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This report describes the use of TV TRACK, a tracking system using

low-light TV caueraso during SECEDE II at E:,lin AFB, Florida, during

January 1971. The purpose of this system was to record the appearance

of barium cloudi; with television cameras located at three sites along the

Gulf Coast and pro'vide real-time pozition data to experimenters who were

attempting to aim probe rockets and instruments at the cloud. A previous

technical. report "TV TRACK: A Real-Time Outpvt System for Object Track-

ing", ADC-TR-70-273, descried the preliminary h-evifications of this

system. The present report describes the actual use and modifications

made to the system during the SECEDE operation. Some problems encountered

during tracking are also discussed. This report contains enou6'1 detailed

information to allow duplication of the system software or to extract

those portions of it that may be useful for other applications. Addi-

tional system information is contained in another report being prepared

by Sandia Corporation, Albuquerque, New Mexico.
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INTRODUCTION

This is a report of an actual operation with TV TRACK, a system for real-

time visual object tracking. The system consists of low-light TV cameras and

a communications system which allows data to be sent ftom remote TV sites to a

portable small computer. The computer, an INTERDATA model 4, calculates the

position of the object that the cameras are observing and transmits this posi-

tion to other remote sites for use in orienting other equipment. A position

solution ii available once a second. A previous technical report "TV TRACK:

A Real-Time Output System for Object Tracking", RADC-TR-70-273, described

the preliminary specifications of the system, which may be deployed anywhere

that telephone lines or other suitable means of comunication are available.

The computer software is easily modified to allow outputs of the solu-

tion in a variety of forms. The basic system handles up to 4 observing sta-

tions. In addition to receiving input look angles from the observing TV sites,

the computer also calculated look angles to the position solution appropriate

to each site and transmits this data back to each site for display on NIXIE

tubes. This provides a means of feedback control for the TV mount operators

and may serve to re-orient a site which may have dropped tracking for a while.

This report describes the actual use of TV TRACK to track barium releases

during SECEDE II at Eglin AFB, Florida, during January 1971.

Mission and Responsibilities

The TV TRACK system was set up at three sites: Barin NAS, Alabama; Eglin

APB, Site C-6, near Portland, Florlda; Tyrdall AFB, Florida. (The stat- in co-

ordinates used by the University of Alaska for these operations are given in

Appendix 1.) The computer for the position solutions was located'at site C-6.

Look angle data were transmitted to the computer via phone lines and a position

solution was generated each second. "Feedback" look angles were sent back to

each site, giving directions to the position solution.

The Univ'-rsity of Alaska was responsible for thrbe outputs to external users:

1. Position solutions were sent to the CDC 6600 Computer at Building 380
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at Eglin Main. The 6600 used these positions, sent every 5 sec, to com-

pute aim points for the LASL aircraft so that it would be positioned along

the same field line and below the barium cloud. The 6600 also used the

real-time position data to calculate a predicted position of the cloud

for the use of the rocket launching craw, who were to launch probes and

other rockets at the cloud.

2, Positions were sent to the Sandia launch site ac A-15A, to be typed

out on a local teletype. These were used by the Sandia aeroballistics staff

to estimate the cloud's drift, and to prevent firings of probes that would

go off the reserved area of the rocket range.

3. The SRI investigators at the FPS-85 radar required the cloud height

for some of their experiments. This was sent as a difference from the anti-

cipated release height.

Each external output is described in detail under Real-Time TV TRACK

Program below.

An additional exterial output was devised on the spot for the benefit

of the AVCO experimenters, who required the range to the cloud from their

site. Since they were located physically close to the U of A Tyndall

site, the feedback look angle display at Tyndall was used to indicate the

rangeo from that site, on request to the computer operator. The mount

operato- at Tyndall then relayed the information to AVCO.

Computer Hardware and Coiunications

The small computer used in the tracking system was an INTERDATA Model 4.

This is a 1-microsec. 16-bit machine that is equipped with 8K bytes (4K

words) of memory and floating-point registers. Microprogrammed instruc-

tions for Sine, Cosine, ArcTangent and Square Root are built in. Input/

1. Two teletype modules, which transmit serial ASCII code to a teletypeI



or into a data modem.

2. A manual data entry module, consisting of 16 thumbnail switches to

allow entry of decimal digits, An ENTER key signals the computer to read

the 16 cigits.

3. A real-time clock, which provides interrupts at a fixed rate of

10 per second.

4. A "halfword" module enabling 16-bit words to be entered from an

external source. This is used in conjunction with special interface equip-

ment to transmit and receive data over the communications lines.

5. A high-speed 60 char/sec paper tape punch. This is used to record

the log data on half-inch paper tape.

6. A high-speed optical paper tape reader. This runs at 300 char/sec

and is used to enter the programs and the setup iata.

All of the above devices have interrupt capability. No direct memory

access channel is available on this computer.

Reli e TV TRACK Program

TV TRACK is an INTERDATA-4 computer program which produces position

solutions every second. Data are gathered from remote observing stations

in the form of azimuth and elevation angles and the position solution com-

puted. A setup program SETUP-TRACK is used to define the station positions,

the position of anticipated object acqibition and a central location from

which XYZ coordinates may be computed. SETUP-TRACK produces a "parameter

tape" containing all the tables and constants needed*for operation of TV

TRACK. Such a tape may be prepared for each mission.

TV TRACK begins operation by loading the parameter tape, then start-

ing the real-time clock. The real-time clock gives interrupts continuously

every tenth of a second, at which times the computer will read whatever

is o q cozmunicatnns lines fronm remote stations and store this ata -0
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received. The start-up sequence finishes by enabling interrupts from the

teletypes and the manual entry module, the computer is then placed into

"wait" state at the beginning of the main executive routine TASK. When

the real-time clnck has counted off a complete second, the wait state is

reset, and the program begins executing TASK. TASK is a sequence of sub-

routine calls, some external, some internal to itself. The subroutines

check input for validity and store it in floating-point form, compute the

position solution and drive the outputs. At the end of TASK execution,

the computer is again placed in wait state until the next second, when TASK

starts again. The teletypes and real-time clock may interrupt TASK and the

Await state when service Is required.
The solution and certain common values are maintained in a storage

area called COMVEC, which may be accessed by any system component.

Subroutines of TASK

UPTIME Update time by one second. Universal time is stored in

COMVEC in BCD as hours, minutes and seconds. Time is set

by manual entry interrupt. (See Setting Time in TV TRACK.)

After 24 hours, the time goes back to 00:00:00. No ac-

counting is made for days.

MDE Process data from the manual data entry (MDE) module. When

the enter key on the MDE is pressed, an interrupt is gen-

erated, to which the program responds with a read, and stores

the data until it can be processed. Data from up to two

stations may be entered in this manner. The data are con-

verted to floating-point and stored in the appropriate sta-

tion table(s) with an indication of data origin.

INPANG The 8 digits of each module are assigned as follows:

1 - Station ID (0,1,2), 2-5 - azimuth XXX.X, 6-8 - elevation XX.X

I
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This routine examines the data sent in over the communica-

tions lines. The data are checked for validity and stored

as floating-point in the station tables, overriding any

data stored there from the ME. The console switches are

read at this point to enable the operator to inhibit input

from selected stations. As part of the validity checl, in-

put look angles ar, rejected if they dIffer by more than

xbout 5 degrees from their values on the previous second.

The rejection of azimuth implies rejection of elevation

and vice-versa. Once rejected, input must stay within 5

degrees of previous for four consecutive seconds before it

is again accepted. This is to forestall use of wild data

that happens to be legal BCD.

STDHCT If a switch on the console is set, this routine will move

the location of the anticipated initial object acquisition

into the solution area. This is useful in order to aim the

tracking stations before object acquisition (See FEDBAX).

SELECT This routine produced the position solution on the basis of

the data stored in the station tables. The best solution

of all possible two-station solutions is selected on the

basis of minimum miss-error (See Two-Station Algorithm).

A one-station solution is computed when no two-station

solutions are available. The solution quality is set in

this routine. More details on SELECT are given in The

SELECT Algorithm.

FEDBAK To keep mount operators informed about where they should

look to be pointed at the position solution, the look angles

from each station to the solution generated in SELECT are
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computed here and sent out over the communications lines.

No examination of solution quality is made - whatever is

stored as the solution is used. This may be the last solu-

tion obtained, or that stored by STDHGT. FEDBAK always sends

data, even if a station is disabled for input by the opera-

tor.

LOGPCH This drives the log punch. If a console switch is pressed,

the paper tape punch is started and the LOG routine cAlled.

The log output consists of the time, solution quality, input

look angles and stations used for the solution. The punch

is turned off when the switch is released.

DSPLY This drives the console display lights at the computer. All

communications input and output may be displayed by switch

selection. Time and solution quality may also be displayed.

EXTI This drives the first "external" output of the system. For

SECEDE II this was the output of the position solution to

Eglin's CDC 6600 as a difference from the location of the

launcher. EXTI starts the teletype module associated with

it and calls the SECEDE II routine EGLIN.

EXT2 This drives the output to the ASR-33 teletype in the B-27

trailer site at A-15A, in much the same manner as EXTi.

The SECEDE II routine is LAUNCH.

EXT3 This drives the output of delta-height to the SRI personnel

at the FPS-85 building. This was over a conmunication line

rather than a teletype module. The SECEDE II routine is SRI.

The external routines may easily be varied with the track-

ing application. A discussion of each external routine

follows.
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External Output to EGLIN

Routine EGLIN drives a teletype module which is connected to a data

set for transmission down the phone lines to the CDC 6600 at Building 380

on Eglin Main. A 24-character message is sent every 5 seconds, on the UT

second, according to computer time. The message begins with a carriage-

return and a line-feed to enable listing on a teletype. The last character

is all ones, except for parity, which is zero, for end-of-line. Preceding

the EOL character is a checksut, rhich is an exclusive-OR of all data char-

acters including CR and LF with the EOL. The position solution is given in

displacement forn, as a difference from the position of the central location

(launch site). Note that all data characters have the 8th Lit (parity)

always zero.

Position Contents

1-2 Carriage Return (CR) and Line Feed (LF)

3 Character 'E' for Eglin

4 Solution Quality Code: 5 - 2-station solution, reliable,

error under 2 km.

4 - 2-station solution, reliable,

error over 2 k.

3 - 2-station solution, unreliable

2 - 1-station solution with assumed

height

1 * solution from manually entered

data.

0 - no solution

5-9 Latitude Displacement, signed minutes of arc, SXXX(.)X

10-14 Longitude Displacement as latitude

15-18 Height above sea level, kilometers, XXX(.)X
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Position Contents

19-22 Minutes and Seconds of Universal Time, MMSS

23 Checksum

24 EOL, All ones except parity, X'7F'

All characters have parity bit zero.

External output to LAUNCH

Routine LAUNCH drives a teletype module which is connected o a data

set for phone line transmission to an ASP-33 Teletype machine at site A-15A.

The message sent gives the Universal Time and the location of the object,

every 5 seconds. The location is expressed as X, Y and Height above sea

level. The X and Y are computed with respect to the control location, X

is east; Y is north. The control location was the launch pad at A-15A (See

Table 1). The height is taken directly from the solution. Look angles

and range to the object from the launch site are computed using subroutine

LOOK and we calculate:

X- RANGE * COS(EL) * SIN(AZ) (1)

Y - RANGE * COS(EL) * COS(AZ) (2)

All values are in kilometers. The message is formatted for readability,

in ASCII characters with parity always set to zero. When there is no solu-

tion available, the words "NO SOLUTION" replace the X, Y and Height.

External Output to SRI

Routine SRI drives a communication line t.o the FPS-85 building. The

line is one of the same kind as are used to send feedback look angles to

the tracking sites. Information is sent every second and consists only of

incremental height, defined as:

Ah (C/bject Height - Predicted Acquisition Height) 3 (3)
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The information is sent out regardless of whether a solution was indicated,

using the last height stored. The data are sent in both binary and BCD

formats in a single 32-bit frame. For the format, see the program list-

ing for SRI.

Operator Control of TV TRACK

The console switches on the INTERDATA may be interrogated by the pro-

gram. There are 16 of these switches; many of them are used to modify the

system's operation in real time. The following functions are under opera-

tor control:

1. Tracking status of each station: One switch is assigned to each

station. If the switch is on, input from that station may be used in the

solution, otherwise it is not used, regardless of its value.

2. Aim at release point: If no solution is obtained for a given

second, this switch causes the predicted location of the release to be

stored as the solution. This causes feedback look angles to be sent to

each station appropriate for aiming the stations at the anticipated release

point.

3. Starting and stopping the punching of the log tape: The log tipe

was started at the launch of the barium carrier rocket.

4. Each external output is controlled by a switch. This is used to

start and stop transmissions to each external user. No control is provided

for feedback look angles, which are considered as "internal" outputs. Feed-

back look angles are sent every second regardless.

In addition to the console switch functions, a dill rotary switch on

the console is read under program control to select displays in the lights

on the console. The basic display is minutes and seconds of time, solu-

tion quality code and which stations are being used to compute the solution.

The operator is able to select a display of input or output that is currently
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on each of the four conmunications lines. The two teletype-code outputs

(to Eglin Main and to A-15A) were repeated on local teletypes. It was

thus possible to check out all data transmissions at any time.

Setting Time in TV TRACK

The computer runs on its own real-time cltck. This gives interrupts

every tenth of a second. After 10 interrupts, a new second is recognized.

The value of time is kept in BCD as hours, minutes, seconds and updated

every second. The initial value is set in from the manual data entry

module;

The hours, minutes and seconds of an approaching UT time on WWV are

set in the manual switches and station "9" is indicated. When the enter

switch is pressed by the operator synchronous with the mark on WWV, an in-

terrupt is generated which causes the program to reset the time. The time

value set on the MDE is read and stored as the time and the tenth-of-a

second counter reset to zero. The program then proceeds as before it was

interrupted. Time can be set at any moment in this manner, good to at

least 0.3 second. During an hour, there is less drift than 0.5 second

in the computer time.

Two-Station Solution

The position of the object is computed as the closest approach of the

two range vectors. The orientation of the range vectors is determined from

the given look angles. The positions of the two stations are given on a

reference sphere.

The solution is done using a cartesian system with origin at one of

A the stations (A) and with X-axis in the plane containing the two stations

and the center of the reference sphere. The X-axis is tangent to the refer-

ence sphere at A, and is positive toward the other station (B). The Y-axis

is vertical at A; the Z-axis is chosen to complete a "right-handed" coordinate
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system (see Fig. 1). Roejecr)

A (B'B 0D)

~r~r~oN RC / -

CETE OFFAC OF

C-.3 REF eReAece SPMiCE

FIGURE 1

xB - " Sin (Arc) (4)

YB - -B Cos (Arc) (5)

(YB in general will be negative)

The azimuth bearings of B from A and of A from B are necessary to

adjust observed azimuths for orientation to the XYZ system. They may be

computed using the spherical law of sines.

I

Az of B from A- Sin- Cos(Lt ) f ) 6

Az of A from B - Sin"I (Los (Lat (A)) Sin (A long) (

Sin ( (

where AB is the great circle from A to B and Along - long (A) - long (B)

Note that these azimuths must be aditsts*A for ',, - a-,ta n ,- pairs for
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TV TRACK are selected so zhat A is always west of B (See Fig. 2).

~A

IGtURE 2

Orientations of Azimuths

Sin (Az AB) Sin (A long) _ Sin (Az BA) (8)
Sin (NB) Sin ( - Sin (NA)

The Z-coordinate of station B in this system is identically zero.

The arc distance (great circle angle) from A to B is obtained from

the spherical law of cosines:

Cos (Arc) - Sin (lat (A) Sin (lat (B)) + Cos (lat (A)) Cos (!at (B))

Cos (long 'A) - long (B)) (9)

The geocentric distances to A and B are computed by adding the model

r-du to taLLr hlghs



-14 -

RA -HA + R B - "B + R (10)

From this, the X and Y coordinates of B may be computed:

XB - RB Sin 'Arc) (11)

YB RB Cos (Arc) - RA  (12)

Calculation of a Two-Station Solution

An initial assumption is made that the range vectors do intersect.

This allows determination of the two ranges DA and DB .

We have: A - A- fi (13)

Dot Product (13) with AR, giving:

or (14)

-D2 DlCosO IDA DADB

whei 9 is the angle between A and BI

Dot product of (13) with BR similarly gives:

• =DADB Cos 9 - D 2  (15)

Now let

M - -- N - DB

DA B
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and

P Cos 9 (16)

Equations (14) and (15) now become

A B

(17)

PD - DB N

The slant ranges are now obtained from simultaneous solution of the

system (17).

DA - PN D PM- N (18)A B 1 P2

If the look angles from A and B to R are used to compute direction cosines

within the XYZ coordinate system: (Ax, Ay, AZ) w/r/t A and (Bx, Byt BZ )

w/r/t B, M and N are:

M AX + AYYB + AZZB

(19)

N BX +B Y+ B + BzzB

Note that the coordinates of B in the XYZ system are (X,, Y., 0)
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The value c' P - Cos 9 is the dot produce of the unit vectors (direc-

tion cosines):

P AxBx + AYBY + AZBz (20)

Now that the values of the two slant ranges DA and DB are available,

the original direction cosines are used to compute the XYZ coordinates of

the object first w/r/t A, then w/r/t B.

From A: (ADAP AYDA' AzDA) A

(21)

From B: (XB + BXDB,) YB + ByDB BZDB)

The result position is taken to be the mean:

'PA +RPB (22)
2

Two additional solution parameters are availab3! (See Fig. 3):

Reliability - Taken to be P = Cos 9

Precision - The distance between the points RA and RB

E (RA 2

The XYZ position of the object is now converted to latitude, longi-

tude, and height, using the given coordinates of A on the reference sphere.

Height of Object

(See Fig. 4) The radius distance RC is computed by solving triangle

RCD. The radius of the reference sphere is subtracted from RC to give the
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object height. If the object position is (X,Y,Z):

DR - X2 + Z2  (23) ;

CF - Radius of Reference Sphere

FA - Known Height of A

AD - Y-Coordinate of R

CD= CF + FA + AD (24)

z-2 =-2 -2
RC DR + CD (25)

Height - RC - CF (26)

The great-circle angle (0) from A to R may now be computed (See Fig.

5).

The latitude of R is derived from the spherical law of cosines:

Sin (lat) = Sin (lat (A)) Cos 0 + Cos (lat (A)) Sin 0 Cos (Azm) (28)

where Azm is the given azimuth angle from A to R.

The longitude of R is derived from the spherical law of sines, as a dif-

ference from the longitude of A.

Ci- /A 1. C4- fi AA m% (A&Ip, (t (29)
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Longitude - long (A) - A long (30)

/J. POLE. oL 9

L TA

FIGURE 5

l-

SCos (NR) =Cos (NA) Cos 0 + Sin (NA) Sin 0 Cos (Azm) (31)

Latitude of Object Sin- I (Cos (NR)) (32)

Sin 0 Sin (Azm)
Sin AL Sin (NR) (33)

One-Station Solution

Look angles from one observer (A) to object (R) are known. The height

of the object (H) is assumed.

(See Fig. 6): The great circle distance XY is found by

AR - Cos - 1 (RA Cos (E1)/RR) - El (34)

where RA and RR are the geocentric radii and El is the given elevation
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angle.

The range is available as:

Range - RR Sin (AR)/Cos (El) (35)

The latitude and longitude are computed as with the two-station method,

using AR.

Sin (lat) = I.. (lat (A)) Cos (AR) + Cos (lat (A)) Sin (AR) Cos (Az) (36)

Sin (AL) - Sin (AR) Sin (Az)/Cos (lat) (37)

long - long (A) - AL (38)

C
FIGURE 6

Sin (90 + El) Sin 0 Sin (90 - El - 0) (39)
CR AR CA

Cos (El) Sin 0 Cos (El + 0) (40)
CR AR CA
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Cos (El + 0) - CCos (E) (41)

El + Cos 1  Cos (El) (42)

- Cos 1  Cos (El)) - El (43)

CR Sin0 Sin (
Cos (El) 3 Cos( (44)

(RA, RR both known)

Look Angles and Range

The coordinates of an observing station (A) and an object (R) are known

on a model sphere.

The great-circle angle 0 between A and R is available from the law of

cosines on a sphere.

Cos 0 = Sin (lat (A.) Sin (lat (R)) + Cos (lat (A)) Cos (lat (R)) Cos (A long) (45)

where A long - long (A) - long (R)

The range -.ay be computed by solving the plane triangle formed by A,

R and the model center

Range 2  (Radius to A)2 + ((adius to R)2

-2 (Rad (A) Rad (R)) Cos 9

I-
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we have:

Radius to A - known height of A + model radius - and similarly for R.

The Elevation Angle is derived by forming a triangle with right angle

joining R with the extended radius to A.

1-l~ Cos 0 - R A
Elev -Tan-(R Sin 0 (47)

The Azimuth Angle is first computed from the spherical law of sines,

using the great-circle angle AR Just derived.

Sin (Az) Cos (Lat (R)) Sin (A long) (48)
Sin 0

A long = long (A) - long (R) ; 0

This Azimuth must be adjusted for quadrant. Let 0 jAzI, (See Fig. 7).

N R

KR
LatA < LatR  LatA > LatR  LatA > LatR  LatA < LatR

LongA < LongR  LongA > LongR  LongA < LongR LongA < LongR

Az= Az - 180 - 0 Az - 180 + 0 Az - 360

FIGURE 7

I
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N.P0

4

Az

FIGURE 8
Cos (AR) Cos (NA) Cos (NR) + Sin (NA) Sin (NR) Cos (A long) (49)

Sin (Az) Sin (A long)
Si (NR -Sin- (AR) (50)

oip..

FICURE 9
7 + - 2 . c. Cos (51)

El - Ta- ?15R(52)

Cos 9- -C (53)

DR CR Sin 0 (54)
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tR Radius to R (55)

- Radius to A (56)

The SELECT Algorithm

This is the method of determining which solution method is required

by the input data, or whether a solution is, in fact, possible. By the

tim! subroutine SEL.CT is called by the executive TASK, data have been stored

from input sources in floating point form. A code in the station tables in-

dicates the presence of data for that station. The procedure :s as follows:

1. Run a two-station solution for all station pairs which have data

for both stations. If there are no such pairs, go to step 4.

2. Eliminate all "unreliable" two-station solutions. There are two-

station solutions for which the angle between the look v ctors is less than

15 degrees. If all two-station solutions are unreliable, choose the one

with the largest angle between look vectors as the output solution, set

quality code 3.

3. Of all reliable two-station solutions, choose the one with the

smallest miss-distance between the look vectors (see Two-Station Algorithm).

If the resultant miss-distance is under 2 km, set quality code 5, otherwise

set quality code 4.

4. If there were no two-station solutions possible, examine all sta-

tions for input, scanning west to east. If there is no input for any sta-

tions, then no solution is possible; set quality code 0. Choose the first

station encountered in the scan for a one-station solution with height as-

sumed the same as the previous second's solution, set quality code 2.

If any of the above solutions were calculated from manually entered
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data, set quality code 1 in all cas.s.

Note that a two-station solution is always rejected if the miss-dis-

tance is over 100 km or if the solution height is negative. Negative

heights are calculated when the 3ook vectors are divergent.

Validation of Input Data

Erroneous data values can be received by the tracking system due to

faults with the telephone lines, the communications interface, or at the

tracking sites. Since the input data is in the form of BCD look angle

values, some software checks are possible.

First, look angles which are not legal BCD in all positions are rejected.

Rejection occurs even when only one pair of the angles, such as azimuth,

is bad. No value may be over 360 degrees; negative angles are not re-

presented by the hardware. Elevation angles of greater than 90 degrees

are rejected.

It is possible for input angles to be legal BCD anl legal values but

still be incorrect due to hardware malfunction affecting but one digit.

For example, the hundreds digit of azimuth from one station may change by

one every so often. An "excessive swing" check was implemented to ensure

that successive input angles do not differ more than 5 degrees. If this 5

degree limit per second is ever exceeded, the program stores the new range

of values without accepting them. After four successive values in the new

range~are stored, that does not break the 5 deg/sec limit, the program begins

accepting values again.

It is possible for the computer operator to reject a station regard-

less of its input values by releasing a console switch. See-Operator

Control of TV TRACK.

Tracking a Barium Cloud

An object as large and o.norphous as a barium cloud presents special
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problems in tracking. In SECEDE II, the three tracking locations were

set up essentially along a parallel of latitude, north of the cloud for

all events. The predicted release location for each event was available

and stored in the computer, enabling look angles to the release point from

each site to be sent out to the feedback displays (see FEDBAK routine).

When the cloud initially formed, it appeared as a small dish to all stations,

and it was easy to lock onto the center of the cloud. After this very early

time, the cloud began to spread nut from a relatively stationary leading

edge and form into a billowing sheet along the magnetic field lines. This

sheet gave a very different appearance from the eastern station (Barin)

than from the western station (Tyndall). During event REDWOOD, the tracking

system was run with all three stations engaged and the solution selected

from the resulting three pairs on the basis of least miss-error (see Two-

Station Solution). The TV mount operators were attempting to stay on the

apparent aloud center, but this point appeared to be quite different as seen

from Barin than from Tyndall. The central station (C-6) was looking up the

field lines into the sheet structure and the "best" solution oscillated bet-

ween Barin-C-6 and Tyndall-C-6. The effect of this was to produce the track

of a "jumping" cloud whose position, particularly the height, changed fre-

quently and abruptly. When one pair was governing the solution, the feed-

back look angles to the unused wing station indicated that the operator should

Jook at the edge of the cloud or even away from it. Under these conditions

the op2rators refused to steer their cameras to such an obviously incorrect

orientation and tracked the cloud center as they saw it. The program on

the CDC 6600 at Eglin Main for cloud position prediction gave very poor

extrapolations of these TV TRACK positions and caused some consternation

when the resuiLs were sent to the launch site to guide probe rocket launches.

After cxamninng thu video cape playbacks from the wing stations and
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having consultations with the operators, it was determined thar ;nly two

stations at a time should be used in tracking. This was easily arranged

at the computer (see Operator Control of TV TRACK) and event PLUM was tracked

largely with the station pair C-6-Tyndall, with complaints from Barin that

the solution was often not in the cloud as they saw it. This did not solve

the problem completely, although it did ejiminate some of the jumping. A

mount operator still tended to move from his current orientation to a part

of the cloud that appeared to be more central. This activity caused the

solution to jump. Attempts were made to mitigate this effect by not allowing

a mount operator to move until he was given central direction. This p e

the desira lle compromise of keeping the solution in some part of thL cloud,

if not always the same part, but not causing it to Jump about and cause dif-

ficulties at the 6600 in extrapolating.

An interesting piece of information about TV TRACK's position accuracy

came from the opportunity to track a "certification" firing of a probe rocket

one evening when the barium event had been cancelled. The "release" point

was set at the launch site and feedback look angles directed the three

mount operators to look there. Some brief difficulty was experienced in

initial acquisition, but starting at just before apogee and essentially all

the way to splashdown the tracking was excellent, A plot of the results af-

ter thL .vent showed a fine parabolic trajectory on t-.i down leg. The probe

rocket, had a flashing light, and provided a good, unambiguous point source

to track. This and similar experiments conductee previously with high-flying

aircraft made it clear that TV TRACK uas accurate on any small object.

Permanent D'git l Records

The data from four events (OLIVE, PLUM, REDWOOD, SPRUCE) was r':corded

oi. a paper tapc log during tracking. This log data is in the form of time,

solution quallity, participating stations Lit hsu solution and the Input look
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angles. All foui logs have been converted to magnetic tape and the solu-

tions added using the University of Alaska's IBM 360/40. A single 2400

foot tape with all f-ur events has been filed at SRI for general use. Due

to malfunction of the INTERDATA computer at the time, there is no log for

event NUTMEG. (See Appendix I)

Television Image Records

The input devices to the TV TRACK vstem were image orthicon televi-

sion sub-systems located at Site C-6, Barin and Tyndall. Shaft encoders

on the television mounts provided the digital data transmitted to the IN-

TERDATA computer. Each TV was equipped with a lens allowing a 120 by 160

field of view. During the early part of each release observation, inter-

ference filters placed over the lenses restricted the incoming light to that

of a barium ion line. The TV systems operated at the rate of 60 field/sec

(30 frames/sec). All image fields were racorded on magnetic tape and every

other field was recorded on 16 .n'm film. Peripheral data recorded with the

image orthicon output were 1) elevation and azimuth readings from the shaft

encoders, time, date and station locations.

At Site C-6 a second TV was operated on the instrument mount. This

TV was equipped an unfiltered lens allowing a field of view of 160 by

200. Hence, both the neutral and ion clouds were recorded as long as both

remained in the field of view.

Post-Event Analysis

A "quick look" at the data wnw obtained from the tracking and TV re-

cordings in the few hours following each release. A plot of the cloud track

was obtained after each event from the teletype repeats of the information

sent to Eglin and Sandia. The output to Sandia at A-15A was in the form of

X, Y and cloud height, which was simple to plot. The video tape from at

least one of the wing stations was brought to the centra! staticn (at Site C-6)
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for comparison with the tape recorded at the central station. The loca-

tion of the neutral cloud was scaled off the TV ronitors and the INTERDATA

used to calculate several points along its track by employirg an off-center

correction to the displayed look angles for the frame under examination,

The same operation was also carried out on other interesting portions of

the cloud, such as the leading edge, which was thus determined to be nearly

stationary with respect to the rest of the ion cloud. A log of the track-

ing data is now available (See Permanent Records).

I
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APPENDIX I

SECEDE II Log Data Printout

This is a listing of the data recorded on the SECEDE ii Log Data Tape.

Everything on the tape appears on the printout. Four events are listed:

OLIVE, PLUM, REDWOOD and SPRUCE. The event name appears as part of each

page heading, Look angles are as they were recorded during tracking. In

the case of unreadable data, the value recorded was converted to 999.9 on

the tape. Note that BARIN was not operational during SPRUCE. Latitudes

are geodetic.

Under q-%TIONS USED a 1 signifies that the associated station data

was used to c,..pute the solution. The coordinates of the stations appear

on the next page. Note thai. the solutions were not computed on the INTER-

DATA. The log data was used to determine which stations participated in the

solution during tracking and a solution with those stations was done using

FORTRAN versions of the algorithms on the 360/40.

Position Values Used by University of Alaska TV TRACK

Tyndall

Lat N 290 58' 3.8"

Long W 850 28' 11.3"

Height 10 feet

Barin

Lat N 300 23' 28.6"

Long W 870 38' 12.6"

Height 58.5 feet

Launch Site Central Location (A-15A)

Lat N 300 23' 14.285"

Long W 860 48' 10.762"

Height 9.842 feet

Note that the Barin station was not operational during eient SPRUCE.
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C-- 6

Lat N 30 0 34' 22"

Long W 860 13' 2"

Height 100 feet
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APPENDIX II

SAMPLE OUTPUT FROM UNIVERSITY OF ALASKA TV TRACX

TO LAUNCH SITE (A-15A)

Time (U)

H M S X Y Height

13:01:35 45.7 -57.9 185.0

13:01:40 45.6 -58.0 185.0

13:01:45 45.6 -58.0 185.0

13:01;50 45.5 -58.0 185.0

13:01:55 45.5 -58.1 185.0

13:02:00 45.4 -58.1 185.0

13:02:05 45.4 -58.2 185.0

13:02:10 45.3 -58.2 185.0
13:02:15 45.3 -58.6 185.0

13:02:20 45.2 -58.6 185.0
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APPENDIX IV

ASSI(NC T OF CONSOLE SWITCHES IN TV TRACK

0 Unused

1 Unused

2 Unused

3 Unused

4 Transmit to Eglin Main

5 Transmit to Sandia at A-15A

6 Transmit to SRU at FPS-85 site

7 Unused

8 Unused

9 Simulate connunlcatlons line using manual entry (for testing)

10 Start the Log Punch

11 Set Anticipated Release location as solution

12 Engage Tracking Statifn 0 (Barin)

13 Engage Tracking Station 1 'C-6)

14 Engage Tracking Station 2 (:yndall)

15 Unused
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