0382592 The field of the invention is that of the displaying on a
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prior art, for exanpl e, t hr ough he docunent EP-A-0 é’o
More precisely, the invention ainms to make it possible to position, on a
pre-exi sting set of nmapticiigredshdof obhect inventiord a8 dhatpoioft shet he

Earth's 10  sy{fSfay H&%zﬁ%'ﬁéﬁnbﬁngPSﬁﬁ&'Bﬂ oBﬁSQEQ' Eaeheﬁhad in
i nvention, is desti ned to be gutorrate Aut omat i on Can t hus |ﬁkr;:})).‘oerrrsnt ed

in data procesﬁ% R 9% EPEowEAFEROE oFpTERFR- Ic%aﬁ?ﬂ?d:%‘? #N¥ehopA8ct on
t he appropri at elesrilvekginuthe [pieahisie pbeceﬂ.&um Dpegam rohathd to
15 t he p%mtlon of the obje for exaripl ureg 3_ of di,stances or

r

the like. Prefdat?y, Bhtnot 19 ti% hes 2PPPREREut on
a substantlaII;EEHPa-tO RAZ 0. such as that of a cat hode-ray screen 20

The pl anar and cartesi %ff%ﬁé&ﬂ&éﬁ. t%f té’?,%%{& Sa ﬂgfqﬁ,e

difficult owng to the ericit Arrat emati ca stu y,
carried out by RRSRIR |tﬁ’ tB@siG%ﬁncerﬂfhr? pEpvexigking: #pemafh ®3Pence.

25 Tha cKPRRERE) Y j@taPEiRahRea atloxey Cﬁ&ﬁxt i WhieC8ROERC HTM
Uni ver sal Hansver e I\/Er ﬁtor) cQnsi sts in é)erform ng a pr%ectlon of the
Earth's sd% ac&HRaFs: c'g ?‘ﬂdé’r"ﬁ"%‘?‘é’éﬁ#‘tngto R BRRL o RCCPRALREe rRsERBAt | on
I s consi dered ti(mfedh:hm, atgedeabinedi £bote c&utqmatzeda. 3Butohatisndeanf

pl Us~or mi nus li.nd e h's
S&J'_,fxace S broakhgjn down 1 Xan% te;?] ¥1 ca %%%gzggégjgf' g]tingg H’;’%OF né
their index numsty s°¢¥ﬁtréh3| hgcatem;quo t@'@! @biact rrgpeabevxapnsopmate

time-zone 10 i $yakMache@ound; B‘dEeaiso ocds SR dpttationPeldteld to
possi bl e tq define ter,r estrl na;eas 13_of small er dinmensions, which

can thensétves Hhe RYREH 2 ‘Pli’Jl%‘F?' i 705 gﬁﬁm%}%a’é‘eaFErﬁﬁFPf:éd°5ut
i nsi de each tl rﬁ.maiw thHera4ik@ne 10 includes its own reference

Preferably, but not limitingly, this displaying

is carried out on a substantially flat surface, such as
W that of a cathode-ray screen.

20 The planar and cartesian representation of the
Earth’s surface is made difficult owing to the
"gphericity" of the Earth. A mathematical study, carried
out by Mercator in the 16th century, solves the problem

b in essence.

25 The representation principle developed by
Mercator (UTM: Universal Transverse Mercator) consists in
performing a projection of the Earth’s surface onto a
cylinder tangent to the equator. This representation is
considered to exhibit acceptable distortion up to a

30 latitude of plus or minus approximately 80°.

The cylindrical projection of the Earth’s surface
is broken down into 60 identical time-zones, 6° in
longitude, their index numbers increasing from 1 to 60 on
moving eastwards. A time-zone 10 is sketched in Figure 1.

35 A squaring 11, making it possible to define terrestrial
areas 12, 13 of smaller dimensions, which can themselves
be broken down more finely into sub-areas, is carried out
inside each time-zone.

Each time-zone 10 includes its own reference



-2- systemin cartesian coordinates (x, y). Conventionally, the central
neridian 14 serves as ordinate axis y, and the equator 15 is used as
absci ssa axis. The abscissa axis 15 is graduated such that the 5 centre
point of the tinme-zone 16 lies at an arbittary value of 500 km the
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coordi nate each zone. On the other hand, a problem of break in
numbering and in squaring is clearly encountered whenever
. there is a change of time-zone. This difficulty is illus-

- 20 trated in Figure 2.

Figure 2 represents the UTM squaring of Europe,
and more particularly of the portion included between 6°W
and 24°E in longitude, and 40°N to 56°N in latitude. The
squaring is performed with squares 21 of side 100 km,
25 identified with the reference letters of the GEOREF world

geographical standard. Squaring rotation can be ident-
ified with each crossing from one time-zone to another,
in the form of the latitude-dependent variable-aperture
angles 22.

30 The rotation of the squaring from one time-zone
to another singularly complicates the task of the carto-
grapher when he wishes to measure for example the dis-
tance separating two geographical points 23, 24 belonging
to different time-zones, each of the points 23, 24 being

35 identified in its particular time-zone.

Hitherto, the method employed consists in expres-
sing one of the points 24 in the cartesian reference
system of the other point 23, by performing a coordinate

conversion. Conversion matrices corresponding to each of



conversion. Conversion matrices corresponding to each of -3- the
specific cases liable to occur have thus been con- structed in order to
make this method easier to enploy. It is_ngverthel ess conceded that the
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Finally, in order to produce a truly universal
display system, it is also paramount to be able to manage
simultaneously points belonging to distinct spheroids.

—/ 20 The determination of several terrestrial spheroids onto
which to map the Mercator cylindrical projection results
from the irregular shape of the Earth’s surface and from
the date at which the studies were conducted. Figure 3

U sketches symbolically the areas of relevance of the five

25 main spheroids. These spheroids are those of Clarke 1866
(31), Clarke 1880 (32), Everest (33), Bessel (34), and
the international spheroid (35). Each of the spheroids
associated with a terrestrial area is such that the
distortion resulting from application of the UTM system

30 does not exceed 4 per thousand.

The multiplicity of parameters to be taken into
account in the production of a universal display system
therefore makes the existing methods wunsuitable for
operational automation.

35 The purpose of the invention is to remedy this
unsuitability.

More precisely, a first purpose of the invention
is to provide a fully universal map display system which .
can be installed on an automated machine, allowing the



More precisely, a first purpose of the invention is to provide a fully

uni versal map display system which can be installed on an automated

machi ne, allow ng the -4- locating on %hgeternined and appropriate nap
background. of any point identified in any manner, on the Earth's surface. A
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superi MPogEd_ OpuBe PRl ORbn¥etToRaD ¥di0 M\ referBAts bybtea vy lddin the
said universal identifier of
time-zone, or else the terrestrial spheroids used.
The purpose of the invention is also to allow the
positioning and display of a given object on map back-

grounds produced according to different referencing

\‘/ 20 systems.

These purposes as well as others which will
emerge below are achieved with the aid of a universal map
display system, of the type intended to allow in particu-

(./ lar the depiction of an object identified in any manner

25 on the Earth’s surface, on a corresponding map back-
ground, the said depiction being carried out for example
on a cathode-ray screen, the said system including means
for storing a map background, and characterized in that
it includes: |

30 * means for assigning a universal identifier to each of
the said identified objects;

e means for initializing the display of the said points
superimposed on an appropriate map background;
e means for converting the said universal identifier of

35 each of the said points into the characteristic cartesian
coordinates of the said appropriate depiction map back-
ground.

Advantageously, the said means for storing the

said map backgrounds are organized in such a way as to



35 each of the said points into the characteristic cartesian coordi nates
of the said appropriate depiction map back- ground. Advantageously, the
said neans for storing the said map backgrgunds are organi zed in such a way
as to -5- ref erence each map background By a unique identification,
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second chain for converting the objects identified

initially into geographical coordinates, in such a way as
to associate with them also the universal identifier of
the invention.

~ 20 Each of the said conversion chains comprises a
module for testing the consistency of the initial
coordinates of the object and of the map background
respectively.

b Advantageously, the said means for controlling

25 the display of the said points comprise means for the
" selection of an appropriate map background and of an
appropriate UTM cartesian reference representation
system. '
Moreover, the said means for converting the
30 universal identifier of each object into the cartesian
coordinates of the depiction map background preferably
comprise:
e means for converting the universal identifier into the
said cartesian coordinates of the map background;
35 * means for calcula_ting the references of the said object
in the conventional squaring of the said map background;
e means for calculating the coordinates of the said
object in the display screen.
Advantageously, the said means for converting the



* means for converti ng the universal identifier into the said cartesian
coordi nates of the map background; 35 * means for cal cul ating the

ref erences of the said object in the conventional squaring of the said map
background; * neans for calculating the céordi nates of the said object in
the display scree Advanta eq .he s ans for gonverti t.he
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conposed I npu urts conprising tw paral conversi on
chai ns 42, . Figure is a block diagram :.llustrat:mg the main

functional modules of a universal map display system
accqrding to the invention;
. Figures 5, 6 and 7 are flowcharts detailing the proces-

~ 20 sing chains corresponding to the conversion of geographi-
cal coordinates into UTM cartesian coordinates, such as
implemented in the map display system of the invention.
. Figure 8 represents the flowchart of a subroutine for
K./ calculating radiation compatible with the map display

25 system of the invention.

Figure 4 illustrates the main functional modules
of a universal map display system according to the
invention.

The system represented is composed of input

30 circuits 41 comprising two parallel conversion chains 42,
43, of means 44 for storing the universal identifier of
the map backgrounds and of the objects to be displayed,
of the means 45 for controlling depiction, and a chain 46
for depiction proper on a screen 47.

35 According to the invention, the memory 44 stores
the map backgrounds, referencing each of them with a
specific identification, as well as a base point in
cartesian coordinates and a scale. This referencing
system makes it possible on the one hand to position each



43, of means 44 for stori ng the universal identifier of the map backgrounds
and of the objects to be displayed, of the nmeans 45 for controlling
depiction, and a chain 46 for depiction priper on a screen 47. 35

According to the invention, the nenory 42 Stores the map backgrounds,
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of the object (or of a base point of the object).

Storage of the geographical coordinates of the
object ensures the universality of its identifier, and

N 20 especially the independence of the identifier with
respect to the sphercid used, and to the projection time-
zone.

Storage of the cartesian coordinates is added so

k/ as to allow immediate graphical representation on the

25 conventional pencil drawn up on the basis of the conven-
tional spheroid corresponding to the geographical
locating of the object. The representation of the object
according to these conventional coordinates ia in fact
statistically the most probable. _

30 Nevertheless, in all cases in which the object
shall have to be displayed on a screen background refer-
enced according to a system other than the conventional
system, for example according to the coordinates of an
adjacent time-zone, or even an adjacent spheroid, a

35 conversion will be performed £from the geographical
coordinates stored for the said object.

Finally, each object stored in the memory 44 also
includes a hemisphere information item (Northern hemi-
sphere or Southern hemisphere) as well as an identifier



statistically the nost probable. 30 Nevertheless, in all cases in
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em sphere and _spherqi d i nfor iqn, copstjtutes a, redundant |dentifying
system This ré"cfg‘ﬁcfﬁi’terseyst iss!%é%’f%d 1REPEmatAony| FPRATERRESBI Nt of
vi ew of the thresdlwadntmeidentifying oéyatener Thlibst wedimelahtofsylisgth ays10
and security. . n e i f c sion,_ghains
B2, 43 The coruBigpls e B Dot ELBR' B JAHY e P RING M2

i denti fyi ng i nfthnes combised: ariberiatef aninersalitarc #peed Bl dbsplavat es,
as wel | agof or s9rcChdRiftgckground 49 general |y expressed in the UTM
cartesian coordinates of the time-zone to which it belongs., A first nodule

81 of the conversion cH&® F5OFRESs PRANE| 44 ofa%e s BUPPIR eonEFementYoof
~thé 20  coordicoziver=itn 4haimis adycad.. I n the event of inconsis- tency,

fQr exanpl e foll ow ng I nput _err.or, the tegter _npdul e 81 _activates an
interrupt and al ert m)g'ﬂﬁee VerRPrSP E%ﬁf"f‘r ﬁ%t f’ﬁ‘ﬁr6F808Hgi EPERRLLPR ?ge
tester nodul e &he umdvéxsallddensifyéngninfdmmationt forhth@5objechsesser
modul € 83 1hi Clafelagla € al g Ui ScbOEa A ¥EL S 2las0 8001 PPRIC o f OUadiNahgS Of
t he object and/or of the maéo

background 49 generally expressed in the UTM cartesian

coordinates of the time-zone to which it belongs.

A first module 81 of the conversion chain 42

plays the role of tester of consistency of the

— 20 coordinates 48, 49 introduced. In the event of inconsis-
tency, for example following an inputi error, the tester
module 81 activates an interrupt and alert module 82.
After confirmation of consistency in the tester
Kb/ module 81, the data 48, 49 are introduced into the

25 converter module 83 which then calculates the universal
geographical coordinates of the object and/or of the map
background introduced, and concatenates the geographical
coordinates with the UTM coordinates in order ¢to
construct the universal identifying information stored in

30 the storage means 44.

The conversion chain 43 exhibits an architecture
symmetrical with the chain 42 which has 3just been
described.

The input data 84 consist of the geographical

35 coordinates of objects to be displayed. These geographi-
cal coordinates are tested firstly in a module 85 testing
the consistency of the coordinates introduced. In the
event of inconsistency, the interrupt and alert module 82
is activated.



back'glrourid I ntroduced, and concatenates the geographical coordinates with
the UTM coordinates in order to construct the universal identifying

i nformation stored in 30 t he storage maaéw 44. The conversion chain 43
exhi bits an architecture symetrical with The chain 42 which has just been
descri bed. The input dat 4 st .af th eoqraphi cal .35 cogrdinates
of objects to be displ %/f}(f ‘ﬁiogtsrhziz&aa(ﬁ?‘:élph?eg gcc% %sg%?b‘flﬁalf%st%?eg?ggng
firstly in a mopgudessBiesthagdabes emsiisttamdncsd tintaodhreli aanwsrsion

i ntroduced. 1Ny 1V Y Qx| ALOAFSLANEVend h@mnegpriaengotakgi%mQQQU' e

82 is activated. -9- After confirmatlon of consistency b _tester
modul e 85, t he SPRZLERAGIRG FRICRP i FRATTIRDEGNY 720 NRERA BB61nbFO-

cal cul ati ng t haudbd ad Forakoneatdnadiag ehel 62R08EbPEihatEBCwERIERANI cal
coordi nates 84 intro- hg&%ﬂtcied a faﬁ:r concat e atl%? %he UTM cooidl nat es
with the geogr 7NLAP i natest d&t DN  FRFRNRe BRfversa
I denti fyi ng i nfickertiifyingt dnfidrmatiilon storede incthe 4tordge theanst ddn
control nodule 45 initigl . || e i . [ cLiqn
chain 46 through 10 t'I#ee S rlgcrg}(e}@%eéér?sr&f%i ﬁ%ﬂ%t%lﬂ%ﬁ%ﬁgésﬁgcts,
nmanual | y or auldhetiscdihe opemration bafkheudepictiondichiiay 46 thuough
ref erenceq@art @Hed B teRAqd Aila®®: @fg .t he map back- ground. It also activates
the depiction circuits_46 for 15 _ the ositioning and dis Iax i t he
obj ects identified and ré’&"’itﬁ'#hemé’f’g‘flégéﬁeaﬁ 1ggts,y ’gﬁﬁ Eg YesPBndi ng
mj:tg ,lbackgroundau"ﬂmadﬁm'hamm n m-tmimadﬁG?aelggfb%ﬁd ttlor & dempl:ayd ed; vénd

iles 87, 88,.89 | t end .of the ai 20 ovi de si gnal
g?LS}IpI ayabl e on *0Fe %#%E%nﬁé C‘I%%eter%a@l e°W$§n%€%%d&fe ?%? (’:n&%/:??f’ﬂ@ t he
uni ver sal i dengixiopndg It @law iagtivateshcthobj depictiordcircwbb®r$6 3fiofsi c]
into the YEM canlecabadeisheh§naad &lsfldy BY BB dhentareda I8

conver si on nodu . .
stored in the storage means 44, on the corresponding map

background.
The depiction chain 46 comprises three consecu-
tive modules 87, 88, 89 which, at the end of the chain,

- 20 provide a signal displayable on the screen 47.

The module 87 is a module for converting the
universal identifying information for the object stored
in memory 34 [sic] into the UTM cartesian references of

k,/ the map background displayed. The conversion module 87

25 includes consistency testing means which enable an
interrupt and alert module 90 to be activated in the
event of inaptness of the map background in respect of
the object undergoing processing.

In the event of aptness, the conversion module

30 provides a second conversion module 88 with the calcu-
lated cartesian coordinates. This second conversion
module 88 has the function of positioning the object in
the coordinates specific to the time-zone to which it
belongs. '

35 " Finally, the information obtained at the output
of the second conversion module 88 is transmitted to a
module 89 for calculating the positioning of the object
undergoing processing on the depiction screen, as a
function of the scale of representation selected.



25 i ncludes consistency testing means which enable an interrupt and
alert nmodule 90 to be activated in the event of inaptness of the map
background in respect of the object under30|ng processing. In the event of
apt ness, the conversion nDduIe 30 provi #88s-a second conversi on nodul e 88
with the calcu- |ated e5|aﬂ coordi nates. This second gonver5|on gD

£ Yflc

88 has the function of i BFBAPN T nEeBEpaERtARioR 18 RAVARFRISCHE
to the time-zordetermieh biyt thelmroBEnodule 45, eEr.helrI gutomatiedblyati on

obt ai ned at the out p{ﬁna flotrp nd%ec‘gz%/ S%f %rgd 10@814:3 ; agg:r&g&ed to

a nodul e 89 for%cdt 'Ng th e posSi | éct ergm ng
processi ng on thve shepiditapdrayesk @emulaarmduML| ox m’am-llaélsreal e of

represent ag on sel oct edme aerald of [Phs SAbSeflidERIEHEN 42,003 B2 th

advant ageously determ ne(f cont rol I't her automatica FI y as
a function of tW%FW%%&%%%H“N hesPé‘éﬁePé"G 0 see displ ayed
si mul t aneously, or manual I Will be mnotedlhendet atheofgabgrapnses:synm

chains 42, 43 of the i,n c rCUI 41 il | be presen

noted that the SR gﬁ'raedﬁf) evfjréﬁ}?ﬁ "FPJ(;L‘gl\cljvllée CeRAT T Hsgné
presented fi rstt,heofp:tdruaqmmga@ang: cdi eoriSe sponds pbm dsubstandet tactheo the
10 convegrssi 0 :mggm 'S t,iua#n | h | om ng not ati onal
conventloﬁ'sosvmlqﬁ e asg‘éﬁpgg ‘Ie:éeaftéurfc d‘;\%‘i J")l;f %h}f?g.h“ me-zone in
degrees Znw. tinme-zone t EoRlopdngyi %ﬁtasmnazhe.cqnwtﬂm eWddlof be

G eepwi ch EQ  fRipved m&a.of the time-zone (500 000) NN ordinate of

i’ Sout hern haipiGdstoet the ViaRy Ao ddofeotes ester modal o 85 checks
t he i nput datazrmf. wimsaHzone west of Greenwich
15 Zne: time-zone east of Greenwich .

EO: central abscissa of the time-zone (500 000)

NN: ordinate of the equator in the Northern hemisphere

(0)

NS: ordinate of the equator in the Southern hemisphere

20 (10 000 000).
Thé tester module 85 checks the input data:

if we put:

. latitude: deglat/minlat/seclat/Hem (variables represen-

ting respectively the degree, minute, second and nature
25 of the hemisphere of the cbject considered).

. longitude: deglong/minlong/seclong/Hem (variables

representing respectively the degree, minute, second and

nature of the hemisphere of the object considered)

we must have:

30 0 = deglat = 80
0 = minlat s 58
0 = seclat s 59

Hem = "N" or Hem = "S"™ (Northern or Southern hemisphere)

0 = deglong = 180
35 0 = minlong = 59
0 = seclong s 59

Semg = "W" or Semg = "E" (western or eastern geographical

semi-globe)
latsec = ((Deglat* 3600)+ (Minlat* 60)+(Seclat)) =288 000



-latitude: deglat/mnlat/seclat/Hem (variables represen- ting respectively
the degree, m nute, second and nature 25 of the hem sphere of the object
considered). . |ongitude: degl ong/ i nl onaesecl ong/ Hem (vari abl es
representing respectively the degree, second and nature of t he

Lo P80 6 Fer PioasaHd ol °aY‘?<]M““t 4 00 ¢ Besg Rt <648 08B - ern =
"S" (Northern or Sout helm theriesEntr dhal joner bfdehksegcbaditidfis 35 nof
err] mnlong L iudefied |l SEGLOBRLET LoD BM" ‘Alafle 58P =1oF

(western or eastern geodr aphi cal “sént - gf 6be at Se€ = (
3600) +( M nl at * ag®imMaked at ) )s288 000

| ongsec=( (Begl ong* 3600)rH{eM dU AP PV (P56 aoﬁga &00. 191 &hén EY§NEnt hat

one of these conditions is_not sat,lsfled |n errupt and al ert_nodul e 82
is activated. Fhe module &§p epniBr &hé ts frerdyiiEa in
the nodul e 86, smaxdhiide tmdutneSBmanﬁdﬁés tbi w:chz ttsheseabj:é&ﬂguﬁaért- he

t t h th I . L1y,

the. cor espond &St oFEs +§%1%%q§f§l°ag‘ﬁ;2 m %ﬁgﬁgrsmgﬁtﬁsﬁ

Det t pafojedtdon ag beens nletds ozedvanid f th

ti ngr;noggllrbgzber (Jar eaﬂgegg%[m ‘WOS‘? cenhge#]%@#:_a’@el I £ mgggénznan ©
al r b ol

hal f a time-zone w dth |ongituding omthe nt of | ect
under goi ng pro@8eIE 9 BearchmgAr#oe'xaﬁbee tiRg SRR anuatbar f K@®edar t

i sirepre- sent Qﬁnﬁéflmrﬁvﬁsété&hﬁ% cmveﬁg 1neli@@91éydetnéntia31£0l nt
(o P ot W A ARt Rane LR Y it he e p oS
i nteractive mct&mmﬂntja!ctorund‘erlgmdngommgof the centre of each pencil.
15 An example implementational flowchart is repre-
sented in Figure 5. _
Step 50 converts the longitude of the point
undergoing processing into degrees. Step 51 calculates
the half-value (cent) of a pencil width (wid) which will

S’l 20 be used later for the interactive incrementation of the
coordinates of the centre of each pencil.

Step 52 introduces the initialization 53, 54 of

the time-zone numbers (zn), and of the increment/

\/ decrement dz of the time-zone number used in the

25 iterative procedure 55. Steering towards one or other of
the initjialization modules 53, 54 is performed by the
module 52 by determining whether the point undergoing
processing lies in the western or eastern geographical
semi-globe (semg), respectively.

30 The iterative module 55 consists in incrementing
the pencil number (56) and the corresponding abscissa of
the centre of the pencil (57) so long as the current
time-zone centre does not lie less than half a time-zone
width longitudinally from the point undergoing processing

35 (58).

When the time-zone number zn is determined, the
abscissa and the ordinate of the object undergoing
processing are calculated in the ordinates of the time-

zone.



Step 52 introduces the initialization 53, 54 of the time-zone nunbers (zn),
and of the increnment/ decrenment dz of the tinme-zone nunber used in the 25
iterative procedure 55. Steering towards one or other of the initialization
nodul es 53, 54 is perforned by the m)duTeJ-%Z‘by det erm ni ng whet her the

poi nt under goi ng procesggsing.li.es ip the western or_eastern geqgraphi.cal
sem - gl obe (seny), ressz‘(?t %}bafjgp 95 instructiopg, $?’ér§ﬁ5‘\?é&ﬁ3:gﬂ1gg Bhe
consi sts in i ncaztestiang cobrdinates Hsniadvapi@yesuslyhas diollspond( tige
abscissa of th t LLg( I | file- zone
centre does no a'ﬁ‘lgg F’gsggf%gﬁlﬁgrﬁéédt?%%?%%ei Wi dta %ﬁg. t%dﬁ%‘f%@%’rom
the poi nt underydi agrpespendi mgredy tesdnteypediake vardabdfe) sunber zn is

determ nedg th lsga t Qe .andinate of the object undergoing
processi ng ar e%ggﬁ%%ﬁt eéglggtt he3§ro i)nat es of the tine- zone. - 12 - The

chai n of instrucP ondbsdlongseq at ceptses)taliosilan coordinates is

advant ageousl y ,agof &l hawsecpe /A8d0y180 vari abl es used have no particul ar
significance, an cgrriig ;} nerely to internediate variables): 5 Cent sec
- (cent * 3600y Rap=_S 3 Agsec - centsec)* [err] . JO =

| at sec*Pi / 3600+18b = Gas=(30) (JO . Bb = Cos (JO 10 . Cc = Tan (JO .
Dd = Si n(Pp/ 180/ 380Q) manSi 1 second . V=Aa * Bb. U=J[err] . J2 =JO +
V15 . ?3 = ((§§ 2)‘?"(5%) )hd .36 = ((5%34) + (2*V*([err])))/3 . I8 =
((7*36) + (4*\V*(Dérr] PLRABLIAZBO7BEA0). : (pdRe] }) PEFOR([err]) *([err])))
[err})) NU=ROC (1% ((Ep2) * (Bb 2)))

~ 2
. U = (BbY)

. J2=J0+V _
. 34 = ((3%32) + (2#0UsV))/4
. T6 = ((5%74) + (2%V*(U%)))/3
. 38 = ((7%T6) + (4*V*(U%)))/8
RO = ((A*(1 - (Ee?))/(1 - (Ee®)*(aa?)))®?))
“ NU = RO *+ (1 + ((EP®) * (Bb ?))) |
20 QL = KO * C * (JO - (Alpha * J2) + (Béta * J4) -
(Gamma * J6) + (Delta * J8
Q2 = (NU*Aa*Bb#(Dd’)* KO * (10,))/2
Q3 = ((Dd%) * NU * Ra * (BY) * (5 - (ccf) +
W, (9 * (Ep®) * (BbY) '
25 4 = NU x Bb * DA * KO * (10~4)
Q5 = (Dd%) *# NU * (Bb ®) * (1 - (cc®) + ((Ep %) *

(Bb%))) * KO * (10%%)/6
These intermediate variables make it possible to

calculate the abscissa difference De of the relevant

30 point with respect to the central meridian of the time-

15

zone:
De = (P * Q4) + ((P%) * Q5)
and the ordinate difference Dn with respect to the
eduator:

35 Dn = (QL + (Q2 * (P?)) + (@3 * (¢H))

The flowcharts of Figures 6 and 7 show the logic
for calculating the absolute abscissae and absolute
ordinates respectively, of the point undergoing process-
ing, from the abscissa difference De and ordinate



20 ”Ql ‘KO * C* (JO - (Alpha * J2) _+ (Beta * J4) - (Ganma * J6) + (Delta
* J8 @ (NU*Aa*Bb*([err])* KO *<([efr]))/2 @B = ( ([err]) * NU* Aa *
([err]) * (5 - ([err]) + (9 * ([err]) * (B_grr]) 25 A = NJUx Bb * Dd *
KO* ((1?"4)]_)Q;36 (Dd3) * NU * (Bb 3) * ferkr]) + ((pr|2) * (lerr]))) ~
KO * err A make it possible to calculate

t he absci ssa di regﬁge@emw?ataﬁglre gbtovfo poi nlto wWth respect to the
central neridian of th&he mdur_l&ﬁeﬁlDeﬁﬂ grd* 68) semi (gdobe) of WEhbend t he
ordi nate differge L c eﬁﬂ@ *
([err])) + (B * ?e @é"“s&ﬂ; gﬁﬁgo&gﬁgrég% Fi 83{? % 7 sﬁow t?ﬁeglzogl C
for cal cul ati nfia%e ol"tﬁ e rrsigned o fe&)"sotl:%t@'l%ri‘ﬁ’%i-%%ar@bEEEFrvel Y,
of d_t het poi mt u%ﬁrag?dfi]g mept‘eaﬁcmgz? aifﬁftsﬂdédtge aﬂsoﬁTzﬁﬁa é&é&&@é&gﬁﬁtiggaang
ordi nat e - - di fference cal cyl at ed abaqve e nodul es an

63 (seni - gl obe & El"'s dp&)n% _GenfEah, APsFLisga Rt sHre) tiMenl e a
negative sign (z?o@e tnobe hSSIthEEdmﬂuﬂ.et 65, t heo alobtiadsn dhef cabsdletee De.

The absci ssa dlafb e irge?ﬂ%oﬁgq%geqn\@e%gogﬁggggghggggﬁé.addeq to the

central abscissa o . obtain the
absol ute abscissa E of 'Iihhéi polowchanter gakag dtoessille Thos gdlwe hthe

makes it BQSSI Byl A/ etﬁé‘egﬂ-awthpéﬁbltﬁ@ qfonb‘l%uﬂ"eo‘%ftlpfrééﬁ‘eé@ngbt ude
with respect to the central rTE[IdI an of the time-zone, which is mani-

fested either Kpes seRkRat MeridifR Qﬁs&%atﬂf‘?hz?%%pe&'fnf’& B vipRad -
travel | i ng westpestadd (eseﬁgr—by\)a PeEddyt on I:l’iﬁlteﬁS&bBﬁ:.hbaSwﬁbBCréﬁpeMtt h

rUect to EO \@ger%os‘gPS i eI | | rlgﬁleast véa%%sss e ro h?#é of

Figure 7 nakes Tt ord| na‘te
poi nt under goi igpcrease in this absc1ssa with respect to EO when

15 travelling eastwards (semg = E).

The flowchart of Figure 7 makes it possible to
calculate the absolute ordinate n of the point undergoing
processing, from the ordinate difference dn with respect
to the ordinate of the equator. The module 71 carries out

- 20 this function by taking account of the hemisphere hem of
membership of the current point (73).

The module 72 checks whether the ordinate n thus

calculated oversteps the boundaries of the relevant

L_/ hemisphere; this would be manifested by an inconsistency

25 in the wvalue of the ordinate owing to the conventions
adopted. This test operation is performed on the integer
value of the absolute ordinate n, effected beforehand in
the module 74.

The processing chain 42 calculates the UTM

30 cartesian coordinates of the objects and/or of the map
backgrounds introduced in geographical coordinates. Means
for carrying out this function are presented below.

The notational conventions are the same as those
employed hitherto.

35 In order to resolve the ambiguities regarding the
working hemisphere, the operator should, during
initialization thereof, specify a priori whether he will
be working: :

. in the Northern hemisphere Hemb = "N"



pr—océ'ssi ng fromthe ordinate difference dn with respect to the ordinate of
the equator. The nodule 71 carries out 20 this function by taking account

of the hemi sphere hem of menbership of the current point

(73). The nodul e

72 checks whether the ordinate n thus cdal &ff ated over steps t he boundari es

of the rel evant hegm sphe t hi s .woul d .be nani f d
in the val ue of* tH? %??j %%q%h%w r}be’?’osﬁkf‘%r%onveﬁfﬁ'“&\s al

I nconsi stency 25
pted. This test

operation is pe.rfsir.rmitihtng Hehe requperowal ue of u-tuxlabsd‘lmt e ordi nate n,

.effected beforehand in ,g@ﬂg r
the UTM 30 cartesi an coor I nat es gqu]t{gugb&gc s an

actaal,cgl at es

backgr ounds i ntroduced Sopgidng Hhe daitdedr daarme@samvsmdmatear:r piceg out

this functipn HenyeLANEEEREIMinke NOt ational convent

ions are the sane

as those enpl oyed hltherto 35 In order to resolve the

anbi gui ti es regarding tTRE \RFed ﬁﬂ’mhfﬁé‘fn"'é’pl%sé: satdffyioperator shoul d,
during initialigzNwon I)he-r e(i80 Apial) fy ZN (i | @NE whahher (1B0pwild)be wor ki ng:

in the Northern hem spk

o sphere | rorp < e angciffl. (Radle) auiad Rderadyt

t he Sout hern
Henb = "B" The

tester nodul e Silochegﬁ@m«e(‘)mﬂlﬂata E@Gnsateztm hed siwiid/i23l cartesi an

cari sty ?Mi_ei)r;t (1%**‘ ?fﬁ??fﬁé@rf*‘i@ﬁ e, HEs sﬁf“%‘

absci ssa (East d®

eEeex gE®edm

(0'w/d/2) 10 1(1iléh| Sdz&i:axa‘ﬁer st - (Wdi&jh hechus\ehenshlaaskgrt,l tude is

cqlgul ated, a second- orcEaFr check shoul d be perforrred The

(Nort hg) nust2PP as appropriate: . if Henb =
[err] NN then Henhf Héamlh = "N":

15 Northg = NN then Hem = Hemb
. if Hemb = "S", we must have:
Northg s NS then Hem = Hemb
. if Hemb = "B" then:
- if Northg = NN + % (NS - NN) Hem = "N"

ordi nat e
"N': 15 Nor t hg

~ 20 -~ if Northg < NS - % (NS - NN) Hem = "S"
In the event that one of these conditions is not
satisfied, there is a calculation abort with error
diagnostic (module 82).
(,/ Actual calculation of the geographical

25 coordinates includes the following steps:
Calculation of the longitude of

meridian of the time-zone:

the central

. if ZN s ZNW ZNb = ZNW Demg = "W"
. 1f ZN = ZNE ZNb = ZNE Demg = "E"

30 long cendeg = ((|2ZN - ZNb| * wid) +wid/2))
long censec = long cendeg * 3600

Calculate the ordinate differential

. 1f Hem = "N" then ) Delta Y =
. 1f Hem = "S" then Delta Y =
35 Calculate the latitude:

this calculation proceeds via inversion of
Q1L : Delta Y = f£(lat)

Northg - NN
NS - Northg

the function:

It is recommended to proceed via a recurrent
method which is particularly well suited to the operation



-if Hemb = "S", we nust have: Northg [err] NS then Hem= Henb . if Henb =
"B" then: - if Northg s NN+ [err] (NS - NN) Hem= "N' 20 - if Northg <
NS - [err] (NS- NN) Hem= "S" In the eveE% that one of these conditions is
not satisfied, there is a calculation abof? With error diagnostic (m)dule

82). Actual g!ﬁ Q rgP{@ g,g,p%
I ncl udes the fo Iovm gi%tq‘es saq'l Qi%atqig‘ﬁesgf (Iajl'on Tt g#he central

meri di an of thaeaisppabdeectime; DeZNOFGr r(]frZNV\BZNQ 5 mwses) Deng = "W

if ZN [err] ZNE ZNb 340Nt o1: Demg = E 30 | ong cendeg = ((|ZN -
ZNb| * wd) +wi d/2)) long censec = |ong cendeg * 3600 Cal cul ate the
ordinate diffeRemi®al 2. =50 Hem= "N' then Delta Y = Northg
-NN . if Hgm =y¥S: pad®a v Delta Y = NS - Northg 35

Cal cul ate the | atitude: this calculation proceeds via inversion of the
function: QL : carEts v = f(lat) It is recomended to proceed via a
recurrent met hpﬁi iahyt;chgoticul arly well suited to the operation of
conputers and 9 suf i cient accuracy within reasonable tinme
periods (from to§§a§§8 Invert Q. &0, P=05 YY =Delta Y
Start: Phi p -BYY~ACCRS Aahi SIN (Phi p) Bb = COS (Phi p) 10 Cc - TAN (Phi

p) V = Aa}’b BEC 2.=pKRi (Bhi ¥)J4 - ((_3 *J2) +(2*V*U)/436 - ((5*
J4) + (2 Vv v%[-eraraﬁf)iﬁ

" J2 =Phi p +V
Y Ja = ((3%32) + (2 %V *U))/4
J6 = ((5*Jd) + (2 *V * (UY)))/3
15 J8 = ((7 * J6) + (4 * v * (U%)))/8
Q1 = KO*C*(Phi p - (Alpha*J2) + (Béta*J4) - (Gamma*J6) +
(Delta*Js))
If | Delta Y - Q1| > 0,005

then YY = YY + Delta ¥ - Ql, goto start:

— 20 else FIN.
Actual calculation:
= | (eastg - EO) * (10"5)|
YY = Delta ¥
; Start:
W,

25 Phi p = YY/C/KO
Aa = SIN (Phi p)
Bb = COS (Phi p)
Ccc TAN (Phi p)
RO = ((A* (1 - (Ee®))/(1 - ((Ee®) * (Aaa%)))*¥?))
30 Nu =RO * (1 + ((Ep®) * (Bb%)))
Q7 = (Cc * (1 + ((EpY) * (Bb}))) * (10%))/(2%(Nu’)
* Dd * (KO%))
(Cc * (5 * (3 * (Cc?)) + (6 * (Ep?) * (BbY))
- (6 * (Ep¥) * (Aa%)) - (3 * (Ep‘) * (Bb%))
35 - (9 * (Ep) * (aa®) * (Bb%))) * (10%))/
(24 * (Nu‘) * Da * (KoY
Q9 = (10%)/(Bb * Nu * DA * KO)
Q10 = (1 + (2 * (cc?)) + ((Ep>) * (BbY))) * (10")/6
/(N?) s Dd / (KOP) / Bb

Qs



15 J8 = ((7 * J6) + (4 * V * ([err]%))/ QL = KO*C*(Phi p - (Al pha*J2) +
(Beta*J4) - (Gamma*J6) + (Delta*J8)) If | Delta Y - QL] > 0,005 then YY =
YY + Delta Y - Ql, goto start: 20 el se El N Actual calculation: Q=

(éastg - EQ * ([err])| YY = Delta Y Starts® 25  Phi p = YY/ O KO Aa = SIN
(Phi p) Bb = COS (Phi p) Cc = TAN (Phi p) RO ((A* (1 - ([err]))/ (1

((Ee) * (lLerr])peitaribhy 20 ((Qblus= fQ k.s!&}],) [err]))) Qr = (Cc
* (1 + (([err])p =(FB%L; g%err g ? er]) =(Cc * (5* (3 *
([err])) + (6~ £ ([err]) * ([err] ) - (3 * ([err]) *
([err]) 35 = (Bhi P[ErIW/Pi({'eudN)) -(Eg‘ira}) 2y Gl giggl W/ (24 *
([err]) * Dd * er] Q%—([err])/(Bb*Nu* * K 0 =71+ (2*
([err])) +s(([err]) ? )1& * ([err])/6 /([err]) / Dd / ([err]) / Bb
- 16 - Delta | f?QQ* P 0(38@0* (B))) P =|Deltalong * ([err])|
Phi = (Phi p *W%/ﬂntaéﬁ%)cos (@) +(B* (Q) 5 JO=Phi *
P|/180/30 Nﬁ&% d—(COS[err]) J2 JO+V J4 = ((3 *
J2) +(2*V )/ (I —((5*J4) + (2 * V* ([err])))/338 = ((7 *
J6) + (4 * V*d3errd9)¥%/8 Aaa = SIN (JO '

J4 = ((3%#32) + (2 *V *U))/4
J6 = ((5 * J4) + (2 * Vv * (U9)))/3
| J8 = ((7 * J6) + (4 * v * (U%)))/8
k/_/ Aaa = SIN (J0)
Bbb = COS (JO)
Ccc = TAN (J0)
® RO = (A% (1- (EBe?))/(1 ~ ((Ee}) * (Raa?))) B/,
Nu = RO * (1 + ((Ep%) * (Bbb?)))
QL = KO * C * (JO - (Alpha * J2) + (Béta * J4) -
(Gamma * J6) + (Delta =* J8)

k‘/ 20
Q2 = (Nu * Aaa * Bbb * (Db%) * Ko * (10%))/2
Q3 = ((Dd*) * Nu * Aaa * (Bbb®) * (5 - (Ccc?) +
(9 * (Bp?) * (Bbb%)) + 4 * (Ep‘) * (Bbb®))) *
KO * (10'%))/24
W ,e DR=Ol=(2+ (P%)) + Q3 * (P™%))

If | Delta Y ~ Dn| = 0,0005
then: ¥Y = YY - Delta Y - Dn goto start
30 else: **
If |Deltalong|>10 800 eastings error (second-
order check).
deglat = INT (Phi/3600)
minlat = INT ((Phi - deglat x 3600))/60)
35 seclat = INT (Phi-(deglat * 3600) - (minlat * 60)+0,5)
. If seclat =z 60 then seclat = (seclat -~ 60)
and minlat = (minlat + 1)
. If minlat =z 60 then (minlat - 60)
and deglat = deglat + 1)



F oo

bb = OO8 (JO Ccc = TAN (JO 15 RO = ((A* (1 - ([err]))/( - ((Ee) *
Lerr]))) [err])) Nu = RO * (1 +((Ep2) * ([err]))) QL = KO* C* (JO -

Al pha * J2) + (Beta * J4) . Ganna * J6) 5 (Delta * J8) @ = (Nu * Aaa *
bb * (Db2) * KO * UO)HZ - Dd4) ;Nﬁ*lma*([arn * (5 - (Ccc2)

(9 * ([err]) )= i ([e r] )) * KO* ([err]))/24 Dn =
ol = (@ * ([e r]’}(é éa q)gferr %?qf a Y- Dn| [err] 0,0005
then: YY = YY - EFé"ret!hnplt ong = - glﬂlttastlanng 30 el se: ** |f

| Del t al ong| >10 K& t.u]gﬁ, é,ge& s.emq: g?r check) ‘deglat - INT
Phi / 3600) m nl at x 3600 60) seclat - INT
EPhi-(deg?at * i%ﬁ*ﬁ zisecyﬁﬁaﬂf dﬂeglPPQSécPQPOPé/PP)GO t hen secl at
= (seclat 5 60)sen1rbngr#am1" ((S’édlldﬁg + XHdeglohgni*nBgbojerr] 60 then (minlat
- 60) and deglql ;g ) 7 - . If Deng = "W and Eferr] EO then
Delta long = f [0 ong ongcensec + Delta |ong deglong = INT
(seclong - (degl off Be@@my) /260)505 thesecbenlong| KT (seclong - (&gl and *
3600) - (m nloggny *‘ékﬁ@lcn + §§clong [err] 60 then seclong = (seclong

- 60) and mnlon%BdE : If mnlong[errl 60 then mnlong =
(ninlong - 60) *a 16‘1nle§g1 cﬁ‘]gs (heit oninlong Thelminlengis t4r efbde;
degl at / m nbat / deegllanghem(deiyliong ang)hand (geographical latitude) and

The result is therefore;

v deglat/minlat/seclat/hem, on the one hand (geographical

\/ latitude) and

- deglong/minlong/seclong/Demg, on the other hand
15 (geographical longitude).

Before displaying the object on the map back-
ground, it is necessary to determine whether the object
actually belongs to the map background such as repre-
sented. This is advantageously carried out by ascertain-

— - 20 ing whether the base point of the object lies inside the
screen with respect to the base point of the map back-
ground. In other words, if Delta X and Delta Y represent
the abscissa and ordinate distances of the object from
the base point of the map background, and e the on-screen

25 map background display scale, the two expressions
e*Delta X and e*Delta Y must be less than or equal to the
maximum size of the graphic.

The values Delta X and Delta Y can advantageously
be calculated on the basis of two subroutines:

30 . a subroutine for calculating polar coordinates,
enabling the base point of the object to be expressed in
polar coordinates with respect to the base point of the
map background, starting from the cartesian coordinates
of the two points;

35 . a subroutine for calculating radiation, enabling the
cartesian coordinates of a point to be obtained knowing
the cartesian coordinates of another point, the pole (for
example the base point of the map background), and the
polar coordinates of the point sighted from the pole.



degl ong/ m nl ong/ secl ong/ Deny, on t he ot her hand 15 (geogr aphi cal
| ongi tude). Before displaying the object on the map back- ground, it is
necessary to determ ne whether the object 1gct__ual |y belongs to the map
background such as repre- sent ed. This is~ddvantageously carried out by

ascertain- 20 I ng wh :.Qﬂﬁﬁ f he
screen with respect to tt% ebase POl n&(yf Séw ac%‘% %%ﬁ%ré? ot ﬁg
words, if Delt®@ectamn mreaaes(s*ra)reyenatmwam eﬂkﬁm}w%tEoélm‘:Sances

of the obj ect fdéa“ﬂadi%éa%ipo&oa&btahcuae aaalewsar esen901ﬁag 8£! Nfipact
on-screen 25 map _hackground display .scale, th two expressions

e*Delta X and &AL IBELT OIS EEes &Y%l <or equal to t he maxi mum si ze of
the graphi g The val uesdeed:imXbandadhitnei{oﬁantaéuantﬁgmmség/ bnbrace

cal cul ated on the ba s of, t r,out ti

calculating pd othflha qﬁé if“’rlcgas‘i’hoé‘ ba%ettg%lﬁéj gt h"gﬁl E'F to
be expressed irgqmi:arl]qocnrcthmmamwhthesqaepectotphahsaslmqﬂ)lmuw ofie map
background, st gj Or i 5{ 'i)%@ktgl}%u&%.rt9.'51':.%”cﬁggfz.dutuga%&?tﬁinEhEot ¥Re PRABLEe 39

a subrouti ne ating radi ation, ena e cartesi an
coor di nates of of &H%#‘%s@é‘% &Pn!’&lﬁho%nﬁeﬂ-ﬁﬁgﬁar tEsj RAUREERRLRAPES of

anot her paiont, ddte Pl enef Wm&dﬁﬁlbWﬁeﬁ hBewall hagkgesund),
and the pol ar cqordl naterensﬂfgf g,l‘%?ql Nt sighted fromthe pole. - These
subrouti nes ma *to perform processing operations

bet ween di spl ayed poi ntFiguxa c8il dsi Gm plowchanticdd ludematingn e psubts of

i '@/act of balli %& %bjf%g %alﬁt“ﬁ%ﬁna radltahe As will be seen bel ow,

t hese routines *SNbrace ot eps Pscation of the obj ect, which
is generally identifie&hiis Hubggpéépetemmtbam sykistangse ﬂ:neemﬁut:.ng
backgroungsg Thltgleclﬁﬁeﬂgupertal ns to the nature of the hemi sphere to which
it belongs, its nenbership or not of_the UTM I z%t I tudi nal boundﬁrl es,

as well as its ZNeEsatg JF’-ﬁ%nbg?EFl’P% Ay TRA {20y Easkgy Nort
illustrating thatyyb-(Brg, Dist, A/S))

where:
_ Brg = Bearing
— 20 Dist = Distance
A/S = Angle of Site (elevation)
The other variables correspond to notations
already explained.
The module 101 for checking the input values
25 carries out the following operations:
Check of the area number, ZN:
(ZNW + 1) - (180/width) = ZN = (ZNE - 1) + (180/wid)
Check of the ordinate, Northg:
. 1f Hemb "N* we must have Northg = NN
30 . 1f Hemb = "S" we must have Northg = NS
. if Hemb = "B" we must have NS = Northg =z NN
Check of the altitude, Alt:
- 500 < + Alt < + 9000
Check of the bearing, Brg:
35 0 = Brg = 6400
Check of the elevation, A/S:
1599 s A/S s 1599
The step 012 for calculating the differential

coordinates includes:



reutine for calculating radiation. This subroutine amounts in substance to
executing 15 the function: (ZN," Esatg [sic], Northg, Alt) = TRA ((Zn,
Eastg, Northg, Alt), (Brg, Dist, A/S)) where: Brg = Bearing 20 D st =
Di'stance A/'S = Angle of Site (el evationy #Ae-ot her vari abl es correspond to

not ati ons al ready, |.ai,ned. The.nodqul e 101 _f,or .checki ng the_input val ues
25 carries out (E%‘Rﬁl(ﬁtl’b% ﬁf&ﬁ‘@r SeEarhis, gf"sttﬁé‘%&'e Diunber, zN:
(ZNW + 1) - (18D w @iet [*Qds ANA/&)r v @AMB200)) + (180/wid) Check of the
ordinate, Northg: . if 3 a3 rts [ 30 if
Hemb = "S" we nust have r.telf:ilﬁ'i etrl\ré_% %SEOP#%%% E'Q&g[ QI\7\l/ed]1r%a1%lsut) ‘have NS
[err] Northg [er Abaqiageediffenantinl;: Dedda Rt: - 500 < + Alt < + 9000

Check of tis beaiax B an 36 s (-ms B aelg)r o 84092G0gck of the
rr]. 1599 The step 012 for calcul ating

el evation, A/S. - 1599 [er((rglsh A%S e ) [

the differential coordi nat'¥*S RERLABE: 18 convieyted iabo g brigonometric

t opogr aphi cal dirgflanexprEasetDin RiadiahsCPS ((A/S) * Pi/3200) (the

el evation is con d .int i ) I cigsa differential: Delta X 5
Delta X = TD * S@#@%&ﬁ%&@%ﬁ%,/% he bearing is converted into
a trigonometri Pedtg & axFesEPS  -r(@RGrs 1600)O*dPdABEOM)f ferential , Delta
Y. Delta Yot TD * COS (- (HRE beh¥dBYy 1sPobi¢BPtedOinto a trigonoddErPEaring

is converted into_a trigononetr.ic .
angle expressed in radians.

._‘,/ _ . Altitude differential, Delta 2:

N Delta A = Dist * Sin((a/8) * Pi/3200)

The elevation is expressed in radians.

15 Step 103 for calculating the absolute coordinates
is performed simply by addition to the cartesian
coordinates of the pole:

ZZ = ZN
XX = Eastg + Delta X

20 YY Northg + Delta Y

AA = Alt + Delta A

The step for checking the coordinates which is
[sic] obtained includes three phases 104, 105, 106.
. Phase 104: check of the hemisphere

25 If hemb "N" and YY < NN

then YY = NS - (NN - YY)
If hemb = "S" and YY > NS
then YY = NN + (YY - NS)
If hemb "B¥ and YY > NS
30 . error
or YY < NN
. Phase 105: UTM boundaries
To check whether the point is not outside the UTM bounda-
ries, namely 80°N and 80°S in latitude, it is necessary
35 to calculate its latitude with the UTM/geographical

conversion routine.

. Phase 106: time-zone of membership

To check whether the point is not in the neighbouring
time-zone, the same UTM/geographical conversion



ang!‘e ex'bressed_ in radians. Altitude differential, Delta Z: Delta A = D st
* Sin((A/S) * Pi/3200) The elevation is expressed in radians. 15

Step 103 for calculating the absolute co%ﬁi nates is perforned sinply by
addition to the cartesian coordinates of € pole: ZZ = ZN XX = Eastg +

Delta X 20  YY.= Nor + ta Y = +E}%| T I,1Ghecki
t he coordinate a%ﬁll\g?lé?%n [pst:%gl%bs[ 2?@58 :lﬂr)]% udes 4%‘&8 gﬁg?eegg?%?ﬁal?d& o
106. Phase 104Inciuhek oaseheohetiimenaoness with [fSnhof "dengifnder <ifN t hen

YY = NS - (NU | %4 S N > NS 3 — NN
nerb = " B"(and[%lY%aNjSo%Fbs? ; tl?é‘%oYﬁn? llisﬂﬂq%eY\éa;dr\lomzhd-“ne My |If

Phase 105: UT\heureiEeTercedasr @oiet D S5 haviBie Gbeaingd Fadhe Uy
ol Ul e St T teoor At ol oy Sl SRt Qi
| tude w e ogr. | [
Phase 106: ti n‘é‘-’?ﬁ‘i‘?&nﬁ?eﬁe e?%ﬁiﬁe#%fg@%ﬁc%ehfﬁqh%%%tg? elr Sflétr:{'lc‘):'ti"'l e-i n the
ggl ghboijrllngt_tla'eedon_én_ tHee commect UthiMgeognephi &yt meapser9fona -
- calculatign ' gl '
%%g é%ﬁnggcg%ggi@?%g@m@a;@ama addr1idrlhe case

of time-zones % ta | on err the point is
in the sanme time-zone e;ﬁi@TW%é%agélﬁBHFin@%%i% gé“ﬁ&\ﬂ#fs

obt ai ned j§e SganIBeJERPREESEA CLR! EhEaEEEm OSE t Eife PRIt io IRTRAN t esi an
coordi nates of the resulti oi nt ext_be_c

_ n hou | cy- d i e
correct time-z6REgs bPMkan 18 o= gE&B aé&zl I/W%%hvgfg%gﬁil’o&ttnlg ’
detailed earliegnN2, Eastg2, Northg2, Alt2)) :

N It advantageously comprises a step of checking

the values at input. The check of the area numbers 2ZN1,
15 ZN2 of each of the points must satisfy:

(ZNW + 1) - (180/wid) < ZN1 < (ZNE - 1) + (180/wid) and

(ZNW + 1) - (180/wid) = 2ZN2 s (ZnE - 1) + (180/wid) and

ZN1 = ZN2 or |ZN2 - 2N1| =1

. or ZN1 = (ZNW + 1) - (180/wid)

— 20 and ZN2 = (ZN2 - 1) + (180/wid)

or ZN2 = (ZNW + 1) - (180/wid)
and ZN1 = (ZNE - 1) + 180/wid)

In other words, the two points must be in the
same time-zone or in two neighbouring time-zones (taking

25 into account the break in numbering at the Greenwich
antipodes) .

Checking of the ordinates and altitudes is
performed in the same way as for the subroutine for
calculating radiationm.

30 Calculation of the polar coordinates requires,
firstly, the expressing of the two points in a single
time-zone, that of the pole, and then the performing of
the inverse calculation of the radiation.

. If ZN1 = ZN2, not applicable |

35 . Blse:
the UTM/geographical conversion routine makes it possible
to obtain the geographical coordinates of the point 2.

. If |ZN1 - ZN2| =1
then if ZN2 > ZN1 the geographical/UTM conversion routine



The sub-routine for cal cul ati ng pol ar coordi nates 10 can be expressed in
the formof the function RTP: (Brg, Dist, A/S) =rtp ((ZN1, Eastgl,

Northgl, Altl), (ZN2, Eastg2, Northg2, Alt2)) It advantageously conprises a
step of checking the values at input. The?theck of the area numbers ZNL, 15
ZN2 of each of ,the_points nust.satisfy. . (ZNW+ 1) - (180/wid) < ZN1 < (ZNE
- 1) + (180/wi 8% ZR§9%2§wv$e§%ng(i§6¥&)d%°[é??T zmz&féfr] (ZnE - 1) +
(180/wi d) and ZNIf=ZNAx @NJ] Zk2 geghthphitad/UIMlconyEskion lyouting@Ciai d)
20 and ZN2_z= - gdttingl3LKEY) 8" (EDRe=-(GhMy + 1) - (180/wi d) and
ZN1 = (ZNE - 1?pgﬁ%g§/w|sé) t:I ﬁgo?ger \S/j\ong,( %ﬁe twoNi\éi nts nmust be in the
sanme time-zone-okfi BN2we HENWhtod? i ng (LBREwWEdhes ZNAKPNEN25  into account

the break §n nunmberzRg at (zke CiﬁﬁnmﬁQmeaﬂﬁiapdesinzChezktng of the
ordinates and altitudeg is lgerfor‘{md in_the saJ;rﬁe way, as for the subroutine
for cal cul ating radi at Phn. tBp end of the| qaleylafign, ¥e, paye the
coordi nat es reqobrdinatessidfy, théecpeiptessiexprdEsgsdt ino the tine+rzenai ngl e
ti me-zone, thakyﬁf the pole, and then the perform ng of the inverse

cal cul ation of @ radiation. . If ZNL = ZN2, not applicable 35 . Else:
t he UTM geogr apNicél Eastgdr £i Nartbali AeAktkds it possible to obtain the
geographi ggl cegpdi/ngkey ek yhgipeint 2. . If [ZNL - ZN2| = 1 then if ZN2 >

ZN1 t he geographi cal / UTM conyersion rqutine ,_- 21 - js applie setting
(cent) to (cent + wid)ZIt witlzRe Borgd t%%é&g%i%a#ﬁ%&oﬁ%?ﬁ%%
routjne i s apphhadyyettNegthgentik tis (€igeri poskilble. thf cAltulzté\\thel) -
((180/ wi d) ->ZZ>§N15 : N2 = (ZNE - 1) + (180/wid) -> ZN2 < ZN1 At
thé end of the BRPcIFEERBRE W& have the

TD = ((XX - Eastgl)? s+ (YY - Northgl)?)*

15 . IfTD = 0 then Brg = 0 Dist = 0 A/S = 0, the two points
coincide.
Calculation of the bearing, Brg, is achieved via:
Brg = 3200/Pi * Agin ((XX - Eastgl)/DT)
. Brg satisfies the double inequality 0 = Brg = 6400
— 20 the final values correspond to the following quadrants:

(YY - Northgi)

; 4800 < Brg £ 6400 0 < Brg £ 1600
\/ 25 .
o] (XX -~ Eastgl)
3200 < Brg < 488 1600 < Brg < 3200
30 The elevation is expressed as:

Atan((AA - Altl)/TD) * 3200/Pi

A/s



coor di nat es eméssed in the tine-zone ZNl1. ZNl1 / Eastgl /

Northgl / At ﬁ““ YY /AI't2 It will be noted that if ZN1 = ZN2:
XX = Eastg2 analmmm is then possible to calculate t50r5est 0
di st ance, '-C((LXX"' asfgl)[err] %?N' Northgl)[err] 1 gsoq%f TD =
0 then Brg 0 D st 0O AAS = 0, the two points coincide. Calculation of

the bearing, Brg, is achleved via: Brg CLEB®/Pi * Asin ((XX - Eastgl)/DT)

Brg satisfies {he double ?ﬂﬁ‘ﬂé@ééiy geag_]?@g?\(ﬁgt%\%wog ZOt%%O d nal

val ues correspond to the ow ng, quadr ant rr] Brg
[err] 6400 intended to allow in pargicpdpr] the FGPF-F‘:EEGBO 9f @n

(XX - Eastgl) égggcﬁeiﬂbngiﬁléérih 48% manner on the Earth’s surféugx)
[err] Brg err(%n)l 200 30 The %l ation s

Atan( (AA -3 Al 199 f)°orTRARgading Bop_background,” che' s 218" de51ctidng50,
CLAI MS 1. beinglncaersaa Rt cﬂamlayam’]séem aokathedeypay mcaredad t o

il ow in parti chl e SERLGh! WMcthallcOUEl | $28)1 fHa LooRIXGTIARET O

the Earth's su n-a correspon ground,
depi ction bei riga@lsswwdautan@rcb;mtermé :e:atm myzmxm the said

system i ncl udi ondEe S(4£4)a3)0E ozt Qéhﬁl Eﬁ& 89188 RSy s AN 4 S iAGIeRY | Zed
in that it _includes: * npeans assigping a UTM uni ver sal

i denti fi e}0 10 toeareh pE okhe héa%‘gl hd?’él'é%f’f'?‘ile‘abb‘b?"eﬁ s:. * means (45) for
initializing theméiaﬁal ae5)f fée $AidiadiBifgsEher |dmgﬂmy oof aghepw=d@ i at e

R O P hp P LEh AL ool ey E038h,
cartesi an coordl megagws  d#46)t hEoxai ebrapering atthedepaidi JTMm prdavsirgadund.
identifier of each of the said points into the character-
15 istic cartesian coordinates of the said appropriate
depiction map background.
2. System according to Claim 1, characterized in
that the said means (44) for storing the said map back-
U grounds are organized in such a way as to reference each
20 map background by a unique identification, spheroid,
hemisphere, a base point in cartesian coordinates, and a
representation scale.
3. System according to Claim 1, characterized in
(s that the said means (42, 43) for assigning a universal
25 identifier to each of the said identified points are
organized in such a way as to associate with each identi-
fied point on the one hand an identifier in geographical
coordinates and on the other hand an identifier in UTM
cartesian coordinates, with hemisphere and spheroid
30 information.
4, System according to one of Claims 1 to 3,
characterized in that the map background storage means
(44) also comprise sectors for storing the said
identified points furnished with their universal identi-
35 fier. .
5. System according to Claim 3, characterized in
that it includes a chain (42) for converting the objects
(48) and/or the map backgrounds (49) initially identified
into UTM coordinates, in such a way as to associate the



2- . ) System according to Claim1, characterized in that thT ﬂf“ﬂﬂ

means (44) for storing the said rap back- grounds are ﬁm JJH “
way as to reference each 20 map backgroggd by a uniq

spheroi d, henisphere ‘a base point in carfgsian coordi nates, and a

representationg %ﬁ %Fffal égep§¥§E%¥'%&%ﬁr@he% to Cla|n11 characterized
means

in that the sai assigning a ufiversal 25 i dentifier
to each of the6said i dent S¥isé¢empscrording begGhaimd3 i ncharactenbgedsino

associ ate wi thegaghjirdenbhugbised eaa@h Q@s%hfoensoﬁ@aﬁtmg'éﬁ&te,{;r&sté“

geogr aphi cal cooardinates and on the other an rdentifrter In
cartesi an coor dBfdt ddenfifiedoipdbhatdydmta Gecgraphical | seerdinates., 4.

System accer di Ag t guehe &f vﬁyﬁl @B ltb0 Sessdbdeé!t QFltied them hahet Ngaf@p
background storage neags. &F? sQ conprise sectors for storing the said

i dentified p0|HP Fufﬁ'sﬁ o efhelr uni versal identi- 35 fier. 5.
System accordi fig to O ai mSystemarscoedingd tion Qllwdkm i omch udeavactern (42)

for converti ”91&'33 QRi eRLE éﬁé)sﬂlf”c@néé}%f&ocﬁ%‘i!ﬁgr(%“dhf4c°’ m{hﬂééé" ly

identified into UM coordinates, In such a way as to assocl at
uni versal i deni medulg t K81nef5)g. for testlsgst'&ﬁ a@@%ﬁaﬁhgnﬁﬁ ot the,

characterpped kpithal ldod:*ﬂi'déﬂ:%% Q::E?h@lhé‘ 6¥PectOa8ONBaNt, i REvd heE Obhé&Ct S
(84) identified in %ﬁ g og hi cal coordinates, 5 in such a way as
to, associ ate WPER % F% 3 S ngFlv&nglfler 7. Syst em
acsgydlng to CBaim5 or 6syshamaabebrdmngdtonc1h£m 1 hecharac ceri/eedi hi

(R 10 init) SRS RaAL ke (O B Gmeriidy A @Siefney ©
backgr ound (49):h=e§pe@i |mr5ts geomprise mé&xms cfionctbediaed acticmiok 1an
characterjged hpptBarihhe Syl Eﬁé ?rﬁﬁiﬁ ffa CoRt g | h%grbish%%plmof

t he said points conprise neans he sel ection of an appropriate map
backgr ound andcﬁFtﬁﬁ1éﬂpFSSPF&PEeu?ﬁPresentat1°n systen.

9. System according to Claim 1, characterized in
that the means for converting the universal identifier of

, each object into the cartesian coordinates of the depic-
—/ 20 tion map background comprise:

e means (87) for converting the universal identifier into

the said cartesian coordinates of the map background;

e means (88) for calculating the references of the said

object in the conventional squaring of the said map
25 background;

e means (89) for calculating the coordinates of the said

object in the display screen. _

10. System according to Claim 9, characterized in

that the said means (87) for converting the said univer-
30 sal identifier of each point into cartesian coordinates

for displaying the appropriate map background comprise

means for testing the consistency of the coordinates of

the object with the map background.

11. Syastem according to Claim 1, characterized in
35 that it comprises means for checking an cbject’s member-

ship of the said depicted map background, the said

checking means including means for didentifying the

hemisphere and/or the spheroid and/or the time-zone of

membership of each of the two points.



cartesian reference representation system 9. to
Caiml, characterized in that the méans for converti mg um“
identifier of each object into the cartes gn_ coordi na hendepi c*
tion map background conprise: * neans (87% for converting the unlversal
identifier intq,the sald L di_nat e £ d; . *
nmeans ( 88) forg'gél cul ating tshgﬁr %?8%%& tg? P‘?‘haé&ms%‘?a Q%Qxe-ggeléglgﬁg in
~conventional s&bati rkheofsaid checkimg RBanshgokgpeyate wikkamesrgn) £énr

cal cul ati ng th%aq%rﬂt%beehef chPEes s &&&f&ina&é hﬁr dadhl 8 £RECHN1g10.
System according to Carm?9, characterized 1 n that the said neans (87) for

converting t hePeAmEsyninedtaztime zonecnf| ﬂ@bﬁﬁs%h BEPMt the osail
cartesi an goor ginivled®salloidéntalfakrN @ slsignadrtepthat @aidppbaakyr ound
conprise means for testing the consistency of the coordi nates of the object
wi th the map background. 11. System according to Claiml1,
characterized in 35 that it conprises neans for checking an obj ect's
menber- ship of the said depicted map background, the said checki ng neans

i ncluding nmeans for identifying the hem sphere and/or the spheroid and/or
the tinme-zone of nenbership of each of the two points. - 24 - 12.
System according to Caim1l1l, characterized in that the said checking neans
co-operate with nmeans for calculating the cartesian coordi nates of each of
the said points in its tinme-zone of nenbership, fromthe said 5 universal
idenfifier assigned to the said point.
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