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MEASUREMENT OF A MICHELSON INTERFEROMETER MIRROR VELOCITY
WITH A TIME INTERVAL ANALYZER

1. INTRODUCTION

Time interval analyzers (TIA) provide a means to
characterize a wide variety of rapidly changing signals.' A TIA
is used to monitor an indexing helium-neon (HeNe) laser signal
from a Michelson interferometer. The indexing HeNe laser signal
is available from the servo mirror velocity control circuitry of
a Michelson interferometer. Most commercial Fourier transform
infrared (FTIR) spectrometers implement the Michelson inter-
ferometer design and use an indexing HeNe laser reference in
control of mirror velocity.

The Michelson interferometer is constructed using an
optical beamsplitter, f~xed mirror, and movable mirror
(Figure 1). The incoming IR radiation (i.e., 2.5-25 pm
wavelength) is divided into two optical paths at the
beamsplitter. The beamsplitter is positioned at a 45° angle to
the input radiation. Each optical path contains 50% of the total
IR energy. One path is to the fixed mirror, while the second
optical path is to the movable mirror. After ,reflection from the
fixed and movable mirrors, the IR radiation returns to be
recombined at the beamsplitter. This generates an interference
pattern. The IR photodetector is exposed to this pattern. The
pattern is modulated by the relative positions of the fixed and
movable mirrors to the beamsplitter. Monochromatic light
generated by the HeNe laser transverses a parallel optical path
to the IR radiation. A visible light photodetector receives the
modulated monochromatic HeNe laser light (i.e., laser fringes).
The photodetector converts the laser fringes into a sinusoidal
reference signal. Selected zero crossing of the sinusoidal
reference signal allows the IR interference pattern to be sampled
at equally spaced and well-defined mirror positions.

Variation in the movable mirror velocity by as little
as ±2% can result in a significant mirror position sampling
error. This sampling error degrades the signal-to-noise ratio
(SNR) of the acquired IR spectrum. 2 For a sufficiently high SNR,
the FTIR spectrometer permits identification and quantification
of a wide variety of materials. Decrease in the SNR becomes
important since this lowers the ability of the spectrometer to
detect the material of interest. The purpose of this article is
to present a TIA capable of measuring the mirror velocity of a
Michelson interferometer and any velocity variations within a
single mirror scan.

9
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Figure 1. Elements of a Fourier Transform Infrared (FTIR)
Spectrometer

2. TIA DESCRIPTION

The TIA is composed of three parts: a time interval
counter (TIC) circuit, an interval counter buffer memory (ICBM)
circuit, and a program called TICOUNT. The TIC circuit times the
intervals between data sampling points. The data sampling points
are obtained from selected zero crossing of the HeNe laser refer-
ence signal. The ICBM circuit saves the time interval counts in
a buffer memory and interfaces that buffer memory to the IBM/PC-
XT bus. The TICOUNT program reads and analyzes the data
contents of the memory buffer. This analysis determines the
average time interval count (tic) and the variations from the
average time interval.

2.1 TIC Circuit.

The TIC circuit measures the duration of both the high
and low intervals of a digital signal. A comparator converts the
sinusoidal laser reference signal into the digital laser refer-
ence (DLR) signal (i.e., square wave). Duration of the high or
low DLR signal provides a means to measure the mirror velocity
over the entire movable mirror displacement in the Michelson
interferometer. Acquisition of the interval counts for succes-
sive high and low intervals in the DLR signal permits evaluation
of the interferometer mirror velocity variation during each
mirror scan. For this evaluation, reciprocal counters, which
measure only the average period of many cycles, cannot determine
the position of velocity errors within a single mirror scan.

10



The TIC circuit consists of a crystal oscillator-
generated time base, digital transition detector, and counters
with latched outputs. Figure 2 is a schematic of the TIC
circuitry. The crystal oscillator, IC_-6A, generates a
67.7576 MHz time base reference. The ascillator drives the clock
inputs of the IC 1A data flip flops. The IC_2A flip flops along
with the gating of ICSA permits detection o-f either a high-to-
low or a low-to-high transition of the DLR signal. Detection of
a transition is only possible, when the status signal (SSTAT) is
an active high. Figure 3 illustrates the operation of the
digital transition detector. A low-to-high transition on the
DLR signal line produces an active low pulse on the LEAD signal
line, while a high-to-low DLR signal transition gives an active
low pulse on the TRAIL signal line. The 9HI and LOW outputs of
IC 2A, which track the DLR signal are toggled by the LEAD and
TRAIL signals. The signals HI, LOW, LEAD and TRAI coordinate
the initialization, enabling and latching of the 16 bit binary up
counters, which characterize the DLR signal. The 74F269 eight
bit counters are cascaded to obtain the 16 bit binary up count
for either the low interval period (IC -13A, IC_7B) or the high
interval period (IC_-9A, IC 11A) of the DLR signal. These 16 bit
up counters are latched into the 74F374 octal latches (i.e.,
IC -l1A, IC-12A high interval count and IC_8B, IC-14A low interval
count). The FAST series logic is selected for speed, high drive,
and low noise characteristics.'

The timing diagram in Figure 3 shows the sequence of
events that occur during the time interval measurement with the
TIC circuit. The high-to-low transition of the LEAD signal
occurs on the first positive oscillator clock transition after
the DLR signal becomes an active high. The high-to-low
transition on LEAD parallel loads zeros into the high interval
counters IC_-9A and IC 11A. The low-to-high transition on LEAD
enables the high interval counter for counting and latches the
value of the low interval counters. High interval counting
continues until the high-to-low transition of the TRAIL signal.
The high-to-low transition on the TRAIL signal parallel loads
zeros into the low interval counters IC_13A and IC 78. The
low-to-high transition on the TRAIL signal enables the low
interval counters for counting and latches the value from the
high interval counters. The asynchronious relation between the
OLR signal and the time oscillator time clock base permits an
interval count error, which is inherently less than two
oscillator clock periods. Gating the counter clock inputs with
the terminal count from the most significant 8 bit counters
prevents erroneous counts due to counter roll over. Recording
each interval count without loss requires an ICBM circuit.

11
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2.2 ICBM Circuit.

The ICBM circuit performs two functions. First, the
ICBM circuit records up to 4096 consecutive interval counts for
both the high and low time intervals. Second, an interface to
the IBM/PC-XT bus permits loading the tic into the computer.
This design eliminates the possible loss of tic and permits
access to interval counts upon occurrence.

The ICBM circuit schematic is shown in Figure 4. The
four IDT7204 First-In/First-Out (FIFO) memory integrated circuits
(IC) provide a memory buffer for both high and low interval
counts. Each FIFO memory IC is configured as 4096 nine bit
words. The high and low interval counter latches are connected
to the FIFO data inputs. FIFO IC_5B and IC 3B are arranged to
contain the high interval counts, while FIFO IC 6B and IC_48 hold
the low interval counts. The TIC circuit control signals of LOW
and HI write the respective low and high interval counts from the
octal latches in FIFO memory. Each FIFO requires pin 7, the
expansion in (XI), to be grounded and pin 23, the first
load/retransmit (FL/RT) input to be tied at +5 V. A ground
on the XI input places the FIFO in the single device operation
mode. A low pulse on the FL/RT input sets the internal FIFO read
pointer to the first memory location but does not affect the FIFO
write pointer. Therefore, a connection of +5 V to the FL/RT
input avoids a request to retransmit the FIFO contents when in
the single device operation mode. The ICBM circuit provides the
FIFO full or empty status outputs to the IBM/PC through an octal
buffer IC_8A. An active FIFO full flag (FF) output inhibits
further write operations. The FF can also indicate the absence
of data reads by the IBM/PC. An active FIFO empty flag (EF)
output occurs after the FIFO contents are completely read or a
reset is performed.

Input/Output (I/O) addressing by the IBM/PC permits
reset, status check, and data content read operations for each
FIFO. The programmable array logic (PAL) device, IC 7A (i.e.,
PAL16L8) decodes the lower 4 address bits during the appropriate
device select signal. The PAL assigns individual I/O addresses
to each I/O device. The device select signal to the PAL is
provided by the JDR PR-2 (JDR Microdevices; Los Gatos, CA)
IBM/PC-XT bus prototype card on which the TIC and ICBM circuits
are constructed. The prototype card generates eight device
select signals from the lower 10 address bus bits and the I/O bus
control signals. The base address of 300 hexadecimal is selected
since it is reserved for prototype card design development. The
card provides a bidirectional connection to the data bus through
an octal bus transceiver (i.e., 74LS245). Loading the interval
counts from FIFO memory into the IBM/PC via the data bus requires
the program described in the next section.

14
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2.3 TICOUNT Program.

The TICOUNT program performs three tasks. First, the
program insures the proper collection of the tic. Second, the
program transfers data from the ICBM circuit to the IBM/PC.
Third, the program performs a statistical analysis of the tic
collected. These tasks are outlined in Figures 5a and 5b.

The TICOUNT program avoids improper collection of the
time interval counts by monitoring a status register containing
the SSTAT signal. Input port 306 hexadecimal identifies the
status register that contains the SSTAT signal. The interferom-
eter generates the SSTAT signal for each mirror scan. An active
SSTAT signal (i.e., loqic 1) indicates when the DLR signal is
valid. Monitoring the SSTAT signal permits determination of the
beginning of each interferometer mirror scan. The FIFO memories
are reset until a valid SSTAT signal is received. Addressing
I/O port 304 hexadecimal resets the FIFO memory. This sets the
internal FIFO read/write pointers to the first memory location.
Time interval count collection begins after a transition of the
SSTAT signal from low to high. A total of 8192 sixteen bit
interval counts can be written into the FIFO memory with the
present configuration.

Once the FIFO memory is loaded with the first tic, the
program begins reading the counts into the IBM/PC. The
consecutive list of input port hexadecimal values from 300 to 303
are assigned to the FIFO memory. The low and high bytes of the
16 bit low interval counts are located at input ports 300 and
301, respectively. The low and high bytes of the 16 bit low
interval counts reside at input ports 302 and 303, respectively.
Each interval count must be read before a time-out condition
occurs. Occurrence of the time-out during the C program
execution in program listing 1 (Appendix A) results in an error
message. If a time-out does not occur, then the FIFO memory is
read until the FIFO register indicates empty. The FIFO status
register indicates the empty and full flags condition at input
port 305 hexadecimal. The FIFO status register holds a
hexadecimal value of OF after all interval counts have been read.

After the time interval counts for a mirror scan are
loaded into the IBM/PC memory, the third TICOUNT program task
begins. Analysis of the tic collected can be performed. The two
finite sample size statistics of average and best estimate of the
standard error serve to represent the collection of time interval
counts over one interferometer mirror scan. Two implicit
assumptions are made in calculating the tic average and its
variation. First, the error associated with the method of time
interval measurement is negligible compared to the inherent
variation in the time intervals. Second, a Gaussian distribution
of the tic is present. The average tic represents the best
estimate of the mean mirror velocity over one complete mirror

16
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INITIALIZE FIFO MEMORY
BUFFER CONTENTS AND
COUNTERS

LOAD INTO MICROCOMPUTER
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SAVED IN FIFOs
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N
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ASSOCIATED STATISTICAL
ANALYSIS RESULTS

Figure 5b. The Program TICOUNT.BAS Reads Each tic from the ICBM
Circuit and Performs an Analysis on the tic Values
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scan. The difference of the individual tic from the average
count (i.e., residual count value) permits calculation of mirror
velocity variation over the mirror scan length. The residual
count values are used to calculate the best estimate of the
standard error (BESE). The TICOUNT flow chart in Figure 5
outlines the procedure for calculation of the BESE. Program
Listing 2 (Appendix B) lines 5000 to 5640, perform the
statistical analysis in Basic. Upon completion of the
statistical analysis, the TICOUNT program allows the user to save
or print the tic and associated analysis.

3. CIRCUIT ASSEMBLY

The TIC and ICBM circuits are constructed on the
perforated wire wrap portion of the prototype card (JDR
Microdevices). The address, data, and control signal
buffering/decoding are provided on the printed circuit board
(PCB) portion of the prototype card (i.e., JDR PR-2 card).5 The
JDR PR-2 card contains a power/ground distribution grid on the
wire wrap portion of the card for electromagnetic interference

"*(EMI) suppression. The decoupling capacitors Cl through C10 are
soldered to the power/ground distribution g: Ad with Vector
T44 wire wrap pins. Integrated circuit powcr supply connections
are made with wire wrap to the decoupling capacitor wire wrap
ports.6 Component placement on the JDR PR-2 board is shown in
Figures 6a and 6b. The PCB portion of the JDR PR-2 board is
located immediately above the bus edge connector. This portion
of the JDR PR-2 board is populated with integrated circuits IC1
through IC7. The resistors, RP1-RP4, and capacitors, CP1-CP7,
are also located on the PCB portion of the prototype board along
with a 4 position SPST switch, SW. Any integrated circuit
designation with a letter suffix refers to the TIC or ICBM
circuitry. The subminiature series A (SMA) coaxial connectors,
in the upper right hand corner of Figure 6a offer a compact input
of the SSTAT and DLR interferometric signals to the prototype
card. Table 1 lists and describes the components necessary for
the TIA circuit construction.

4. TIME INTERVAL MEASUREMENTS

The time interval measurements that are made with the
TIA permit the incremental determination of the interferometer
mirror velocity. Correct operation of the TIA circuitry is
tested with the input of known time intervals. These time
intervals are synthesized with a signal simulator. Once the
TIA operation is validated with the signal simulator, the
TIA circuitry is connected to the interferometric SSTAT and
DLR signals. The tic are collected for the DLR signal over one

19
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Table 1. Circuit Component Values and Descriptions

Power Supply
Pin Connections

IC # Description +5 V GND

1A,2A 74F74, Dual Data Flip Flop 14 7
3A, 7 74LS08, Quad AND Gates 14 7
4A 74F04, Hex Inverters 14 7
5A 74F00, Quad NAND Gates 14 7
6A F3000, FOX 67.73760 MHz TTL

Oscillator 14 7
7A PAL16L8, combinatorial program-

mable array logic device 20 10
8A,1B 74LS244, octal buffer 20 10
2, 3 74LS244, octal buffer 20 10
9A,11A 74F269, 8 bit counter 19 7
13A,7B 74F269, 8 bit counter 19 7
10A,12A 74F374, octal latch/buffer 20 10
14A,8B 74F374, octal latch/buffer 20 10
3B,4B IDT7204L, FIFO Memory 4096X9 bit 28 14
5B,6B IDT7204L, FIFO Memory 4096X9 bit 28 14
1 74LS245, octal bus transceiver 20 10
4 74LS00, Quad NAND gates 14 7
5 74LS138, 3 to 8 Line Decoder 16 8
6 74LS08, Quad AND gates 14 7

Capacitance Resistance
SValue in ResistorValue in Kohm

Cl-CI0 0.01 RPl-RP4 4.7
CP1-CP5 0.01
CP6&CP7 10.00

Other Components

SW 4 position SPST switch

SMAl, SMA2 right angle PCB coaxial receptacle

21



mirror scan. These counts are used to calculate the interferom-
eter mirror velocity. Comparison of the tic that are collected
for sequential mirror scans shows any repeatable mirror velocity
behavior.

Accurate TIA operation is demonstrated with an inter-
ferometer signal simulator. A polynomial waveform synthesizer (PWS)
and monostable circuit permit simulation of the interferometric
SSTAT and DLR signals. These simulated signals verify that the
TIA is operating properly. A block diagram of the inter-
ferometer simulator is shown in Figure 7. A monostable circuit
with a time constant of approximately 100 ms generates the valid
data flag (i.e., SSTAT signal), which triggers the PWS. The +5 V
and 10 KHz 2 wave configuration for the PWS (Figure 7 selected
settings) produces a gated DLR signal similar to the
interferometer sampling signal.' For a +5 V and 10 KHz 2 wave,
the tic is calculated from the ratio of 100 ps/14.76285 ns and is
found to be 3386.89 counts. The average tic of 3386.96 is
obtained from the TIA with a BESE of-0.40. A count of 3387 is
most probable since only an integer number of counts are
recorded. A plot of the individual tic variation from the
average interval count of 3386.96 is shown in Figure 8a. The
largest residuals occur in the first 100 tic (Figure 8b). An
overall residual variation of 6 counts is still within the error
of the 100A ns clock increment generated by the PWS (e.g.,
100 ns/14.76285 ns - 6.8 counts). The distribution of the tic
that are obtained from the PWS, is shown in Figure 9. The
interval counts responsible for the 6-count variation in the PWS
data constitutes only 1% of the interval count data. The
residuals within 1 count from the average interval count comprise
about 9% of the interval count population. The remaining-90% of
the tic population occur at an interval count of 3387. The TIA
gives an average interval count for the simulated DLR signal that
is with 0.002% of the predicted interval count. The predicted
count also falls within the ±0.01% variation that is calculated
from the BESE of the tic population. Clearly, the analysis of
the 10 KHz simulated DLR signal indicates that the TIA
performance is adequate for measuring the time intervals
associated with an interferometer sampling at 10 KHz.

22
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The tic from the interferometric DLR signal are
summarized in Figures 10 and 11. The average tic of a single
interferometer mirror scan is 3354 with a BESE of +19. The
variation from the average tic is shown in Figure 10a as a plot
of the residuals versus the tic position. This residual plot
shows a sinusoidal behavior, which is expected for a servo mirror
controller attempting to maintain a constant mirror velocity over
the mirror scan. Figure 10b is an expanded view of the residuals
from the interval count positions 200 to 350. The largest
positive residual occurs at an interval count location of 254.
The relationship between the tic and mirror velocity is given by
equation 1.

u (cm/s) -ISI (cm)/l i'c * toc (s)]1/2 (1)

where

u - mirror velocity, cm/s

SI - sampling interval, cm
[2*632.8(10-9) m*100 cm/m]

tic - average time interval count; counts

toc - time of oscillator clock, s
[67.7576(106)H-14.76285 ns]
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Figure 10a. Variation of the Interferometric DLR Signal Plotted
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Figure 11. Distribution of Interval Counts Obtained from the
Interferometric DLR Signal. The average count of
3354 is obtained with a +tBESE of ±1l9.

The sampling interval is based on the HeNe laser wavelength of
1.265( 10-4)cm. A level transition in the DLR signal occurs on
every second positive zero crossing of the laser fringe.
Therefore, a factor of two must be introduced for a correct
sampling interval. The average tic is 3354 for the
interferometer scan shown in Figures 10 and 11. The time base of
the oscillator clock is 14.76285 ns. The factor of two in the
denominator of equation 1 occurs since the optical retardation of
the interferometer is twice the mirror velocity.2 The
distribution of the tic is shown in Figure 11. Approximately
two-thirds of the tic fall within +19 counts of the average tic,
3354. Calculation of mirror velocity with equation 1 for eight
sequential interferometer mirror scans is tabulated in Table 2.
A mirror velocity of 1.277 cm/s with a variation of ±0.5% is
found. This velocity is consistent with the reported
specification value of 1.25 cm/s.8
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Table 2. Interferometer Mirror Velocity

tic + BESE (counts) u ± BESE (cm/s)

3354 ± 19' 1.277 ± 0.007
3354 + 18 1.277 + 0.006
3354 + 17 1.277 + 0.006
3355 + 17 1.277 + 0.006
3355 + 16 1.277 ± 0.006
3355 + 18 1.277 ± 0.007
3355 + 16 1.277 ± 0.006
3355 + 16 1.277 + 0.006

"tic plotted in Figures 10 and 11.

The eight sequential mirror scans permit the determina-
tion of any repeatable behavior in the incremental mirror
velocity. Figure 12a provides a plot of the average interval
count +_BESE as a function of interval count position for interval
count positions 200-300. The variation of mirror velocity across
the interval count positions is larger than the variation at each
count position. This tends to support the hypothesis that the
interferometer mirror is controlled in the same manner from scan
to scan. This repeated behavior may be due in part to the use of
a white light source detection scheme to indicate the first valid
mirror position. The white light source signal generates the
SSTAT signal at the same mirror location on initiation of each
mirror scan. The average of 8 interval counts is represented by
a blank space. This blank space is bracketed by vertical bars
representing +_BESE. Figure 12b is a plot of the average of
8 interval counts +BESE for the entire mirror scan. The blank
spaces of the average interval count are connected. These blanks
sweep out an area from the plot of the average interval count
±BESE. The individual interval count variation from scan to scan
is approximately ±15. However, the overall interval count
variation in the first half of the mirror scan is about twice as
large as the second half of the mirror scan. This overall
variation in the first half of the mirror scan is approximately
+65 counts, which is approximately four times larger than any
variation at any particular interval count position.
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5. CONCLUSIONS

Sufficient information has been supplied to construct a
time interval analyzer (TIA) and to perform the initial TIA
testing with a signal generator. Documentation is provided on
all circuitry and programs that are implemented in the TIA.
Selection of the IBM/PC-XT circuit card format can facilitate
integration of the TIA into a Fourier transform infrared (FTIR)
spectrometer, which operates in a high vibration environment.
The TIA has measured an interferometer mirror velocity of
1.277 cm/s, which compares well with the reported value of
1.25 cm/s. The .0.5% variation in the mirror velocity is less
than the ±2% variation cited in reference 2. The .2% variation
can be responsible for a significant decrease in the
interferogram signal-to-noise ratio.

There are two potentially useful improvements to the
TIA. First, a more accurate measure of time intervals is
possible by use of interpolation. Interpolation can reduce by a
factor of 200 (i.e., tens of picosec time resolution) the maximum
inherent count uncertainty value of two oscillator clock cycles.
The count uncertainty occurs due to the asynchronous relation
between the DLR signal and the oscillator clock time base. The
necessary circuitry for interpolation consists of a constant
current source, a small capacitor, a sample/hold circuit, and an
analog-to-digital converter. The capacitor voltage that is read
with an analog-to-digital converter is directly proportional to
some fractional oscillator clock cycle. 3 A second consideration
is the ability to input the helium-neon (HeNe) laser reference
signal in the analog form. The ability to handle the analog
signal is desirable, since many commercial FTIR spectrometers
provide laser indexing in the analog format. This requires
impedance matching the input signal to the appropriate voltage
comparator. The voltage comparator must possess sufficient speed
to provide an oscillation free representation of the HeNe
sinusoidal zero crossings.
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APPENDIX A
PROGRAM LISTING 1. TICOUNT.C

calletti -time i;ttrnal comnts

I--------------------------

fI inClude cqatobrd~hii
linelude votdio.hý.
#include 4doe.hji

1' GLO3AtI */
FILE 41hi lot
uneigned-tnt period ..bjt10411 /a PERIO NICK SAMPLES 0
unsigned mnt period:'*( 102411 /4 PEIaOo Low SANPLZS *
unsigned SInt data takent /4 DATA TAKII QUALIrIER 'unsigned Int mat ;&anus lot /4 "A.XIMuw BAHPLZ Mment 0/unsigned Int m43t-gsauj-hm 1i /4 MAXIMUN SAMPL2 NUNSER 0

1P "AIR) w'I

mnt iteratel /6 ITERATION FOR TEST&/
int perform, /6 PXRPOW4ANC2 INDICATOR*/
mnt option choicel /6 F`UNCTION CARRIER 6/

iterate - it /0 SET FOR FAILURE & ITZRATIONO/

vthile(iterate) /4 CONTlINUE TILL INITIATE 1S CORKECT '

perform - Initol /6 INITIATE & 013CR FOR CORRECI'/

If(perforu - TRtual /f INITIATE 13 CORXECT 0

iteate- ALSE: /69ILL ITERATION*/
printf(OBOAorn INIT SIJCCZSSI\nn)t

prinkt("Cate board INIT PAILUR21\n*)p

printf(w\nromcat's GATE! 1OARD TEST UTILITY vl.O\n-)l
option-choice . OLPI /ost? VoR COIOWND PERFOrXO/

/6SELZcT An OpTIoN a KAXE UPPER CASE&/

1#1i1,a(option choice im #X) /&Go TILL X SELgCTto&/

option-choice = touppez'( pick -it -out()),
/' EXECVTE OPTIoN ApD INDOICATE OUTcoftZi/
Perform - *XaoutetOptiontphoica~j

if perform -- TRUE) /6 THE OPTION SELECTED WAS PEPYORIIEID*/

printt(NOKl\n")l /A INDICATE SUCCESS A/
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printf(*Proqran termin.tedI\n) i)

/tINIT() */

int init()
(/* INITIALIZATION ROUTINE*/
int perform; /*PERFORMANCE INDICATOR*/
int stat; /-COMPARISON. HOLDER*/

stat - inp(STATUS)& HHFF./* GET THE OVERFLOW STATUS 4/

if(stat -- FALSE)
/* AN FULL FLAG (0) INDICATES SUCCESSFUL INPUTS '/

perform - TRUE: /* INDICATE SUCCESS */
data-taken - FALSE, /* PRESET TO INDICATE NO DATA 4/

else
I /* NO INPUT SAMPLEING */
printf(OINIT: NO INPUT TOGGLE, SUSPECT DISCONNECTED INPUT!\--),
perform - FALSE: /* INDICATE FAILURE */

perform - TRUE: >>DUMMY SUCCESS 4/
raturn(perform); /* RETURN INDICATOR */

/* PICK IT OUT() 0/

/* OPTION SELECTION ROUTINE */

int pickjitaout()

int selection; /*RESPONSE HOLDER-/

side shovo; /*PUT UP A MENU*/
selection - getcho; /*MAMZ RESPONSE*/
return(selection); /*RETURN SELECTION*/
)

/* SIDESHOW()/

/ MENU GENERATION ROUTINE 4/

sideshov()

printf(m\nSelect LETTER for the function desiredl\n\n");
printf("\tA -> ANALYZE DATAI\n*);
printf("\tD -> DISPLAY DATAI\nw);
printf("\tF -> FILE DATAI\nO);
printf(*\tG -> GATHER DATA!\no);
printf(*\tP -> POLE 1/O LOCATIONSI\n");
printf("\tS -> SWEEP I/O LOCATIONSI\n");
printf(*\tX -> Exit proqram\n\n0);

/* POLEIT( 4/
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unsigned int perform:
unsigned int holder;

while (kbhit ( ) -- FALSE)
(
holder f INMASK;
holder &- inp(STATUS);

switch {holder)
I
default:

/ * printf("Status -> %x\n",holder);*/
break;

perform - TRUE;
return(perform);

/* SHOW-ITO (/
/* Gather and display data. */
/*0 0* 0* 00 0* *0*0 *0tt/bt 0* *00 0* 0 0*00 *0/

int show-ito

tnt perform; /* PERFORMANCE INDICATOR */
unsigned int status; /* MANIPULATION VARIABLE '/
unsigned int holder; /* MANIPULATION VARIABLE 0/
unsigned int tizeout; /* TIMER VARIABLE 0/

unsigned int scan; /* COUNTER VARIABLE */

status - inp(B STAT); /- SET UP FOR SYNC DISCRIMINATION 3/

while((status & SYNC) -- SYNC) /* RESET FIFOS AND LOOP */

outp(RESET,DUXMY); /* RESET THE FIF 05*/
status - Inp(BSTAT); /* SET UP FOR SYNC DISCRIMINATION 0/

while((status & SYNC) -- 0) /* RESET FIFOS AND LOOP */

outp(RESET,DUMrY); /* RESET THE FIFOS 0/
status - inp(BRSTAT): /* SET UP FOR SYNC DISCRIMINATION 0/

for(scan-O;scan<SAMPLE PTS;scan++)/* GET EACH SCAN 0/

status - inp(STATUS) & HLFE; /* HIGH PERIOD LOA BYTE CHECK */
for(timeout-T DTWN SCANS; (timeout>O) && (status--O) :timeout--) /* TIME BETWEEN

/* WAIT FOR COR
status - inp(STATUS)& HLIE; /* GET AND MASK STATUS 0/

if(timeout -- 0) /* INDICATE TIMCEOT ERROR 0/

printtf("Timeout on HIGH PERIOD readlSCAN->%d\nw.scan);

lso/ DATA IS READY, GET IT 0/

period hi(scan] - inp(RHH) << 8; /* GET THE HIGH BYTE AND PLACE IT*/
period hi(scan] )- inp(RHL); /' MASK IN LOWER BYTE */

status - inp(STATUS) & LLFE; /* LOW PERIOD LOW BYTE CHECK */
for(timeout-TBTWNSCANS; (timeout>O) && (status--O) :timeout--) /* TIME BETWEEN
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if (tieocut -- 0) /* INDIC.ATE TIMEOUT ERROR *

printf(MTimeout On L40W PERIOD readt\nn):

e1se /* DATA IS READY, GET. IT *

periodjlo(scan) inp(RLX) << 8: /* GET ANID PLACE THE HIGH BYTE '
period lotacan] i inpiR_.L): /0 MASK IN LOWER BYTE '

data ýtaken - TRUE:
printt("Scan Completel\nn):

/* SWEEP-ITO)0

/* CONTINUOUSLY BEAT ON I/O's 0

int sweep ito

unsigned int perform;
unsigned int holder:

holder - 0X300:

while (kbhit ()--FALSE)

for (holder 0X300;holder<Qx308 :holder++)

perform -inp(holder);

perform - TRUE;
return(perf ors.)

/* DISPLAYITO)0

/* Show the data! 0

int displayjit(

unsigned int perform;
unsigned int scan;

tor~scan - O;scan < 1024;scan++)

printf("period %d low'-> %x\nn, scan, period lo~scanD;:
printf(Oporiod %d hi-,%x\nOscan, periodhli scan));

perform - TRUE,
return (pert orm);

/* FILEITO '

/0 File the data! 0
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unsigned int count;
Int radix;
char buffer(2031
char butfer~lo(71;
char buffer hi (7):
char *to-herw:

if (analyze-it--TRUZ)

if ((hiilo - fopen("&:info.dat",*v))- NULL)

printf (*ILZ-IT:F ile operCerrorI\n"):
perform aFALSE:

else

radix - 10;
count - sprintf(buffer,.%4\n*,zay *aunuslo);
count - fwrite(buffer,1,G,hi_ 10); /* WRITE TO THE FILE '

for(scan - 1:can -c max~saznuaRlo:scan'4)

count s printf (buf tar 18, I do, priod_lo (scan)):
count s printf (buffer hi. O%d\n",periodjii(sacen]).

for(count - 0;count < S~count+.)

buffertcountl - buffer lotcount);

for(count -S:count < 10;count.4)

buffer[count) - 0x20g

for(count - Ozcount < 7;count++)

bufferteount + 101 - buffer hi(countj:

buffer(153 - OxOd;
buffertl61 - Ox~a:
count -fwrit*(buffer,l,1l7,hi~lo): I WRITE TO THE FILE '

if (hi 1. NULL)

printf(wFila never openedl\n");

else

f close (hi-1*);
printf(*?ILE CLOSED~n"):

perf orm - TRUE:

Olge

printf(wFILEIT:Analysis failuref\n*);
perform aFALSE;

return (pertorm);
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int anaelyse ito
unsigned int perforut
unsigned tnt scent
unsigned tnt lockout hit
unsigned int lockout-lo:
unsigned int 3mincamp! hil
unsigned Int saw smapl-hi I
unsigned int sin-sanpilo;
unsigned Int saw sampl lag
unsigned tnt, snaican 511
unsigned tnt maw scan los
unsigned long main hi,
unsigned long mean lo:
unsigned long runsum hi:
unsigned long runsum log

if(data-taken -- TRUE)

max *&anus hi - :
lockout hi - FALSE.-

ma Xsempl-hi - period hi(0jp
in sampli hi - period hi(0]gI
runsum-hi -(unsigned long)period~hijO);

for(scan -11 Iscan < 1024) &&(lockout hi--FALSE) ;scan'-)

runsun hi 4- (unsigned lonq)period hijeconj:
If((poriod~hi(oscnj < sin~saapl~hiT~s(poriodhi (&car] 1- 0))

nin~sampl-hi - period hilscan)i

also

if(period-hi(scan] - 0)

saw saunum hi - scans
lociout hi - TRUE /* 31.0CX OUT M~R2KER SC.ANS

elso

if (period-hi[scan) maxmsaapl hi)

uax -saupi hi -period hilscan]:
Nax scan hit, scant

if(mcmn -- 1024)

sax saUnUm hi, - 1024;

max sannum lo - 0:
lockout-lo * FALSE;

aax saapi 10 - period 10(01:
min saspi~lo %period lolo)t
ruianuulo ( unsigned lonq)period~lo(01;

for(sc~an - l(scan v 024)&&(lockout la--FALSE, .&can++)

"APENDIX A 38



if(periodjlo(scan) -- 0)

max *&anus lo -scan;
lociout-lo * TAME /0 BLOCX OUT F1JRT)M SCANS '

e18.

it(period~lo(scan] > aaxsaopljlo)

max smapl lo periodj o(scan I;
max~scanjlo -scan;

if (scan *1024)

max-sannualo -1024;

mean -hi - runsuu-hi/ (unsigned long)sax samnux hi:
mean Xe - r'insua-o/ (unsigned iencs)zax maznfmlo 1:

printf("naxiizusa maple LOW - %x at %d\xO,uaxmsaap~lonax~scan~lo):
printf("Minimum smaple LOW - %~WcnmuiL)
printf(*Maximuu smapie MI - %x at %d\n0 ,aax saupi hi,caz scan hi);
printf("Mininum smapie HI - %x\n\n*,in~sacpi~hi);
print! ("Maximus number of HI sawpies-2Pd\n max samnum hi);
printf (Oaxisuis number of LO "saples-~%d\n",maxesamnusulofl
printf (OEMi of MI samples->.%id\n6,meanjhi);
printf(NE)J4 of LO samples->% ld\nn, moanjloI
perform - TRUE;

else

printf(ONo DATA TAMIN\n*);
perform - FALSE;

return (perform);

/*EXECUTE (FEATVRE)
/*EXECUTE SELECTED FEATURE 0

int execute(feature)
char feature;

4/ *PE7"RH FEATURE DESIZRED*/
mnt validity; /*VALIDITY INDICATOR*/

validity - TRUE; /*DEFAULT TO TRUE*/

switch(teature)
4/*PICK AND PERFORM*/

case 'A,:
/* DISPLAY DATA '

validity - analyzejitU; /* SEPARATE DATA INTO CATAGORIES 0
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validity - display it() /e GRAB AND DISPLAY 0/
breaks

Case IFT:
/* FILE TiE DATA ,/

validity - fileito; /4 FILE THE DATA 0/
break:

case 'IV:
/* GATHER AND DISPLXA DATA 4/

validity - shov ito:( /* GRAD AND DISPLAY */
break;

case 'PI:
/* POLE T"HE I/O LOCATION */

validity - pole ito; /* CONSTANTLY CHECK S:.AT¶JS I/
break;

case IS,:
/* SWEEP THE I/O LOCATION '/

validity - sweepito; /* SWEEP THROUGH THE :,O LOCATIONS 0/
break,

case 'X':
printf("Say Byel\nw);
validity - TRUE.
bremi;

default:
/*INVALID SELECTION*/
validity - FALSE:
break;

return(validity);
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/* Gate Doard Definition Header File 0/

Mdefine TRUE OxOl /* ASSIGN TRUE A VAUJ 0/

idefine FALSE OxO /* ASSIGN FALSE A vALUI 0/

idefine ON OxOl /* On value (Logic True) '/
fdefin* OFF OxOO /* Off value (Logic Fals") '/
#define INNASK oxr? /, NO XASXING 0/

Ndefine DEF ADOR Ox300 /* Default base 10 Address I/
Mdefne n U)WY OXO0 */* 0V1 VAWEZ */
idefine T-BTW1SCANS Ox40 /* COUNTS BETWEEN SCANS /
#define SAhMI2r.PTS 1024 /0 1024 SAMPLE POINTS w/

/* 1/O LOCATIONS */
#define RULL DEF ADOR /* READ LOWER BYTE LOW SIDo E/
#define R-Ji DEF ADOR + 1 /* READ HIGH BYTE LOW SIDE s/
$define RtlL DEF ADDR + 2 /* READ LOW BYTE HIGH SlDo 8/
#define R KH DEF ADOR + I /* READ HIGH BYTE HIGH SIDE '/
#define RESET DEIADDR + 4 /* RESET ALL F7FO7 0/

fde in* STATUS Orr ADDR + 5 /* FIFO STATUS '
#define BSTAT DIVADOR + 6 /* BOARD STATUS 0/

/* BIT DEFINES 0/

$define LLFF Ox01 /* LOW BYTE LOW SIDE 717o FULL 4/

idefine LLrE OxIO /* LOW BYTE LOWI SIDE 7rO EMPTY */
Odefine IIF? Ox02 /* HIGH DY?? LOW SIDE FIFO FULL */
(define LHFZ Ox2O /0 HIGH BYTE LODW SIDE FIFO EMPTY 0/

ideine IL??F Ox04 /* wV BYTT UN SIDE FIFO FULL L/
#define HI*,I OX40 /0 LOW BYTE LOW SIDE FIFO EMPTY 0/

#d. ine H11FF Oxo /* HIGH BYTE LOW $SDE FI17 FULL 0/
Idefine 1H1E Ox80 /* HIGH BYTE LOW SlDo FI17 EMPTY */
idefine SYNC Ox01 /* SYNC ACTIVE INDICATOR 0/
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TITLE GATEUOARD Interface pal
PATTERN
REVISION 001
AUTHOR C.T. (TOMCAT) Cathey
COMPA)•Y Tri Square Technical Services
DATE 21 NARMI 1991

CHIP STOIO PALXSL8

:PINS 1. 2 3 4 5 6 7 a 9
/SEL AO Al A2 A3 A4 P1IV7 Pipe PIN9

;PINS 11 12 13 14 is 16 17 16 19
P1N11 /RDLOL /RDLOU /RDHIL /RDHIU /STATUS /RSET P1NI6 /DATA

EQUATION4S

/RDLOL READS THE LO COUNT LSD
RLOL - ZL * /AO * /Al * /A2 * /A3
RVLOL. TRS? - VCC

/RDLOU READS THE LO COUNT KS8
ODLOU - SEL * AO * /A1 * /A2 * /A3

RDLOU.TRST - VCC

I /ROHIL READS THE HI COUNT LSD
ROHrL - SEL * /A* * Al * /A2 * /A3
RDRIL.,TRST -"VCC

/RDH•U READS THE H2 COUNT MSD
RVHIU - SEL * AO 6 Al A /A2 6 /A3
RDHIU.TRST - VCC

I /RET RESETS ALL TE FrF70
RSET M.L * /Ao * /Al & A2 * /A3
RSE.I.TRS? - VCC

/DATA ENABLES COMUICATION WITH FPIFO
DATA - SEL, * /A3
DATA.TRST - VCC

/STATUS ENABLES STATUS CHECK OF 72108
STATUS a SZL * A0 & /Al * 2 * /A3
STATUS.TRST - VCC

SIMULATION

TRACE-ON AO AX Al A2 SEL RDLOL RDLOJ RDHIL RDHIU RSET
DATA STATUS

SETF /AO /AI /A2 /A3 SC.
SZTF AO /SEL
SETF SEL
SET? Al /Ao /SEL
SETT SEL
SETT Al AO /SEL
SETF S2L
SET? A2 /AI /AO /SEL
SETT SEL
SET? A2 /AI AO /SEL
SET? SEL
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SETY A3 /A2 /Al /AO /BEL
SET? BEL
SET? A.O /SlL
SET? SEL
SETF Al /AQ /SEL
SET? BEL
SET? Al AO /S2L
SET? SEL
SET? A2 / Al /AO /SEL
SET? SEL
SET? A2 /Al AO /SEL
SET? SEL
S•ET A2 Al /AO /SEL
SETF SEL
SETF A2 Al AO /SZL
SETr SEL
SET? /A3 /A2 /Al /AO /SEL
SETF SEL

TRACE OF
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APPENDIX B
PROGRAM LISTING 2. TICOUNT.BAS

100 Dim RC020411.LC(2048)
102 PRINT "Enter an option
105 ?31311 1 ititaiises the FIFO$*
110 PRINT 2 reads the F71O7'
120 PRINT 3 saves stnlle seen period data"
130 PR3IN 4 analysel single mean data '
140 PRIN? 5 raveo residuals for single scan'
1SO PRINT 0 load# single scon period data"
120 PRINT I *xits program"
200 1txrJ" Enter selection 3
210 03 1 GOSUR 9000,2000,3000.5000.6000.7000,240
220 CLS
230 OOTO 103
240 END

2000 ii.,., ,gi,.*i,.. ,, .. *tl..l I..$
2010 1 #ead data from FIFO$ and stort it in high/low count
2020 arrays,
2030 *
2050 CLS
2060 FOR 1,0 T0 3: PRINT INt26SI3::XERT I
2070 SW-1: 1-0
2000 WHILE SW
2090 REC.•tP(769): 1CI1P(7f8)
2100 ECII)'INCI250IO#2
2110 LRC*IXP(??I):LLCI1?(77O)
2120 LC(IJi'LRCs23O#LLC
2130 1%1#1
2140 ST1INP(773)
2130 IF STl5 THIS SW.O
2100 WEND
2170 T7l*-
2160 PRINT "Terainal value"
2190 RETURN
3000 'US5eeoi55So5qlu;Oie5*gsg~ggge~eeee..,.teie 'a...
3010 Save raw data from a sintle scan of data
3020 * for calculation of velocity variation in the scan.
3030 '.ssso.et sas se.a eeee.e.. ee.. e,,s.... ee.e.oe
3tI0 OPEN0"11 ,l.'b:av.dat
3050 PRINT 8I.T
3060 FOR1*0 TO T
3070 PRINT *l.LCIlh.¼ ;RC113
3080 NEXT 1
3090 CLOSE $1
3100 RETURN
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$010 Analyst a single scan for variation in the marror
5020 velocity.

5040 *44so* 444604#06494444444444444444#* 4 4 44 9 *444*****444**4 * 00

5070 IMA~oNC(O): RUIN-KCI@): JMAZ'0: JUI~sO
5060 FOR 1.0 TO T
5090 If hMAX(NC(t) TUEN JWAXst% EMAX-NCMI
5100 If luIVNCCII Tots 4113o.1 1IIM1U.I-C(l)
5)10 Nix? 1
5120 I.MaILMII: LUINaLC(Ol: KMAX'O: 311'0s
S130 FOR 1.0 TO T
5140 If L.MAZLCMI TOES KXMAX.: LMI'C(IiM
5150 IF LMII)CMI T11E NI alil: LMII*LC(l)
5160 NEXT 1
5170 TMAI'HMAX: TKINsRMUN
S160 IF LMAXVTKA THEN TMAXILUXA
5190 If 1,II(TIIE Till TgttsLXIN
5200 *44444,.*44........ .s...s..

5210 Detervine the distribution of values in the
5220 high and low period$ of the data let
5230 4...4...4*4.44.4.. .......

5240 IL'ENELYAI-LE:7ir: tH'3TiIAX-EVINI
5250 DIN IW(l13.LD1ILI ,ISC(It1 .LDC(IL)
S200 TOO 1*0 TO IN: HDI1).!UIN.I: NEXT1
5270 FOR Is* TO IL: LD(1)sLHII.1: NEXT I
5260 FOS P.O TO 11
5290 FOR 1.0 TO T
5300 If NC(t)*NDIF) TRES N=C(P1sHDCt?1*I
5310 REST 1
5320 NEXT P
!3ZO FOR P'0 TO Mi
5340 FOR 1&0 TO T
5350 IF LC(II.1.D(F) THE! LDCI?3LOC(T1'1
5360 NEXT 1
5370 WERT P

M300'444-44-o. ... -4 4..4.* s #4..........4.

5390 *Calculate the averagea value and the boat estimsto of
5400 'the standard deviation

5420 1730: L~sO: 11.0: I.?s0: 8190: 1.R10: TisO
5430 FOR to TO 123: KPz'3DCI1)oV: IT*UhI)*RDC(13'r:- NEXT 1
5440 FOX tw0 TO IL: LP&LDCII)#LP: LT*LD(I)vLDCII)*L7 NEXT I
545 AT'ITIIP: ALwLT/LP% AV*(AT4AILII2
546 rot 1w0 To is: fl.iuPII).ATIa(1D(I)-AT)aHDC(I).U: NEXT 1
5470 DI.mSQ1(NNJ (U- 1))
5460 FON 1'0 TO IL: LR'(LO(I)-AL).ILD(13-ALISLDC(I).LI: NEXT 1
54900D~Q(~f.-J
510 Fot too To iI: TR'(IID(I1-AY).(RDCII-AY)eRDc(l).T: NEXT I
5510 FOR 2.0 TO IL: TR*CLp(1)-A11a(LDCI)-AY)'LDCCI).T1: NEXT 1
5520 DT'SQ2IT2/(L?.N?-I))
5510 # 44*4444444444444 444444 44444*44444

5540 Display results of analytie
55%0o 4444444444444444444444.4449

5560 PRINT *Average Nigh period value ':A?;' with 3130 of 0
5570 PRINT *Average Low per iod va lue ;AL: *with EM of I DL
1550 ?SIN? *Aver&#* Overall value *;AT;* with HSDS of *;VT
5590 POINT Distribution of Nigh Period Valuces
5600 FOR 1.0 TO IN: POINT '11 p4 vat *:11(11 : * '*:ECC1) : 3111 I
5610 PRI1T7 Distribution of Low Period Values
5620 FOR 1.0 TO IL: PRINT 'Lo y4 vat *;LD(I);* I %tD.CMI: NEXT 1
5630 UTINRISTI: IF YS()c* THEY GOTO 5030
5640 RETMI!
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6000 1..e .h:6,eea.,eeemoseoi dOeoioe.Sigioeu#,iSS*GseSei
S010 * Sal. realdijala for a emL.|I LMOfltPromaettr alitr. wean
6020 u|I.6ieS4e111|I~i|iifUiiS*UIIIII@I6*4ii;E#*lii*I*4IIO*4D'60 O0PEN "o'lob:uwrea.da"

4040 PRINT 41.?
60S0 FOR 1,O TO T
5060 PRINT *I. LC(1)-Al;" :CC]A

6070 NEXT I
6090 CLOSE '1
6090 RETIl
•000 * Si11S40S4 e6eSi*,.S*4,,Seef@oeeS#4iS*oeOSotGSeeiSS'UU'le'eo

7010 Read in a laquential file containing period counts
70•0 lisiaosoeoS~osuiloes.ee,.o@i@S~osouSigig~oe,.iilgi*o'i#S'''S'

7030 0711 ".',elb:uev.dat"

7040 INTO- 1!.T
7050 FOR 1*0 TO T
700o 1T31T qi.LCIII.NC(I1
7070 NEXT 1
7060 RETURN

9010 , Initiali:e all FIFO$
9020 'l-ev-4l 06l. ..l l l ll l l e l l l il ll l l l l l l l l l

9030 IS?'IKr(772); ST-Il(773)
9040 FUINT 'Status word ";3
COSO 7;ETZ7,

D:N)tjvpo ssydAt File format:
7 number of values -1
55 55 low value, high value
54 54
I1 51 low value, high value
15 55
53 53
53 53
54 54
52 52 last low value, last high value

A: \)
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Screen #1: Menu

run
Enter an option,

I Initializes the FIFes
2 reads te W7es
3 laves single sean period data
4 analysts single mean data
5 eaves residual# for single scan
4 loads single scan period data
7 exits program

Enter selection ? 0

Screen #2: Menu with results of test file SSV.DAT

U: Initializes the FIFO$
2 reads the 7F1O0
3 saves singl, scan period data
4 analyses single scan data
5 saves residuals for single tean
o loads single scan perted data
7 extsa program
Enter selection t 4
Average Nigh period value $3,375 with LET: of 1.407066
Average Low period value 53.375 with BESD of 1.407086
Average Overall value 53.375 with 91SP of 1.360147
Distribution of Nigh Period Values

Hi pd val 51 1 1
UI p4 Val 52 1 1
Hi pd val 53 X 2
Hi pd val 14 Z

2P.v4'5! X 2
Distributlon of Low Period Values

Lo pd Val 51 1 1
Lo pd val S2 I I
Lo pd val 53 X 2
Lo pd val 5' X 2
Lo pd val 5t X :
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