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THE JOHNS HOPKINS UNIVERSITY
APPLIED PHYSICS LABORATORY

LAUREL MARYLAND

PREFACE

This report describes the work performed by The Johns
Hopkins University Applied Physics Laboratory (APL) for the Federal
Aviation Administration under contract DOT-FA75WA-3553. The
Technical Representative for this effort is Dr. James A. Shannon
of Air Traffic Control System Division (ARD-111) of the Systems
Research and Development Service (SRDS).

This report is divided into three separate volumes.
Volume III contains the appendices for this report. Volume I
consists of a summary of major results, conclusions, and recommenda-
tions from the entire report. In addition, Volume I also describes
work completed in the area of primary radar processing (one exception
to this is Section 4.2 which discusses jitter in the beacon system).
Volume II discusses processing of the secondary radar (beacon) infor-
mation within the CD. Volumes I and II are essentially independent
so that the reader mainly concerned with beacon processing can concen-
trate on Volume II and vice versa.
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~~SPECIFICATIONS FOR CC'™ON DIGITIZER )
DATA LIST AND ANALYSIS PROGRAM ot /o =7 7oy

1. GENERAL INFORMATION

Program Name: Common Digitizer Data List and Analysis Program
Machine: UNIVAC 1230 (AN/USQ-20A)
Language: NELIAC

Task Description: The Common Digitizer Data List and Analysis Program
will provide listings of selected MODE 1 and MODE 3 Common Digitizer (CD)
"D" machine recorded data and generate selected statistical informatirn of
this data. The data will be used in the analysis and evaluation of several
CD modifications,
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2. PROGRAM DESCRIPTION

The Common Digitizer Data List and Analysis Program will process
Common Digitizer "D" machine scan correlation feedback data and target data
for CD enhancement test analysis. The program will provide lists of the
data and perform statistical calculations on the data.

Four "D" machine recording modes are available for the recording
of test data. They are labelled MODE's 1, 2, 3, and 4. The CD Data List
and Analysis Program will process only the MODE 1 and 3 data. Only orc
mode can be recorded for each test., The cata recorded in each mode is as
follows:

| MODE 1 ~ MODE 1 records Monitor Data for each radar sweep for all
64 azimuth sectors and the first 48 range zones in each sector.

MODE 3 ~ MODE 3 records Monitor, Accumulator, Control and Target
data for 3 selected contiguous sectors and 64 range zones in each sector.
The CD is usually operated with a range of about 200 miles, so only the
first 48 range zones will be of interest.

The following is a brief description of each data type i.e.,
Monitor, Accumulator, Control and Target Data.

(1) Monitor - Monitor Data consists of those parameters that are
measured in order to select the control quantizer operation. The range zone
‘ sum for parameters PNl, PN2, ACE, Cl, C2, and Q2 limit is recorded for each
, sweep. PNl and PN2 are the quantizer 1 and 2 hit counts, ACE (Automatic
‘ Clutter Elimination) is the number of times ACE blanking occurred, Cl and C2
1 is the number of times clutter was detected for quantizers 1 and 2 respectively,
| and Q2 limit is the number of times the video to quantizer 2 was limited.
(2) Accumulator - Accumulator Data is equal to the sum of the
Monitor Data for each range zone in a sector.

L (3) Control - Control Data consists of the Logical Indicator Flags,
Quantizer selected and the quantizer gain control. In addition, the Leading
Edge (TL) second threshold change is also recorded. The Logical Indicator
Flags indicate whether the Accumulator Parameters exceeded maximum/minimum
control values, if Manual MTI was selected and whether ACE blanking occurred
on the present and previous scan.

(4) Target - Target Data consists of the range, azimuth and target
run length for all Beacon and Search targets in three selected contiguous
sectors. Only Search targets will be processed by the CD Data List and
Analysis Program.

:DING PAGE ELANK&NOT FILMZD
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A typical CD enhancement test will consisc of a 10 to 20 minute
test interval whereby an FR950 radar video tape recording is played into
the CD. MODE 1 or 3 data is recorded for the duration of the test so that
the processing of the radar video signal by the CD can be analyzed and the
CD enhancement evaluated.

Seven Data list options and five statistical options are available
to process the recorded data for each test., The program options provide for
processing by individual parameters and control over the data base by scan,

| sector, and range zone. The program is controlled by four sets of input

‘ cards; the Identification Card, Control Card, Option Card, and Option Control
Cards. A brief description of each option and the card input is presented

in paragraph 3.2, Card Input.

4 Figure 1 presents a basic input/output diagram of the program.
Detailed specifications of each of the program inputs and outputs are
presented subsequently in the appropriate sections of this document. Figure
2 presents a basic program functional diagram for use as a basic starting
guide for the programmer.
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2.1 Scan Time Information

Time information must be calculated since there is no time data

recorded on the "D" machine data logging tape. In order to provide time
information, the scan period, the time and scan number of the reference
Azimuth Reference Pulse (ARP), the Azimuth Change Pulse (ACP) count of the
ARP, and the scan number of the reference ARP must be known. This infor-
mation establishes a time reference from which the time of all scans can be
calculated. Time information for the two recording modes is calculated as

follows:

(1) Reference Scan (I) Time = TARP +

4096 + (SECTOR ACP - ARP ACP)
4096

TSCAN

(2) Scan (N) Time = Reference Scan (I) Time + (N-I) TSCAN

where:

(a) TARP = The time of the ARP for reference Scan (I)
(b) Reference Scan Time = The scan times of reference scan I.

(c) Scan Time = The time of the first sector recorded (Sector
ACP) and the time of that sector for each
following scan.

(d) TSCAN = The scan period; the time between the occurrence of
ARP's.
(e) Scan:

MODE 1 - A count of 64 records (98,432 words)
starting with the first record recorded.

MODE 3 - A count of 6 records (7564 words) starting
with the first record recorded.

In order that the time information be valid it will be mandatory

that the record/word count not be interrupted. Checks should be established
and a method determined to account for bad data. One method for the MODE 1
data would be to count the number of odd/even sectors (records) in a scan.
When bit 27 is set (9 track recording) the buffer with data from an even
sector is being recorded.

2,2 Accumulator Data

Accumulator Data generated by the CD '"D'" machine is only recorded

for the MODE 3 recording option. Accumulator Data, however, can be calculated
from Monitor Data recorded by both the MODE 1 and 3 recording options. It is
calculated by summing the Monitor Data by Range Zone for all sweeps occurring
in this sector. Accumulator Data calculated from Monitor Data may differ

DRI
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from that calculated by the CD since some parameters are summed every
fourth or sixteenth radar trigger pulse (sweep). If the number of sweeps

per sector is less than a multiple of 4 or 16, all of the sweep data will
not be included in the accumulator sum.

2.3 Statistical Calculations

Statistical results required for data analysis are the calculation
of the mean, standard deviation, autocorrelation and probability density
; function (histogram) of the data samples. The equations required to perform
: these calculations are presented as follows:

(1) Mean and Standard Deviation

1 N
Mean = N~ z x (1)
I=1
—
¥ 2 N 2
Standard Deviation = % (x (1)) =l 56 ICL) 1/2
I=1 I=1

N - 1 _J

X(I) is the 1 sample and N is the total number of samples.

where:

Mean and standard deviation calculations are applied to data
samples for an individual zone or over a zone area.

(2) Autocorrelation

Autocorrelation calculations will be performed to measure the data
sample correlation (Lag) in range and azimuth. Correlation of data on a zone
basis or sweep basis (within a sector) will be obtained. The following
equations apply for range zone correlation. Reversing the I, J designations

in the equations, not the data base, will make them applicable to the azimuth
case.




1)

()

(3)

(4)

(5)

Data sample (zone

basis)

Matrix:
J ]
x(1,1) x(1,2) x(1,3) x(1,4)
. %20 x(2,2)  x@,3)  x@2.4)
x(3,1) x(3,2) x(3,3) x(3,4)
| x@n  x@2  x@3d  xG,e
Calculate sample mean
N
M(I) =— I x(1,3)
N J=1
Calculate Differences from sample mean
XD(I’J) = X(IaJ) = XM(I)
Calculate sample autocovariance
1 N
COV(K,I) = — z XD(1,J) * XD(I,J+K)
N J=1
K = 0,4 1lag

Calculate sample autocorrelation

CORR(K,I) =

COV(K, I)
cov(0,1)

) l Antenna

rotation

x(1,5)
x{2,5)
x(3,5)
x(4,5)
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(3) Probability Density Function

The probability density function is presented by a frequency

distribution (histogram). Three histograms are to be calculated by the
‘ program. They are a parameter mean zone count, parameter scan zone count,
i and a target count histogram. The histograms are calculated by determin-
E; ing the number of scans or zones that a parameter magnitude occurred. The |
i percent of the total scans or zones occurring at each parameter magnitude |
¥ is also calculated and tabulated. Histogram programs are available in |
i other F3E programs. These should be consulted to determine their applic- |
J ability for use in this program.

{ |
. 1
1 |

A-10
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3. PROGRAM INPUT FORMATS

The data input to the program consists of the CD "D" Machine
Data Tape and the Data Cards as shown in Figure 1. The formats of each
of these data inputs and explanations of each of the input parameters
are presented in the following sections.

3.1 CD "D" Machine Data Tape

The CD "D" Machine Data Tape contains either MODE 1 or MODE 3 type
data. MODE's 2 and 4 type data can be recorded, however, they will not be
used for input to this program. The "D" machine can only record in one mode
at a time. The specific mode is selected during "D" machine initialization.

MODE 1 recorded data contains only scan correlated feedback
Monitor Data. It is recorded for all azimuth sectors, by sweep, for the
first 48 range zones. MODE 3 recorded data contains scan correlated feedback
Monitor, Accumulator, and Control Data as well as Search and Beacon Target
Report Data. The Beacon Target Report Data will not be processed by this
program. MODE 3 data is recorded for three contiguous azimuth sectors for 64
range zones.

D" machine recorded data is grouped on a 9 track magnetic tape
in records consisting of 32 bit words. The NELIAC computer has a 30 bit
word format and uses a 7 track tape input. The 9 track 32 bit word tape
thus must be converted to a 7 track 30 bit word format for input to the
NELIAC computer. Figures 3 and 4 present the magnetic tape layout for each
recording mode. The first two words of each record are used as a header
word. The second word is presently a spare and is loaded with all zero's.
The word bit designation for the 9 and 7 track cases for the first header
word, Monitor, Accumulator, Control and Target Report Data is presented in
Tables 1 to 5.

3.2 Card Input

There are four categories of data cards which together constitute
the normal Data Card input to the program.

These are:

(1) Identification Card (ID0l)

(2) Control Card (1D02)

(3) Option Card (ID03)

(4) Option Control Cards (ID04)
(4a) Data List Option Cards
(4b) Statistical Option Cards

A-11
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IN THE SECTOR
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IN THE SECTOR
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IN THE SECTOR
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(SEE MODE 1 LAYOUT FOR A FOR SECTORS A,B,C
DETAILED DESCRIPTION)
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r— ————————————
INTERRECORD GAP
BITS 2 AND 30 SET
*————— 7ZEROS -
SECTOR A RANGE ZONE P
194 ACCUMULATOR
WORDS RANGE ZONE 63 DATA FOR
SECTORS A,B,C
SECTOR C RANGE ZONE §
RANGE ZONE 63 4&
INTERRECORD GAP
BITS 2 AND 28 SET
«*————— 7EROS e r
SECTOR A RANGE ZONE 9 I ,
194 I B CONTROL DATA
WORDS RANGE ZONE 63 FOR

.

—

SECTOR C RANGE ZONE f

] SECTORS A,B,C

|
|

S S T ERe -
RANGE ZONE 63

INTERRECORD GAP

1026
WORDS

BITS 2 AND 31 SET

~-———— 7FROS —

RADAR TARGET REPORTS:
2 WORDS/REPORT
BEACON TARGET REPORTS:
4 WORDS/REPORT

—

TARGET DATA
FOR
SECTORS A,B,C

e e UL e

—-—————— ZEROS - |
L INVALID REPORTS
FIGURE 4 13
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TABLE 1

Record Header: Word 1

BIT POSITION DESCRIPTION
9 track 7 track
0 0 Mode 1 )
1 1 Mode 2 !
\ lecord Mo
2 2 Mode 3 ) Recording Mode
3 3 Mode 4
4-25 4-14 Spare (all zero's) \
26 15 Monitor Data or Beacon Replies |
27 16 Dumping of Buffer
28 17 Control Data
29 18 MODE History File \ Type of
30 19 Accumulator Data Data
31 20 Target Reports
21-29 Spare (all zero's) j
TABLE 2
Monitor Data Word
BIT POSITION DESCRICTS O
9 track 7 track
0-3 0-3 Hit Density 2
4-7 4-7 Hit Density 1
8 8 ACE Blanking
9 9 Clutter 2 Range
10 10 Clutter 1 Zone
11 11 Q2 Limit TS
12-15 12-14 Spare (all zero's) 4
16-19 15-18 Hit Density 2
20-23 19-22 Hit Density 1
24 23 ACE Blanking
25 24 Clutter 2 Range
26 25 Clutter 1 Zone
27 26 Q2 Limit | N
28-31 27-29 Spare (all zero's) /
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Accumulator Data Word

DESCRIPTION

BIT POSITION

9 track 7 track
0-7 0-7
8-15 8-15

16-19 16-19
20-23 20-23
24-27 24-27
28-29 28-29
30-31

Control Data Word

BIT POSITION

9 track 7 track
0-3 0-3
4-8 4-8
9-13 9-13

14-15 14-15

16-18 16
19 17
20 18
21 19
22 20
23 21
24 22
25 23
26 24
ok 29

28-30 26-28
31 29

Ql Hit Density Sum
Q2 Hit Density Sum
Ql Clutter Sum

Q2 Clutter Sum

Q2 Limit Sum

ACE Blanking Sum
Spare (all zero's)

TABLE 4

DESCRIPTION

ATL (target lead edge change)
Q2 Gain
Ql Gain
Quantizer Select
Spare (all zero's)
Manual MTI
ACE Blanking
Clutter 1
Clutter 2
Q2 Limit
Ql Hit Density Sum
Ql Hit Density Sum
Q2 Hit Density Sum

Ql Hit Density

v AV

\
|

l

Control
Passed
To

CD

Logical
Indicator
To Build
Controls
The Next
mum Sum

Ql Hit Density Minimum Sum
Q2 Hit Density Maximum Sum

Q2 Hit Density Sum < Q2 Hit Density Minimum Sum

spare (all zero's)
ACE blanking on previous scan
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Target Reports

Search Target Word 1

BIT POSITION

9 track 7 track
0 0
1-11 1-11
12-15 12-14
16 15
17 16
18-19 17-18
20-21 19-20
22 21
23-24 22-23
25-26 24-25
27 26
28-31 27-29

Search Target Word 2

BIT POSITION

9 track 7 track
0-6 0-6
7-11 7-11

12-15 12-13
16-27 15-26
28-31 27-29

DESCRIPTION

MOTE Flag
Range (LSB = 1/8 nmi)
Zero's

AF Flag
FAA Flag
Zero's
One's
Zero's
One's
Zero's
Test
Zero's

DESCRIPTION

Storage time (LSB = 1/8 second)
Run Length, ACP's (LSB = ACP)
Zero's

Azimuth ACP's (LSB = 1 ACP)
Zero's
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These data cards must be input in the order specified above.
Due to the variation in information required for each option, a unique
option card exists for each of the 12 options. The option control cards
must be input in numerical order with the Data list options first. The
following sections present the formats for each of these data inputs, along
with explanations of each of the input parameters. Figure 5 illustrates
the required input Data Card arrangement.

3.2.1 1Identification Card

The Identification Card contains all the information required
to identify the test event to be processed. The Identification Card is

the first card included in the input data deck. The format is specified
in Table 6.
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OPTION CONTROL
CARD-STATISTICAH

7 e
|
i : |

OPTION CONTROL
ARD-STATISTICAL

TR

OPTION CONTROL
CARD-DATA LIST

OPTION CONTROL
CARD-DATA LIST

OPTION
CARD
CONTROL
CARD
IDENTIFICATION

CARD

FIGURE 5

DATA CARD INPUT
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TABLE 6

IDENTIFICATION CARD

Character Number Description Format
1-8 Date of computer run
Month, day, year (xx/xx/xx) H8
9-10 Blank ol
11-15 CD Test Number (x.x-x) H5
16-17 Blank '2!
18-25 Date of CD Test
Month, day, year (xx/xx/xx) H8
26-27 Blank S
28-32 FR-950 Tape Identification
Radar Location (ELW, PR), H5
No. of Tape
33 Blank e
34-41 Date of FR-950 Tape Recording
Month, day, year (xx/xx/xx) H8
42-43 Blank ek
44-49 Type of Data Recorded (MODE 1, 3) H6
50-51 Blank LA
52-59 MODE 3 SECTORS RECORDED
52-53 Sector A 12
54 Blank L [
55-56 Sector B 12
57 Blank A [
58-59 Sector C 12
60-68 Blank ‘9!
69-72 "IDOL" H4
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3.2.2 Control Card

The Control Card contains all information to control the data
tape. A time reference is set up and the portiou of the tape to be pro-
cessed is established. The Control Card is the second card included in
the input data deck. The format is specified in Table 7.
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TABLE 7
CONTROL CARD

Character Number Description Format
1 Blank i

2-3 Initial Sector Recorded 12
4 Blank T

5«6 ARP Sector Number 2
7 Blank Tyt

8-11 ARP ACP 14
12-13 Blank 12"

14-33 Time Reference Setup

| 14-16 Scan number of reference time 13
17 Blank 1"

18-22 Scan period; seconds, hundreds F5

of seconds
23 Blank ik G
Scan Reference Time (Time of ARP)

24-25 Hours of Day (24 Hours) 12

26~27 Minutes of Day 12
28 Blank iy

29~33 Seconds, hundreds of seconds of F5

day

34~35 Blank L.
36-38 Scan No, to Start Processing I3
39 Blank bt

40-42 Number of Scans to Process 13
43-68 Blank '26'

69-72 "1D02" H4




TABLE 8

PROGRAM OPTIONS

An option is selected when a "1" is placed in the appropriate

colum number.

A blank or zero indicates that the option is not selected.

Data list options 5, 6, and 7 and Statistical options 4 and 5 apply only

to MODE 3 recorded data.

Option Column
Number Number
1 10
2 11
3 12
4 13
3 14
6 15
7 16

Description

Data List Options

Monitor Data Range Zone Count per Sweep for a
selected sector and scan,

Monitor/Accumulator Data for a Selected scan
for all zomes.

Monitor/Accumulator Data per scan for a selected
sector and range zone interval.

Monitor/Accumulator Data per scan for a selected
range zone and sector interval.

Control Data for a selected scan and sector
for all range zones in the sector.

Control Data per scan for a selected zone
(sector xx, range zone Xxx).

Target Data per scan for three contiguous sectors.
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TABLE 8 (cont'd)

Option Colum
Number Number
1 30
2 31
3 32
4 33
5 34

Description

Statistical Options

The selection of this option allows one to select
the following suboptions on the Statistical
Option 1 Control Card:

1. The mean and Standard Deviation of parameter
for a selected sector and range zone interval
for all scans.

2. A histogram of parameter zone mean by zones
for a selected sector and range zone interval
for all scans.

3. A histogram of parameter zone count by
scan for a selected zone.

Range and Azimuth Correlation over a sector
(individual sweeps) for Monitor Data.

Range and Aximuth Correlation of a range zone
interval and sector interval.

Control Data Statistics (mean and Standard Devia-
tion) for all range zones in a selected sector
for all scans.

Target Count and/or Run Length Histogram for all
scans for three sectors.
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3.2.3 Option Card

The Option Card is used to indicate which options are to be
processed. This information is required in order for the program to set
up the option control card read format statement order. A definition of
each option and the Option Control Card format is presented in Tables 8
and 9 respectively. The Option Control Card is the third card in the
input data deck.
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Character

Number

24-29
30-34
30
31
32
33
34
44-49
50-52
53-68
69-72

Blank
Option Key

TABLE 9

OPTION CARD

for Data List Options

Description
Type of data to be processed (MODE 1,3)

Option
Option
Option
Option
Option
Option
Option
Blank
Option Key

Key

for

for Option
for Option
for Option
for Option
for Option
for Option
for Option

Statistical Options

No.
No.
No.
No.
No.
No.
No.

NOWVMES LN

Option
Option
Option
Option
Option
Blank

Key
Key
Key
Key
Key

for Option No. 1
for Option No. 2

for Option
for Option
for Option

Histogram Length

Blank
"ID03"

A-25

No.
No.
No.

3
4
5

o LR S RRRE

|
{
|
|
|
|
|
|
|
|

Format

I1
'8'

11
11
I1
1
B §
11
I1
'6‘

I1
I1
11
11
I1
'6'
I3
"16"
H4




Character
Number

8-9
10-15
10

11

12
13
14

16-19
20-37
20-22
23-25
26-28
29-31
32-34
35-37
38-39
40-57
40-42
43-45
46-48
49-51
52-54
55-57
58-68
69-72

TABLE 10

OPTION CONTROL CARD - DATA LIST OP1.iuN 1

Description

MODE 1,3
Blank
Option Type (1 - Data List, 2-Statistics)
Option No.
Blank
Data Source (Blank - Does Not Apply)
(1 - Monitor Data)
(2 - Accumulator Data)
Blank
Parameter Select Key
PN1
PN2
ACE
Cl
Cc2
Q3 Limit
Blank
Scan Selection
Scan xxx
Scan xxx
Scan xxx
Scan xxx
Scan xxx
Scan xXxx
Blank
Sector Selection
Sector
Sector
Sector
Sector
Sector
Sector
Blank
" ID04 "

BEEEEY
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Format

I1
l1|
I3

e
11

I1
11
hid §
I1
Il

'4'

13
13
13
I3
13
13
'2'

13
13
I3
L3
13
13
'lll
H4




3.2.4 Option Control Cards

The Option Control Cards are last in t - input data deck.
Option Control Cards selected with the Option Card should be grouped ac-
cording to the Data List or Statistical Category and be placed in numerical
order within each category. The Option Control provides the necessary in-
formation to select a particular parameter(s) for listing or analysis and
controls the data base to be input from the data tape, i.e., scan(s),
sector(s), range zone(s), etc. Tables 10 through 21 present the Option
Control Card format for each of the 12 optioms.




OPTION CONTROL CARD - DATA LIST OPTION 2

Character
Number Description Format
1-37 See Table 10, Same as Data List Option 1
38-68 Blank Ly [
69-72 ""IDO4" H4
1
A-28
]
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TABLE 12

OPTION CONTROL CARD - DATA LIST OPTION 3

Character

Number Description Format
1-15 See Table 10, Same as Data List Option 1
16-19 Blank %!
20-37 Sector Selection
20-22 Sector xx 3
23-25 Sector xx I3
26-28 Sector xx 13
29-31 Sector xx I3
32-34 Sector xx 13
35-37 Sector xx 13
38-39 Blank L2
40-53 Range Zone interval Selection
40-42 Range Zone Start xx 13
43-45 Range Zone Stop xx 3
46-47 Blank t27
48-50 Range Zone Start xx I3
51-53 Range Zone Stop XX 13

(each interval limited to 24 range zones)

54-68 Blank £15?
69-~72 ""IDO4 " H4

. A M ianiibind. gl g2 LTRSERR R 10 S o TS




Character
Nunber

1-15

16-19
20-38
20-22
23-25
26-27
28-30
31-33
34-35
36-38
39-41
42-44
45-62
45-47
48-50
51-53
54~-56
57-59
60~-62
63-68
69-72

OPTION CONTROL CARD - DATA LIST OPTION 4

TABLE 13

Blank

Sector Interval Selection

Descrigtion

See Table 10, Same as Data List Option 1

Sector
Sector

Blank

Sector
Sector

Blank

Sector
Sector

Blank
Range Zone

Start xx
Stop xx

Start xx
Stop xx

Start xx

Stop xx

Selection

Range
Range
Range
Range
Range
Range
Blank
"IDO4 "

Zone
Zone
Zone
Zone
Zone
Zone

EEEHEY
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Format

I3
13
1
I3
I3
1
13
13
131

13
13
13
13
13
13
161
H4




Character

Number

w N =
'

wn

o

8-5

10~27
10-12
13-15
16~18
19-21
22-24
25-27
28-29
30-38
3032
3335
36-38
39-68
69-~72

OPTION CONTROL CARD - DATA LIST OPTION 5

Description

MODE 3 (Does not apply to MODE 1)

Blank

Option Type (1l-Data List, 2-Statistics)

Option No.

Blank

Data Source (Blank-Does not apply for this
option)

Blank

Scan Selection
Scan
Scan
Scan
Scan
Scan
Scan

Blank

Sector Selection
Sector A
Sector B
Sector C

Blank

"ID04"

HEEEE
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Format

7 5
1y
I3

Il
1yt

I3
I3
S
I3
I3
13
'2.'

I3
13
LS




Character
Number

1-7

8-9

10-45
10-12
13-15
16-18
19-21
22-24
25-27
28-30
31-33
34-36
37-39
40-42
43-45
46-68
69-72

TABLE 15

OPTION CONTROL CARD - DATA LIST OPTION 6

Sector xx
Range Zone
Sector xx
Range Zone
Sector xx
Range Zone
Sector xx
Range Zone
Sector xx
Range Zone
Sector xx
Range Zone

Blank
"IDO4"

Description

See Table 14, Same as Data List Option 5
Blank
Zone Selection

OB 8 B ¥ ¥
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13
13
13
13
I3
I3
13
13
13
13
3
13
l23|
H4




Character

Number

1-7

8-9

10-18
10-12
13-15
16-18
19-68
©9-72

TABLE 16

OPTION CONTROL CARD - DATA LIST OPTION 7

Description

See Table 14, Same as Data List Option 5
Blank
Sector Selection
Sector xx
Sector xx
Sector xx
Blank
”I.DOA”

Format

13
3
I3
'50‘
H4
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Character

Number

w N

17=31

20-22
23-25
26-28
29-31
32-68
32

33-35
36-38
39-41
42-44
45-47
48-50
51-53
54-56
57-59
60-62
63-65
66-68
69-72

TABLE 17

OPTION CONTROL CARD - STATISTICAL OPTION 1

Description

MODE 1, 3
Blank
Option Type (l-Data List, 2-Statistics)
Option No.
Blank
Data Source (Blank - Does not apply)
(1-Monitor Data)
(2-Accumulator Data)
Blank
Parameter Select Key
PN1
PN2
ACE
Ccl
Cc2
Q3 Limit
Blank
Option 1 Suboptions A, B, C
Suboption A - Mean and Std. Dev.
Suboption B - Mean Count Histogram

Suboption C - Scan Zone Count for a Region
Sector and Range Zone Interval
Sector Start xx
Sector End xx
Range Zone Start xx
Range Zone End xx
Option 1 Suboption 3
Suboption 3 - Scan Zone Count Histogram
Zone Selection
Sector xx
Range Zone xx
Sector xx
Range Zone xx
Sector xx
Range Zone
Sector xx
Range Zone
Sector xx
Range Zone xx
Sector xx
Range Zone xx
"1DO4"

A-34

Format

It
AL
13

Tl

I1
I1
It
Il
Il

EL
EE

gl |
3 &

11

13
13
13
L3

11

13
13
13
3
13
i3
L3
I3
13
13
13
13
H4




TABLE 18

OPTION CONTROL CARD - STATISTICAL OPTION 2

Character
Number Description Format

1-15 See Table 17, Same as Statistical Option 1
16-19 Blank gt

f 20-28 Scan Selection

i 20-22 Scan xxx I3
23-25 Scan xXxx 13
26-28 Scan xxx 13
29-39 Blank b I B
40-57 Sector Selection
40-42 Sector xx 3
43-45 Sector xx i3
46-48 Sector xx I3
49-51 Sector xx 13
52-54 Sector xx T3
55-57 Sector xx 3
58-60 Blank ¢ 3
61-66 Range Zone Interval Selection
61-63 Range Zone Start xx 13
64-66 Range Zone Stop xx 13
67-68 Blank Ll
6972 "1DO4" H4
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Character
Number

1-15
16-19
20-25
20-22
23-25
26-29
30-35
30-32
33-35
36-68
69-72

OPTION CONTROL CARD ~ STATISTICAL OPTION 3

TABLE 19

See Table 17, Same as Statistical Option 1

Blank

Description

Sector Interval Selection

Sector Start xx
Sector End xx

Blank

Range Zone Interval Selection

Range Zone Start xx
Range Zone Stop xx

"IDO4"

Format

|4l

13
13
A

I3
I3
1331
H4




OPTION CONTROL CARD - STATISTICAL OPTION 4

Character
Number Description Format
1-7 See Table 17, Same as Statistical Option 1
8-9 Blank t2"
10-18 Sector Selection
10-12 Sector xx 13
13-15 Sector xx I3
16-18 Sector xXx 13
19-68 Blank '50"'
69-72 "IDO4" H4
TABLE 21
OPTION CONTROL CARD - STATISTICAL OPTION 5
Character
Number Description Format
1-7 See table 17, Same as Statistical Option 1
8 Target Count or Run Length Histogram Selection 11
(Blank - Target Count)
( 1 - Run Length)
( 2 - Target Count and Run Length)
9-68 Blank '60"
69-~72 "1D04" H4
A-37




4. PROGRAM OUTPUT REQUIREMENTS

The Common Digitizer Data List and Analysis Program will pro-
vide to the user output information for seven Data List Options and five
Statistical options. In addition to the tabulated data output, there are
three graphs (histograms) included in the Statistical data output and num-
erous Diagnostic/Error message outputs. A title page describing the in-
formation to be presented precedes the output of each option. A scan tinme
listing of calculated time information is provided.

Each page of output will contain the following general descrip-
tive information:

(1
(2)

(3)
(4)
)
(6)
(7)
(8)

Page number

Revision number and revision date of program in the
upper left cormer of the page

Option title

Date of computer run

CD test number

Date of CD test

Location of FR 950 tape recording and the tape number

Date of FR 950 tape recording

Figures 6 through 34 present the output formats. Those areas
requiring additional comments are discussed in the following paragraphs.

4.1 Data List and Statistical Output

All dates are output as month/day/year (xx/xx/xx). The test
number X.X-X represents a test, such as 2.3-2. The first two digits
present the test number while the last digit indicates a sequence in the
test. The location where the FR 950 video tape recording was made and the
number of the tape recording is output as xxxxx. A typical output would
be ELW 2 or PR 3, representing the Elwood, N. J. or Paso Robles, Califor-
nia radar sites. On title pages those parameters which are available to
be processed by the option are listed. Those parameters selected for
processing are indicated with an "x" under the respective parameter.

Data List options 1 through 4 and Statistical options 1 through
3 have a variable title depending on the paramenter selected and whether
Monitor or Accumulator data was used as the data source. This is repre-
sented as xxxxxxxx (xxxxxxxxxxx).in the sample format. A typical output

A-39
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WO 12 Limit (Accumulator). Data List options 1, 2, and 3 have a
s€ oucput format for the ACE parameter. This was done to save
paper. 7The ACE parameter has a lesser number of digits in its format
than the other parameters,

Statistical options 1 and 5 present a histogram output. The
histogram can be presented on one or two pages and should be centered
about the mean of the parameter. The graph should present at least
two standard deviations worth of data. Histogram programs have already
been developed by the F3 group. These should be consulted prior to
programming the output.

Statistical option 4 (Control Data) presents the mean and
standard deviation of all Control Data parameters except for the
Quantizer Select parameter. The number of times each quantizer was
selected for cumulative scans is presented,
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COMMON DIGITIZER
DATA LIST OPTION 2

THE FOLLOWING PAGES PRESENT A LISTING OF CD MONITOR/
ACCUMULATOR DATA FOR A SELECTED SCAN FOR ALL ZONES
(48 RANGE ZONES BY 64 AZIMUTH SECTORS). THE DATA WAS
OBTAINED FROM CD TEST X.X-X PERFORMED ON XX/XX/XX
UTILIZING THE FR 950 RECORDING XXXXX, XX/XX/XX. THE
DATE OF THIS COMPUTER RUN IS XX/XX/XX.

ARAMETERS SELECTED: PN1 PN2 ACE Cl1 C2 Q2 LIMIT
X X X X X X

SCANS SELECTED : XXX, XXX, XXX, XXX, XXX, XXX

TITLE PAGE
COMMON DIGITIZER DATA LIST OPTION 2

FIGURE 10

A-45




TIT NENOI14

“NOILDO3S HOVA ¥3ANN
SY01D03S TTIV ISIT °L% OL

LIWIT 20 NV ‘20 ‘1D 3OV ‘ZNd ‘INd SYALAWVEVd d0d %Z ANV €Z O1L 0 *‘SNOILD3S
NVOS QILOATIS V ¥0od INNOD 3INOZ - VIVd OML OINI SNIISIT IAIAIA
YOILVINKWNOOVY /4OLINOK ‘Z NOILJO ISIT VIVA @D *SANOZ IONVY 8% TV TYFHL :FLON
1€
ot
0z
61
8T
'k 4
9T
ST
91
€1
r4 4
11 e
()8 . §
6
8
L
9
S
V/
€
XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX T
XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX 1
XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX 0
€¢ ¢¢ ¢ 0¢ 6I ‘BT LT 9T St %I & ¢I L ©Ff 6 B Z © & % £ % T 0
ANOZ AINVY ¥0LD3S
XHX/XX /XX “XXXXX :3dVI 066 ¥4I XX/XX/XX ‘X-X°X :ISIL XXX NVOS :NOILDITAS VIvd XX/XX/XX :3IvVa

INNOD HANOZ (XXXXXXXXXXX) XXXXXXXX
¢ NOILdO ISIT VIvd ad




COMMON DIGITIZER
DATA LIST OPTION 3

THE FOLLOWING PAGES PRESENT A LISTING OF CD
MONITOR/ACCUMULATOR DATA FOR A SELECTED SECTOR
AND RANGE ZONE INTERVAL FOR ALL SCANS. THE
DATA WAS OBTAINED FROM CD TEST X.X-X PERFORMED
ON XX/XX/XX UTILIZING THE FR 950 VIDEO RECORDING
XXXXX, XX/XX/XX. THE DATE OF THIS COMPUTER RUN
IS XX/XX/XX.

PARAMETERS SELECTED: PN1 PN2 ACE Cl1 C2 Q2 LIMIT
X X X X X X

SECTORS SELECTED: XX, XX, XX, XX, XX, XX

RANGE ZONE INTERVALS SELECTED: XX TO XX, XX TO XX (LIMIT TO 24 ZONES PLR
INTERVAL)

TITLE PAGE
COMMON DIGITIZER DATA LIST OPTION 3

FIGURE 12




£1 mnala “TVAYTZINI MIN V 40 ONIISIT dHL OL

JOT¥d TVAYALNI NIAID V d¥04

LINIT 20 GNV ‘70 ‘TD ‘d0V ‘ZNd ‘INd SYEILIWNVIVd GHLS1T 29 (HORS SHVOS 1TV

¥Od TVANAINI ANOZ AONVN (NV ¥OLDES QALOTTIAS amaumamw A8 zMw q<>wmazH
V ¥O4 INM0D 3NOZ - VIVA VOIVINKNIOY HIVE BOX SANOT yi 0L 40
JMOLINOW ¢€ NOILJ0 IST1 VIVA @D 40 STVAYHLINI ENOZ HONVH OML *dION

0z
6T
8T
LT
9T
ST
71
ET
(4
1T

XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX
XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX
XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXX T

XX XX XX XX XX XX XX XX XX XX XX XX XX XX XX XX XX XX XX XX XX XX XX
ANOZ FONVY NVOS
XX 0L XX 3NOZ IFONVH
XX/XX /XX ‘XXXXX ddVI 066 ¥4 XX/XX/XX ‘X-X"X :ISAL XX ¥YOILDdS :NOILOATAS VIVA XX/XX/XX +d1vd

mefm\or\coo\g

INNOD ANOZ (XXXXXXXXXXX) XXXXXXXX
€ NOILdO ISIT VIvd ad

A-48




COMMON DIGITIZER
DATA LIST OPTION 4

THE FOLLOWING PAGES PRESENT A LISTING OF CD
MONITOR/ACCUMULATOR DATA FOR A SELECTED RANGE
ZONE FOR ALL SCANS AND FOR SELECTED SECTOR
INTERVALS IN THE RANGE ZONE. THE DATA WAS
OBTAINED FROM CD TEST X.X-X PERFORMED ON
XX/XX/XX UTIL1ZING THE FR950 VIDEO RECORDING
XXXXX, XX/XX/SS. THE DATE OF THIS COMPUTER
RUN IS XX/XX/XX.

, PARAMETERS SELECTED: PN1 PN2 ACE Cl C2 Q2 LIMIT
5 X R X ¥ X

RANGE ZONES SELECTED: XX, XX, XX, XX, XX, XX

SECTCR INTERVALS SELECTED: XX TO XX, XX TO XX, XX TO XX
SECTOR INTERVALS ARE LIMITED TO 24 SECTORS DUE TO OUTPUT FORMAT LIMITATION.

TITLE PAGE
COMMON DIGITIZER DATA LIST OPTION 4

FIGURE 14
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COMMON DIGITIZER
STATISTICS OPTION 1

THE FOLLOWING PAGES PRESENT STATISTICS FOR ANALYSIS OF MONITOR/
ACCUMULATOR DATA  PARAMETERS PN1, PN2, ACE, Cl, C2, AND Q2 LIMIT.
THREE STATISTICAL PRESENTATIONS CAN BE SELECTED. THEY ARE:

1. THE MEAN AND STANDARD DEVIATION OF PARAMETER FOR
A SELECTED SECTOR AND RANGE ZONE INTERVAL FOR ALL
SCANS.

2. A HISTOCRAM OF PARAMETER ZONE MEAN BY ZONES FOR A
SELECTED SECTOR AND RANGE ZONE INTERVAL FOR ALL SCANS.

3. A HISTOGRAM OF PARAMETER ZONE COUNT BY SCAN FOR A
SELECTED ZONE.

PARAMETER SELECTED: PNl PN2 ACE Cl €2 Q2LIMIT
X X X X X X

STATISTIC SELECTED: I~ ~~2 “SECTOR XX TO XX 3~ ZONES (XX,XX) (XX,XX) (XX;XX)
X X RANGE X
ZONE XX TO XX

NOTE:
ZONE (XX,XX) = ZONE (SECTOR, RANGE ZONE)

TITLE PAGE
COMMON DIGITIZER STATISTICS OPTION 1

FIGURE 16
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CD STATISTICS OPTION 1
KXXXXXXX  (XXXXXXXXXXX) MEAN ZONE COUNT HISTOGRAM

DATE: XX/XX/XX DATA SELECT:XXX SCANS SECTOR XX TO XX TEST: X.X-X,XX/XX/XX FR950 TAPE:XXXXX, XX/XX/XX
RANGE ZONE XX TO XX

MEAN PERCENT ZONES

s et S + B A e B B B St S
573 3 100D b 0 5. /
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XXX
MEAN = XXX.X
STANDARD DEVIATION = XX.X
XXX XX.XX XXXXXXXX
XXX XX.XX

CD STATISTICS OPTION 1; MONITOR/
ACCUMULATOR DATA MEAN ZONE COUNT
HISTOGRAM FOR CUMULATIVE SCANS FOR

PARAMETERS PN1, PN2, ACE, Cl, C2, AND
Q2 LIMIT.
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CD STATISTICS OPTION 1; MONITOR/

ACCUMULATOR DATA ZONE COUNT
HISTOGRAM FOR A SELECTED ZONE FOR

PARAMETERS PN1, PN2, ACE, Cl, C2, AND
Q2 LIMIT.
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COMMON DIGITIZER
STATISTICS OPTION 2

THE FOLLOWING PAGES PRESENT STATISTICS FOR THE
RANGE AND AZIMUTH CORRELATION ANALYSIS OF A
SECTOR BY SWEEPS OVER A RANGE INTERVAL FOR
PARAMETERS PN1, PN2, ACE, Cl, C2, AND Q2 LIMIT.

PARAMETERS SELECTED: PN1 PN2 ACE Cl €2 Q2 LIMIT
X X X X X X

SCAN SELECTED: XXX, XXX, XXX
RANGE ZONE INTERVAL: XX TO XX (INTERVAL OF 30 ZONES OR LESS)

SECTORS SELECTeb: XX, XX, XX, XX, XX, XX

TITLE PAGE
COMMON DIGITIZER STATISTICS OPTION 2

FIGURE 20

A-55




I¢ TANOIA

*LINIT 2O *wSANOZ A9NVY,, Ol HNILSIT
ANy “zo ‘10 ‘doV “ZNd ‘INd SYAIAWVYVd wdTAMS,, FONVHD ANV FTIIL NI
¥0d SdAAMS Ad TVANAINI ANOZ FTONVH wSISXTYNV HINWIZY, HLIM ,,SISATVNV
ANV ¥0ID3dS V 40 SISATVNY HLAWIZV NV TONVY dONVY,, dOVIdTd ‘SISKTVNY
= VIVQ YOLINOW ‘Z NOILdO SOILSIIVIS dd HINWIZV ¥0d “SISATVNY FINVH
SALVYISNTII FINOId AHL :JION
o€
TZ
0z
61
8T
LT
9T
ST
%1
€1
Z1 -
i -
0T
6
8
L
9
5
P . _ £ U
b4 5+ GRS 46+ ¢ N 4 + o TN 40 0. O3 X " XXX X' Xy s X AKX XXX €
XXXt XUXXX+ XXX+ XXX+ X' XXX X'XXX  X'XXX X XXX X XXX XXX z
N+ XU+ XXX+ XX+ - XXX X'XXX X'XXX  X'XXX a2 ¢ 06 XXX T
b € z 1 Y € z L 0
V1 VT
NOIIVITIN0D01AY FONVTIVAODOLNY NVIW dqIAMS

XX 0L XX SINOZ TINVY
VY /XX /XX ‘XXX P3dVI 066 ¥4 XX/XX/XX ‘X-X'X :ISAL XX WOIODIS XXX NVIS :NOTIDATIS VIVA XX/XX/XX :d1va

SISXTVYNVY FONVY INNOD INOZ IINVE (XXXXXXXXXXX) XXXXXXXX
¢ NOILdO SOILSILVIS ad




. RS S A B I S R

COMMON DIGITIZER
STATISTICS OPTION 3

THE FOLLOWING PAGES PRESENT STATISTICS FOR THE
RANGE AND AZIMUTH CORRELATION ANALYSIS OF A
RANGE ZONE AND SECTOR INTERVAL FOR CUMULATIVE
SWEEPS FOR MONITOR/ACCUMULATOR PARAMETERS PN1,
PN2, ACE, Cl, C2, AND Q2 LIMIT.

PARAMETERS SELECTED: PN1 PN2 ACE Cl1 C2 Q2 LIMIT
% X e e D5 X

RANGE ZONE INTERVAL: XX TO XX (INTERVAL OF 16 ZONES OR LESS)

SECTOR INTERVAL: XX TO XX (INTERVAL OF 16 SECTORS OR LESS)

TITLE PAGE
COMMON DIGITIZER STATISTICS ,OPTION 3

FIGURE 22
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COMMON DIGITIZER DATA LIST OPTION 5
CONTROL DATA

THE FOLLOWING PAGES PRESENT A LISTING OF CD
CONTROL DATA FOR A SELECTED SCAN AND SECTOR FOR
ALL RANGE ZONES IN THE SECTOR. THE DATA WAS
OBTAINED FROM CD TEST X.X-X PERFORMED ON XX/XX/XX

UTILIZING THE FR 950 VIDEO RECORDING XXXXX,
XX/XX/XX. THE DATE OF THIS COMPUTER RUN IS
XX/XX/XX.

SCANS SELECTED: XXX, XXX, XXX, XXX, XXX, XXX

SECTORS SELECTED: XX, XX, XX

TITLE PAGE
COMMON DIGITIZER DATA LIST OPTION 5

FIGURE 24
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COMMON DIGITIZER DATA LIST OPTION 6
CONTROL DATA

THE FOLLOWING PAGES PRESENT A LISTING OF CD MODE 5
CONTROL DATA FOR A SELECTED ZONE (SECTOR XX, RANGE
ZONE XX) FOR EACH SCAN. THE DATA WAS OBTAINED FROM
CD TEST X.X-X, PERFORMED ON XX/XX/XX UTILIZING THE
FR 950 VIDEO RECORDING XXXXX, XX/XX/XX. THE DATE

| OF THIS COMPUTER RUN IS X¥/XX/XX.

ZONES SELECTED: (XX,XX) (XX,XX) (XX,XX)
(XX, XX)  (XX,XX)  (XX,XX)

NOTE: ZONE (XX,XX) = ZONE (SECTOR XX, RANGE ZONE XX)

TITLE PAGE
COMMON DIGITIZER DATA LIST OPTION 6




COMMON DIGITIZER DATA LIST OPTION 7
TARGET DATA

THE FOLLOWING PAGES PRESENT A LISTING OF CD MODE 3
TARGET DATA FOR THREE SECTORS FOR EACH SCAN.

THE DATA WAS OBTAINED FROM CD TEST X.X-X, PERFORMED
ON XX/XX/XX UTILIZING THE FR 950 VIDEO RECORDING
XXXXX, XX/XX/XX. THE DATE OF THIS COMPUTER RUN

IS XX/XX/XX.

SECTORS SELECTED: XX, XX, XX

TITLE PAGE
COMMON DIGITIZER DATA LIST OPTION 7

FIGURE 27
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COMMON DIGITIZER STATISTICS OPTION 4
CONTROL DATA

THE FOLLOWING PAGES PRESENT A LISTING OF CD MODE 3
CONTROL DATA STATISTICS FOR ALL ZONES IN A SELECTED
SECTOR FOR ALL SCANS. THE STATISTICS PRESENT, FOR
EACH ZONE, THE NUMBER OF SCANS EACH QUANTIZER WAS
SELECTED, THE MEAN AND STANDARD DEVIATION OF THE
NUMBER OF SCANS EACH LOGICAL INDICATOR FLAG WAS SET,
AND THE MEAN AND STANDARD DEVIATION OF THE QUANTIZER
FEEDBACK GAIN WORDS AND DELTA TL VALUE FOR ALL SCANS.

THE DATA WAS OBTAINED FROM CD TEST X.X-X, PERFORMED
ON XX/XX/XX UTILIZING THE FR 950 VIDEO RECORDING

XXXXX, XX/XX/XX. THE DATE OF THIS COMPUTER RUN IS
XX/XX/XX.

SECTORS SELECTED: XX, XX, XX

TITLE PAGE
COMMON DIGITIZER STATISTICS OPTION 4

FIGURE 29
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COMMON DIGITIZER STATISTICS OPTION 5
TARGET COUNT HISTOGRAM
THE FOLLOWING PAGES PRESENT A TARGET COUNT AND/OR
RUN LENGTH HISTOGRAM FOR ALL SCANS FOR THREE SELEC-
TED SECTORS. THE DATA WAS OBTAINED FROM CD TEST X
X.X-X, PERFORMED ON XX/XX/XX UTILIZING THE FR 950

VIDEO RECORDING XXXXX, XX/XX/XX. THE DATE OF THIS
COMPUTER RUN IS XX/XX/XX.

SECTORS SELECTED: XX, XX, XX

TITLE PAGE

COMMON DIGITIZER STATISTICS OPTION 5

FIGURE 31
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4,2 Diagnostic/Error Messages

The program should provide for erxror messages which will in-
dicate to the user those conditions which may be indicative of errors in
actual data or oversights in the preparation of the program input data.
Some examples for each situation are as follows:

(69

(2)

(3)

(4)

Condition - The Input Data Cards are out of order or a
card is missing,

Program - Do not process data tape.
Message - Print on line printer which card is out of

order or missing.
Condition - An Input Data Card has an incorrect format.

Program Action - Do not process data tape.

Message - Print on line printer which Input Data Card
has the incorrect format.

Condition - The option 3 Control Card Input Range Zone
Interval Selection "stop range zone'" is blank.

Program Action - Do not process option 3
Message - Print condition statement on line printer.

Condition -~ A parity error occurred in *he Monitor data
of sector XX.

Program Action - Do not use Monitor Data for scan in which
parity error occurred.

Message - Print on line printer page following option
output the scan number in which the parity error
occurred. Indicate that this data was ommitted
from Data List or Statistical option.
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RANK QUANTIZER WITH SCF - CALCULA! Pfa
WHEN MINIMIIM DETECTABLE SIGNAL (MDS) TARGET IS PRESENT

iletectable signal (MDS) is defined as the S/N ratio csuch that
Since a target detection occurs
M/N second
azimuth hits

The minimum
probability of detecting the target is 50%.
target hits in azimuth, Zy, exceeds M in the
S/N ratio such that the median number of

Lilg

when the number of

hreshold, the MDS is the
M.

Z, the expected number of hits per zome,

The SCF loop attempts to hold Z
constant. In particular, if the desired Py value is Pp,ref and the number of

hit opportunities per zone is Nzgone then the SCF loop constrains:

B[2] = (Nzone) Pn,ref

e number of hits due to targets Zt is less than (Nzone) Pn,ref plus
¢ minimum number of noise hits. Otherwise, no matter what the variable bias

le expected value of 2 will exceed the desired value. In this case, the SCF

loop will continually raise the quantizer threshold until some minimum Py value

P,,{min) is reached.

coviding

Suppose now that a target has entered the zone, the SCF loop has responded
iowering Pp, and that this increase in threshold has given the target a S/N
what is Pp in the zone? To a good approximation, the

I o equal to the MDS,
sum of the hits due to noise and those

=1 number of hits in the zone is the

due to the target:
Z=2qn+tig
llows:
efz] = Elzn] + E(z¢) .
+ Pp(min) for MDS)

hen Zg < (Nzone) Pn,ref + ZN(min) (Pn,ref > M/N
zone

Efzn] + E[Z¢)

2’,U»I(') Pn,ref -

(Nzone) Pn + E[Z¢]

The distribution of Zy is not calculated here. For a uniform beampattern,
distributed with N=ff of pulses/beamwidth and p = the

uld be binomially
probability. Since the mean of a binomial

it threshold detection distribution

al to the median
ElLZ¢t | M

MDS target is in the zone. Assuming that this relation also
e T of
uniform beamshape case, one can substitute for E[Z{! giving

‘zone) Pn ref = PnNzone + M

M

is the value of I, when the MDS target is in the zone and Pp.ref )
’ 200t

nin).,
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APPENDIX B

It follows for thermal noise or uncorrelated clutter:

12

? - 12 M i M 12-1
Pfa & < i ) (Pn,ref /Nzone) (I'Pn.ref - /Nzone)
i=M

when Pp ref > M/Nzone + P,(min) .

And when Py ref < l‘1/Nw“ + Pp(min), Pp is driven to its lowest value, Pp(min),

e

12 : i 12-1
Py ™ \L ( 112 )(Pn(min)> (I-Pn(min)) .
i=M

and:




APPENDIX C

RANK ORDER QUANTIZER - NONPARAMETR i(
OPERATION CALIBRATION PROCEDURE

The following procedure should be performed to calibrate the

rank quantizer for nonparametric operation. A block diagram schematic
is provided on the next page for reference purposes.

1
L

Ul
B

Disable the parametric D/A gain control by grounding all bits via
wire strap WSl located on card Q3DS1 in location DE-DD89.

Input 2 volis peak to peak (0.41 true Vrms) Log Video receiver noise
to delay line. Radar recelver antenna should be disconnected and
properly terminated.

Adjust the center tap GAIN control resistor R2 (card DE-DD45) until
the center tap true rms voltage at the input to the tap (0) compara-
tor (pin 2) is equal to the delay line input voltage. The delay

line input voltage also appears at pin 3 of the tap (0) comparator.

Display the rank summation network output levels on an oscilloscape

(pin 6 of U6 on card DE-DDO1). Display the rank threshold voltage
(pin 2 of U7) coincidently with the summation signal. Adjust resistor
R38 until the INCREMENTAL VOLTAGE change of the threshold voltage

from rank to rark is equal to the voltage difference between ranks

of the summation signal.

Measure the number of hits out of the rank quantizer per second

(pin 7 of U7 on card DE-DDOl) with an electronic counter and a
sampling circuit. A sample circuit with a period of 386 nanoseconds
(1/32 nmi) and 100 nanosecond pulse is provided with the CD enhance-
ments. Determine the 100 percent count per second (count all sample
pulses) and use this as a reference to calculate the rank false hit
rate percentage.

With the rank threshold set to 24 (Py = 4%), adjust BIAS VOLTAGE
resistor R40 (card DE-DDO1) to obtain a count equal to 4% of the
160% count,

Input 250 millivolts peak to peak (0.05 Vrms) Log receiver noise t
the delay line., Adjust BALANCE resistor R29 (card DE-DD45) to obtai
a 47 hit count.

Repeat steps 5a and 5b until the 47 hit count is obtained at voltage
inputs of 2 and 0.25 volts peak to peak.




TAP (0)

l 3 CcoMPARATOR
TAPS (1+11) .
+
DELAY (R2) ° > TAP (0)|%
TAP (12) ™ ; Z
N LINE o
TAPS & :
LOG (13+24) BALANCE
VIDEO CONTROL TAP (24)
RCVR (R29)
NOISE i
’ PARAMETRIC
GAIN CONTROL
e N
WS] (0A)
COMPARATOR
RANK
- , : 4 OUTPUT
RANK
, THRESHOLD
1 RANK VOLTAGE
s A3 ) L RS INCREMENT
K — (R40) — (R38)
> > > >
RANK
SELECTION
FIGURE C-1

RANK ORDER QUANTIZER SCHEMATIC DIAGRAM
RANK ORDER QUANTIZER - NONPARAMETRIC OPERATION CALIBRATION PROCEDURE
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DESCRIPTION OF THE ARSR TRACH

USED IN THE DATA REDUCTION OF THL
OUTPUT SIGNAL CHARACTERISTICS ANALYSIS

ARSR Centroid Tracker

Centrc

12

id data is input from 7 track, 556 bpi mag tape. T

in bearing order in the Centroid Store and are used t« pda ‘
declare new tracks.

are four types of tracks:

1) fixed - slow moving or stationary radar-only track that has
established a definite scan-to-scan correlation

2) firm - track which has established a definite scan-to-scan
correlation, If the track is radar-only, its velocit
must be at least 70 knots.

3) tentative - track which has not yet established a defini sca
scan correlation

4) mnew tentative - track which has just entered the syst

A track is updated '"n' zones behind the zone of the ce

input from mag tape. There are 256 zones per scan, For example

ire updated four zones (approximately 5.6°) behind the zone of centi
BUL.

For radar-only tracks, a window is placed around the predicte: 0
of the track for the present scan and the Centroid Store is searched for centroid
within the window. If no centroids are found, a second search may be used F
heacon tracks, both primary and secondary windows are always used in an tem

to find the best centroid to update a track.

If no centroids are found, a miss is declared and the track is )
or dropped. Tracks that find a centroid are updated with a variable B filcer
Range o, B vary as a function of time and correlation success. Bearing o, £
vary as a function of range, time, and correlation success. When a tra
coasted, o=B=C., After all tracks in a zone have been updated, enter ar e lecte
beacon centroid or a radar-only uncorrelated centroid as a new tentati
Track promotion or drop is detailed in the state diagram in Figure D.1 w

also details the major features and data flow of the progra
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> 1

- CHECK PROGRAM
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INCREMENT
"OLD ZONE"

ZONE ;\\\\\\‘

YES

UPDATE FIXED TRACK
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INTERPOLATE TIME
OF 0° CROSSING

|

¥

(,,___.__L_.__

IPDATE FIRM TRACK
IN (OLD ZONE-~16)

CUTPUT DATA TO
MTU IN SST FORMAT

EXECUTIVE ROUTINE




UPDATE TENTATIVE

TRACK
IN (OLD ZONE-33)

UPDATE NEW
TENTATIVE TRACK
IN (OLD ZONE-50)

)

REMOVE ENTRIES 1IN
CENTROID STORE IN
(OLD ZONE-59)

ANY

UNCORRELATED
'ENTROIDS

RESET
"UPDATE FLAGS" OF

ENTER COORDINATES
AS NEW
TENTATIVE TRACK

TRACKS
IN (OLD ZONE-%7 )

OUTPUT DATA
TO DISPLAY

FIGURE

EXECUTIVE ROUTINE, CONTINUED.
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Executive Routine (EXEC)

The Executive routine insures that the program is running properly,
controls data 1/0, and updates tracks in an orderly fashion. The routine begins
(Figure D.2) by reading a block of centroid data from the mag tape unit, processes
it, and places it in the Centroid Store in bearing order. The Centroid Store
will hold 512 centroids with two 30-bit words per centroid. The first word contains:

1) range - twelve bits with an LSB = 1/16 nmi
2) bearing - twelve bits BAM

3) selected flag - one bit which is set when the centroid is selected
to update a track

4) correlated flag - two bit code which indicates that the centroid
correlated with a tentative (including new

tentative), firm, or fixed track

5) radar quality - four bit code indicating radar-only centroid
quality

Note that twelve bits of range with an LSB = 1/16 nmi only allows centroids to
286 nmi. Centroids beyond that range will be discarded. The second word contains:

1) beacon code - twelve bits
2) C flag - one bit which is set if the target gave an altitude reply
3) altitude - nine bits with an LSB - 100 ft.

Altitude will be set to zero if the mode-C validity is less than three (V _ < 3) or

\
{f the reported altitude is negative. The second word 1s clearea ror radar-only
centroids.

The bearing of the last centroid input from the block of mag tay
used to determine the "mew zone." If (new zone - old zone) > | the "old zone"
is incremented and a check is made for data output to the MT?’. Output «
in an SST format. Output will occur at zone zero. The time to be writter
the MIU with the data will be the interpolation of the time when the radar
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Next, all fixed tracks whose update flag is not set in (old zone-4) are
updated, firm tracks in (old zone-16), tentative tracks in (old zone-33), and new
tentative tracks in (old zone-50). Entries in the Centroid Store in (old zone-59)
are removed. Any removed beacon centroids whose '"selected'" flag has not been set
or any radar-only centroid whose '"correlated" flag has not been set is entered as a
new tentative track. Then the '"update'" flag is reset for all tracks in (old zcne-67).
New data is output to the display and the EXEC loop is repeated.

Fixed Track Update Routine (FXUP)

The Fixed Track Update routine starts by searching the Centroid Store.
Any radar-only centroid which was not previously selected to update another track
will be used to update a fixed track. The update procedure merely inserts the
centroid coordinates into the fixed track coordinate stores and clears the '"missed
scans'" count., If a suitable centroid is not found, the "missed scans'" count is
incremented. A fixed track is dropped on the eighth consecutive miss.

Firm Track Update Routine (FMUP)

The Firm Track Update routine begins by checking if the track is radar-
only (Figure D.5). If it is, the Centroid Store is searched with the primary
window. If one uncorrelated centroid or one unselected centroid is found, it is
used to update the track. If more than one, multiple track logic is entered
(Figure D.7). 1If none, the secondary window is searched and the same questions
asked. If no suitable centroids are found in the secondary window, the "missed
scans" counter is incremented and the track is coasted. A firm track is dropped on
the sixth consecutive miss.

After a radar-only track is updated, its velocity is checked. It
track velocity > 756 knots on eight consecutive scans, the track is dropped

The track is promoted to a fixed track if its velocity is less thar 70 knots on
eight consecutive scans,

If the track has been updated with a centroid, FMUP next checks if the
track beacon code equals the centroid beacon code. Remember that for radar-only
tracks and centroids, the beacon code=0. If the two codes are not the same,
the centroid code is compared to the last measured code (the beacon code of the
centroid last used to update the track). If they are not the same, the centroid
code is entered as the last measured code. If equal, the ''change code" count is
incremented and when the count = 2, the last measured beacon code is entered
as the track beacon code. A similar process is used for the mode-C flag. This
logic allows a radar-only track to become a beacon track, allows beacon tracks
to change codes, etc.
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ENTER
FXUP

SEARCH CENTROID

STORE

CNSR
D.18

NO

INCREMENT '"MISSED
SCANS'" COUNT
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DROP FIXED
'RACK
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FIGURE D.4

TRACK UPDATE ROU
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SEARCH CENTROID
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0
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o
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D,

FOUND

NUSC
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FIGURE D.5

FIRM TRACK UPDATE ROUTINE
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FIGURE D.6. FIRM TRACK UPDAT# ROUTINE, CONTINUED,

Biad
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YES SET '"'MISSED SCANS'"
COUNT = 4 i

NO

NCREMENT 'MULTI PLE
e @.___. COAST" COUNT

D.6 @‘No COUNT = 4

YES
CLEAR "MISSED Dgﬁ;ﬁgtﬁgg CDEV D.16
SCANS" AND
"MULTIPLE COAST"
COUNTS
SET a, B GAINS
D.5
D.8
¥
UPDATE TRACK UPDT D.17
D.6
FIGURE D.7
FIRM TRACK UPDATE RUI"FINIQ, CONTINUED.
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Beacon firm track update begins in Figure D,.8. 'he Centr Store
is searched with both a primary and secondary window. If no centro X
found (score = 0) the track is coasted and dropped on the sixth consecutive
miss. If a centroid is found whose score > 100,, it is used to update ti t

Lf no scores were = 100, but only one centroid was found with a lower score,
it is used to update the track. If several low-scoring centroids were found,

the track is coasted (Figure D.7?). Beacon tracks are not subjected to velocity
tests After update, the bracon code and C-flag are checked as described
Tentative Track Update (TTUP)

The Tentative Track Update routine begins by checking if the track
radar-only. If it is, the Centroid Store is searched with the primary window
if an uncorrelated centroid is found, the track is updated. If none are foun
the Centroid Store is searched with the secondary window. The track is update
if an uncorrelated centroid is found or an unselected centroid is found anc
no "previously correlated with fixed" centroids are found

For beacon tracks, the Centroid Store is searched with the primary a
secondary windows and if a centroid is found whose score > 100,, the Ct1
updated. If a suitable centroid is not found to update the tentative tracl
"missed scans' count is incremented and the track is dropped on the thi

onsecutive miss.

After update, the centroid beacon code and "mode-C flag'" are entered
as the track beacon code and "mode-C flag.'" The '"updated with -cntroid"
is incremented and TTUP exited. On the fifth update, beacon tracks are entere
1s firm tracks as are radar-only tracks whose (70 knots < velocity = 700 knot
Radar only tracks with lower velocity are entered as fixed tracks while the
with higher velocity are dropped.

New Tentative Track Update (NTUP)

The New Tentative Track Update routine starts by searching the Cer
Store. If it is a beacon track and a centroid is found whose score >
track is promoted to tentative and its update completed in TTUP (Figure D.13).
the track is radar-only and any centroids are found which "previously a

with fixed" *the track is dropped. If none of those are found

dand

drn unc

previously

centroid is found, the track is promoted to tentative and update completed i

[TUP. If a suitable centreid is not found for a track, it

mLsS.

See Figure D.16 for the Calculate Deviations subroutine

for the Update subroutine.
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Centroid Search Routine (CNSR)

The Centroid Search routine determines the best ceatroid to be used
for track update. The routine starts (Figure D.19) by determining if the track
is radar-only (track beacon code = 0). For radar-only tracks, a wirdow is placed
around the predicted position of the track if a tentative or firm track is being
processed. The last measured position is used for fixed and new tzatative
tracks. Range window sizes are given in Figure D.18. Bearing windows are given

by:
CZ)
R

where C, and C, are given in Figure D.18 and R is the track range in nautical
miles. "Maximuf bearing window is 11.25°.

B.wl - t ‘Cl

If this is the primary search for this track, the window sizes are
saved for use by the Set o, B rcutine. Next, if a fixed track is being processed,
only radar-only centroids are searched (centroid beacon ccde = Q). The Centroid
Store is searched and if a centroid is found within the search winaow, the '"correlated"
flag is checked. NCFC is incremented if the flag indicates the centroid previously
correlated with a fixed track. NUSC is incremented if the '‘correlated" flag is
set but the "selected'" flag is not set. If the '"correlacted" flag is nct set, NUCC
and NUSC are incremented and the track code is placed in the 'correlated'" flag.

If several centroids are found in the search window of a non-fixed
track, the following priority will be used to select a centrcid for updating
the radar-only track:

(1) uncorrelated radar-only centroid of larger quality

(2) uncorrelated beaccn centroid

(3) unselected radar-only centroid of larger quality
(4) unselected beacon centroid

The "selected" flag is set only for the centroid selected for update. Its
coordinates, along with the counters NCFC, NUCC, and NUSC are saved fcr use by
the track update routine.

When a beacon track is being processed, bocth primary ard secondary
windows are searched at the same time (Figure D.22). Only "unselected" centroids
are checked for beacon tracks. The centrcid to be selected to update a track is
determined by score. The centroid score is a four bit binary rumber:

BWCH2

D-22
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Track Type

Fixed (primary + secondary)
New Tentative (primary + secondary)
Tentative + Firm (primary)

Tentative + Firm (secondary)

SEARCH WINDOW PARAMETERS

Range
Window

.563 nmi
1.94 nmi
.375 nmi

.563 nmi

FIGURE D.18
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400 ft
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FIGURE D.22
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where B=1 if the track beacon code equals the centroid beacon code, W=l if the
centroid is within the primary window, C=1 if the track 'C-flag'" equals the
centroid '"C-flag", H=1 if altitude correlates. |

The highest score is selected for update and if several centroids
have a tie score, the "multiple centroid” flag is set (MC). If a centroid is
found with the highest possible score for that track type, 1110, for tracks
whose '"C-flag"=0, and 1111, for tracks whose "C-flag'=1l, it is Immediately
selected to update the track and CNSR is exited. The 'correlated” flag is
set for all centroids found in the primary window and centroids with beacon
code correlation in the secondary window.

Set a, B Routine

A table of gains is shown in Figure D.23. Gains a =1, B = .5 are used
only for new tentative tracks that had one missed scan. For tentative track gains, :
the word 'update' refers to track updates with a centroid (e.g. third update is the
third update of a track with a centroid).

"Secondary window' gains are used only on those coordinates whose A
exceeded the first search window. For example, if AR is calculated to be .4 for a
firm track, the range window was + .375 and therefore the large window " BR are
used. However, the decision on using firm track or secondary window aB, B depends
on the magnitudes of AB and the bearing window,
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% &
1 1
1

.867  .602
.867  .602
.867  .602
| 816 547
i .816 .547
4 816 .547
| .805  .547
j 805 547
‘ .805  .547
.805  .547
.805  .547
% .805  .547
| 805  .547
.805  .547
.805  .547
.867  .602
.867  .602
; .867  .602

PR

.848
.836
.902
.762
<719
.902
.734
.648
.902
127
.613
.902
2
.598
.914
.848
AR

i} Time of Use
L Update of new tentative track
<D Update of new tentative track that missed one scan
L742 Tentative track, second update, short range
.547 , medium "
516 . long ¥
742 Tentative track, third update, SR
.43 , MR
344 , IR
<742 Tentative track, fourth update, SR
414 » MR
273 , LR
742 Tentative track, fifth update, SR
414 , MR
.258 ,» LR
742 Firm track update, SR
414 , MR
«25 . LR
742 Firm + tentative track secondary window, SR
< S4L7 , MR
.344 , LR
FIGURE D.23 TRACKER GAINS
SR = (range < 32 nmi)
MR = (32 nmi < range < 64 nmi)
LR = (range > 64 nmi)
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