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I. INTRODUCTION

The NASA Space Shuttle/Spacelab Electromagnetic Environment
Experiment (EEE) will measure radfation in the 0.4 to 100 Ghz range for
the purpose of determining earth-emitted intérference levels and RF
spectrum occupancy. The quantities of data involved will be very large.
Therefore sophisticated methods of data compression, storage, and
retrieval must be developed so that the data can be stored efficiently
and retrieved rapidly in the most—usefu1 format for analysis and display.
Such methods include the use of random access mass storage devices

coupled with efficient data compression/reconstruction algorithums.

Under the tasksof this contract Techno-Sciences has developed
and’ihp]emeqted a series of computer programs for the analysis,
compression; storage aﬁd fetrieva1 of a data base consisting
of 28 tape files from the ATS-6 RFIME experimént: There is one mode 2
file, three mode 3 files and 24 mode 4 files. Two brincipal_prpgram§
are now implemented on tﬁe NASA Interdata Model 5 computer using a
Bryant 5 M byte_disk as a_random aé;ess mass s%orage device. One program
is designed to inﬁut the tape data, output it to disk and plot the data
points, if desired. The zero order or differential entropy can also be
calculated. The second program is-for data retrieval and anlysis. Arbi-
trarily chosen frequency averaged-segments of any of the files on disk can
be plotted at arbitrarily chosen frequency increments (in multiples of
the basic input frequeﬁcy increment of 10 khz for mode 4 data and 100 khz
for mode 2 and 3 data). Data smoothing can also be accomplished if desired to
remove noise variations by a moving ﬁuadratic least squares polynomial fit.

Finally, RFI emitters can be located and printed out using any of the mode 4



files, one of the mode 3 files and either the raw mode 2 file or a
smoothed mode 2 file generated using the moving average quadratic

poiynomial smoothing program.

The compression achieved by the present simple fixed format
implementation is 2.21 over the tape storage format. An overall
compression- of four to one is easily achievabie by variable length,
compact storage methods which can be further extended to 6.4 to

one using a simple universal coding/decoding algorithm.

fhe succeeding sections describe the data, the methods of data
analysis, reduction, and coding, and the computer programs developed.
Complete program flow diagrams and source Tistings appear in the
appendices. Also appearing in the appendices is an analysis of the
R-ratio as a signal detector and an analysis of the gquantization

effects on the data.



II. THE DATA BASE

The data used for the .studywaraprovided by -Westinghouse on 2 digital
9 track magnetic tapes. A listing of the original tape and file number
designations appears'in Taﬁle II.1. These data are from the ATS-6
RFIME C band exﬁeriment and are formatted as shown in Table II.2 and cover
the 5925 Mhz to 6425 Mhz frequency band. The principa] volume of data
is mode 4 which is recorded in 10 khz fregquency increments. Mode 2
and mode 3 data on the other hand are recorded in 100 khz increments.
Only modes 2, 3 and 4 were sﬁppiied. The &ontract ‘Study was

concerned with these modes only.

In addition to header information each file cbnsists of statistics
measured for each frequency ipcrement based on a 1inear envelope detector
output. 39.12-bit quantizéd samples of the detector output are taken,
the mean value computed and recorded as a 12-bit @aénitude without signj'
number and stored in a 16 bit {2 byte) word. The sum of the squares
of the sampled.va]ués is also computed, but not normalized to 39, resulting
ina 12 + 12 +h6 = 30 bit number which is stored in a 32 bit (4 byte)
word. For mode 4 data only, the peak value of the 39 is also recorded as

a 12-bit (2 byte) number. Thus 64 bits storage per band are required.

The data are written on tape in DEC format and need to be converted
to Interdata {IBM)} compatible format. In particular, byte switching must
be accomplished to get the most significart byte of each word in the right
place and DEC floating point numbers must be converted to the Interdata (IBM)
floating point format. This js accomplished by subroutines developed

gespecially for this contract.



Some difficulty was encountered in the use of the data. The header,
pulse detéction, attitude, and telemetry information do not appear on the
tapes in some cases. Because of the marginal interest in these quantities
for this contract effort, these data were only reformatted and stored on
disk and not used further except for computer printouts. Furthermore,
numerous "bad points" appear, apparently due to the method of A/D conversjon
used. These are screened out, when required, by "R-ratio" technique used

'by Westinghouse, An analysis of the R-ratio appears in Appendix A.



TABLE II.1

ATS-6 RFIME Data Based Used in Study

Tape # File # Mode
68 2at - 2A
159 302 3A
159 403 3
159 407 a4
159 408 4
290 304 3A
290 305 . 34
290 401 4A
290 402 aA
290 403 aA
290 404 aA
290 405 . 47
290 406 aA
290 407 47
290 408 4A
290 409 4A
290 410 aA
290 411 47
290 412 4A
290 413 4A
290 414 4,
290 415 4A
290 416 4A
290 a7 aA
290 418 4A
290 419 AR
290 420 4A

290 421 4A



TABLE II.2

Digital Tape Data Fiie Format

Modes 2 & 3
Record #1 Header
Records # 2-41 Data
Data Record:
Bytes 0-767 128 6-byte Interlaced
Mean, Sum Squares Values
Bytes 768-1133 Time, Frequency,
Attitude, Telemetry Data
Mode 4
Record #1 : Header‘
Records #2-392 Data Record
Rocord #393 Pulse Detection Data
Data Record:
Bytes 0-1023 128 8-byte Interlaced
Mean (2 byte) Sum Squares
(4 bytes), Peak (2 byte)
Yalues
Bytes 1024-1133 Time, Frequency, Attitude,

Telemetry Data



III. DATA FORMATTING FOR STORAGE/RETRIEVAL

The data format described in Section II is not very effective for
efficient data storage and data utilization. In particular, it seems
Tikely that most'data useage will be in decibel quantiéies rather than
in the statistics that appear on-the digital tape. It is clear that
3 quantities must be retained to preserve the 3 degrees of freedoﬁ in
the mean, peak,‘and sum squares statistics. It is also clear that there
is a correlation between the three which can be removed by a better
choice of coordinates. The resulting 3 uncorrelated coordinates can
then be coded more efficiently. The three quantities chosen for storage
are the log of the mean, the log of the peak/mean ratio and the Tog of the
normalized sum-of-the squares to the mean squared (inverse R-ratio).
Note that for 12 bit quantizétion, the original data range is 1 to 2]2
(volts) or 0 to 72.2 db for each of the 3 original quantities. On the
other hand, for the selected statistics, only the log of the mean has
a 72.2 db range. For -the 39 points used at each frequency, the
logarithms of the R—rétio and the peak/mean ratios have a maximum
range of 1 to 39 or 15.9 db for the R-ratio {a power ratio) and 31.5 db
for the peak/mean ratio (a voltage ratio). Furthermore, the R-ratio is
primarily useful for data screening in the range of about .5to 1 -a 3 db
useable range. Points with an R-ratio less than .5 to .6 or so are

rejected as “"bad points".

From the analyses in Appendices A and B, based on ncise considerations,
it is concluded that 6 bits of quantization for the log of the mean and
4 bits for each of the other 2 quantities is sufficient to achieve a

level of quantization noise which is negligible compared with the system



noise. Thus a reduction in storage requirement from 64 original data
bits to 14 stored data bits or 4.57 to one is achievable through quantization

alone.

The presently implemented scheme uses 8 bits for each of the guantized
parameters and a range of 0 to 100 db. 8 bité was chosen for ease of data
manipulation as the Interdata machine is directly addressable in 8 bit
bytes. Fd%matting at the 14 bit Iéve] can be achieved however. The 100 db
range was chosen arbitrarily and can be easily changed. " At any rate, the
the present scheme provides é reduction from 64 data bits to 24 or 2.67

to one. The rms quantization noise is .11 db.

A Bryant 5 M byte moveable head disk is used for data storage.
Each disk sector contains 256 bytes. The 128 frequencies in each tape
record are stored in 3 x }28 = 384 bytes = 1.5 sectors. 0.5 sector is
presently used to contain the frequency, time, attifude and telemetry
values for each record and can, no-doubt be compressed significantly.
Because of the unreliability of the taped data, it is not known what
reduction can actually be achieved. At any rate, the original 1134 bytes

is presently stored in 512 bytes, a reduction of 2.21 to one,

The. above considerations Tead to the conclusion that a compression
in excess of 4 to one ican.:be readily attained™ through more efficient

quantization and formatting. alone.

Entropy and universal coding studies performed-Found that a-
set of 3 data points can be further reduced to “gn.average of -I0-bits

or 6.4 original bits to one. A universal coding block of 128 points for
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each coordinate was used for the study. A simple, effective, universal
coding method which achieves the 10 bit average is implemented by
sending the maximum and minimum value for each of the parameters .
across each block together with the 128 quantized vectors, where
the quantization is effected on the reduced range defined by the
maximum and minimum values. Because of the reduced range, fewer bits
are needed to describe values within the range, the actual number of
bits depending on the range within a particular block, some blocks
being more variable than others. In order to further control the
range, bad data po%nts are removed by R-ratio screening with replace-

ment by an interpolated average value.
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IV, DESCRIPTION OF THE COMPUTER PROGRAM FOR PLOTTING AND STORAGE

One of the two principal presently impliemented programs on the NASA
GSFC Interdata Model 5 is used for the plotting of data points,
quantization studies, data formatting, and disk storage. The data is
input from digital magnetic tape and optionally cutput to the Bryant disk
as described in the previous section. A flow diagram of this program,
labelled RFCAL4 , and source 1isting appears in Appendix C. Prior to
program start, the input tape must be positioned to the start of the
file to be processed. A series of commands are entered from the system
teletype in response to program prompts. An example of a command sequence
appears in F&gure 1V.1. The underlined quantities are the operator
responses. The first program query after program start is whether disk
output is desired. If it is, the program asks whether or not it is
desired to initialize the disk pack. If it is, the data is output starting
with sector #100 (sectors 0-99 are reserved for program storage). If
initialize is not requested, the disk pack is searched for end of file
which is designated by a zero in the first 2 bytes of the sector immediately
following a data file. A data file is of fixed length using the storage
format described in the last section - 80 sectors for modes 2 and 3, 782
sectors for mode 4, so that it is possible to find an emptly Tocation by

a rapid scan.

After output or no output is determined, whether or not it is desired
to print the record headers and/or the data points is determined. The
first record headér is always printed for identification/verification
purposes. Figure IV.2 is an example of a small portion of the beginning

of the plotter output when the printing of headers is not selected, but



COMMAND SEQUENCE FOR RFCAL4

START
Y FOR QUTPUT

-<

Y TO INITIALIZE

=

P FOR PRINT DATA
N
P FOR PLOT
N
TAPE?,FILE?-

250" 410
MODE?
4
BITS?

8

Z FOR ZERO ORDER ENTROPY
N ’
STOP

EQJ

11

COMMENTS

Start of program

Enter Y for output to disk

For no output, enter N

Enter Y if this is the first file on

this disk pack,otherwise, enter N

Enter P if record headers are to be printed

Enter P to plot the data

Enter the tape and file #

15 format

Enter Modé

Format I1

Enter quantization bits desired

Enter Z for zero order entropy, for
differential entropy, enter anything else
Program stop

End of job

Figure IV.1 RFCAL4 Program Command Sequence to Output Data to Bryant
Disk without Plotting (Program prompts are not undertined,
operator responses are underiined)
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plotting is selected. HNote that the record attitude and telemetry information
are meaningless. The plotting is on a Varian 514 plotter. The dark
horizontal Tines are caused by defective transistors in the plotter. .Note
that the log 6f the mean and the log of the peak/mean ratio are plotted

in db between O and 100 db and the R-ratio is plotted as a number between

0 and one. Several bad points are seen where the R-ratio becomes very small.

The final program query priar to execution is whether zero order or
differential entropy is to be calculated. Upon program termination
the selected quantity is printed out and can be used in data compression

studies.
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V. DESCRIPTION OF THE COMPUTER PROGRAM FOR RETRIEVAL, PLOTTING AND
RFI DECTECTION

The second of the two principal presently implemented programs on
the NASA GSFC.Interdata Model 5 is used for data retrieval and processing from
the Bryant disk using the format described in earlijer sections as output to
disk by program RFCAL4 described in the previous section. A flow diagram

and source Tisting of this program, labelled RFCALS, appear in Appendix D.

Upon program start, a message is printad on the system teletype
requesting an operafbr command (type of processing to be done). There
are four commands presently implemented - "STQP", "LIST", “PLOT", and
JMFIND". Upon completion of -the latter three commands, control returns
to the start.point. Thus the purpose of the first command is to stop
execution to allow for exit from the program. If a non-existent command

is entered, control also returns to the start point.

The second command, "LIST", provides a 1isting of all the data files
presently on disk by designated tape and file number. There are presently
‘one mode 2 file , three mode 3 files and 24 mode 4 files on disk. In
addition, there is one smoothed mode 2 file produced by RFCALS for RFI

emitter detection (see below).

The third command, "PLOT" allows one to plot out a selected data file -
from disk on the system plotter. The frequency increment in multiples of
“the input increment of 100 khz for modes 2 and 3 and 10 khz for mode 4 can

be seélected. Frequency ;veraged values are plotted for increments
larger than the. respective input frequéncy increments. . Figure V.1

is an example of the plotted portion of a mode 4 file, plotted at frequency
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increments of 100 khz. Because 10 input points go into one plotted point,
the plotted data appear smoother than the original {compare with figure Iv.1).

The plot routine can also select smoothing. In th%s case, a 32 point
Teast squares quadratic polynomial is used to smooth the data. The
polynomial moves 16 points at a time to provide overlap and the 16 best
fit-polyﬁomial values from the center of the interval are selected for plot-
ting {except the first and ]ést 16 frequency points which cbviously must
come from the end of the interval). The 32 points with 16 points of overlap
énd the choice of a quadratic polynomial were selected on the basis of a
compromise between accuracy_of smoothing and speed of operation. Prior to
smoothing, bad points are screened out by the R-ratio and replaced by an
interpolated average. If desired, the smoothéd values can be output to a
new disk fiie to be used as a smoothed reference-for subseguent data
operations. The mode 2 file in the provided data base has been processed
in this fashion. A plotted segment of this file before and after gmoothing
appears in figures V.2 and V.3. HNote that after smoothing, much of the
noise is removed. The quantizing noise in the smoothed data is at the
same level as in the original, but is now obvious because of the sharp

reduction in the system noise.

The final input command is to "FEIND". This command requires a mode 4
file to search for RFI emitters and a moée 2 and a mode 3 file for referencel
The mode 4 file is scanned sequentially. After every 10th frequency, the
_next mode 2 and mode 3 freguency is selected. The R-ratio for each point is
chécked against an input threshold and skipped if too small. If the R-ratio
exceeds the threshold, the excess of the mode 4 detector output over the

corresponding mode 2 reference is compared with an input. threshoid.. If
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Portion of Mode 2 Data, Smoothed

by a Quadratic Polynomial
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" the threshold is not exceeded, the program goes to the next point., If

the threshold is exceeded, an RFI emitter has been detected and the RFI
level is calculated using the selected mode 3 file as an absolute reference.
The emitter frequency and level are printed on the system plotter, together
~ with the R-ratio and mode 2 and 3 levels. An example of such a printout

appears in figure V.4.

Program operation is very fast and is limited in speed primarily by

the plotter. Hence several thresholds can be selected and tried successive-

1y.
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TAPES FRECESSERD 10084.201 280504 2530421 o .

M3IDE_3 DeW = 20, . MaISC THRzZSHeD. 2.33 DB _R-RATIS THRE
FREG MHZ 3 RFIC DB R-FATIG MADE 2 DE)  mMabE
5974, 7330 20. 9as3 g4t 40, £250 &1,
000, 0225 22, 16az2 O.EiED 41, 2250 i,
2004, 5234 2. 4358 0.F773 40, 5230} £0,
S033. 4023 20, 4305 0. 7531 33, 2433 54.
2033, 5053 13. 8842 0. 75359 33, 5433 5a.
s34, 043D 13. 7534 C.[f734 33, 3435 Sa.
2034, 1133 13. B354 Q. 15203 33. 2433 52,
5034, 2031 15, 9553 0. 1357 23, 5433 S5&
2033, 4727 15, 3533 0. 7252 4. 2344 2z,
&1z2. 7417 21. 5057 0. 5223 41. 7343 23,
2152, 7734 id. 5374 0. 5338 41. 73£3 33.
&2£235. 5321 8. Juel 0. Foss 39. 4531 &0.
s2es. 5731 17. 3920 o, Z0&s 39. 4531 &0,
a225. 54324 13, 2052 o. [faze 39. 4531 £0.
S2Z22. 1£380 13, 7125 3. 3203 3. 4531 0.
sesa. 2475 17, 3582 0, jhida 39, 3435 &0
&e2é. £352 4. 4480 0,717 35. 8434 &y
g2, F0 7D 17. 5132 0. 13434 35. 3433 &,
ézzd. 7451 13. 2577 0. 7813 33, 53438 &1,
&228, Bea1 . Z21. 5254 0. 739 33, 2438 £0,
225, 8338 13, 9504 0. 773 33. 84348 £0.
2248, 5783 19, 12032 g. 13037 39. 343% i,
gaZE, BBE7 18, 5538 D.F7773 35. 8432 &0.
gegd, 3324 i3. 8573 0. 7227 33. 3438 £,
dez&, J0a3 i& 3070 0. 785 33, 8435 S,
£225. 8237 15, 9238 . [Fids 39, 8433 20,
4224, 9375 18. 0932 . 375 39. 3438 S0
agzé, 3432 18, 0s57 d. 7205 33. 8438 S,
ge23, 3381 e2. O431 0. pS75 33.4531 a0,
€230, a7 5 £a, 32238 0. Baos 23.4531 sit.
238, 1337 17. 5858 0. 5154 338, 5435 &0
2286, 2435 17.133¢ 0, 2242 339, 2438 &1,
seds, 45683 14. £413 0.324358 33. 3434 &1,
£a38. 5172 17. 8384 0. 73493 33, Sasd A0,
££24, 7ES8 17,4318 Q. 7395 33, 2438 S
£e238. 7451 17. 2188 Q. 13058 39, 8438 &t
£294, 2034 17. 2074 Ohosir2g 40, 2344 £1.
£e234, 9375 17.395s2 {4, e1ad 44, 2344 gL,
£297, 0443 17. £7008 0. 7325 440, 2344 g1,
gcas. 1757 17, 3102 o, #8548 44, 2344 Sl.
237, 2461 17.3g41¢ 0. 15125 40. 2544 &1,
Sg37. 3477 17. 5284 0. 13047 4Q. 2344 g1,
4e37. 5577 17. 7S2¢ Q. [7352 40. 25944 &l.
2237, F8£32 12 359¢ 0. B30 40, 2344 £0.
4313, 3351 14. 7544 0.5184 40, 2344 &2,
8303, 0377 17. 1528 . 7200 4G, 2344 &2,
&308, 2383 17, 035% 0. 7533 40, 2344 &2,
S303. 2773 17. 57350 0. 12054 43, 2344 &2,
&305. 2531 17. 184L 0. lFdee 40, 2344 &2
&304, 233 17.573C 0, 3058 43. 2344 &2
5309, 3335 13. 4358 0. 2oag 40, 2344 g,
&309, 3477 e 23117 0. B355 4il, 2344 2.
8303, 4570 8. 72zt 0. 132581 440, 2314 Se.
&308, B075 8. 739¢ 0. £5349 40, £34 &2,
23d5. 5331 18.171C . 3554 4. 2344 £2.
£303, 55388 7. 5382 0, Ba0s 40, 23494 a1,
43903, 5577 7. 030 0. 3281 40, £344 gl
303, 7773 7.5278 0. =03 40, £344 &2,
4303, 7331 17,2418 2.'5008 45. 2344 £E.
&3u3. 3251 18, &723 G. 7883 40, 2344 SE.
£303, 27483 £.32512 2. 50058 4, 2344 a2,
2310, 1854 &. 7844 0. 5154 40. 2544 &2,
(8310, 2585 18,3755 O. [Fold 40, 2044 &c.

Figure V.4. Sample RFI Emitter Detection Printout
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VI. NEW TECHNOLOGY

There are no reportable new technology items resulting from the
work under this contract. The following review activities were per-
fotmed to determine any reportable items:

1. The key technological concepts and ideas studied and implemented
under the contract effort were identified. These consisted of the
methods of analysis, coding, and storage of the EEE data. The extent
to which these jdeas represented new techniques as versus an appification
of known techniques was reviewed.

2. A review of appropriate published Titerature to determine
the uniqueness of the ideas developed under the contract was performed.

3. Ameeting with the technical officer to discuss the resuits
of the contact effort and points (1) and (2) in connection with
efforts performed at GSFC and under contract with other contractors
was held.

.As a result of the review activities, it was concluded that there
were no ideas, discoveries, or improvements or reportable items which

were first conceived or reduced to practice under the contract.
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VII. CONCLUSIONS

The coding,. storage, and retrieval of the electromagnetic
environment data was studied., A simple method of universal coding
was foundwhich can provide a 6.4 to 1 reduction 16 storage over
the presently used,. fixed format tape methods. Display, storage,
retrieval, and analysis. computer programs were developed and impiemented
on the GSFC Interdata computer. Thesé methods provide a simple,

practical and effective way of storing and analysing the EEE data.
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APPENDIX A
. R-RATIO ANALYSIS
The R-ratio has been proposad as a method of detecting the presence
of RFI emitters. It has been determined empirically that its usefullness
is questionable 1in this rega(d. This can also be shown theoretically
through elementary probabilistic considerations. Let {Ri}be a set of

39 independent envelope (linear detector) observations. The R-ratio

3

is

w0

i
39

RS

2
j=1 |

!IM

1f Ri is the envelope of a pure Gaussian noise process, then Ri is

Rayleigh distributed:

p(R;) = 52- exo(-k2 / 2")

where o2 is the power associated with the in-phase and quadrature
coﬁponents of the underlying Gaussian noise process.

The mean value of Ri is readily seen to be

e[r.] =

Similarly, the average value of R? is found to be

Ebﬂ=

Hence the average R-ratio is approximately
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ANGCR

ki
- .79,
2 4

g
For a single CW or angle-modulated signal without noise, the
R-ratio is obviously = 1. However, for amplitude modulation or multiple
signal s%tuations, an R-ratio nearer to that for GBaussian noise occurs.
Consider spécifica11y the simp1e'situati0n of two equal amplitude angle-

modulated signals. Then, the average value of Ri is

E[B{] =3%F Jiw[11+ cose)2+(sine)?]%48
= 4/x.

The average value of R? is

2]_
E[R_i - 2,

so that average value of the R-ratio is approximately

2
efr]p )l - g/m2 v a1,
2

or almost the same as for pure noise.
For 39 points, for Gaussian noise, the standard deviation of the

R-ratio is defermined by the approximate expression

1 39 2
. 39 1.51[(&. - o/7]2 )+ o/7]Z
R
§19 gg (R? - 262 ) + 202
i=1
—_— 1 39 —
2w/l + 2/ 35 2 (R./¥Y20 - Vx/4 )
j=1
-we = F (e - 1),



From this, one can.readily calculate

var”Z(R)'z{w/tL 51—9-[4 . 511/4_‘]%”“'- = .03834,

which is greater than the difference between the average R-ratios for 2

equal amplitude sinusoidal emitters and noise only.

25



APPENDIX B 26
DATA QUANTIZATION ANALYSIS

As discussed in the main text, the data statistics chosen for
storage/retrieval were the mean, the R-ratio and the peak/mean ratio.
Bacause the ultimate use of the mean and peak values is in decibels,
these quantities are stored in‘1ogarithmic form (log companded) on the

range 1 to 2]2.

The mean is a 12 bit voltage value. Taking unity as the minimum,
the maximum range is O db to 72.2 db. For 39 points the maximum range
of the peak to mean ratio is 1T =0 db to 39 = 31.8 db. The R-ratio
has the maxiﬁum range of 1 to1/39, which taken as a power quantity‘is
0 to -15.0 db. The R-ratio, however, is not used except in the approxi-
mate range of 1 to .5, smaTler values thaﬁ .5 to .6'0r so being used to
screen out "bad points". Hence the maximum useable range of the R-ratio

is approximately O to -3 db.

The quantization increment must be chosen so that the quantization
noise is significantly less than the receiver noise in the data. If a
data range of some maximum value, M db, exists, and q quantization bits

are used elementary considerations Tead to a quantization one sigma error

of
M/zqd T2 db,

assuming a uniform quantizer is used.

From Appendix A, for Gaussian noise, the R-ratio has a mean + standard



deviation-to-mean ratio of approximately

03834 )
. = .,184 db
A w/h

For M = 3 db, for negligible quantization noise,

3729 /7T <<.184

1+

or:

29 5> 4,71,

Hence 4 bit or so quantization for the R-ratio suffices,

A similar analysis can be used for the wmean. Fbl]owing Appendix A,

39 ,
E[;%- )N Rii[ =77 o

i=1

39

b
511 4o 41 2 LAY
var? ) E z Ri| = [?}'2 g (‘I - -4—)]

i=1

Hence the expected value of the mean plus standard deviation-to~the

expected value of the mean ratio is

1

-—‘I - /4 :
1+ [m] = 698 db

for an M = 72.2 db range,

72.2/2% /72 >>.698



or:
2% 55 29.9.
Thus 6 bit quantization suffices for the mean value.
The expected value of.the peak/mean plus standard deviation-to-

expected peak/mean ratio can be shown to have a value in excess of

that of a single point which is

1+ [?‘iﬁﬁ?gi] © - 1.826 db

Hence the number of bits assigned to the peak/mean ratic for a

range of 31.8 db should satisfy
31.8/29 /12 << 1.826
or
29 5> 5.03
Hence 4 bit quantization is sufficient fqr the peak/mean ratio.

Thus a total of 6 + 4 + 4 = 14 bits is sufficient for the basic

quantization of each of the 3 data points at each frequency.



APPENDIX C
FLOW CHART AND SOURCE LISTING
OF
STORAGE/PLOTTING PROGRAM
(RFCAL4)
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INITIALIZE
YALUES

T
SET STORE=C'Y

SET STORE=C'N' |

SET OUTPUT T0

EAE?B§3/’
YES

[ SET PRINT=C'Y'

=

FIRST FILE
IRNDM=100
FIND EMPTY FILE
| IRNDM=START SECTOR
PRIN NQ
4

SET PRINT=C'N'

{

DATA POINTS?™

NO ¢ W
SET PLOTIT=C'N'

T -
ENTER TAPE,FILE e

YES

¥

NO

NO

, READ TAPE
RECORD

4

UNPACK DAT?
DECODE_HEADER

YES

PRINT HEADER
INFORMATION
T

JiTii=1

NPT=1
4(

QUANTIZE IITlth
LOG(MEAN) ,R-RATIO;
LOG(PEAKYMEAN)

] PLOTIT=C'P'?

] Yes

PLOT
VALUES
&

! UPDATE
| PROBABILITIES

SET PLOTIT=C'Y.'

SET UP PLOTTER

NPT=NPT+2

L N0

i

.. MODE .NUMBERS
+

ENTER
QUANTIZATION BITS

&

ENTER RECORDS TO

PROCESS= LINES
ol

J=1

FLOW DIAGRAM OF RFCAL4

\\ﬂg?E=4?
YES

NPT=NPT+3

i1111;1111+1l

1121282




OUTPUT
COMPRESSED
DATA TO DISK

+
{IRNDM=TRNMD+2

e

MARK EOF
ON DISK -

}
NORMALIZE

PROBABILITIES
4

CALCULATE
ENTROPY

BRINT
ENTROPY

FLOW DIAGRAM OF RFCALA {continued)
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START

—>ENTER COHMAND=CHMD |

START SECTOR
ON DISK=KSTSEC

¥
PRINT HEADER
"t INFORMATION

T
READ MODE 4
RECORD

!
TKSTSEC=KSTSEC+2 |

¥
DECODE RECORD,
DATA=INPA(IIII)

o ENTER MODE 2
TAPE#, FILE #

START SECTOR _ ¥
ON DISK=KST2 - READ MODE 2,
¥ : MODE 3 3§coRn
A TE§EE§,M3?5E3# DECODE MODE 2,

MODE 3 RECORD,
DATA=INP2{T1I1),INP3(III)

NO

KSTZ=KST2+¢
KST3=KST3+2

YES .
START SECTOR ' >{iI§If§§]

ON DISK=KST3

¥ NO
ENTER:

EIRP REF=EIRP YES
(S+N)/N THRESH=THRSH2 =1
R-RATIO THRESH=RTHRSH{ ) e

- T : 111-1}1+3

U INITIALTZE COUNTERS, . i

|_PROB. ARRAYS, ETC.

§
] ENTER MODE &
TAPE #, FILE #

FLOW DIAGRAM OF RFCALS5




MODE 4 S+N

> THRSH2?

RFI=EIRP+
MODE 4 S+N (db)
- MODE\? S (db)

PRINT FREQ, »
MODE 4 R-RATIO, RFI,
MODE 2, MODE 3 MEAN

T
| TITI=TT1I+3

NO 11123847

YES

{ KSTSEC=START SECTOR]
¥

READ DISK SECTOR
AT KSTSEC

| PRINT TAPE #, FILE #]

) y
KSTSEC=START SECTOR OF
NEXT DATA FILE

FLOW DIAGRAM OF RFCAL5(continued)
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&
ENTER
TAPE #, FILE #

T YES
, SHOOTH
RECORD
' YES -

START SECTOR
ON DISK=KSTSEC

4 YES
MOOTH? NO SHTH=C'N° _ fOUTPUT TO DISK!
k'
ﬁ;:ft:]ZEEQ;‘-‘—__*—_L—hwn ', [OUTSC=0UTSC+2 ]
[SMTH=C'Y" ¥ _
< — PLOT FREQ
s NO I—x AVERAGED MEAN,R-RATIO
QUTPUT? . QUTPUT=C'N' PEAK/MEAN RATIO

: YES
FIND EMPTY FILE
START _SECTOR=IOUTSC

&
[QUTPUT=C'Y" |

¥
PRINT HEADER
INFORMATION

¥
~ ENTER START
FREQ, FREQ
INCRgrENT
KSTSEC=START
SECTOR OF PLOTTED DATA;

'3
READ RECORD} _
FROM DISK [

‘ NO
| KSTSEC=KSTSEC+2]

Y
| DECODE_ RECQORD |

FLOW DIAGRAM OF RFCALS(continued)
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BUGERRT PREGRAM TG DS I W UNDER FGRTRAN CBMTREL LDD 12/75 PAGE
t caLlL IS:
1 HER CALL SYCLCICMD. LU, ISTAT, ISTART, IBYTES. IRANDEM)
+ ICHD= svc1 CIMD¢BYTE 3
+ Li= L%5 UNIT
+ ISTAT=3TAIUS RE:UPNED
{ I5TART= SIART R
+ IBYTES=BYTES T8® XFR
i IRANDTM= START SECTER FBR DIRECT DISK ACCESS
¥ LDD 12/75
¥@PT LAB= st1
COO0R T EXTRH . @
Bo00R . ENTRY gy¥cl
OQO0R ggggﬁ SYC1 STM  S:REG SAYE EM
0004R 3535 LM €. 0¢1S) GET ADDRS
Q00AR 27SE SIS 9,14 CK MUME BRGS
A00AR 2333 25§ : .
OOGCR gggg LHT 11.C'33
J010R 3653F BAL  15..4 SEND ERR MESS
0D14R E130 DG %' E13G" QuiT
0014R 3333 Gk LA 10.°0¢ 10) GET CMD
001AR D2A0 STB  10.S5YC
0040R -
OO1ER SSSE LH 11.0¢11) ]
0022R 853?R STB 11, 5¥C+1 SET LU
Q0024R SEEER STH  13.8VC+4 SET START ADDR
0O2AR gggg £H 15.0¢149, :
Jo2eR 27D1 SIS 1341 . END ADDR
0030R 40D0 . STH  13.SvC+8 SET X7
GOEER
00348 gggg LH 15.0¢ 159
0038R ggzgﬁ STH  15.8Y¥C+8 SET RANDEGM IF aNY
003¢R EliD. T s¥C . t.38Ve DG GPER
O040R ggqu LM 2, SYC+2 GET STAT
5 £y - 1
D044R gggg STH 8,0t 12) RETURN STAT
0048R b130 LM ‘9. REG . RESTSRE
0052R
004CR 4AFF aH 15.0¢ 15
Rufpinin)
gosSoR O30F . BR 15 RETURN
D0G2R REG - bg 14 .
00S0R 000G 5¥C C - 0.0,0.0.8
- 0000 :
2030
ulitals)
0000
004AR END
pRnnEEg PREGRAM TO DF IH UNDER FERTRAMN CHMTREL LDD 12,75 PAGE
N© ERRDRS
¥ .0 g012R
174 03 1R
REG oSz k
3VE1  Dosoe
* S poon ORIGINAT: PAGE IS

OF POOR QUALITY
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BIEERER PREGRAM f& PACK BYTES FRAM HW FBR FZRTRAMN LDD 12455 PAGE

CALL IS:
EELL PRCKCISTART. IBYTES)

S

+ WHERES
% ISTART=S5TARET ADLR
+ IBYTES=NTIE OF BITES
+EPT LAB=PACK
L
0Cg0R - EXIRM .®©
QOARR ENTRY PACK
000CR DOCO PACK . _3TH 12.R
o058R - h
DOQ4R DIDF . LM 13.0015)
h[ainia} . , .
DO0aR 27D& 515 - 13,4 CK RARGS .
000AR 233535 BES oK
Q0GCR g%gg LHI 11,C* 33" SEND .ERR MESS
QO10R 41iFQ . BAL 15..8
oo0oF )
D014R E130 y DC i~ X'E130! & QUIT
Q0isR gggg . BK LH . 15, 0C 15 BYTES
001AR QATE AHR | 15. 14 END ADDR+1
DOICR 0&DE LHR I 13, 14" o,
001ER éggg LES@P LH 1 12.0013) GET HW
QU22R gggg STB 12.0¢ 14) . PACK IT
D022k 28E1 ALS 14, 1 INCR PTRS
0023R Z2&bs Aars - 13.:2 -
QO2AR 0SEF CLHR 14,15 . CK DENE
gOgCr "2087 8LO LagpP
002ER D1CO | LM 1Z.REG
0033R -
0032R 4AfFF A . 15,0018
__ onoo . i
D03&R D30F BR . 15 auITy.
Q038R REG .b5 &
0040R - END
bzaspsn PROGRAM T@ PACK BYTES FREM. HW FBR FBRTRAN LDD 12/75 PAGE
M3 ERRGRS
$ .0 gRL2R
LogP” - DOIER
- 8K QO eR
¥ PACK Q0D0R
REG DO38R
ORIGINAT PAGH T
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DInneEE PRBGRAM T8 UNPACK BYTES T
+ CALL IS:
+ CALL UNPACK{IST
+ WHERE! _
+ ISTART = START _ADDR
+ IBYTES= NUMB ©F BYTE
¥  (I.E. LSTART+2+IBY
+ ISTART+ 1=FIRST U
{GPT LAB=UNPACK
¥ LDD 12,75
#
Q0GOR EXTRN . @
00008 ENTRY UNPACK
0000R DODO UNPACK STM  13.REG
D03AR : i
0004R D1DF : LM 13.0¢ 15)
0000 C
0008R 2704 SIS  13.6
000RR 2333 B25 @K
0GOCR CAEBD LHI  11.¢'33°
3333 ) i
DOLOR 21F0 BAL ~ 15..0
GO00F .
0D14R E130 DC X E130!
0014R 4REF wK AH 14.70¢ 153
0000
001AR D&DE LHR 13~ 14
DOICR 4ADE AH 13.0¢15)
QQ20R 27El - LGBP *© SIS  14.1
00Z2R 27D2 515 i13.2 .
0024R DSFE LB 15, 0¢ 14)
0028R 407D STH = 15.0(13)
002CR BSED CLHR 14,13
ODZER ZD&7 BLS  LE@oP
0030R D1idQ LM 13.REG
O03AR
0034R 4AFF AH 15. 0¢18)
T Dpog
0038R O30F BR 15
803AR REG DS- &, .
0040R END .-
BEENDEN PREGRAM TE UNPACK BYTES T
NE ERRORS
% .0 0012R
L@gP  O020R
K 0012k
£G 003AR
UNPACK _OQOOR

SIGIRESA

i PO

51

§ HW LDD 1Z2/735 PAGE

ART.IBYTES)

S
TES=-1 = END ADDR.
NPACKED EYTE L&C

SAYE EM
GET EM
CK ARG3S

SEND ERR MESS»

& QUIT N
LAST BYTE ADDR+1

LAST HY ADDRYZ
DECR BXTE PTR
DECR Hi{ PTR
GET 8 BYTE -

STERE 'HW

CK END

RETURN |

B HW LDD 12,75 PAGE
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SODAR, 2337 |

DOOCR CB8R0
~ 3333 -

0O010R &1iFQ
QUOOF |

00148 EI30D

.+ 0000

OO1AR 438F

' GO0z

OQ1CR 40A0
02028R

0020R CARRQ

0457

oo024= 40370
029A8R.

00238RE110
0z04R

J02CR 4300
0202k

OQO30R 4230

| sbab Sralaitat)

< +01DAOR

0NR34R D195
OirFr4ar

QO33R 450F
- OG04

DJ3CR DOZ0
- OIF4R.

D040R. 4236F

- C 0ooo

0044F z7R4
gu4sR 2335.

D043R CAED

3333

004CR- 44FT
ogizR-

0O50R 48AF

oogz

0O5S4R 24BzZ

00588 ¢€aCA
Ddsd -

0O0SAR 48D43

o0og

095ER 34DD

00s0R 40DA

Qoo

B0&84R ClRO
. QBSAR

00438 D130
oiF4R

00&CR 430F
- G004

K

EAD RFIME TAPE:INTH FOBR

e

T
ke

S ah okt oK i MWL

Lo s

e
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A3 M A A MG M A M A B b

ENTRY REIME, SU
EX

AT

cALL Isy
CALL _RFIMECIMP S
IMECN) 5: B.FIX PT R

H. GE. 554,
. INP IS a 2- BYTE RRRQ

SEC@ND CALL: IS
cAaLL SHITCH(IN?)

CALL BETES BRE SAMT CH
FLIT BEC RFIME FBRMIT
THIRD caLl IS: -

CaLl: PARAMSC IGMT, T
WHERE IGMT IS A 5 DI
IGHTC1=YR . . + .
TGMI¢ 2)=DaY .
IGMIC 3 )=HR=-PMIN .
TGMT 4 )=SECANDS -
YGMTC S 3=THOUSANDS GF
IFRER.IS § 2 DIM 2 B
IFRERC 1 3=MHZE/S0
TFREDL 2 3= 10 THOUSAND
ATITUD(T ¥ I=1. 13 = Bf
LDB as7s
MaD FHR 2 BYTE 10/74
CHANGED FRBM ECKERMA

FIME STM . '9,REG

Iy 110,U<153
: T 8IS ,|10,4
: . BES gk -
LHI lr,11;(:..'33'
_BAL. . 15:.13.
sve «3;
K LH ,1n,z<15>
5TH lID,INFUT
“AHI - }10,112?
- -0 STH - (10 INPUT
g ..svVC 51,INPUT
) LH U,INPUT+
HIBGE
1D RFIME TﬁPEiINTF FORT
‘LM - (3.REG
g8 ‘4<15>

WITCH STM 'Q,REG
= " - LH 1u,o<1s>

SIS 10, )
BES iK1

LHI  11.¢r 33}
BAL | 15..@&

K1 LH  10.2015)

’ LIS "tl.®
CHI 125 1128¢
BEP LH . 13.0¢ 100
EXER © 13,13
STH '13.0¢18)
BXLE : 10. LOBP
[
LM - .8.REG
B ~4¢15) |

3

!
i
T

"-

(3%

32

JRA&M S5.74
L TCH. PARAMS

RAY

Ran, 5/74

52

PRGE

ED IN INF 79

"RER. ATLITUD. INF2
1 & BYTE

ARRAY

83

TE RRHY P
&F HHZ/SD
ITy

DE DRTR(FLT PT)

LU
s .

N Tﬁ.RFIHE 8./75

SAYE USER REGS

"ot K NUME ARGS

' _SEND ERR MESS
-_ ﬁ aTEP
. GET' ﬂ(lNP)
" - SET UP S¥C
-END ADDR

READ TAPE IN
_CK STAT

RETURV IF DBNE

CK NUMB ARGS - oo

'.SEND ERR MESS
START ADDR

..BXLE INCR
END ADDR

' GET HW

SWITCH BYTES
PUT B&ACK

RéTURN

H
'
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E . .
0070R DO3O flagraMs STHM  :19.REG
0074R dZaF LH 10, 0¢15)
Q072R 2788 SIS 106,10 - CK ARGS
DO7AR 2337 BZS k2
CID?CF;: _C_{_;@‘% LHI B P e .
0080R géigp BAL  15..0 " ERR MESS
0024R gégq‘ SYC :3,0 LQUIT |
i g . ’
coseR AEr HK2 LH i14,8¢15) ACINP
DOACR 4é.§ . X LH =~ 15,2015 AC TGMT 3
o602, )
0030R DIAE LB r10-1028C 143 YR, 100'S DAYS
0404 | e : .
e 000G e {110 s
- [ =t H f S H - J R '
goasR 4oer | |, ~ 8TH 110.8¢1S) %R STERE
O0ACR 3338_ A e Y IR E 13 ¢ 1AN'A DAYS
pesmIweE T HEdD RFIME TARE, INTE Forbran s747 PAGE -
. GDDF-I ‘ . .]. ) 4 L |.;.
0OROR acan. © 0 MH 1110.D10 - % e
O0AR4R 828%\ LB 13.1023C 4> . '10 DAYS.DAYS
g0ASR 03CDh - LHR -:12.13 "} . S
00anR 36D4 SRLS !13.4 .
QOACR DASD AHR 111.13 AccuM *
GORER dCAD |, M4 | 10.D10 ¥ 10 |
uasag_gggg NHI a2 XF GET DAY
QOBSE OABC AHR  11.12 ACCUM & .
O0B3R, aD8F- STH :11.2(15) - STHRE, DAY, o
DDBCR,gggg LH © 113..1028¢ 140 10 HR- 1 HR. 10 MIN:1 MIN. 10 SEC
GOCOR "DARD LHR 1113 SAVE -
0OC2R SORE - SRLS !'11.14 10 HRS -
OCC4R, 4CAD MH O ii0.D10 %10
! QICER . . . -
O0CAR G3CD LHR -1 12.13 ) t ,
DOCAR . S0OCH SRLE 12, 10 g 1 HR3
G0CCR CdCd. NHI® ;12.%°F" ST
1 e )
QODOR OABS AHR [11.12 ! ACCUM -
O0D2R acAd MH - . i10.D10 . : ® 10
e L - t
O0DgR 02CD LHR ™ fiZ.13 " 10 MINS
TOPSS 9067 SeLs '12.7 .
BODAR Cach NAT™ 2% 7
UODER ‘GASC AHR 111,12 ACCLM .
COEOR dchd Md . 10,210 & MAKE RBSM FER NEXT -
" ODE4R B2CD LHR - 12, 13 '
OOE&R SOC3 SRLS [12.3 1 MINS
OBESR Cach HALS (1225 . )
OugF d '
QOECR 08BC AHR 11,12 - ACCUM -
OOEER 4ngE 5TH .11, 4¢15 & STHRE HR-MIN
00F2R C4DY MHI 1357 0 SECS
2007 ! - P
NOF SR 06D LHR 111,13 -
O0F 38 SEEER M4 10,010 » 10
DOFCR d8Bc LH 13, 1024¢ 14D SECS.. 1 SECS..01 5ECS.. 001 3ECS
g1bge ASAD LHR  'i2.13 .
01028 a3¢c SRLS 12,12 )
Q1048 0ASE GHR ‘11,12 - ACoUM SECSL
010K dusE STH '11.8C15) STHRE ~ »
IS .
010AR 038D LHR  .11.13 . .
g10CR S08S ' BRLS " 11.8 .1 SECS .

ORIGINAL PAGE IS--
OF POOR QUALITY,



o

b e o ek ekt e pak peh ek

[os]

CRIM PN et
[m)
)

fam Yo T wo B wt T T}

»

012AR
- D12ER
Di3zR
-J138R

Cﬂiﬁﬁi«&i:fﬁM}E

=}
m
A

OTfHn N
AHDA

e
LOBCO OANRMOETOOOOLCSANCADOODOOLICOADMDIRCL O NODOOADWOIBEDD

A
-

o)

Loy

NDAU'HCJCI\N#”I%D iy Dy Ty ot L BER o o g T R

i D N DI QDo C O G D Saprn 00RO 00 T e O Do A= oD

Qe SNLLICDORHODODONODNDD OGO G SOOI DENCGDo0

QQQAU%OMCUNAD'TIU"IG#D

T

QI I0 0 R e O =T ")

0GP
RO N0

ONNOLO L0000
(I JENT IS Py L P RO B

Q0

15"

- OF POOR QUALITY}

BT
Yo .

=

EAI

D RFIHF TAPE: INTH FaRT
MHT . f11.300F
MH ;10,D19
LER - 112,13
SpLs (12,4
ANR. 11,12
L. 1i0.D10
©ONHL | (IS.XCFY
auR | 11.13
. STH ~ ,11 & 157
NEW hET FR‘Q
llS;RIS .
LH | 15,4 153}
LH f13,100ﬂ(
- r
NHL | 1330 FE!
- LHR 11,13
- SRLS 1'1i.4
MH - 110.D10
-1 .
. AHI | 11.]10D
-NﬂI"ilS'X'E'
AHR | 11713 -
STH - 1 11.06¢15)
Ltrzs s
- LH®: , 13..1032¢
. XHR - F1i0 T
4 MH 10.B10
Yot LR H12.13
- SLLS +13.4
- NHIT 12.3%700
'SRLS | 18. 12
- AHE " (11,12
- 818 18,1
ENZES. | Pa.

.« STH ;11,a<15)
NEW GET ﬁITITUD .
-, LHI .9,1044<1
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