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Aerial Photogrammetry: 
State of the Industry in the US 

J o h n T h o r p e  

This article attempts to sum- and counties are using to en- The use of airborne GPS ble which is good enough for 
marize, in a general way, the sure high quality monumen- will have a large impact on five foot, or one meter, con- 
current status of the photo- tation and survey accuracies, photogrammetric mapping tour mapping. The technique 
grammetric industry in the while densifying their con- projects which have the fol- demands high coordination 
U.S. in early 1993, particu- trol monuments in their own lowing requirements: between survey crews and 
larly as it applies to the geographical areas. flight crews as ground GPS 
commercial workplace. The stations must receive signals 
transition from mechanical 
and analytical stereoplotters 
to softcopy raster worksta- 
tions, and what the future 
may hold for photogramme- 
try, are discussed. 

For many years photo- 
grammetry (making measure- 
ments in photographs) was 
undertaken using a wide va- 
riety of mechanical and opti- 
cal high-precision 
instruments capable of mak- 
ing measurements to an ac- 
curacy of ten microns at 
photo scale. Along came 
computers in the 1960s and 
1970% spurring the develop- 
ment of analytical stereoplot- 
ters capable of measuring 
accuracies of two microns. In 
the past five years or so, two 
developments have had a 
large influence on photo- 
grammetry namely - GPS 
and the ability to handle ras- 
ter data. In a generic way, 
this paper discusses the dif- 
ferent procedures involved 
in creating modern digital 
maps using photogrammetry. 

The classical ground 
control techniques of travers- 
ing and leveling are still 
widely used in the conven- 
tional survey. The National 
Geodetic Survey (NGS) re- 
quirements for blue-booking 
the results have set excellent 
standards which many cities 
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Aerial photo at 1 in. = 275 R. (1:3300) 

GPS (Global Positioning 
Systems) has revolutionized 
ground survey procedures 
for creating ground control 
points for photogrammetry, 
resulting in higher and more 
predictable accuracy, and 
lower cost. Not only can GPS 
be used for horizontal con- 
trol, but when proper geoidal 
modeling procedures are 
used. accuracies of 0.2 feet 
in elevation can be achieved, 
good'enough for two foot 
contour mapping. 

no need for extensive 
ground monumentation 
remote areas with limited 
road access 
relatively small scale 
photography, where con- 
trol points are far apart 

Airborne GPS uses an on- 
board receiver to provide X, 
Y, and Z coordinates for the 
camera lens at the instant of 
exposure. Using specialized 
procedures for elirnination.of 
systematic errors, accuracies 
of 0.4 feet (10 cm) are possi- 

simultaneously with the air- 
craft station. In order to sta- 
bilize the final bundle 
adjustment of the photogra- 
phy, cross-strips are flown 
across each end of the block, 
perpendicular to the flight 
lines of the mapping photog- 
raphy. Using this technique, 
only four ground GPS points 
would be needed for a rec- 
tangular block of as many as 
two hundred stereomodels. 
although more ground points 
should be available as 
checks. 

Electronic leveling is an- 
other new ground survey 
technique which is proving 
to be superior to conven- 
tional leveling methods in 
speed and accuracy. It uses 
bar-coding technology simi- 
Iar to that used in supermar- 
kets. Recently, in Fairfax 
County, Virginia, over 950 
miles of levels resulted in 
first-order accuracy even 
when third-order was speci- 
fied. Field crews averaged 
4.7 miles per day, per crew. 

Most projects are cur- 
rently being compiled using 
the North American Datum 
1983 (NAD83) Coordinate 
System instead of NAD27. 
Some projects (e.g. Fairfax 
Co., VA) are using the new 
North American Vertical Da- 
tum 1988 (NAVD88) as a ba- 
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A GPS receiver. 

sis for vertical control 
instead of the National Geo- 
detic Vertical Datum 1929 
(NGVD29). It is important for 
the photogramrnetrist to rec- 
ognize that when transform- 
ing projects from NAD27 to 
NAD83, care must be ob- 
served using NGS software 
such as NADCON, which 
may not be sufficiently pre- 
cise to maintain accuracy 
standards at I"= 100' or 
larger. When in doubt, the 
use of a Helmert transforma- 
tion on local NGS monu- 
ments whose coordinates can 
be derived in both systems, 
is advisable. 

Currently, most local 
governments use coordinates 
in feet, while federal agen- 
cies use metric coordinates. 
One local government (City 
of Omaha, NE) has recently 
chosen to use metric coordi- 
nates for its GIs in order to 
comply with forthcoming 
regulations for the use of 
metric standards in feder- 
ally-funded construction 
projects. Their maps will be 
1:l 000 scale with 1 m con- 
tours. 

The latest cameras from 
Wild and Zeiss are master- 
pieces of modern technology 

with new and better lenses, 
forward motion compensa- 
tion to allow longer exposure 
times so that higher resolu- 
tion film can be used, gyro- 
controlled camera mounts to 
limit side motion for the 
same reason, and GPS con- 
nections to record the GPS 
signal at the exact moment 
of the center of instant of ex- 
posure. 

Airborne navigation is 
also making major advance- 
ments, by using the GPS re- 
ceiver connected to the cam- 
era as a navigational aid. It is 
now possible (although by no 
means widely usable) to de- 
termine the position of every 
photograph center before the 
flight occurs, and use the GPS 
information to fly along pre- 
cise flight lines, automatically 
opening the camera lens as 
soon as the aircraft reaches 
the closest possible location 
to the pre-planned coordi- 
nates (probably within 100 
feet). This will result in 
blocks of photographs where 
the photo centers are in a per- 
fectly symmetrical pattern, 
making automatic aerial trian- 
gulation much more straight- 
forward. 

Black and white photog- 

raphy remains far more pop- 
ular than color as it is 
considerably less expensive. 
While color may have a 
slight advantage in seeing 
the ground under trees, there 
does not appear to be any 
difference in accuracy. With 
the advent of raster technol- 
ogy, it should be remem- 
bered that true color requires 
three times more storage ca- 
pacity than black and white 
imagery. 

Most major mapping 
projects utilize bundle ad- 
justment solutions, but as 
yet, very few commercial 
mapping companies use 
more advanced aerial trian- 
gulation procedures, such as 
self-calibration of systematic 
errors to improve accuracy. 
Current conservative plan- 
ning of ground control pat- 
terns calls for horizontal 
control points positioned 
about four model base 
lengths of distance around 
the perimeter of the block, 
this being the minimum for 
planimetric vector or raster 

with l a =  500' (1:6,000) scale 
photography on the Fairfax 
County, Virginia project, the 
following accuracies (Table 
1) were achieved on inde- 
pendent control points, i.e., 
points not used as control in 
the adjustment. Note that 
this was achieved in a com- 
mercial, but carefully moni- 
tored, environment. 

With higher flown pho- 
tography where systematic 
errors are greater, the im- 
provement with self-calibra- 
tion would be more 
noticeable. 

The last few years have 
seen acceptance of the new 
National Map Accuracy 
Standards (NMAS) for digital 
mapping. The original 
NMAS standards are equiva- 
lent to the new Class 2 stan- 
dards, and the new Class 1 
standards are about twice as 
high as Class 2. 

Stereoplotters have tra- 
ditionally been rated into 
four separate categories, with 
the C-factors (flight height 
required divided by contour 

mapping. For contour or ac- interval). 
curate DTM mapping, verti- Table 2 is not intended 
cal control points at four- to be exhaustive. In general, 
model intervals are neces- first-order plotters are sel- 
sary, on each side of each dom used nowadays, having 
flight line. been replaced by analytical 

Using these parameters plotters, while third-order 

Conventional Bundle Adjustment 
Bundle Adjustment with Self-Calibration 

rms rms rms rms 
(feet) (microns) (feet) (microns) 

Horizontal 
Accuracy 0.29 14.4 0.27 13.4 

Vertical 
Accuracy 0.33 16.1 0.29 14.4 

C-Factw 
Category Stereoplotters (Federal Standards) 

Analytical BC-1, P-1, Traster, DSR 2,500 
First Order A-10, Planimat, Stereometrograph 2,100 
Second Order PG2, AG1, BE-S, Santoni IIC 1.800 
Third Order Kelsh 1,200 



It is 
important to 
recognize to 
what extent 
raster 
technology 
will impact 
digital 
mapping. 

order plotters should never 
be used for accurate map- 
ping. Analytical plotters are 
considerably more accurate 
than second-order plotters, 
but the latter are still widely 
used. 

It is important to recog- 
nize to what extent raster 
technology will impact digi- 
tal mapping in the future. 
Computer technology is ad- 
vancing so quickly that the 
integration of raster files 
with vector files is now 
being implemented, and this 
trend will certainly continue. 

Photogrammetry has 
changed from purely manual 
techniques in the early 1980s 
to being almost purely digi- 
tal. Over the past six years, 
some very complex major 
mapping projects have been 
successfully completed in 
cities and counties using 
vector technology. Currently, 
there is a distinct trend 
toward digital orthophotog- 
raphy (raster) because it is 
less expensive, and because 
it is more like a photograph 
- more understandable and 
readable by users. 
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Topology in digital map- 
ping can be simply defined 
as the logical relationships 
between points (nodes); arcs 
(line strings which are prop- 
erly connected vectors trav- 
eling from a defined node to 
another defined node, imply- 
ing directionality with a de- 
fined polygon on the left and 
another on the right): and 
polygons themselves (de- 
fined by a polygon identifier 
point inside each polygon, 
and consisting of a closed 
series of arcs). For example, 
a fence corner could be a 
node, the fences between 
corners would be arcs, and if 
the fences joined back on 
one another without a gate, 
they would form a simple 
polygon. With a gate, the 
gate itself would be formed 
by two nodes and one arc, so 
the polygon would still exist, 
although more complex as it 
would consist of two differ- 
ent arc types. 

GIs could not exist 
without topology. Incorrect 
edgematching between map 
sheets is currently a major 
problem on some projects, as 
this results in a breakdown 
of topology. Not a l l  features 
may require topology; for in- 
stance, some users want con- 
tinuous, topologically 
constructed contours, 
whereas others don't care if 
the contours are made up of 
separate disconnected lines. 

Current photogramme- 
tric compilation procedures 
demand the digitizing of the 
various features (contours, 
roads, buildings, water bod- 
ies, etc.) as topologically cor- 
rect arcs and polygons. 
Sophisticated clients will not 
accept non-closed polygons, 
dangles, overshoots, or vec- 
tors which are improperly 
coded. Another unacceptable 

condition is the crossing of 
contour lines in steep or ob- 
scured areas. Another prob- 
lem is lines which are 
coincident but have different 
feature codes, e.g., a drive- 
way ending may also be part 
of the edge of a road. In this 
case, the common line might 
have to be stored twice. 
These GIs requirements 
greatly increase the difficulty 
of creating and maintaining 
landbase maps. 

The storage of vectors in 
3-D greatly increases the dif- 
ficulty (e.g. circular arcs in 
2-D become spiral curves or 
ellipses, which are far more 
complex, in 3-D), editing 
(snapping lines in 3-D), and 
storage (50% more data) of 
digital vector landbases. 

The author believes that 
in the future, ground eleva- 
tions will be stored and ma- 
nipulated less and less by 
contours, with more empha- 
sis being placed on the stor- 
age of Digital Terrain Models 
(DTMs). Few mapping organ- 
izations presently use con- 
tour interpolation procedures 
for providing contours, al- 
though most organizations 
have some such capacity (the 

author's company has used 
this process exclusively 
since 1985). 

The use of "soft" and 
"hard breaklines combined 
with individual "mass 
points" is widely accepted 
as the best way of collection 
of DTM. In the author's 
opinion, the combination of 
the two types of breaklines 
should total at least 60% of 
the total of elevation points 
captured, the balance being 
strategically placed mass 
points. The final results are 
stored in a TIN (Triangular 
Irregular Network) file. Cur- 
rent point density for two 
foot contour mapping at 1" 
= 100' in an urban area 
should be around 30-50 
points per acre. 

One highly questionable 
procedure being used by 
some organizations is to 
hand-digitize the index con- 
tours and then use software 
to interpolate the intermedi- 
ate contours. While this pro- 
cedure could be useful in 
steep or obscured areas, it is 
unfortunately often used as a 
time-saver and will defi- 
nitely have a negative effect 
on accuracy. 

A wire mesh 30 digital terrain model overlaid with an orthophoto 
image. 
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Some organizations digi- 
tize their vectors directly 
into the graphics system (e.g. 
Kork, Intergraph, AutoCad) 
while others use batch 
processing (essential for con- 
tour interpolation) to create 
the vectors in their graphi- 
cally correct form. Some or- 
ganizations currently use 
highly elaborate proprietary 
software packages and mod- 
ern, fast workstations to 
complete this process as effi- 
ciently as possible. 

Graphics editing has re- 
placed the old, tedious scrib- 
ing process to produce the 
final map. When digital 
mapping was first done in 
the middle 1980s, graphics 
editing of the compiled vec- 
tors took 100% or more time, 
when compared with compi- 
lation time. Currently, mod- 
ern processing software has 
cut graphics editing time 
dramatically. Modern tend- 
ency is to use computers to 
do what people used to do, 
freeing up the map makers to 
be more productive. How- 
ever, graphics editing re- 
mains an essential 
component of photogramme- 
tric mapping, but it is be- 
coming more and more a 
Quality Control (QC) func- 
tion as software becomes 
more powerful. 

Hard copy mylar origi- 
nal maps are becoming less 
and less a requirement as the 
digital files become more 
used. Color electronic plot- 
ters at 400 dpi are currently 
used to produce hard copy 
maps which can be created 
at any scale of any required 
area, usually on paper, and, 
of course, in color. It is in- 
teresting to note that the 
need for perfect scale mea- 
surement on the mylar (non- 
stretch material) has almost 

entirely vanished, being re- 
placed by the ability to mea- 
sure distances or areas 
directly and far more accu- 
rately in the digital file. 

Traditional maps re- 
mained in their original form 
and scale (on mylar or pa- 
per) forever. Modern maps 
are infinitely more versatile, 
being digital. They can be 
translated from their current 
form (perhaps AutoCad) into 
literally hundreds of differ- 
ent software environments. 
A few years ago (late 1980s) 
translation was a problem, 
but currently most leading 
mapping organizations have 
developed or purchased 
translators from one GIs 
software system to another. 
System integration of digital 
maps in complex multi-de- 
partmental organizations has 
certainly not been mastered 
at this time, and much re- 
mains to be done before 
many different users in dif- 
ferent places can all access 
the maps efficiently. 

In digital orthophotogra- 
phy, the size of the scanned 
pixel greatly affects the size 
of the files being created. At 
25 microns (1,000 dpi) reso- 
lution, a 9" x 9" photograph 
holds 81 mb of data. The 
basic resolution of a high 
quality photograph is about 
8 microns, so a full photo- 
graph at this resolution 
would hold about 800 mb of 
data which is for all practi- 
cal purposes unmanageable, 
as of 1993. Not only individ- 
ual photographs, but the or- 
thophoto database at 
maximum resolution built 
for a large number of photo- 
graphs, would become too 
large for practical purposes. 

Clearly, the maximum 
resolution obtainable from 
modern photography is not 

practically useable at this 
time except for small por- 
tions of a few photographs. 
Current trends are to use 
scanning resolutions be- 
tween 15 and 50 microns. 
Scanning a I"= 833' 
(1:10,000) scale photograph 
at 15 microns results in a 
ground pixel size of 0.5 feet, 
which is a high enough stan- 
dard of resolution for most 
mapping projects. 1:10.000 
photography is currently 
being used on some major 
projects for 1" = 100' 
(1:1,200) mapping, easily 
meeting horizontal accuracy 
standards where the DTM is 
sufficiently accurate. When 
high precision scans are re- 
quired, the use of flatbed 
transmissive scanners is de- 
sirable. Several are on the 
market, including the Zeiss 
PS-1 (7.5, 15, 30, 60, 120 mi- 
crons) and the Vexcel 3000 
(variable 8-180 microns). 

The accuracy of the ele- 
vation data used during the 
ortho transformation from 
scanned image pixels to 
ground pixels has a very 
large influence on the accu- 
racy of the final orthopho- 
tography. In the center of the 
photograph, even a large ele- 
vation error would have no 
effect on the orthophoto ac- 
curacy, whereas at a 45-de- 
gree angle an elevation error 
of 1 meter would result in a 
1 meter horizontal error in 
the orthophoto. The error 
can be calculated from the 
formula: e(o) = e(e) . tan A 
where e(o) is the resulting 
error in the orthophoto, e(e) 
is the error in elevation, and 
A is the viewing angle in de- 
grees, outward from the cen- 
ter of the photograph. 

NMAS accuracy stan- 
dards for contours are fairly 
well defined (except for the 

spot elevation requirement 
which the author feels is un- 
realistic). The accuracy of 
DTMs is not clearly defined 
at this time by any national 
standards. It must be under- 
stood that a DTM of some 
sort is essential before a digi- 
tal orthophoto can be pro- 
duced. However, an accurate 
orthophoto can be produced 
with a far less detailed DTM 
than is required to produce 
contours. This is because the 
many minor breaklines re- 
quired to portray contours in 
furrows and ditches, for ex- 
ample, are not necessary for 
the ortho generation. Con- 
versely, an "ortho DTM 
should not be used for con- 
tour interpolation. 

One technique of flight 
planning alternatives which 
has been successfully used 
(e.g., the city of Riverside, 
California) is 60% side- 
lapped photography. Al- 
though this is more 
expensive because of nearly 
twice the number of photo- 
graphs, the results are excel- 
lent because only the central 
portion of each photo is used 
for ortho-rectification, so 
there is far less outward ra- 
dial displacement of build- 
ing roofs and elevated 
bridges, and less radiometric 
variation across each image. 
Using 60% forward and side- 
lap. the resulting A.T. solu- 
tion is extremely strong 
because each passpoint is 
measured on as many as 
nine different photographs. 

Orthophotos have tradi- 
tionally been created from 
photographs taken with the 
flightlines centered on the 
map sheets, enabling each 
map sheet to be exposed at a 
predetermined scale from a 
single photograph, thus ob- 
viating the need for splicing 



inside a sheet. However, in 
conventional orthophotogra- 
phy little consideration was 
ever given to image matching 
at the sheet edges. In a mod- 
ern seamless GIs raster data- 
base, the sheet concept is 
becoming irrelevant because 
users will require maps at 
different scales and different 
areas, regardless of where 
the original sheets were de- 
signed. Mylars, which are of 
fixed scale and area, will be- 
come less important in the 
future and are not a require- 
ment on several current large 
digital orthophoto projects. 

Making a digital ortho- 
photo is not a very difficult 
process. There are currently 
as many as twenty systems 
available commercially, 
some even running on PCs. 
The difficult part is manag- 
ing the data, particularly on 
a large project. For commer- 
cial production, large com- 
puting resources are needed 
for file handling and storage, 
and very close attention 
must be paid to system inte- 
gration and management. 
When each orthophoto may 
require processing of 100 mb 
of data six or seven times 
during the process, and ten 
or more orthos must be made 
every day, plenty of com- 
puter power and good data 
management are essential. 

Storage of a large raster 
database in a format allow- 
ing fast access by multiple 
users at any required resolu- 
tion is a real challenge. Dif- 
ferent approaches are being 
used in the federal govern- 
ment where each quad or 
quarter-quad sheet will be 
stored at single resolution in 
a separate file, whereas in 
the private sector the whole 
mapped area is stored at 
multiple resolutions as a 
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seamless database, regardless 
of any sheet locations. There 
are pros and cons to each 
approach. 

Softcopy photogramme- 
try could be defined as using 
raster digital data as opposed 
to using film or paper. A 
hardcopy stereoplotter uses 
traditional film diapositives 
for viewing, where a soft- 
copy workstation will use a 
raster file, scanned from 
each diapositive. Although 
digital orthophotography is 
softcopy photogrammetry in 
a sense, this section is lim- 
ited to the stereo viewing of 
raster images similar to tra- 
ditional viewing in a stereo- 
plotter. 

Only a few workstation 
systems (including the Inter- 
graph Image Station and the 
Helava DPW) are currently 
used in a practical way. Both 
have only recently been 
made available to the com- 
mercial market, having been 
developed originally using 
Department of Defense fund- 
ing of military projects. In 
the author's opinion, no sys- 
tem currently used has pro- 
gressed to the stage where it 
can match the accuracy, effi- 
ciency, and productivity of a 
conventional analytical plot- 
ter. This is because of the 
complexities of the software 
and the problems in han- 
dling of the huge raster files 
needed for every single pho- 
tograph. The fact that a hard- 
copy diapositive has a 
resolving power of less than 
ten microns is inescapable, 
and raster files at that reso- 
lution are far too large for 
the current state of the art to 
use efficiently, day in and 
day out. 

Consider the tasks in- 
volved in performing a rela- 
tive and absolute orientation 

in a softcopy system, a task 
which takes less than fifteen 
minutes on a conventional 
analytical plotter: 

Scanning of the two dia- 
positives (low resolution 
56 mb, high resolution 
300 mb, each!) 
Transfer the files to the 
workstation in the correct 
format 
Measure the raster coor- 
dinates of the fiducial 
marks 
Resample both files to 
make the raster parallel 
to the epipolar line 
Observe both files in 
stereo, and complete the 
relative and absolute ori- 
entations 

Clearly, there are some 
very significant processing 
and file handling tasks here, 
and a lot of systems manage- 
ment expertise is a real re- 
quirement. Only then can 
any exploitation of the stereo 
model be performed by di- 
rect digitizing of vectors on 
top of the raster image. One 
great advantage of softcopy 
will be the stereo superim- 
position of the vectors in 3-D 
on top of the raster 3-D im- 
age. In this way, the accu- 
racy of contours or other 
elevation data can be readily 
checked. 

The accuracy of softcopy 
photogrammetry is limited 
by the pixel size used. Soft- 
ware is being developed that 
can result in sub-pixel accu- 
racy, but in general the accu- 
racy of a softcopy 
workstation will not exceed 
that of traditional analytical 
plotters in the foreseeable fu- 
ture except where automatic 
correlation can be used in 
very specific instances. 

When discussing Geo- 
graphic Information Systems, 

it is important to remember 
that the photogrammetric 
phase builds the foundation 
of the GIs. Later, the main 
layers will consist of infor- 
mation such as cadastral, 
street centerlines and ad- 
dresses, utilities, soils, polit- 
ical boundaries and the like 
all of which have much 
more difficult topology than 
the photogrammetric base. 

Photogrammetry has 
emerged from being the 
mainstay of map-making 
techniques, mostly in small 
companies, to the premier 
tool for building landbases 
for GIs. This, of course, 
means an almost totally digi- 
tal environment, and the 
handling of vectors in a large 
GIs became practical only in 
the mid-1980s. At first, map 
makers merely tried to repro- 
duce manual maps in a digi- 
tal representation; later, 
more emphasis was placed 
on "clean" graphics where 
the lines are perfectly con- 
nected and topologically 
constructed. It was difficult 
for map makers to improve 
quality and still keep costs 
down, and only a large in- 
vestment in sophisticated 
software and hardware, with 
ever-faster computers, has 
made this possible. 

In vector GIs landbases, 
there is a distinct tendency 
toward simpler, less compre- 
hensive capture of detail, be- 
cause of the expense of 
capturing vectors, one point 
at a time. In the author's 
opinion, the most important 
vectors are road edges, de- 
rived road centerlines, rail- 
roads, and major water 
feature lines. 

The advent of digital 
raster technology in the com- 
mercial arena around 1989 
opened up an avenue which, 



in the author's opinion, will 
become the standard land- 
base of the GIs industry, be- 
cause: 

modern computers can 
handle the massive 
amounts of data 
it is much less expensive 
than vector landbases 

W it is just as accurate (if 
not more so) than vectors, 
provided that the DTM is 
sufficiently accurate 
being a photographic im- 
age, more detail is visible 
and interpretable than a 
vector landbase which is 
often limited in content 

Revision of photogram- 
metric maps has always been 
an ordeal costing far more in 
time and effort than most 
users would expect. In the 
modern digital environment, 
the challenges are equally 
large. 

Superimposition of the 
vectors on top of the stereo 
image in a stereoplotter has 
been possible for some years, 
but the hardware and soft- 
ware requirements have 
made it expensive, and its 
usefulness and cost effective- 
ness for original map compi- 
lation is debatable. However, 
for map updating or revision, 
superimposition is essential 
as it affords the best means 
of viewing the old map su- 
perimposed upon the new 
photography, giving the 
technician a powerful tool in 
seeing what changes need to 
be made. 

The original data may 
have been translated from 
the photogrammetrist's origi- 
nal files to the final user's 
particular GIs software envi- 
ronment. What is more, the 
files may have subsequently 
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been modified by the user. 
Therefore, the user's files 
must be translated back to 
the photogrammetrist's files, 
updated, and then re-trans- 
lated to the user's system. 
This is more difficult than it 
sounds, particularly when 
considering that data com- 
piled four or five years ago 
may have been compiled to 
less strict standards than ap- 
ply today. 

What about the future? 
Raster image correlation 

is an extremely fascinating 
field of development spon- 
sored mainly by military 
projects and the availability 
of satellite photography 
(which, of course, is raster 
imagery, though different in 
geometry from scanned pho- 
tographs taken with conven- 
tional aerial cameras). Raster 
correlation is performed by 
the computer recognizing the 
raster patterns of objects 
(bushes, corners of buildings, 
road intersections, and the 
like) on both images of an 
overlapping pair of photo- 
graphs. As it is performing 
this process, the locations 
and elevations of correlated 
objects can be recorded and 
stored; if enough objects are 
correlated, both the DTM 
and the raster orthophoto 
can be developed at the 
same time. The technology 
has tremendous potential, 
but the photogramrnetrist 
should remember that it 
works well using small scale 
imagery where ground ob- 
scurity caused by vegetation 
and man-made structures is 
of little importance. Cur- 
rently, it doesn't work well 
in large scale imagery, and 
probably will not for some 
time to come, as too much 

manual editing is required in 
obscured areas. 

Another exciting devel- 
opment is the use of raster 
files and image correlation in 
aerial triangulation. Within 
the next few years, we will 
be able to omit the pugging 
stage in A.T. and allow the 
computer to automatically 
locate passpoints in adjacent 
photographs and flightlines 
and proceed directly with 
the final bundle adjustment. 
Instead of having a pugged 
diapositive of the A.T. pho- 
tography, we will have 
stored patches of imagery 
with the passpoints automat- 
ically identified. Also, an ap- 
proximate, if not final, 
absolute orientation can be 
made immediately from the 
bundle adjustment pararne- 
ters. 

Automatic recognition of 
objects (such as tanks on a 
battlefield) has for some 
years been the objective of 
researchers. Patterns consist 
of all sorts of objects and 
combinations of lines, both 
straight and curved. Much 
progress will certainly be 
made in this field in the fu- 
ture, particularly when using 
satellites or high-flown pho- 
tography. However, in large 
scale photogrammetric map- 
ping, completely automatic 
pattern (feature) recognition 
will not be feasible or practi- 
cal for many years, or at 
least until computers and 
software become as smart as 
the human brain of a photo- 
grammetric operator who 
spends much of his or her 
time interpreting patterns on 
the ground which are not 
clearly discernible due to ob- 
scured terrain. 

At some time in the fu- 

ture we will use data from 
purely digital cameras in 
softcopy workstations in- 
stead of film from conven- 
tional cameras in hardcopy 
analytical plotters. Possibly, 
and certainly hopefully, 
these cameras will have the 
capability of using radar 
which can enable operation 
at night, or in cloudy condi- 
tions. That would really be a 
breakthrough! However, 
many problems remain to be 
solved, two in particular: 
firstly, the geometry of data 
which are not simulta- 
neously collected (like satel- 
lite data where each row of 
pixels is exposed separately 
at different time intervals; 
secondly, the error-free stor- 
age of the vast amounts of 
data required to faithfully re- 
place all the information 
(about 800 mb) which a sin- 
gle photograph captures to- 
day on about ten inches of 
film. 

What is the future of 
conventional hardcopy pho- 
togrammetry? It will cer- 
tainly survive in small 
companies performing small 
mapping projects, for many 
years. However, the power of 
modern computers and the 
ingenuity of scientists is 
quickly changing the course 
of photogrammetry. There 
will be a change of focus 
from expensive stereoplotters 
to ever-cheaper software, and 
this will have a profound ef- 
fect on the vendors of the 
photogrammetric equipment 
which has served us so well, 
for so long. 
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