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Abstract and Contents

This paper discusses the hardware and software aspects of interfacing a data acquisition system (DAQ) to
the DSP56303 digital signal processor. Included are descriptions of ageneric DAQ system, a particular
DAQ system connected to the DSP56303, and a case study of this sytem that emulates the function of a
digital oscilloscope.
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1 Introduction

Digital data processing and control systems have become ubiquitous in modern daily life. Information
from awide variety of environmental sources, including sound waves, light, temperature, gas pressure,
radiation, and mechanical movement, is converted to digital signals which are processed so that they can
communicate with intelligent user interface devices or embedded systems.

A typical approach for interfacing digital processing systems with the environment uses a modular
architecture shown in Figure 1. Thisfigure shows a bidirectiona flow of signals—the system can acquire
information from the outside (input) and can operate on the environment (output).

Non-electric Signals Analog Electrical Signals

Digital Signals
B B I o P o
<> ¢ _E —P| _ S
[ ] n =2 o n 2 —‘/
o . 38 ° 3
- ' —P
Transducer Module DAQ Module Digital Processing

System

Figure 1. General Architecture of a Digital Processing System Interface

The transducer module converts non-electric environmental input signalsinto analogous e ectric signals.
The data acquisition (DAQ) module contains one or more anal og-to-digital converters (ADCs), which
sampl e the analog input signals and quantize the samples into binary coded (digital) signals. A
bidirectional system also contains at least one digital-to-analog converter (DAC) and atransducer that can
convert anaog signals back to the corresponding environmental signals.

In most cases the el ectric signals generated by the transducers are not suitable for direct input to the ADC.
A signal conditioning block is required to adjust signal levels and impedance. This block can be included
in either the transducer or DAQ module. Many systems send the data processed by the DAQ-DSP system
to ahost computer to provide an interactive user interface.

This paper discusses techniques for interfacing a unidirectional (input only) DAQ system to the DSP56303
digital signal processor. Both the hardware and software aspects of the interface are detailed. A generic
data acquisition system is described, followed by the details involved in connecting an example DAQ
system to the DSP56303. Finally, a case study is presented in which the example DAQ system and
DSP56303 are used to control a simple digital oscilloscope. In this case study a host computer, which
provides the display and control mechanisms (interactive user interface) of the oscilloscope, receives the
processed data from the DAQ system through an Extended Capability Port (ECP) standard interface.

(M) moToroLa Introduction 1



2

Description of a Generic DAQ System
This section describes the operation of a generic DAQ system and the parameters used to evaluate DAQ

system performance.

2.1

Figure 2 isablock diagram of a generic input-only data acquisition system. The primary components of
this system are an ADC and a data buffer that latches the ADC output and sends the data to the DSP. The

DAQ Operation

signalsin this system include:

V n—Analog input voltage from the transducer module

STC—Start of Conversion command to the ADC
EOC—End of Conversion signal from the ADC
Data—ADC output, binary-coded result of conversion
n—Number of output bits

WR—Data buffer write enable

RD—Data buffer read enable

RDpgp—Read signal issued by the DSP

DBus—DSP data bus
IRQ—Interrupt signal to the DSP.

STC p
OV Sampling Datain Data
IN ADC Buffer
O »
—»9WR
EOCH

v

Figure 2. Generic DAQ System Connection Diagram

System operation is a cycle consisting of the following basic steps.

1. The DSP asserts (pullslow) the RDpgp line, which triggers two events:

a) The ADC Start of Conversion input is asserted, initiating a new conversion cycle.
b) Thedatabuffer read enableinput is asserted, and the results of the previous conversion

are output on the DSP data bus.

After an amount of timereferred to as the ADC conversion time (T conversion) has € apsed,

two ADC events occur:

a) Theresult code of the new conversion is output on the ADC datalines.
b) The ADC acknowledgesthe end of conversion cycle by asserting (pulling low) the End

of Conversion signal.

Interfacing a Data Acquisition System to the DSP56303
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ADC Performance Parameters

3. Asserting EOC has the following two results:

a) Thedatabuffer’swrite enable signal is asserted, latching the new conversion result in
the data buffer.

b) TheDSPinterrupt signal (IRQ) is asserted.

The DSP interrupt handler responds to the interrupt by asserting RDpgp to read the conversion result and
initiate the next conversion (step 1), and the cycle repeats.

Thisisasimple, asynchronous system operating at maximum speed. It does not allow for variable
sampling/conversion rates and requires that the controlling DSP is fast enough to retrieve and store the
conversion resultsin one ADC cycle (T gnversion Period). Therefore, this system can usually be found in
relatively low-to-medium speed data acquisition and digital processing products.

2.2 ADC Performance Parameters

The performance of aDAQ system in the frequency and amplitude domainsis usually evaluated in terms
of afew simple ADC parameters. In the frequency domain, these parameters are:

* Fs—Thesampling rateisthe number of times per second the analog input signal is sampled and
converted to digital representation.

*  Teonverson— T heconversion timeisthe amount of time allotted per sasmple and is equal to the
reciprocal of the sampling rate:

Fe- 1 [H] Eqn. 1

Teonversion
*  fmaxin—T'he maximum input frequency that can be processed without aliasing. According to the
Nyquist Theorem of Sampling, this frequency must be less than half of the sampling frequency:

F
fmaxin< TS [HZ] Eqn2

Thus, the sampling rate is the limiting parameter of the ADC in the frequency domain.
Parameters in the amplitude domain include:

« FSR—Thefull scale range is the difference between the minimum and maximum current or
voltage allowed at the analog input lines. Typical values of full scale range for voltage-input ADCs
arelisted in Table 1.

Table 1. Typical Voltage FSR

FSR Bipolar Input Unipolar Input
20 -10to +10 0t020

10 -5to+5 0to 10

5 2510 +2.5 O0to5

e« n—Thenumber of bitsin the encoded ADC conversion result. The larger n is, the better the
precision of the ADC output.

« LSB—Theleast significant bit of the digital output indicates the resolution or granularity of
the ADC:

LSB = —Fzsf [Vor Al Eqn. 3

@ MOTOROLA Description of a Generic DAQ System 3



Table 2 lists the parameters for a particular ADC.

One example of an actual ADC which is used on the DSP56303 and DSP56307 Evaluation Modules
(EVMs) is Crystal Semiconductor’s CS421x audio CODEC family. The specifications for these devices

arelisted in Table 3.

These devices are suitable for audio applications. Applications requiring higher sampling rates or larger

Table 2. Parameters for a Particular ADC
Parameter Initial Specification Derived Specifications
Sampling Rate Fs =100 kHz Teonversion = 10 1S
fraxiy < 50 kHz
Full Scale Range FSR=10V Bipolar input: -5 to +5V
Unipolar input; 0 to +10V
Resolution n =10 bits LSB=9.76 mV

Table 3.  Parameters for the CS421x CODEC Family

Parameter Specifications Unit
ADC type Multimedia Audio CODEC —
Operating principle 64x oversampling delta-sigma —
Sampling rate Fs=41t050 kHz
Conversion period Teonversion = 250 to 20 Hs
Maximum input frequency faxn < 210 25 kHz
Conversion resolution n=8or16 bit
Full scale range FSR=28 Vop
Least significant bit (resolution) LSB =10.93 or 0.04 mv

input signal ranges require higher performance ADCs.

Interfacing a Data Acquisition System to the DSP56303
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General System Architecture

3 Example DAQ-DSP System—Overview

This paper proposes a data acquisition and processing system based on the DSP56303 processor. The
analog signal acquisition and conversion operation is performed by a particular DAQ system under the
direct control of the DSP. Although the ADC in the DSP56303 Evaluation Module (the Crystal
Semiconductor’s CS4215 Multimedia Audio CODEC) is limited to the audio frequency range, the
principlesillustrated here can be extended to provide a simple solution for data acquisition and processing
systems requiring higher performances than audio applications.

3.1 General System Architecture

A block diagram of the proposed system is shown in Figure 3. It features three main components:
A DAQ system, described in the remainder of this section.

e A DSP56303-based board which controls overall system operation and performsall the digital data
processing needed for a particular application.

» A host computer which functions as a graphica user interface and provides an interactive system
control platform.

The DAQ-DSP connection is described in detail in this paper. The DSP-host computer connection is
described in Motorola application note, ECP Standard Parallel Interface for DSP56300 Devices (order
number AN2085/D).

Andog 11O
Lines

=

|54 Connector

Connection
Zable /

»

DAL Connection
=ystem ’ Cable
MOTOROLA —
Port A DSP5S6303EYM —
Connectors

S
Host Computer ~"""

Figure 3. Example System Block Diagram

3.2 DAQ System Architecture and Operation
Figure 4 on page 6 is a diagram of the DAQ employed in the proposed system.
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Figure 4. Example System DAQ Architecture

The Burr-Brown ADS774 was selected as the analog-to-digital component of the DAQ because of its
simpleinterface and command requirements as well as performance that is very well-suited to illustrate the
DAC—DSP interconnection described in Section 1. Table 4 lists the parameters of the ADS774. The
parametersin bold type are the ones selected for the example system.

Table 4. ADS774 Main Parameters

Parameter Specification Unit
Operating principle Successive approximation with —
capacitor array

Conversion resolution n=12or8 bit
Minimum conversion time Teonversion =8 0r5.5 Hs
Maximum sampling rate Fg=117 or 125 kHz
Full scale range FSR=20 \Y

Bipolar input voltage -10to +10

Unipolar input voltage 0to +20
Full scale range FSR=10

Bipolar input voltage -5to +5

Unipolar input voltage 0to+10
Internal reference voltage VRep=25 v

Because the ADC is configured for 12-bit conversion resolution and 20-volt FSR, the resolution of the
system expressed in terms of the LSB is

FSR
=T R0 esmy Eqn. 4
2n 212

Two 74L S245-type octal bus transceivers, connected in parallel, serve as the 12-bit data buffer. These
devices were selected because they can shift the voltage level between the ADS774 5V outputs and the
DSP56303 3.3 V inputs.

The DAQ system is configured to operate according to the timing diagram shown in Figure 5 and the
specificationsin Figure 5 (source: Burr-Brown Corporation, Data Conversion Products, 1995).

LSB

6 Interfacing a Data Acquisition System to the DSP56303 @ MOTOROLA



DAQ System Architecture and Operation

thRL
RIC —\
Ips
7L _K
Status tconversion

R ths

) High-Z State )
DB11-DB0 Data Valid Data Valid

Figure 5. ADS774 Timing Diagram

Table 5. ADS774 Timing Specifications

Symbol Parameter Unit | Minimum Maximum
tHRL Low R/C pulse width ns 25 —
ths Status delay from R/C ns — 200
Teonversion | Conversion time Hs 8 —
tyoR Data valid after R/C low ns 25 —
ths Status delay after data valid ns 75 375

The ADS774 Status pin, which acknowledges the end of a conversion cycle, isnot used in this system.
Instead, the timer interrupt routine on the DSP determines the desired conversion time, which islonger
than the Tonyersion Of the ADS774. This routine also initiates the conversion cycle and retrieves the data
result from the data buffer.

@ MOTOROLA Example DAQ-DSP System—Overview 7



4 Example DAQ-DSP System—Implementation Details

The interface between the DSP56303 and the DAQ in the example system is shown in Figure 6. The
interface uses the DSP' s Port A lines as follows:

e A Readsignal, RD, simultaneously initiates a new conversion cycle on the DAQ and enables the
output of the DAQ data buffer to read the current conversion result.

» DSPDataBuslines8-19 (DDBg_;q) receive the 12-bit conversion result. (Lines DDB,_; are used by
the DSP56303 Evaluation Module to transfer data from the on-board EEPROM )

D5Pa6303

Port &

Figure 6. Example System DAQ-DSP Connection

Figure 7 isageneral timing diagram of the example system operation.

P% A \
Start Conversion
ASDI:;L?;‘ — Conwversion Cycle X Fesults >< Conwersion Cycle >< Fesults
D R P
Load Read into
Buffers D5SP
Bsut;f;rss ——< Yalid Dataon DDE,_,, >< Yalid Dataon DDE,_,,

Figure 7. Example System Timing Diagram
The falling edge of RD triggers a new conversion cycle on the ADC and simultaneously |oads the ACQ
buffers with the previous conversion result.

The rising edge of RD strobes the buffered data to the DDB8-19 lines for storing into a predefined data
buffer in the DSP.

After aTonversion delay, the result code of the current conversion cycleis available at the data output lines
of the ADC, ready to be buffered.

The full RD cycle period must be long enough to include the ADC conversion period (8 ps) plus asmall
delay to allow for the data transfer from the buffer to the DSP. The RD period is about 9 sin the example
system.

8 Interfacing a Data Acquisition System to the DSP56303 @ MOTOROLA



DAQ System Architecture and Operation

Data acquisition is fully controlled by DSP software. Code Example 1 provides agenera framework for a
data acquisition and processing program on the DSP56303. This program initializes chip parameters (chip
clock and PLL, interrupts and Port A access), sets up a 512-word data buffer to store conversion result
codes, and initializes Timer0, which controls the overall data acquisition cycle by issuing alevel 2
interrupt every 9 us. Other user-defined routines can be added to process the acquired data when the buffer

isfull.
Code Example 1. Data Acquisition and Processing Program on the DSP56303
| RESET equ $000000 ; Hardware RESET Vector.
M PCTL equ $FFFFFD PLL Control Register.
M | PRP equ $FFFFFE ; Interrupt Priority Register Peripheral
M BCR equ $FFFFFB ; Bus Control Register.
M AARL equ $FFFFF8 ; Address Attribute Register 1.
M TCSRO equ $FFFF8F ; TimerO Control /Status Register.
M TLRO equ $FFFFBE ; TimerO Load Register.
M TCPRO equ $FFFF8D ; TimerO Conpare Register.
| _TIMC equ $000024 ; TimerO Conpare Interrupt Vector.
BUFFER equ $000000 ; Data Buffer for conversion results.
BUFFLEN equ 511 ; Length of data buffer.
BUFFULL equ $0007FF ; Flag set when the data buffer is full.
DAQ equ $002000 ; DAQ address mapped on the external X nenory

; G her variables can be defined here as

; Main program

start

@ MOTOROLA

org
Jp
org
jsr
org

nmovep

nmovep

bset
bset
bset
bset
bset

bset
bset

bel r
beclr

nove

nove

P: | _RESET
start

P:1_TIMC
intr to0

P: $100
#$060003, X: M PCTL

#$11, X: M AARL

#BUFFER, R6
#0, BUFFULL

; space.

required.

TimerO interrupt handl er setup.

Start of the main program

Enabl e and set PLL: 16.934 Mz on-board clk
; with M=4. The resulting DSP internal clk =
; 67.736 MHz.

Initialize Port A- external access type,
; AARL pin positive polarity to avoid EEPROM
; selection.

Enabl e external X data space, nunber of wait

; states = 31.

Set TimerO interrupt priority level to 2.

Unnask all interrupts after RESET.

Initialize the R6 register as current data
; pointer in BUFFER
Initialize the flag used in the nain

Example DAQ-DSP System—Implementation Details 9



Code Example 1 (Continued). Data Acquisition and Processing Program on the DSP56303

;; programto indicate that the data
data buffer is full.

nmovep #305, X M TCPRO ; Initialize TimerO conpare val ue so that
;; timer interrupt = 111. 04 kHz
7y (timer period = 9.00 psec).

novep #$302a05, X MTCSRO ; Initialize TimerO Control Regi ster and start
7y timer.

QG her routines can be added here to process the data acquired in the
512-word buffer that starts at X $000000 address. BUFFULL flag
can be used to test if the buffer is available for processing.

TimerOissues alevel 2 interrupt every 9 usto read a new conversion result into the DAQ data buffer and
simultaneously initiate a new ADC conversion cycle. The TimerQ interrupt handling routine in Code
Example 2 acquires data from the DAQ buffer through the Port A interface and writes the result into its
own data buffer, called BUFFER. The BUFFULL flag is used to alert the main program that the data buffer is
full and ready for further processing.

The Timer0 interrupt handler first checks BUFFER to seeif it isfull. If the buffer isfull, the BUFFULL flag
is set and the handler terminates. If the buffer is not full, the interrupt handler reads another conversion
result code through the Port A DDBg_1g lines and stores it in the next location in the buffer, using the R6
register as a pointer. For reasons described later, the handler extracts the 8 most significant bits from each
12-hit conversion result; other applications can use the full 12-bit resolution for an improved data
processing precision.

Code Example 2. Timer0 Interrupt Handler

intr_tO
jset  #0, X BUFFULL, i ntr_end ; Test if the buffer is already full. If
7, SO, exit the handler.
nove X DAQ B ; Read the current conversion result into B
;; accunulator, and initiate a new conversion
', cycle.
extractu #$8024, B, A ; Extract the 8 nost significant bits fromthe
;; conversion result.
clr B A0, X (Re) + ; Store current result into data buffer.
clr A ; If the data buffer pointer (R6) reaches the
end of buffer, set the BUFFULL fl ag.
nmove #BUFLEN AO
nove RG, BO
cnp AB
j ot intr_end ; BUFFER is not full.
move  #1, X BUFFULL ; Set BUFFULL fl ag.
intr_end rti

The timer interrupt approach was selected for two important reasons:

1. Thisapproach offers an easy and relatively exact timing solution, both for acquiring data
fromthe DAQ system and for commanding the conversion cycles, without requiring external
hardware such as timer or counters in the DAQ system to drive the sampling rate. The
acquisition period can easily be modified to accommodate the requirements of a particular
application by reprogramming the TimerO Load Register (TLRO) to a new counting period.

2. DSP processing resources are freed up during the acquisition cycle and available for use by
other user-defined routines in the main program.

10 Interfacing a Data Acquisition System to the DSP56303 @ MOTOROLA



DAQ System Architecture and Operation

The data buffer in this program can be configured and used in several ways. One simple approach isto use
two data buffers—one for current acquisition and storing operations in the timer interrupt handler, and one
for data processing in the main program. When a buffer isfilled, the interrupt handler sets the BUFFULL
flag to signal the main program that the buffer is ready for processing, and switches to the other buffer for
storing subsequent acquired data. The two buffers can be defined at the same base address, onein X
memory and onein’Y memory.

Another approach is acircular buffer which allows access from the main program (read) and from the
interrupt handler (write).

@ MOTOROLA Example DAQ-DSP System—Implementation Details 11



5  Case Study: Digital Oscilloscope Using the DSP56303

Toillustrate the practical application of our example system, this section describes the design of a digital
oscilloscope using the DSP56303, with a host computer providing a graphical user interface and general
control panel.

5.1 General Features

The general architecture of the oscilloscope is based on the block diagram in Figure 3 on page 5. The
analog voltage input to the oscilloscope is applied to the DAQ system described in Section 3.2 on page
page 5, which features the Burr-Brown Analog ADS774 ADC. The digitized, buffered ADC output is
transferred to the DSP56303 via Port A.

The DSP performs all of the processing required to provide the functions which atypical oscilloscope
appliesto aperiodic input signal:

e Signal synchronization

e Minimum and maximum amplitude
»  Freguency and period

» Fast Fourier Transform

A flexible and intuitive graphical user interface for the digital oscilloscope was designed using a host
computer. Data display windows, buttons, and slide bars provide a control panel that is easy to use. To
maximize throughput while maintaining system flexibility, the ECP standard parallel interface is used to
connect the DSP to the host computer.

Table 6 summarizes the main functional parameters of the digital oscilloscope.

Table 6. Digital Oscilloscope Parameters

Parameter Specification or Description

Analog Signal Interface

Input signal voltage range -10to +10V
-5t0+5V
Oto10V
0to20V
Sampling rate 112K samples per second maximum.
Input signal frequency range 0to 55.5 kHz
Input channels 1
Input impedance 12 kQ (10 Vpyp input)
50 kQ (20 Vpyp input)
Conversion resolution 12 bits
Least significant bit (LSB) 244 mV (10 Vp, input)

4.88 mV (20 Vp, input)

12 Interfacing a Data Acquisition System to the DSP56303 @ MOTOROLA



Graphical User Interface

Table 6. Digital Oscilloscope Parameters (Continued)

Parameter Specification or Description

Graphical User Interface

General features Real-time graphical display of acquired signal
— time domain.
Real-time graphical display of acquired signal
— frequency domain.
Basic signal parameters calculation
— automatic or manual modes.

Signal display modes RUN Mode—real-time display

FREEZE Mode—static display of a captured signal
Variable time base 256 stages ranging from 588 to 123,460 ps per division
Synchronization modes Rising edge

Falling edge

Variable threshold in the —10 to +10 V range

Amplitude calculation Automatic Mode: minimum and maximum amplitude values
displayed for 512 signal samples

Manual Mode: two mouse-controlled horizontal amplitude
cursors.

Frequency/period calculation Two vertical time cursors moved with the mouse.
Oscilloscope calculates automatically the
corresponding time and frequency values.

Parameters calculated and Current time base in ps/DIV
displayed continuously Sampling frequency in Sps (Samples per second)
Synchronization threshold level in V
Instant values corresponding to the two horizontal
amplitude cursors in V.
Instant period and frequency values corresponding
to the two vertical time cursors, in seconds and Hz.
Signal frequency spectrum (FFT coefficients).
Instant frequency value corresponding to the
vertical cursor in the spectrogram, in Hz

5.2 Graphical User Interface

The graphical user interface emulates the display and control panel of an actual oscilloscope. It combines
the features of an analog oscilloscope with the advantages of digital processing:
« Continuous calculation of signal parameters (amplitude, frequency, period)

e Calculations performed either automatically or with the use of special, interactive,
mouse-controlled cursors

» Facilitiesfor changing the oscilloscope time base and synchronization modes
e Memory capability
» Real-time FFT calculation and graphic display of the corresponding frequency spectrum

The GUI program was developed under the LINUX platform using the SVGAL.ib (Super VGA graphical
library) in console mode. Figure 8 on page 14 is a screen capture showing the GUI layout.

@ MOTOROLA Case Study: Digital Oscilloscope Using the DSP56303 13
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Figure 8. Digital Oscilloscope Graphical User Interface

The oscilloscope GUI has separate windows for the signal, frequency spectrum, and control panel.

5.2.1 Signal Display Window

The signal display window displaysthe acquired signal in both real-time mode (RUN Mode) and as astatic
image (FREEZE Mode). A grid is also displayed for better signal viewing.

Two sets of interactive cursors are available to calculate signal parameters—a pair of horizontal red
cursors for amplitude, and a pair of green vertical cursors for frequency/period. Each cursor can be placed
anywhere over the displayed signal using the mouse (the mouse pointer is colored in white) or with the
dlide bars provided in the control panel.

A dliding arrow on the left side of the display grid indicates the current signal synchronization level, which
can be modified over the —10 V to +10 V range using the corresponding slide bar in the control panel.

The following parameters of the current signal and oscill oscope are displayed below the signal:
e Synchronization level (V)
« Sampling frequency (samples per second)
e Time per division (us)
» Time period and frequency of vertical cursors (ls)
«  Amplitudes of lower and upper horizontal cursors (V)

14 Interfacing a Data Acquisition System to the DSP56303 @ MOTOROLA



Digital Oscilloscope Implementation on the DSP56303

5.2.2 Signal Spectrum Window

The oscilloscope calculates a FFT over a512-sample buffer and displays the frequency components on the
signal spectrum window. An interactive vertical cursor, which can be manipulated by either the mouse or a
dlide bar in the control panel, can be placed anywhere on the displayed frequency spectrum. The frequency
a which the cursor is placed is a so displayed.

5.2.3 Control Panel
Theinteractive control panel provides an easy way to change the functiona parameters of the oscilloscope.
e TheTrigger Level dlide bar adjusts the signal synchronization level to any point in the signal input
range (10 V to +10 V).
* TheTime/DIV dlide bar controls the time base.
e TheTime Cursor 1 and Time Cursor 2 dide bars manipulate the vertical time cursorsin the signal
display window.
e The Ampl. Cursor 1 and Ampl. Cursor 2 slide bars control the position of the horizontal amplitude
CUrsors.
» ThePos Trg button selectsthe rising or falling edge of the input signal for synchronization.

« TheAutomatic/Manual button selectsthetrigger for cal cul ating the point-to-point signal amplitude.
In automatic mode, the oscill oscope cal cul ates the minimum and maximum signal amplitude values
over abuffer of 512 samples, and positions the horizontal cursors accordingly in the signal display
window.

« The Run/Freeze button toggles the signal display between real-time mode and a 512-sample
snapshot.

5.3 Digital Oscilloscope Implementation on the DSP56303

The digital oscilloscope program on DSP56303 is composed of four main modules; an initialization
sequence, the main program module, oscilloscope-specific digital signal processing routines, and
communication routines with the host computer.

5.3.1 Initialization

Code Listing 1 isthe initialization module of the oscilloscope program. It declares the various equates,
macro includes and variables used by the program, initializes the DSP, and sets up the timer interrupt
handler routine needed for data acquisition operations.

Code Listing 1. Oscilloscope Initialization

M PCTL equ $FFFFFD ; PLL Register.

| _RESET equ $000000 ; Interrupt setup equates.
| _TIMC equ $000024

M | PRC equ $FFFFFF

M| PRP equ $FFFFFE

M TCSRO equ $FFFF8F ; TimerO Registers.

M TCPRO equ $FFFF82

M TLRO equ $FFFFBE

M TCPRO equ $FFFF8D

A TCRO equ $FFFF8C

M HPCR equ $SFFFFCA ; HO8 Port Registers.

M HDDR equ $FFFFC8

M HDR equ $FFFFCO

M BCR equ $FFFFFB ; Bus Interface Registers.
1 AARL equ $FFFFF8
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Code Listing 1 (Continued). Oscilloscope Initialization

; Variabl es used in the program

BUFFER equ $000000 ; Data buffer for acquired sanpl es.

BUFFLEN equ 511

DAQ equ $002000 ; DAQ System address mapped on the
external X nenory space.

HOSTCLK equ 8 ;. ECP communi cation vari abl es

PER PHCLK equ 9

PER PHACK equ 10

NACKREVERSE equ 11

HOBTACK equ 12

NREVERSEREQUEST equ 13

SAWLE RDY equ $7FF ; Flag set by the tiner interrupt

; handl er when a new conversion result

; is ready to be read from DAQ
Paraneter to set the trigger type.
Sets the synchronization | evel for

; signal acquisition.

TR G TYPE equ  $7FE
SYNC LEVEL equ  $7FD

MAX_ VAL equ $7FC Stores the maxi mum sanpl e val ue from
; the data buffer.

M N_VAL equ $7FB Stores the ninimum sanpl e val ue.

PA NTS equ 512 ; Variabl es used by the ‘fftr2a’ macro.

QCEF equ $400

; Macros included for cal culating the FFT.
i ncl ude ' si ggen’
i ncl ude ' si ncos'
i ncl ude ' out dat a'
include 'bitrev'
include 'fftr2a’

sincos PA NTS, CCEF ; Initializes the sin-cos tables.

; P. nenory space setup

org P. 1 _RESET ; Reset vector.

jnp Gsci | | oscope

org P:1_TIMC ; TinmerO interrupt vector setup.

jsr Intr_TO

org p: $100 ; Base of the Oscill oscope Program

Gsci | | oscope

novep #$060003, X: M PCTL ; Enable PLL: DSP internal clock
;; 67.736 Mtz.

nove  #0, VBA ; Interrupts setup: TinerO will have

bset #8, X M | PRP o the | PL=2.

bset #9, X M | PRP

belr #9, SR

bel r #8, SR

novep #$11, X M AARL ; Port Ainitialization

bset #5, X M BCR ; Enable external X data space, nunber

bset #6, X M BCR ;; of wait states = 31.

bset #7, X: M BCR

bset #8, X M BCR

bset #9, X: M BCR

nmovep #0, X M TLRO ; TinmerO setup sequence.

novep #$302a04, X M TCSRO

bsr ECP_init ; Initialize the ECP data link to the
;5 host.

TimerO interrupt handling routine. Sets the SAMPLE RDY flag to informthe
;; acquisition routine (‘Acg_sanple’) that a new conversion cycle can begin.

bset #0, X SAWPLE_RDY
rti
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Digital Oscilloscope Implementation on the DSP56303

5.3.2 Main Program

Code Listing 2 isalisting of the main program for the digital oscilloscope. Figure 9 on page 17 isa
flowchart of the main program. The jagged arrows in the figure represent asynchronous events, which
imply wait states on the receiving side. These events include:

» ECP data transactions between DSP and the host.
» DSPtimer interrupts which acknowledge sample acquisition operations.

Host Computer ? DSPS6a303
ECP Communication
Synchronization

¢ B ( Parameter Initialization )

TRIG_T¥PE
SYMC_LEVEL
Time Basze (one byte)

Time Ease = Timer(

"Syncro” Foutine

Ferform the synchronizaicn Timer Interrupt
of he input sigral acouisition. N\ Senvice Boutine

Issue a tirer interrupt wit

"Acg_buffer” Routine ‘/]/ Tmer Ease” penod
Arouire EUFFLEM sigral

samples into BUFFER.

]

"Mlin_max" Routine

Calculate MIMN_WAL and Mak_VAL
fram sample bufier, ELUFFER.

\\ Send Resuits to Host

|Send BUFFER, MaX_VAL MIN_VaL. |

Cscilloscope Graphical User Interface

FFT Calculation

Initialize ¥.BUFFER,
call 'fir2a" and "hitrev" macros.

<Send FFT Results to HOSD

Send A:BUFFER {real part)and
Y:BUFFER {irmaginary part).

Figure 9. Oscilloscope Main Program Flowchart
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Code Listing 2. Oscilloscope Main Program

; Main program
Mai n
nmove #BUFFER RO Set RO as the pointer to the
;; acquisition buffer.
Initialize the ECP data link to host.
Communi cat i on synchroni zation with
;; the host conputer.
Read first byte-w de paraneter
;; fromhost: S gnal

ECP i nit :
; synchroni zation trigger type.

Host _sync

jsr ECP _read
nove A0, X TR G TYPE

jsr ECP _read

nove A0, X SYNC LEVEL
jsr ECP_read

clr B

i nsert #$8008, A0, B
nove BO, X M TCPRO

Read the next paraneter:

7y Signal synchronization | evel.
Read the next paraneter: Qurrent

;; oscilloscope tinebase val ue.
Setup the counting period

;7 for TimerO.

Gsci |l | oscope starts the input signal sanpling and its specific processing
; procedures.

jsr Syncr o
jsr Acq_buf f er

Si gnal synchroni zation routine.
Acquire a buffer of input sanples.

j sr M n_max Cal cul ate the m ni numand maxi num
;7 values of acquired sanpl es
;7 in BUFFLEN

; Send the results of processing back to host conputer.
nmove #BUFFER RO ; Send the acquired data buffer.
do #BUFFLEN, send_buffer
nove X (RO)+ AD
bsr ECP wite
_send_buf fer

nmove X MAX VAL, A0 ; Send the maxi mum cal cul ated val ue
jsr ECP wite ;; over a buffer of acquired sanpl es.
nmove X M N VAL a0 ; Send the m ni mum cal cul at ed val ue
jsr ECP wite ;; over a buffer of acquired sanpl es.

; Start the FFT calculation for a buffer of acquired input sanples

clr A ; Initialize a buffer in Y: menory
nove #BUFFER RO ;; correspondi ng to BUFFER
do #BUFFLEN, _i nit_ybuf ;; for FFT algorithm
move AQD,Y: (RD) +

_init_ybuf
fftr2a PA NTS, BUFFER CCEF ; Call the ‘fftr2a’ nacro devel oped by
nop ;; Mdtorola, Incorporated, to calculate

;; the FFT on DSP56300 famly.

7y Macro inputs:

- PA NTS—Aunber of FFT points;

- BUFFER-start of input data buffers
- (normal I'y ordered)

;. COCEF—start of sine/cosine table.

;7 Macro outputs: PO NTS | ocations

;7 (NOTE Qutput data is bit-reversed.)
;s X BUFFER—+eal val ues

- Y: BUFFER-nagi nary val ues

; Call the ‘bitrev’ nacro devel oped by
;; Mdtorola, Incorporated, for the

bi trev PA NTS, BUFFER
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Code Listing 2 (Continued). Oscilloscope Main Program

;; DSP56300 family, to unscranble the
;; results from‘fft2ra nacro.

Send the results of FFT to host conputer

nove #BUFFER RO ; Base of the X and Y: result buffers.
do #BUFFLEN, send fft

move X (RO), AD ; Send the real part of a coefficient.
bsr ECP wite

extract #$8008, A A

bsr ECP wite

move Y:(RO)+ AO ; Send the inmaginary part of a
bsr ECP wite ;; coefficient.
extract #$8008, A A
bsr ECP wite
_send_fft

Loop back to acquire and process the next buffer of sanples.

jnp Mai n

5.3.3 Oscilloscope Routines

The main program calls specific routines to perform the basic oscilloscope functions. These functions, in
the order in which they are called, are:

1. Syncr o—Synchronizesthe input signal on therising or falling edge at a specified voltage
level.

2. Acq_buf f er —Buffersaset of input signal samples.
M n_nmax—Calculates the minimum and maximum valuesin the buffer.

4, fftr2a and bitrev—DSP56300 library routines developed by Motorolato perform
FFT calculations.

The Syncr o and Acq_buf f er routines also call the Acq_sanpl e routine, which acquires a single input
signal sample.

5.3.3.1 Synchronizing the Oscilloscope to the Input Signal

The Syncro routine attempts to synchronize to the input signal using the following input parameters:
 TRI G_TYPE—Determines whether synchronization occurs while the signal isrising or falling.
* SYNC_LEVEL—The voltage level of the signal a which synchronization begins.

The synchronization procedure acquires input signal samples and ignores them until both of the following
conditions are met:

1. Thesigna isrising or falling according to the TRI G_TYPE parameter, and
2. Thevoltagelevel of theinput signal is within a predefined tolerance of SYNC_LEVEL.

When these conditions are met, the routine exits successfully. If these conditions are not met before 2048
samples are acquired, it is assumed that the input signal is not periodic over 512 samples, which isthe size
of the data buffer defined by the variable BUFFLEN, and the routine exits without synchronizing.

Figure 10 on page 20 illustrates the synchronization procedure on a periodic sine wave.
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Syncro routine Syncro routine
activated exits successfully

4

SYNC_LEVEL

Samples acquired and ignored ! Signal is synchronized

- |
TRIG_TYPE =0 (positive triggering)

Figure 10. Signal Synchronization Procedure

The Syncro routine is given in Code Listing 3.

Code Listing 3. Signal Synchronization Routine (Syncro)

Syncro
nove #0, X0 ; X0 is the sanple counter used by the
;5 “Counts’ routine, which forces
7y Syncro to abort when X0 = 2048
;; sanpl es.
nmove X TR G TYPE A0
jset  #0, A0, neg_val uel
_poz_val uel
nmove #0, X0
jsr Pozitive
_hneg_val uel
nmove #0, X0
jsr Negati ve
_poz_val ue2
nmove #0, X0
jsr Pozitive
nmove X TR G TYPE, A0
jclr  #0, AD, _conti nue
_heg_val ue2
nmove #0, X0
jsr Negati ve
_conti nue
res
Pozitive ; Acquire input sanples and ignore them

;; as long as they are higher than the
;3 synchroni zation | evel, SYNC LEVEL.
jsr Count s
jset  #0,B,_end counts

jsr Acg_sanpl e ; See Code Listing 6 on page 23.
clr B

nmove X SYNC LEVEL, BO

dec B

cnp B, A

ot Pozitive
_end_pozitive
rts
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Code Listing 3 (Continued). Signal Synchronization Routine (Syncro)

Negati ve ; Acquire input sanples and ignore them
;; as long as they are lower than the
;3 synchroni zation | evel, SYNC LEVEL.

jsr Count s
jset #0,B, _end_negative

j sr Acqg_sanpl e ; See Code Listing 6 on page 23.
clr B

nove X SYNC LEVEL, BO

i nc B

cnp B A

jle Negati ve
_end_negative

rts
Count s ; I ncrenent sanpl e counter XO.
;; If X0 = 2048, set bit 0 of
;; accunulator B as a flag to abort
;7 Syncro routine.
clr A
nmove X0, AD
i nc A
nop
nmove AD, X0
clr B
nove #2048,
cnp B A
jle _end_counts
bset #0,B
_end_counts
rts

5.3.3.2 Buffering Acquired Input Data Samples

After the signal synchronization routine has been completed, the main program calls the
Acq_buf f er routine to acquire BUFFLEN (512) samples and store them in a data buffer in X
memory starting at address BUFFER. Thisroutineislisted in Code Listing 4.

Code Listing 4. Buffer Routine (Acq_buffer)

Acq_buf f er
nmove #BUFFER RO
do #BUFFLEN, acq_buf f
jsr Acg_sanpl e ; See Code Listing 6 on page 23.
move AD, X (RD) +
_acq_buff
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5.3.3.3 Calculating Minimum and Maximum Values

TheM n_nax routine listed in Code Listing 5 cal cul ates the minimum and maximum sample valuesin the
databuffer starting at X address BUFFER. The results are stored in the variablesM N_VAL and MAX_VAL.

Code Listing 5. Minimum / Maximum Routine (Min_max)

M n_max
clr A
nop
nmove A0, X MAX VAL
nmove #$FF, AO
nmove A0, X M N VAL
nove #BUFFER RO
do #BUFFLEN, _m nmax
clr A
nove X (RO)+ AO
clr B
nmove X MAX VAL, BO
cnp B A
jle _| ower
nmove AD, X MAX VAL
_| ower
clr B
nop
nmove X M N VAL, BO
cnp B A
jat _hi gher
nmove AD, X M N VAL
_hi gher
_m nnax

5.3.3.4 FFT Calculations

The main program callsthef f t r 2a and bi t r ev macros developed by Motorolato perform fast Fourier
calculations for devicesin the DSP56300 family.

Thef f t r 2a macro uses the following variables:
* Inputs:
— PO NTS—The number of FFT points (512 in this application).

— BUFFER—The base address of the data buffers (normally ordered) used by the macro in both
X and Y memory spaces.

— COEF—The base address of the sine/cosine table.
¢ Outputs:
— X BUFFER—The real values of the FFT results.
— Y: BUFFER—The imaginary values of the FFT results.

Because the output of thef f t r 2a macro is bit-reversed, the bi t r ev macro is called to unscramble the
datain BUFFER.

5.3.3.5 Acquiring a Single Data Sample

The Acq_sanpl e routine listed in Code Listing 6 acquires asingle input signal sample from the DAQ
system through the DSP56303 Port A periphera. This second-level routineis called by the Syncr o and
Acqg_buf f er routines.
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When Acq_sanpl e iscalled, TimerQ is enabled to count down the time base delay. The program then
polls the SAMPLE_RDY flag until it is set by the interrupt handler which is called when TimerO counts to
zero.The routine then reads the current conversion result from the DAQ and extracts the 8 least significant
bits. This is done to accommodate the other data processing routines, which all work with byte-wide data.
The 8-bit result is returned in the A0 accumulator.

Code Listing 6. Acquiring a Single Data Sample (Acq_sample)

Acqg_sanpl e
bclr  #0, X SAWLE RDY ; (ear the acquisition flag.
bset #0, X M TCSRO ; Start the tinmer to count down a
;; time base del ay.
_sanpl e_wait

nove X SAMPLE RDY, A0 ; Wait for the tiner to issue an
jclr  #0, A0, sanpl e wait ;; interrupt and set the flag.
bclr  #0, X M TCSRO ; Stop the tiner.
clr A
nove X DAQB ; Read the conversion result from DAQ
into accunul ator B and start
;; @ new conversion cycle.
extractu #$8024, B, A ; Extract the 8 least significant bits.
rts

5.4  Communication with the Host Computer

Because of the relatively high transfer rates needed to set the functional parameters of the oscilloscope on
the DSP and to communicate the results back to the host computer, the Extended Capabilities Port (ECP)
parallel interface standard is used as the communication between the DSP56303 and the host computer. A
more complete description of the implementation of thisinterface can be found in Motorola application
note, ECP Sandard Parallel Interface for DSP56300 Devices (order number AN2085/D).
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6  Conclusions

Digital signa processors such as the DSP56303 provide a convenient and efficient link between a data
acquisition (DAQ) system and the user interface provided by a host computer. The example system
described here illustrates the hardware and software considerations involved in implementing DAQ-DSP
communication. The principlesillustrated here can be extended to higher-performance systems by
selecting an ADC with afaster sasmpling rate and extending the software al gorithms to accommodate larger
datawidths.
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