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PREFACE

This is the Software Requirements and Software Design
Document for the evaluation of the Wiener Spectrum and
Modulation Transfer Function of the Autoradiographic Enhancement
Process,

This report is Volume 1 of the Final Repcrt prepared by
ESPEE, INC. undexr Contract No. NAS8-33405 for the Space
Sciences Laboratory of the George C. Marshall Space Flight
Center. This Volume 1 is an update of and supersedes an
earlier report dated December 31, 1978. The NASA COR for this
contract is Dr. C. A. Lundquist.
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1. INTRODUCTION

1,1 Objective: The objective of this work is to develop capabilities to
evaluate the Wiener Spectrum and Modulation Transfer Function of the
autaradiographic enhancement process. The autoradiographic enhancement
process is a technique for increasing the amount of information which is
recovered from photographic film, plates and prints. The technlgue consists

of radicactivating the image silver hy chemically comkining it with a beta
emitting isotope, sulfur-35; the autoradiograph, an enhanced copy of the un~
derexposad imag?, is made hy exposing a second film to the radiation from

the underexposed cnginal, The efficient response of the photographic
emulsion to beta radiation produces an autoradiograph image which is enhanced in
density and contrast so that images which were invisible or only faintly visible
on the original film can be easily seen on the autoradiograph.,

The Perkin-Elmer 1010A Microdensitometer is used to generate raw data
from film,

Evaluation of the Wiener Spectrum and Modulation Transfer Function provides
a measure of effectlveness of image recovery in terms c¢f signal-to-noise ratio
and detective quantum: efficiency, ‘It is the quantitative evaluation of the
information transfer due to autoradiographic intensification,

Software is being developed to provide data analysis gapabilities for
autoradiographic image processing and other image processing applications where
the microdensitometer is being used. The data analysis capabilities shall be
developed on the NOVA 2 compu ter located in room 369 of building 4481, While
IDAPS provides many of the analysis capabilities to be developed on the NOVA,
IDAPS is designed for only 8-bits of resolution while the microdensitometer output
provides 12-bits of resolution. For the autoradiographic enhancemeat process, the
12~-bits of resolution is definitely needed, especially for signal to noise ratio
calculations, Also, the data on microdensitometer output tape cannot he uszd as
is with IDAPS because of header information included in each data record and
because of the 12~bit length of the data.

"The effort reported in this document is the software requirements definition and
the preliminary software design of the analysis capabilities t0 be implemanted on
NOVA 2,
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Figure 2,1 illustrates the system configuration for data analysis.

The piece of film is scanned by the microdensitometer and ihe image density
is recorded on a 9-track, 800 BPI magnetic tape, The tape is input to the

NOVA 2 where the data i{s analyzed and a copy of the results is obtained from
the Textronix 4014 hard copy unit,
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S REQUIREMENTS FOR SOFTNATE DEVELOPMANT

The software shall be designed to analyze the film-scan data obtained
from the Poerkin-Elmers Microdensitometer,

4.l _loputs
The Inputs to the software shall be:
(1) The microdensitometer output tape
(2) User-specified variables

Jal.l Microdeasitometer Qutput Tape

The dcia from the microdensitometer output tape is obtained via & 9~-track
magnetic tape, The tave data format is illustrated in Figure 3.1,

A megnetic tape record is generated by the microdensitometer controil
system at the conclusion of each scan !ine, or seg:mment thereof. Tarmination of
the record consists of an I[BM-compatible Inter-Record-Gap,

after the last record has been written for a given scanning program, the

microdensitometer control system causes the writing of an IBM-compatible standard
End of File Mark,

Tape Format:

1, Start of Record - Two tape characters containing the hexidecimal characters
"FFFF"., These characters have no relation or value relative to any of the data to
follow,

2, ldentification - Forty tape characters, each containing an eight-bit byte represer.:ing
the ASCII code for the alphanumeric characters entered during the IDENT mode of
operation,

3. Number of Samples -~ Two tape characters containing a sixteen=-bit hinary
number representing the (positive) number of data values includad in the record,
following compietion of the coordinate information.

1-4
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Tape Formas (cons'd):

4. A-Coordinate = Four tape characters containing a thirty=two bit binary number
representing the position clong the X-axis at which the current scan line commznced,
The aumber 1s justified to the LSB #nd of the word; a negative position is indicated
as a two's complement of the absolute value, All position readings are in microns,

5. X=Ccordinate - our tape characters containing a thirty~two bit binary number
represanting the Y-axis coordinate at which the current scan line commenced,
Interpretation as noted above,

6. Daita X - Four tape characters containing a thirty=two bit binary number
representing the sampling interval along the X-axis. Interpretation as above, (A
negative number indicates that the direction of scanning was negative,)

7. Data /aiues in Buffer - Two tape characters for each of the data values
enumerated in "3" above, Each pair of characters contains a sixteen-bit binary
number, the leading twelve Dits of which are significant, The final four bits are

to be discarded, Interpretation of the data is as follows: Convert the binary number
‘o decimal and divide by 800, The quotient is the data value for the density or
transmittance reading, as recorded dur'. .y the scan,

The data correspeading t. a scan line is stored o1 one record provided
the number of samples is no greater than 3200, If the number of samples per scan
line is greater than 3200, then the scan line data is segmented and stored on more

than one record on tape, Start of each new sczan line, howaver, causes i new
record to be written,

3.1.2 User-Spacified Variables

Tae following user-specified variables are supplied in response to
software-query:

(a) No. of Fiie NF, to be read ‘rom the microdensitome:ter tape,
(b) The Diffuse D=csity Factor, DD
{c) The Max‘mum Lag Factor, M

\d) The Leagth of the scanning slit, SL
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3.0 _Avalysis Capabilitices

T1e software shall be designed to have the following data analysis
capabilities:

(1) Compute Hiztograms

(2) Filter Data

(3) Compute Means

(4) Comoute Standa-d Deviation

(S) Compute Autocorrelation Functions

(8) Coumpute Power Spectral Dersity Functions

The software shall be designed to permit future capabilities to be
jeveloped and integrated with the existing softwace,

da2.) _Histograms
The density da‘a range from a szan frame shall be divided into fifty

classes, The data from a scan frame shall be distributed over these classes to
generate a histogram,

3,2.2 TFilters

Th2 software shall have the capability to filter raw Zata from the
microdensitometer, The specific filter or filters are yet to be determined,

3.2.3 M2ans
The software shall have the capanhility to compute mean of the raw data

and mean of the data normalized by a diffuse density factor, The software shall
normaiize data to zero mean,

J.2.4 Standard Deviation

The software shall have the capability to compute mean square value and
standard deviation of the data

1-7
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3.2.5 Asocorrelation Functions
Using the user-specified maximum i3 factor, the software shall be

capable of computing aatocorrelation functions and also of normalizing autocorrelations
functions with respect to zero-lag aucocorrelation function,

3.2.6 Power Spectral Density

The software shall be capable of computing power spectral density functions.
It shall also compute smoo...ed power spectral density functions,

3.3 Qutputs

The software shall have the following outputs:
(1) Data Identification from Microdensitometer Tape
(2) Raw data mean
(3) Mean Square Value
(4) Standard Deviation Value
(5) Histogram table
(6) Autocorrelation and Normalized Autocorrelation Functions

(7) Power Spectral Der.sity and Smoothed Power Spectral Density Functions,




4, PRELIMINARY SOFTWARC DESIGN

The software design Is modular, An overview of the preliminary software
design showing the top-modules is illustrated in Figure 4,1, The main program calls
independent mcdules which impiement unique data in; 4t, data preparation and data
analysis capabllities. The sequence of execution ig top-down and left to right,

4.1 Structure Charts

The detailed software design is presented in structure charts shown in
Figures 4,2 thru 4.4 and the HIPO's of secticn 4,2, Thie sequence of execution
of modules in the structure chact is top=down and let to .ight, Each module has one
entry and one exit, Control always returns *o the next statement in the calling
module. Arrows on a line indicate multiple calls, Amrows on a group of lines indicate
multiple sequence of calls.

I-9
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1.2 HIPO'S

The Hierarchical Input-Process~Output (HIPO) charts are given for the
modules shown on the structure charts. A H1?O glves an overview of the actions
performe vithin a module,
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4.2,1 HIPO-MAIN

PURPOSE: Main accepts the user-supplied data and calls other modules for

preparation of tape data and data analysis

Step No.,

Input Process OQutput
1, User Ask for and Read from progremmer's console the NF, KDD
supplied File No, NF, the diffuse density fa~tor KDD, the M, L
data max lag factor M and length of scanning slit L.
38 NF, tape | Call (a module) PTDT to prepare dis: file from tape RD, NP,
data and to get H = Deita X, H
3¢ RD, N2, Call HIST to prepare histogram
A, B, NC
4. RD, NP Call FILT to filter raw data FD
D RD, NP, Call MEANS to compute mean,convert data to density ZRD
KDD units and to normalize data to zero mean
6. ZRD, P Call SIGMA ‘o compute standard deviation and Mean
Square Value
r ZRD NP, | Call AUTOCCR to compute (M + 1) autocorrelation RRH
M functions and to normalize w,r.t, autocorrelation
withr = 0,
~ A
8. RRH, H, L}, Call PSDF to compute Gy AND Sy GKC,
M GKH
9. STOP

I-15




i Al HIEQ-PIDT

Purpose: PTDT prepares disk file of raw data from tape data,

— -— - —

NR

dai® in disk file RD

RETURN

Step No,| Input Process Qutput
l, Tape Call MTOPD to position tape at device MT¢
2 NF If (NF.GT,1) call SKPFL to skip files on tape to come
to file no, NF
3. Call RDFL to read File No, NF {rom tape into disk 10, NW,
file TD, NR is number of records. NW is array of NR
no, of words in each record,
4. Call HDR to print header information and get delta NH
/. = NH
Se TD, NW Call RFMT to reforma* data in disk File TD to raw RD, NP

1-16
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dad 3 HIPO-SKPEL

Purpose: SXPFL skips [lles on tape to read file no, NI,

Step No,| Input Process Qutput
1, NF Call MTDIO to read one record from tape and word- ICNT
count ICNT in that record,
- ICNT If ICNT is greater than 1, o to step |
3s ICNT If ICNT = 1, this indicates EOF,
4. KFL Increment file counter KFL, KFL
Se NF If KFL = NF, RETURN
b Else go to step 1,

1-17




1,2,4 HIPO-RDFL

Purpose: RDFL reads data from a *ta»e file into a disk file

Step No.,| Input Process Qutput
l. Call FOPEN to open a disk file TD to receive tape D
data
2, Call MTDIO to read one record from tape into INPBUF,
Temgorary array INPBUF ICNT
" ICINT If ICNT = | (EOF), then go to step 6,
4. INPBUF Else record number of records, no, of words per TD

rzcord and call WRITR to put data in file TD,
S Go to step 2

6. Return

I-18




4.2,5 HIPO-HDR

Purpose: HDA r2ads first record in disk file TD and prints I, D, and computes

H = Deita X,
Step NoJ Input Process Output
1, D Ceil READR to read first record from disk file TD ITEMP
to Temp. array ITEMP
2, ITEMP Print 1D in words 2 through 21 of ITEMP
- ITEMP Print no. of samples =~ [TEMP (22)
4. ITEMF Call CORD 3 times to compute X, Y coordinates NH

and Dzita X, After each call, print the coordinates
Qnd D!?lta X Rl NH.

. Return

I1-19
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Purpose: CORD computes X, Y coordinates anu Delta X from 2 input words
for each value

Step Nod Input Piocess QOutput
s ITEMP, ] Load a double precision word IWD with 2 input IWD
words
2, IWD If an input word is negative, use specia’ techniques IWD
for loading into IWD,
3 Return

1-20




4,2,7 HIPO-RFMT

Purpose: RFMT reformats sample values data in disk file TD and loads the
data values only into disk file RD.,

Step Nd Input Process Cutput
s Call FOPEN to open disk file RD RD
" D Call READR (0 read a record from file TD into ITEMP

Lemporary array ITEMP

ITEMP, Call GBYTE to get 12 most significant bits from JTEM?
WR, NW each data point (words 29 through NW for each of
NR records) and store them ‘n Temp, array JTEMP,

4. JTEMP, Call WRITR to write JTEMP in file RD, RD
NR
S. Repeat steps 3 and 4 NR times
6. NW Cumpute No, of data pcints NP in each record NP
o READ 12 record from file RD and print it for ITEM?
verification,
8. RETURN

1-21




1,2,8 HIPO-HI3ST

Purpose: HIST ~omput2s the histogram for the raw data,

tep No.| Input Process Qutput
1s RD, W Call READR to read a recnid from RD file into ITEMF
temporary array ITEMP
s ITEMP, + Call DCLS to distribute data in ITEMP into class NHST
IC, NPI intervals,
I NHST Sum NHST into MST by repeating steps | and 2 for MST
NR records
q, M3T Find IMIN and IMAX such that MST has nonzero IMIN,
entires between IMIN and IMAX TMAaX
8, IMIN, Type MST vaiues
IMAX,
MST
6. Return

1-22




4,2.9 HI?O0-DCLS

Purpose: DCLS assigns caczh data value to a class interval for calculating

histogram,
[Step No. Input Process Qutput
s ITEMP, Compute integer part of (ITEMP (J)/IC) = I for one 1
IC, NPI value of |,
y 8 I Increment NHST (i) by 1. NHST
< Repeat steps 1 and 2 for NPI points
4, Return

1-23




4.2,10 HIPO-MEANS

Purpose: MEANS calls other modules to compute mean of raw data and normalize
data to diffuse density units and cero mean.

Step No,| Input Process Qutput
15 ICH, NR,| Cail AVG to compute raw mean, RAWM
NP
.4 KDD wumzute the diffuse density multiplier DDM ‘rom DDM
DD as DDM .= KDD/RAWM
3 DDM, Call NRMLZ to normalize data to diffuse density
ICHR, NR} units,
NP, ICHN
Re KDD Frint mean of normalized data KDD,
O ICHN, Call ZMEAN to normalize data to zero mean
ICHZ, NR
NP, KDD
G, Return
1-24




4.2,11 HIPO-AVG

Pupose: AVG comgutes the mean (average) of a group of records on a disk file.

Lm.n_mﬁ__lmL Process Qutput

l. Call READR to read a record from file RD into Temp, ITEM?
array ITEMP,

y NP, ITEMP| Compuie cumulative sum ISUM of points in ITEMP ISUM

K " NP Compute cumulative sum of number of points in INP
2ach record.

4. NR Repeat steps 1, 2 and 3 for NR records ISUM
Se INP, ISUM Compute Mean RAWM = ISUM/INP RAWM
b, RAWM Print RAVM

e Return




4.2,12 HIPO-NRMLZ

Pumpose: NRMLZ normalizes data in a disk file by multiplying it with a factor

and stores it in another disk file,

Step NoJ Input

Process Qutput
1. ICHN Call FOFEN to open a file on disk
2. Call READ+ to read a record into Temp array TEMP
3 DDM, Multiply each of NPI data values by DDM TEMP
4. TEMP Call WRITR t~ write TEMP in dis< file NRD
5. NR Repeat steps 2, 3 and 4 for NR records
6. Return

I-26
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4,2,13 HIPO-ZMEAN

Purpose: ZMEAN normalizes data on a disk file by subtracting the data mean
factor from each value, It stores the resultirg data in another disk
file,

w Process Qutput
1 ICHZ Call FOPEN to open a file on disk
25 ICHN Call READR to read a record into temporary array TEMP
TEM?
3. KDD, Subtract KDD from each of NPI data values TEMP
el
4, TEMP Call WRITR to write TEMP into a disk file ZRD
S NR Repeat steps 2, 3 and 4 for NR records
6. Return
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4.2,14 HIPO-SIGMA

Purpose: SIGMA computes the mean square value and root mean sjuare value of
data in a disk file,

Step No,

Input Process Qutput

l, ICH Call READR to read a record from file ZRD into TEMP
Temp array TEM?

2 NPI, Compute cumulative sum of squares, SSQ for NPI S8

TEM? data values in TEMP

3. NP Compute sum of no, of values for NR records INP

1. NR Repeat steps 1, 2 and 3 for NR records 38Q

5. INP, S8Q| Compute XSQ = 38Q/INP XSQ

€. | xsQ, INP| Compute SIG = (XSQ*NP/ (NP-1) )}/2 SIG

7. X5Q, SIG| Print X3Q and SIG

8. Return
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4.2,15 HIPO-AUTOCOR

Purpose: AUTOCOR computes the autocorrelation and normalized autocorrelation

functions,
Step No,| Input Process m
Set XT, RAT, TFMP to zero XT
r P ICHZ Call READR to read a record from file ZRD into Temp TEMP
3. NP Compute cumulative sum INP INP
4. TEMP, M| Shift data value contents of TEMP down by M TEM?
3. NL, XT, Transfer contents of XT into first M values of TEM? TEMP
6. :;,M;'r, Transfer last M data values in TEMP to XT XT
TEMP
A RAT, TEMg For JR = 0 through M, compute cumulative sum for RAT
= 1 to NPLRAT (JR+1) = RAT (JR+1) + TEMP (I)*
TEMP (I + JR)
8. NR Repeat steps 2 through 7 for NR records
9. Set TEMP to zero and do steps 5 and 7 one time RAT
10, | RAT, MR | Compute RAT ])/(INP-J+1) for ] = 1, MR %AT
11, RAT, MR Coumpute normaliized autocorrelations function RATN
RATN (J) = RAT (j)/RAT (1) for ] = 1 through MR
12, Print J, RAT(]) and RATN())
13, Return




4.2 .16 HIPO:LFF

Purpose: LFF is the low frequency filter applied to raw data
before standard deviation, autocorrelation and power
spectral density functions are computed.

I
Step No| Input Process Qutpur
“ 1 NP,P Compute number of records in which the NREC
first (2P+1) points lie.

2 P,NP Compute the record number in which the QuUO
(P+1)th point lies.

3 TEMPL,P Calculate sum of first (2P+1) points, SUM

4 QuUO,P,NP Calculate location of (P+1)th point in LOC1
record no. QUO,

5 TEMP1, Compute new (P+1)th point as TEMPl(LOCl) = TEMP1

LOCl, SUM| TEMP1(LOCl) - SUM/ (2P+1) and store TEMP1
» on disk.

" NP,N,P For I = (P+2) to (N-P), where N is the REC1,
total number of points, compute record REC2,
nos. in which points I, I-P-1 and I+P lie, REC3

7 REC1, Calculate location of points I, I-P-1 and LOC1,

REC2, I+P in their respective records. LOC2,
REC3, NP LOC3
8 RECL, REC3,Read respcctive records from disk. TEMP1,
REC3 TEMP2,
TEMP3
9 LOC2,LOC3 | Calculate SUM = SUM-TEMP2 (LOC2) + TEMP3 (LOC3]
TEMP2, SUM
TEMP3
10 TEMPL,LOCY Calculate XT = TEMP1{LOCl) - SUM/ (2P+1) XT, TEMP1
SUM, P and store on disk at TEMP1 (LOC1).
' § 3 Repeat steps 6 through 10 till done.
12 Return.
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4.2.17 HIPO:HFF

Purpose: HFF is the high frequency filter applied to outut

T —

data of the low frequency filter.

Step Nd Input Process Qutpur

1 NP,Q Calculate number of records in which the NREC
first (2Q+1l) points lie.

2 Q,NP Compute the record numb-~ in which the QUO
(Q+l)th point lies.

3 TEMP1,Q Calculate sum of first (2Q+l) points SUM

4 Quo,qQ,, Calculate location of (Q+i)th point in
NP record No. QUO. LOCl

5 Q, sui Calculate new (Q+1l)th point as TEMP1
TEMP1 (LOCl) = SUM/(2Q+l) and store (LOC1)
TEMP1 on disk.

6 NEN,Q For I = (Q+2) to (N-Q), where N is the REC1,
total number of points, compute record REC2,
numnbers in which points I, I-Q-1 and REC3
I+Q lie.

7 REC1, Calculate location of points I, I-Q-1 and LOC1,
REC2, I+Q in their respective records. LOC2,
REC3,NP LOC3

8 REC1, Read REC1, REC2 and REC3 from disk. TEMF1,
REC2, TEMP2,
REC3 TEMP3

9 LOC2, Calculate SUM = SUM - TEMPZ2(LOC2) + SUM
LOC3, TEMP3 (LOC3)

TEMP2,
TEMP3
10 SUM,Q Calculate XT = SUM/(2Q+l) and store on XT, TEMPI
disk at TEMP1(LOCl)
11 Repeat steps 6 though 10 till done.
12 Return.
|
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4.2.18 HIPO-PSDF

Purpose: PSDF computes the power spectral densities from

the autocorrelation function.

step Nol Inout Process Qutput

1 RAT,MR, For KR = 1,...,MR, compute a GKC
L3 GKC(KR) = 2HL [RAT (1) +2 :%1 RAT(JR+1)

KR-1
COS (m+JR » (KR-1)/(MR-1) + RAT(MR)(-1)

2 Return.
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e
4.2.19 HIPO:INF
Purpose: INF is the inverse _filter used on power spec~tral
density function ak as computed from filtered data.
W—d—mﬂl Process Output
1 GKC, Q For K = 0, Set !
GKCP (K+1) = (2Q+1)2 GKCP (1)
2 GKC,Q,M For K=1,2,...,M, Compute
GKCP

GKCP(K+1) = GKC(K+1)
[((22+1) + Sin(kn/22) /
sin ((2Q+1) Km/2M) )]

3 Return,
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4.2.20 HIPO:AC

Purpose: AC is the Aperture Compensation applied to the power
spectral density data output from INF,
Step Nq Input Process Output 1
1 GKCP For K=0, Set GKC3P(1)
CKC3P(K+1) = 0
2 GKCP,M,H] For K=1,2,...,M, compute GKC3P
XA
GKC3P(k+l) = GKCP(K+l) -
(K-« XA/2H-M-Sin(k - m - XA/2H-1) ) 2
3 Return.
|
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l 4.2.21 HIPO - SPDF

Purpose: SPDF computes the smoothed power spectral density functions
from the power spectral density functions.

mﬂ%_mggc Process Output

GKC,MR Compute
GKH(1) = 0.5 [GKC(1) + GKC(2)] GKH (1)
GKH(MR) = 0.5 [GKC(MR-1) + GKC(MR)] GKH(MR)
2 For KR=2,.... (MR -1), compute
GKH(KR) = 0.25(GKC(KR-1) + GKC(KR+1)) + 0.5| CKH
GKC (KR)
3 KR, GKC, Print KR, GKC(KR), GKH(KR)
GKH
“ Return
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APPENDIX A

Appendix A contains the mathematical formulae and notations used
for analysis of autoradiographic image data. These mathematical
formulae form the basis for implementation into programs.
Notation

* 1 = §lit height

* a = Slit width
A or H = Sampling Interval

Dn = Raw Data Point

N = Total number of data points

D = Mean of raw data, D

n n

SIG = Standard Deviation
d = Raw Data converted to diffuse density

& = Zero Mean Data (in diffuse density)

n
Za = Zero Mean Data after low frequency filtering
Z; = Zero Mean Data after high frequency filtering

* p = Parameter in low frequency filter
* q = Parameter in high frequency filter
R(r) = Autocorrelation function
r = lag factor
* m = Maximum lag factor
* DDF = Diffuse density factor
éﬁ = Spectral density function
ai = Spectral density function after inverse filter
Ek = Spectral density function after aperture compensation
6K = Smoothed spectral density function
: k = 0.1,2....m
£

= Frequency =_ k

2'4'm

* User-specified variables.
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Normalized Data
v = Dn/ DDF

n
Zero-Mean Data

Zn - Un - Un

Mean Square Value
MV = } = p?
R} & 8

Standard Deviation

N 1
SIG = b (Dﬁm-l))

n=1
- ( !
N-T wMsv
Low-frequency Filter
] P = p+l,p+2 N-
22 = 2 -3 L 2, no= ptl,p+2,..,N-p
9 . P j= -p Al p = appx. 100 to 1000
High Frequency Filter
1 q n = q+l,q+2,...,N-q
zll = Z Z'- ’
" Z2q¥1 j=-gq Jm q =appx. 1 to 3
Autocorrelation Function
1 N-r
: SRS 5 R ASE | e
r el B ARk . r= 0,1, ,m
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TP

Normalized Autocorrelation Function

A

~
R, / Ro s $90.1,2,.0.48

A
Note that: -léar / R, &1

Spectral Density Function

1

T ML R +2S R Cos (rk/m) +(-1D¥ R )
- oS nr m -
k o ;?i : m

k= 0,1,...,m

Inverse Filter

(55) .
o - 4T Sin\Zm
G = Gy [(2q+1) Sin(km )
Zm ° (2q+l)
ey 1400
~| —- 'V‘" 2
Go Go (2gq+1)
Aperture Compensation
® k7 a/2Hm 2
k k Sin (km a/2Hm)
T 5 DG
G = o0

(o)

Smooth Power Spectral Density Function

A ~ ~
Go = 0.5 (Go + Gl)

A ~ ~
G, = 0.5 @C,, + G

"~

~ ~ ~
G, = 0.5G, + 0.25 G, + G)

kn1l,2,...,m-1
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Tvpical Values

..............

SR e
..............
..............
..............
..............
..............

..............

Actual Slit Size
System Magnification
Effective Aperture
Max. Spatial Frequency
A w (band width)

Required Data Length (X)

N = no. of data points
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TYPE SPLIST
FILE SPLIST
SP1A=RLDR/M FOR SP1
SP2A=RLDR/M FOR SP2
SPLA=RLDR/M FOR SPL
SPHA=RLDR/M FOR SPH
SP23A=RLDR/M FOR SP23
SP24A=RLDR/M FOR SP24
SP1=MAIN WITHOUT FILTERS
SP2=MAIN WITH FILTERS !
SPL=MAIN WITH LOW FREG. FILTER
SP3=PTDT
SP4=SKPFL
SPS=RDFL
SPE=HDR
SP7=CORD
SP8=RFMT
SPS=GBYTE
SP1@=MEANS
SP11=SIGMA
SP12=AUTOCOR
SP13=(DELETED)
SP14=HIST
SP15=DCLS
SP16=AVG
SP17=NRMLZ
SP18=ZMEAN
SP19=PSDF
SP20=5PDF
SPe1=INF
SPee=AC
SP23=LFF
SP24=HFF
SP25=AC1
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TYPE SP1A
RLDR/M SP1 SP3
SP16 SP17 SP18
R

TYPE SP2A
RLIR/M SP2 SP3
SPi16 SP17 SP18
R

TYPE SPLA
RLDR/M SPL SP3
SP16 SP17 SP18

R

TYPE SPHA
RLDR/M SPH SP3
SP16 SP17 SP18

R
TYPE SP23A

SP4 SPS SP6 SP7 SP8

SpP19 SP25 SP2@ FORT.

sp4 SPS SP6 SP7 SP8
SP19 SP21 SPg2 SP2e

sp4 SPS SP6 SP7 SP8
sPi9 sP21 SP25 SPece

sP4 SPS SP6 SP7 SP8
SP19 SP21 SP22 SP2@

RLDR/M SP23 FORT.LB

R
TYFE SP24A

RLDR/M SP24 FORT.LB

SP9 SP1@ SP11 SPi2 SP14 SP1S ~
LB

sPS SP19 SP11 SPi2 SP14 SP1S ~
FORT.LB

sP9 SP1@ SP11 SP12 SP14 SP1S ~
FORT.LB

SP9 SPi@ SP11 SP12 SP14 SP1S ~
FORT.LB
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TYPE SP1
FILE SP1=NAIN WITHOUT FILTERS
PROGRANMER NAMNE: S.P. SINGH
REVISION:2
DATE:4/19/78
PURPOSE: THIS MODULE ACCEPTS USER INPUTS AND CALL ALL
SUBSEQUENT MODULES
RRH IS AUTCCORRELATION VALUES OF DATA
GKC IS POMER SPECTRAL DENSITY FUNCTION
GKH IS SMOOTHED POWER SPECTRAL DENSITY
GKCP IS THE INVERSZ FILTER FUNCTION
GKC3P IS THE APERTURE COMPENSATION FUNCTION
ITEMP,XTENP ARE BUFFERS
NY IS THE NUMBER OF WORDS PER RECORD
NP IS THE NUMBER OF POINTS PER RECORD
INTEGER P,Q
DIMENSION RRH(101),ITEMP(1000),

1 GKC(1e1),GKH(101)
DIMENSION GKCP(101),GKC3P(101)
DIMENSION NU(S0),NP(50)
DIMENSION XTEMP(1000)
ACCEPT °*FILE NUMBER,NF=" NF
ACCEPT °*DIFFUSE DENSITY FACTOR,DDF=*,DDF
ACCEPT "MAXIMUM LAG FACTOR,M="_NM
ACCEPT °"HEIGHT OF SCANNING SLIT,XL=",XL
ACCEPT "WUIDTH OF SCANNING SLIT,XA=",XA

SOOOOOOODOOOODOO0

¢ ACCEPT *LOW FREQUENCY FILTER PARAMETER,P=*,P
¢ ACCEPT *HIGH FREQUENCY FILTER PARAMETER,Q=*,Q
P=0
a=0

CALL PTDT (ITEMP,NF,H,NR,NU,NP)
CALL FOPEN(4, "PAR")

WRITE BINARY (4) NP,P,Q,NR

CALL FCLOS(4)

A=0

B=3200

NC=100

CALL HIST (ITEMP,A,B,NC,NR,NP)

OO0




|
!
|

-1

CALL
CALL
CALL
CALL
CALL
CALL
CALL
CAaLL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
STOP
END

MEANS(ITEMNP ,XTENP,NP,NR,DDF)

SUAP(°*SP23.SV"*,1IER); CALL LFF(XTENMP,TENP2,TEMP3,NP,P,.NR)
SUAP(*SP24.SV",1ER); CALL HFF(XTEMP,TENP2,TEMP3,NP,Q,NR)
SIGMA(XTEMNP,NR,NP)

AUTOCORIXTEFP ,NP ,NR, M, RRH,P,Q)

PSDF (RRH,N,H,XL,GKC)

INF (GKC,GKCP,Q,M?

AC1 (GKC,GKC2P, M, H,XA)

SPDF (M,GKC3P,GKH)

DELETE("RD")

DELETE(*NRD"*)

DELETE(*ZRD")

DELETE(*ZP")

DELETE(*TD")

DELETE("PAR")
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TYPE SP2
FILE SP2=MAIN UITH FILTERS
PROGRAMMER NAME: S.P. SINGH
REVISION:2
DATE:4,23/79
PURPOSE: THIS MODULE ACCEPTS USER INPUTS AND CALL ALL
SUBSEQUENT MODULES
RRH IS AUTOCORRELATION UVALUES OF DATA
GKC IS POWER SPECTRAL DENSITY FUNCTION
GKH IS SMOOTHED POUER SPECTRAL DENSITY
GKCP IS THE INVERSE FILTER FUNCTION
GKC3P 1S THE APERTURE COMPENSATION FUNCTION
ITEMP XTEMP ARE BUFFERS
NU IS THE NUMBER OF WORDS PER RECORD
NP IS THE NUMBER OF POINTS PER RECORD
INTEGER P,0Q
DIMENSION RRH(101),ITEMP(1000),
1 GKC(101),8KH(101)
DIMENSION GKCP(101),GXC3P(101)
DIMENSION NU(S@),NP(S9)
DIMENSION XTEMP(1000)
ACCEPT *FILE NUMBER,NF =" _NF
ACCEPT *DIFFUSE DENSITY FACTOR,DDF=*,DDF
ACCEPT "MAXIMUMN LAG FACTOR, M="_N
ACCEPT "HEIGHT OF SCANNING SLIT, XL=*,XL
ACCEPT *UIDTH OF SCANNING SLIT,XA=',XA
ACCEPT "LOU FREGUENCY FILTER PARAMETER,P=".P
ACCEPT "HIGH FREQUENCY FILTER PARAMETER,Q-".Q
CALL PTDT (ITEMP,NF,H,NR,NU NP)
CALL FOPEN(4,"PAR")
WURITE BINARY (4) NP,P,G,NR
CALL FCLOS(4)
ERL"]
B=32080
NC=10@
CALL HIST (ITEMP,A,B,NC,_NR_NP)
CALL MEANS(ITEMP,XTEMP,NP,NR,DDF)
CALL SUAP("SP23.SVU",IER); CALL LFF(XTENP,TEMP2,TENP3I NP, P_NR)

OO0 O00O0O0
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CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
STOP
END

SUAP(*SP24.SU" 1IER); CALL HFF(XTEMP,TEMNP2, TENP3,NP,Q,.NR)
DELETE (*ZRD*)

RENAM (*ZPP*,*ZRD",IER)
SIGMA(XTEMP,NR,NP)
AUTOCOR(XTEMP NP, NR,N RRH,P, Q)
PSDF (RRH,M,H,XL,GKC)

INF (GKC,GKCP,Q, M)
AC(GKCP,GKC3P M, H,XA)

SPDF (F,GKC3P,GKH)

DELETE(*RD")

DELETE(*NRD"*)

DELETE(*ZRD*)

DELETE("2ZP*)

DELETE(*TD*)

DELETE(*PAR")
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TYPE SPL

OO0

FILE SPL=MAIN UWITH LOU FREQUENCY FILTER
PROGRAMMER NAME: S.P. SINGH

REVISION:®

DATE:4/19/79

PURPOSE: THIS MODULE ACCEPTS USER INPUTS AND CALL ALL
SUBSEQUENT MODULES

RRH IS AUTOCORRELATION VALUES OF DATA

GKC IS POWER SPECTRAL DENSITY FUNCTION

GKH 'S SMOOTHED POUER SPECTRAL DENSITY

GKCP IS THE INUVERSE FILTER FUNCTION

GKC3P IS THE APERTURE COMPENSATION FUNCTION
TTEMP,XTEMP ARE BUFFERS

A4 IS THE NUMBER OF UORDS PER RECORD

NP IS THE NUMBER OF POINTS PER RECORD
INTEGER P,0Q

DIMENSION RRH(101),ITEMP(1000),
GKC(101),GKH(101)

DIMENSION GKCP(101),GKC3P(101)

DIMENSION NU(S5@),NP(S@)

DIMENSION XTEMP(1000)

ACCEPT “FILE NUMBER,NF=" NF

ACCEPT °*DIFFUSE DENSITY FACTOR,DDF=*,DDF
ACCEPT "MAXIMUM LAG FACTOR,M=" M

ACCEPT "HEIGHT OF SCANNING SLIT,XL=*,XL
ACCEPT "UIDTH OF SCANNING SLIT,XA=*, XA
ACCEPT "LOW FREGUENCY FILTER PARAMETER,P=",P
ACCEPT "HIGH FREQUENCY FILTER PARAMETER,QG-",G
Q=0

CALL PTDT (ITEMP,NF,H,NR,NU,NP)

CALL FOPEN(4,°*PAR")

WRITE BINARY (4) NP,P,Q,NR

CALL FCLOS(4)

A=0

g=3200

NC=100

CALL KIST (ITEMP,A,B,NC,NR,NP)

CALL MEANSC(ITEMP,XTEMP,NP,NR,DDF)




8=11

CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
STOP
END

SWAP(*SP23.5U* ,IER); CALL LFF(XTEMP,TEMP2, TEMP3,NP,P,NR)
DELETE (*ZRD®)

RENAM (*ZP*,*ZRD", IER)

SWAP(*SP24.5U*,IER); CALL HFF(XTEMP, TEMP2, TEMP3,NP,Q,NR)
SIGMA(XTEMP,NR,NP)

AUTOCOR (XTEMP, NP, NR,M,RRH,P,Q)

PSDF (RRH, M, H, XL, GKC)

INF (GKC,GKCP,Q,M)

AC1(GKC,GKC3P,M,H, XA)

SPDF (M, GKC3P, GKH)

DELETE(*RD*)

DELETE(*NRD*)

DELETE(*~RD*)

DELETE(*2P")

DELETE(*TD*)

DELETE(*PAR®)
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TYPE SPH

ODOOOOODOOOOOOOO0

FILE SPH=MAIN WITH HIGH FREG. FILTER ONLY
PROGRAMMER NAME: S.P. SINGH

REVISION:®

DATE:4/24/79

PURPOSE: THIS MODULE ACCEPTS USER INPUTS AND CALL ALL
SUBSEQUENT MODULES

RRH IS AUTOCORRELATION VALUES OF DATA

GKC IS POUER SPECTRAL DENSITY FUNCTION

GKH IS SMOOTHED POUER SPECTRAL DENSITY

GKCP IS THE INVERSE FILTER FUNCTION

GKC3P IS THE APERTURE COMPENSATION FUNCTION
ITEMP,XTEMP ARE BUFFERS

NU IS THE NUMBER OF WORDS PER RECORD

NP IS THE NUMBER OF POINTS PER RECORD
INTEGER P,Q

DIMENSION RRH(101),ITEMP(1000),
GKC(101),GKH(101)

DIMENSION GKCP(101),GKC3P(101)

DIMENSION NU(SQ),NP(S@)

DIMENSION XTEMP(1000)

ACCEPT *FILE NUMBER,NF=*,NF

ACCEPT "DIFFUSE DENSITY FACTOR,DDF=*,DDF
ACCEPT "MAXIMUM LAG FACTOR,M=*,M

ACCEPT "HEIGHT OF SCANNING SLIT,XL=",XL
ACCEPT "UIDTH OF SCANNING SLIT,XA=",_XA
ACCEPT "LOW FREQUENCY FILTER PARPMETER,P=*,P
P=0

ACCEPT "HIGH FREQUENCY FILTER PARAMETER,QG*"*,Q
CALL PTDT (ITEMP,NF,H,NR,NU,NP)

CALL FOPEN(4, "PAR")

WRITE BINARY (4) NP,P,Q,NR

CALL FCLOS(4)

A=9

B=3200

NC=100

CALL HIST (ITEMP,A,B,NC,NR,NP)

CALL MEANS(ITEMP,XTEMP,NP,NR,DDF)
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CALL
CALL
CALL
CALL
CAaLL
CALL
CALL
CAalLL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
STOP
END

SUAP(*"SP23.SV"*,1ER); CALL LFF(XTEMP,TENMP2, TEMP3,NP,P,NR)

RENAN (°*ZRD*,"2ZP°*,IER)

SUAP("SP24.SU",IER); CALL HFF(XTEMP, TEMP2, TEMP3,NP,Q,NR)

DELETE (*"ZRD*)

RENAM (*ZPP",*ZRD"*, IER)
SIGMA(XTEMP,NR,NP)
AUTOCOR(XTEMP NP ,NR,M,RRH,P,G)
PSDF (RRH,M,H,XL,GKC)
INF (GKC,GKCP,Q, M)
AC(GKCP,GKC3P,M,H,XA)
SPDF (M,GKC3P,GKH)
DELETE(*RD*)
DELETE(*NRD*)
DELETE(*ZRD*)
BELETE(*2P*)
DELETE(*TD")
DELETE(*PAR")
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TYPE SP3

FILE SP3-PTDT

PROGRAHHER NAME:s.p, SINGH

REUISION:O

Dn7£:1186/79

PURPOSE : THIS MODULE CALLs MODULES TO READ THE
T IT, anD PRINT HEADER INFORHA?ION

COMPILER NOSTACK

000006 e

i@ CALL RDFL (ITEMP, R.NU)
I 1

CALL HDR(ITEHP,IREC.H)

CALL RFHT(ITEHP.NR,NU.NP)

TYPE *Ray DATA STORED on DIsk.
N
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TYPE SP4
FILE SP4=SKPFL
PROGRAMMER NAME:S.P. SINGH
REVISION:@®
DATE:1-/30,79
PURPOSE: THIS MODULE SKIPS THE NUMBER OF FILES
SPECIFIED BY THE USER.
COMPILER NOSTACK
SUBRCUTINE SKPFL ( INPBUF ,NF)
DIMENSION INPBUF (1000)
KFL=1
10 CALL HTDIO(13.0,INPBUF.ISTAT.IER.ICNT)
IF (ICNT.NE.1) GO TO 10
KFL=KFL+1
IF (KFL.EQ.NF) GO TO 20
GO TO 10
ce CONTINUE
NF1=NF-1
TYPE *NUMBER OF FILES SKIPPED=",NF1
RETURN
END

OOO0OOOO0
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TYPE SPS END

OO00

OO0 O0ONO

1e

ce

iee

FILE SPS=RDFL -
PROGRAMMER NAME:S.P. SINGH
REVISION:?

DATE:2/72779

COMPILER NOSTACK

SUBROUTINE RDFL ( INPBUF ,NR,NU)
PURPOSE®

RDFL READS ONE FILE FRCM TAPE INTO INPBUF
AND URITES IT IN pisK F¥ILE TD.
ICNT IS NO. OF WORDS IN A RECORD
DIMENSION NU(5@), INPBUF (1000)

NR IS NO. OF RECORDS

NU IS ARRAY CONTAINING NO. OF WORDS IN EACH RECORD
TYPE °"FILE 1S BEING READ FROM TAPE®
NR=2

CALL FOPEN(2,"TD",2000)

TYPE *FILE TD OPENED®

DO 10 I-1,5@

NU(I)=0

CONTINUE

pDC 26 I=1,1000

INPBUF(I)=0@

CONTINUE

CALL HTDIO(13.0.INPBUF.IST.IER.ICNT)
TYPE °*NO OF SAMPLES=", INPBUF (22)
TYPE *RDFL ICNT=*,ICNT

IF (ICNT.EQG.1) GO TO 100

NR=NR+1

NU(NR)=ICNT

CALL URITR(2,NR, INPBUF,1,IER)

GO TO 1@

CONTINUE

TYPE °"NUMBER OF RECORDS READ="* ,NR
TYPE *FILE READ FROM TAPE AND URITTEN ON DISK®
CALL FCLOS(2)

RETURN
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TYPE SP6

FILE SP6=HDR
PROGRAMMER NAME:S.P. SINGH
REVISION:®
DATE:2/7/79 |
PURPOSE: THIS MODULE READS THE TAPE DATA FROM FILE |
*TD*, PRINTS HEADER INFORMATION, AND COMPUTES H=DELTA X
COMPILER NOSTACK «
SUBROUTINE HDR(ITEMP,IREC.H)
DIMENSION ITEMP(1000)
DOUBLE PRECISION IVWUD,IWUD1,IVUDZ,II
CALL FOPEN(2,°TD*",2000)
CALL READR(2,IREC,ITEFP,1,IER)
URITE (10,10) (ITEMP(J),J=2,21)
i@ FORMAT (1X,20R2)
TYPE °*NUMBER OF SAMPLES=",ITEMP(22)
CALL CORD(ITEMP,23,1IUD)
IX=IWD
TYPE *X COORDINATE (MICRONS)=*, IX
CALL CORD (ITEMP,25,IUD)
IV=IWD
TYPE *Y COORDINATE (MICRONS)="*,1V
CALL CORD(ITEMP,27,IWD)
IX=IWD
TYPE °"DELTA X (H) (MICRONS)=",IX
H=IX
IF (".LT..) H.-H
CALL FCLOS(2)
RETURN
END

OOOOOO
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OO0

TYPE SP?

2o

ie

FILE SP7=CORD

PROGRAMMER NAME: S.P. SINGH
REVISION: @

DATE: 2714/79

PURPOSE: THIS MODULE DECODES X,Y COORDINATES AND
DELTA X FROM 2 INPUT UORDS
COMPILER NOSTACK

SUBROUTINE CORD(ITEMP,J,IVD)
DIMENSION ITEMP(1000)
DOUBLE PRECISION IUD,IUD1,IVUD2,II
DOUBLE PRECISION I1J,IK

TYPE °*CORD UAS CALLED®
IK=1.0D@

I1J=32768.0D9

I11=65536.0D@

IX1=ITEMP(J)

IX2=ITEMP(J+1)

TYPE *IX1=",IX1

TYPE "IX2=",IX2

IF (IX1.LT.®) GO TO 1@

IF (IX2.LT.9) GO TO 20
IUD1=1IX1

IUDe=1IXx2

IUD=IUDIXII+IWUD2

GO TO Se

CALL ICLR(IX2,15)

TYPE*IX2 AFTER ICLR",IX2
IUD1=1IX1

IUD2=1IX2

IUD2=1IyD2+1J
IUD=IUD1xII+IVUD2

GO TO So

IX3=-IX1-1

IX4=-IX2-1

IF(IX4.LT.2) GO TO 30
IUD1=1IX3

IVD2=TX4

A d
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TYPE SP8

OOOOOOO0

1

3e

| —— R —. -——

FILE SP8=RFNT

PROGRAMNER NAME: S.P. SINGH
REVISION: ©

DATE: 2712779

PURPOSE: THIS HNODIILE REFORNMATS EACH RECORD TO THE
16 BIT INTEGI FORAAT OF THE NOVA 129€ AND
PLACES IT IN FILE °RD"
COMPILER NOSTACK

SUBROUTINE RFRT(ITENP,NR,_NU,NP)
DINENSION ITEMP(1020),XT(300)
DINENSION NP(S5@),NE(50)
COFMMON JTENP(1000)
EQUIVALENCE (ITEMP,JTEMP)
CALL FOPEN(2,°TD",2000)

CALL FOPEN (3,"RD",2000)
TYPE*DATA IS BEING FORMATTED®
DO 2@ JR=1,NR

DO 10 I=-1,1000

JTEMP(I)=0®

ITEMP(I)=0

CONTINUE

CALL READR(2.JR,ITEMP,1,IER)
NU1=NU(JR)

TYPE °“NU1=",NuU1

DO 3@ J=29,Nut

TYPE "ABOUT TO CALL GBYic-
INP=ITEMP(J)

CALL GBYTE(INP,IO0U,6,12)

TYPE *GBYTE UAS CALLED"
JTENP(J-28)=10U

CONTINUE

TYPE "ABOUT TC CALL WRITR®
CALL URITR (3,JR,JTEMP,1,IER)
TYPE "WURITR CALLED®
NP(JR)=NU(JR)-28

CONTINUE

CALL READR (3,1,JTEMP,1,1ER)
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40
Se

NP1=NP(1)

IF «(NP1{.GT.300) NP1~300

DO 4¢ I-1,NP1

JK=JTERP(I)/8

XT(I)=JK/100.

CONTINUE

URITE (16,50) (XT(I),I=1,NP1)
FORNAT (10(1X,FS5.2))

TYPE °*DATR FORMATTING COMPLETED"
CALL FCLOS(2)

CALL FCLOS(3)

RETURN

END
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TYPE SP9

OO0

OOODOOO

12

FILE SP9-GBYTE

PROGRAMMER NAME: S.P. SINGH
REVISION: ©
DATE: 2716779
Pl ok 3 & 3 EXTRACTS BIT PATTERNS FRORN
A 16 BIT INTEGER UORD.

IFK IS THE 16 BIT UORD

IUPK IS THE BIT PATTERN RENMOVED FROM IPK

NOFF IS THE STARTING BIT POSITION IN IPK

NBTS IS THE NUNBER OF BITS TO BE REMOVED FROM IPK
COMPILER NOSTACK

SUBROUTINE GBYTE(IPK, IUPK,NOFF ,NBTS)

INTEGER MASK(15),L0C(15)

DATA LOC/1K,2K, 4K, 10K, 20K, 40K, 100K, 200K, 400K,
1900K ,2000K, 4000K, 10000K ,20000K , 40000K/

DATA MASK/?77777K,37777K, 17777K,7?77K,3777K,1777K,
777K,377K, 177K, 77K, 37K, 17K, 7K, 3K, 1K~/
IUPK=IPK.AND.MASK(1)

IF (NOFF.LT.2) GO TO S

TUPK =TUPK .AND . MASK (NOFF )

NSHF T=16-(NOFF+NBTS)
IF(NSHFT.EQ.Q2.0R.NSHFT.EQ.15) GO TO 12

IUPK =IUPK/ (2XXNSHFT)

CONTINUE

IF(NSHFT.EQ.15) IUPK=@

IF (NOFF.GT.2.0R.IPK.GE.®) RETURN
IUPK=IUPK.OR.LOC(NBTS)

RETURN

END
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TYPE SP1e

FILE SP1@-MEANS

PROGRAMMER NAME: S.P. SINGH

REVISION:1

DATE: 3/18/79

PURPOSE: THIS MODULE CALLS OTHER MODULES TO COMPUTE MEAN OF
RAU DATA AND NORMALIZE DATA TO DIFFUSE DENSITY UNITS AND ZERO MEAN J
COMPILER NOSTACK
SUBROUTINE MEANS(ITEMP,XTEMP,NP,NR,DDF ) ‘
$510 IS MEANS

DIMENSION ITEMP(100@)

DIMENSION XTEMP(1000)

DIMENSICN NP(5@)

ICHR=3

ICHN=4

ICHZ -5

CALL AUGUITEMP, ICHR,NR,NP,RAUM)

CALL NRMLZ(ITENP,XTEMP,DDF, ICHR,NR NP, ICHN, RAUN)
DDM=DDF

TYPE "MEAN OF NORMALIZED DATA= *,DDM

CALL ZMEAN(XTEMP, ICHN, ICHZ,NR,NP,DDM)

RETURN

END

OO0O0O0O0O00

L]




TYPE SP11

C FILE SP11=SIGMA

C PROGRAMMER NAME: S.P. SINGH

C REVISION: o

C DRATE: 3/12/79

C PURPOSE: THIS MODULE COKPUTES THE MEAN SQUARE VALUE
C AdD THE ROOT MEAN SQUARE VALUE

COMPILER NOSTACK

SUZROUTINE SIGNA (TERP,NR,NP)
DINENSION TEMP(1000),NP(50)
ICHZ+5

CALL FOPEN(ICHZ, *ZRD", 4009)
$50-0.9

NPI=0

DO 10 I=1,NR

CALL READR(ICHZ,I,TEMP,1,IER)
NPI=NP(I)

c THIS COMPUTES THE MEAN SQUARE
DO 26 J=1,NP]
SSQ=SSQ+(TEMP(J)x22)

ce CONTINUE
INP=INP+NPI

1@ CONTINUE
XSQ=S5Q/INP

¢ THIS COMPUTES THE ROOT NEAN SQUARE
SIG=SART (XSQXINP/(INP-1))
TYPE *MEAN SQUARE VALUE = ', XS0
TYPE *ROOT MEAN SQUARE VALUE - *,sIG
CALL FCLOS(ICHZ)

c TYPE "SIGMA WAS CALLED®
RETURN
END

gc-11
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TYPE SP12

c FILE SP12=AUTOCOR

c PROGRAMNER NAME: S.P. SINGH

c REVISION: 1

c DATE: 4/4/79

c PURPOSE: THIS MODULE COMPUTES THE AUTOCORRELATION AND
c NORMALIZED AUTOCORRELATION FUNCTION OF ZMEAN DATA.

c RAT IS THE AUTOCOR VALUES

c RATN IS THE NORMALIZED AUTOCOR VAULES

c TEMP,XT ARE BUFFERS

COMPILER NOSTACK
SUBROUTINE AUTOCOR(TEMP,NP,NR,M,.RAT,P,Q)
INTEGER P,Q
DIMENSION NP(5@)
DIMENSION RATN(101),RAT(101)
DIMENSION XT(101)
DIMENSION TEMP(1000)
TYPE "AUTOCORRELATION IS BEING COMPUTED®
ICHZ=5S
CALL FOPEN(ICKZ,"ZRD",4000)
DO S I=1,1000
5 TERP(I)=0
DO 10 I=1,101%
RAT(1)=0.0
XT(I)=9®
10 CONTINUE
MR=M+1
NR1i=NR+1
INP=9
DO 20 I=1,NR1
IF(I.EQG.NR1) GO TO 9@
CALL READR(ICKZ,I,TEMP,1,IER)
INP=INP+NP(I)
NP1=NP(I)
DO 3@ I3=1,NP1
TEMP(NP1+M-I3+1)=TEMP(NP1-1I3+1)
30 CONTINUE
98 CONTINLUE
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49

70
66

8@
ce

85

160

1000
2000

DO 40 I4=-1,M
TENP(I4)=XT(14)
CONTINUE

DO S@ IS5=1,m
XT(IS)=TEMP(NP1+15)
CONTINUE

DO 6@ J=1,mR

SUN=0¢.0

JR=J~-1

DO 7@ I7=1,NP%
SUH-SUH+TEHP(I?)tTEHP(I7+JR)
CONTINUE
RAT(J)=RAT(J)+SUN
CONTINUE

IFC(I.NE.NR) GO TO 20
DO 8¢ 18=1,1¢00
TEMP(1I8)=90.0
CONTINUE

CONTINUE

DO 85 J=1,mR
RﬁT(J)-RQT(J)/(INP-J+1-(2!(P+0)))
CONTINUE

DO 100 J=1,MR
RATN(J)'RQT(J)/RRT(I)

CONTINUE

TYPE * R R-HAT NORM. R-HAT*
DO 20808 J=1,MR

IR=J-1

WRITE(10,1000) IR,RAT(J),RATN(Y)
FORHQT(lX.I3.8X.Ell.4.8X.Ell.4)
NUE

CALL FCLOS(ICHZ;
RETURN
END

e d [} - ‘..'v‘.f




TYPE SP14

FILE SP14=HIST

PROGRAMMER NAME: S.P. SINGH

REVISION: @

DATE: 2/20/79

PURPOSE: THIS MODULE COMPUTES A HISTOGRAM FOR THE DATA
COMPILER NOSTACK

SUBROUTINE HIST (ITEMP,A,B,NC,NR,NP)

DIMENSION ITEMP(1000),NP(S5@),NHST(101),N5T(101)
CALL FOPEN(3,"RD",2000)

TYPE °"HISTOGRAM BEING COMPUTED*®

OOOO0

C CI IS CLASS INTERVAL
NC1=NC+1

CI=(B-R)/NC

DO 5 J=1,NC1
MST(J)=0

CONTINUE

COMPUTE HISTOGRAM

ooon

DO 1@ J=1,NR
CALL READR(3,J,ITEMP,1,IER)
NP1=NP(J)
CALL DCLS(ITEMP,NP1,CI, NHST)
DO 20 I=1,NC1
MST(I)=MST(I)+NHST(I)

ce CONTINUE

i@ CONTINUE

CONPUTE FIRST CLASS CONTAINING AT LEAST ONE POINT

DO 3@ '=1,NC!

IF (FETC(ID).GE.1) GO TO 4@
30 CONTIHUE
40 ININ={

OO0

c COMPUTE LAST CLASS CONTAINING AT LEAST ONE POINT
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TYPE SP1S

OOO0OOO0

1@

ce

FILE SP15=DCLS

PROGRAMMER NAME: S.P. SINGH
REVISION: @

DATE: 226779

PURPOSE: THIS MODULE ASSIGNS A DATA VALUE TO A CLASS
INTERVAL FOR COMPUTING HISTOGRAM.
COMPILER NOSTACK

SUBROUTINE DCLS(ITEMP,NP1,CI,NHST)
DIMENSION ITEMP(1000),NHST(101)

DG 1@ I=1,1e01

NHST(I)=@

CONTINUE

DO 20 I=1,NP1

J=IFIXC(ITEMP(I)/CI)
NHST(J+1)=NHST(J+1)+1

CONTINUE

RETURN

END

R ——
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TYPE SPi6

OOO00

OO0

ce
1@

FILE SP16=AVUG

PROGRAMMER NAME: S.P. SINGH

REUISION: ©

DATE: 37/6/79

PURPOSE: THIS MODULE COMPUTES THE RAW MEAN OF THE DATA.
COFPILER NOSTACK

SUBROUTINE AUG(ITENP, ICHR,NR,NP,RAUN)
SP1i6 IS AVG

REAL ISUA

DIRENSION ITEMP(18€06),NP(50)

CALL FOPENCICHR,"RD",2000)

INP=0

ISUN=0

SUR ALL THE POINTS IN THE FILE

DO 10 I-1,NR

CALL READR(ICHR,I,ITEMP,1,IER)
NPI~NP(I)

DO 20 J=1,NFI
JSUR=ISUM+ITENP(J)
CONTINUE

INP=INP+NPI

CONTINUE

RAUM=ISUN/INP

TYPE "RAU MEAN = ", RAUM
CALL FCLOS(ICHR)

RETURN

END
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TYPE SP17
FILE SP17=NRMLZ
PROGRAMMER NAME: S.P. SINGH
REVISION:1
DATE: 3719779
PURPQOSE: THIS MODULE NORMALIZES THE FILE
DATA BY MULTIPLYING THE DATA POINTS
BY THE PIFFUSE DENSITY FACTOR AND CREATES A NEW FILE.
COMPILER NOSTACK
SUBROUTINE NRNLZ(ITEMP,XTEMP,DDF, ICHR,NR,NP, ICHN,RAUM
c SP17 IS NRAMLZ
DIMENSION ITEMP(1000),NP(50)
DIMENSION XTEMP(1000)
CALL FOPENCICHN, "NRD", 4000}
CALL FOPENCICHR,"RD",2000)
DO 1@ I=1,NR
CALL READRCICHR,I,ITENP,1,IER)
NPI=NP(I)
DO 2@ J=1,NPI
XTENP(J)=ITEMP(J)XDDF 7/RAUM

OCOO0OOOO0

ce CONTINUE
CALL URITR(ICHN,I,XTEMP,1,I1ER)
10 CONTINUE

CALL FCLOS(ICHR)
CALL FCLOS(ICHN)
RETURN

END
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TYPE SP18
c FILE SP18=ZNEAN
c PROGRAMMER NAME: S.P. SINGH
c REVISION: o
c DATE: 3,979
c PURPOSE: THIS MODULE NORMALIZES DATA BY SUBTRACTING
C THE DIFFUSE DENSITY MULTIPLYER FROM THE NORMALIZED DATA,
C CREATING A NEVW FILE.
CORPILER NOSTACK
SUBROUTINE ZHERN(ITEHP,ICHH.ICHZ,NR.NP.DDH)
c SS18 IS ZMEAN
DIMENSION ITEMP(1008),NP(50)
REAL ITEMP
CALL FOPEN(ICHZ,*ZRD", 4000)
CALL FOPENCICHN, *NRD", 4020)
DO 10 I=1,NR
CALL RERDR(ICHN,I,ITEHP.I,IER)
NPI=NP(I)
DO 20 J=1,NPI
ITEMP(J)=ITEMP(J)-DDN
20 CONTINUE
CALL URITR(ICHZ.I.ITEHP,l.IER)
10 CONTINUE

CALL FCLOS(ICHN)
CALL FCLOS(ICHZ)
RETURN

END
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TYPE SP1S

OCOOOO0

OO0

ce
1e

FILE SP19=PSDF

PROGRAMMER NAME: S.P. SINGH

REVISION: @

DATE: 3,/19/79

PURPOSE: THIS MODULE COMPUTES THE POUER SPECTRAL DENSITY FUNCTION.
COMPILER NOSTACK

SUBROUTINE PSDF(RAT, M, H,XL,GKC)

DIMENSION RAT(101),GKC(101),GKH(101)

MR=M+1

COMPUTE THE POUWER SPECTRAL DENSITY FUNCTION

DO 10 KR=1,MR

SUM=0.0

MR2=MR-2

DO 20 JR-=1,MR2
SUM=SUM+RAT(JR+1)2COS(3.141592JRX(KR-1)/(NKR~-1))
CONTINUE
GKC(KR)=2.XHEIXLX(RAT(1)+2.XSUN+RAT(MR)IX(-1)XX(KR~-1))
CONTINUE

RETURN

END
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TYPE SP2e

FILE SP20=SPDF

PROGRAMMER NAME: S.P. SINGH
REVISION: 1

DATE: 4,20,73

OO0

COMPILER NOSTACK
SUBROUTINE SPDF(M,GKC,GKH)
DIMENSION GKC(1e1),GKH(101)
MR=M+1
! GKH(1)=8.5X(GKC(1)+GKC(2))
GKH(NR)=0.5%(GKC(MR-1)+GKC(MR))
MR1=MR-1

COMPUTE SMOOTHED DENSITY FUNCTION

OO0

DO 10 KR=2,MR1
GKH(KR)-O.ES!(GKC(KR~1)OGKC(KR*l))+9.5lGKC(KR)
1@ CONTINUE
TVPE & g GKC3P(K) GH(K)
DO 20e@ J=1,MR
IR=J-1
WRITE(10,100) IR,GKC(J),GKH(J)
10u FORHAT(!X.I3.8X.EII.4,8X.Ell.4)
ceoe CONTINUE
RETURN
END

¢t~ 11

PURPOSE: THIS MODULE COMPUTES THE SRCOTHED POWER DENSITY FUNCTION.
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TYPE SP21

FILE SP21-INF

PROGRAMMER NAME: S.P. SiNGH

REVISION:1

DATE: 3719779

PURPOSE: THIS MODULE PERFORMS THE INUVERSE FILTER OPERATION
ON THE POWER SPECTRAL DENSITY FUNCTION.
COMPILER NOSTACK

SUBROUTINE INF (GKC,GKCP,G, M)

DIMENSION GKC(101),6KCP(101)

INTEGER Q

P1=3.14158

MR=M+1

OO0O0O00

COMPUTE THE FILTERED PSDF

OO0

DO 10 Ki1=1,MR
KeKi-1
IF(K.GT.@) GO TO 5
GKCP(K1)=GKC(K1)
GO TO 1@
S IF(SIN((KXPI)3(230*1)/(2!H)).LT.1.0E-OG) TYFE
% °*THE DENOMINATOR OF SINE FUNCTION BELOW 1.2E-26 ENCOUNTERED IN INF®
GKCP(KI)-G(C(KI)’((2!0+1)!SIN((K‘PI)/(alﬂ))/SlN((K!PI)!(B!OOI)
x /(2%xM)))Hxx2
10 CONTINUE
TVE * & GKC(K) GKCP(X)*®
DO 2000 J=1,MR
IR=J-1
URITE(10,100) IR,GKC(J),GKCP(J)
106 FORHAT(!X.I3.8X.E!1.4.8X.Ell.4)
ceee CONTINUE
RETURN
END

R —
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TVPE SPe22

ODOOOOO0

i@

10
ceoe

SPe2=AC

PROGRAMMER NAME: S.P. SINGH

REVISION:1

DATE: 3719779

PURPOSE: THIS MODULE PERFORHMS THE APERTURE COMPENSATION

OPERATION ON THE INUVERSE FILTERED PSDF.

COMPILER NOSTACK

SUBROUTINE AC(GKCP,GKC3P,N,H,XA)

DIMENSION GKCP(101),GKC3P(101)

PI=-3.14159

MR=M+1

DO 1@ Ki=1,MR

K=Ki-1

IF(K.GT.8) GO TO S

GKC3P(K1)=CGKCP(K1)

GO TO 19

IF(SIN((KSPIXXA)/(2%HXM)).LT.1.0E-06) TYPE

*THE DENOMINATOR OF SINE FUNCTON BELOW 1.9E-96 ENCOUNTERED IN AC®
GKC3P(K1)=GKCP(K1)X(((KXPIXXA)/(2XHIM) )/SINC(KIPIZIXA)/ (2XHEIM)))x%2
CONTINUE

T™VWE * K GKCP(K) GKC3P(K)"*
DO 2000 J=1,MR
IR=J-1

URITE(10,100) IR,GKCP(J),GKC3P(J)
FORMAT(1X,13,8X,E11.4,8X,E11.4)
CONTINUE

RETURN

END




TYPE SPe3

OO0 O O0O0O0O00

OO0

FILE SP23=LFF

PROGRAMNER NAME: S.P. SINGH

REVISION: 2

DATE: 4/208/79

PURPOSE:! THIS MODULE PERFORMS THE LOU FREQUENCY OPERATION
ON THE Z-NORMALIZED DATA.

COMPILER NOSTACK

SUBROUTINE LFF(TEMP1,TEMP2,TEMP3 NP1 ,P_NR)
DIMENSION TEMP1(1000), TEMP2(1000), TEMP3(1000)
INTEGER QUO,P,Q,P2,NP1(50),REC1,REC2,REC3

TYPE °*DATA IS BEIN-C FILTERED FOR LOW FREQUENCY®*
CALL FOPEN(2,"ZRD",4000)

CALL FOPEN(3,"2P"* ,4000)

CALL FOPEM(4,"PAR")

READ BINARY (4) NP1,P,G_NR

CALL FCLOS(4)

CALCULATE 8 OF RECORDS TO COMFUTE FIRST SUM AND
FIND REC. & GF FIRST POINT

NP=NF1(1)

NREC=(2%P+1)/NP

IF(MOD(22P+1 ,NP).GT.€" NREC=NREC+1
QUO=P/NP

IF(MOD{P,NP).GT.@) GQUO=QUO+1
IF (QUO.EG.1) GO TO 3
JQUO=QuUO-1

DO 2 I-1,JGUO

CALL READR (2,1,TEMP1,1,I1ER)
CALL URITR (3,I,TENP1,1,IER)
CONTINUE

CONTINUE

CALCULATE FIRST SUM (POINT P+1)

Ni-@
SUM=2.0
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OO0

4e

DO 1@ I=1,NREC

CALL READR(2,I,TEMP1,1, IER)
DO 2@ J=1,NP
SUM=SUM+TEMP1(J)

Ni=Ni+1

IF(N1.EQ.(2XP+1)) GO TO S
CONTINUC

CoNTINLE

CONTINUE

FIND LOCATION OF FIRST FOINT

CALL REPDR(2,QUO0,TERP1,1,1ER)
LOC1=P+,.~-(NPX(QUO-1))
TEHPI(LOCI)-TEHPl(LOCI)-(SUH/FLOAT(BtP+1)‘
CALL URITR(3,QUO0,TEMP1,1,IER)

P2=P+2

N=NPXNR

NMP=N-P

DO 3@ I=P2,NMP

CALCULATE REC & OF PTS. I,I-P-1,1+P

REC1=I/NP

IF(MOD(I,NP'.GT.®) REC1=RECI+1
REC2=(I-P-1)/NP
IF(MOD(I-P-1,NP).GT.®) REC2-RECZ:1
REC3=(I+P)/NP
IF(MOD(I+P,NP).GT.9) REC3=REC3+1
IF (I.NE.P2) GO TO 4@

IREC1=REC1

IRECz=REC2

IREC3=REC3

CALL READR (Z,REC1,TEMP1,1,IER)
CALL READR (2,REC2,TEMP2,1, IER)
CALL READR (2,REC3,TEMP3,1, IER)
CONTINUE
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OO0

Se

60

7e

30

O
o

OO0OOOOOO0

C/YCULATE LOC. OF PTS. I,I-P-1,I+P IN RESPECTIVE RECORDS

LOUC1=I-(NPX(REC1-1))
LOC2=(I-P-1)-(NPX(REC2-1))
LOC3=(I1+P)-(NPX(REC3-1))

READ RESTECTIVE RECORDS TO OBTAIN I,I-P-1,I+P

iF (IREC1.EQ.REC1) GO TO Se

CALL READR(2,REC1,TEMP1,1,IER)
IREC1=REC1

CONTINUE

IF (IREC2.EQ.REC2) GO TO &

CALL READR(2,REC2,TENPZ,1,IER)
IREC2=RECE

CONTINUE

IF (IREC3.EQ.REC3) GO TO 7@

CALL READR(2,REC3,TEMP3,1,IER)
IREC3=REC3

CONTINUE

SUM=SUM-TEMP2(LOC2)+TEMP3(LOC3)
T=TEMP1(LOC1)-(SUM/FLOAT(2XP+1))

CALL READR(3,REC1,TEMP1,1,IER)

TEMP1(LOC1)=XT

CALL URITR(3,REC1,TEMP1,1,IER)
CONTINUE

IF (REC1.EQ.NR) GO TO 90
REC1-REC1+1

DO 8@ I=REC1,NR

CALL READR (2,I,TEMP1,1,IER)

CALL URITR (3,I,TEMP1,1,IER)
CONTINUE

CONTINUE

QUO=P/NP

IF(MOD(P,NP).GT.9®) QUO=QUO+1
IP=P-((QUO-1)XNP)

CALL READR(3,QUO,TEMP1,1,IER)

TVPE *2°°

TYPE (TEMP1(I),I=IP,NP)
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C ZERO OUT BEGINNING AND LAST P POINTS FROM FILE 2P
c

ICNT=9

NP2=NP1(1)

NR2=NR

DO 1 I=1,NR

CALL READR(3 I,TEMP1,1,IER)
CALL READR(3, NRB TENPE 1,IER)
DO 286 J=1,NP2
TEMPL1(J)=0.0
TEMP2(J)=0.0
ICNT=ICNT+1
IF(ICNT.EQ.P) GO TO 300

cove CONTINUE
CALL WRITR(3,I,TENP1,1,IER)
CALL URITR(3,NR2, TEHPB i,I1IER)
NR2=Nk2-1

1 CONTINUE

300 CALL WRITR(3,I,TEMP1i,1,IER)
CALL WRITR(3, NRE TEFPE 1,IER)

CALL FcLoOS(2®
CALL FCLOS(3)
CALL BACK
END
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TVPE SP24

O O000O00

OO0

OO0

*ILE SP24=HFF

PROGRAMMER NAME: S.P. SINGH

REVISION: &

DATE: 4/20/79

PURPOSE: THIS MODULE PERFORMS THE HIGH FREQUENCY OPERATION ON
THE LOW FREQUENCY DATA.

COMPILER NOSTACK

SUBROUTINE HFF(TEMP1,TEMP2,TEMP3,NP1,P,NR)
DIMENSION TEMP1(1009),TEMP2(1000),TENP3(1000)
INTEGER QUO,P,Q,P2,NP1(50),REC1,REC2,REC3

TYPE °*DATA IS BEING FILTERED FOR HIGH FREQUENCY"
CALL FOPEN(Z2,"2ZP",4000)

CALL FOPEN(3,"ZPP",4000)

CALL FOPEN(4, "PAR")

READ BINARY (4) NP1,G,P,NR

CALL FCLOS(4)

CALCULATE & Or RECORDS TO COMPUTE FIRST SUN AND
FIND REC. & OF FIRST POINT

NP=NP1(1)

NREC=(2%P+1)/NP
IF(MOD(2XP+1,NP).GT.2) NREC=NREC+1
QUO=P/NP

IF(MOD(P,NP).GT.2) QUO=QUO+1

CALCULATE FIRST SUM (POINT P+1)

Ni=0

SUM-0.90

DO 1@ I=1,NREC

CALL READR(2,I,TEMPi,1,IER)
DO 20 J=1,NP
SUM=SUM+TEMP1 (J)

Ni=N1+}

IF(N1.EG.(2XP+1)) GO TO S
CONTINUE
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40

OO0

CONTINUE
CONTINUE

FIND LOCATION OF FIRST POINT

CALL REPDR(2,QUO,TEMP1,1, 1ER)
LOC1=P+1{-(NPXC(GUO-1))
TEMP1(L0C1)=SUM/FLOAT(22P+1 )
CALL WRITR(3,QUO,TEMP1,1,IER)
P2=P+2

N=NPENR

NMP =N-P

DO 30 I=P2,NNP

CALCULATE REC & OF PTS. I,I-P-1,1+P

REC1=1/NP
IF(MOD(I,NP).GT.®) REC1=REC1+1
REC2=(I-P-1)/NP
IF(MOD(I-P-1,NP).GT.9) REC2+-REC2+1
REC3=(I+P)/NP
IF(MOD(I+P,NP).GT.®) REC3=REC3+1
IF (I.NE.P2) GO TO 40

IREC1=REC1

IREC2=REC2

IREC3=REC3

CALL READR (2,REC1,TEMP1,1, IER)
CALL READR (2,REC2,TEMP2,1, IER)
CALL READR (2,REC3,TEMP3,1, IER)
CONTINUE

CALCULATE LOC. OF PTS. I,I-P-1,1+P IN RESPECTIVE RECORDS

LOC1=I-(NPX(REC1-1))
LOC2=(I-P-1)-(NPX(REC2-1))
LOC3=(I+P)-(NPX(REC3-1))

READ RESPECTIVE RECORDS TO OBTAIN I,I-P-1,1+P
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Se

60

OO0OOO0OOOOKOW

70

®

IF (IREC1.EQ.REC1) GO TO Se 1
CALL READR (2,REC1,TEMP1,1,IER) ,
IREC1=REC1 |
CONTINUE

IF (IREC2.EQ.REC2) GO TO 5@

CALL READR (2,RECZ,TEMP2,1,IER)

IREC2=REC2

CONTINUE

IF (IREC3.EG.REC3) GO TO 7@

CALL READR (2,REC3,TEMP3,1,IER)

IREC3=REC3 ‘
CONTINUE

SUM=SUM-TEMP2(LOC2)+TEMP3(LOC3)

XT=SUM/FLOAT(2XP+1)

CALL READR(3,REC1,TEMP1,1,IER)

TEMP1(LOC1)=XT

CALL WRIYR(3,REC1,TEMP1,1,IER)

CONTINUE

QUO=G/NP

IF(MOD(G,NP).GT.9) QUO=GUO+1

IP=Q-((QUO-1)XMP)+P

CALL READR(3,QUO,TEMP1,1,IER)

TVE 2"

TYPE (TEMP1(I),I=IP,NP)

ZERO OUT BEGINNING AND LAST P+QG POINTS FROM FILE ZPP

ICNT=0

NP2=NP1(1)

NR1=NR

DO 1 I=1,NR

CALL READR(3,I,TEMP1,1,IER)
CALL READR(3,NR1i,TEMP2,i,IER’
DO 200 J=1i,NP2

TEMP1(J)=0.0

TEMP2(J)=@.0

ICNT=ICNT+1
IFC(ICNT.EQ.(P+G)) GO TO 300
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CONTINUE

CALL WRITR(3,I,TEMP1,1,IER)
CALL WRITR(3,NR1,TENP2,1,IER)
NR1=NR1-1

CONTINUE

CALL URITR(3,I,TEMP1,1,IER)
CALL URITR(3,NR1,TEMP2,1,IER)

CALL FCLOS(2)
CALL FCLOS(3)
CALL BACK

END
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TYPE SP2eS
SP25=AC1
PROGRAMMER NAME: S.P. SINGH
REVISION:®
DATE:14/20/79
PURPOSE: THIS MODULE PERFORNS THE APERTURE COMPENSATION
OPERATION ON THE INVERSE FILTERED PSDF FOR SPi AND SPL.
CCMPILER NOSTACK
SUBROUTINE AC1(GKCP,GKC3P,M,H,XA)
DIMENSION GKCP(101),GKC3P(101)
PI=3.14159
MR=M+1
DO 1@ Ki=1,MR
K=Ki-1
IF(K.GT.®) GO TC S
GKC3P(K1)=GKCP(K1)
GO TO 10
S IF(SINC(KXPIXXA)/(2XHXM)).LT.1.0E-06) TYPE
X "THE DENOMINATOR OF SINE FUNCTON BELOU 1.0E-06 ENCOUNTERCD IN AC*®
GKC3P(K1)=GKCP(KI)X(((KXPIXXA)/ (2XHIM))/SINC(KXPIXXA)/ (2XHEM)))xx2
10 CONTINUE
W * K GKC(K) GKC3P(K)*
DO 2000 J=1,MR
IR=J-1
URITE(10,100) IR,GKCP(J),GKC3P(J)
100 FORMAT(1X,13,8X,E11.4,8X,E11.4)
c2eee CONTINUE
RETURN
END

OOOOOO0
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FILE NUMBER, NF -5

DIFFUSE DENSITY FACTOR,DDF«1.27
PAXIMUM Leu FACTOR N-28

HEIGHT OF SCAtNING SLIT, xL=1000
UIDTH OF SCHMMING SLIT, XA«2€
DATA PREPANMATION COMMENCED
NHUMBER OF FILES SKIPFED- 4
FILE 1S BEING READ FROM TRPE
NURBER OF RECORDS KEAD.

FILE WEAD FRUM TOFE &ND URITTEN ON DISK

BSA~2 1894-( E-1¢ INZVNTOSTEP (&) 1p@
NIMEER OF =aMFLES- 281
X COOFDINATE (MICRONS e 1
Y COOMDINATE iRICRONS )» 4
DELTH X (M) tMICPONS I= 18
DATA 1S BEING FORMRTTED
1.62 1.69 1.865 1.80 (.B3 1.82
1. 7% 1.79 1.85 1.82 1.84 1.%7
3.8 1.5 1.79 1.83) 1.82 1.82
1.86 1.82 1.S1 1.84 1.82 1.84
i1.86 1.89 1.89 1.8 1.82 1.8B®
1.8 1.85 1.82 1.80 1.81 !.ge
1.79  1.82 1.31 1.834 .87 1.84
1.86 1.88 1.37 1.84 1.79 1.79
1.84 1.84 1:.89 1.85 1.89 1.81%
1.84 1.84 1.8 1.82¢ 1.79% 1.8
1.8 1.80 1.79 1.79 1.8 1.8%
1.99 1.78 1.890 1.82 1.35 1.84
.76 1.74 1.7% 1.78 1.79 .78
277 1.9 1.8 1.7 1.78 1.7
1.8¢ 1.83 1.83 1.89 1.90 1.8B1
i1.6¢ 1.82 1.85 1.8 1.84 1.81
1.8 1.87 1.8) 1.8: 1.80 1i1.81
5.0 3.7% 1.73 1.7 1.79 1.7
1.80 1.82 1.82 1.84 1.83 1.80
1.87 1.85 1.84 1.8¢4 1.83 1.88
1.83 1.81 1.82 1.84 1.84 1.83
Re@® 177 2.88- .72 1.84 1289
1.78 1.79 1.83 1.7 31.78 1.77?
1:78 1.726 1.8% 1.8 1.84 1.85
377 1-TR 1 e 1 4.8 Y-
1.84 1.¥S 1.87 1.B4 1.7 (.79
1.78 1.78 i1.8¢ 1.8 1.8¢ 1.78
.77 1.7 19 1.81 1.77 1.77
1.79
DATA FORMAYTING COMPLETED
RAV DATA STORED OM DISK.
HISTOGRAM BEING CONMPUTED
TOTAL NO. OF CLASSES~ 19e
CLASS NO. NO. OF DATA POINTS
41 4
42 e
43 2
44 34
45 206
46 349
47 296
48 41
“9 1
RAU MEN -~ Q.145498E «

MEAN OF NORMALIZED DATA- @.12700¢
MEAN SQUARE VALUE - @.68718%¢ -3

o ®

&4l d s N B e N

T T Ty Ty ppp——
BB e . R e R et e e

82

-89
1.81
1.80

1.78
1.79

W~~~
GaN@O

o 00 oW W w
[SRE R A VR SR N

- . A .

~—
w
-

T
1.80
1.77
1.78
1.79
1.74

SQUARE
AUTOCORRELATION

VRSOV AWN=SUR IO NAaDN-=0D

B A B e e

D T AP PP U S -

-

oaﬁﬂamﬁ'ﬁﬁﬁ‘ﬁ:’;:;ﬁ:um—oom-w.m.um-on

ualue 9.262298E -1
S BEING COMPUTED

~HAT NORRm., R-HAT
9.6872¢ -3 C.1090€ 1
2.4553€ -3 e.7207% @
2.2693€ -3 2.3919% o
. 1711 -3 @.24%€ ¢
@.117e€ -3 e.1792E ¢
@.8441E -4 9.1228€ o
@.9061E -4 .19 o
9.1202€ -3 @.1745c o
9.1556¢€ -3 0.226¢4E @
®.1879E -3 .2721E @
0.182Ek -3 @.2648f @
@.1515%€ -3 e.2211E @
9.1382¢ -) e.2011E o
@.1321E -3 e.1922¢ e
8.1183E -3 .1692E @
O.1182¢ -3 e.1TI1BE @
@.13R1E -3 e.1893% @
0.1392¢ -3 e.20c6E @
9.140% -3 @.20448 @
e.1356¢& -3 9.2031E @
2.1395%€ -3 0.2032€ @
2.1408E -2 D.2045E @
e.1327%€ -3 @.1930¢ e
e.1178t -3 @.172E o
€.1e3% -3 @.1507E @
e.5151E -« @.1332¢€ o
R.7764E -4 e.1138¢ @
0.BO14E 4 @.11668 @
@.9431F -4 @.1372€ @

GrCcie) GKCIPIX)
9.3133 3 @.3133% 3
2.5974 2 e.6388F 2
.34k 2 .3676E 2
0.5742¢€ 2 9.584%¢ 2
9.4173 2 @.4311E 2
@.6281E 2 9.6608E 2
@.5883¢ 2 9.6331F 2
8.3%7 e 9.4388E 2
e.2616k 2 0.2983k 2
9.158% 2 9.1373% 2
@.i83«¢f 2 @.2255¢ 2
d.14c08 2 0.1a7% 2
@.!105eF 2 e. e
9.1438¢ 2 0.2132€ 2
9.1193 @ @.1804€ ¢
®. 6425 1 2.1034 2
0.882iE 1 e.1526f ¢
9.7324 1 e.l3eck 2
0.8074E 1 e.1834f 2
0.3621E 1 0.S¢2E 1
.2k 1§ 9.7857E 1
0.2194 1 0.550€ I
@.2883 1 O 8646E 1
.1766€ 1 9.595¢ 1
0.1882¢ 1 0.720cF 1
9.126% 1 0.5572¢ 1
2.181S¢ 1 @.9231E 1
Q. 1100€f 1 e.6917% 1
@.1087¢E 1 77 1
GKCIPOY GHX)
9.3133 13 2.1918k 3
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ISQLL @
L1697 @
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3L

39v98° 0
N65°2
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IR
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392510
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308170
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FILE MINBER. M -5 R R A R 'g'.‘g?é:m

DIFFUSE DENSITY FACTOR,DOF =1.27 ROOT MEAN SQUARE UALUE -
FAXIMUN LaG FACTOR, ®-28 AUTOCORRELATION IS BEING COMPUTED
HEIGHT OF SCannImg SLIT xLetéd b & AT MORR, R-MAT
VIDTH OF SCannInG SLIT, xA-25 “ 2.4865%€ -2 S.1000€
HIGH FREQUENLY FILTER PARAMETER, U1 : 9. 417X ) e.8578F o
DATA PREPARATION COMMENCED e 2.3059€ ) ® 628 .
MUMBER OF FILES SKIPPEDs 4 3 2.2019€ -3 .45 @
v (LE IS BEING REnp FROM TaFE - R.141% -3 0.299% @
NUNBER OF RECUORDS READ- 3 s 0.11S7€ -3) ®.2I7% @
FILE READM FROM TAPE AMD URITTEN ON DISK 6 @.1138€ -3 @.2%¢ @
BSA-2 1..- " L E-1 D27 \TSSTEP 1) 1pr@ 4 2.1305¢ -3 Q2683 #
MUMBER AMPLE 5. 281 ) ®.1524€ -3 e.13K @
X COORDIMeiE (MICRONS - | 9 e.16638€ -3 @.3425E
Y COORDINATE (MICRONS - 4 i@ @.1657% -3 9.3427C o
DELTA » (M) (AICRONS be 18 11 0.1552€ -3 e.3203% o
DRATA 15 BEIMG FORMATTED 12 0.1424 I .25¢7 o
1.62 1.60 :1.69 1.80 1.83 1.82 1.81 1.7% 1.82 1.79 13 9.13%E -3 R.2745L »
1.7 1.79 1.8 1.82 1.84 1.87 1.87 1.8 1.79 1.81 14 8.1295¢ -2 .2661E 9
1.81 1.77 1.79 1.83 1.82 1.82 1.84 .81 1.90 1.8S 15 9.132%€ -) .273%
1.86 1.82 1.81 1.84 1.82 1.84 1.81 1.78 1.81 1.85 16 9.1376€k -3 0.282% o
1.86 1.89 1.£3 1.8 1.82 1.80 1.79 1.79 1.80 1.81 >4 4 @.138% -3 ®.287E @
1.82 1.8 1.82 i.80 1.8) 1.82 1.82 1.83 1.8 \I1.m2 18 @.1387 -3 @.2851t @
1.79 1.82 1.81 1.84 1.8B7 1.84 1.80 1.81 1.82 1.8 19 Q. 38 ) 92835 @
1.86 :.88 1.97 1.84 1.79 1.79 1.82 1 890 1.81 1.86 o0 0.13%7% -3 .28 @
1.84 1.54 1.89 1.85 1.80 i1.81 1.83 1.8 1.83 1.84 21 .13 -3 0.2677C @
j.84 3.84 1.86 1.82 1.79 1.81 1.81 :1.79 1.78 1.81 22 e.1224% 3 @.2516E @
1.82 1.0 1.79 .79 1.85 1.85 1.81 1.8 1.79 1.80 23 e.1138€ -3 Q.234% ¢
1.79 1.78 1.89 1.8 1.BS 1.84 1.78 1.77 1.79 1.78 o4 e.1e41f -3 e.2135¢ o
1.76 1.7¢ 1.75 1.78 1.79 1.78 1.76 1.74 1.7% V.77 a5 @.95%6k -4 .15« @
.72 3.79 1.82 1.7 1.7 1. 78 1.78 1.77 $.77 1.9 26 .89k 4 e.i8eE @
1.890 .83 1.83 :.80 1.8¢ 1.8: 1.77 1.78 1.B4 1.0 e .8953% -« P.1840F @
1.82 1.8 1.8 1.83 1.8¢ 1.B1 1.78 1.77 1.8 1.7 28 2.5297¢€ -« e.1511E @
1.82 1.87 1.83 1.8 1.80 1.81 1.82 1.82 1.80 1.81 THME DENORMINGTOR OF SING FUNCTION BELOU 1.0€-06 ENCOUNTERED
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VOLUME 3

USERS MANUAL
FOR
AUTORADIOGRAPHIC ENHANCEMENT PROCESS
DATA ANALYSIS SOFTWARE
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PREFACE

This is the User Manual for the software developed for
the evaluation of the Wiener Spectrum and Modulation Transfer
Function of the Autoradiographic Enhancement Process.

This report is Volume 3 of the Final Report prepared by
ESPEE, INC. under Contract No. NAS8-33405 for the Space
Sciences Laboratory of the George C. Marshall Space Flight
Center. The NASA COR for this contract is Dr. C. A. Lundquist.
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1. INTRODUCTION

This manual is a description of the use of rhe Autoradiogr-

aphic Data Analysis software package with the Data General
NOVA 1200 computer system.

In the following description, the symbol ) means a carriage
return on the tektronix. If at any time a typing mistake is
made, the character typed may be deleted by typing the RUBOUT
key. Any execution of a program or ~ommand may be nullified
by pressing the CNTRL and A keys simultaneously.

In case of problems, call the person in charge of the
computer system.
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2. NOVA POWER-UP PROCEDURE

Before the Autoradiographic Data Analysis software package
may be used, the NOVA system must be powered up and the operating
system placed into the computer. The procedure for doing this

is as follows:

1. 1Turn power on to the NOVA computer using the front panel

key.

2. Turn power on to the diesx controller (mounted on the DATA
GENERAL rack ) using the front panel key.
3. Make sure the .ack labelled ESPEE is mounted in the disk

drive.

If it is not, the pack labelled ESPEE may be mounted as

follows:

(a). Remove the pack inside the drive by following
these steps:

§ 3
(11).

(iii).

(iv).

(v).

Raise the lid of the disk drive.

Set the clear plastic cover onto the
disk pack.

Turn the handle counterclockwise until
a pop is heard.

Raise the disk pack out and place it on
the bottom cover.

Lock the bottom cover.

(b). Replace the pack marked ESPEE inside the drive
by following these steps:

(i).

(ii).
(111).
(iv).
v).

4. Turn power on to

Unlock and remove the bottom cover from
the disk pack.

Place the pack in the drive.

Turn the handle clockwise until tight.
Remove the clear plastic cover.

Close the lid of the disk drive.

the disk drive by pressing the on button

on the drive. Wait for the green light on the disk drive

IT1-2




to come on before proceeding.

Turn power on to the Tektronix graphics display.

After the screen brightens, press the CLEAR button. Flip
the LINE/LOCAL switch to LOCAL. Press the ESC key. Press
the ; key. Flip the LINE/LOCAL switch back to LINE. This
sets the character size for the terminal to the smallest.
For medium and large character sizes respectively, press

9 and 8 instead of ; in the above procedure.

Turn power on to the Hard Copy Unit. The unit requires
about 10 minutes to warm up.

Set the switches on the NOVA computer panel to octal 00033.
(This corresponds to switches 11,12,14 and 15 up; all other
down). Raise the RESET switch momentarily. Next, raise
the switch 0 on the computer panel up. Now raj’ - momentarily
the PROGRAM LOAD switch on the computer panel.

This series of operations loads the operating system into
the computer memory. The word FILENAME? will appear on the
Tektronix screen.

Type the word SYS32K ). When requested by the computer,
enter the date using the format MM/DD/YY ),and the time
using the format HH:MM:SS ). Computer types R.

This completes the steps required to get the computer

powered-up. 7The next series of steps are required to prepare
for using the Autoradiographic Data Analysis paclage.
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3. TAPE MOUNTING PROCEDURE

The source of input data for the Autoradiographic
Analysis package is the Microdensitometer output tape.
procedure for mounting the tape is as follows:

1. Turn power on to the magnetic tape recorder.
2. Pull out the lever marked:QVERRIDE

Data
The

3. Mount the tape on the available slot and turn the handle

clockwise until tight.

4. Thread the tape as shown in the diagram on the tape recorder

unit, and a few feet of tape on the empty reel.
5. Press the LOAD/UNLOAD button on the recorder.
6. Press the FORWARD button on the recorder.

7. When the tape stops winding, press th: RE!NOTE butten on

the recorder.

The tape recorder is now ready for operation. Type
INIT MT¢) on the Tektronix terminal. The system is now ready

for program execution.
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The program can be executed with four options:

4. PROGRAM EXECUTION

Filters, (2) With Low Frequency Fiiter Only, (3) With High

Frequency Filter Only, and (4) With Both Filters.

execution the following steps are followed:
Without Filters

1. Type DIR ESPEE ). Computer types R.
2. Type SP1 ).

The ccmputer will now ask for the user-specified inputs

1.

2.

.

tc ine program, one at a time. These inputs are:
FILE NUMBER, NF=

DIFFUSE DENSITY FACTOR,DDF=
MAXIMUM LAG FACTOR,M=
HEIGHT OF SCANNING SLIT,XL=
WIDTH OF SCANNING SLIT,XA=

After typing each value, type‘). When all values are

(1) Without

For program

specified, the computer will halt after program execution

is complete.

With Low Frequency Filters Only

)
2.

Type DIR ESPEE ). Computer types R.
Type SPL ).
The computer will now ask for user-specified inputs

to the program, one at a time. These inputs are:
FILE NUMBER, NF=

DIFFUSE DENSITY FACTOR, DDF=
MAXIMUM LAC FACTOR,M=
HEIGHT OF STANNING SLIT,XL=
WIDTH OF SCANNING SLIT, XA=
LOW FREQUENCY FILTER PARAMETER,P=
After typing each value, type 2. When all values are

specified, the computer will halt after program execution

is complete.
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3.

4.

With High Frequercy Filters Only
l. Type DIR ESPEE ). Computer types R.
2. Type SPH ).
The computer will now ask for user-specified inputs
to the program, one at a time. These inputs are:
FILE NUMBER,NF=
DIFFUSE DENSITY FATTOR, DDF=
MAXIMUM LAG FACTOR,M=
HEIGHT OF SCANNING SLIT,XL=
WIDTH OF SCANNING SLIT, K XA=
HIGH FREQUENCY FILTER PARAMETER,Q=
3. After typing each value, type ). When all values are
specified, the computer will halt after program execution
is complete.

ith Both Filters
1. Type DIR ESPEE ). ( omputer types R.
2. Type SP2 ).
The computer will now ask for user-specified inputs
to the program, one at a time. These inputs are:
FILE NUMBER, NF=
DIFFUSE DENSITY FACTOR, DDF=
MAXIMUM LAG FACTOR,M=
HEIGHT OF SCANNING SLIT,XL=
WIDTH OF SCANNING SLIT,XA=
LOW FREQUENCY FILTER PARAMETER, P=
HIGH FREQUENCY FILTER PARAMETER,Q=
3. After typing each value, type ). When all values are
specified, the computer will halt after program execution
is complete.
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5. OBTAINING A HARD COPY

The results of the program execution may be recorded by
using the Hard Copy Unit. A\ copy oi the Tektronix display
may be obtained by pressing the AUTO PRINT/COPY switch on the
Tektronix keyboard to COPY.

In case the results take more than one page, automatic
copying of the results may be accomplished as follows:
1. Set the AUTO PRINT/COPY switch to AUTO PRINT.
2. Set the MARGIN CONTROL switch on the Tektronix terminal
to 2.
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6. SYSTEM SHUT DOWN PROCEDURE

The procecdure for shutting down the system is as follows:

Type RELEASE MT) ) .

Type RELEASE DP) ). This will cause the computer to halt.

Turn power off to the hard copy unit.

Turn power off to the Tektronix terminal.

Turn power off co the disk drive by pushing the ON button.

Press the LOAD/UNLOAD button on the tape recorder. Manually

rewind the tape and remove it from the tape recorder.

7. (Caution: Before executing this step, make sure that the
disk has stopped spinning.) Turn power off to the disk
controller.

8. Turn power off to the NOVA computer.

[« NV - RV S

The shut down procedure is now complete.
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7. PROGRAM LIMITATIONS

The following are some of the limitations of the program.
In actual practice, these limitatiovas are not likely to be
violated.

1. The maximum no. of data points on a record on the microde-
nsitometer tape is 1000.

2. The maximum no. of records per file on the microdensitometer
tape is 50.

3. The maximum value of the Maximum Lag Factor, M is 100.

4. For comparison with the microdensitometer printout, at

most 300 data points will be printed from the first data
record.

ITI-9
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SP1
FILE NUMBER, NF =S
DIFFUSE DENSITY FACTOR,DDF-1.27
MAXIMUM LwG FACTOR,N-28
HEIGHT OF SCANNING SLIT, XL=1000
UIDTH OF SCANNING SLIT,XA-2S
DATA PREPARATION COMMENCED
NUMBER OF FILES SKIFPED- 4
FILE IS BEING READ FROM TAPE
NUMBER OF RECORDS RERD-
FILE READ FROM TAPE ANL URITTEN ON DISK
BSA-2 1834-L E-1  3\27\7T9STEP 12> 1p- 0

NUMBE OF SAMPLES- 281

X COORDINATE (MICRONS)= |

Y COOI DINATE (MICRONS )~ 4

DELTA . (H) (MICRONS)= 18

DATA 1 iElNu FORMATTED
1.68 1. 1.69 1.80 1.83 1.82 1.81
1.78 1.-> 1.85 1.82 1.84 1.87 1.87
1.81 1.77 1.79 1.8) 1.82 1.82 1.84
1.86 1.8¢ 1.81 . B4 1.82 1.8B4 1.81
1.86 1.8 1.89 1.8 1.82 1.80 1.79
1.82 1.8 1.52 1.80 1.81 1.82 1.82
1.79 1.2 1.81 1.84 1.87 1.84 1.8e
1.86 1.88 1.87 1.84 1.79 1.7 1.82
1.84 1.84 1.89 1.85 1.89 1.81 1.83
1.84 1.4 1.86 1.82 1.79 1.81 1.81
1.82 1.80 1.79 1.79 1.85 1.85 1.81
1.79 1.78 1.80 1.82 1.85 1.84 1.78
1.76 1.74 1.7 1.78 1.79 1.78 1.76
$.7¢ 1.79 1.%2 1.7 (.78 .78 1.78
1.8¢ 1.33 1.83 1.80 1.80 1.81 1.7?
1.82 1.82 1.85 1.83 1.84 1.81 1.78
1.82 1.87 1.8 1.21 1.80 1.81 1.82
1.5 1.7 1.7 1.98 .79 1.5 1.7
1.80 1.82 1.82 1.84 1.83 1.80 1.81
1,87 1.85 1.84 1.8« 1.82 1.88 1.84
333 1.81 1.82 1.84 1.84 1.83 1.83
.77 1.77? 1.81 1.77 1.84 1.88 1.81
.78 1.79 1.83 1.79 1.7 1.7? 1.%0%
1.78 1.76 1.81 1.8S 1.84 1.85 1.83
.77 3.78 1.79 1.77 .88 1.79 1.9
1.84 1.85 1.87 1.84 .75 1.79 1.82
1.78 1.78 1.80 1.80 1.80¢ 1.78 1.
}.;; 1.7 1.79 1.8% 1.7? 1.7 1.78

DATA FORMATTING COMPLETED
RAU DATA STORED ON DISK.
HISTOGRAN BEINGC COMPUTED

TOTAL MO. OF CLASSES= 100
CLASS NO. NO. OF DATA POINTS
41 e
L 2
3 2
44 34
45 206
46 349
47 206
48 41
43 1
RAU MEAN = 0.145498€ 4
MEAN OF NORMALIZED DATA- 9.127000E

MEAN SQUARE VALUE - ©.687189E -3

. e e et e e e e e e e B e e e B b b bt e e
Y A & B R K G e e W R e T RN

1.8¢

1.80
1.81
1.80
1.85
1.82
1.81
1.83
1.78
1.79
1.79
1./6
1.77
1.84
1.89

1.82
1.86
1.88
1.83
1.81

1.80
1.77
1.78
1.79
1.74

. . et ek b e e b e e b B B e e e G et e b B bl e e
W0 S R PR REEwR ¢ A a b »

ROOT MEAN SQUARE U

ALUE
AUTOCORRELATION IS )nm Cmtb
NORR

[ R-HAT . R-HAT

° 9.6872€ -3 9.1000E 1

1 0.4953: -3 0.7207€ @ :
2 9.2693€ -3 ©.3919€ @ ‘
3 e.1711€ -3 0.2490€ ¢

4 @.1170€ -3 ©.1702E o |
s 0.B441E -4 ©.1228E o

6 ©.9061E -4 0.1319¢ o

? ©.1202€ -3 ©.1745E @

8 ©.1556€ -3 9.2264E ©

9 ©.1879¢ -3 9.2721E ©

190 ©.1820F -3 9.264BE @

11 9.1519€ -3 0.2211E @ |
12 ©.1382€ -3 9.2011E @ |
13 0.1321E -3 0.19226 @ |
14 @.1163E -3 @.1692€ @ |
15 9.1180E -3 ©.1718€ @

16 9.1301E -3 ©.1893E @

17 0.1392€ -3 9.2026E ©

18 2.1495€ -3 0.2044E @

19 ©.1396€ -3 9.2031E @

20 9.1395€ -3 0.2030€ @

21 2.1408€ -2 9.204% ©

22 0.1327%€ -3 9.1930E @

23 0.1172€ -3 9.1706E ©

24 2.103S€ -3 9.1507€ ©

25 2.9151E -4 9.1332€ ©

26 R.7764E -4 Q.1130E o

27 2.8014€ -4 @.1166E ©

28 0.9431E -4 0.1372€ @

X GKC(K) GKC3IP(K)

) ©.3133€ 3 9.3133 3

1 9.6974E 2 9. 6988F 2

2 2.3646€ 2 9.3676E 2

3 9.5742€ 2 0.5847€ 2

4 0.4173k 2 9.4311E 2

5 2.6281€ @ @.6608E 2

6 9.5883 2 0.6331F 2

9 2.3970€ 2 9.4388¢ 2

8 0.2616€ 2 0.2983€ ¢

9 9.1585E 2 9.1873E 2

10 9.1834€ 2 0.2255E 2

11 9.1460E 2 0.1877%€ 2

12 9.1550€ 2 0.2228¢ 2

13 0.1496E 2 0.2132€ 2

14 0.1193E 2 9.1B04E 2 |
15 0.6408E 1 2.1034€ 2 |
16 9.8821E 1 d.1526€ &2 |
17 ©.7324E 1 9.1368€ 2 ‘
18 0.8074E 1 2.1634€ 2

19 0.3621E 1 9.S002€ 1
20 0.3235€ 1 2.7857€ 1
21 0.2194E 1 9.5900F 1 J
22 ©.2883E 1 0.8646E 1 .
23 0.1766€ 1 0.5969€ 1
24 0.18826 1 0.7206E 1
25 9.1269€ 1 9.5572E |
26 9.1815€ 1 @.9231E 1
27 9.11650€ 1 @.6917€ 1
28 @.1087€ 1 - 1 ]
K GKCIPIK ) GH(K) |
° 9.3133E 3 9.1916€ 3 |
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SPL

FILE NUNBER,NF-S

DIFFUSE DENSITY FACTOR,DDF-1.27

MAXINUMR LAG FACTOR M-8

HEIGHT OF SCANNING SLIT,XL-1000

VIDTH OF SCANNING SLIT,XA=25

LOU FREQUENCY FILTER PARAMETER,P=30
DATA PREPARATION COMMENCED

NUMBER OF FILES SKIPPED- 4

FILE IS5 BEING READ FROM TAPE

NUMBER OF RECORDS RERD- 3

FILE READ FROM TAPE AND URITTEN ON DISK
BSA-2 1804-L E-1 I \27\79STEP 19> 1p-@

NUMERER OF SAMPLES- 281

X COORLINATE (MICRONS)- o

Y COORL.NATE (MICRONS)- 4

DELTA X (H) (MICRUNS)- 18

DATA 1S BEING FORMATTED
1.62 1.8 1.69 1.80 1.83 1.82 1.81
1.76 1.79 1.85 1.82 1.84 1.87 1.87
1.81 1.77 1.79 1.83 1.82 1.82 1.34
1.86 1.82 1.81 1.84 1.82 1.84 1.81
1.86 1.89 1.89 1.8 1.8 1.80 1.79
1.82 1.8 1.82 1.8¢ 1.81 !.82 1.82
1.79 1.82 1.81 1.84 1.87 1.84 1.80
1.86 1.88 1.87 1.84 1.79 1.79 1.82
1.84 1.84 1.89 1.85 1.80 1.81 1.83
1.84 1.84 1.86 1.82 1.79 1.81 1.81
1.82 1.80 1.79 1.79 1.8 1.8 1.81
1.79 1.78 1.80 1.82 1.8 1.84 1.78
1.76 1.74 1.75 1.76 1.79 1.78 1.76
1.77 1.79 1.82 1.78 1.78 1.78 1.78
1.80 1.8 1.8 1.8 1.80 1.81 1.77
1.82 1.82 1.85 1.83 1.84 1.81 1.78
1.82 1.87 1.83 1.81 1.8 1.81 1.82
1.81 1.7 1.73 1.78 1.79 1.75 1.76
1.80 1.82 1.82 1.84 1.83 1.80 1.81
1.87 1.85 1.84 1.84 1.88 1.88 1.84
1.83 1.81 1.82 1.84 1.84 1.83 1.83
1.77 1.77 1.81 1.77 1.84 1.88 1.81
1.78 1.79 1.83 1.79 1.78 1.77 1.76
1.78 1.76 1.81 1.8 1.84 1.85 1.83
1.77 1.78 1.79 1.77 1.81 1.79 1.76
1.84 1.8 1.87 1.84 1.7 1.79 1.82
1.78 1.78 1.80 1.80 1.8¢0 1.78 1.79
1.77 1.7 1.79 1.81 1.77 1.77 1.78

1.79
DATA FORMATTING COMPLETED
RAU DAYTA STORED ON DISK.
HISTOGRAM BEING COPPUTED

TOTAL NO. OF CLASSES-

CLﬁﬁ? NO. NO. OF gara POINTS
L

a2 e

43 2

44 34

45 206

46 349

47 206

48 41

49

RAU MEAN - 0.145490( 4

MEAN OF NORMALIZED DATAe 9.127000E 1

s e
000 3 ®
—®on

B e e e G e G G - -
JSIPTRRNILIR3SIT2ERAS
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A20®

f‘O? MEAN SQUARE VALUE -

It BRSNS F o

9.209380€

lU?OCOOl!ELthON 1S BEING COMPUTED

VEONONAWN-S®D

R-HAT
0.4714E
0.2918¢
9.9730E
9.2736E

-0.1S73E
-0.4244E

-Q.2456E
-9.2420E
-9.3434€

0.1759€

-3
-3
-4
-4
-4
-4
-4
-4
-5
-4
“S
-4
-4
-4
-4
i
-6
-$
-4
-4
-4
-4
-4
-4
-4
-4
-4
-4

e @ e e e e e U U U U U T U U U U

0.1247€
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VIl MUMBER, S RIA 15, 6I"S.LETERED Fo i pequency

1 » U SITY FACTOR,DDF=1.27 ROOT MEAN SQUARE VALUE - 9.229435€ -1
oy g o AUTOCORRELATION IS BEING COMPUTED
vt Lan? OF SCANNING SLIT,XL=1000 R ﬂ -HAT NORM. R-MAT
W10 OF SCANNING SLIT,XA=25 L] 9.4865€E -3 0.1000E 1
lvre *REQUENCY FILTER PARAMETER, Q<1 1 0.4173€ -3 0.8578¢ ¢
MTa PREPARATION COMMENCED 2 9.3050€ -3 9.6269% o
raeti:x OF FILES SKIPPED- 4 3 9.2019€ -3 0.415¢€ @
}i.: > REING READ FROM TAPE 4 ©.1415€ -3 0.2909€ o
Mmmy: N OF RECORDS READ- 3 S @.1157€ -3 0.2377€ o
}1.: ~eAD FROM TAPE AND WRITTEN ONM CISK 6 ©.1138E -3 9.2340€E o
Fet 0 1804-L E-1  N2T\TISTEP 19> 1p/@ ? ©.130SE -3 0.2683F o
N SEER OF SAMPLES» 281 8 9.1524€ -3 0.3132¢ o
N OURDINATE (MICRONS )= -1 9 ©.1668E -3 9.3429¢ o
v OOKDINATE (MICRONS )« 4 10 ©.1657€ -3 9.3407¢ o
“1.74 N (H) MICRONS ) 18 11 ©.1558€ -3 0.3263E o
~ata 16 um. FORMATTED 12 @.1424€ -3 0.2927€ o
t.08 Ve 1.69 1.80 1.83 1.82 1.81 1.78 1.8 1.79 13 0.13%E -3 9.2745€ o
e 1.79 1.8 1.82 1.84 1.87 1.87 1.80 1.79 1.81 14 9.1295¢ -3 0.2661€ 9
t st (.77 1.79 1.83 1.82 1.82 1.84 1.81 1.80 1.85 15 0.1329€ -3 0.2733 o
{ o 1.82 1.8f 1.84 1.82 1.84 1.81 1.78 1.81 1.8S 16 9.1376€ -3 0. ©
{ ¢« 1.89 1.89 1.85 1.82 1.80 1.79 1.79 1.80 1.81 1?7 0.1399% -3 0.2876E o
1 5; 1.85 1.82 1.80 1.81 1.82 1.8 1.R3 1.8 1.82 18 9.1387% -3 0.2851E @
{ "¢ 1.82 1.81 1.84 1.87 1.84 1.80 1.81 1.82 1.85 19 @.1381E -3 ©.2839E @
{ s 1.88 1.87 1.84 1.79 1.79 1.82 1.8¢ 1.81 1.86 20 9.1357%€ -3 9.278%€ @
t s¢ 1.84 1.89 1.8 1.80 1.81 1.83 1.8 1.83 1.84 21 @.1303€ -3 0.2677€ @
; s¢ 1.34 1.8 1.82 1.79 1.81 1.81 1.79 1.78 1.81 22 0.1224€ -3 0.2516E @
t £ 1.80 1.79 1.79 1.85 1.86 1.81 1.80 1.79 1.%0 23 ©.1138€ -3 0.2340E o
¢ °v 1.78 1.39 1.82 1.85 1.84 1.78 1.77 1.79 1.78 24 2.1041F -3 0.2139€ o
| fe 1.74 1.7 1.78 1.79 1.78 1.76 1.74 1.76 1.77 25 ©.9556E -4 9.1964E ©
¢ ** 1.79 1.82 1.78 1.78 1.78 1.78 1.77 1.77 1.82 26 0.8979€ -4 0.1846E ©
\ $0 1.83 1.83 1.80 1.8 1.81 1.77? 1.78 1.84 1.83 27 9.8953E -4 0.1840€ ©
1 s 1.82 1.8 1.83 1.84 1.81 1.78 1.77 1.80 1.77 28 9.9297€ -4 @.1911E @
{1 %5 1.87 1.83 1.81 1.8 1.81 1.82 1.82 1.8¢ 1.81 THE DENOMINATOR OF SINE FUNCTION BELOW 1.8€-06 ENCOUNTERED
1t 3+ 1.75 1.73 1.78 1.79 1.75 1.76 1.81 1.82 1.80 THE DENOMINATOR OF SINE FUNCTION BELOU 1.0€-06 ENCOUNTERTD
1t s 1.82 1.82 1.84 1.83 1.80 1.81 1.82 1.86 1.86 THE DENOMINATOR OF SINE FUNCTION BELOU 1.0E-86 ENCOUNTERED
1’ 1.8 1.84 1.84 1.88 1.88 1.84 1.86 1.88 1.88 THE DENOMIMATOR OF SINE FUNCTION BELOU 1.0E-06 ENCOUNTERED
t$: 1.8 1.82 1.84 1.84 1.83 1.83 1.85 1.83 1.79 THE DENOMINATOR OF SINE FUNCTION BELOW 1.0E-06 ENCOUNTEREL
t 72 1.77 1.81 1.77 1.84 1.88 1.81 1.8¢ 1.81 1.80 THE DENOMINATOR OF SINE FUNCTION BELOW 1.QE-06 ENCOUNTERED
1.3 1.79 1.83 1.79 1.78 1.77 1.76 1.77 1.77 1.8@ THE DENOMINATOR OF SIMNE FUNCTION BELOV 1.Q€-06 ENCOUNTERED
i ‘s 1.76 1.81 1.85 1.84 .35 1.83 1.81 1.80 1.80 THE DENOMINATOR OF SINE FUNCTION BELOW 1.0E-96 EMCOUNTERED
f 7 1.78 1.79 1.77 1.81 1.79 1.76 1.79 1.77 1.8@ THE DENOMINATOR OF SINE FUNCTION BELOU 1.9E-06 EMCOUNTERED
1 s+ 1.8 1.87 1.84 1.75 1.79 1.82 1.82 1.78 1.76 THE DENOMINATOR OF SIME FUNCTION BELGU 1.2E-@6 ENCOUNTERED
1t 's .78 1.8 1.8 1.80 1.78 1.79 1.81 1.79 1.80 K GKCIK) GKCP(K)
£.2° 1.7 1L .88 1.7 1.7 1.7 4.7 1.74 1.7 ) 0.3113t 3 9.3118¢ 3
1.y 1 @.6518€ 2 9.6573€ 2
DaTa »URAATTING COMPLETED 2 0.3012E 2 @.3115E 2
RAw "aTA STORED ON DISK. 3 0.4723E 2 @.5997€ 2
Ni1=Too8AR BEING COMPUTED 4 ©.34S5E 2 0.3961E 2
5 0.42206 2 o S236E 2
roTAL M. ot cuss:s- 100 6 9.3829E 2 0.5244E 2
iy NO. OF DATA POINTS ? 0.241SE 2 0.3729E 2
" 2 8 9.1268€ 2 0.2438€ 2
.« 2 9 2.6902€ 1 ©.1458E ¢
4] 2 16 2.7107€ 1 0.1833 2
" 34 1 @.5214€ 1 0.1702¢8 2
s 206 12 9.435QE 1 0.187SE 2
w 349 13 0.2841F 1 0.17e7€ 2
Y 206 1< 9.2779€ 1 0.2501E 2
< 4 15 0.1079E 1 0.1599%€ 2
» 1 16 0.1047€ 1 9.3059%€ 2
Ray M AN ¢ @.145498E 4 17 9.7527€ © 9.5957€ 2
MEaN » NORMALIZED DATA- @.127000€ 1 18 @.8311E @ 0.4277€ 3
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sp2 F!'N.l oF ml.’x_zn DATA= o.;m 1
R,NF =S
;{EE&'%E,W FACTOR,PDF=1.27 TA E 'ilﬁ r“’}iﬁﬂ :’g "‘ m
MAXIMUM LAG FACTOR,M-28 MEAN SQUARE VALUE - 9.2818S6E -3
HEIGHT OF SCANNING SLIT,XL-1000 RCOT MEAN SQUARE VALUE - 9.16798SE -1
VIDTH OF SCANNING SLIT,NA=2S AUTOCORRELATION IS BEING COMPUTED
LOU FREQUENMCY FILTER PARAMETER,P-28 R R-HAT NORM. R-MAT
HIGH FREQUENCY FTLTER PARAMETER,Q-1 ] 9.3027¢ -3 9.1000E 1
DATA PREPARATION COMMENCED 1 9.2512€ -3 9.8300E o
NUMBER OF FILES SKIPPED- 4 2 9.1447€ -3 0.4779€ o
FILE IS BEING RERD FROM TAPE 3 9.4692F -4 9.1S50€ o
NUMBER OF RECORDS READ- 3 4 -9.8266E -S -9.2731E -1
FILE READ FROM TAPE AND URITTEN ON DISK S -9.3060€ -4 -9.1011€ o
BSA-2 1804-L E-1 IN27\TISTEP 10> 1p-@ 6 -90.3224€ -4 -9.1065E ¢
NUMBER OF SAMPLES- 281 7 -9.197S€E -4 -0.6524€ -1
X COORDIMATE (MICRONS )= -1 8 -9.3478E -S -9.1149€ -1
Y COORDINATE (MICRONS - 4 9 9.5086E -S 9.1688E -1
DELTA X tH) (MICRONS)= 18 10 0.2094E -S 9.6917€ -2
DATA IS BEING FORMATTED 11 -0.6602E -5 -9.2181€ -1
1.62 1.60 1.69 1.80 1.83 1.82 1.81 1.78 1.82 1.79 12 -9.1374E -4 -9.4541E -1
1.76 1.79 1.8 1.82 1.84 1.87 1.87 1.80 1.79 1.81 13 -8.1670¢ -4 -9.5S18€ -1
1.81 1.77 1.79 1.83 1.82 1.82 1.84 1.81 1.80 1.8S 14 -9.1678E -4 -9.554S€ -1
1.86 1.82 1.81 1.84 1.82 1.84 1.81 1.78 1.81 1.85 15 -8.1347% -4 -0.4451€ -1
1.86 1.8 1.89 1.8 1.82 1.8 1.79 1.79 1.80 1.81 16 -9.8833F -S -9.293S¢ -1
1.82 1.8 1.2 1.89 1.81 1.82 1.82 1.83 1.85 1.82 1?7 -9.7328E -S -9.2421E€ -1
1.79 1.82 1.81 1.84 1.87 1.84 1.8¢ 1.81 1.82 1.85 18 -0.1154€ -4 -9.3811E -1
1.86 1.88 1.87 1.84 1.79 1.79 1.82 1.80 1.81 1.86 19 -9.1863&k -4 -9.6154E -1
1.84 1.84 1.89 1.8 1.80 1.81 1.83 1.85 1.83 1.84 =] -9.2469%€ -4 -9.8156E -1
1.84 1.84 1.8 1.82 1.79 1.81 1.81 1.79 1.78 1.81 e1 -9.2891E -4 -9.9550k -1
1.82 1.8 1.79 1.79 1.85 1.8 1.81 1.80 1.79 1.80 ce -9.3405€ -4 -9.1125¢ o
1.79 1.78 1.8¢ 1.82 1.8 1.8B4 1.78 1.77 1.79 1.78 el -9.4171€ -4 -@.1378E ¢
1.76 1.74 1.75 1.78 1.79 1.78 1.76 1.74 1.76 1.77 24 -9.5154E -4 -9.1703€ o
1.77 1.79 1.82 1.78 1.78 1.78 1.78 1.77 1.77 1.8@ 25 -Q.6007E -4 -9.1985¢ @
1.80 1.83 1.83 1.80 1.80 1.81 1.77 1.78 1.84 1.83 6 -@.6175¢ -4 ~9.2040¢t o
1.82 1.82 1.8 1.83 1.84 1.81 1.78 1.77 1.80 1.77 e? -9.5262f -4 -9.1735E @
1.82 1.87 1.83 1.81 1.80 1.81 1.82 1.82 1.80 1.81 28 -@.34650 -4 -9.1145E @
t1.84 1.75 1.73 1.78 1.79 1.7% 1.76 1.81 1.82 1.8@ THE DENOMINATOR OF SINE FUNCTION BELOV 1.0E-06 ENCOUNTERED
1.80 1.82 1.82 1.84 1.83 1.80 1.81 1.82 1.86 1.86 THE DENOMIMATOR OF SINE FUMCTION BELCY 1.0E-06 ENCOUNTERED
1.87 1.85 1.84 1.84 1.88 1.88 1.84 1.8 1.88 1.88 THE DENOMINATOR OF SINE FUNCTION BELOY 1.0E-06 ENCOUNTERED
1.83 1.81 1.82 1.84 1.84 1.83 1.8 1.8 1.83 1.79 THE DENOMIMNATOR OF SINE FUNCTION BELOU 1.0E-06 ENCOUNTERED
1.77 1.77 1.81 1.77 1.84 1.88 1.81 1.80 1.81 1.8@ THE DENGMIMNATOR OF SINE FUNCTION BELOV 1.0E-96 ENCOUNTERED
1.78 1.79 1.83 1.79 1.78 1.77 1.76 1.77 1.77 1.80 THE DENOMINMTOR OF SINE FUNCTION BELOV 1.0E-06 EMCOUNTERED
1.78 1.76 1.81 1.8 1.84 1.85 1.83 1.81 1.80 1.8 THE DENOMINATOR OF SINE FUNCTION BELOW 1.9E-06 ENCOUNTERED
1.77 1.78 1.79 1.77 1.81 1.79 1.76 1.79 1.77 1.8@ THE DENOMINATOR OF SIME FUNCTION BELOU 1.9€-06 ENCOUNTERED
1.84 1.85 1.87 1.84 1.7 1.79 1.82 1.82 1.78 1.76 THE DENOMINGTOR OF SINE FUNCTION BELOU :.0E-906 ENCOUNTERED
1.78 1.78 1.80 1.80 1.80 1.78 1.79 1.81 1.79 1.80 THE DEMOMINATOR OF SINE FUNCTION BELOU 1.Q0E-26 ENCOUNTERED
1.77 1.7 1.79 1.81 1.77 1.77 1.78 1.74 1.74 1.77 KX GKC(x) GKCPIK
1.79 o 9.1486E 1 9.1488€ |
DATA FORMATTING COMPLETED 1 9.6189% 2 0.6242€ 2
RAU DATA STORED ON DISK. 2 9.2910€ 2 9.3019€ 2
HISTOGRAM BEING COMPUTED J @.448B1E 2 9.4836E 2
a 9.3623€ 2 Q.4153E 2
TOTAL NO. OF CLASSES- 100 S 0.3357%€ & 9.4164€ 2
CLASS NO. NO. OF DATA POINTS [ @.3451F 2 0.472S5E 2
41 2 ? 0.2216k 2 0.3422E 2
42 e 8 9.1492€ 2 0.2659€E 2
43 2 9 9.537@E 1 9.1134€E ¢
44 34 1@ 0.8238¢ 1 9.2125¢ 2
45 206 11 0.2544F 1 0.8304E 1
48 349 12 9.4784€ 1 9.2062¢8 2
47 ce6 13 9.18%¢F ! 8.1105¢ 2
48 41 14 9.2379E 1 0.2141E 2
1 15 -9.2208E @ -9.3300€E 1
RAU MEAN = @.145498E 4 18 0.103TE 1 9.37TE 2

T ——
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1? -9.395% o -0.3092¢€ @2 a1 -0.4965€ 2 0.3494€ 2

18 . @ 9.3448E 3 e2 0.4656E 2 0.617¢€ 1

19 -0.4542E © -0.9961€E 3 23 -0.1878¢ 2 0.9408¢ 1

29 0.5371E o 9.792SE 2 24 0.2864E 2 9.6587%€ 1 N

21 -9.3520E O -9.1846E 2 as -0.1216E 2 0.8249€ 1 3

22 9.5479E o 0.15S2E 2 26 0.2866E 2 0.8370€ 1 5

a3 -0.297SE o -0.5567€ 1 27 -0.1169€ 2 0.9319¢ 1 &

24 ©.5345E © 0.7480E 1 e8 0.2199E 2 9.101S5€ 2 i
-0.2425E © -0.2769% 1 sToP ,

26 0.5649E © ©.563S€E 1 R

a7 -0.2123€ @ -0.1960€E 1

28 0.5012E o 9.4510E 1 !

K GKCP(K) GrC3P(K) ‘

o 0.1 1 9.14865 1 !

1 0.6242E 2 0.6254E 2

2 0.3019E 2 9.3034E 2

3 0.4836E @2 9.492S¢€ 2

4 0.41S3¢ 2 0.4291E 2

S 0.4164E 2 9.4381E 2

6 0.472S€E 2 ©.5085E 2

? 0.34228 2 9.3783€ 2 q

8 0.2659% 2 0.3032E 2 1

9 0.1134€ 2 0.1340E 2
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13 9.1S7SE 2 0.2293 ¢
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1? -8.5 e 9.1593k 3
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APPENDIX

MODIFICATION OF DATA ANALYSIS
SOFTWARE FOR AUTORADIOGRAPHIC
ENHANCEMENT PROCESS




PREFACE

This is the Description and Program Listings of the
modification of Data Analysis Software developed for the
evaluation of the Wiener Spectrum and Modulation Transfer
Function of the Autoradiographic Enchancement Process.

This report is an addendumto the three-volume report
No. 79-01 of Contract No. NAS8-33405 and is the Final Report
prepared by ESPEE, INC. under Contract No. P.O. H-30573B for
the Space Sciences Laboratory of the George C. Marshall
Space Flight Center.

The NASA COR for this Contract is Mr. Ray Hembree.




T

T

——

TABLE OF CONTENTS

Page Nc.

MODIFICATION OF DATA ANALYSIS SOFTWARE

1.1 Individual Record Processing-=-----e-sccccvcmccccan= 1
1.2  Averaging Results of all Records---=«=-c-cccccccc-. 1
1.3 Computing Standard Deviation and Errore=--e-eccce-c-- 1
1.4 Four CaseS-===-ceccccrmcrcnc icmcmcrcmcmcrcmermemasann 2
SOFTWARE MODULES AFFECTED }
PROGRAM LISTINGS 4
SPLIST--ec-cescscccccscccncn T PR NS S 5
BPIA==ssasccsscsnancassnancnss conmnnrasnesnansasesnsnnanse b
R g 6
SPLA-=-ceececccc e cecccc et ccce e e e 6
SPHA-~--ccccccccccccnccccaccccanacnncncsncocccsanacccacnes 6
) T 7
SPLe=ccccscccscsccscsncnnacacnsnsssnnasanaiosnasnsmasnnns 10
Bl e cssnnmscsrncnannencsnannss s snsinesen.sseES .o 13
S 16
§PIBs sasesncnsornncnnssensannes antnssnbanassnbissssvannnse 19
SAMPLE RUNS 20
S B 21
) 23
SPHe==ececcrcccccccccccccccccccccrccccccccec e e 25
) e 27

A-iii

~ g

i i st




l. MODIFICATION OF DATA ANALYSIS SOFTWARE

»
The following modifications have been done
to data analysis software Jdcoveloped under an earlier contract
No. NAS8-33405:

1.1 Individual Record Processing

The data from each record in a file on micordensitometer
tape is individually processed. All processes, namely compute
histogram, compute average, normalize data ,calculate zero-mean
data, filter data for low frequency, filter data for high frequencv,
compute standard deviation compute autocorrelation, compute
power spectral density function, apply inverse filter transform,
apply aperture compensation and smoothe power spectral densities
are applied co each record separetely. These processes were
formerly applied to all records in a file combined into one
record.

1.2. Averaging Results of all Records

After the autocorrelation and smoothed power spectral
density function arrays are computed for each record, an
average of these arrays is computed.

1.3. Computing Standard Deviation and Error

The standard deviation and error are computed for the
averaged autocorrelation and smoothed power spectral density
arrays. The stanidard deviation 1is computed as follows:

: m+l .2 3
Standard Deviation = | ( D= )/M)?
L8 % 10

where M is the max lag factor and Dn is the N-th data point
The error is computed as follows:
Error = Standard Deviation ‘(N)5
where N is the No. of records.

A-1
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Four Cases

The above modifications have been applied to all four
cases, namely without filters, with low frequency filter
only, with high frequency filter only and with both filters.

A-2
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2. SOFTWARE MODULES AFFECTED

The following software modules were changed:
SP1

SP2
SPL
SPH

A new module named LAST has been added to the software.

This module - .mputes rhe standard deviation and error for the

averaged autocorrelation and power s)ectral density functions.
This module is the last ‘uodule called by the main modules SPl,
SP2, SPL and SPH.

The modifications have been made in a manner such

that the use of the program is unchanged from the way described
in the users manual.




3. PROGRAM LISTINGS

The program listings for the modified modules

are given in the following pages. Also

and the new module
£ modules and code for loading

included are the updated list o
compiled modules.




TYPE SPLIST

G-y

FILE SPLIST
SP1A=RLDR/N FOR SP1
SP2A=RLDR/M FOR SP2
SPLA=RLDR/M FOR SPL
SPHA=RLDR/M FOR SPH
SP23A=RLDR/M FOR SP2E3
SP24A=RLDR/M FOR SP24
SP1=MAIN UITHOUT FILTERS
SP2-MAIN WITH FILTERS
SPL=MAIN VUITH LOU FREQ. FILTER
SPH=MAIN WITH HIGH FREG. FILTER
SP3=PTDT

SP4=SKPFL

SPS=RDFL

SP6+HDR

SP7=CORD

SPB8=RFMT

SP9=GBYTE

SP10=MEANS

SP11=SIGMA
SP12=AUTOCOR
SP13=(DELETED)
SP14=HIST

SP15=DCLS

SP16=AVG

SP17=NRMLZ

SP18=ZMEAN

SP19-PSDF

SP20-SPDF

SP21=INF

SP22=AC

SP23=LFF

SP24=HFF

SP25=AC1

SP26=LAST
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TYPE SP1A
RLDRsM SP1 SP3
SP16 SP17 SP18
R

TYPE SP2A
RLDR/Y SP2 SP3
SP16 SP17 SP18
R

TYPE SPLA
RLDR/I SPL SP3
SPi6 SP17 SPi8
R

TYPC SPHA
RLDR/7M SPH SP3
SP16 SP17 SP18
R

TYPE SP23A

SP4 SPS SP6 SP7 SP8
SP19 SP25 SP2@ SP26

SP4 SPS5 SP6 SP? SP8
SP19 SP21 sSP2e2 SP20

SP4 SP5 SPG SP7 SP8
SPi9 SP21 sPa25 SP20

SP4 SPS5 SP& SP7? SP8
SP19 SP21 SP22 SP2eo

RLDR/M SP23 FORT.LB

R
TYPE SP24A

RLDR/M SP24 FORT.LB

SP9 SP10 SP11 SP12 SP14 SP1S -

FORT.LB

SP9 SP10 SP11 SPile SP14 SPIS -~

SP26 FORT.LB

SPS SP19 SP11 SPi2 SP14 SP1S5 -

SP26 FORT.LB

SPS SPi@ SP11 SP12 SP14 SP15 -

SP26 FORT.LB

1’
1,



TYPE SP1

OO0OOOOOOOOOOOO0O

FILE SP1=MAIN UITHOUT FILTERS

PROGRAMMER NAME: S.P. SINGH

REVISION:3, MULTIPLE RECORDS/FILE
DATE:7,/31/79

PURPOSE: THIS MODULE ACCEPTS USER INPUTS AND CALLS ALL
SUBSEQUENT MODULES

RRH IS AUTOCORRELATION VALUES OF DATA

GKC IS POUER SPECTRAL DENSITY FUNCTION

GKH IS SMOOTHED POUER SPECTRAL DENSITY

GKCP IS THE INUVERSE FILTER FUNCTION

GKC3P IS THE APERTURE COMPENSATION FUNCTION
ITEMP,XTEMP ARE BUFFERS

NR IS THE NUMBER OF RECORDS IN THE FILE

NU IS THE NUMBER OF WORDS PER RECORD

NP IS THE NUMBER OF POINTS PER RECORD
INTEGER P,Q

DIMENSION RRH(101),ITEMP(1000),
GKC(101),GKH(101)

DIMENSION GKCP(101),GKC3P(101)

DIMENSION NU(50),NP(S0)

DIMENSION XTEFMP(1000)

DIMENSION RR(101),GH(101)

ACCEPT °FILE NUMBER,NF=",NF

ACCEPT °DIFFUSE DENSITY FACTOR,DDF=*,DDF
ACCEPT °"MAXIMUM LAG FACTOR,M="_N

ACCEPT °"HEIGHT OF SCANNING SLIT,XL=*,XL
ACCEPT °"UIDTH OF SCANNIMG SLIT,XA=°,XA
ACCEPT °LOU FREQUENCY FILTER PARAMETER,P=*,P
gcgEPT *HIGH FREQUENCY FILTER PARAMETER,Q=",G
0=-0

CALL PTDT (ITEMP,NF,H,NR,NU,NP)

TRANSFER RAU DATA RECORDS INTO A FILE SRD
CALL FOPEN(3,"RD",2000)

CALL FOPEN(2,°"SRD",2000)

DO 1@ I=1,NR

CALL READR(3,I,ITEMP,1,IER)
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10

15

CALL URITR(2,I,ITEMP,1,IER)
CONTINUE

CALL FCLOS(2)

CALL FCLOS(3)

NRK=1

CALL FOPEN(4, "PAR")

URITE BINARY (4) NP,P,Q,NEK
FCLOS(4)

BE=3268

NCeiul

Do 15 J=ji,101

RR(J)=0.

GH(J)=0.

CONTINUE

DO 20 I=-1,NR

YR *°*

TYPE "RECORD NO.°*,I

TweeE *

CALL HIST (ITEMP,A,B,NC,NRK,NP)
CALL MEANS(ITEMP,XTEMP,NP,nPK,DDF)

CALL SUAP(°*SP23.5V*,1ER); CALL LFF(XTEMP,TEMP2,TEMP3, NP,P, NRK)
CALL SUAP(°*SP24.5V",1ER); CALL HFF(XTENP,TEMP2,TEMP3,NP,Q,NRK)

36

40

CALL
CALL

SIGMA(XTEMP,NRK,NP)
AUTOCOR(XTEMP ,NP,NRK,M,RRH,P,Q)

MP1=M+1

DO 30 J=1,MP1
RR(J)=RRH(J)+RR(J)
CONTINUE

CALL
CALL
CALL
CALL

PSDF (RRH,M,H,XL,GKC)
INF(GKC,GKCP,Q,M)
AC1 (GKC,GKC3P,M,H,XA)
SPDF (M,GKC3P,GKH)

DO 40 J-1,MP1
GH(J)=GH(J)+GKH(J)
CONTINUE

CALL
CALL

DELETE(*RD*)
DELETE("NRD®)

- N R T e—— ___._._..‘—;_..mn-u.hJ
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5@

100
60

70

CALL DELETE(*ZRD*®)

CALL DELETE(°ZP*)

CALL DELETE(*TD®)

CALL FOPEN(3,*RD*®,2000)
CALL FOPEN(2,*SRD",2000)

IF (I.GE.NR)GO TO 2@

I1=1+1

CALL READR(2,11,ITEMP,1,IER)
CALL URITR(3,1,ITEMP,1,IER)
CALL FCLOS(2)

CALL FCLOS(3)

CONTINUE

CALL DELETE(°PAR®)

DO S@ J-1,MP1
RR(J)=RR(J)/NR
GH(J)=GH(J)/NR

CONTINUE

TYPE® R AUVERAGE R-HAT®
DO 60 J=1,MP1

IR=J-1

URITE (10,100)IR,RR(J)
FORMAT(1X,13,8X,E11.4)
CONTINUE

™PeE* K AVERAGE GH(K)*®
DO 70 J=1,MP1

IR=J-1

URITE(10,100) IR,GH(J)
CONTINUE

CALL LAST (RR,GH,MP1,NR)
STOP

END
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TYPE SPL

OOOOOOOOOOOOOO0

FILE SPL=MAIN UITH LOW FREG. FILTER
PROGRAMMER NANE: S.P. SINGH
REVISION:3, MULTIPLE RECORDS/FILE
DATE:8/14/79
PURPOSE: THIS MODULE ACCEPTS USER INPUTS AND CALLS ALL
SUBSEQUENT MODULES
RRH IS AUTOCORRELATION VALUES OF DATA
GKXC IS POWER SPECTRAL DENSITY FUNCTION
GKH IS SNOOTHED POUER SPECTRAL DENSITY
GKCP IS THE INUVERSE FILTER FUNCTION
GKC3P 1S THE APERTURE CORPENSATION FUNCTION
ITEMP,XTEMP ARE BUFFERS
NR IS THE NUMBER OF RECORDS IN THE FILE
NU IS THE NUMBER OF WORDS PER RECORD
NP IS THE NUMBER OF POINTS PER RECORD
INTEGER P,Q
DIMENSION RRH(1@1),ITEMP(1000),
GKC(101),GKH(101)
DIMENSION GKCP(101),GKC3P(101)
DIMENSION NU(50),NP(50)
DIMENSION XTEMP(1000)
DIMENSION RR(101),GH(101)
ACCEPT °*FILE NUMBER,NF=*,NF
ACCEPT °*DIFFUSE DENSITY FACTOR,DDF=*,DDF
ACCEPT °"MAXIMUM LAG FACTOR,M=",M
ACCEPT °"HEIGHT OF SCANNING SLIT,XL=",XL
ACCEPT °*WIDTH OF SCANNING SLIT,XA=",XA
ACCEPT °LOU FREQUENCY FILTER PARAMETER,P=-",P
gcgepr "HIGH FREQUENCY FILTER PARAMETER,Q=",Q
CALL PTDT (ITEMP,NF,H,NR,NU,NP)
TRANSFER RAU DATA RECORDS INTO A FILE SRD
ggLL FOPEN(3,"RD",2000)

=]
CALL FOPEN(IS, "SRD",2000)
DO 10 I=1,NR
CALL READR(3,I,ITEMP,1,IER)




4 Sk
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30

CALL URITR(IS,I,ITEMP,1,IER)
CONTINUE

CALL FCLOS(IS)

CALL FCLOS(3)

NRK=1

CALL FOPEN(4,"PAR")

WCITE BINARY (4) NP,P,Q,NRK
CALL FCLOS(4)

A=0

B=3200

NC=100

DO 15 J=1,101

RR(J)=0.

GH(J)=0.

CONTINUE

DO 20 I=1,NR

g Y ®

TYPE °*RECORD NO.°*,I

™ * °

CALL HIST (ITEMP,A,B,NC,NRK,NP)
CALL MEANS(ITEMP,XTEMP,NP,NRK,DDF)
CALL SUAP(°*SP23.SV",IER); CALL LFF(XTEMP,TEMPZ,TEMP3,NP,P,NRK)
TYPE *I1ER=-",IER

CALL DELETE (°ZRD")

CALL RENAM(*ZP","ZRD*,IER)

CALL SUAP(*SP24.S5V",1ER); CALL HFF(XTEMP,TEMP2,TEMP3,NP,Q,NRK)
CALL SIGMA(XTEMP,NRK,NP)

CALL AUTOCOR(XTEMP,NP,NRK,M,RRH,P,Q)

MP1=M+1

DO 30 J-1,MP1

RR(J)=RRH(J)+RR(J)

CONTINUE

CALL PSDF(RRH,M,H, XL,GKC)

CALL INF(GKC,GKCP,G.M)

CALL AC1(GKC,GKC3P,M,H,XA)

CALL SPDF(M,GKC3P,GKH)

DO 40 J=1,MP1

GH(J)=GH(J)+GKH{J "
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40
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CONTINUE

CALL DELETE("RD")

CALL DELETE("NRD®)

CALL DELETE(*ZRD*)

CALL DELETE(*ZP*)

CALL DELETE(*TD*)

CALL FCPEN(3,°RD",2€88)
CALL FOPEN(IS,"*SRD",2000)
1F (1.GE.NR)GO TO 2¢

I1=1+1

CALL READR(IS,I1,ITENP,1,IER)
CALL URITR(3,1,ITENP,1,IER)
CALL FCLOS(IS)

CALL FCLOS(3)

CONTINUZ

CALL DELETE(*PAR")

DO S J=1,MP1
RR(J)=RR(J)/NR
GH(J)=GH(J)/NR

CONTINUE

TVFE* R AVERAGE R-HAT"
DO €0 J=1,MP1

IR=J-1

URITE (10,100)IR,RR(J)
FORMAT(1X,13,8%X,E11.4)
CONTINUE

TWFE* £ AVERAGE GH(K)*®
DO 70 J=1,MP1

IR=J-1

URITE(19,1008) IR,GH(J)
CONTINUE

CALL LAST (RR,GH,MP1,NR)
STOP

END

|
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TYPE SPH

OO OOOOOO0

FILE SPH=MAIN UITH HIGH FREG. FILTER ONLY
PROGRAMMER NAME: S.P. SINGH

REVISION:3, MULTIPLE RECCORDS/FILC
DATE:8/20/79

PURPOSE: THIS MODULE ACCEPTS USER INPUTS AND CALLS ALL

SUBSEQUENT MODULES

RRH IS AUTOCORRELATION UVALUES OF DATA
GKC IS POWER SPECTRAL DENSITY FUNCTION
GKH IS SMOOTHED POWER SPECTRAL DENSITY
GKCP IS THE INVERSE FILTER FUNCTION

GKC3P IS THE APERTURE COMPENSATION FUMNCTION
ITEMP,XTEMP ARE BUFFERS

NR IS THE NUMBER OF RECORDS IN THE FILE
NU IS THE NUMBER OF UWORDS PEP RECORD

NP IS THE NUMBER OF POINTS PER RECORD
INTEGER P,Q

DIMENSION RRH(101),ITEMP(1000),
GKC(101),GKH(101)

DIMENSION GKCP(10::;,GKC3P(101)

DIMENSION NU(S®),NP(590)

DIMENSION YTEMP(1000)

DIMENSION RR(i01),GH(101)

ACCEPT °*FILE NUMBE®R,NF=",NF

ACCEPT °DIFFUSE DENSITY FACTOR,DDF-*,DDF
ACCEPT °*MAXIMUM LAG FACTOR,M=",M

ACCEPT °"HEIGHT OF SCANNING SLIT,XL=",XL
ACCEPT °UIDTH OF SCANNING SLIT,XA=*,XA
scgEPT *LOW FREQUENCY FILTER PARAMETER,P=*,P
ACCEPT °"HIGH FREQUENCY FILTER PARAMETER.Q=",Q
CALL PTDT (ITEMP,NF,H,NR,NU,NP)

TRANSFER RAU DATA RECORDS INTO A FILE SRD
CALL FOPEN(3,"RD",2000)

1S=1

CALL FOPEN(IS,"SRD",2000)

DO 10 I=1i,NR

CALL READR(3,I,ITEMP,1, IER)

Jd
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30

CALL WRITR(IS,I,ITEMP,1,IER)

CONTINUE

CALL FCLOS(1sS)
CALL FCLOS(3)
NRK=1

CALL FOPEN(<4,'PAR")
URITE BINARY (4) NP,P,Q,NRK

L FCLOS(4)

= 4+
iV

Do

40

NC=1C

iS5 J=1,101
RR(J)=0,
GH(J)=0.
CONTINUE

DO 2@ I=1,NR
e * "

<
<

¢

TYPE °"RECORD NO.",I
e s

TYPE

CALL HIST (ITEMP,A,B,NC,NRK,NP)
CALL MEANSC(ITEMP,XTEMP,NP,NRK,DDF)

CALL SWAP(*SP23.5VU*, IER);
CALL RENAM (*ZRD*,*ZP*, IER)
CALL SUAP(*SP24.5VU*, IER);
CALL DELETE (*ZRD*;

CALL LFF(XTEMP,TEMP2,TEMP3,NP,F,NRK)
CALL HFF(XTEMP,TEMP2,TEMP3,NP,Q,NRK)

CALL RENAM (*ZPP*®,°*ZRD",IER)

CALL SIGMA(XTEMP,NRK,NP)

CALL AUTOCOR(XTEMP,NP,NRK,F,RRH,P,Q)

MP1=M+1
DO 30 J=1,HP1

RR(J)=RRH(J)+RR(J)

CONTINUE

CALL PSDF(RRH,M,H,XL,GKC)
CALL INF(GKC,GKCP,Q,M)
CALL AC(GKCP,GKC3P,M,H,XA)
CALL SPDF(N,GKC3P,GKH)

DO 4@ J=1,MP1

GH(J)=GH(J)+GKH(J)

b
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CONTINJE

CALL DELETE(°*RD*)

CALL DELETE(*NRD®*)

CALL DELETE(“ZRD*)

CALL DELETE{("2ZP*)

CALL DELETE("TD*®)

CALL FOPEN(3,"RD",2000)
CALL FOPEN(IS,"SRD",2000)
IF (I.GE.NR)GO TO 2o

I1=1I+1

CALL READR(IS,I1,ITEMP,1,IER)
CALL URITR(3,1,ITEMP,1,IER)
CALL FCLOS(IS?

CALL FCLOS(3)

CONTINUE

CALL DELETE("PAR")

DO S J=1,MP1
RR(J)=RR(J)/NR
GH(J)=GH(J)/NR

CONTINUE

TYPE® R AVERAGE R-HAT"

DO 6@ J=1,MP1

IR=J-1

URITE (10,100)IR,RR(J)
FORMAT(1X,I13,8X,E11.4)
CONTINUE

TYPE®* K AVERAGE GH(K)*
DO 7@ J=1,MP1
IR=J-1

URITE(10,100) IR,GH(J)
CONTINUE

CALL LAST (RR,GH,MP1,NR)
STOP

END
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TYPE SP2

FILE SP2=MAIN WITH FILTERS

PROGRANMER NAME: S.P. SINGH

REVISION:3, MULTIPLE RECORDS/FILE
DATE:8/24/79

PURPOSE: THIS NODULE ACCEPTS USER INPUTS AND CALLS ALL
SUBSEQUENT NODULES

RRH IS AUTOCORRELATION VALUES OF DATA

GKC IS POWER SPECTRAL DENSITY FUNHCTION

GKH TS SHOCTHED POUER SPECTRAL DENSITY

GKCP IS THE INVERSE FILTER FUNCTION

GKC3P IS THE APERTURE COMPENSATION FUNCTION
1TERP,XTEN? ARE BUFFERS

KR IS THE NUNBER OF RECORDS IN THE FILE

i IS THAE NURBER OF WOFDS PER RECORD

KRP IS THE NUMBER OF POINTS PER RECORD
INTEGER P,C

DINENSICOH RRH(101),ITENP(1000),
GKC(101),6KH(i01)

DINENSION GKCP(101),GKC3P(101)

DIMENSION NUW(S50),NP(50)

DIMENSION XTEMP(1000)

DIMENSION RR(101),GH(101)

ACCEPT *"FILE NUMBER,NF=",NF

ACCEPT *"DIFFUSE DENSITY FACTOR,DDF=*,DDF
ACCEPT "MAXINUM LAG FACTOR,M=*,N

ACCEPT "HEIGHT OF SCANNING SLIT,XL=",XL
ACCEPT "WIDTH OF SCANNING SLIT,XA=",XA
ACCEPT °"LOU FREQUENCY FILTER PARAMETER,P=*,P
RCCEPT "HIGH FREQUENCY FILTER PARAMETER,Q=",Q
CALL PTDT C(ITENP,NF,H,NR,NU,NP)

TRANSFER RAU DATA RECORDS INTO A FILE SRD
CALL FOPEN(3,°RD*,2000)

I1S-1

CALL FOPEN(IS,*SRD",2000)

DO 10 I=1,NR

CALL READR(3,I,ITEMP,1,IER?

CALL URITR(IS,I,ITEMP,1,IER)

s
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CONTINUE

CALL FCLOS(IS)

CALL FCLOS(3)

NRK =1

CALL FOPEN(4,"PAR")

URITE BINARY (4) NP,P,Q,NRK
CALL FCLOS(4)

A=0

B=3200

NC=100

DO 1S J=1,101

RR(J)=8.

GH(J)=0.

CONTINUE

DO 20 I=1,NR

TYPE * °*

TYPE °*RECORD NO.*,I

TYPE * *

CALL HIST (ITEMP,A,B,NC,NRK,NP)
CALL MEANS(ITEMP,XTEMP,NP,NRK,DDF)

CALL SUAP("SP23.5V",1ER); CALL LFF(XTEMP,TEMPZ2,TEMP3 NP, P, NRY)
CALL SUAP(*SP24.SVU",1ER); CALL HFF(XTEMP,TENP2, TEnP3,NP,Q,NRK)

CALL DELETE (*ZRD*)

CALL RENAM ("ZPP*,"ZRD",IER)
CALL SIGMA(XTEMP,NRX,NP)
CALL AUTOCOR(XTEMP,NP,NRK,M,RRH,P,G)
MP1=M+1

DO 30 J=1,MP1
RR(J)=RRH(J)+RR(J)

CONTINUE

CALL PSDF(RRH,M,H,XL.GKC)
CALL INF(GKC,GKCP,Q,.M)

CALL AC(GKCP,GKC3P.M,H,XA)
CALL SPDF(M,GKC3F “H)

DC 40 J=1,MP1
GH(J)=GH(J)+GKH(J)

CONTINUE

CALL DELETE(®RD*")
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CALL DELETE(*NRD")

CALL DELETE(*ZRD*®)

CALL DELETE(*"ZP*®)

CALL DELETE("TD®")

CALL FOPEN(3,*RD*,2000)
CALL FOPEN(IS,*SRD*,2000)
IF (I.GE.NR)GO TO 29

I1=1+1

CALL READR(1S,I1,ITEMP,1,IER)
CALL URITR(3,1,ITENP,1,IER)
CALL FCLOS(IS)

CALL FCLOS(3)

CONTINUE

Ccall DELETE("PAR®)

DO S@ J=1,NP1
RR(J)=RR{J)/NR
GH(J)=GH(J)/NR

CONTINUE

TYPE® R AVERAGE R-HAT"
DO 60 J=1,MP1

IR=J-1

WRITE (10,100)IR,RR(J)
FORMAT(1X,13,8%X,E11.4)
CONTINUE

TYPE* K AVERAGE GH(K)*®
DO 70 J=1,MP1

IR=J-1

VRITE(10,100) IR,GH(J)
CONTINUE

CALL LAST (RR,GH,MP1,NR)
STOP

END
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COOOOOO

80

TYPE SP26

FILE SP26=LAST

PROGRAMMER NAME: S.P. SINGH
REVISION:®

DATE:8/3/79

PURPOSE:THIS MODULE COMPUTES STANDARD
DEVIATION AND ERROR FOR THE AVERAGED

R-HAT AND G-HAT ARRAYS.
COMPILER NOSTACK
SUBROUTINE LAST(RR,GH,MP1,NR)
DIMENSION RR(101),GH(101)
RSQ=0.

GSG-e.

DO 80 I-i,MP1
RSQ=RSQ+(RR(I)X%X2)
GSQ=GSQ+GH(I)xx2

CONTINUE
RSD=CQRT(RSQ/(MP1-1))
GSD=SART(GSQ/(MP1-1))
RN=NR

ERH=RSD/SGRT(RN)
EGH=GSD/SQRT(RN)

TYPE °"STANDARD DEVIATION FOR R-HAT®,RSD
TYPE °*STANDARD DEVIATION FOR G-HAT®,GSD

TYPE "ERROR FOR R-HAT®,ERH
TYPE *ERROR FOR G-HAT*,EGH
STOP
END




4. SAMPLE RUNS .

Sample run results are included in the following
pages for a file containing 3 records. Same data is used for
each of the four cases namely without filters (SP1), with low
frequency filter only (SPL), with high frequency filter only
(SPH) and with both filters (SP2).
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FILE NUMBER, NF-1

DIFFUSE DENSITY FACTOR,DDF-1
RAXIAUR LAG FACTOR, R-2

UIDTH OF SCANNING SLIT, XxA-1
DATA PREPARATION COMMENCED
FILE IS DEING READ FROM TAPE
NUMBER OF RECORDS READ- 3
FILE READ FROM TAPE AND LRITTEN ON DISK
l(.l;'“.?ol.xgbﬂ

OF LES~ 101
X COORDINATE (MICROMS )~ =697
¥ COORDIMNATE (RMICROMS ). [
DELTA X (K) (MICRONS)- 12
DATA IS BEING FORMATTED
3.34 3.3% 31.% 3.3 3.3 2® 2.31
3.42 3.2¢ 3.22 3.2 3.37 3.41 .28
3.25 2.29 3.29 3.39 )J.52 3.29 3.13
3.40 3.27 3.3 1.47 3.36 3.3% 1.5
3.42 .43 3.3 3.28 3.41 3.33 3.3
3.34 3.26 1.2 3.28 3.30 3.24 .04
3.31 3.37 3.43 3.14 3.32 1.0 3.3
3.31 3.48 3.77 3.27 3.47 .42 3.61
3.3t 2.38 3.52 23.S82 3.43 3.43 J.34
gz 3.3t 3.42 3.4 3.4 2.29 3.46
DATA FORMATTING COMPLETED
RAY DATA STORED ON DISK.
RECORD MO 1
HISTOGRAR BEING COMPUTED
TOTAL MO. OF CLASSES- 180
CLASS M0, NO. (F DATA POINTS
v 2
i 2] 3
3 €
2 ?
| ] 22
B4 23
s 18
86 16
| 54 4
&9 4
89 3
RAL FEAN - 0.268506E
MEAN OF NORMALIZED DATA- 9.1 1
REAN SQUARE VALUE - . -3
ROOT MEAN SQUARE UALLE - 0.22INM7E -
AUTOCORRELATION IS BEING COMPUTED
® R-HAT « R-HAT
] 9.4938€ -3 0.1000F |
1 0.113€ -3 0.2289€ ©
] -2.6913 -4 -9.1400E ¢
[ 4 GheiK) QKCIPIK)
[ S.16682€ -1 0.1562¢ -1
1 0.1361€ -1 0.1353% -1
8 0.4766E -2 0.4793 -2
K oKCIP(K) GH(
® e.1 -1 9.1457€E ¢
1 9.1353 -1 0.1187€ -§
& 0.4793 -3 0.9161E -2

WUWWWWWWWWY

PHELRELRES
UUU“UUU?UU

..
SUNSRRSRES
[RYRTRTRTRTNTRTNTRT)

ApghepRavy

RECORD NO. 8
MISTOGRAM BEING COMPUTED
TOTAL MO. OF CLASSES- 188
cu:: NO. nNO. OF g‘?‘ POINTS
81 ®
82 10
LX) 13
84 18
8s a2
86 12
8? ®
(13 3
89 e
e 1
o1 i
A REAN = 0.268336%
REAN OF NORMALIZED DATA- 9.1 i
MEAN SQUARE VALLE -~ 0.3198S3E -3
ROCY MEAN SQUARE VALLE - 9.179288€ -1
AUTOCORRELATION IS BEING COMPUTED
L R-HAT MORM. R-HAT
® 0.6397E -3 0.1008€ 1
1 0.1568¢ -3 0.2451E o
e 6.3106E -4 0.4856E -1
K GKC(K) GXCIPLK)
a 2362 -1 0.2362E -1
1 0.1461E -1 0.1463€ -1
e ® -2 0.8622¢ -2
K GKCIP(K) oK)
g e. -1 6.1913€ -1
1 0.1463E -1 6.1538€ -1
e e. -2 0.1162€ -1
RECORD WO. 3

HISTOGRAM BEING COMPUTED

TOTAL NO. OF CLASSES-
CLASS MO. nNO.
9
s 1
81 3
82 )
83 16
| 2] 18
8s 27
86 is
a7 ?
88 1
RAM MEAN - 0.268165€ 4

MESN OF NORMALIZED DATA-

MEAN

ROOY MEAN SQUARE UVALUE - 0.115954€ -1

AUTOCORRELATION IS BEING COMPUTED
R R-MAT NORM. R-MAT
L] 9.402¢€ -3 0.1000E 1
1 0.1298€ -3 0.3230€ ¢
e -0.981SE % ~9.2466E -1
K CKC(K) GXCIP X!
¢ 0.1664E€ -1 €.1564E -1

€. 1999088
- 0.134011E -3

100
OF DATA POINTS
1
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NG RRN=® N
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STAMDARD DEVIATION FOR R-HAT ©.392588€ -3
STANDARD DEVIATION FOR G-HAT 0.160919€ -1
ERROR FOR R-HAT 9.226661E -3
mp FOR G-HAT 0.929€56E -2
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&7 ?
- ] 1
RAU REAM - 6.2881
NEAN OF NORMALIZED DATAe . 1
DATA IS BEING FILTERED FOR HIGH FREQUENCY
MNEAN SGUARE e e. -4
ROOT MEAN SQUARE VALLE = ®. -2
AUTOCORRELATION 1S BEING
a R-HAT MORR. R-HAT
® 9.1328€ -J O.1000E 1
; 8.1190€ -3 .-%Sﬁ [
THE DENORINATOR OF SINE FUNCTION BELOU 1.0€-06 ENCOUNTERED IN INF
K exXC(K CP(K)
@ 9.1124€ -1 ®.1124E -1
1 9.8417€ -3 0.2104€ -1
2 -9.1821E€ -3 -9.4652€ -2
K GKCPIK) GKCIP(K)
@ 0.1124E -1 9.1124€ -1
i ©.2184E -1 0.2107E -1
a -9.4552€ -2 ~9.4578€ -2
K GKCIP(X) GH(K)
® 9.1124€ -1 9.1616€ -1
1 9.2107E -4 o.122¢€ -1
2 . -2 0.8247€ -2
® RAGE R-HAT
® 9.1491E -3
1 .1329€ -3
2 0.1082¢ -3
K GH(K)
] 9.1857€ -1
1 9.1414E -1
3 9.9703¢ -2

70
STANDARD DEVIATION FOR R-HAT 8.160620€ -3
STANDARD DEVIATICN FOR G-HAT 0.178743€ -1
ERROR FOR R-HAT 0.927398E -4
‘ST.O“ FOR G-HAT ®.103157¢ -1




Le-v

DATA PREPARATION COMMENCE!

FILE 1S BEING READ FROR TAPE
mﬂ"mﬂﬁ- 3
FILE READ FROM TAPE AND URITTEN ON DISK

RCOIN:,donlxg)s
a'unn:&w

DELTA X (H) (RICRONS )~
DATA 15 BEING FORMATTED
3.29
3.

A0LLBERIRE
o o ) L (o) b )

A
Y LY

PIRIERR)

PULLLLLLLLY
Shubuvaskay
WU WL W W W
2EE9RSNNER

DATA FORRATTING COMPLETED
RAU DATA STORED On DISX.

RECORD MNO. 1
HISTOGRAR BEING CORPUTED
'0'2!. NO. OF CLASSES-

SUBLRELRKE
PRLLWBLEY
$2N2RRBRER

[RYRYRYNTRTRIRTRYR N
332802
a228288082
PLLLLLLWLY
CRULLLLLLW
2RRNRR2LE

LASS NO. NO. OF “10 POINTS

;83383288888

5522
%
;.
-1
?

igg.,
§EE§§
£§E§

:

.5
;‘
=

-.Ri.-.-
8
1
b 5

wasrrniRlunven
-

0.3499€ ¢
Wlﬂ KW 1.0E-06 ENCOUNTERED IN INF

. 5“ -2
0.3157€ -1

g -$.2378€ -3 -0.5944€
K QKCP(K) exSIP(K)
@ 0.5482¢ -2 0.5482F
1 0.3167E -1 0.3162€ -1
a ~0.5844€ -2 -0.5978E
K CXCIP(K) GH(K)
® 0.5482€ -2 0.18S5E -1
1 0.3162€ -1 0.1568€ -1
2 -0.6978€ -2 9.1282¢€ -1
FECORD MNO. 2

HISTOGRSM BEING COMPUTED

TOTAL NO. U’ CLASSES- 188
NO. OF ma POINTS

CLASS MO
29
81 .
82 10
83 13
84 18
8s 22
86 12
87 8
8t 3
&8 e
Fod 1
91 1

RAU REAN - 4

0.268336€
MEAN OF MORRALIZED DATA- 9.100000€ 1
DATA IS BEING FILTERED FOR LOM FREQUENCY
DATA IS BEING Fllm 'ﬂ HIGH ntuncv
m SCUARE VALUE 0.487693€ -4

ROOT MEAN SQUARE uauz 9.70008SE -2
mocoaxuﬂou XS BEING earun:n .
0 o.nm -3 .-l“ 1
¢ 0.1044€ -3 e.81S%€ ¢
2 0.7163X 8.5598C
THE DENOM!
K 2(K)
@ o.unt 'C 0.9800€ -2
1 0.1362€ -2 0.337%€ -1
e -9.2211€ -3 -9.5528€ -2
K (K) CKCIP(K)
@ e. o. -2
1 0.3379€ -1 e. -1
2 -9.§528¢ -9. -2
K GKCIP(K) GHIK)
® @.p300¢ 0.2182¢ -1
1 0.3384€ -1 0.1798€ -1
2 .5560F -2 0.1414€ -1
RECORD #O. 3

TOTAL MO. OF CLASSES- 109
CLASS NO. NO. OF M"ﬁ POINTS

l
3

9
16

382832

-4 ¢
uum ﬂ' Sl‘ FUNCTION BELOU 1.%€-06 ENCOUNTERED IN INF




1.06-06 ENCOUNTERED IN INF

-
]
—~o® . !l-ﬂ\l N et U ™ vt e
" l“l "
- -

0.100000€ 1
I-MY
“
| 8606E
.6288€
m.ou
nz!
27R1E
rna:
m
27est
6815€
GH(
18S3E
1437
1022€

...88..’0 ..? L1 1 J

9.SS8117€ -2
comnn
°
@
4
1

E
OR LOU FREQUENCY
OR HIGH FREQUENCY

0.310466E -4
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TYPE SPi6
FILE SP16=AVUG
PROGRAMMER NAME: S.P. SINGH
REVISION: ©
DATE: 3/6/79
PURPOSE: THIS MODULE CONMPUTES THE RAU
COMPILER NOSTACK
SUBROUTINE AVUG(ITENP, ICHR,NR,NP,RAUN)
C SPi6 1S AVG
REAL ISUAN
DIRENSION ITEMP(19€63,NP(50)
CALL FOPEN(CICHR, *RD",20€0)
INP=0
ISUN=0

OO0 00

SUA ALL THE POINTS IN THE FILE

OO0

DO 10 I=1,NR
CALL READR(ICHR,I,ITEMP,1, IER)
NPI=NP(I)
DO 20 J=1,NFI
ISUN=ISUM+ITENP(J)
20 CONTINUE
INF=INP+NPI
10 CONTINUE
RAUM=ISUN/INP
TYPE "RAU MEAN = *,RAUM
CALL FCLOS(ICHR)
RETURN
END

MEAN OF THE DATA.
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