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ABSTRACT

The Physical Science Laboratory (PSL) has developed processes for digitizing high-speed
analog data using state-of-the-art equipment and software techniques. The Laboratory has
resolved the problems encountered by integrating off-the-shelf equipment, PSL-designed
interface units, and system application software to meet the specific needs of individual
data collection and reduction systems.

INTRODUCTION

Raw data comes from many different sources and may be encoded in many different
manners. These methods are exercised to achieve better data quality over the transmission
medium. The goal is to gather the information contained in the data stream and shape it
into an understandable quantity. Data streams are ever increasing in speed and must be
dealt with effectively. As more information is processed, the work is doubled and
redoubled. To improve the quality of processed data, a way must be found to better access
this information, to reduce the operator intervention, and to increase the system’s effective
throughput. It is to this end that the pursuit and effort to attain a viable solution is mounted
against the obstacles of data acquisition.

If high-speed data is to be digitized successfully, time must be carefully accounted for in
the data storage and retrieval process. System components must be chosen carefully to
assure their functional ability and achieve an effective cost for the data collection system.
To effect these benefits, a means must be found to include the definition of time with the
data when it is stored. This inclusion of time may be accomplished by incorporating time
into the data frame itself while the data is being collected. To incorporate the time into the
data frame requires the introduction of the real time at event and storage of the time
element within the data records. Time is stored in the same format as the data but is still
distinguishable from the data structure.



This method of time-merging allows the data to be retrieved at a later date with little
manipulation of equipment except for the computer system that the operator uses to
retrieve the data. Time correlation is present and available to any system that is capable of
reading the data and producing results for analysis, thus locking time and data together for
reduced effort in storage, retrieval , and reduction of data.

SYSTEM COMPONENTS

An effective method exists to digitize analog signals derived from frequency-modulated
data and store it on a computer disk system. The method uses many readily available, off-
the-shelf system components. The solution includes a system interface unit that
coordinates the subsystem components into an integrated package. The subsystem
components include:

• A Time Code Generator/Translator that produces a digital time output from a serial
IRIG time input;

• An Analog-to-Digital Converter that digitizes the raw data;
• A host computer with DMA interface components to execute the applications and

set-up software;
• A digital disk system for storage of the data; and
• A System Interface Unit that interfaces the subsystem components.

The System Interface Unit provides for protocol translation of the input/output signals
from all subsystem devices into a common language for system operation. The system is
managed by a software system that coordinates the components during system set-up and
operation. (Refer to Figure 1)

The operational speed of the system components must be examined when digitization rates
are being determined. Overall throughput will depend on each operational component in
the system and will consist of contributions from all system elements. The digitization rate
may be mandated by the frequency of the data and the level of data quality required.
Performance criteria must be established and each system component evaluated to
determine its adherence to the specified limits. (Refer to the “Nomenclature” section for
definitions of the terms used in this paper.)

Time Code Generator/Translator

The Time Code Generator/Translator provides a digital time source for the system, but
requires no special input or output buffers to interface, store, or format the time words. All
that is required is a parallel time output port with resolution to the degree required for
system timing accuracy. Such timing accuracy as milliseconds may be derived from 



Figure 1  Analog Data Digitization System

IRIG-B and is satisfactory for many systems. If more precise time correlation is required,
IRIG-A can provide time increments of 100 microseconds. Time formatting and buffering
is accomplished by the System Interface Unit, which provides protocol formatting to
correspond with the DMA computer interface requirements.

The only cables required for the time system are for IRIG serial time input and digital
parallel time output. Additional features of the time code unit may be employed if the unit
is so equipped and if the features are required for system operation.



Analog-to-Digital Convertor

The Analog-to-Digital Converter (A/D) can be a single-channel or multi-channel unit that
operates over a broad range of digitization rates. The internal configuration may include a
single sample-and-hold unit or it may be equipped with several sample-and-hold units to
support simultaneous data sampling for several channels.

To achieve data quality, the A/D must operate at higher rates than the data frequency being
sampled. The rate must be at least two times the data frequency, as specified by the
sampling theorem, and often up to five times the base data frequency or more to prevent
signal aliasing. For example, a 50 KHz signal sampled at a multiple of five times its base
frequency would require the digitizer to operate at a frequency of 250 KHz. The
conversion time, the inverse of the 250 KHz digitization rate, would be four microseconds.

The aperture time required to digitize the raw data signal must be evaluated and compared
against the period of the input signal. If the aperture time is a significant portion of the
signal period, the digitization process will not accurately represent the input quantity. The
aperture time should be short enough to prevent the input signal from changing more than
the quantum value at the signal’s fastest slew rate. A formula for determining the aperture
time required for a given sine wave frequency is presented in the “Nomenclature” section
of this paper. The formula will aid the system designer in evaluating the system A/D
converter to determine if it will meet the minimum aperture time requirements.

During the conversion process the A/D must accomplish many tasks, including:

• Receipt of the conversion request signal that starts the digitization process of the
converter by switching its multiplexers to the designated channel;

• Acquisition of the input signal by the sample-and-hold;
• Digitization of the analog data by the A/D converter;
• Buffering of the output conversion word; and
• Issuance of the “conversion complete” flag to the system.

The A/D converter requires an interface that provides conversion-start and end-of-
conversion handshake signals, channel designation, and parallel data output lines. Two of
the most common output codes are offset binary and two’s complement; the code types are
compatible with computer system programs. Performance specifications must be
considered for the A/D and its components with respect to the other system elements to
determine the actual digitization rate that may be realized at the system level.



Computer

The host computer communicates with the system through a DMA interface that
communicates with other system components under handshake control. A transfer request
signal is sent and acknowledged each time a data word is transferred. The handshake
sequence is repeated for each data word. Data is formatted and transferred as 16-bit
words. The computer DMA interface provides for set-up functions that aid the operator in
automating the pre-mission equipment settings. This portion of the DMA interface outputs
digital information in a 16-bit format to the devices connected to its output bus. This
information is composed in word format with the address of the device composing one
byte and the set-up information composing the other. Communications between the DMA
interface and the System Interface Unit follow these parameters.

Operational parameters must be considered for the host computer and its DMA interface to
determine the aggregate throughput rate possible for the computer subsystem. The
operational speed of the computer bus and the transfer rate of the DMA interface are of
prime consideration. The computer bus must support the data transferred from the System
Interface Unit to the computer memory in frame buffers, then transfer the data from
memory to the disk drive in blocks for storage. It handles each digitized data word twice
and, in effect, reduces the aggregate rate to one half of that specified. If the computer bus
and the DMA interface cannot support the rate of operation required, the process will not
be successful.

System Interface Unit

The System Interface Unit performs many tasks that allow the system components to
interface properly. Among these tasks is the buffering and translation of time from the
Time Code Generator/Translator. The time value is input buffered, stabilized, translated,
coordinated into the data stream, and output buffered to the computer DMA interface.

The System Interface Unit also acts as the coordinator for the Analog-to-Digital Converter
by specifying the A/D’s mode of operation, the digitization rate, and the channels to be
digitized; and by buffering the A/D output data values. Input data from the A/D is buffered
in FIFO memory to achieve steady and continuous buffering that will not impede the
conversion time base. The System Interface Unit further controls the number of words in
the frame and the insertion of digitized data and time words in their proper sequence. The
coordination of the data and time words into a cognizant stream is performed under
specification of the operator through the host computer and its DMA set-up interface. This
is performed under the control of set-up files for increased speed of operation. The System
Interface Unit permits the integration of standard, off-the-shelf components into a
functioning data conversion system.



Software

Software programs allow an orderly set-up of the data collection equipment, thus saving
the time and effort usually spent in preparing the equipment for operation through standard
formats that are repeated on a regular basis. The set-up program routes data through the
system by specifying channel, digitization rate, and frame size to the System Interface
Unit. This is accomplished through a data base file that is maintained for this purpose.
Output from the file is sent to the computer DMA interface for distribution to the System
Interface Unit.

The software driver maintains the efficient operation of the digitization process by
controlling the computer and its DMA interface. System parameters, such as the rate of
digitization, channel selection, and frame size, are responsive to the computer DMA
interface. Data frames are sized to obtain the highest data throughput for the individual test
circumstances. Frames are organized into efficiently sized blocks within the computer
memory to enhance the speed of transfer to the disk drive.

CONCLUSION

DEM product specifications can be used to evaluate system components to determine their
suitability for integration into the data digitization process. The equipment parameters may
be used to satisfy the commonly asked questions concerning speed, accuracy, resolution,
expansion, comparability, and system costs. Many of the system components are available
“off-the-shelf” and may be readily procured and implemented. Each device must be
evaluated for suitability and interaction with the other system units before the total system
can be analyzed for adequate performance to meet the digitization and throughput
specifications required. Analog data may be effectively digitized while retaining the time
element of the data within the data structure. The method has been tried and has been
proven to meet the design criteria imposed in differing test environments and
circumstances.
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NOMENCLATURE

Several commonly used terms are explained in the following definitions.

Absolute Accuracy - The worst-case input-to-output error of a data converter,
referred to the NBS standard volt.

Acquisition Time - For a sample-and-hold, the time required, after the sample
command is given, for the hold capacity to charge to a
full-scale voltage change and then remain within a
specified error band around final value.

Analog Multiplexer - An array of switches with a common output connection
for selecting one of a number of analog inputs. The output
signal follows the selected input signal within a small
error.

Aperture Delay Time - In a sample-and-hold, the time elapsed from the hold
command to the actual opening of the sampling switch.

Aperture Time - The time window, or time uncertainty, in making a
measurement. For an A/D converter it is the conversion
time; for a sample-and-hold it is the signal averaging time
during the sample-to-hold transition. The aperture time
required for a sine wave signal is related by:

where n equals the number of A/D bits.

Aperture Uncertainty Time - In a sample-and-hold, the time variation, or time jitter, in
the opening of the sampling switch; also, the variation in
aperture delay time from sample to sample.

Conversion Time - The time required for an A/D converter to complete a
single conversion to specified resolution and linearity for a
full-scale analog input change.

Conversion Rate - The number of repetitive A/D conversions per second for
a full-scale change to specified resolution and linearity.



Data Acquisition System - A system consisting of analog multiplexers, sample-and-
hold, A/D converters, and circuits needed to process one
or more analog signals and convert them into digital
signals for use by a computer.

E.O.C. - End Of Conversion.

Error Budget - A systematic listing of errors in a circuit of a system to
determine worst-case total or statistical error.

Full-Scale Range - The difference between maximum and minimum analog
values for an A/D converter input.

Offset Binary - Natural binary code in which the code word 000...000 is
displaced by one-half analog full scale to represent - F.S.
The code 100...000 represents analog zero and 111...111
represents +F.S.

Quantitizing Error - The inherent uncertainty in digitizing an analog value due
to the finite resolution of the conversion process. The
quantitized value is uncertain by up to ± Q/2, where Q is
the quantum size. This error can be reduced only by
increasing the resolution of the converter.

Quantum -                                  Full Scale Range
    A/D (2 )n

where n represents the number of A/D bits.

Resolution - The smallest change that can be distinguished by an A/D
Converter or produced by a D/A Converter. Resolution
may be stated in percentage of full-scale, but it is
commonly expressed as the number of bits (n) where the
converter has 2n possible states.

Sample-and-Hold - A circuit that accurately acquires and stores an analog
voltage on a capacitor for a specific period of time.



Sampling Theorem - A theorem due to Nyquist that says if a continuous
bandwidth limited signal contains no frequency
components higher than fc, then the original signal can be
recovered without distortion if it is sampled at a rate of at
least 2 fc samples per second.

Start-Convert - The input pulse to an A/D converter that initiates
conversion.

Throughput Rate - The maximum repetitive rate at which a data conversion
system can operate to give specified output accuracy. It is
determined by adding the various times required for
multiplexer settling, sample-and-hold acquisition, and A/D
conversion, and then taking the inverse of the total time.

Two’s Complement - A bipolar binary code in which positive and negative
codes of the same magnitude sum to all zeros plus a carry.


