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(57) Abstract

A method for automatically displaying map symbology in 2 Geographic Information System. In the method, a computer (18) retrieves
records (21, 22 and 23) from a data base (20) for each map feature that lies within the extent of the displayed portion (42) of the map (15).
The records (22) for point features are organized in "flat" structures (48) where each map feature is represented by a single symbol (16),
and in multi-level "hierarchical" structures (54) where each feature is represented by -a hierarchy of symbols (16) representing different
resolutions of the map features. For a hierarchical symbol structure, the level of records retrieved (62) by the computer is determined by
the scale (44) of the map displayed to the screen (14). The computer determines (64), for each symbol (16) at the particular map scale (44),
whether the symbol extensively overlaps any other symbol. The symbols that overlap significantly are modified (66) to reduce the clutter
by either merging (98) the overlapping symbols into a single symbol including a numeric identifier or replacing (124) the symbol and its
siblings by the single parent symbol in the hierarchy. The symbols (16) from the modified records (22) are displayed (70) to the screen
(15). .
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A METHOD FOR AUTOMATICALLY
DISPLAYING MAP SYMBOLS

BACKGROUND OF THE INVENTION
Field of the Invention

The present invention generally relates to the field
of Geographic Information SyStems (GIS), and more specifi;
cally to a method for automatically displaying map symbols
in ac¢cordance with the current map scale and symbol over-
lap.

Description of the Related Art
A typical GIS uses a computer to access records from
a data base to display maps and map symbology on a display

screen. The records contain the spatial and descriptive

information associated with the features found in a map.
The features are represented graphically as points, lines
and areas. The records for point features also include a
descriptive symbol of the feature. The graphical represen-
tation of these features, including the point feature sym-
bols, are displayed on the computer screen.

In a military application, point features such as
troop units, planes, and artillery pieces are added to the
normal geographic features such as roads, waterways, and
buildings, and superimposed over the geographic map on the
display screen. An analyst might view the map display to
determine troop strength and position. The analyst inter-
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acts with the GIS to zoom in or out on the map to display
a desired portion or scale of the map. The features lying
within the selected portion of the map are displayed as
point symbols, lines or areas. It is very important that
the map display clearly and accurately depict the map fea-
tures at all map scales and for all regions of the map.

This method of displaying map symbology has a number
of drawbacks. First, if the displayed portion of the map
is densely populated with map symbols the display can be
cluttered with overlapping symbols. Furthermore, as the
analyst zooms out to display a larger portion of the map,
additional symbols are displayed on the screen in closer
proximity, thus increasing the clutter due to symbol over-
lap. Additionally, the degree of symbol clutter may vary
throughout the display .depending on the symbol overlap in
local regions of the map. The symbol clutter detracts from
the analyst's ability to accurately evaluate the visual
display.

Currently, the only option available to the analyst is
to zoom-in until the symbol clutter decreases to an accept-
able level. Although the resolution of the map display can
change, the resolution of the map symbology is fixed. This
inhibits the analyst's ability to view large scale regions
of the map and, if it is desired to differentiate the sym-
bols, requires a great amount of the analyst's time to
zoom-in on each portion of the entire region to gather the
necessary information. The current method for displaying
map symbology fails to effectively resolve the problem of
clutter due to symbol overlap.

SUMMARY OF THE INVENTION
The present invention seeks to provide a method for

displaying map symbology that resolves clutter due to sym-
bol overlap, provides multiple symbol resolutions, changes

the map symbology with the scale of the displayed map,
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adapts the symbology according to the symbol overlap in
local areas of the displayed map, and minimizes user inter-
action.

These goals are accomplished by automatically select-
ing the proper resolution of map symbology to provide an
uncluttered yet detailed display that is based on the de-
gree of overlap between displayed symbols. A computer re-
trieves records from a database for each map feature that
lies within the displayed portion of the map. The records
for point features are organized in "flat" structures in
which each map feature is represented by a single symbol,
and in multi-level "hierarchial" structures in which each
feature is represented by a hierarchy of symbols represent-
ing different resolutions of the map features. For a hier-
archial symbol structure, the level of records retrieved by
the computer is determined by the scale of the map dis-
played on the screen. The computer determines, for each
point feature symbol and at the particular map scale, whet-
her the symbol extensively overlaps any other symbol. The
symbols that overlap significantly are modified to reduce
the clutter by either merging the overlapping symbols into
a single symbol that includes a numeric identifier, or re-
placing the symbol and its siblings by the single parent
symbol in the hierarchy. The symbols from the modified
records for point features are displayed on the screen
along with the line and area features.

In an alternate embodiment of the invention, the de-
gree of symbol clutter is computed as a density of symbols
in a local region of the map. In another embodiment, the
symbol size is reduced to alleviate symbol overlap. 1In yet
another embodiment the level of records is determined from
the map scale by a look-up table.

DESCRIPTION OF THE DRAWINGS .
For a better understanding of the invention, and to
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show how the same be carried into effect, reference will
now be made, by way of example, to the accompanying draw-
ings in which:

FIG. 1 is a block diagram of a GIS embodying the pres-
ent invention for displaying map symbology:;

FIGs. 2a and b are diagrams of a flat symbol structure
and a multi-level hierarchical symbol structure, respec-
tively:

FIG. 3 is a high level flow chart illustrating the
basic steps for reducing the degree of clutter between map
symbols;

FIGs. 4a and b are flow charts illustrating how the
method reduces the degree of clutter between map symbols;

FIGs. 5a through d are displays illustrating the symb-
ology for numeric symbols at various scales;

FIGs. 6a and b are displays illustrating the symbology

' for hierarchical symbols at two different scales;

FIG. 7 is a flow chart of an alternate embodiment for
reducing the degree of clutter between map symbols;

FIG. 8 is a flow chart of an alternate embodiment for
computing the degree of clutter between map symbols by mea-
suring the symbol density; and

FIG. 9 is a flow chart of another embodiment for com-
puting the initial record or symbology level for hierarchi-

al structures.

DETAILED DESCRIPTION OF THE INVENTION
FIG. 1 is a block diagram of a GIS embodying the pres-

ent invention for displaying map symbology. Analyst 10
interacts with the GIS 12 to display maps and map symbolo-
gy. The GIS 12 includes a screen 14 for displaying a map
15 and map symbols 16, a computer 18 for controlling map
displays on the screen 14, and a data base 20 containing
the map symbols 16 that define the map 15. The data base

20 contains line feature records 21, area feature records
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23, and point feature records 22; each point feature record
includes a symbol 16, a symbol size 17, a pair of x,y coor-
dinates 24, a structure identifier 26, and in the case of
a hierarchical structure, a parent record identifier 28.
The data base also stores the boundary coordinates 30 of
the entire map, and the boundary coordinates 32 of the por-
tion of the map which is displayed on the screen. The bou-
ndary coordinates define the size or extent of the map.
The computer 18 includes a zoom function 34 that allows the
user to display different portions and scales of the map,
and a symbol display algorithm 36 for controlling the ma-
nipulation and display of symbols 16 from the point feature
records 22 to the screen 14.

The user 10 interacts with the GIS 12 through a key-
board 38 and a mouse 40 to select a portion 42 of the map
15 by employing the zoom function 34. The new boundary
coordinates 32 of the displayed portion 42 of the map are
provided to the computer 18. The zoom function 34 uses the
coordinates 32 to define the size of the new map display
15} and selects all map records 21, 22 and 23 lying within
the selected portion of the map. The records are provided
to the symbol display algorithm 36. The zoom function also
computes a scale 44 for the new map display by taking the
ratio of the size of the displayed portion of the map, as
defined by boundary coordinates 32, to the size of the en-
tire map as defined by coordinates 30. In the prior art,
the symbol display algorithm simply transmits the provided
records directly to the display screen 14. In the present
invention, the symbol display algorithm 36 processes the
point feature records 22, in accordance with the scale 44
and a symbol overlap 46 caused by the proximity and size of
the symbols 16, to compute a degree.of clutter 63 for each
record. The result is a display that has a high level of
symbol resolution, with a minimum degree of clutter due to
symbol overlap.
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FIG. 2a is a diagram of a flat symbol structure. Each
type of flat or numeric structure 48 for a point feature,
e.g., planes, tanks or troops, is characterized by a single
numeric class 50 of symbols 16. The symbols in a numeric
class can be merged together to reduce the amount of symbol
overlap. The merged symbol includes a numeric identifier
52 and has coordinates 24 equal to the centroid of the co-
ordinates of the merged symbols.

FIG. 2b is a diagram of a multi-level hierarchical
symbol structure. Different types of hierarchical struc-
tures 54 for point features include troop units, aircraft,
or tanks. The symbols at each level in the hierarchy are
different, and therefore each level in the hierarchy has a
corresponding class 56 of symbols 16. In Fig. 2b the divi-
sion, brigade, battalion, and company are the four classes
of symbols. The top level (level 1) of the structure is a

"single symbol which represents the coarsest level of

symbology. Each successive level (level 2, level 3,...)
contains several symbols from that class which are the
children of a parent symbol from the next higher level of
the hierarchy and represent a finer resolution of symbolo-
gy.

In FIG. 2b the symbol 100 representing the top level
of the hierarchy has three children 102, 104, and 106 in
level two. Each of these symbols has two children and spe-
cifically symbol 104 has children 108 and 110. Symbol 108
has three children 112, 114 and 116 at the lowest level in
the hierarchy. Sibling symbols are defined as those sym-
bols having the same parent symbol. Therefore symbols 102,
104 and 106 are siblings as are symbols 108 and 110. The
records 22 which include the individual symbols,
coordinates, symbol sizes, structure type identifier, and
parent record are organized in the same hierarchical struc-
ture depicted for the symbols. If the symbols and the cor-

responding records are organized in such a hierarchical
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structure, the symbol display algorithm 36 reduces the de-
gree of symbol clutter by selecting an initial level of
symbology from the hierarchical structure in accordance
with the scale 44 of the displayed map, and thereafter re-
placing symbols which substantially overlap other symbols
with their parent symbol in the next higher level of the
structure.

FIG. 3 is a high level flow chart illustrating the
basic steps for reducing the degree of clutter between map
symbols. The display of map symbology is initiated in step
58 when the computer retrieves the user input, which in-
cludes the desired portion of the map 42 for the symbol
display algorithm 36. After retrieving the user input, the

computer initiates the zoom function in step 60. In this

step the computer identifies the data base records lying
within the boundaries of the desired display, as defined by

" the boundary coordinates 32 of the portion 42, of the map

15, computes the scale of the displayed map as the ratio of
the entire map size to the size of the displayed portion of
the map, and displays the geographic map features including
the symbols from the line 21 and area records 23. Thereaf-
ter, the computer initiates the symbol display algorithm by
retrieving the identified point feature records 22 (step
62) and computing the degree of clutter 63 for each record
22 (step 64) .

The degree of clutter relates to the overlap between
the symbol and neighboring symbols as displayed on the
screen. Although the symbol size and distance between sym-
bols in terms of map coordinates may remain constant, the
displayed distance between the symbols and thus the amount
of overlap as seen on the screen changes as a function of
the scale of the map. As the user zooms out to display a
larger region of the map, the relative distance between the
symbols shrinks and the overlap increases, thereby clutter-

ing the visual display. As the user zooms in to display a
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local region of the map, the relative distance between sym-
bols increases and the amount of clutter due to symbol ove-
rlap decreases.

In accordance with the degree of clutter 63 for each
symbol, the computer then modifies the records in step 66
to reduce the overlap between the symbols and diminish the
clutter perceived by the viewer on the screen. If the re-
cords 22 in the data base are organized in a flat or numer-
ic structure 48, the records corresponding to each set of
overlapping symbols are replaced by a record having the
same symbol 16 and a numeric identifier 52 equal to the
number of replaced symbols. The coordinates of the re-
placement symbol 16 are set equal to the centroid of the
replaced symbols. For the case in which the symbols are
organized into-a hierarchical structure 54, the records are
processed seqﬁentially and if the 5ymbol from the current
record has an extensive overlap with any other symbol, the
current record along with all of the records for the sib-
ling symbols are replaced with the parent record. For ex-
ample, using the hierarchy defined in FIG. 2, if the cur-
rent record included symbol 102 and the computer determined
that symbol 102 and 104 overlap extensively, the records
for symbols 102, 104, and 106 would be replaced by the re-
cord for the parent symbol 100.

In step 66 the computer places the modified records
into a temporary storage 68 in the data base without alter-
ing the original records in the data base. In step 70, the
computer displays the symbols from the records in the tem-
porary storage 68 to the display screen. The GIS operates
continuously, updating the display of maps and map symBol-
ogy in real time in response to any zooming operations ini-
tiated by the user or changes to the records in the data
base. A

FIG. 4a is a flow chart illustrating the method for
reducing the degree of clutter 63 between map symbols. 1In
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FIG. 4a the computer retrieves the user input (step 58) to
initiate the zoom function (step 60) in which the computer
identifies the records in the data base that lie within the
desired portion 42, of the map 15, and displays the line
and area features. Thereafter, (step 72) the computer
reads a user specified control option 59 for the symbol
display algorithm to determine its mode of operation. If
the algorithm is not in automatic mode, the computer re-
trieves a fixed level of records 22 from the structure
(step 74), in which the level has been specified by the
user either as an input or as a default setting. For a
numeric structure there is only the single lowest level,
but for the hierarchical structures there are many levels
for the user to choose from. This option allows the user
to view a constant level of symbol resolution throughout

the display, although the resolution might not be optimum

"and the display might be cluttered due to symbol overlap.

The algorithm places the records into the temporary storage
68 in the data base (step 76). 1In step 78 the computer
displays the symbols from the records stored in the tempo-
rary storage to the display screen.

If in step 72 the algorithm is found to be in the au-
tomatic mode, the computer computes the map scale (step
79). The map scale is an indicator of the resolution of
the dispiayed map and is used to select an initial level of
symbol representation in the hierarchical structure. The
map scale is computed as the ratio of the map size to the
display size and specifically:

(Ymap,,, - Ymapy;,)
(Ydisplay,,,-Ydisplay,;,)

Scales= (egnil)

In the illustrated embodiment of the invention and in typi-
cal GIS, the display screen is square and thus all dis-
played portions of the map are square; otherwise the maps
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would be distorted when displayed on the screen. When the
map and the display are both square, the scale can be com-
puted using the only maximum and minimum y coordinates for
each. The map scale attains its minimum value of one when
the entire map is displayed to the screen. Displaying any
smaller portion of the map produces a scale greater than
one with the scale increasing as the displayed portion of
the map becomes smaller. ,

In step 80, the computer determines an initial level
of symbology for the hierarchical structures, based on the
computed map scale. The map scale provides a rough esti-
mate of the symbol resolution required to adequately dis-
play the map features. By entering the hierarchy at an
intermediate level as opposed to the highest level, the
number of compﬁtations and execution time can be reduced.
The method for selecting the initial level errs on the side
of the higher level or finer symbol resolution. . Starting
at too high a level will only increase the number of compu-
tations, but starting at loo low a level will provide a
level of symbology that is unnecessarily coarse.

In the hierarchical structures, the top level is labe- -
lled level 1, the next level down level 2, and so on. To
select an initial hierarchical level from which to begin
the declutter process, the value for the map scale is sim-
ply rounded up to the next highest integer unless the scale
is exactly equal to an integer value, in which case it re-
mains as that integer value. For example, if the entire
map was displayed the scale would equal exactly one and the
symbology at level one in the hierarchical structure would
be selected. If the scale equalled 2.3, this value would
be rounded up to 3 and the records corresponding to the
third level of the hierarchical structure would be select-
ed. In step 82, the computer retrieves the hierarchical
records at the selected level and the corresponding numeric

records from the data base.
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FIG. 4b is a flow chart illustrating the specific
steps used to reduce the degree of clutter 63 between map
symbols. After retrieving the appropriate point features
records 22 from the data base, the computer identifies the
first one of the these records to be the current record
(step 84), and checks to see if the record is the last re-
cord in the file (step 86). The symbol display algorithm
36 sequentially assigns each record to be the current re-
cord in standard raster format, starting with the record
corresponding to the extreme top left portion of the dis-
play and proceeding left to right and top to bottom to the
bottom right portion of the display. The algorithm modi-
fies the current record until the degree of clutter associ-
ated with the symbol from that record is less than some
predetermined ievel 87. 1In step 88, the computer computes
an overlap distance 89, for the current record.

The overlap distance is the minimum distance between
the centroids of two symbols that must exist to avoid clut-
ter. If the current record is from a numeric structure, a
single overlap distance 89 is computed for any two symbols
in the structure. Since symbols from a numeric structure
are replaced by merging them with other symbols from the
same structure, the computer only measures overlap due to
symbols in the same numeric structure. Furthermore, since
there is only one class of symbols in a numeric structure,
the computer must only compute a single overlap distance.
However, if the record is from a hierarchical structure,
the algorithm will replace the record if the symbol exten-
sively overlaps any other symbol. The computer determines
an overlap distance from the current symbol to every other
class of symbols including symbols in the same class, sym-
bols in a different class in the same structure, and sym-
bols in different hierarchical as well as numeric struc-
tures. |

The overlap distance 89, is a function of three param-



WO 95/20799 PCT/US95/01081

10

15

20

25

30

35

12

eters: the size 17, of the symbol 16 of the current re-
cord, the size of the symbol 16 for anotherbrecord, and a
threshold overlap percéntage 91. The size of a symbol is
represented by a radius that defines a circle encompassing
the symbol even though the symbols are not necessarily cir-
cular. The threshold overlap percentage 91 is the percent-
age of overlap between two symbols that can be tolerated
before the degree of clutter 63 due to symbol overlap ex-
ceeds the predetermined level. A threshold of 100% would
indicate that no cluttering could ever occur, whereas a
percentage of 0% would define cluttering as occurring when-
ever two symbols overlap at all. The overlap distances for
the current record are computed and stored. Letting the
nunber of symbol classes equal K and an arbitrary class be
denoted as the j™ class, the overlap_distance of the j®
class is given by: '
overlap_distance = (r,+r;) x (100-threshold)$% (egn.2)

where the threshold is a number between 0 and 100, r, is the
radius of the current symbol and r; is the radius of a sym-
bol from the j'™ class.

Having determined the overlap distances for the symbol
in the current record, the computer computes the distance
from the center of the current symbol to the centers of
each subsequent symbol, step 90. Since the display is a
scaled version of the map, the distance between the symbols
displayed on the screen is a scaled version of the distance
between the symbols in terms of the x,y map coordinates.
The displayed distance

D(S,,8,) = D“KS1,Sn) + Scale - (egn. 3) }
where Scale is the map scale as defined in eqn. 1, D,, (84,8,)
is the euclidean distance between the centers of the sym-
bols S, and another symbol S , and D(S,,S)) is the displayed
distance between the symbols. DW(S1;SQ is constant but the
display distance D(S,,S,) changes proportional to the map

scale. If the current record is from a numeric structure,
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only the distance to symbols from that structure are com-
puted. ‘

In step 92, the computer computes the degree of clut-
ter for the current record by comparing the distance to
every symbol, D(S,,S,) to the corresponding overlap dis-
tances, overlap_distancejwhere the symbol S is from the 5t
class. If any of the distances are less than the required
overlap distance then the degree of clutter for the current
record is said to exceed the predetermined level. 1In step
94, if the degree of clutter does not exceed the predeter-
mined level, the programs returns to step 84, gets the next
record and repeats the loop with that record as the current
record. Note: in step 90 the distance is only computed
from the current record to each of the subsequent records
because any ciutter between the current record and previous
records was already resolved.

If in step 94, the degree of clutter exceeds the pre-
determined level, the computer in step 96 determines the
structure type, i.e. hierarchial or numeric, of the current
record. If the current record is from a numeric structure,
the computer in step 98 replaces the current record and all
other records from the same structure whose distance
D(S,,S,) is less than the overlap distance, with a new re-
cord including the same symbol and a numeric identifier.
The value of the identifier is equal to the number of re-
placed records. The coordinates of the new symbol are com-
puted as the centroid of the coordinates of the replaced
records. If any of the replaced records have a numeric
identifier greater than 1, the value of that identifier is
accounted for in the numeric identifier of the new symbol,
and the coordinates of that symbol are weighted by the val-
ue of the identifier when computing the centroid for the
coordinates of the new symbol. The addition of the numeric
identifier does not effect the size of the. symbol, and

therefore the overlap distance computed for the current
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symbol is applicable to the newly formed symbol.

If the structure type of the current record is hierar-
chial, the computer determines if the current record has a
parent record in the structure i.e., whether the current
record is at level one of the hierarchy, step 120. If the
parent record does not exist, the computer in step 122 re-
duces the size of the symbol. If the parent record does
exist, the computer replaces the current record and all
sibling records with the parent record (step 124). The
algorithm returns to step 88 and recomputes the overlap
distances. In the case of the hierarchial structure the
parent symbol may have a different size than the children,
and obviously reducing the symbol size effects the computa-
tion of the overlap distance. The algorithm processes the
current record until the clutter due to symbol overlap is
resolved. At this point, the algorithm at step 94 returns
to step 84 to get the next record for processing. When Ehe
algorithm reaches the last record in step 86, the computer
returns the modified records to the temporary storage area
in the data base, step 126. 1In step 128, the computer re-
trieves the record from the temporary storage area and dis-
plays the corresponding symbols to the screen.

FIGs. 5a~d are displays illustrating the symbology for
numeric symbols at various scales. In the displays illus-
trated in FIGs. 5a-d the user has zoomed in on a smaller
and smaller portion of the map. In this case, there is a
single numeric hierarchy represented by the symbol of an
airplane. In FIG. 5a a single symbol with a numeric iden-
tifier of value six is displayed. The symbol resolution is
appropriate for the scale of the display and avoids any
signs of symbol clutter. In FIG. 5b the user has zoomed in
to about twice the scale of the original display such that
the six airplanes can now be clearly represented by two
symbols each having a numeric identifier of value three and

providing a higher resolution of map symbology without sym-
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bol overlap. In FIG. 5c the right most symbol can be fur-
ther resolved into three separate planes without symbol
overlap. However, replacing the left most symbol by three
individual planes at this scale would create symbol overlap
and therefore the algorithm displays that symbol with the
numeric identifier of value three. In FIG. 5, the user has
zoomed into a scale of four times the original scale dis-
playing a much higher resolution of the map and an appro-
priately higher resolution of the map symbols in the form
of the six individual airplanes. The map display algorithm
selects the appropriate resolution of map symbology based
on the scale 44 of the display and the overlap 46 of the
symbols in the local areas of the display.

FIGs. 6a and b are dispiays illustrating the symbology
for hierarchial symbols at two diffefent scales. The hier-
archial structure employed in FIGs. 6a and b was shown in
FIG. 2b. 1In FIG. 6a, the display encompasses a relativély
large portion of the map at low resolution. Symbology se-
1écted by the algorithm appropriately matches the scale of
the display such that only the top node of the hierarchy is
displayed. In FIG. 6b the user has zoomed to twice the
scale and resolution, and the algorithm has replaced the
single top level symbol by two symbols in the second level
of the hierarchy and four symbols in the third level of the
hierarchy thus providing a detailed yet clean display for
the user to view.

It will be appreciated that the invention is not re-
stricted to the embodiments that have been described and
illustrated and that variations may be made therein without
departing from the scope of the invention as defined in the
appended claims, and equivalent thereof.

FIG. 7 is a flow chart of an alternate embodiment for
reducing the degree of clutter between map symbols. The
flow chart in FIG. 7 replaces the flow chart of FIG. 4b.-
In the alternate embodiment, after steps 98, 122 and 124
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the algorithm returns to step 84 instead of step 88. The
effect of this change is to limit the proéessing of the
current record to a single iteration. A vast majority of
the cluttering problems are resolved in the first iteration
of the record and thus substantial improvement can be
gained with a single pass through each record thereby
speeding up the execution of the symbol display algorithm.
FIG. 8 is a flow chart of an alternate embodiment for
computing the degree of clutter between map symbols by mea-
suring the symbol density 136. Steps 88, 90 and 92 in FIG.
4b are replaced by step 130 in FIG. 8. 1In step 130, the
computer computes the symbol density around the current re-
cord. The density can be computed as the number of symbols
whose coordinates lie within a circle around the coordi-

" nates of the current record. The radius of the circle be-

ing equal to some number e.g. 3, times the radius of the
current symbol. Step 132 replaces step 94 wherein the den-
sity, which is measured as the number of symbols found in
the circle, is compared to some predetermined threshold

number. If the density is less than the threshold no clut-

ter exists and the algorithm returns to step 84. TIf the
density exceeds the predetermined threshold the algorithm
continues on to step 96. Step 98 of replacing the numeric
type of record is modified slightly such that the current
record and those records having symbols of the same class
lying within the circle are replaced with a record includ-
ing a single symbol, a numeric identifier, and coordinates
equal to the centroid of the replaced coordinates. Follow-
ing steps 98, 122, and 124 the algorithm returns to step 84
providing only a single pass for each record.

FIG. 9 is a flow chart of another alternate embodiment
for computing the initial record or symbology level for
hierarchial structures and replaces step 80 in FIG. 4a. 1In
step 79 the computer determines the scale of the displayed
map. In step 134 the computer maps the scale 44 into the
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initial symbol level in the hierarchial structure by em-
ploying a look-up-table (LUT). The LUT can be prepro-
grammed for each type of hierarchial structure, the struc-
tures having varying number of levels and representing'

5 varying resolutions in their symbol classes. The mapping
done by the LUT can be as simple as the rounding up func-
tion described in FIG. 4a or can represent a more advanced
mapping obtained from trial and error.
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WE CLAIM:

1. A method for displaying symbols, wherein a plu-
rality of records (22), each record including a symbol
(16), are retrieved from a data base (20), the records are
modified, and the symbols from the modified records are
displayed to a physical display (14), characterized by the
steps of:

(64) computing a degree of clutter (63) between
the symbols (16) in the retrieved records (22); and

(66) modifying the retrieved records to reduce
the degree of clutter.

2. -The method of claim 1, wherein the data base

" contains a multi-level hierarchical structure (54) of re-

cords wherein the records at each successive level (56) are
the parent records of the records at the previous level,
each record includes the symbol (16), symbol coordinates
(24), and identification of a parent record (28), further
comprising:

(80) selecting a record level in the hierarchical
structure, wherein the records are retrieved from the st-
ructure at the selected level, and wherein the retrieved
records are modified by (124) replacing the records in
which the degree of clutter exceeds a predetermined amount

(87) with their parent records.

3. The method of claim 1 or 2, wherein the step of
computing a degree of clutter (64) identifies sets of sym-
bols (16), each set including the symbols (16) in which the
degree of clutter (63) between the symbols exceeds the pre-
determined amount (87).

4. The method of claim 1, wherein the step of modi-
fying the symbols comprises:
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(98) replacing the records in which the degree of

5 clutter exceeds a predetermined amount with a new record

(22) including a symbol (16) and a numeric identifier (52),

the identifier being equal in value to the number of re-
placed records (22).

5. The method of claim 4, wherein each symbol has an
associated set of coordinates (24), and wherein the step
(98) of replacing the records includes:

computing a set of coordinates (24) for the sym-
bol (16) in the new record (22).

6. The method of claim 2, wherein the data base (20)
includes a set. of boundary coordinates (32) that determine
"which records (22) at the selected level are retrieved from
the data base, further comprises: ‘
(79) determining the set of boundary coordinates,
wherein the selected record level is computed from the set
of boundary coordinates.

7. The method of claim 2 or 6, wherein the steps of
computing a degree of clutter (64) and modifying the re-
trieved records (66) are repeated until the degree of sym-
bol clutter is sufficiently reduced.

8. The method of any one or more of the above
claims, wherein the step of computing a degree of clutter
(64) between said symbols comprises:

computing (88,90,92) the symbol overlap (46) be-
tween at least two of said symbols.

9. A method of any one or more of the above claims,
wherein the step of modifying the records (66) comprises:
changing the size of the symbols (122).
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