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Electronlc digital computers are now beilng used to calcualate
cartographic proJections, However, the points are entered and the
lines are drawn in by hand. 1In order to raise labor productivity,
eliminate labor consuming manual operations, and improve the working
conuitions of the mappers, the present author has developed an auto-
matlc mgthod for the creation of a mathematical basis for maps. This
method 1s based on the use of an electronic digital computer and an
automatic coordinate graph, A programmed computer controls the opera-
tions of the graph. The method proposed is not restricted to the
applicatlion described, but may be used to sclve any problem on 2

converslon cof dlgital information into graphic form and the r se,
i The method may be used primarily for the conversion of the ¢ nates
: of one proJjectlion into another, taking into account the pre 23
19 scale, Tt may also be used to speed up the search for new .ographic
£ Erojechions for the reproduction of grids and curves. Orig. art. has:
¥ tables and 5 figures, -
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* ye initially, after vowels, and after 3, b; € elsewhere.
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FOLLOVING ARE THE CORRESPOMDING RUSSIAN AND ENGLISH ,
DESICNATIONS OF THE TRIGONOMETRIC FUNCTIONS

Russian English
sin sin
a0e cos
g tan j
otg oot ‘
00 sec
coNec ose
sh sinh
eh cosh
th tanb
eth coth
sch sech
oeah cach
are sin sin-d
arc 608 -1
are tg tan-1
arc otg oot~}
are ses sec~l
arc coses cle"l
arc sh sink~}
are oh ocosh~l
are th tanb"
ars oth coth~l
arc soh sech~l
are esch osch~l
ret ourl
ig log
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AUTOMATIC METHOD OF CREATING A MATHEMATICAL
BASIS FOR MAPS

A. I. Martynenko

Recentlyv in tha nalculation of cartogrartic proleztlons electronice
digital computers are being used. But along with such highly
productive calculation, the plotting points on the base and
construction of lines of frames and grids are still produced by
hand. For the purpuse of increasing the labor productivity,
eliminating labor consuming manual operations, and improving working
conditions of the cartographers tuere has been developed an automatic
method for the creatlion of the mathematical basis for maps, in
which it 1s assumed to use a computer and an automatlc
coordinatograph. !

The essence of the method consists in the following. By the
assigned nomenclature of one sheet or a group of map sl.eetcs on the
machine, into the memory of which was intrcduced a general programming
program, there are calculated corresponding particular programs
controlling the work of the coordinatograph during construction of
the mathematical basis for the maps.?

It is anticipated to use the universal computer, for example,

"Minsk-2," "Ural-2," or "Razdan-2." A precision electrocoordinato-
graph with program control 1s used, which in contrast to the hand

FTL-MT-24-62-68 1




conrdinatograph 1s endowed witn dratting and engraving tunctions,.

By an asoligned progran it draws lines and points with a root-mean-
square error of tu.co nm. The coordinatograph assembiy 1lncludes a
coordlnarcgraph ana equipment tor prcgram control: iir.rar code
translator, an instrument for recordir, and control, panel of program
control and reverse step motors.

The coordinatograpn consists of a frame, screen, carriages of
axes x and y with step mctors and two heats of executing device ~
revolving engraving and dralting. Witn the simultaneous operation
of both heads there are prepared two crigin.is of mathematical basis
of the map — compiling and puopiisaing.

The linear code translator is an int.cpo a0+ Totended for
readout of information about reference polnts® 1rom puncaet tape
and conversion of 1t into digital command pulses.® Tne guantity of
the pulees depends on the value of the increase in coorcingtes ror
each reference point. Throuyl. the control units pu.ses are
transmitted by step motors rotating actuating screws of tne
coordinatograph and imparting forward movement to the carrliage wlth
the engraving head. As a result of this, the cutter set 1n engravin,
head moves between the reference points.

The program contrcl panel serves for the readout cf informarinn
from the magnetic tape, formation and amplificaticn c¢f current pulses
and the feeding of them to the reverse step motcer. ‘The last oncs
permit converting each control pulse into a flxed linear movement
of the actuating device without a feedback transducer, which
considerably simpl.fies the instrument control circult and increases
its reliability.

Information processed In the interpolator can be directly fed
through control units to the step motors or entered on the magnetic
tape, Such magnetic tapes with programs of engraving of msthematical
vasis for maps can be prepared in a centralized location {with the
use of computer, ilnear code translator, and recording and control
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panel) and sent to cartographic enterprises, where it will be
sufficient to have a panel of program control. The control ~ircuilt

of the coordinatograph 1s shown in Fig. 1. Proerare for operation

of the coordlnatograph are composed automatically on the computer by

a speclial programming program, which {s a universal program, providing
not only automatic computation but automatic construction of the
mathematical basls for maps of different scales and in any projectlors.
Sy this program it is anticipated tc obtain:

a) geometric elements of mathematical basis for maps (segments of
a stralght line, arcs of circles and curves of the second order,

dashes and points);

b) conditions of detecting geometric elements (crossing at the
set angle, assigned distance from each other);

c¢) necessary technological indications (initial and end point of
movement of the cutter, direction and magnlitude of this movement
assigned by the number of pulses In the frame;® operating conditicns
of the cutter, l.e., its lcwering and railsing, acceleration and
braking, speed; lccation of frames and time of thelir operation;

accuracy of the approximation).

fo—

, 3

I —
Fig. 1. 1 — automatic coor-
dinatograph; O — program
control parel; 3 - linear

i translator; 4 — recording and

i control panel; » — digital
computer,




Information 1s transmittec to the program control, which provides
automatic operatlion of the cutter with engraving of elements of the
mathematical basis of the map and its standard formulation.
oordinates of “he reference points are calculated in sequence
corresponding to the marked route of the cutter and are recorded
on punched tape in the code cof the Interpolator, for example,
the linear code translator.’ With this there are considered
technological peculiarities connected with the sequence of frames
during readout of the punched tape and with ocperating conditions of
the engraving head.

For pregramming of elements of a mathematical basis all maps
were grouped by projection -nd scale. These criteria are assumed
as a basls of the decisive algorlthm. In general the glgorithm can
be expressed by the relaticn

Folx, 3, 8 u, t)=0,
im], ..M

where x, y and z are controlling -ariables, u — parameters of the
contreclled actuating device, t — time.

The programming program 1s constructed taking into account the
ruling and nomenclature of Soviet maps. It conslsts of separate
blocks, each of which constitutes a program of solution of o¢one
Aefinite problem. Here the main role is played by the leading ecale
blocka, united into groups by form of the projection. For each such
vroup there 1s 1ts program, "Deciphering," which by assigned
nomeniclature determines what control from the leading scale blooks
should be transmitted. Here the standard technologlcal blocks
servicing all the leading scale blocks are found. Such a structure
permits introducing a change into the separate blocks and adding
new ones, not distrubing the entire system as a whole,

A block cdiugram of the programming program for automatic
constructior of elements of the mathematical basis for maps of
scales 1:50,000-1:40,000,000 is shown in Fig. 2. It consists of
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Table 1.

Toule Norerolnture :z“mz;da‘,um
1:1 000000 N=34 143 490 000
1:500 000 N-3i-b 143 450 200
1:200 000 N =34 -XXIV 143422 400
1:3106000 N-31~-106 143 4111 600
1 : 80000 N—34—106—-8 143 410 630

five leading scale blocks, one leading block of geodesic points

and auxiliary technological blocks. The number of blocks can be
increased with the connection of blocks of other scales, which will
require the addition of programs of appropriate projections. The
precgram of every leading scale block organizes the calculations of
geodeslc and rectangular coordinates of reference points of the
geographic (rectangular) grid correct to one pulse.

Let us consider the programming prcgram in mhre detaill.

The initial information 1s the coding nomenclature of the map
sheet. For this the letters and Roman figures of nomenclature are
replaced by Arablc figures. Then the nomenclature of the map sheet
are recorded in the form of a ninth digit decimal number
a1a2a3aua5360708a9. In places where elements of the nomenclature
are absent zeroes are placed. With this 1n coded nomenclatures for
maps at 1:500,000 and 1:200,000 in the fifth digit of the code
there is placed the number 5 or 2 in order to distinguish these
scales from 1:100,000. Coding examples of nomenclature are glven
in Table 1. With the coding of doubled and quadrupled sheets
elements of nomenclature referring to the western sheet are indicated.

The coded nomenclature is introduced into the machine by the
operator by means of its set on keys of the control panel. Such a
method 1s convenient durlng calculations for one map sheet. For
several sheets the nomenclature 1is more convenliently introduced
from punched tape, or by special algorithm one can produce ordered
sorting of nomenclatures of the sheets.




Table 2.

Map Formulas fer calcu-
scales | lation of latitude B

Values 6 in formulas

1:1000000 | B = (10, + a; — 1)-4°

1:500000 | B = (108, +eg—1)-4° 4 8.2 u-{?: ” :23
103, +
1:200000 | B we (103, + ay— 1)-4° + 840" - [s-._lﬂs__ﬁ] whole part
1004, + 100, + &
1:100000 | B .. (108 + ey ~1)-4° + 3,20 B,"[m--'—'—"“ P ]

1:80000 | B=(10a,4ay—1)-4°+3,:20" + .50’ ’-"f{?I ‘.f :.'23

Deciphering of the nomenclature consists in the determination of
the scale and geodesic coordinates of summit of the southwest angie
of the frame of the map sheet. The initial information here will be
the coded nomenclature collected on the control panel. As a result
of operation of the block — "Deciphering" program - there are
calculated the following:

1) Quantity of joined sneets k by the formulas:

(10as+0a5) <16, 1T k=1;
16<(10a+@)<20, 1 2=2;
0&(10a1+ar), 1 k=i,

where o 1s one of diglts of the nomenclature.

2) Latitude B of the southern slde of the frame of the map sheet
determined by the formulas given in Table 2.

3) Longltude & of the western side of the frame of the map sheet
from the axial merlidlan of the zone enumerable by the formulas glven
in Table 3.

k) The number of scale 1 If scale o = 1:200,000, then i = 0; 1if
M= 1:100,000, then 1 = 1; 1f M » 1:50,000, then 1 = 2.




Table 3

Scales F9rmula for calcula: Value L5 and 3
Lions Of 1ongitude A in formulas

1 : 500 000 {omly+8.3° l_{—r.ﬂ K<4é

o —6°, =4

’ 0, . Gq odd

V= { 1, a:-— sven
1:200000 | (= —3"0".1° ¥ = 6 + (10aq + a7) — 31
1:100000 | f= 3 40,30 o) = 120, + (10035 + 1034+ ay) — 132
130000 | (=B b als | b [ s

Note. Quantities ¢ and ¢' 1in these formulas consti-
tute the number of columns and zones in the
ruling system determined by the number of the
sheet.

To determine the scale there are used the following criteria:

for 1:1000000... 054 -
for l.sma)o...a.t' .G'M’ 0
for 1.200000...gpm2,
for 1:100000...agm0,

The latitude and longitude of points obtained by the program
"Deciphering" permit crossing over to the calculation of rectangular
coordinates of these polnts. For trevity we wlll give a description
of only two leading blocks.

I. Initial data for operation of thz leading block (scales
1:50,000, 1:100,000 and 1:200,000) will be the number of the scale 1,
quantity of sheets k, latitude B and longitude £ of summit of
southwest angle of the map sheet. The order of operation of the
block is the following. At first there are calculated the

- quantity of reference puints n on the southern sicde of the
internal frame

Il-—l-h ‘. .‘

where Sgmd, =2, Sy=],

— thelr rectangular coordinates
Xmx(B, 1), y=y(Bi, 1,)+500 000,
where Bi=B, liwl, layymlimly +15, Baei=B8,+AB,,
M.-CO". AB.-W. Mg‘"";




—~ quantities

x=min(x,), 1<I<A, Y=min(g, Fon);

-~ coordinates of re.:rence point (in pulses)
- x - _—Yj_
x-dQ%[KTL y mm[Al}

where Ai — the step of the coordinate grid (4, = 1000, A, = 2000,

0 1
b, = 4000);

— coordinate of reference points {in pulses)

XymXy-My—a, Y=Ye-Mi—y,

where m, — scale factor (m0 = 0.48, m, = 0.96, m, = 1.92).

Then preparation for operation of the program "Division of
straight line" 1s made, and the frame of lowering the cutter is
issued. After that there are consecutively calculated and issued
on punched tape coordinates of reference points of the external and
internal line of the external frame and internal frame and external
and internal line of the minute frame.

From reference points of the internal frame and internal and
external lines of the minute frame the following four contours
shown in Fig. 3 will be formed.

. (M4 ) —A=2— . —~(a—1)'—H—(2n),
2. [=0—~(n+2)'—~ .. —(2A~1)'—E—n,
3, C—B8—2—.. —(A—1)—G-F,

4 B—C—(n+2)—... —(20~1)—F-G.

To determine the vertical line RR' (see Fig. 3) of the coordinate
grid in the first contour there are taken two neighboring points
(J and J + 1), satisfying the condition yi<¥a<vii (A), where ya=1920-R,

Coordinate Xp i1s found by the formula

Xj=Xje1
X W Kfoy b i (Y p = )
LR 7= TR= I




Fig. 3.

Found in the same way 1is coordinate x point R' in the secondary contour,
contour, and the output of coordinates of polats of straight

line RR' (or R'R) 1is produced. Calculations for R= 1, 2, 3, ...
continue until the first and secondary contours conditions (A)

is satisfied.

By method analogous to that used for the vertical line of the
grid in the third contour a segment is detected, and there are
calculated coordinates YR and yR' of crossing polnts of the
horizontal line of coordinate grid Xg = 1920 with sides of the
internal or minute frames. In the fourth contour coordinates of
points of the crossing of contour with horizontal lines of the
coordinate grid Xp = 1920R (R = 2, 3, ..) are calculated until
condition xJ > Xp-

Upon completion of the calculations the conversion frames move
to the reference point of the cutter and its rise, and then there is
produced an imprint of the engraving time and stop of the machine,

II. With operation of the leading block for the scale 1:1,000,000
initial data will be the same as for earlier examined scales.
Rectangular coordinates of reference points of the frame are
calculated by the formulas

5mx(By L), 0y=¥(By by,

where J =1, 2, 3, ..., 2n(n = 7);
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8,=B, BoyymB;+A8, ABy=4"
b I8l lppymlycy + ke Al [p¥ = —3° Alg == |°.

Then coordinate of reference points {1ln pulses) are converted to the
reference point (summit of the southwest angle)

Xymmge (X)=2x1), fym=mee (Yy—y1), Mmyw0,096.

After preparation for operation of the program "Division of
stralght line," there 1s 1ssued the frame of lowering of the cutter,
and there are calculated and 1ssued ccordinates of the reference
polnts: 1lines of external and internal frames, meridians passing
through two points (1) and (1 + n); internal parallels s =
=1, 2, 3, ..., not belng borders of the sheet

3 §
L= X+ K =X Y= 9+ (Yien = 20).

Further, Jjust as in the first block, the conversion frames move to
the reference polnt ol the cutter and its rise, and then the imprint
of engraving time and stop of the machine are carried out.

In the leading scale blocks the program of calculations of
appropriate projections are used. Rectangular coordinates of
polnts of the internal frame of the map sheet are calculated by
the program "Gaussian projection" with operation of the leading
blocks for scales 1:50,000-1:500,000 and by the program "Mcdified
polyconical pr:jection" (stereographic) with operation of the
leading block for the scale 1:1,000,000. The initial information
for operation of the first program 1s obtained in latitude B and
longitude & (from axial meridian) of points. Calculation 1s
produced by the formulas:

L= yrraws
Where ¢,=03702408; e=—0.000003 ¢72.
Q. Xmby . Bmgin B con B(by+aint B(dy4d, sin? 3)),

WHETe ) ag67 580500, §y=32005.780; b= 13392¢; §,=0807.
3. PywiN(14R(C)) +aint B(—Cy +Cy/ ain? B)+D(C,, +ain? B(—Cy , +Cy sin? B)))),

11




where C,, = 0421736 C,, =0,167790
C,=051018  C, =0335580
Cy =000509  C, =0,001123
Cq = 0,174498 C,, =0,042453
Cg, = 0521339 Cy =0,238949
Cy, — 0360849  C =0,208872

y, x=X405isinBcosB- Py ymcosB. P,

The initial information for operation of the second prcgram 1is
obtained in latitutde B, longitude £ and longitude 2, ¢l the meridian
on which the scale is not distorted.® Calculation i; conducted by
the formulas:

fi(4) =by - u—sin u - cos u(by+sind u(by+b, sin? u)),
fo(u, @yep.ain d, fi(u, V) mp(l-—cosd),

where a,-con g

sinu V1 + agaiviy '

P V= psinu,

c=ly(B, h)—h(B, )+ V¥ (:(B))*~(l(B, k)|—Ih(0, Lo)[P,
V'ft(a- l)

If with calculations it will appear that p = =, then

fa(u, o) =@y -0, [y(u, 6)=0

For calculation of coordinates of reference points there 1is used
an auxillary program, according to which coordinates of points of
an equidistant angle are determined. The initial Information in
this case will be ccordinates of points 1, 2, and 3 (Fig. U)
forming the angle and distance b up to the equidistant angle, where
for external bypass of the angle b < 0, and the internal, b > C.

Coordinate of intersection points of external frames with the
internal frame 4, 5, and 6 are calculated by the formulas:

AX =X —Xy, A= ¥i—pa DXy=Xp—X5 Afy=§1—Pr.

L O
1= Tax, 8y, — ax, 5,1+ =" Vixg ooyl ne=rVax + a5,k

Pty ALy, KymXydly =iy By Yom gy 47y,
KgmXy 47y Xy KgeeZg+7s, Pao¥y+ 71455 Ps=a+1s

12
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Fig. 4.

If rl = o then x5 = x2

points 4 and 6 are not calculated. Coordinates of polnts of the

+ B, y5 =Yy In this case coordinates of
equidistant angle are necessary for operation of the program of
calculation of coordinates of reference points of the external frame.
Besides these points the initial information for calculation 1s
cbtalned in the quantity of polnts n on the southern and northern
sides of the frames, coordinate of points 2n of the internal frame
and distance to frame b (Fig. 5). Coordinates of points of the
external frame and coordinates of points of the crossing of 1t with

centinuation of sides of the internal frame are calculated.

Operation of the program consists In the consecutive ovutput
by the machine of coordinates of polnts grouped in threes (n + 1,
1, 2), (1, 2, 3), ..., (n=-2,n-1, a), {(n -1, n, 2n) in the
standard cell and the calculation of coordinates of equidlstant points.
Coordinates of mean points are the sought coordinates of points
'y 2', ..., n'. In exactly the same way there are calculated
coordinates of points (n + 1)', (n + 2)', ..., (2n)', but with this

tl.* internal bypass of the contour {s assigned.

With calculation of angular polints ', n', (n + 1)', (2n)',
besides thelr coordinates, the machine stceres also coerdirates
of intermediate points from A to H and from D to E.




Rectangular coordinates of reference polnts of external frames
are used for obtalning the route of the cutter. The initlal
information for their position will be coordinates of polnts along
the northern and southern sides of frames, coordinates of polnts of
crossing of the internal and external frames and the quantity of
Loints along the horizontal slde of the frame.

The output of coordinates of polnt: ¢f frames in sequence,
marked Ly the route of movement of the cutter, 1s produced in the

following order: by internal frame - of points B-2-3 ... -(n -~
- 1)-G-H-E-F-{2n - 1) ... -(n + 2)-C-D-A, by external frame
=1'-2'« ... =n'-(2n)'-(2n - 1)'- ... =(n + 1}'-1' (see Fig. 5).

In projecting the route of movement of the cutter, the programmer
provides for the least number of no-load operations.

Information on th» route of movement of the cutter, because of
technical characteristics of the interpolator, does not find room
in one frame of the program. The linear code translator, for
example, LKP-2-60, can rvaé¢ from one frame a maximum of 9999 pulses.
Therefore, segments ~f the straight line, having a length in
impulses more than that indicated, should be divided into part not
exceeding 9999 pulses. This process is fulfilled by the program
"Division of the straight line."

At first the cutter 1s set in the initial position (xo, yo),
then increases in coordinates between the initi:zl (xo, yO) and
final (x, y) points of the straight line are divided into frames
taking into account he criteris of acceleraticn and braking of the
cutter which will be discuszed below. After that the machirne issues
coordinates of the straight iirne, and by formation of the frame of
lowering or ralsing the cutter by magnitude d (in pulses) during the
time t > 1 8 there is indicated the operating conditions, i.e.,
the operation or idling of the cutter. Then on punched tape
increases Ax, Ay (and 4z) and minimum time of frame operation t are
recorded. Under all conditions there is produced an imprint of

14




X y
coordin. s of the initial point of the cutter Eg ana Eg (in

millimeters), where ¢ = 96.

To d-termine the criteria of starting np and braking HT there

are produced calculations by the formulas

s { | —~ starting required
’ 0 — starting not required,
- { | —tpmking required
T 0—
braking no% required,
[y MQT-d
B.r= 12 i M>N.4.

where q is the number of frames of starting or braking.

p.T.

qp s = 1 denctes the straight line 1s so short that there is
no need in two frames of starting (braking).

Memax(lAs], (Ay]), Asmt—2" Ayapy—y, M=/l 411,
0, ir MLM{d+dy),

- {M =14
bos [———%ﬁiﬂq44. (r M>I(d,+dy),
where q is the number of frames of the bas! movement.

0.X

The formation of each frame 1is carrled out by the formulas:

A,={A,]~ wnole pnrt, ArmAr—A,, ty=z+A, MaM_mex(lAsl lAp);

man(|Ax] ||
A.-l&,]—-m.oh part, AywAy—_,. et l= ! ) .

In the composition of the program sco2rding to the given formulas
certain conditicns are considered (Tabis &).

A= 2 result of operation of the leading blocks using suxiliary
and technological blocks, programs are cbtained on paper punchsd taepe
in the interpolator code which control the engraving of eisments of

a mathematical baslis of map sheets.

15




Table 4.

Magnitude of formmation of f ramee
N s Mere or number
Conditicrs of formed { remes 5, Ay /
1 G=! first frume Ag Ay h
of starting
2 %=1 first freme 4, 4
) ——te s———
of atarting &x = 4y~ 5
3 G=2 second f rame M- l.d, M~ I1.d,
and of starting dx: ™M ay. M t:
Gox =0
4 =2 gecond frame dy d.
;nd of starting Ax. Ay-—m fr
Gox# U
5 fox *C Qox—1 M<11d +dy) M [1(4, 4-dy)
f rames ax qo.A‘M Ay qo,rM f.
6 {1, =0 188t fremc of Ax A F
31 basic movemsnt |, M—Tlid +dp N M-—rﬂd.-’-d,) f
iy 0 * Yoz M 4 QoxM
first frame d d.
T fextd | aiing At &y 3 h
M0 second freme Ax Ay h
of btreking

Note: Technological parameters can have, for example,
the following values d1 = 500, d2 = 1060, 4, =

3
9993, £, = 200, f, = 350, f3 = 500, where
dl’ d2, d3 are lengths cf path in pu.ases,

fl, f2, f3 are frequencles in cycles per
gecond.

In conclusion let us note that work on the automatic creation of
a mathematical basis for maps 1s expediently produced in two stages:
1) centralized preparation of working programs and 2) engraving by
the program.

In the first scage into the computer memory there 1s introduced a
program of input and treatment,® standard constants, table of
memory distribution of the machine and units of the programming
program recorded on punched tape. Initial information, for example,
coded nomenclacure of the map sheet (or group of sheets), is
introduced from the panel of the machine (or 1is dispatched with the
helr of punched tape). Starting is produced, and in several seconds
the machine produces a count ana in several minutes issues punched
tape — the working program for the coordinatograph. The program

16




obtained on the machine is copled on magnetic tape by the

e i e r i

interpolator and recording and eontrol panel. Owing to the use of
cyclical electrenic counter installed in the interpolator, on this
tape there 1s additional information recorded about standard elements

of shaping of the Irames and grids — equidistant points, iines of
separating segments, etc., which are inexpedient to program on the

computer.

In the second stage of operation the megnetic tape is set on the
panel of program control, where later on the information is read, and

control signals are sent to step motors of the coordinatograph.
For one or twec hours the cutter autcmatically engraves on the
surface of the plastlc, covered by a lightproof layer, the
mathematlezl baslis of the sheet of topographic or special map.

With the carrying out of test works the programming program
for the automatic plotting of elements of mathematical basis for
maps of scales 1:;%C,000-1:40,000,000 was formulated, debugged and
tested on the computer, "Minsk-2" and "Ural-2". 1Its total length
is 1417 commands. Finally there were obtained (in the form of
punched tapes) tens of working programs by which on the coordinato-
graph there were engraved mathematlcal elements of maps of the
mentioned scale series.

On the basis of comparative analysis of labor costs by manual

and automatic plotting (engraving) of mathematical eiements of
maps the conclusion can be made that application of the automatic
method cf creating a mathematical basls for maps of scales
1:50,000-~1:1,000,00C increases labor productivity 6-10 times and
for small-scale speclal maps and complex grids, 10-15 times.
Mathematical elements engraved on plastic possess high quality and

. accuracy owing to the precision coordinatograph used and complete
repiacement of manual subjective labor by automatic not dependent on
personal errors of the performer.

The fleld of appllication of the automatic method of creation of
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mathematical basis for maps is not limited to that examined. It

18 possible to soive any problem by conversion of digital information
into graphic form and conversely. In the latter case as an

automatic transducer of informaticon it 1s expedient to use reader.

The method examined can be used first of all for conversion of
coordinates from one projection into another. 1In this case
ccordinates of points and lines of the initial cartographic material
are taken by the reader and transmitted to the computer input unit.
In the use of the program, considering the projection .f the source
material, the computer calculates geodesic coordinates which serve
as information for the program of calculation of coordinates in the
projJection of the compiler original. As a result of the interaction
of separate blocks of the programming program, the machine produces
a working program by which the coordinatograph plots on the compiler
original points and lines corresponding to the initlal map material.
Conversion of the initial projectlon intc a new one 1is produced by
taking into account the assigned scale.

The methiod can be used also for the acceleration of a search for
new ocartographic projections, for the reproduction of grids of the
position (hyperbolic, stadiometric, and others), position lines
(routes of artificial earth satellites, orthodromes, rhumb lines
and others) and arbitrary curves, for example, horizontals. With
the automatic plotting of grids and position lines considerable
gain in time as compared to existing manual methods is provided.

Footnotes

lsubsequently, for brevity, automatic coordinatograph will be
simply called coordinatograph.

!The ocoordinatograph can operate from punched tape which is
made manu&lly. However, manual programming requires great labor
cost, lowaring the effect of application of the coordinatograph.
Henae automat?on of the actual process of programming appears
necassary.

SInformation for operation of the coordinatograph can be
direotly issued by the computer. However, such use of the machine
is oconnected with the unjustified loading of 1t (approximately up to
90%) by the simplest operations in interpolation of the cutter route.
Therefore it was required to use an additional ocalculating electronic

device _ the interpolator.
PTD-MT-24-62-68 18
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"Reference points are initial and end points of the segment of
the line and also points of the change in curvatu.e of the line,
Coordinates of such points serve for automatic computation by the
Interpolation formula of coordinates of intermediate points,
giving trajectory of the movement of actuating device, The
reference pnints can serve as nodes, i.e., the crossing of
meridians and parallels.

The value of one pulse is 0.01 mm.

*The frame is the part cf punched tape with numerical data
¢2termining the program of action of the actuating device between
two reference points.

’Linear code translator can be replaced by another interpolator,
in particular, a linear circular. With the us. of the linear
interpolator all curves are approximated by rectininear segments in
accordance with the assigned accuracy, which considerably increases
the volume of the working program. Application of the linear
circulator interpolator decreases the quantity of information
issued by the computer.

®Latitude B and longitude l(lo) are arguments of functions u

and v respectively.

’This program tulfills the unification of separate blocks into
the system, which serves for the input (with csntrol) of arrays
from punched tape onto an arbitrary place in immediate-access
memory of the machine and for carrying out analysis of codes of
arrays.
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