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IS PHOTOGRAMMETRY STILL RELEVANT?

This paper was oi lginal ly given as the
Keynote Address at the ISPRS Commis-
sion II I  Symposium, Columbus, OH,
Ju ly  6 -10 ,  1998.

INTRODUCTION
This a cr i t ical  t ime to address th is quest ion.  I
recent ly  at tended several  technical  meet ings
in which some wel l - respected and exper i -
enced photogrammetr is ts unabashedly de-
c lared that  essent ia l ly ,  photogrammetry is  no
morel  I t  is  now, so they say,  part  ofcom-
puter graphics,  or  i t  is  superceded by image
understanding,  or  by computer v is ion,  or
whatever.  I  have no doubt that  these learned
indiv iduals know much more than I  do,  but  t
bel ieve i t  would be important  to analyze the
arguments on both s ides of the quest ion.

As a guide to structur ing th is presenta-
t ion,  I  wrote down a set  ofquest ions under
the rather provocat ive heading:  Is  Photo-
grammetry Dying? (Figure [  ) ,  the answers to
which form the essence of th is analysis.
And whi le I  have my own def in i te ideas,  I
sent  the quest ions to several  of  my former
students,  col leagues,  and f r iends in order to
gather many diverse v iews. The f i rs t  quest ion
that  I  posed was:

IS PHOTOGRAITIIIETRY DYING?

l1l il{ ytEw oF tTs cuRnEilT AcTtyt-
TIES, HoW W0ULD YoU DEFTNE
PHOTOGRAMMETRY?

I2I WIIAT DO YOU THIT{K TTE MOST
stcl{tFtcAr{T ADyAt{cES til THE
FIETD DURII{G THE PAST DECADE
ARE?

I3I WHAT DO YOU VISUALIZE AS THE
SIGIIIFIGANT ADYAT{CES DURIIIG
TIIE iIEXT DECADE?

I4I DO YOU AGREE WITH THOSE TYHO
CLAIM THAT PHOTOGRAMMETRY
AS A FIELT' OF ACTIYITY IS
BECOiII}IG OEiOLETE? WHY?
OR WHV iIOT?

I5I DO YOU THII{K THE DIVERSIW OF
CURRE]IT AGTIYITIES YYARRAIIT A
CHAI{GE 11{ THE NATIE IPHOTO.
GRAmMETRYI? tF S0, WHAT D0
YOU PROPOSEI

Figure 1.

IN VIETY OF ITS CURRENT
ACT|V|T|ES, HOW WOULD
YOU DEFINE PHOTOGRAM.
IIIETRY?
But before I  get  into speci f ics,  Figure 2 pre-
sents the or ig in of the word and the def in i t ion
as  pub l i shed  i n  two  ed i t i ons  o f  t he  Manua l  o f
Photogrammetry.  Whi le the name could im-
ply restr ic t ion to " l ight , "  the recent  def in i t ion
extends the act iv i t ies to a much broader en-
ergy source.

PHOTOGRAMME]RY

OTHER DEFII{ITIONS

PHOTOGRAMMEfRY IS THE "SGIEIIGE
A]{D IECHIIOLOGY OF ETINAGTIIIG
II{FORMATION FROTI IMAGERY ANI'
PRESEilNNG |T TO IIIE USER II{ A
iltEAifiilGFt I WAy'

TNUIIAIIITAMMBI IIT rs sENsoR
TIODETII{G AND MAIIIEMATICS"

-rnu I ulrnAM|llE | !(I
WITH IMAGES'

Figure 3.

ls tt|oDEuitc

FUNDAMENTAI. GOMPONENTS OF
PHOTOGRAMMETRY

SENSOR/PLATFORM MODEIIiIG
EXINAGTIOT{ OF DATA FROM IIIAGERY
DERIVATIOI{ OF INFORMATTOI{
ASCEffAINII{G QUATITY/AOGURACY

ESTIilATE!;
PREI|EiITATIOI{ OF REIiUITS

Figure 4.

in photogrammetry compared to methods de-
veloped in other f ie lds is  vast ly  d i f ferent .
Frequent ly,  other d isc ip l ines seek fast  l inear
formulat ions wi th parameters that  of ten have
nothing to do wi th the physical  sensor mod-
els.  Whi le in photogrammetry we deal  wi th
redundant cases and pay great  at tent ion to er-
ror  propagat ion and robustness,  their  solu-
t ions of ten deal  wi th unique (or  minimal ly
determined) cases.  They somet imes re invent ,
of ten badly,  many techniques wel l  known to
us ,  bu t  t hey  ce r t a i n l y  make  us  l ook  a t  o l d
problems in new ways.  We therefore ac-
knowledge the benef i ts ,  but  we have sol id
and unique approaches that  are not  dupl i -
ca ted  i n  any  o f t he  o the r  d i sc i p l i nes .  I
s t rongly bel ieve that  we can have a s igni f i -
cant  inf luence on several  other d isc ip l ines i f
we can convey to them the value and useful -
ness of  our techniques.

As  an  examp le .  cons ide r  image  i nva r i ance
which is  a technique that  or ig inated in photo-
grammetry and has been advanced and used
in Image Understanding,  IU,  and Computer
V i s i on ,  CV  Many  IU /CV  ac t i v i t i e s  a re
unique to these disc ip l ines,  a l though one can
often der ive equivalents in photogrammetry.
Figure 5,  depicts the task of image t ransfer  as
may be accompl ished by invar iance and pho-
togrammetr ic  techniques.  Given three im-

PHOTOS =
GRAMMA =

METR0N =

TIGHT
SOMETHING IIRAWN
OR WRITTEN
TO MEASURE

EARIY: 'THE SCIENGE OR ART OF
OBTAIIIIING RELIABIE MEASURE.
MEiITS BY MEANS OF PHOTO.
GRAPHStr.

1980: 'PHOTOGRIII IMETRY tS
THE ART, SCIENCE, AND TEGHI{OL.
OGY OF OBTAINII{G RETIABLE
INFORiIATIOII ABOUT PHYSICAT
OBJECTS AI{D THE ENVIROI{IIIEI{T
THROUGH PR(rc$SES OF RECORD.
tl{G, MEASURT{G, AND |NTERPRET.
Il{G PHOTOGRAPHIC IMAGES Al{D
PATTERNS OF ETECTROiIAGNETIC
RADIAI{T ENERGY AND OTHER
PHEI{OTEIIAD.

Figure 2,

Most of the near ly three dozen respon-
dents agree wi th the current  def in i t ion.
Three dist inguished photogrammetr is ts gave
short  def in i t ions,  as shown in Figure 3.  The
components ofphotogrammetry,  as I  have
presented in a var iety of forums, inc luding
many on-s i te courses,  is  in Figure 4.  you wi l l
no te  t ha t  i t  i n c l udes  t he  e l emen ts  o fa l l  de f i -
n i t ions.  Two dist inct  components are charac-
ter is t ic  of  photogrammetry speci f ical ly ,  sen-
sor/p lat form model ing and accuracy
est imat ion or  error  propagat lon.

Others,  notably computer sc ient is ts,  have
discovered photogrammetry.  They obviously
approach i t  d i f ferent ly  and certa in ly make
valuable contr ibut ions f rom which we ben-
ef i t .  We have always taken advantage of  de-
velopments in other f ie lds that  have posi t ive
lmpac t  on  ou r  ac t i v i t i e s .  Bu t  j us t  because  we
exploi t  other tools does not  mean we abandon
our strengths.  The way sensors are modeled
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non-linear and carries all the physical param-

eters involved in imaging, and applies least

squares for estimation with redundant mea-

surements and rigorous consideration ofthe
stochastic model. Although image transfer is

not a usual task in photogrammetry, there is

an equivalent in what we term extended rela-

tive orientation. For comparison, I included
in Figure 5 the two forms of coplanarity of

two rays used in invariance (the F-matrix)
and in photogrammetry (the determinant
form). Figure 5 also shows an example with
three aerial photographs.

An activity, which falls in both computer
vision and photogrammetry, is object recon-

struction. Figure 6 shows comparative results

from invariance and photogrammetry for both

vertical aerial photography and close range
photography. Most ofthe invariance applica-

tions in computer vision deal with imagery

that has strong acquisition geometry. Con-

ventional aerial photography, with weaker
geometry, yields correspondingly less accu-

rate results via invariance analysis compared
with photogrammetric analysis. For the close

range case, the difference in accuracy is not

as marked as that for the aerial case, when

the control configuration is strong (#1 in Fig-

ure 6). When such configuration is weak, the

results from photogrammetry remain essen-

tially the same, while those from invariance

deteriorate significantly. Dependence on ge-

ometry of acquisition, disposition of points,

and other factors (such as estimation ofthe

fundamental matrices), has significant influ

ence on the invariance results. Clearly, when
CONTINUED ON PAGE 743
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Figure 5. lmage fransfer

ages, A,B,C, with a sufficient number of cor-

responding points and/or linear features to

establish the relationships between them, any

feature that appears in two ofthem can be

transferred to the third. In invariance, the for-

mulat ion is  l inear and does not  require.  nor

does it use. interior or exterior orientation el-

ements as parameters. The calculation is

based strictly upon algebraic variables, such
as those involved in the fundamental matrix
or trifocal tensor. Furthermore, because speed
is often important in IU applications, usually
non-redundant solutions without coqsider-
ation to error propagation are common prac-
tice in order to preserve linearity. By con-
trast, photogrammetric formulation is

Aerial Photography

RMS (m) at 9 Check Points, Using 6
Control Points, (BishoP, l:6000)

. Invariance techniques produce less accurate

results than Photografimetry

Figure 6. Obiec't Reconstruction

Close-Range Photography

RMS (m) at 9 Check Points, Using 6
Control Points, (Chemical Engg. Bldg.)

. lnvariance produces results comparable to

photogrammetry for the strong control

configurations #1. (#I:3,5,8,9,12,15;

#2:5,8,9,11,12,14)

nns

lnv. Pho.

dX dY M d)( dY dz

.218 t2'7 156 .055 .031 t46

nns

lnv. Pho.

dx dY M dx dY M

# l t'79 .098 .t24 .149 .091 l l 6

#2 .746 .462 ,344 .198 .091 .086
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High Oblique Photo, H=200m,8 C.P.

An Uncalibrated Hand'held Photograph' 2lXlm fiying heiefit' 8 control polnts

Figure 7. Combined Invariancefhotogrammetric Approach

Vertical Photo, H=6400m

CONTINUED FNAM PAGE 741

ever accuracy is important, photogrammetry

is more sui table.
An excel lent  demonstrat ion of  how we in

photogrammetry take advantage of support-

ing developments in other f ie lds is  depicted

in Figure 7,  for  a combined photogrammetry

and invar iance approach.  The task involved

having an uncal ibrated high obl ique (hand-

held)  photograph and an over lapping stereo
pair  of  t r iangulated aer ia l  f rame photographs,

and performing r igorous registrat ion of the

obl ique photograph to the stereo model .  The

procedure involved the fo l lowing steps:

l .  Extract  contro l  point  coordinates f rom ste-

reo model ,  for  points that  are v is ib le on

the obl ique photograPh.
2.  Apply l inear invar iance technique to est i -

mate invar iance parameters.

3 .  Der ive est imates for  real  camera param-

eters from the invariance parameters,

which are usual ly  d i f f icul t  to get .

4.  Use these est imates as in i t ia l  approxima-

t ions in a r igorous (non- l inear)  photo '

grammetr ic  t r iangulat ion.

QUESTION #2: WHAT D0
YOU THINK ARE THE MOST
SIGNIFICANT ADVANCES IN
THE FIELD DURING THE
PAST DECADE?
Consider ing the var ious components ofpho-

togrammetry that  I  l is ted in Figure 4,  I  wi l l

arrange the comments perta in ing to th is ques-

t ion accordingly:

L lyith Respect to Sensor/Sensing. Signifi-

cant advances have occurred in sensor

technology,  part icular ly  d ig i ta l  sensors,

which are capable ofre laying image data

to users in near/real time. Conversion of

analog imagery to d ig i ta l  form rapid ly

and inexpensively in addi t ion to imagery

already acquired in digital form, has led

to i ts  widespread avai labi l i ty .  This has in-

t roduced new data sources,  ranging f rom

satellite imagery to video, and new non-

professional  users,  but  most  important ly ,

has put  imagery into the computer.  Once

the image is in the computer, distribution

and processing become easier  and the pho-

togrammetr is t  has star ted to consider the

potent ia l  of  apply ing computer v is ion

techniques.  Introducing such techniques

to aer ia l  and space imagery,  as opposed to

industr ia l  appl icat ions,  has posed a s ig-

ni f icant  chal lenge to experts in computer

v is ion.
An example of  v ideo appl icat ion is

shown in Figure 8.  In recent  years,  v ideo

cameras on board unmanned airborne ve-

hicles. or UAVs. has offered a fast and in-

expensive avenue for acquiring near-real

t ime dig i ta l  imagery.  Al though fast ,  l inear

computer v is ion algor i thms are of ten used

by other disciplines, rigorous photogram-

metr ic  v ideo sensor model ing wi th com-

plete error  propagat ion y ie lds more accu-

rate resul ts for  target  locat ion.  Figure 8

compares the accuracy for  two methods of

a s ingle v ideo f rame resect ion using eight

contro l  points.  As can be seen, the photo-

grammetric results are significantly better.

Another activity is the emergence of

SAR as a mature,  accurate image source.

We have seen the successful launch of

RADARSAT and a high-resolut ion (3m)

fol low-on is  p lanned. In addi t ion,  NASA

and NIMA are cooperat ing in the Shutt le
Radar Terrain Mapping, or SRTM,
project ,  which wi l l  produce data ofsuch

ubiqui tous value that  i t  wi l l  be used
world-wide in a myriad of applications.

CONTINUED ON PAGE 746

Video Frame (25' tilt angle, 8 ft. GSD at nadir)

x
Linear Transform (LT) versus

Rigorous Photogrammetry (RP)

RMS (ft) at 8 Check Points (Blue)

Using 8 Control Points (Red)

743

rms

LT RP

dX dY Plan dx dY Plan.

2 ' t ; l 1 9 . 834.1 6 .1 5 .6 8.3
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ERIM generated a high densi ty DEM over
Bosnia wi th their  IFSAR aircraf t .  The
UAVs, current ly  in rapid development,
w i l l  co l l ec t  SAR as  we l l .  SAR i s  becom-
ing a major  source for  mapping.  environ-
mental ,  and inte l l igence appl icat ions.

New spectra l  sensors that  a l low look-
ing at  objects more universal ly  and pro-
v id ing a major  step towards automated
spat ia l  feature extract ion was another ma-
jor  breakthrough in the last  decade.

Related to imaging is  the emergence of
accurate and re l iable auxi l iary sensors.
GPS has provided a revolut ion in both c i -
v i l ian and mi l i tary capabi l i t ies,  for  loca-
t ion,  navigat ion,  and mapping.  GPS and
improved INS play a s igni f icant  ro le in
plat form model ing,  part icular ly  for  t ime-
dependent imaging sensors.

2. With Regard to Data Extraction/Process-
ing:  Widespread inexpensive comput ing
power has changed the photogrammetr ic
problem from one of manual manipulation
of  expensive,  s ingle-purpose measurement
hardware to one def ined by mathemat ical
ana l ys i s ,  l im i t ed  on l y  by  image  acqu i s i -
t ion constra ints and the imaginat ion of the
photogrammetr is t .  This inc ludes al l  facets
of the technology such as comput ing
speed; data storage,  t ransmission,  and pre-
sentat ion;  sof tware development technol-
ogy;  and the lnternet  which are rapid ly
making the disseminat ion of  informat ion
der ived f rom photogrammetry a real i ty .
Col lect ively,  these have lead to increased
user f r iendl iness of  the equipment through
powerful  user inter faces,  permit t ing com-
puter l i terate personnel  to perform opera-
t ions which in the past  could be performed
only by highly t ra ined technic ians.

3 . With Respect to Information Extaction:
The photogrammetr ical ly-der ived infor-
mat ion has also undergone s igni f icant
change. Photogrammetr ic  products are
considered an integral  part  ofGIS. Cur-
rent  product ion techniques for  DEM and
orthophoto bear l i t t le  resemblance to
those ofa few years ago.  Appl icat ions of
photogrammetry have expanded into many
other f ie lds such as environmental  sc i -
ences,  and detect ion and predict ion of
weather phenomena in atmospher ic sc i -
ences.

ll/ith Regard to Presentation of Results:
Conversion to the dig i ta l  domain has
revolut ionized the presentat ion of  the pho-
logrammetr ic  resul ts.  Mul t i -purpose data-
bases are f i rs t  constructed,  then a var iety
ofproducts in many di f ferent  forms are
der ived.  In addi t ion to cartographic (or
map) products,  new types such as "object
models"  or  "s i te models"  have been added
due to working wi th d ig i ta l  imagery.  Of-

ten the main cr i ter ion for  such models
may  no t  be  abso lu te  accu racy .  as  i n  map -
ping,  but  may be v isual  real ism and com-
pleteness.
We are also wi tnessing the bi r th of  other

representat ions,  such as v i r tual  wor lds,  v isu-
al izat ion,  and s imulat ion,  of  which photo-
grammetry is  an integral  part  r ight  f rom the
beginning.

QUESTIOil #3: tflHAT D0
YOU VISUALIZE AS THE
SIGNIFICANT ADVANCES
DURING THE NEXT DECADE?

I . Ilith Respect to Sensors/Sensirg: Sensor
technology wi l l  cont inue to improve,  par-
t icular ly  in f iner spat ia l  and spectra l  reso-
lut ion.  Al though ef for ts wi l l  increase in
the design of  d ig i ta l  f rame cameras,  t ime-
dependent sensing wi l l  expand s igni f i -
cant ly  both f rom airborne and space plat-
forms. Video imaging wi l l  a lso advance
markedly both from manned and un-
manned vehic les wi th s igni f icant  increase
in on- l ine t ransmission.  The ut i l i ty  of
such abundance ofdig i ta l  image data wi l l
be vast ly  improved through a marked im-
provement in the qual i ty  ofsensor/p lat-
form model parameters determined by on-
board auxi l iary sensors.  In essence, then,
the imagery wi l l  be avai lable in a near ly
absolutely or iented form.

Il'it h Regard to P ro c e s s in g/ E x tra c t i on :
Considerable progress wi l l  be made in
merging the act iv i t ies of  photogrammetr ic

I I I G l l T I G H T

processing,  mul t i -spectra l  and hyperspec-
t ra l  image processing and analysis,  image
understanding,  and GIS. This is  expected
to be the area of  s igni f icant  improvement
and advance, part icular ly  in the extract ion
of  spat ia l  features.  Whi le the ul t imate
goal  is  automated extract ion,  the develop-
ment of  ef f ic ient  and robust  tools that  can
aid the operator  in cut t ing down the data
col lect ion t ime would increase product iv-
i ty  s igni f icant ly .  The synergy between
these disc ip l ines has in fact  been the foun-
dat ion ofa basic Research Center sup-
ported by the US Army Research Off ice.
The Center 's  research team is composed
oftwo Groups at  Purdue -  Photogram-
metry and Geospat ia l  Analysis,  and Re-
mote Sensing;  the Inst i tute for  Robot ics
and Inte l l igent  Systems at  the Univers i ty
of  Southern Cal i fornia;  GDE Systems,
Inc.  as an Industr ia l  Partner;  and the US
Army Topographic Engineer ing Center as
a col laborat ing Government Laboratory.
Figure 9 depicts the act iv i t ies of the Re-
search Center in the form ofa f low chart
showing the interact ion between the com-
ponents in order to accompl ish i ts  goal  of
Rapid and Affordable Generation ofTer-
ra in and Detai led Urban Feature Data.

Ear ly resul ts ofresearch act iv i t ies in
the MURI Center are shown in Figure 10.
The top mul t i -color  image is the as-col-
lected HYDICE 210 band hyperspectra l
st r ip.  As we al l  know, a push-broom sys-
tem from an ai rcraf t  f ly ing at  re lat ively
low al t i tude (resul t ing in a 2m GSD) wi l l
suffer from significant distortions as is ap-
parent  in the wiggly appearance of

RAPID AND AFFORDABLE GENERATION OF TERMIN AND DETAILED URBAN FEATURE OATA

TRIANGULATEDiRESTITUTED/REGISTERED
IMAGEBIES OF VABIOUS TYPES

A

IU/CV RESEARCH FOR SPATIAL
CULTURAL FEATURE EXTRACTION^

INTEGRATED TERRAIN/SPATIAL
FEATURE EXTRACTION

VISUALIZATION RESEARCH
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Orthorectilied Image Using Rigorous Modeling by Gauss-Markov Process

Figure 10.

straight features. The spectral classifica-
tion of such an image will retain the same
geometric distortions unless the image is
properly rectified. Sophisticated photo-

grammetric sensor modeling based on

Gauss-Markov stochastic process, and rig-

orous linear feature-based photogrammet-

ric modeling, results in minimization of

the distortions in the orthorectified image.

This a l lows accurate registrat ion of the

spectrally classified image to frame photo-

graphs. Semi-automated and automated

algorithms for spatial feature extraction

are applied to these photographs, taking

advantage ofthe transferred feature labels

from spectral classification.
The establishment ofthe Research

Center, with Photogrammetry as the lead,

is not only an indication of its relevance

but also its importance in influencing fu-

ture development.  As a resul t  of these and

similar efforts, we expect steady improve-

ment in the automation of different model-

ing functions, in addition to extraction of

cartographic features, such as image ori-

entation, surface extraction, and various

object models.
Another advance wi l l  l ike ly be in pro-

viding users with photogrammetric tools

which they can apply to part ia l ly  pro-

cessed imagery and associated support in-

formation to derive the required products

themselves. One individual called these
"userfriendly images. " Sensor model-

ing,  processing of imagery,  and producing

the support information will remain the

function of the expert photogrammetrist.

This is anticipated to be the case for many

products, except for those of large scale

with varied and dense details.
One ofthe individuals who responded

to this question had excellent imagination.

He foresees the development of sensors
which, when pointed at the surface ofthe

earth or planets, return information

about them as wel l  as precise locat ion;  ex-

amples c i ted include existence ofhuman
life, viability ofatmosphere to support
life, mineral deposits, etc., all in real

rime! I don't know about such capability
happening during the next decade - but I

admire a photogrammetrist who dares to

dream a big dream.

3. With Regard to Presentation of Results:
We should expect to see during the next

decade very sophisticated virtual environ-
ments with unthinkable levels of detail.
These will require massive photogrammet-

ric systems to generate the required data

and photo grammetrically correct stereo
viewing systems to present convincingly
immersive environments. An example is

the development of site visualization for

commercia l  real ty.  Imagine giv ing

"Ramada and Marriott Hotels" the ability

to p lace their  bui ld ing models into VR,

seeing what the other developments are in

their area, visiting each room to see the

view out ofthe window, etc. I suspect that

not many people appreciate the amount of
photogrammetry that goes into the con-

struction of a VR model.
The processes needed to provide such

massive data for virtual reality would has-

ten the development oftrue 3D topologi-

cal ly  st ructured data.  This wi l l  a l low ob-
jects that share topological relationships

ofnodes,  edges,  or  areas,  "on top ofor
under," to be unambiguously captured

from stereo imagery within the error lim-

its of the photogrammetric solution.
To illustrate the current state ofvisual-

ization data base requirement, I will show

a " f ly  through" ofabout 3 minutes.  Al l
the work involved in th is i l lustrat ion was
performed by GDE Systems, our indus-
trial partner. For this visualization task,
imagery from four different sources was
used. The f i rs t  two consisted of9x9 inch
frame photography, flown with 60% over-
lap. One strip of 6 images was flown at
25,000 feet ;  and one str ip of  10 images
was f lown at  12,000 feet .  The project  a lso
had eight small format photographs taken
from a helicopter (high oblique) using a
5Omm lens,  and approximately 100 25mm
photographs to be used for high resolution
feature textures. (See web site http://www
.es.com/simulation/rapidsceneapps.html
for flythrough.)

The strip taken at 12,000 feet used 12.5
micrometers scanning resolution, while the
one at 25,000 feet, and obliques used 25
micrometers. Image scan times were on the
order of 7 minutes per image for the 12.5m
and 4.5 minutes for the 25m.

Triangulationi Images were triangu-
lated with HATS, the Helava Automated
Triangulation System. Automatic point

measurement failed for the oblique imag-
ery, but the two nadir strips had excellent
resul ts,  The obl ique images were t reated
in a c lassical  manner and added indiv idu-
al ly  by making bet ter  est imates for  the
projection centers. Overall triangulation
RMS was l /3 p ixel .

The two vertical strips were then used
to create digital terrain matrices. The
Adaptive Automatic Terrain Extraction
technique was used to produce a 20 foot
post spacing for higher altitude images
which required approximately 3 hours of

editing; while the lower altitude imagery
had a five foot post spacing, taking 3
hours to generate the file, and another 10

hours of detailed editing. Orthophoto/
Mosaic was generated, batch process, as a
background, and only required I hour per

mosalc,
Feature Extraction', Some 300 fea-

tures needed to be precisely extracted and

modeled. Semi-automatic processes were
used. The 300 features took approxi-
mately 20 hours to col lect .  Once the fea-

tures were collected, the data was viewed
with SOCET SET's perspective scene
tool ,  in order to decide i fdefaul t -bui ld ing
textures were adequate, or ifand where
hand-held textures needed to be applied.

The hand-held photographs were

scanned on a standard desk-top scanner,
imported into the project  as gener ic tex-
ture images, and then in a semi-automated
routine, applied to the appropriate fea-

tures. This procedure was very involved

and required approximately 40 hours.

Also in th is process was the addi t ion of

"Generic Features" such as cars, trees,

and poles.
The database was then expo(ted and

CONTINUED ON PAGE 749
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viewed wi th the v isual izat ion system. Sev-
eral  synthet ic  f l ight  paths were created
and used to create the MPEG "f ly
through" animation files.

The database was used for  the mea-
surement proposed in the v isual izat ion
system and found to be accurate wi th in I
foot  at  several  known posi t ions.  The data-
base has s ince become the NIMA standard
database for  test ing v isual izat ion systems.

I t  should be abundant ly c lear,  i i rs t  how
much photogrammetry is  involved in real-
is t ic  v isual izat ion.  Second, we have a long
way to go to increase the ef f ic iency of
photogrammetrically constructing such
data bases.

QUESTION #4: DO YOU
AGREE WITH THOSE WHO
CLAIM THAT PHOTOGRAM.
METRY AS A FIELD OF
ACTIVITY IS BECOMING
OBSOTETE?
Almost a l l  the respondents strongly d is-

agreed. And we shouldn' t  be surpr ised in

view ofmy discussion so far .  Some respon-

dents said that  photogrammetry as a disc i -
p l ine has matured or  that  i t  is  "morphing."

But then,  aren' t  most  of the engineer ing and
appl ied science f ie lds,  as they are impacted

by advancing technologies and innovat ions in

related f ie lds? A f r iend forwarded to me in-

formation on a company named Synthonics

Technologies.  Their  pr imary t rademarked
product  is  Rapid Vir tual  Real i ty  (RVR)

which they say "has i ts  roots in photogram-

metry,  a complex science which al lows mea-

surements to be made f rom photographs."  I

guess i t  is  far  f rom obsolete!

THE FINAL QUESTION I
ASKED: DO YOU THINK THE
DIVERSITY OF CURREI{T
ACTIVITIES WARRAI{TS A
CHANGE Ii l  NAME?
This was the one quest ion that  evoked the

strongest  react ion f rom several  indiv iduals;

two examples:
I find that the search for new names is often

a crutch to h ide a lack of  innovat ion in the

true discipline. Sensorgrammetry, or

imagegrammetry might be alternatives, but

the general public still thinks ofany image

as a photograph. A radar image in the news-
paper would probably be considered a "pic-

ture" or a "photo" by most readers. We

have the same problem with sanitation engi-

neers.  bui ld ing engineers,  t ra in engineers
(why isn ' t  a p i lot  cal led a plane engineer?),

etc. Clearly the term "engineer" has become

non-speciltc, and could be argued to have

lost its meaning entirely. On the other hand,

no one is changing it!

I  th ink,  for  reasons ofhistor ical  cont inu-
i ty ,  and to acknowledge the r ichness of  i ts
past ,  we should reta in the name "photo-
grammetry."  But  we should also accept,
and even demand, that  the connotat ion of
the word is  much broader than i t  was 50
years ago. We should not insist, for ex-
amp le .  t ha t  someone  pu rsu ing  a  ca ree r  i n
image processing should begin to cal l
h imsel f  a photogrammetr is t ,  but  we
should ins ist  that  he possess a knowledge
of the fundamentals of  photogrammetry so
that  he does not  make s i l ly  mistakes and
easi ly  preventable misstatements.  For pur-
poses ofpubl ic  re lat ions,  empire bui ld ing,
and other regret table ambit ions f rom
which we suf fer ,  we should stand wi l l ing
to shamelessly use other terms where they
seem useful ,  i .e.  "geospat ia l  image analy-
s is,"  etc.  but  let 's  face i t ,  they are too
cumbersome to achieve common usage. So
we just  use whatever term seems most
useful  in each part icular  context .

The major i ty  of the respondents were by
far  st rongly in favor ofkeeping the term, par-

t icular ly  in v iew of i ts  expanded def in i t ion
given in Figure 2.  A few respondents sug-
gested al ternat ives,  to which I  added several ,
shown in Figure 11.  One can coin a number
ofnames "under"  photogrammetry as I  have

done, only to emphasize that it is indeed in-

c lusive.  Perhaps sensogrammetry or  p icto-
grammetry is  a possib i l i ty .  But  I  am not  pro-

moting that!
I  agree wi th the exper ienced photogram-

metr is t  who wrote:  "There is  an ' image'

problem -  ( l )  People may equate photo-
grammetry wi th 'o ld '  -  l ike hardcopy and
photographs,  and (2)  People may see photo-
grammetry as being just  common sense ge-

ometry -  anyone can do i t . "  A new name
would only part ly  address th is problem. Pow-

NAMEli

PHOTOGRAMMETRY

RADARGRAMMETRY
SARGRAINMETRY
HOTOGRAilMETRY
IRGRAITIMETRY
iISGRAiIilIETRV
HSGRAMMETRV

IMAGEGRAilIMETRY

SEI{SOGRAMMETRY

PICTOGRAMT}IETRY

Figure 11.

erfu l  advocacy needs to come from the pro-
fessional  societ ies who must lead in the con-
t inued pursui t  of  fundamental  knowledge that
under l ies photogrammetr ic  analysis and in
the aggressive development and assimi lat ion
ofnew techniques.  This wi l l  guarantee that
photogrammetry and i ts  re lated disc ip l ines
will continue to be the rich source of innova-
t ion and accompl ishment that  have character-
ized i ts  h istory up to now.

CONCTUDING REMARKS
Is  there any doubt in any one's mind that
photogrammetry is  as re levant  now as i t  has
ever been? With the divers i ty  of  sensors and
the ever increasing demand for topologically
structured three-dimensional  data bases,  I  see
an enhanced and expanded role for  the photo-
grammetrist in the future. Of course that pho-

togrammetr is t  wi l l  have learned many more
subjects and t ra ined to use di f ferent  technical
tools than his predecessor.  No matter  how
much some people c la im to the contrary,  au-
tomated image interpretat ion and understand-
ing is  a long way f rom being achieved. You
can pi t  a re lat ively untra ined and modest ly

educated indiv idual  against  the largest  mul t i -
node paral le l  computer,  and he would win ev-
ery t ime in understanding an image almost
instantly and with near perfect reliability.
Therefore:
(  I  )  convent ional  manual  and manual  ly  as-

s isted photogrammetry has a long and pro-

ductive life ahead
(2) there is  lots o i  exci t ing research to pursue

with huge payof fs for  each incremental
step forward.
Model ing,  s imulat ion and enter ta inment

specia l izat ion wi l l  provide added dr iv ing
need for  the photogrammetry profession in
the future.  At  the same t ime, the photogram-
metr ic  f ie ld may be more adaptable to ad-

dressing the complexi t ies in explo i t ing spec-
tral imagery. Spectral imagery mensuration
is going to be a s igni f icant  chal lenge and the
photogrammetr ic  r igor may prove to be an

important  underpinning.
Due to the technological  advances in pho-

togrammetry and the widespread use of  d ig i -

ta l  imagery,  there are more diverse problems

to be solved.  Therefore,  sc ient is ts and engi-

neers f rom other d isc ip l ines may perhaps

contr ibute to photogrammetr ic  research more

now than in the past .  However,  none of the

contributions will replace the work per-

formed by the photogrammetr is t .  This is  par-

t icular ly  t rue for  non-frame imagery soon to

be commercia l ly  acquired f rom space at  com-
parably h igh resolut ion to current  aer ia l  pho-

tography.
I t  is  c lear that  whi le the f ie ld of  photo-

grammetry is  as v ibrant  and needed as ever,

there is  that  l i t t le  doubt that  other areas of

technology wi th fancier  names and v is ib le ap-
pl icat ions (such as robot ics)  may present a
threat .  To erase that  doubt,  market ing the v i

CONTINUED ON PAGE 751
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tal i ty  ofphotogrammetry is  cr i t ical ,  and that

is  the ro le of the professional  societ ies.  In a

sense,  we perhaps are becoming v ict ims of

ou( success, which reminds me of a short
story:

Three scient is ts,  one in computer graph-

ics,  another in computer v is ion,  and a
photogrammetrist were convicted to die

by the Guillotine. The first approached,

said h is prayer,  p laced his head in the
proper posi t ion,  but  the mechanism fa i led

and the Gui l lot ine did not  fa l l .  The au-

thor i t ies said that  the process cannot be

repeated and he was set  f ree.  Next ,  the

computer vision scientist went through the

same steps and again the mechanism mal-

functioned. Now it was the photogram-

metr is t 's  turn.  As he aPProached, he
stopped and told the guards: "You know, I

have watched the mechanism carefully,
and if you want me to, I can certainly fix

the problem first!"
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IMPORTANT NOTICE
Due to a printing error, the Cover Image text on page 64 I of the lune
1999 of PE&RS issue is incorrect. The June cover imagewas provided

by Applanix Corporation, NOT DAT/EM Systems lnternational The
correct text is printed below. We regret the error and advise you to
place the errata sheet that came with the iournal inside the front of
your June issue for future reference.

Applanix's integrated inertial/GPS Position and Orientation System for
Airborne Vehicles (POS/AV) has found a wide range of applications
with airborne sensors. One of the more interesting ones is airborne
laser scanning. tn order to remove the aircraft motion-induced geo-

metric distortion effects and provide precise geographical coordinates
of the ground data, the position and orientation of each laser pulse

must be precisely measured, t ime-aligned and recorded. This process

results in high-accuracy Digital Terrain Models (DTM) that can be
turned around in a matter of hours.

The DTM on the front cover of the lune I 999 issue of PE€,RS is of the
University of Florida campus in Gainesvil le. The image was obtained

using Optech's ALTM l2l0 - l0 kHz, and Applanix's POS/AV at
2000m AGL. There are four separate fl ight l ines tied together to create

this image, which consists of 350,000 points and took two minutes to

collect. The elevation accuracy is better than l0 cm

For further informatlon on POS/AV, contact Applanix Corporation
at 9O5-41 5-222 t, info@applanix.com, or wvrw.applanlx.com. For

addltlonal lnformatlon on ALTM, contact lim Green at Optech Inc.,

4l 6-661 -5904, ltmg@optech.on.ca, or (http:/Avww'optech.on'ca)

www.optech.on.ca.
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