








NECLASSIFIED

ABSTRACT _.
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At the present time, U. S. techniques for the processing of high-frequency direction
finder (hf-df) datalag far behind the collection capabilities of the U. S. Navy hf-df equip~-
ment. One striking deficiency is the lack of an automatic df fixing method. Although
a special purpose digital computer has been developed for this purpose in the United
Kingdom, it has beendeemed desirable to explore the feasibility of fix computation on
an inexpensive drum-type general purpose digital computer.

The input tothe computer consists of a set of bearings on the target and the esti-
mated variance associated with each of these bearings; the desired output consists of
a “best point estimate” of the target location anda “search area” which isthe smallest
area having some predetermined fiducial probability of containing the actual target
locations.

The solution of the equationsthat explicitly yield the best point estimate would be
difficult on a large computer, and completely impractical on a small drum machine.
Instead, a series expansion and approximation methodis used which yields aprocedure
that canbe appliediteratively. In order not to strain the weak convergence properties
of this method, another procedure is necessary to compute aninitial point for the series
expansion procedure. This is accomplished by taking the weighted average of the
vertices of the polygonformed by the reported bearing circles. The computation of an
approximationto the searchareais relatively simple once the series expansion method
has yielded certain necessary parameters.

These procedures have been programmed for a LGP-30, one of the simplest and
most inexpensive of the general purpose digital computers. Best point estimates and
search areas are produced in times commensurate with the tasking rates of df nets.
Although certain refinements in the program would probably be desirable, the feasi-
bility of df fixing on such a minimal computer has been demonstrated.

In view of the comparatively modest cost of the type computer proposed it is felt
the Navy should seriously consider adopting machine computation of df fixes as a part
of the ASW modernization program.
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' For a plane passing through (x;,y,,z;)and (x{,y}, z}) the coefficients are given by

"
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These expressions may be verified by substituting the three known points into the equa-
tion for the bearing plane.

Intersection and Distance Formulas

The BT Lines - The lines formed by the intersections of the bearing planes with the
tangent plane will be designated as BT lines. The general equation of a bearing plane is

aix+biy+ c;z =0

while the tangent plane is that plane for which z = 1 (the plane tangent to the earth at the
North Pole). Then using the notation (r,s) for a point (r,s,1) in the tangent plane, the
equation for the BT line is simply

a;r + bis = -c; .

Intersections of BT Lines - In general, each station will generate a different bearing
plane and hence a different BT line. If one station is designated by the subscript i and
another by the subscript j, the equations of the two bearing planes are

a.x +b.v+c.z=0
1 1 1

|
<

a,x +b,y+c.z=
j ;¥ j

and the equations of the BT lines are

11
|
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a.r + b.s
1 1

1

a.r + b.s
) J

The point of intersection of the two BT lines may be denoted as(r;,s;;) and its coor-
dinates may be found by solving the two equations simultaneously to yield

r,. = (cjb

ij - Cibj)/(aibj - ajbi)

i

S;; T (cy3; -~ Cjai)/(aibj - ajbi) .
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and solving these equations simultaneously to yield
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Summary
The procedure for the calculation of the BPE may be summarized as follows.

1. The station locations and bearings are used to compute the constants that determine
the bearing plane.

2. The polygon center method is used to obtain an initial estimate of the BPE.

3. Coordinates are rotated to bring this estimate to the point (0,0, 1), The inverse
of this rotation is multiplied by an inverse accumulator which is initially a unit matrix.

4. The series expansion method is used to find r_and s . If these are both small,
step 5'is used. Otherwise (r_),s r, 1) becomes the new estimate and step 3 is repeated.

5. The accumulated inverse product is multiplied by (r A, s »,2) to yield the BPE.

CALCULATION OF THE SEARCH AREA

The search area has been defined as the smallest area on the surface of the earth
which has some predetermined fiducial probability of containing the actual target location.
From this definition it follows that the search area is bounded by a contour of constant
value of the distribution function. The same approximations that were made in the cal-
culation of the BPE will be made here. Thus the distribution function is given by

f(r,s) = e

Setting this function equal to some constant k and taking the natural logarithm of the
result yields the equation of the curve that bounds the search area:

. 2 2 = _
tyg t tpeT * tgys t ty rs 4ty rs 4+ tgqS 21lnk

which defines an ellipse.
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It is convenient to apply the transformations

yielding

1 1 1 1 -
too ¥ tpp(r’ *r) +oto(s” sy bty (r'sT Hr st 4 s 4 oros))

+ t2o(r'2 +2r'r 4 roz) + toz(s'2 + 2s's, t 502) =-21Ink
or, collecting terms,

+2 12 ot i
t + t,,T + t,.s ttrs tor (tyo + 2t + t

00 20 02 2070 1150)

¥
+ s (t01 + turo + 2t02so) + tmro + t0150 + turosO

2 2 = -
20702 * tgaSe 2 Ink

No'ting that the two terms in parehthesis were proved to equal zero in the location of the
BPE, and grouping all the other terms not containing r’ and s’ into one term, t, ', yields

t.,' +t

’2 2 ret = -
00 r + t, s ttyr's 21n k

20 02

which is the equation of an ellipse centeredonr's 0,s’= 0, i.e,onr = r_, s = s,

The cross term can now be eliminated by applying the rotation

-
1l

(" + ps")/(1 + p2)%

171
it

(=pr" + 5")/(1 + p*

where

%
P = (1/t) {"toz iyt [(toz - ty? 4 tuz] }

in which the positive sign is chosen if t,, - t ,is negative and the negative sign otherwise.
This rotation yields

2 “2 = _
Ugg + UyeT + Ug,s 21nk
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The program then computes the desired quantities, stores them in the proper loca-
tions, and then halts. Depressing the start switch on the computer control panel will now
transfer control back to 3800, repeating the process. '

This program is not used in every fix computation, but only when it is desired to
change the stations comprising the net. It is also possible to store the parameters per-
taining to the stations of more than one net, subject only to the limitation that there may
not be more than 16 stations stored at any one time.

Fixing Program Assembly - The fixing program assembly, located in 1500 through
1763, switches control to the other components of the fixing program in the proper sequence.
Its coding and its flow chart are given in Figs. B3 and B4.

Upon transfer of machine control to 1500, the initial location of this program, the
input processor is invoked, which reads the data tape, reassembles storage, computes
x;, vi, and z; , and then transfers control back to the program assembly, which sets
the iteration counter to zero and makes the inverse rotation matrix a unit matrix at a
q of 0. At this point the computer stops unless the “break point 32” switch on the control
panel is depressed.

An initial fix estimate is now required. Ordinarily this will come from the polygon
center method, but occasionally it may be desirable to impose a different initial point.
The “transfer control” switch on the computer provides this choice.

If the “transfer control” switch is depressed, the latitude and longitude of the initial
point may be entered on the keyboard. From this information, the r and s of the initial
point are calculated at a q of 4 and deposited in 1407 and 1414 respectively.

If the switch is in its normal position, control is transferred to the coefficient calcu-
lator, which computes a;, b,, and ¢, and stores them between 4316 and 4363. Control is
next transferred to the polygon center routine, which calculatesr ands at a q of 4 and
stores them in 2662 and 2663. The program assembly now transfers them to 1407 and
1414 and the two branches rejoin. Control is now transferred to the converter which uses
the values of r and s to compute the eight elements of the rotation matrix which are stored
in various locations in track 09 at a ¢ of 0 and to compute the values of x, v, and z and
store them in the position printer in locations 2761 through 2763 at a qof 1. At this point
the computer stops unless the “break point 4” switch is depressed.

The condition of the “transfer control” switch is again sensed, and if the switch is
depressed control is transferred to the task number printer, a subroutine which prints
the words “task no.” and the task number that identified the input tape. The words “quick
fix” are printed, and control is then transferred to the position printer, which prints the
latitude and longitude of the point whose coordinates are located in 2761 through 2763 to
the nearest minute. Control is now returned to the main sequence, where it would have
directly proceeded had not the “transfer control” switch been depressed.

Control is next transferred to the rotator, which applies a rotation that would bring
the point formerly in the converter to the North Pole to x;, v, ,z; , %}, y{, and z] .
Control is then transferred to the series expander which computes r and s and stores
them in 3962 and 3963 at a a of 0. The program assembly restores them in the converter
in 1407 and 1414. The value of 12? is examined. If it is extremely small, x is set at 0, y
at 0, and z at 1 and control is transferred to the BPE output procedure; otherwise the con-
verter is invoked. Again 2 is examined. If it is less than some preset tolerance (about
10 miles) control is transferred to the BPE output procedure; otherwise the iteration
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Upon transfer of control to 0500, the entrance location of this routine, the first word .
is read and the task number extracted and stored in 0730 at a g of 30. The next sixteen
words are then read. If one of these, say the ith, is the rth valid report (r = 0 for the first
valid report), the routine recalls from storagex,, v, z; , cos o, sin g, , and cos 3, which
were located at 4148+i, 4200+, 4216+i, 4232+i, 4248+i, and 4300+i respectively. It
stores x,, v, and z, in 4000+r, 4016+r, and 4032+r respectively, and stores the inverse
variance at a g of 2 in 4132+r. The routine then computes x!, y;, and z/ and stores them,
at a g of 1, in 4048+r, 4100+r, and 4116+r respectively. The rationale behind this rear-
rangement is to allow the other computational components to consider quantities in suc-
cessive storage locations without having to skip over quantities associated with stations
not reporting bearings.

At the conclusion of this process, n, the number of stations reporting bearings, is
contained in 0736 at a g of 29, and the numbern -1 in 0731 at the same g. These are made
available to the other components so they can run over the n values of i that correspond
to stations reporting bearings. The program exits from 0725.

Coefficient Calculator - The coefficient calculator is located from 0800 to 0901, is
entered at 0800, and exits from 0861. The coding and the flow chart are given in Figs.

BT and B8.

This routine extracts the n sets of x;, y;, 2, , x{,v/, and z; from storage, and for
each set computes a;, b;, and c; and stores them in 4316+i, 4332+i, and 4348+i respec- -
tively at a q of 1.

Polygon Center Routine - The polygon center routine is located from 2500 to 2663,
is entered at 2500, and exits from 2652. Its coding and its flow chart are given in Figs.
BY and B10.

It may be recalled that the quantities r;; ands;; are functions of a;, b;,c, , a;,b; ,
and c., where i runs from 0 ton -2 and j runs from i+1ton-1 for eachi. It may also _
be recalled that r | and s are the sums of the r;/s and s, /s, each multiplied bya weight -
ing factor, divided by the sum of the weighting factors. The routine accordingly sets up
the various combinations of i and j, and, as each r,. (or si.) is calculated, multiplies
this quantity by the proper weighting factor and adds the weighted quantity to an accumulator
located at 6354 (or 6355) and accumulates the sum of the weighting factors in 6341. After
all combinations of i and j are computed, the division of 6354 by 6341 yields r_, which
is stored in 2662 at a ¢ of 4, and the division of 6355 by 6341 yields s_, which is stored
in 2663 at the same q.

Since the number of operations required to perform this routine varies approximately
as the square of n, and since the routine can not be trusted to yield anything more accurate
than an initial point because of the geometric bias discussed earlier, all n’s greater than
six are arbitrarily reduced to six to ensure that the amount of time spent in this program
is no greater than that warranted by the accuracy of the result obtained.

Converter - The converter is located between 1300 and 1463. Its coding and its flow
chart are given in Figs. B11 and B12.

Before invoking this routine, the values of r and s to be converted must be located in
1407 and 1414 respectively. If these quantities are derived from the polygon center routine
or from an externally imposed initial point, they will be at a a of 4, while if they are
derived from the series expander, they will be at a g of 0. In the former case the con-
verter is entered at 1303, in the latter case at 1300. In either case exit is from 1459.
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Table Al
Order Code
Order Address* Interpretation

0}z ttxx Stop computing unless a break-point switch corresponding

to a bit in tt is depressed.
ttss Bring the contents of ttss into the accumulator.

21y ttss Replace the address portion of ttss with the address
portion of the accumulator,

3ir ttss Replace the address portion of ttss with the address of
the r order increased by two.

4 11 XXXX Let the input device feed into the accumulator. This
order is always preceded by p00xx {start reader.)

51d ttss Divide the contents of the accumulator by the contents
of ttss and place the quotient in the accumulator.

6 in ttss Multiply the contents of the accumulator by the contents
of ttss and place the low-order product in the accumulator.

T|m ttss Multiply the contents of the accumulator by the contents
of ttss and place the high-order product in the
accumulator.

81ip L ottxx Perform the output function described by the bits of tt.

Often followed by z0000 to stop computer which is
restarted by output device after execution.

9 e ttss Extract the accumulator through ttss, i.e., where cor-
responding bits of the accumulator and ttss are 1 leave
a 1 in the accumulator, otherwise a 0.

fiu ttss Transfer control to ttss.

g |t ttss Transfer control to ttss if the number in the accumulator
is negative, otherwise proceed to the next order.

800g | 800t ttss Transfer control to ttss if the number in the accumulator
is negative or if the “transfer control” switch is down or
both, otherwise proceed to the next order.

] h ttss Hold the contents of the accumulator in ttss.

k|c ttss Hold the contents of the accumulator in ttss and clear
the accumulator to zero.

qla ttss - Add the contents of the accumulator to the contents of
ttss, retaining the sum in the accumulator.

wi| s ttss Subtract the contents of ttss from the contents of the

accumulator, retaining the difference in the accumulator.

*tt -~ Track (bits 18 through 23)
S8 - Sector (bits 24 through 29)
XX - Immaterial

C—o
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