5-3: OPENING THE DMCI HELP FILE

Project Debugger Programmer Tools BEC®S Configure Window Help

@?‘ E Reset ’

View Mode k

I '
m v Force Top Window After Halt

Rermote Communication

DM Code Exampla oaco

Source Files I DMCI - Data Monitor Control Interface

[y .

= M .

=in.c Dynamic Data Control

RTDM.c

Header Files Slider 1 Slider 2 []slider 3
aFseerll o] azres ] | |
RTDM.h

=

eovoss | e L
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5.3 COMBINE MODE

This mode combines the Data Capture and the RTDM running under Debug mode. It
utilizes the MPLAB REAL ICE In-Circuit Emulator and the on-chip debugging module
(ICSP) to continuously read data from the RAM. It uses RTDM to read and write
variables that are updated faster than 50 ys. An application example is shown in

Figure 5-4.
FIGURE 5-4: COMBINED MODE APPLICATION EXAMPLE
MPI_.AB® DMCI running Target device running
in Debug mode in Debug mode

MPLAB REAL ICE™

In-Circuit Emulator

Physical link
for RTDM

/.

USB or RS-232

/;f’ : . ‘tl\ v Emulator Pod

For more information on how to add the data capture mode to the RTDM mode, refer
to the DMCI Help. Figure 5-5 shows the location of the compiled Help file.

FIGURE 5-5: DMCI HELP FILE PATH

& C:\Program Files\Microchip\MPLAB IDE\Tools\DMCI
File Edit Wiew Favorites Tools Help

@Eack - _/J l_? /..-\JSeard"l (7 Folders |'$

| %] oMmcLdi

E}{hlpDMCL. ch |
DMCLsig %
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