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SYSTEM AND METHOD FOR GEOREFERENCING 
DIGITAL RASTER MAPS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of and claims 
priority from pending US. Application “System and Method 
for Georeferencing Digital Raster Maps” (Ser. No. 09/537, 
849), ?led Mar. 29, 2000. Furthermore, this application is 
related to and claims priority from the following pending 
applications: “System and Method for Performing Flood 
Zone Certi?cations” (Ser. No. 09/537,161), ?led Mar. 29, 
2000 and “System and Method for Synchronizing Raster 
And Vector Map Images” (Ser. No. 09/537,162), ?led Mar. 
29, 2000 Which are hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Technical Field 

[0003] The present invention generally relates to geo 
graphic map processing and in particular to a system and 
method for associating digital raster maps With knoWn 
geographic features. Still more particularly, the present 
invention relates to a system and method for associating 
speci?c points on digital raster maps With a geographic 
coordinate system. 

[0004] 2. Description of the Related Art 

[0005] A digital raster map is a computeriZed map image 
that resembles a conventional paper map in that it presents 
an image of the mapped area, but has no additional under 
lying data associated With the features of the map. A raster 
map is typically created by scanning a conventional paper 
map, and is a grid-based map composed of piXels (or dots) 
of color or black & White. Each piXel in the grid has can be 
referenced by the piXel coordinates, and has only one value, 
Which indicates the color of that piXel. Raster images are 
commonly referred to as “bit mapped.” 

[0006] A vector map uses lines and polygons, rather than 
piXels, to describe an image. Unlike a raster map, in Which 
the map image is simply stored as a grid of piXels, When a 
vector map is displayed, it is draWn from a set of underlying 
data. The vector map is created through the placements of 
nodes on a plane and connecting those nodes With lines. 
Vector lines can be attributed With tables of data such as 
elevations, values, names or other information relative to the 
line. Vector data can be displayed in three dimensions if the 
lines are attributed With Z values, modi?ed or changed 
relative to user need, or layered to alloW for turning off and 
on the vieWing of different information. 

[0007] Because of their feature attribution properties, they 
are particularly useful for displaying geographic data. Vector 
maps are used to display boundaries or lines that denote the 
position and eXtent of features, such as county boundaries or 
lines denoting stream and river systems. It is also very easy 
to vieW or manipulate the data underlying a vector map, for 
eXample to vieW or change the elevation of a feature. 

[0008] Also because vector maps are commonly draWn 
from a geographic data set describing the area shoWn, they 
are very easily, and generally inherently, georeferenced. 
Georeferencing is the process of relating source coordinates 
to referenced geographic coordinates., Which are typically in 
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standard latitude/longitude. An image or a vector ?le is 
georeferenced to be used Within a mapping/geographic 
environment. In a vector map, the data from Which the map 
is draWn Will typically already include a geographic coor 
dinate set. 

[0009] Modem GIS systems normally make use of digital 
vector based map information. HoWever, a vast legacy of 
paper-based map information eXists. It is very expensive and 
time consuming to convert all of the information on these 
paper maps over to a digital vector format. In many cases the 
scope and eXpense of such conversions render them com 
pletely impractical. HoWever, even When a complete con 
version to digital vector-based format is not possible, it is 
still possible to obtain some of the bene?ts of computeriZed 
map systems, ?rst by converting the paper maps to digital 
raster maps (by scanning them), and then by georeferencing 
the raster image. After georeferencing, there should be a 
clear relationship betWeen the piXel coordinates in the raster 
map, and the geographic coordinates of the feature repre 
sented by that piXel. It Would be desirable to provide a 
system and method for georeferencing a raster map by 
associating points on that map With corresponding points on 
a previously-georeferenced vector map, or With reference 
points designated in the raster map Which have knoWn 
latitude and longitude. 

SUMMARY OF THE INVENTION 

[0010] It is therefore one object of the present invention to 
provide improved geographic map processing. 

[0011] It is another object of the present invention to 
provide an improved system and method for associating 
digital raster maps With knoWn geographic features. 

[0012] It is yet another object of the present invention to 
provide an improved system and method for associating 
speci?c points on digital raster maps With a geographic 
coordinate system. 

[0013] The foregoing objects are achieved as is noW 
described. The preferred embodiment provides a system and 
method for georeferencing digital raster maps by associating 
speci?c points on the raster map With corresponding points 
on a georeferenced vector map or another georeferenced 
raster map. According to the preferred embodiment, a raster 
map and a corresponding vector map are simultaneously 
displayed to a user. The user then locates a common geo 

graphic point or feature on each map, and marks each of 
them as a unique point-pair. When the user has marked at 
least tWo point-pairs, the system then computes a georefer 
encing function, based on the pixel-coordinates of the points 
marked on the raster map and the corresponding geographic 
coordinates of the points on the vector map. Thereafter the 
geographic coordinates of any point on the map may be 
easily computed. The preferred embodiment provides that as 
more point-pairs are identi?ed, the georeferencing function 
is modi?ed for increased accuracy. 

[0014] The above as Well as additional objectives, fea 
tures, and advantages of the present invention Will become 
apparent in the folloWing detailed Written description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] The novel features believed characteristic of the 
invention are set forth in the appended claims. The invention 
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itself however, as Well as a preferred mode of use, further 
objects and advantages thereof, Will best be understood by 
reference to the following detailed description of an illus 
trative embodiment When read in conjunction With the 
accompanying draWings, Wherein: 

[0016] FIG. 1 depicts a data processing system in accor 
dance With a preferred embodiment of the present invention; 

[0017] FIG. 2 is an image of an exemplary raster map, in 
accordance With the preferred embodiment; 

[0018] FIG. 3 is an image of an exemplary vector map, 
corresponding to the raster map of FIG. 2, in accordance 
With a preferred embodiment of the present invention; and 

[0019] FIG. 4 is a ?oWchart of a process in accordance 
With a preferred embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0020] With reference noW to the ?gures, and in particular 
With reference to FIG. 1, a block diagram of a data pro 
cessing system in Which a preferred embodiment of the 
present invention may be implemented is depicted. Data 
processing system 100 includes processor 102 and associ 
ated L2 Cache 104, Which in the exemplary embodiment is 
connected in turn to a system bus 106. System memory 108 
is connected to system bus 106, and may be read from and 
Written to by processor 102. 

[0021] Also connected to system bus 106 is I/O bus bridge 
110. In the exemplary embodiment, data processing system 
100 includes graphics adapter 118 connected to bus 106, 
receiving user interface information for display 120. Periph 
eral devices such as nonvolatile storage 114, Which may be 
a hard disk drive, and keyboard/pointing device 116, Which 
may include a conventional mouse, a trackball, or the like, 
are connected to I/O bus 112. 

[0022] The exemplary embodiment shoWn in FIG. 1 is 
provided solely for the purposes of explaining the invention 
and those skilled in the art Will recogniZe that numerous 
variations are possible, both in form and function. For 
instance, data processing system 100 might also include a 
compact disk read only memory (CD-ROM) or digital video 
disk (DVD) drive, a sound card and audio speakers, and 
numerous other optional components. All such variations are 
believed to be Within the spirit and scope of the present 
invention. Data processing system 100 is provided solely as 
an example for the purposes of explanation and is not 
intended to imply architectural limitations. 

[0023] The preferred embodiment provides a system and 
method for georeferencing digital raster maps by associating 
speci?c points on the raster map With corresponding points 
on a georeferenced vector map or another georeferenced 
raster map. According to the preferred embodiment, a raster 
map and a corresponding vector map are simultaneously 
displayed to a user. The user then locates a common geo 
graphic point or feature on each map, and marks each of 
them as a unique point pair. When the user has marked at 
least tWo point-pairs, the system then computes a georefer 
encing function, based on the pixel-coordinates of the points 
marked on the raster map and the corresponding geographic 
coordinates of the points on the vector map. Thereafter the 
geographic coordinates of any point on the map may be 
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easily computed. The preferred embodiment provides that as 
more point-pairs are identi?ed, the georeferencing function 
is modi?ed for increased accuracy. 

[0024] FIG. 2 is an exemplary raster map, in accordance 
With the preferred embodiment. This exemplary map shoWs 
a scanned image from a Federal Emergency Management 
Agency (FEMA) paper map. This raster image shoWs a land 
area With ?ood Zone indications, but Would, in a computer 
system, contain no underlying data regarding the area 
shoWn. 

[0025] FIG. 3 is an exemplary vector map, corresponding 
to the raster map of FIG. 2, in accordance With a preferred 
embodiment of the present invention. This map shoWs the 
same area as the map in FIG. 2, but is created by a computer 
system from a database describing the locations of features 
such as the streets shoWn. Typically, each feature shoWn on 
a vector map such as this Will already be georeferenced, in 
that the geographic coordinates of each feature Will also be 
recorded in the underlying data. 

[0026] Adigital map image is considered georeferenced if 
a pair of mathematical functions, f, and g, have been de?ned 
that can be used to convert back and forth betWeen the 
coordinates of the map image (as de?ned by the pixels of the 
image) and the corresponding longitude and latitude of the 
location of that point. That is, f and g do the folloWing: 

[0027] 1. If (x, y) represents a location on the digital 
map image, then f(x, y)=(Lon, Lat) represents the 
longitude and latitude of the corresponding physical 
location. 

[0028] 2. If (Lon, Lat) represents a physical location 
that lies Within the region covered by the map, then 
g (Lon, Lat)=(x, y) represents the point on the digital 
map image that corresponds to that longitude and 
latitude. 

[0029] Here, x and y represent the natural internal coor 
dinate system of the map image. Typically, as described 
above, a digital raster map image uses the pixels of its image 
as a natural coordinate matrix. HoWever, in most cases, a 
vector-based map image uses longitude and latitude as its 
internal coordinate system; if so, it can be considered to be 
trivially georeferenced already. Therefore, the functions f( ) 
and g( ) above are non-trivial georeferencing functions 
required to convert back and forth betWeen coordinate 
systems. 

[0030] FolloWing is a description of a georeferencing 
process in accordance With the preferred embodiment: 

[0031] First, the raster map to be georeferenced (referred 
to as Map1) is displayed on a computer monitor in conjunc 
tion With another previously georeferenced map (referred to 
as Map2) (step 400). Typically, Map2 Will be a vector map, 
but could also be another raster map, for Which georefer 
encing functions are already knoWn. Map1 and Map2 can be 
independently manipulated for rotation, position and scale. 
The user Will manipulate the maps until the region shoWn in 
Map1 is contained Within the region shoWn by Map2. 

[0032] Next, pairs of points representing identical geo 
graphic locations on Map1 and Map2 are identi?ed, and the 
user uses a keyboard, mouse, or other pointing device to 
mark these point-pairs (step 405). For each point-pair, one 
point is marked on Map1 and the other point is marked at the 
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corresponding location on Map2. Examples of common 
georeferencing point-pairs include street intersections, 
places Where rivers cross roads, mountain peaks, building 
locations, and other readily identi?able map features. If any 
points on Mapl have points of knoWn longitude and latitude 
already marked on the map, then a georeferencing point-pair 
can be obtained by marking that point on Mapl and moving 
to the point With identical latitude and longitude on Map2 
and marking it as the other half of the point-pair. Alterna 
tively, once the knoWn points are marked With the knoWn 
latitude and longitude, they can be used to determine the 
georeferencing functions Without requiring a corresponding 
mark on Map2. 

[0033] After a point-pair is marked, the X-y point on Mapl 
is assigned the corresponding latitude and longitude of its 
matching point on Map2 (step 410). 

[0034] When tWo georeferencing point-pairs are marked, 
the system Will compute georeference functions for Mapl 
based on a linear transformation that alloWs an arbitrary 
rotation and prede?ned scaling, betWeen the X-y domain and 
the latitude-longitude domain (step 415). 

[0035] To improve accuracy and alloW increased general 
ity, more georeferencing point-pairs Will frequently be 
desired. To facilitate the process of gathering these addi 
tional georeferencing point-pairs, Mapl and Map2 are noW 
selectively synchroniZed. This means that as either map is 
Zoomed, panned, scrolled, or otherWise caused to display a 
different region, then the other map automatically does the 
same. This greatly increases the ease With Which georefer 
encing point-pairs can be identi?ed and marked on the maps, 
since When the user of the system locates an identi?able 
feature on one map, the other map Will automatically be 
shoWing very nearly the same location on the other map. 

[0036] Thereafter, When the user marks a georeferencing 
point on one of the maps, then the system automatically 
marks the corresponding point on the other map, based on its 
current georeferencing function (step 420). The user can 
then make corrections to the location of a point marked by 
the system in this Way (step 425). The user may enter as 
many point-pairs as are desired; each additional point-pair 
Will increase the accuracy of the georeferencing process. 

[0037] When three or more georeferencing point-pairs are 
determined, the system computes georeference functions for 
Mapl based on a completely general linear transformation 
betWeen the X-y domain and the latitude-longitude domain. 

[0038] When four or more georeferencing point-pairs are 
determined, the general linear georeferencing functions are 
over-determined. This means that more than the required 
amount of information to compute the general linear geo 
referencing functions is available, but that it is not, in 
general, completely consistent. The system use the eXtra 
information contained in the additional georeferencing 
points to provide validation checks to protect against the 
possibility that some of the data points may be inaccurate 
(step 430). Points that deviate excessively With respect to a 
calculated standard error are presumed to be inaccurate and 
are omitted from the calculation of the georeferencing 
functions. Note that as neW point are added, the system also 
rechecks points previously marked as inconsistent, to deter 
mine if those points should noW be considered When recom 
puting the georeferencing functions. 
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[0039] The additional point-pairs alloW the system to 
compute the general linear georeferencing functions Which 
best ?t the combination of all the available georeferencing 
point-pairs, so that the active georeferencing functions are 
revised With each neW point-pair (step 435). According to 
the preferred embodiment, this is done by using a “least 
square” parameter ?tting operation. 

[0040] The user may then proceed 0 enter the neXt point 
pair (step 440). When the user is ?nished, the system stores 
the active georeferencing functions With the raster-map (step 
is 445). At this time, the raster map is considered fully 
georeferenced. When accessed at any future time, the system 
may simply retrieve the georeferencing functions, and apply 
them to ?nd the latitude and longitude of any point on the 
raster map. 

[0041] The process of determining he georeferencing 
function set from a set of point-pairs is believed to be Within 
the ability of one of ordinary skill in the art. The speci?c 
approach used by the system an method of the preferred 
embodiment is discussed beloW. 

[0042] At any given point in the georeferencing process a 
set of points P, has been speci?ed. Let iEP denote one of the 
points of P. Associated value Xi, yi, Lati and Loni refer to the 
X and y coordinates of the point on the bitmap, and the 
latitude and longitude of the point on the earth’s surface. We 
also de?ne Agc P to be the subset of “active” points, i.e. 
points Which are currently being used in the calculation of 
the georeferencing functions. Assume that We have selected 
a parametric family of functions F. Functions in this family 
map from (X, y) to (Lon, Lat). Any function fEcalF has 
components f1(X, y)=Lon, and f2(X, y)=Lat. From Within 
this family We seek the speci?c function j’, which (in a sense 
to be de?ned beloW) comes closest to making the folloWing 
system of equations true: 

[0043] Once determined, 3’ Will b the georeferencing func 
tion Which is used to compute corresponding latitude and 
longitude values, (Lon, Lat)for any point, (X, y) on the 
bitmap. There are any number of possible Ways to de?ne the 
function that “comes closest to making (1) true.” We shall 
folloW a “least squares” approach also knoWn in mathemat 
ics as an L2 approach. This approach seeks to ?nd the 
function, j’, which minimiZes the sum of the squared differ 
ences betWeen the actual and the predicted values of latitude 
and longitude. In other Words, from among all the functions 
fEF, j’ is the one Which minimiZes: 

[0044] Among various alternative methods for choosing 
the function f are choosing it so t ht it minimiZes the sum of 
absolute errors (rather than squared errors, or so that it 
minimiZes the largest error. Other criteria are also possible. 

[0045] In What folloWs We shall describe methods for 
computing georeferencing functions based on both a “rota 
tional linear” parametric family of functions and a “general 
linear” family of functions. A knoWledgeable practitioner 
Will readily perceive that this approach may be easily 
generaliZed to other parametric families of functions. Obvi 
ous candidates include nonlinear parametric families of 
functions arising from the projection of the earth’s surface 
onto a ?at map. 
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[0046] The General Linear Case: 

[0047] In the general linear case, We let F be the set of all 
possible linear transformations Which map from (X, y) to 
(Lon, Lat). Thus 

[0048] for some choice of parameters an, 2112, 2121, 2122, b1, 
and b2. If the region covered by the map to be georeferenced 
is not too large, then this family of functions Will contain a 
suitable function, 3’ whose total error is quite small. In the 
case Where the map to be georeferenced covers a larger area 

than this, then the curvature of the earth must be taken into 
account and F is not a suitable family of functions. In such 
a case, nonlinear functions must be used as mentioned 

above. We shall not pursue that case further, since it is a 
straightforWard eXtension of the procedures used in the 
linear case. 

[0049] To ?nd f we seek the parameters Which minimize 

[0050] The parameter values Which minimiZe this eXpres 
sion are found by solving the folloWing tWo independent 
systems of linear equations: 

n 2 x; 2 y; 2 Lon; (5 a) 
[GA [GA bl ieA 

2X; 2X01; all : 2X; L0"; 
[GA [GA [GA [GA 

a 

2)’; 2X01; 12 XML”; 
[GA [GA [GA ieA 

” Z X; 2 y; 2 Lari (5 b) 
[GA [GA b2 [EA 

2 X; Z X? 2 xi)’; a _ Z 1M; 
[GA [GA [GA 21 _ ieA 

a 

Z yi 2 xi)’; 2 yiz 22 2 ML”; 
[GA [GA [GA [GA 

[0051] These systems can be easily solve by Well knoWn 
methods, such as Gaussian Elimination, or LU factoriZation. 
The solutions yield the desired values of a1 1, 2112, 2121, 2122, b1, 
and b2. It should be noted that equations (5 a) and (5b) do not 
have a unique solution unless three or more non-colinear 
points are contained in A. Generally speaking, then, it 
requires 3 points to choose a georeferencing function from 
the family of general linear transformations. When there are 
four points or more, it is possible to compute a standard 
deviation of errors using the formula: 
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[0052] s is an estimator for the amount of error to be 
expected betWeen actual and predicted latitude and longi 
tude values. 

[0053] Note that the inverse georeferencing function, f'1 
that maps from (Lon, Lat) to (X, y) is readily obtained noW, 
by inverting the function Having done this, it is possible 
to compute a similar standard deviation of error for f'1 
Which is an estimate of error as measured in the bitmap 
coordinates. 

[0054] The Rotational Linear Case: 

[0055] In the, so called, rotational linear case, We let F be 
the set of all possible linear transformations Which map from 
(X, y)to (Lon, Lat) and Which also alloW for a knoWn scale 
change caused by the difference in distance per degree of 
latitude and per degree of longitude at any point not on the 
equator. Thus 

[0056] for some choice of parameters [31, [32, [33, and [34, 
Where y=cos(Lat) is computed from the estimated latitude of 
the map to be georeferenced. 

[0057] Clearly, this is a special case of the more general 
linear transform described above, Where We take 

[0058] In theory, if the region covered by the map to be 
georeferenced is not too large, then this family of functions 
Will contain a suitable function, f Whose total error is quite 
small. In the case Where the map to be georeferenced covers 
a larger area than this, then the curvature of the earth must 
be taken into account and F is not a suitable family of 
functions. In such a case, nonlinear functions must be used 
as noted above. In practice, the general linear transform Will 
yield results Which are someWhat superior to the rotational 
linear transform due to the former’s innate ability to use 
arbitrary scaling factors. These arbitrary scaling factors 
might compensate, for eXample, for scaling ?aWs in the 
digital scanner used to scan in the maps. The primary 
advantage of the rotational linear transform is that it can be 
computed With only tWo reference points (unlike the general 
linear transform Which requires three reference points). 

[0059] To ?nd f We seek, as before, the parameters Which 
minimiZe SSE as de?ned in equation 

[0060] The parameter values Which minimiZe this eXpres 
sion are found by solving the folloWing system of linear 
equations: 
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[0061] These systems can easily solved by Well known 
methods, such as Gaussian Elimination, or LU factorization. 
The solutions yield the desire values of [31, [31, [31, and [31 
Which in turn yield the desired values for an, an, 2121, 2122, 
b1, and b2. 

[0062] It should be noted that equation (8) does not have 
a unique solution unless tWo or m re points are contained in 
A. Generally speaking, then it requires tWo points to deter 
mine a georeferencing function from the family of rotational 
linear transformations. When there are three points or more, 
it is possible to compute a standard deviation of error, s 
using the formula: 

[0063] s is an estimator for the amount of error to be 
expected betWeen actual and predicted latitude and 
longitude values. 

[0064] Note that the inverse georeferencing function f'1 
that maps from (Lon, Lat) to (X, y) is readily obtained noW, 
by inverting the function Having done this, it is possible 
to compute a similar standard deviation of error for f'1 
Which is an estimate of error as measured in the bitmap 
coordinates. 

[0065] Automatic Error Detection and Handling 

[0066] When individual points are being assigned X, y, 
Lon, and Lat values, there is alWays a potential for error. To 
reduce the risk of incorrect georeferencing resulting from 
such errors, certain error handling procedures are built into 
the georeferencing process. The fundamental conk t is that 
of detecting a “bad” point and then removing it from the set 
of active points, A Note that removing point from AWill not 
delete the information associate, With that point, but it Will 
cause the georeferencing parameters to be completely unin 
?uenced by that point. We 0 not Wish to remove the point 
entirely, since it may be determined at a later stage of the 
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georeferencing, that the point Was not really bad at all, and 
should be-used in the georeferencing calculation. This Will 
be clari?ed shortly. 

[0067] Detecting Bad Points 

[0068] The folloWing steps outline the bad point detection 
process using the general linear transform approach to 
georeferencing. 

[0069] 1. Begin by placing all eXisting points into the 
active set, A 

[0070] 2. If there are feWer than ?ve active points 
then you are done, OtherWise, for each of the cur 
rently active points in turn, move it (call it point k for 
the sake of convenience) temporarily out of the 
active set, and then calculate the resulting inverse 
georeferencing function (call it &g<k>) and its corre 
sponding SSEk. Also, calculate the difference 
betWeen the predicted value and the actual value 
6k=|g(k)(Lonk, Latk)—(Xk, Make a note of the 
values, 6k and 

[0071] Return point k to the active set (and move on to the 
neXt value of k. 

[0072] 3. From among the results found in step 2 
above, ?nd the point, k, With the largest value of 

[0073] Which also satis?es 

(5k /SSE,1>(:1 and 6k >02, where 01, 

[0074] and c2 are some constants Which are set according 
to the general level of accuracy to be eXpected on the 
particular type of map Which is being georeferenced, the 
current number of active points, and the dots per inch of the 
scanned image. If there is such a point then mark it as bad 
(by removing it from the active set) and return to step 2 
above. OtherWise you are done. 

[0075] There are several things to note about this proce 
dure. One is that it alloWing the value of c1 and c2 to change 
With the number of active points, makes it possible for the 
georeferencing system and method to utiliZe points Which it 
might originally determine bad or inconsistent after a large 
enough sample of points has been gathered to make it clear 
that a lesser level of accuracy is all that can be achieved on 
this map. Another observation is that using this procedure it 
is impossible to reduce the number of active points doWn to 
less than four (unless you started With less than 4 in Which 
case this procedure does not apply at all). This scheme 
means that as each neW point is added, all points determined 
so far are considered, even those Which had previously been 
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marked bad. Thus early “misjudgments” on the part of the 
system can be corrected later, in light of neW point infor 
mation. 

[0076] The same bad point detection process, can also be 
implemented using the rotational linear transform approach. 
In this case the method is capable of reducing the number of 
active points doWn as loW as three (rather than four for the 
general linear transform approach outlined above). This can 
be useful When dealing With small sets of active points. 

[0077] When the system is georeferencing raster map 
images that cover a large enough area so that the (nonlinear) 
curvature of the earth is a source of signi?cant error, the 
system can calculate nonlinear georeferencing functions 
Whose form corresponds to the map projection that Was used 
to create Mapl. 

[0078] Aspeci?c example of the operation and application 
of the preferred georeferencing method may be shoWn With 
reference to the “Flood Zone Determination” business. The 
Federal Emergency Management Agency (FEMA) pub 
lishes a library of tens of thousands of paper maps shoWing 
various types of ?ood Zones and their locations in the United 
States. A ?ood Zone determination on a property is fre 
quently done in the folloWing Way: 

[0079] 1. The address of the property is examined, 
and the location of the property is determined (per 
haps through the use of a geocoding system, or b 
examining an available street map). 

[0080] 2. Amap analyst attempts to determine Which 
of the many thousands of FEMA ?ood maps Will 
contain this property. 

[0081] 3. The map analyst goes to a map storage area 
and retrieves the desired map, often examining sev 
eral maps before making a ?nal selection. 

[0082] 4. Having retrieved the paper map, the map 
analyst next determines Where, precisely, the prop 
erty is located on the map. 

[0083] 5. Finally, the map analyst examines ?ood 
Zone notations on the map at the property’s location 
in order to determine its ?ood-Zone status. 

[0084] When performed using paper maps, the above 
process is dif?cult and quite time consuming. A database of 
scanned raster map images, alone, can be used to reduce the 
time and effort expended on step 3 above. HoWever, geo 
referenced raster map images can also be used to eliminate 
virtually all Work from steps 2 and 4 above. Since those are 
generally the most time consuming steps under the current 
process, the value of georeferenced ?ood maps is consider 
able. 

[0085] Using georeferenced ?ood map raster images, steps 
2 and 4 above, are replaced by: 

[0086] 2. A computer system combines the pre-des 
ignated outlines of the raster map and the georefer 
encing information to obtain a polygon expressed in 
terms of latitude and longitude that outlines the 
region included in each ?ood map. Then the system 
determines Which of the polygons contain the 
address in question, Which is done using a “point 
in-polygon” algorithm. At the conclusion of this 
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process, the computer system has identi?ed a map 
panel (or perhaps a small number of map panels) that 
contains the address. 

[0087] 4. Since the latitude and longitude of the 
property are knoWn (by virtue of a geocoding phase), 
the computer system can use the georeferencing of 
the map panels to locate the property on each of the 
panels found above, thus largely eliminating any 
need for he map analyst to scan the ?ood map for the 
address location. 

[0088] Therefore, it is easily seen that by using georefer 
enced raster maps instead of paper maps, the process of 
determining ?ood Zones is substantially automated and 
much more ef?cient. 

[0089] It is important to note that While the present inven 
tion has been described in the context of a fully functional 
data processing system and/or netWork, those skilled in the 
art Will appreciate that the mechanism of the present inven 
tion is capable of being distributed in the form of a computer 
usable medium of instructions in a variety of forms, and that 
the present invention applies equally regardless of the par 
ticular type of signal bearing medium used to actually carry 
out the distribution. Examples of computer usable mediums 
include: nonvolatile, hard-coded type mediums such as read 
only memories (ROMs) or erasable, electrically program 
mable read only memories (EEPROMs), recordable type 
mediums such as ?oppy disks, hard disk drives and CD 
ROMs, an transmission type mediums such as digital and 
analog communication links. 

[0090] While the invention has been particularly shoWn 
and described With reference to a preferred embodiment, it 
Will be understood by those skilled in the art that various 
changes in form and detail may be made therein Without 
departing from the spirit and scope of the invention. 

What is claimed is: 
1. A system that enables the georeferencing of a digital 

raster map, comprising: 

a processing platform for executing code capable of 
georeferencing a digital raster map; and 

a storage platform for storing at least a digital raster map, 
the storage platform coupled to the processing plat 
form. 

2. The system of claim 1 further comprising a user 
interaction device coupled to the processing platform. 

3. The system of claim 1 Wherein the processing platform 
is enabled to georeference a digital raster map based on a 
second map that is already georeferenced. 

4. The system of claim 1 Wherein the processing platform 
is a microprocessor. 

5. The system of claim 1 Wherein the map processing 
platform is a application service provider. 

6. The system of claim 1 Wherein the map processing 
platform is located remotely from a user of the processing 
platform. 

7. The system of claim 1 Wherein the storage platform 
comprises cashed memory. 

8. The system of claim 1 Wherein the storage platform 
comprises system memory. 

9. The system of claim 1 Wherein the storage platform 
comprises non-cashed volatile storage. 
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10. The system of claim 2 wherein the user interaction 
device comprises at least a display device. 

11. The system of claim 1 Where in the processing 
platform is coupled to the storage platform via a netWork. 

12. The system of claim 11 Wherein the netWork is the 
internet. 

13. The system of claim 1 Wherein the storage platform 
maintains a parality of digital raster maps. 

14. The system of claim 13 Wherein the storage platform 
maintains a database of georeferencing functions that asso 
ciate a digital raster map location With a georeferenced 
location in a second map. 

15. The system of claim 1 Wherein the storage platform 
maintains code that enables the georeferencing of a raster 
map, by: 

providing for display a ?rst map and a second map, the 
?rst map being a digital raster map, and the second map 
being a previously georeferenced map; 

the ?st map being substantially similar to the second map 
When displayed; 

receiving an entry identifying a ?rst point pair point on the 
?rst map; 

receiving an entry identifying a second point pair point on 
the second map, the second point pair point having 
approximately the same location on the second map as 
the ?rst point pair point has on the ?rst map; 

assigning a point pair point on the ?rst map a longitude 
coordinate and a latitude coordinate, the longitude 
coordinate and the latitude coordinate of the ?rst point 
pair point being identical to a longitude point and a 
latitude point associated With a point pair point on the 
second map.providing for display a ?rst map and a 
second map, the ?rst map being a digital raster map, 
and the second map being a previously georeferenced 
map; and 
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assigning a point pair point on the ?rst map a longitude 
coordinate and a latitude coordinate of a point pair 
point on the second map. 

16. A data signal comprising a data structure capable of 
georeferencing a raster map, by: 

providing for display a ?rst map and a second map, the 
?rst map being a digital raster map, and the second map 
being a previously georeferenced map; 

the ?st map being substantially similar to the second map 
When displayed; 

receiving an entry identifying a ?rst point pair point on the 
?rst map; 

receiving an entry identifying a second point pair point on 
the second map, the second point pair point having 
approximately the same location on the second map as 
the ?rst point pair point has on the ?rst map; 

assigning a point pair point on the ?rst map a longitude 
coordinate and a latitude coordinate, the longitude 
coordinate and the latitude coordinate of the ?rst point 
pair point being identical to a longitude point and a 
latitude point associated With a point pair point on the 
second map. 

17. The method of claim 16 further comprising creating a 
georeferencing function. 

18. The method of claim 16 further comprising receiving 
a mark on the ?rst map at a location and reproducing the 
mark on the second map at a corresponding location. 

19. The method of claim 16 further comprising using at 
least four point pairs to complete the georeferencing func 
tion for the map based on a linear transformation, and further 
comprising executing a validation check. 

20. The method of claim 19 further comprising rejecting 
a point pair When the point pair deviates a pre-determined 
amount from a predetermined standard error. 

* * * * * 


