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EXECUTIVE SUMMARY

The SoftPlotter, a soft photogrammetric software and Silicon Graphics workstation, was used
to evaluate the accuracy of soft photogrammetry and identify applications of this technology to
highway engineering.

A comparative study showed that SoftPlotter compares well with other software such as Socket
and Integraph. The PC software TNT mips is inexpensive but needs further development to be
comparable to SoftPlotter.

The Campus Project showed that soft photogrammetry is accurate for traditional
photogrammetric applications. It is also accurate for producing orthophoto and base maps for
Geographic Information Systems (GISs).

The Highway Project showed that soft photogrammetry is accurate for highway engineering
and that the technical staff at the Iowa Department of Transportation (IA DOT) can be easily trained
in this new technology.

The research demonstrated that soft photogrammetry can be used with low-flight helicopter
photography for large-scale mapping in highway engineering. The researchers recommend that
research be conducted to test the use of digital cameras instead of the traditional aerial cameras in
helicopter photography.

Research that examines the use of soft photogrammetry with video logging imagery for
inventory and GIS studies in highway maintenance is also recommended.

Research is also warranted into the integration of soft photogramnmetry with virtual reality,
which can be used in three-dimensional designing and visnalization of highways and subdivisions in
real time.

The IA DOT owns one analytical plotter and two analogue plotters. The analytical plotter is
used for aerial triangulation, and the analogue plotters are used for plotting. However, neither is
capable of producing orthophotos. Therefore, the researchers recommend that the IA DOT purchase
soft photogrammetric workstations for orthophoto production, and if and when required, use it for
aerial triangulation and plotting. In the future, the analogue plotters may become obsolete. At that
time, the researchers recommend that the analogue plotters be phased out and replaced by soft
photogrammetric workstations.
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CHAPTER 1. INTRODUCTION

A highway engineering project involves planning, preliminary survey, design, location survey,
construction, and maintenance. Topographic (topo) maps, aerial and satellite photography are used
to plan the project. Plan, profile, cross-section, and large-scale topo maps produced by the
preliminary survey are used in the design work. Its maintenance requires an “as -built” survey and
field inspection.

Topographic maps and cross sections for highway applications are now produced by |
photogrammetry. Highways are designed on plan, profile, and cross-section maps, and the as-built
survey is done by field inspection, using this design map. For highway engineering, photogrammetry
uses large-scale photographs (I inch = 250 ft to 1 inch = 300 ft) to produce 1 inch = 50 ft and 1
inch = 100 ft topo maps showing 2 ft to 5 ft contours and cross sections. Photographs are obtained
by precise metric aerial cameras. These photos are used in analogue and analytical stereoplotters to
produce topographic maps and cross sections.

With the advent of computer and electronic techmology, conventional photography can be
replaced by video imaging technology. In this technology, the film is replaced by equally spaced
detectors on the film plane. Each detector produces a response signal, known as a radiometric value,
that is proportional to the light received from the corresponding element of the object being
photographed. When projected on the TV or computer screen, this signai produces the image of the
object. Unfortunately, due to the lack of geometric properties, many of these video images cannot be
used in photogrammety. However, the film from aerial cameras can be scanned electronically to
produce the radiometric values at equal intervals. Each interval is known as the pixel size. The
quality of the scanners and the video depend on the accurate positioning of the detectors on the
image plane and the accuracy of response of the detector. The position of the pixel and analytical
photogrammetric principles can be used to determine the space location of the object. The feature
classification of the object can be obtained by using the radiometric values and the remote sensing
principles. The technology, which uses the position and radiometric values of the pixel to determine

the spatial location of an object and identify it, is known as “soft photogrammetry.” Theoretically,
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soft photogrammetry can be used to produce topo maps, cross section, and/or digital elevation models
(DEM) automatically in digital or soft copy. These soft copies can then be used as the base maps in
Geographic Information System (GIS) and Computer Aided Design (CAD). Surveyors, planners, and
design engineers can add attribute data on the GIS base map for project management. Engineers can
use the CAD base maps for designing a highway. The CAD files created by soft photogrammetry
contain three-dimensional (3-D) information. Soft photogrammetry also produces 3-D stereo images
on the computer screen. Design engineers, planners, and the general public can use soft
photogrammety to view, in 3-D, the effect and the accuracy of the design on the computer screen
before the highway is constructed.

Video logging is currently used in highway maintenance. Soft photogrammetry can use
these videologging images to produce an as-built survey map and to identify and locate areas having
maintenance prébiems. The as-built survey map can also be used to check the accuracy of
construction, note vandalism, and collect inventory data. Location and identification of problem
areas are invaluable for managing and maintaining a safe highway.

During the last 30 years, soft photogrammety (U.V. Helava, 66, Pertl Alfred 1986) has
replaced analogue and analytical photogrammetry. Autometric, Leica, Intergraph, and Zeiss have
developed software for such workstations as Silicon Graphics, Sun, and Integraph, which have fast
processots (200 Hz) and large storage capabilities. This software can be used for the usual
photogrammetric applications such as aerial triangulation, orthophoto, stereoplotting, and DEM.
Further, this software can be used for producing the digital .base maps used in GIS, CAD, and remote
sensing. Unlike in analytical photogrammetry, the software and hardware in soft photogrammetry
can be used with simple modification in terrestrial photogrammetric work (video logging in
highways), and close range photogrammety (in medicine).

The objectives of this study are to:

(1) study the SoftPlotter software developed by Vision International and compare it with

other software such as Socket, Intégraph, and TNTMips.



(2) check the accuracy of soft photogrammetry for aerial triangulation, stereoplotting, DEM,

contours and base maps for GIS, based on the Campus Project.

(3) check the accuracy of soft photogrammetry for highway application and describe the

problems of technology transfer based on the Highway 218 Project.

(4) describe special applications of soft photogrammetry for highway engineering using

video logging imagery, helicopter photographs, and virtnal reality.

(5) give the conclusion and make recomimendations

The Campus Project shows that soft photogrammetry works well for aerial trianguiation,
stereoplotting, contouring, and creating base maps for GIS. On the basis of the Highway 218 Project,
the researchers concluded that soft photogrammetry produces accurate results in highway
engineering applications. Additionally, personnel can be easily trained in this new technology. The
Helicopter Project demonstrates that soft photogrammmetry can be adopted for large-scale mapping

using low-flying helicopter photographs. The use of soft photogrammetry with video logging

\ imagery and virtual reality is also promising. "I‘he researchers recommend that further research be
conducted to investigate the use of soft photogrammetry with video logging for highway inventory.
The researchers also recommend that research be done in integrating soft photogrammetry and

virtual reality.
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CHAPTER 2. SOFT PHOTOGRAMMETRY AND RELATED SOFTWARE

Photogrammetry is the art and science of making

measurements on photographs. A photograph is the image of

fnage  gxi, vl ’
or e fitm or

datector

objects formed by light reflected by the objects and transmitted
o through the lens on silver halide emulsion film. The halide

l/ ! sxovezd) | emulsion consists of 20-um particles that react to the photon
AE—

Figure {2.1) energy of the light and precipitate silver halide, depending on

Process of Photography .
the amount of this energy. The “texture “ and tone” of the

image is used to identify the object. The location of the object (Xg, Yg, Zg) in a ground coordinate

system (X, Y, Z) is determined from:

a (X, ~X)H)+da , 2, = Z
x.=“f ||( g lz(ys -y(]) I3(5, .(}) (1)

’ a31(xg_xo)”*"an(yg”"yo)"‘aas(zg_Zo)

a, (X, —x)+ Ay (Y, — Vo) +ay(z, — 2,)

Ay (%, = X))+ ay, (Y, — ¥o) + (2, — 2p)

y ==f

i

(2)

where (x; y; /) are the image coordinates in the photo coordinate system (x, ¥, z). (Xp, Yy, Z p) are the
nodal point coordinates in the ground coordinate system. “f” is the principal distance, which is the
perpendicular distance from the nodal point to the film plane. The parameters (a7 . a33) are the
elements of the rotation matrix that rotates the photo coordinaie system parallel to the ground coordinate

system and are given by

a, a, a5} [cos -—sink Ol cosg 0 sing1 0 0
=|sink cosk 0 0 i 0
5 0 0 Il ~sing 0 cosé

ay, Gy Oy 0 cosw -—sinw

sy dy Uiy _iO + 8@ COS®

1
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where ® is the primary rotation about the x axis, ¢ is the secondary rotation about the y axis, and  is the

tertiary rotation about the z axis. See Figure 2.1.

Photogrammetry determines the ground coordinates of any point in the image. The first step is to
determine the photo coordinates of the image point. This is determined by calibrating the camera. The
calibration of the camera determines the principal distance,
location of the principal point, and the lens distortion at any point. The primary and secondary axis are

Geometry of Camera system

defined by fiducial marks in the film plane. When the

e coordinates of the fiducial marks in the x, y system are known,

g P Ficuicial
Marks

z if the photo coordinates are determined by measuring the film

coordinates or pixel coordinates of the image points and the

e,
\ fiducial marks. See Figure 2.2. In analogue photogrammetry,

Figure (2.2)
the photo coordinates are determined manually by orienting the

fiducial marks on the film with that of the projector. In analytical photogrammetry, the film coordinates
are measured by a stereo comparator. A stereo comparator is a special, optical mechanical instrument
that measures x, y coordinates to £ 1 micron. However, in soft photogrammetry'the pixel coordinates are
measured on the computer screen by placing the cursor on the image point. The selected image area can
be displayed by zooming in and out, and the cursor can be placed on the image point. The film is
scanned by a scanner consisting of electronic detectors that record the signal strength of the light
transmitted through an area of the film corresponding to the area of the detector known as pixel size. A
scanner consists of an array of detectors. There are drum and flatbed scanners. In the flatbed, the
detector moves in both x and y directions, while in the drum scanner, the drum rotates the film and the
detector moves along the axis of the drum. See Figure 2.3, Though faster, the drum scanner is generally
less accurate than the flatbed. The accuracy of the pixel coordinate depends on the display resolution and

on the size of the pixel and cursor.



Flat bed Scanner

flm
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- Gategtor
pixel stza It

“{ }

fo | light source

Figure (2,3)

Window Display

———

N oy
.~ e

e,
~.
A

i

Figure (2.4)

See Figure 2.4. Using conventional photography, the comparator
will give the most accurate photo coordinates. However, soft

photogrammetry is most suitable to process digital or video camera

imagery.

The second step is to determine the exterior orientation parameters
X0, Y0, Zo, ¥, ¢, and ©. This is done by selecting or pre-marking
at least three points that can be identified on the photo, then
determining their ground coordinates by ground survey method,
and finally measuring their photo coordinates. In both soft and
analytical photogrammetry, the parameters are determined using

Equation 1 and 2 and the method of least squares. However in

analogue photogrammetry a stereo plotter is used. From Equation 1 and 2, it is obvious that knowing the

exterior orientation parameters and the photo coordinates, to determine the ground coordinate three

Exterior Orientation of a Stereo Pair

equations are needed instead of two equations (1 and 2).

X1, ¥ i, v

{30, Vo, 28, X', Yo', Ze

K, 6) K, 4, 0)

x,v, %)

Therefore a stereo pair of imagery is used where photo
coordinates (x;, v) and (x’j, y'{) from the two photos of the
same ground point will generate four equations to calculate the

ground coordinates (X, Y, Z).

Figure {2.5)

See Figure 2.5. In analogue photogrammetry, the 12 exterior

orientation parameters (Xq, Y0, 20, K, 0, ®; X0, Y0, 270, 7, ¢, © ") of the stereo pair, Figure 2.5., are

determined in the following four steps: (1) by relative orientation, five elements, typically By = Y’ ¢-Yq,

Bz =20-Zo, A =x-x‘, Ap = ¢'-¢, and Aw = @ -0 are determined; (2) using these five elements, the pair

is combined to create a stereo model, which can be viewed in stereo; (3) by scaling the element, Bx = x’-

x() is determined; and (4) by leveling, ¢ and @ are determined. In the final step of orientation, « is
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determined. Ground controls by ground survey methods are expensive and time consuming.

Alternatively, they are determined by the process of aerial or photo triangulation. In aerial triangulation,

photographs are taken at different scales to meet the required project mapping scale.

Flight Planning

T
A M LS
# Suip *
{
1
i
ok .% . L4 »
i k]
|
 strip ;2
s . A
Legend
A Tontro! goint
» Paespoial
Figure (2.6}

Depending on the project size and scale of the photography, strips
of .photographs are obtained such that adjacent photographs have
50% to 60% overlap and adjacent strips have 20% to 50% overlap.

See Figure 2.6.

Thus the ground control points required to determine the exterior

orientation parameters are minimized. Using only a minimum of three to four ground control points, it is

possibie to determine the ground coordinates of points that are common to two models or two strips. The

common points are known as pass points. In analytical and soft photogrammetry, the coordinates are

determined by a simultaneous least-square procedure in which the photo coordinates of all pass and

ground control points are processed simultaneously to give the exterior orientation parameters. However,

in analogue photogrammetry where the models are formed by relative orientation, the models are joined

to form a strip by three-dimensional transformation, and the strips are joined to form a block. The block

coordinates (X;,, Ym Zy) are then transformed to ground coordinates using

x, 1 Tx,] [x]

e
yg =R ym + y’.f‘
Zg_J Zm_l ZT_I

where R is an orthogonal matrix and (X7, Y7, Z7) are the translation elements. The matrix R, which is a

function of x, ¢,and ®, and the three translation elements are determined by using three or more control

points. Mechanically, the models and strip are joined by scaling and leveling.

2-4



The third step is to determine the spatial coordinate (xg, yg. zg) of any point in the overlap area.
In analogue photogrammetry, once the exterior orientation parameters are determined, the projectors
containing the film are oriented accurately and the rays from a corresponding area of adjoining
photographs are projected and viewed by the left and right eye simultaneously to give a stereoscopic
effect. See Figure 2.7. The observer matches the identical image in stereo and determines the
coordinates manually.

In analytical photogrammetry, the observer views the rectified images instead of the projected

Stereo Martching images. The rectified image (xp, ¥y for a given image (x; y;) is

P .
given by

= ay(x)+d, y vady f
JCr - _f v . ; (3)

levation a5 (x.-‘) F A, Y,y f

o, ‘ ‘

:_fazl(xi)+a22yi+a23f @

e - T (x)+dy,y,+dy f

KN 2 Vi 33,

Projecttion Geometry :
where A’ = AT. See Figure 2.8. The observer matches the

identical image in stereo and the coordinates (xg, Vg Zg) are

determined by computer software using Equation 1 and 2.

In soft photogrammetry, the coordinates are transformed to

Figure (2.8}
epipolar coordinates (Xe, Ve) so that the x-axis is in the

Epi-polar Geometry direction of the photo base of the stereo pair. See Figure 2.9.

AV Ze This gives the observer the view in the epipolar plane even

though the images are displayed on the computer screen.

< L Th
wagﬁ & (Xea Ye)
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X, cos@ —sinéY x, x'o —x0
= andtan @ = | =1 (5)
. sin@ cosd Ny, yho—x%

where (x7, y1, 2 o) and (x2p, ¥20, z2p) are the nodal point coordinates of camera 1 and camera 2 in

the ground coordinate system, assuming Z = Z’(.. In aerial photogrammetry Zg = Z’¢ but in terrestrial

. . Z
photogrammetry this is not true. In this case, the second photo must be scaled by (MZW;QW]( x',, y'e) :
G
The images of the right and left photographs are displayed alternately on the screen while the

observer looks through a synchronized stereo emitter glass to get the stereo view. Typically, the images

are alternated every 1/60th of a second. See Figure 2.10.

The fourth step is to produce the planimetric
and contour map. In both analogue and
analytical photogrammetry, data for these
maps are manually collected in digital form by
the operator énd then displayed using CAD

computer software. However, in soft

photogrammetry these functions can be
performed both manually and automatically. Fig 2.10 Stereo Viewing
When done automatically, the process is called “image znatching.” In image matching, the objective is to
identify and locate the conjugate pixel, (x"¢, ¥'e). In the second photo, this corresponds to a pixel (xe,
ye) of the first photo using the gray scale g(xe, ye) or the radiometric values at the pixels and the cross-
correlation equation

X=X Y=y,

Z Zgi(xe:ye)*gz(x'umivy|c—-.j)

X=Xo ¥= Vo

S g Gy )Y gy (K iy e =)

(i, j) =
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where (yj-yg+1) and (x1-xg+1) define the window size or the image size of the object to be identified,

Window Size

Window

Search Area

Figure (2.11)

and the Iimits of i, | are defined by the search range. See Figure
2.11.

Given (Xg, ye), the (x’¢, Y'e) can be calculated for an estimated
elevation such as average ground elevation using Equation 3 and 4.
The range of (¢, ¥'¢) 15 then limited to the expected variation in
elevation and the error in determining the exterior orientation

parameters. The location is given by (X’e-i, X’e-j), which gives the

maximum correlation ¢; j. According to basic photogrammetric principles, the range of y’e will depend

on the error in the exterior orientation parameters, and the range of x’¢ will depend on the variation in the

elevation. Assuming an error (o) of 2 pixels due to errors in exterior orientation parameters, the range in

d

. . .. dh
Ve is (-30 to +30), which is -6 to 6 pixels. The range in X is given by }x}—dh; if I =0.10 or 10% and

Lrror in Exterior Orientation Parameters

&y
-y - v,
Ve
5
N /
\ /
\\ /
\‘
mw\w—/
.\ \ I\
) p
Range i
Figure [(2.12)

Xe = 200 pixels

then the range is -20 to 20 pixels. See Figure 2.12.

In planimetric mapping, the window size will depend on the
feature, the scale, and the location, etc. The automatic planimetric
mapping is being developed, and this technology should be
available in the near future.

Contours are drawn by software such as Surfer, which uses

elevations at a number of points in the area to interpolate the contours, The points (xg, Yo with known

elevation zg are known as DTM or DEM points. Typically, DEM are collected at even spacing. In the

automatic creation of DEM by soft photogrammetry, the window size will depend only on the ground

spacing; therefore, it can easily be collected rapidly. Because of the different adjoining features,

reflectance, elevations, etc., the correlation may not find the location precisely, but this uncertainty can be
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predicted. In practice the DEM are edited manually. Most soft photogrammetric software have the
capability to do so. Only soft photogrammetry can automatically extract DEM, neither analytical nor

analogue photogrammetry can do so. Extraction of DEM in terrestrial photogrammetry is difficult as

% >> (.1 and the range is difficult to define.

2.1. Soft Photogrammetry and GIS
Geographic Information System (GIS) is a layer of computer maps with attribute data for all
points, lines, and polygons in the map of a given geographic area. GIS software enables one to display,

query, and analyze the data using the computer maps and attribute data stored in the database.

T - uesismen 1 Figure 2.13. shows the different layers of maps used in GIS. The
) ¥ Land Use map,

Political map
- Topographlc map,

control network map shows the ground control points that are used

gz Envieonmmental map to link layers of maps for a given area and maps of different areas.
3 w " Propeny Survey map
AAA A A% Control Network map

The accuracy of the ground control point locations may vary from =+

Figure (2.13)
1 em to + 100 m. The ground control points could be displayed in

The GIS Concept

different coordinate systems such as spherical coordinates (@, A, h),
state plane coordinates (N, E, elevation), and Universal Transverse Mercator (UTM) coordinates. The
layers of maps of different scale and accuracy are produced using some or all of the same control points,
and these maps can therefore be linked together. At present, the most accurate ground control points are
determined by GPS. As seen in Figure 2.13., the base maps that control GIS are the control network,
topographic, orthophoto, and cadastral survey maps. Aerial triangulation in soft photogrammetry can be
used to determine the spatial coordinates of a number of control points. Soft photogrammetry can also be
used to produce the topographic and orthophoto map. “As-buiit” and cadastral survey can be produced

by soft photogrammetry. Soft photogrammetry is therefore invaluable for producing and maintaining a

GIS.
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2.2. SeftPlotter

“SoftPlotter” is a soft photogrammetric software developed by Autometric and currently
marketed by Vision International. The SoftPlotter is designed to run on a high -performance Silicon
Graphics hardware workstation. A speciélly developed three-dimensional (3-D) input device (3-D
Softmouse with foot pedal) suitable for intensive operator interaction, a dual-headed hardware
configuration, crystal eve stereo emitter for displaying the stereo image, and crystal glass eyewear for
viewing the stereo image are part of the system. The system needs about 64 MB memory for processing
the data and about 2 to 6 GB of internal and external disk space for data storage. The software generally
comes in CD and tape. In this setup, the CD is used as an input device and the tape for both input/output.
The system can also be connhected as a network that can be used to transmit data and for operating from a
remote workstation. The sofiware and data are usually backed up on the tape every week. Appendix A
illustrates the hardware setup,

The SoftPlotter is organized into tools. The tools communicate via data files and are individual

executables with subordinate executables, Figure 2.14 shows the different executable tools.

Figure 2.14. SoftPlotter Primary Menu

The concept of a “project” is used by the product to force a de facto organization on the user. The
Production Manager (PM) tool provides for project visualization and data management. Block tools

enable the user to measure photo coordinates, input ground coordinates and camera calibration data, and




determine the exterior orientation parameters. Stereo tool enables the user to view stereo; DEM tool
enables the user to create automatic DEM, Surface tool enables the user to edit DEM, Ortho tool to ¢reate
orthophoto, KDMS tool plots planimetry, and Imagine facilitates image classification. Appendix B
describes the software setup.

A number of soft photogrammetry software are available. A comparison of the different software
was done. However, a comprehensive study of the software is not possible because access to the
software and special hardware was not available. Appendix C gives a brief comparison of SoftPlotter
with “Socket,” a software developed by Leica, that can run on SGl. It also compares SoftPlotter with
Intergraph, which runs on Intergraph wokstations, and SoftPlotter with TNTMips, which runs on PCs.

SoftPlotter is comparable or better than the other soft photogrammetric software available.
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CHAPTER 3. CAMPUS PROJECT

in 1994 aerial photographs were taken of the lowa State University (ISU) main campus, The
control and check points for these photographs were established with Global Positioning Syatem (GPS).
The photographs were scanned using a HP ScanJet 3C with a resolution of 300 dots per inch {dpi) (= 80
1m), available at no cost for this research. These digital images were used to familiarize the researchers
with the soft photogrammetric technology. Using the 1SU equipment, '.the researchers evaluated the

accuracy of the soft photogrammetry in this research.

3.1. Accuracy of Photo Coordinates

The accuracy of photo coordinates depends on scanner resolution and the pixel size of the scan.
The scanners used in soft photogrammetry are Vexcel and Wehrli, which are very expensive.

A test was conducted to evaluate the accuracy of the scanners, HPScanlet 3C and 4C. The 4C
has a resolution of 40 1 or 600 dpi. These scanners have a size limitation of only about 90% of the
stan{‘lard 23 cm x 23 cm aerial photograph and can be scanned in the x direction, while its full length can
be scanned in the y direction, giving about a 10% overlap between adjacent models in a strip, which is
acceptable for this research. Because of the size limitation, only five of the eight fiducials can be used for
interior orientation, which is sufficient.

The root mean square (RMS) errors after interior orientation using ScanlJet 3C and 4C with
different pixel sizes are shown in Figure 3.1. and 3.2. For a 25-um pixel size, the optimum RMS for 3C
is about 30 pum and for 4C is about 10 um. Thus the accuracy depends on the scanner resolution and not

on the pixel size.
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Figure 3.1. RMS vs. Pixel Size for HP Scanlet 3C
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Figure 3.2, RMS vs. Pixel Size for HP Scanlet 4C

The resolution of an aerial camera is about 20 pm. From the above figures, the maximum
expected accuracy of measurement from this imagery is about 8 um. Thus if using the 3C scanner

produces an accuracy of 30 pm, then using the 20-pm resolution scanner should provide an accuracy of

10 pm or better.

Since a 25 pm x 25 um pixel size gives about 84 Mb of pixels for a standard 23 cm x 23 cm

aerial photo, the HPScanlet 3C with 25 um pixel was used in this project.
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To test the accuracy of soft photogrammetry in determining the photo coordinates, the
measurements of points obtained in 1993 using a Wild stereoc comparator were used for comparison.
Table 3.1 shows the difference in the coordinates obtained by soft photogrammetry and by the stereo
comparator. Points with difference > 100 um are due to the fact that the points measured are not the
same. Differences of about 40 um to 5{0 wm in pass point coordinates are attributable to the inability of
the Wild comparator, unlike SoftPlotter, to identify and measure the coordinates on adjacent photos
simultaneousty. Table 3.1. shows that the standard error of difference in the photo coordinates is about
40 um, which agrees with the expected accuracy in the difference of the coordinate because the scanner

accuracy is 30 m and the accuracy of the pass point coordinates of the Wild comparator is about 20 um.

Table 3.1, Comparisons of Photo Coordinates between SoftPlotter and Comparator

“#* > for difference larger than 100 micrometers. All numbers are in micrometers
Image Measurements for Photograph No. 9401
From SoftPlotter From Comparator Differences
' Point Film X FilmY Photo X | PhotoY AX AY Remarks
ID
161 -932.15 | 79119.03 | -905.10 | 79101.50 -27.05 17.53
162 -9188.80 | 16298.20 | -9152.80 | 16310.90 -36.60 -12.70
163 | -13443.38 | -43817.30 | -13428.00 | -48813.45 | -15.38 -3.85
172 34535.24 | 6967.18 | 34520.00 | 6946.80 15.24 20.38
1710 | 61363.68 | 7361446 | 61354.60 | 73613.60 9.08 0.86
173 69772.81 | -60582.64 § 69751.00 | -60571.30 21.81 -11.34
1720 | 5789744 | 6062.60 | 57853.70 | 6050.20 43.74 124
943 20856.81 | 37374.15 | 20909.80 | 37343.50 -52.99 30.65
941 78680.45 | 71488.16 | 74932.10 | 7440021 | 3748.35 | -2912.05 ok
942 76788.05 | 12908.68 | 76087.90 | 12980.40 | 700. 15 -71.72 *
944 63187.59 | -38611.80 | 63270.20 | -38631.61 -82.61 -19.81
STD of the differences excluding X Y
the ones with “ * 40.29 27.65
Image Measurements for Photograph No., 9402
From SoftPlotter From Comparator Differences
Point Film X Film Y Photo X Photo Y AX AY Remarks

ID '
161 -94511.13 | 81606.84 | -94331.40 | 81612.00 | -179.73 -5.16 *




162 1 -102560.90 | 1665724 | -102394.51 | 16675.00 | -167.39 -17.76 *
163 | -106505.31 | -50540.21 | -106359.00 | -50540.40 | 146.31 0.19 *
172 -56043.80 8455.56 | -55935.00 | 84672.00 -108.8 -11.64 *
1710 | -28013.32 | 77881.22 | -27943.00 | 77900.50 | -70.32 ~19.28
173 -17416.02 | -59775.31 | -17407.00 | -59788.50 -9.02 13.19
1720 | -3 1263.23 8306.74 | -31220.00 | 8310.40 -43.23 -3.66
181 42941.05 7331971 | 42879.40 | 73289.70 61.65 30.01
1820 41436.42 10818.99 | 41358.00 | 10779.60 78.42 39.39
943 -71075.64 | 3929231 | -70909.00 | 39300.02 | -166.64 -7.71 *
941 -9453.54 76237.38 | -13484.00 | 7912820 | 4030.36 | -2890.82 *
942 -11185.8 1597492 | -11909.00 | 16048.10 | 723.20 ~73.18
944 -24116.63 | -37433.31 | -23993.10 | -37431.10 | -123.53 -2.21
945 42659.98 | -17636.50 | 4131450 | -14172.50 | 1345.48 | -3464.00 o
946 30141.46 76223.35 | 33131.60 | 76182.90 | -2990.14 40.45 *
STD of the differences excluding X ) 4
the ones with « * « 58.21 28.48
Image Measurements for Photograph No. 9403
From SoftPloiter From Comparator Differences
Point Film X Film Y Photo X Photo Y AX AY Remarks
ID
173 | -109678.47 | -54919.60 | -109677.00 | -54948.93 -1.47 29.33
181 -44340.89 : 82497.33 | -44350.50 | 82450.20 8.61 47.13
1820 | -47050.95 1720077 | -47054.10 | 17163.20 3.15 37.57
941 -100954.80 | 85496.31 | -105472.11 | 8847230 | 4517.31 | -2975.99 **
942 1 -103389.80 | 22453.43 | -104189.13 | 22505.80 | 799.33 -52.37 *
945 -45495.74 | -12047.81 | -46991.00 | -8523.80 | 149526 | -3524.01 o
946 -58222.93 | 85553.60 | -54978.00 | 85450.20 | -3244.93 | 103.40 *
STD of the differences excluding X Y
the ones with “ * « 5.36 42.53
I | |

3.2. Accuracy of Aerial Triangulation by Soft Photogrammetry
The accuracy of triangulation depends on the ground coordinates of control points and the photo
coordinates of control and tie points, the resolution of the imagery, the percentage of overlap between
photos, the scale of photos, the camera, and the atmospheric conditions. Here, the objective is to study
the accuracy of aerial triangulation by soft photogrammetry using the imagery scanned by the ScanJet 3C

from a 1993 campus 1:3000 scale photograph and to compare the results by analytical photogrammetry.



The analytical photogrammetric aerial triangulation was done by two software paaackages: Albany (an
industrial software) and Calib (a research software).

In SoftPlotter, the scanned imagery is imported and stored in the job data directory together with
the camera data using the “PM” tool. The “Block™ tool is then activated and the imagery is calibrated.
The pixel coordinates of pass points and control points are measured simultaneously, either automatically
or manually, on three adjoining photographs. The coordinates of ground control points and any availabie
values of exterior orientation elements are added. The triangulation software is then executed and the

results are viewed.

3.2.1. Results of aerotrianguiation

Three different types of aerotriangulation methods are used here. They are Albany from ERIO, Calib
from Jeyapalan, and SoftPlotter from Vision International. The results from the three different software

are shown in Table 3.2,

Table 3.2. Comparison of Triangulation Resuits Using Three Different Software Packages

Parameter Photograph No. 1 Photograph No. 2
SoftPlotter Albany Calib Soﬁ?lc;tter Albany Catib

Xy(meters) 1487238.563 1487238.563 1487239.2576 1487792.068 148779(.822 1487791.8651
Yy(meters) {058385.185 1058385.689 1058386.266% 1058411.816 1038411.773 10584123437
Zy(meters) 1229815 1230.691 1203.4923% 1230.331 1230.980 1203.7212%
o(degrees) 2.4992711 27455 2.1695047 24138072 26714 241656409
d{degrees) -2.6663514 -2.9648 -2.6786350 -2, 7655344 -3.0804 -3.49479308
w(degrees) 4.5477386 5.0931 4.2312360 2.7041475 7.1378 2.55292799

The heights with “*” are ellipsoid heights. The geoid undulation in the Ames area is about 29

meters; therefore, the heights above mean sea level for the two exposure stations are close to 1,230
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meters. The above table shows that the results are close, especially those from SoftPlotter and Calib.
Note that the exterior orientation elements from Albany are the estimated values prior to the final ground

coordinate computation.

3.2.2. The comparison of triangulation between SoftPlotter and Albany

_ Table 3.2.1 shows the comparison between the triangulation from SoftPlotter and Albany. In the
determination of the exterior orientation parameters, the differences in x, y and z of the camera locations
are about half a meter, and the differences of angle ® and ¢ are about 0.05 degrees. However, the
difference of k is about 2 degrees. The differences of the ground point locations are about 0.25 meters in
the x and y directions and 0.46 meters in the x direction.

Table 3.2.1

Table 2. Comparision of Triangulations between Sofiplotter and Albany

Frame Parameefs From SoRploter (Gl s Weter)

Frame | Ueseroam X ¥ Z Umega i Rappa
T840 k| TAG 7238563 1058335185 12298175 2499271 -2.060357]  4.547739
2Pa0z T TAB7 732068 T058471.8T6] ™ 3230.331 2473807 -2.765535] 2704748
JOAG3 T T TEBBIAS IS TUSBEL L3 TI3ueT UBTETUS ZBBEEZ3| 2523878

Frame Parameters From Albany (Ut is Meen

Frame | Descilam X Y Z Omega Phi Kappa
i T 487238563 TOSRIBH 68y T2306YT Z 7455 ~Z5648 50937
20407 k] VEgTToT 822 T058411.773 1230.98 28714 -3.0804 71378
32403 k| 1488346.4095 1058424 585 14302 05978 -2.8238 72753

STO IR WEtefsT | 04460387 UABZOUS [ U 2Z7T3T8% U625 U 033AIZ [T 912263
Current Posmion From Albany CUffent Posiion from Sotploler

FointibiType | Descrpion A Y Z X Y Z

16T i X TA87 238218 T0B8Y22793 2927767 TABTZ37 92 TUSRYZZ U2 ZITE3Y

162 C Tennis COURtT 1487217827 1058522.447 201047 148721788, 1058524.182 297027

163 H Lne W T487223.801 T058124.074 291247 1487242384 TO581T24.315 291277

TZ C BHECKERD. | 1487494664 T TO58385. 702 Z9UBT T 1487404 56| TUGEABE TEE 29065

1710 T iIMetal™ | 1487640461 T058830.904 2889217 148764018 1058930.648 288 4Z3)

173 (o] Lrc. M 1487748207 TOBBUBL./5 284779 1487748.76 T058082.621 283528

720 ¥ BH: TASTeA3 B3| TUSEEY3 g 29UBYG 1AETGA3BZ[ 1056493276 29055

ik C Horse TZ88093 5781 TOBEEI7. /05| 287399 1488003641 1058037 805 281.389]

T820 1 RoEE 458096568 TUB8E32 161 2835606 TAB8096 0] 1058532399 28377

T3 ¥ THS7 304 97| TULBE6Y OB 293346 1487394 44| 1058669, 792 293767
=75 T TAB773006T| 1058045938 287837 148775634 1058929.896 286066
Az T T487759.158,  1058547.007 U288 1487763841 1058547008 289.077

T TAETTON T TUBs 14828 279897 TARTTOT A TTTIUsg 2 TA g ZISEUs

5 3 TAB8TUSTTE8| — 1058374.505 2789671 1488711311 10583537262 ZI8ETT
45 Ui 14880286717 1058951.088 283508 148800914 1058949.7/56 283,344
[ BT h MeteTs, excluding PLE 9471, 9427 —UZ5307E U.275035 | 0AGT8AT7 |

In summary, the differences in resection (position and attitude of camera) by soft photogrammetry

and those determined by the Albany and Calib software are less than 1 m in the x, y, and z positions and
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less than 0.1 degrees in attitude angles. The differences in intersection coordinates of tie points (T) and
control points (C) on ground by soft photogrammetry and by Albany are Jess than 0.3 m in x and y and

0.5 m in z. The observed differences are due to the use of comparator coordinates in Calib and Albany

and to the use of pixel coordinates in SoftPlotter, The differences may also be due to identifying the

same “tie” points, which are not targeted.

3.3, Accuracy of Auto Correlation by Soft Photogrammetry

Auto correlation is the technique that automatically matches points in a stereo pair. To test the
accuracy of SoftPlotter in performing the auto correlation, the “stereo” tool is activated. After
triangulation, it uses the exterior orientation elements to rectify the photos and create the stereomodel in
the epipolar coordinates. This is followed by activating the “DEM?” tool, which automatically determines
elevations at specified grid intervals. Points with bad, poor, and good auto correlation are color coded by
red, yellow, and green, respectively. A grid interval of 10 m was selected for this test.

The same stereo model is then set up on the analogue stereoplotier, Kelsh. Kelsh is a third-order
stereoplotter with a C-factor of 750, meaning that the accuracy of Kelsh elevations for a 1,200 m flying
height is about 2 m. Elevations at grid intervals of 10 m are mechanically determined. This is a tedious,
time-consuming procedure unlike the automatic DEM in SoftPlotter.

The DEM from Kelsh and SoftPlotter are imported to the “Surfer.” Surfer is software that uses
the (x, y, z) coordinates of an area or the DEM to create and display contours and surfaces. The Surfer
used in this research runs on a personal computer. Figures 3.3. and 3.4, show the contours from Kelsh
and Softplotter. And Figure 3.5. shows the difference in the contours. Figures 3.6. and 3.7. show the
surface from Kelsh and SoftPlotter. Figure 3.8. shows the differences in the surfaces. When compared
with that of the manual model using the Kelsh, the standard error of auto correlation of the DEM by soft

photogrammetry is about 5 m. Spot elevations of points with large differences were investigated; they
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were attributable to the third-order Kelsh. (see Table 3.3.) Table 3.4. shows (x, y, z) and Z difference for
some of the 1,630 points used in this study.

Overall, the SoftPlotter auto correlator appears to be much more accurate than the Kelsh system.
However, there appears to be some difficulty with SofiPlotter auto correlation in the "Power Plant area,"”
perhaps resulting from the overlap of photographs, which tends to "cluster” data points near that area.
Howe#er, in other areas, the auto correlated data (refer to data outside three standard deviations) was very
similar to the manually correlated Z-coordinate data.

The time difference regarding the collection and display of data for Kelsh and SoftPlotter data
appears to be quite large. First, Kelsh data must be read, pont by point, from the aerial photographs,
which can take many hours. Then these points need to be read into a database. This procedure took
approximately 12 hours. The SoftPlotter data, however, is scanned into the computer and the analysis is

performed in seconds. The results can then be directly entered into a database.

Results

The mean of the difference in Kelsh and SoftPlotter data is 1.556833. The standard deviation is

5.1888958
Tabie 3.3. Comparison of Data Points Outside Three Standard Deviations
Pr# -Z-coordinate Z-coordinate Z-coordinate  Color of Ground
sp-manual Sp-autocolr. Kelsh Point Features
1 276412 276.604 293.628 red trees and grass
2 278.869 278.207 293214 red trees
3 276.518 275.945 291.731 red grass and a tree
4 301.408 302.236 286.180 red Bessey Hall, S edge
5 276.159 266.504 298.461 red, Power Plant
vellow Bid.
6 276.731 271.542 294.775 red Power Plant
' Bld.
7 305,364 303.409 286.783 green top of
Bessey Hall
8 306.354 302.513 286.907 yellow, Bessey Hall
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green

9 281313 272.238 293.978 red Power Plant
Bld.
10 283.551 260.675 296.062 red and Power Plant
vellow Bld.
11 284.176 264,545 289.779 yellow Power Plant
Bid - .
12 307.186 306.092 288.736 green, “topof T
yellow = Bessey Hall -
13 265948 269.796 287.831 yellow Power Plant
L Bld. . .
14 . 270953 274.540 296.056 yellow,  Power Plant .
: red Bld. o
15 ' 273.608 267.796 285.003 red Power Plant
) Bid. ~ .
16 280948 265.259 281.776 yellow Power Plant
. S : Bid.
17 2o 299.534 300.992 284.151 yellow, Bessey Hall
: red .
I8 274337 274.803 293.129 yellow Power Plant
Bld.
19 278.293 270.424 312.022 yellow tree near
PP.P
20 277.000 267.129 284.860 yellow road by
P.P.B

Table 3.4, Difference Between Kelsh and SoftPlotter Z-Coordinate Values
kelshz-Keish SoftPlotter z-50ft difference
zk-z8

1487900 1058200 280.901 1487900 1058200 286.921 -6.02

1487920 1058200 281.394 1487920 1058200 287.016  -5.622 Diff-mean
1487930 1058200 281.226 1487930 1058200 283.594  -2.368 1.556833
1487950 1058200 280.546 1487950 1058200 281.81 -1.264

1487960 1058200 280.609 1487960 1058200 284.372  -3.763 Kel-Soft
1487980 1058200 279.876 1487980 1058200 289.372  -9.496 STD
1487990 1058200 279287 1487990 1058200 289.789 10.502 5.188958
1488010 1058200 280.935 1488010 1058200 289.017. -8.082"

1488020 1058200 285.09 1488020 1058200 287.932  -2.842

1488040 1058200 284.59 1488040 1058200 286317  -1.727

1488050 1058200 283.293 1488050 1058200 286.651  -3.358

1
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Comtouwr Trom Kebsh, U4, = 2 maters Contour from Sofifoster, C.1 = 2 meters
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Figure 3.3. Figure 3.4,

Difference Contour for SoftPlotier - Keish, C.1 = 2 melers
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Figure 3.5,
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Surface from Kelsh

Figure 3.6.

Surface from SoftPlotter
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Difference Surfacs for SoftPlotier - Kelsh

Figure 3.8.

3.4. Accuracy of SoftPlotter Compared to a First-order Stereoplotter Zeiss C8
The Zeiss C8 Stereoplotter is a first-order stereoplotting instrument. It has the capability to read
model coordinates to an accuracy of + 0.01 mm,‘ and it has the facility and the Zeiss parallelogram to
perform strip trianguiation. The objective in this study is to set up the same stereo pair used in SoftPlotter
in the Zeiss C8 and determine the accuracy of SoftPlotter by comparing the ground coordinates obtained

by the two systems. Also, a study comparing SoftPlotter to Zeiss C8 was done.

3.4.1. Zeiss vs. SoftPlotter

For this project, the Zeiss stereoplotter took approximately three times longer than the Softplotter
to set up a stereo model and perform triangulation. Using the Zeiss requires knowledge of
photogrammetric principles, familiarity with the instrument and its components, the time necessary to
orient the photos for stereo viewing, and the time required to read the points. Additional time is required
for postprocessing because the user must convert the machine coordinates from the Zeiss readings to

ground coordinates using external processing programs. The instrument may not be used for other
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puposes until the process of triangulation is completed because the stereo model and its orientation cannot

be disturbed.

Procedure Time (approximation)
Setting up the stereo model 8 hours
| Scaling 2 hours
Leveling 2 hours
Reading points 8 hours
Transformation o ground 8 hours
Total 28 hours
3.4.1.1. SoftPlotter.

The SoftPlotter requires data in digital format. To acquire digital data in this project., the hardcopy was
converted to digital format using a scanner. If more photos are used, the time factor would increase for
this step. However, using existing digital data would eliminate the need for this process. Using the
stereoplotter for triangulation requires a familiarity with the software’s organization. Users who are
familiar with windows-type applications should be able to learn the process. The process of reading
points is much faster and easier on SoftPlotter than on the Zeiss, because the user can quickly move to the
general location of the points. On the Zeiss, the process is done by manual hand-wheeling. Point reading
is also easier and faster on the SoftPlotter because the optics are much clearer. The special glasses
required for stereo viewing are fairly lightweight and not too uncomfortable. Due to its age, the viewing
system on the Zeiss used in this project suffers from loss of clarity. The instrument has also been moved
several times. The stereo model setup is saved in a file for future use, which allows the SoftPlotter to be

used for other projects without loss of the user's work.
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Procedure Time {approximation)
Digitizing data I hour
Setting up stereo model 4 hours

Reading points 5 hours

Total 10 hours

3.4.2. Comparison of Zeiss coordinates to SoftPlotter coordinates
In the Zeiss C8§, after relative and absolute orientation, the model coordinates are read in .
These model coordinates (Xm, Ym,» Zm) are then transformed to ground coordinates using the control

points and the transformation equation:

SIS ol
yg _FB A ym yO
S=~+A4"+B?

Z,=82,+CX

"

+ DY

N *+ ZO

The transformation parameters are A, B, C, and D. Table 3.5. shows the results where
Note: zg = ¢*ym ~ d*xm + s¥zm + z0

Standard deviation or 5:

Xg, Yg, Zg = Zeiss ground coordinates

Xx, Ys, Zs = SoftPlotter ground coordinates

s X=0779
sY =0.251
s Z=4472



The spreadsheet containg machine and ground coordinates of the points read on Zeiss; ground
coordinates of the points read on SoftPlotter; results for differences in x, y and z; and the standard
deviation of x, y, and z. A comparison between SoftPlotter and Zeiss values for the X, y, and z ground
coordinates shows them to be fairly close. The difference is less than 1 m for most points, except for the
z ground coordinates obtained from the Zeiss for any buildings. The z ground coordinate value for points
read on top of buildings on the Zeiss is within 1 meter or less of the values for ground coordinates of
points read on the ground on Zeiss but should be around +20 meters difference, depending on the height
of the building. The Zg-Zs for the buildings range from about -9.711 to -33.703; the standard deviation
for z is 4.47. Point numbers beginning with 5 are points on the ground. Points numbers beginning with 7

are points on the top of buildings. The model on Zeiss may have some distortion at the edges.

Table 3.5. Ground Coordinates from Ziess C8 Mode! Coordinates
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The standard error of the differences in position determination by soft photogrammetry and the
Zeiss C8 was found to be less than 0.5 m in x and y but about 4 m in z. An examination of the points
with large differences was performed. They are mainly on building tops and attributable to the Zeiss C8.
It has not been calibrated for the last ten vears and the optics need cleaning, which was not done due to

lack of funds.

3.5 Accuracy of Planimetry and Orthophoto by SoftPletier
3.5.1. Planimetry

The “KDMS” tool in SoftPiotter enables the user to collect planimetric data that can be saved as
a plot file and plotted according to a specified scale. One objective of this research was to compare the
planimetric maps by SoftPlotter and by Kelsh plotter.

After the “Stereo™ and DEM, the information is passed on to KDMS. Here one can view the
model in stereo and collect the data as in an analogue stereoplotter. Unlike in analogue stereoplotter, the
KDMS uses computer-aided drawing (CAD) software to draw selected features. The planimetry in the
two stereo models are plotted ami exported to AutoCAD as a DXF file. The same stereo pairs are set up
on the Kelsh stereopiotter, and the planimetry is manually plotted for each model separately. The plotted
map is then digitized using AutoCAD. (AutoCAD is a CAD software that enables different maps to be
merged together on the same scale, using a caiibration routine.) Using the ground control points as

common points, the planimetric maps from the two stereo models are merged.
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Figure 3.10. Figure 3.9.
The planimetric maps form SoftPlotter (see Figure 3.9.) and from Kelsh (see Figure 3.10.) are

brought to the same scale in AutoCAD and overlaid (see Figure 3.11). The two compare well except in

some areas. To get the magnitude of disagreement, the overlays are enlarged and the separation is

measured at buildings and road corners.

Campus Map Comparison between
SoftPlotter and Keish
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Figure 3.11.
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Table 3.6. shows the results of the statistical analysis of the difference between these two planimetric
maps. In Table 3 there are eight columns; four of the columns are the differences for roads and the other
four columns are for the buildings. NW, NE, SW, and SE describe the regions of the planimetric map.
The standard deviations for the whole area are 0.577966 and 0.589102 for roads and buildings,

respectively.

Table 3.6
Table 3. Statisitical Analysis ofthe Comparision
Unit Meters
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03800 U. 796 0.6063 0.58904 T.1864 1.02G38 0.7448 G.59047
07509 0.3598 U.evead 0.569y U. /909 0.7967 0.7441 1.584949
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3.5.2. Orthophotos

In SoftPlotter, the “Ortho™ tool is used to create the orthophoto of a stereo model. The epipolar
coordinates after Stereo and the elevations after DEM are used to create the orthophoto. The orthophoto
for the two models is created and then the “Mosaic” tool in SoftPlotter is used fo join it, forming the
orthophoto. (see Figure 3.12.) The scale of the orthophoto can be selected to cover the map sheet.

The planimetric map by Kelsh is then overlaid on the orthophoto for comparison. (see Figure
3.13.) The edges do not match well mainly because the printer is not a SoftPlotter component. The DEM

in the overlapping area may be slightly different for the two models. The matching at the edges between



the two models needs to be improved by using the average DEM for the overlapping area and manually

editing some bad points using the “Surface” tool in SoftPlotter.

Figure 3.12. Campus Orthophoto

Campus NMap Overiay
Planimetric Feartures from Kelsh
Orthophoto from SoftPlotter

oSy

| Keloh Buiiding
i Kelsh Fond

#5006 ) 04 1006 Metera

Figure 3.13.

Table 3.7. shows the approximate times taken by the Kelsh and SoftPlotter to create the planimetric map

and the orthophoto.
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Table 3.7. Comparison of SoftPlotter and Keish

Operation SoftPlotter . IR Kelsh
Setting up 2 hours _ '. | 'S:hours
Stereo plotting 20 hours o - : 90 hours
Digitizing . S o
Editing - o 20hous
DEM 2 hours (depqnds on spacing)  N/A
Orthophoto 0.5 hours N/A

3.5.3. Conclusion
From the above results, it is clear that SoftPlotter has the following advantages over the Kelsh
stereoplotter:
» The stereo model can be set up easily and quickly. Once the models are in place, they can be
used at any time without further time coﬁsumption for model setup.
s [f the existing stereo models are not good enough or if it is néceséary to make comparisons
between different parameters, if is easy to set up other models and make such comparisons
¢ it automatically creates DEM and orthophotos
» manual operation can be used to edit the bad points and areas
s 3-D digitizing ability.

» except for a few bad areas like edges, the orthophoto is close to the manually digitized map
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e much faster than Kelsh. All of the photos in the same block can be digitized on the same scale at

the same time

The disadvantages are
* the system is expensive

» Some operations cannot be performed in stereo mode

3.5.3.1. GIS and SoftPlotter.

GIS uses information on the features in a computer map to perfeorm a spaﬁa! analysis. GIS can
also be used to identify selected features in a computer map. In the computer map, the features are
mapped using lines, points, and polygons. This is called vector processing. In some computer maps the
features are mapped using pixels, which is called raster processing. The KDMS tool in SoftPlotter is
used to produce the planimetric maps by vector processing. The “Ortho” tool produces the map by raster
processing. The Surfer produces the contour map by vector processing.

Arc/Info is a vector-based GIS software. However, it can also process raster maps. The raster
and vector maps produced by soft photogrammetry can be imported into Arc/Info. These can be
“cleaned” to ensure that all lines end with nodes a.'nd”'th.a't all polygoné are closed. The attribute tables for
lines, polygons, and points are “Build.” Thesé maps and tables a:;é fhén viewed by “ArcView,” a module
in Arc/Info. Additional information about features in thé map c;ah:be added to the table. The maps and
tables can then be used to identify and query features in real time.

In this project, the campus planimetric map by KDMS and the contours by Surfer and Mosaic
orthophoto are imported to Arc/Info. (see Figures 3.14., 3.15,, 3.16.) The table in Arc/Info is edited to

give the names of buildings, roads, and values of contours. (see Table 3.8.,3.9,, and 3.10.)

321




Unlike digitizing from existing maps, the map produced by SoftPlotter photogrammetry is current
and accurate. Unlike analytical photogrammetry, both raster and vector can be obtained and exported to

the GIS environment in real time.
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Folpgon 4547, 023 28%.1638 2 4 P olecular Biclegy
Polypgon 2231. 238 38¢.528 3 5 {Industrial Education IX
Polpgon 514 516 102, 260 4 6 | communications Building
Folygon 126. 836 4g. 390 5 7 | Genetics Laboratory
Polypgon 3510.442 311.128 g % |vetals Dewelopment Build
Polygon 187. 104 £1.018 1 g | genetics Laborakory
Folpgon 204z 8383| 189. 757 E 10 | communigations Fuildiny
Polypgon 2.518 37,879 g o '
Folpgon 1779. 08¢ 24%. 2592 ig 12 | Hexse Barng

Polpgon 489.328 92.128 i1 1% | Genetics Laboratory
Polypgon 442, 472 36, 358 12 14 | mominatn Rubrition Lab
Polygon 5G. 852 28.897 13 15 j Industrial Bducation IX
Polygon 215.312 5§.649 14 16 | Tnsectaxy

Polpgon 376.57¢8 g§5. 252 15 17 | Tnsectary

Polpgon 543 585 111,290 16 18 | Industrial Edveation I
Polypgon 1708.17%2 217.007 17 19 | feience IT

Polpgon 1718.484 291,383 18 20 i Rational seil Tilth Lab
Polpgon 904 . 008 163. 379 19 21 | Lagomarcins Hall
rolypgon 3.047 32.888 20 22

Palpgon 487.539 83.845 21 23 | Lagemarcinoe Hall
Polygon 26.688 27.762 22 24

Polugon 372.516 78.511 23 25 | Lagomarcing Hall
Polypgon 2775. 367 38%.757 24 2¢ | pawidson Hall

ralypgon 49000 32.50% 25 27 | Metallurgy Bouilding Wil
Polpgon 557.125 113.547 26 28 | Agronmony Greenhounse
Polugon, £45.125 123. 648 27 28 | preenhouse

Polygon 4420.961 268.639 28 30 | Armory

rolpgon 1126.812 167,258 23 21 | Lagomarcine Hall
rolpgoen 5453. 977 445, 887 30 42 | physics Hall

rolpgon 4518. 117 376,003 31 33 | Tovn Engineering Buildin
rolpgon 458 391 118. 6% a2 34 ; sreenhouse

Polypgon 515. 984 118,254 33 38 | Agronomy Greenhouse
ralpgoen L23.9828 88.576 34 36 | Judging Pavilien
Polpgon 100,852 45 G045 35 47 |deats Lab {new)

Polugon 416.8983 $8.192 36 3¢ | Lagomarcino Hall
Polygon 1.031 4. 280 37 39

“Table 3.8. Attribute Data of Campus
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Polugoen 2384 .289% EE55. 622 2 4% | Winlock Rosd
Foivgon 2528, 172 402, ZB5. E A8 | Stange mead
Foipgon TEG. 7RO 130, 895 <4 24

Folygon AB5LE5, BHA 2699, 778 13 24 | Pammel Drive
Folygon 32378 . 331 1430, 263 3] [

Polpgon 40944, 555 ©11. 727 7 [

O X o 245%, 953 438 . %BE, g 272 | wallece Road
T o 2ypgon 2371, 820 387.22% 3 0 | Stange Road
P olygon P77 406 1762, 206 10 23 | sheldon Awvenuve
o lirgon 7413.437 AE53. 847 33 22 | Bissel mOoxd
Polugdon QL8R 432 186%. 082 12 1

o lygomn 8E7E, 055 BHE. 072 i3 2

o lpgon 44 . 892 25,242 At 6

o by gon 1088, G52 264G, 954 15 . 7

¥ olygon 11i258¢, 033 2131, 258 13 29 | Oshorn brive
Polygon 85, BBV 24 . 778 A7 14

Polygon 152815, 213 I6E1, 356 1g <]

Tolpgon 148573, 206 3494449 19 j L)

Folygon 50627, 883 N9%. 068, 20 [

¥Folygon 15911, 070 2020, 168 23 24 | Moxxdll Road
Folyugon 5414 289 1432, 322 22 27 | Xaoll Road
Folgon I19396. 125 769, 384 2= 30 iwaltlace Road
o Lo, e 23. 778 24 33

Polugon 79.E589 34 . 080 29 iz

F o Lo goxt 2457, 914 EO8. 283 26 32 | wndon prive
Fotugon 121883, 242 1868, P7EE 27 2

P olygon 1884 . 812 Z205. 538 23 pxs

Polygon 3en. 172 11K, 020 23 86 | waion Drive
BO lygon FELET . 484 215, 349 30 A

Folpgon 50036, 406 1056, 149 31 1]

P olpgon 4054 . 367 P68, £13 32 28 | Richardson couxrdt
¥olpgoxn 16830, 148 1%, 629 % o

Folugoen 583, 281 4AE. 070 34 34 [Horrill Road
B o lygon 24921, 281 208, 0ZF 35 [

o lugok 1533, 308 242, 342 26 26 [ welch Raad
¥oIugon Z628%. 320 264G, 720 27 A¥{Linceln Wap
Folygon 1624 . 508 33F.457 38 35 | Beach Fvenuve

Table 3.9. Attribute Data of Campus2

Table 3.10. Attribute Data of Contours]
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CHAPTER 4. HIGHWAY 218 PROJECT

The objective of the Highway 218 Project was to check the accuracy of the soft photogrammetry
products for highway engineering, using the photographs taken over Highway 218. Also this project
studied the feasibility of transferring the technology to personnel using the lowa Department of
Transportation’s (IA DOT’s) analogue and analytical photogrammetry tools.

A strip was used of 11 photographs with 9 horizontal and 12 vertical controls. Since these
photographs were used in Highway 218 mapping by the IA DOT, they also had 30 pass points, which
were pugged. Pass points were pugged on the center photo and not on the adjoining photos. The films

were scanned by a drum scanner, which belongs to the IA DOT, with 900 dots per inch (dpi) resolution.

4.1, Aerial Triangulation
The first step that TA DOT takes when producing topographic maps, profiles, and cross sections
using an analogue stereo plotter, the Kern PG2, is an aerial triangulation. The aerial triangulation is done
on the Zeiss analytical plotter and Albany software. The aerial triangulation provides pass point
coordinates and exterior orientation parameters to set the stereo model in the analogue plotter. The
control point information is shown in Table 4.1.

Table 4.1. Ground Controls in the Strip

Point # Point Type X Y Z

2024 H ; 1577964.936 1148496.920

2025 H 1578282.547 1148501.881

2026 H 1578071.647 1148695,909

2027 H 1578067.276 1149075.685

2028 H 1578391.399 1149701.023

2029 H 1578064.722 1150324.648

2030 H 1578248.529 1151513.268

2031 H 1578051.693 1151586.845

2032 H 1578105.699 1151932.802

1029 \% ' 310.054
1030 A 302.816
1031 \i 294.231
1032 V 289.062




1033 Vv 298.568
1034 Vv 297373
1035 Vv 287.906
1036 A 287.862
1037 Vv 287.429
1038 A 287.704
1039 Vv 290.808
1040 \4 288.675

H is the horizontal control point; V is the vertical control point. There are also about 30 pugged
pass points on the strip. Since the triangulation is done in the Block Tool of SoftPlotter, all of the control

points are input to the ground control table in the Block Tool.

4.1.1. Impori of the 11 Photographs and the Interior Orientation

The Jena LMK 1015 camera was used in this project, and its calibration data are available.
Before importing the 11 photographs, the camera calibration data must be input to the central camera
database in SoftPlotter. After a new block is created for this project, all 11 photographs are imported.
The size of each digital photograph is about 64 MB, and the pixel size on the photographs is about 28 .

Interior orientation is the process that registers the photographs with the camera photo coordinate
system. Figure 4.1. shows the root mean square (RMS) of the interior orientation of these 11
photographs numbered from 152 to 162. All of the eight fiducial points are used in the interior
orientation process.

1.4

1:/~\ \V/ S

0.8
0.8
0.4

0.2
e

RMS(Pixels}

T ) T T T E ) T ¥ T 13
152 153 154 155 156 157 158 189 160 161 162
Photograph Nember

Figure 4.1. RMS vs. Photograph for Interior Orientation
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The accuracy of the interior orientation is a little more than one pixel, which is about 30 j1. The
scanner used to scan these photographs has a resolution of 800 dpi, which is about 31.5 p; therefore, the
accuracy of the interior orientation may be the best it can achieve.

Also, the residuals in one direction (x in the photo coordinate) are much larger than the residuals
in the other direction (y in the photo coordinate). This is related to the way the diapositives were
scanned. Although the 800-dpi scanner was used, the geometric distortion in one direction may be larger
than the distortion in the other direction. These fiducials might reduce the geometric distortion

somewhat.

4.1.2. Measurement of the Ground Controls and the Triangulation

Before completing the triangulation, all of the control points and pass points must be located and
measured on the photographs, so that their pixel coordinates are known. Although this process is not
under stereo view, each point is separately measured on each photograph. Automatic image matching
can be used to locate the identical points on other photographs. Once the point on the reference
photograph is located, the approximate locations on the other photographs are determined. This process
is very useful when the image quality is not very good, the ground contrast is low, or points are pugged
with marks only on one photograph. For these pugged pass points, the photograph with pugged marks is
chosen as the reference photograph, the pugged point is precisely located, and the automatic image-
matching method is used to locate its identical points on the other photographs. The matching results are
very sensitive to the initially estimated locations on the other photographs. For satisfactory results, it is
useful to try different focations. Up to six photographs can be displayed at the same time; therefore, more
than one model can be measured at a time. After all of the control and past points are measured on the

photographs, the triangulation can be performed. Table 4.2. shows the triangulation results.
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Table 4.2. Triangulation Resulis

Photo No. | X(M) Y(M) Z(M) o) a) ()
058152 | 1578090.024 | 1148303.807 | 921.784 | 0.199622 |- 1.106869 | -91.516184
958153 | 1578 101.079 | 1148674.483 | 924.083 | 0.374820 | -0.214693 | 90 713598
958154 [ 1578002.987 | 1149035.814 | 923.711 | 0.352963 | -0.201233 | -91.000530
958155 | 1578087.801 | 1149392.872 | 923.881 | -0.421593 | 0.000588 | 90.878302
958156 | 1578083.364 | 1149758.335 | 923.720 | 0.384418 | -0.048114 | 90.960789
058157 | 1578077.498 | T150118.137 | 923.949 | -0.650083 | 0.470542 1750.684502
958158 | 1578070370 | 1150486.573 | 92 1.315 | -0.902604 | -0.412682 | 90.639181
958159 | 1578061.998 | 1150824.499 | 920.544 | 0.549016 | 0.303680 | -90.262790
058160 | 1578051.238 | 1151189.756 | 920.203 | 0.248472 | -0.372523 | 90.735208
958161 | 1578043.455 | 1151538.502 | 919.595 | 0.164688 | -0.048049 | 90.863479
958162 | 1578036.650 | 1151903.137 | 916,488 | -0.161114 | 0.072706 | 91.235011

Table 4.3. shows the coordinates for the control and pass points as well as the differences

between the before and after triangulation.

Table 4.3. Coordinates of Control and Pass Points after Triangulation

Fomt# | Point | X (M) R 7o XX YNy 177
Type

2024 H 1577964.304 | 1148496.752 | 307.861 -0.632 | -0.168

2025 H 1578282.882 | 1148501.893 | 292.677 0.335 0.012

2026 H 1578072.054 | 1148696.152 | 296.471 0.407 0.243

2027 H 1578067.271 1149075.813 | 299677 0.001 0.128




2028 H 1578391.457 | 1149700.813 | 287.048 - | 0.058 | -0210

2029 H 1578064.524 | 1150324.876 | 286.873 -0.198 [ 0.228

2030 H 1578248.540 | 1151512.568 | 290.032 0.011 §-0.700

2031 H 1578051.782 | 1151586.671 | 288.633 0.089 | -0.174

2032 H 1578105.628 | 1151933.444 | 290.340 -0.07 1 | 0.642

1029 Vv 1577861.353 | 1148486 190 | 310.208 0.154

1030 Vv 1578080.651 | 1148489.231 | 302.593 -0.223

1031 Vv

1032 \Y 1578473.150 | 1148694.807 | 289.111 0.049

{033 \'% 1578075.901 | 1148975457 | 298.641 0.073

1034 Vv 1577877.135 | 1149702.527 | 297.514 0.141

1035 v 1578021.375 | 1150108.613 | 287.717 -0.189

1036 \Y% 1578325.633 | 1150117.600 | 287.672 -0.190

1037 A 1578057.520 | 1150921.022 | 287.640 0.211

1038 v 1578196.104 | 1151325.129 | 287.787 0.083

1039 Vv 1577862.704 | 1151726.038 | 290.378 -0.230

1040 Vv 1578217.868 | 1151733.865 | 288.796 0.121
RMS in Meters: 0.203 | 0.220 0.163

3131 1577758 608 | 1148319.487 | 301.770

3132 1578098.442 | 1148308.866 | 301.020

3133 1578440.397 | 1148322.363 | 287.964

3134 1578135.006 | 1148531.281 | 298.968

3135 1577739.937 | 1148673.696 | 306.820
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3136 1578100909 | 1148677.271 | 295.560
3137 1578372.937 | 1148688.622 | 291,502
3138 1578102.580 | 1148883.851 | 298.218
3139 1577723.177 | 1149041.298 | 312.013
3140 1578088.529 | 1149020.343 | 297.366
3141 1578353392 | 1149065.268 | 286.995
3142 1578090.161 | 1149179.854 | 299.111
3143 1577745856 | 1149376 231 | 303.955
3144 1578032.152 | 1149397.346 | 292.028
3145 1578414.926 | 1149381.709 | 286.610
3146 1578106.031 | 1149609.151 | 286.717
3147 1577784.162 | 1149733.399 | 296.087
3148 1578078.586 | 1149738.744 | 287.150
3149 1578400.697 | 1149764.857 | 287.003
3150

3151 1577717.176 | 1150131.837 | 288.250
3152 1578097.071 | 1150118.083 | 287.583
3153 1578353.540 | 1150070.518 | 286.308
3154 1578094922 | 1150353.622 | 287.123
3155 1577718.720 | 1150465.889 | 286.126
3156 1578068.784 | 1150486.307 | 286.725
3187 1578439.639 | 1150488.909 | 286.466
3158 1578088.934 | 1150644.968 | 286.257




3159 1577700.073 | 1150812.298 | 286.253
3160 1578G63.000 | 1150833.685 { 287.502
316t 1578403.776 | 1150806.328 | 286.547
3162 1578080.767 | 1151016.644 | 287.177
3163 1577726.191 | 1151183.771 | 289.002
3164 1578044.344 1 1151179 827 | 281.924
3165 1578381.705 | 1151179.647 | 287.879
3166

3167 1577691.352 | 1151530.107 | 286.705
3168 1577991.690 | 1151531.876 | 288.155
3169 1578019.288 | 1151752.036 | 289.751
3170 1578019.288 | 1151752.036 | 289.751
3171 1577674.648 | 1151874.460 | 306.596
3172 1578017.456 | 1151906.991 | 291.290
3173 1578355.219 | 1151890.526 | 289.283

4.1.3. Improving Ground Measurements and Triangulation

When the residuals of the triangulation indicate poor measurements, these measurements can be
retaken. As mentioned before, measurement of the ground points is not done in three-dimensional view;
therefore, remeasuring the ground points in the stereo pair from the first triangulation might improve the
measurements and the triangulation.

Table 4.4, and Table 4.5. show the outputs after the ground points are double checked.



Table 4.4, Improved Triangulation Results

Photo No. | X(M) Y(M) Z(M) o(®) $(°) x(%)

958152 1578105762 | 1148308.479 | 922.540 | 0.187743 | -0.120827 | -90.819390

958153 1578099.237 | 1148671.084 | 923.401 | -0.108855 | -0.386025 | -90.642929

958154 1578092.724 | 1149035541 | 924.138 | -0.325396 | -0.213154 | -91.018041

958155 1578086.755 | 1149393.445 | 924319 [ -0.461324 | -0.088655 —90.909209

958156 1578082.228 | 1149758.756 | 923.893 | -0.418918 | -0.149668 | -90 977311

958157 1578076396 | 1150118.156 | 924073 | -0.651578 | -0.573297 | -90.674853

958158 1578068.660 | 1150486.566 | 921.516 | -0.889192 | -0.551802 | -90.575426

958159 1578060.636 | 1150824.561 | 920.707 | -0.547413 | -0.388611 | -90.197072

958160 1578051.270 | 1151193.517 | 919.828 | -0.004569 | -0.359636 | -90.774483

958161 1578043.992 | 1151539.070 | 917.772 | 0.130072 | -0.013889 | -90.838147

958162 1578040.426 | 1151898.865 | 914.871 | 0.152680 | 0.152680 |-91.275313
Table 4.5, Coordinates of Ground Points from Improved Triangulation

Point# | Point | X’(M) Y'(M) Z'(M) XX |Y-Y Z-Z
Type

2024 H 1577964.939 | 1148496.896 | 307.334 | 0.003 | -0.024

2025 H 1578282.669 | 1148501.832 | 297.336 | 0.122 | -0.049

2026 H 1578071.723 | 1148695.989 | 295.848 | 0.076 | 0.080

2027 H 1578067.006 | 1149075.790 | 300.034 | -0.264 | 0.105

2028 | H 1578391.489 | 1149700.893 | 287.664 | 0.090 | -0.130




2029 H [578064.675 | 1150324.653 | 286.748 | -0.047 | 0.005

2030 H 1578248.448 | 1151513310 | 287.376 | -0.081 | 0.042

2031 H 1578051.780 | 1151586.828 | 287.566 | 0.087 | -0.017

2032 H 1578105.713 | 1151932.789 | 289.591 | 0.014 | -0.013

1029 Vv 1577861.368 | 1148484.101 | 310.054 0.000

1030 A% 1578082.146 | 1148489.166 | 302.823 0.007

1031 \Y%

1032 \Y 1578473.323 | 1148694.841 | 289.068 -0.006

1033 \Y 1578075.626 ; 1148975433 | 298.557 -0.011

1034 \Y% 1577877.123 | 1149702.616 | 297.372 -0.001

1035 \Y 1578021.433 { 1150112.504 | 287.908 0.002

1036 \Y 1578325.667 | 1150117.178 | 287.858 -0.004

1037 \Y% 1578056.996 | 1150921.488 | 287.427 -0.002

1038 \Y 1578195.915 | 1151325.883 | 287.696 -0.008

1039 Vv 1577863.811 | 1151726.104 | 290.818 0.010

1040 \Y% 1578216.176 | 1151731.922 | 288.677 0.002
RMS in Meters: G.072 1 0.042 0.004

3131 1577776.730 { 1148314712 | 313.616

3132 1578106.813 | 1148308.833 | 300.865

3133 1578438.653 | 1148326373 | 293.509

3134 1578135.435 | 1148531.241 | 299.740

3135 1577739.246 | 1148672.305 | 305.525

3136 1578101.015 | 1148676.762 | 295.053
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3137 1578372.200 | 1148688.276 | 291.406
3138 1578102381 | 1148883.650 | 297.644
3139 1577722.100 | 1149041.084 | 310.847
3140 1578088.642 | 1149020.477 | 298.127
3141 1578358.016 | 1149065.348 | 288.420
3142 1578090.020 | 1149179914 | 299.468
3143 1577745.794 | 1149376.569 | 304.092
3144 1578032.086 | 1149397.490 | 292.467
3145 1578414.882 | 1149381.593 | 287.434
3146 1578106.028 | 1149609.221 | 287.185
3147 1577784.362 | 1149733.557 | 296.061
3148 1578078.502 | 1149738.817 | 287.422
3149 1578400.824 | 1149764.842 | 287.607
3150

3151 1577717.460 | 1150131.773 | 287.896
3152 1578097.200 | 1150118.113 | 287.555
3153 1578353.427 | 1150070.489 | 286.643
3155 1577718.824 | 1150465.644 | 285919
3156 1578068.702 | 1150486.369 | 286.777
3157 1578439.862 | 1150489.309 | 286.797
3158 1578088.671 | 1150645.112 | 286.606
3159 1577699275 | 1150812.051 | 285.389
3160 1578062.887 | 1150833.719 | 287.010




3161 1578403.337 | 1150806.867 | 287.535
3162 1578079.566 | 1151017.168 | 285.901
3163 1577724.243 | 1151185.134 | 285.786
3164 1578044.071 | 1151180.872 | 287.054
3165 1578381.529 | 1151180.619 | 287.395
3166

3167 1577692.256 | 1151530.275 | 286.548
3168 1577991.804 | 1151532218 | 287.127
3169 1578374.894 1151544352 | 287.876
3170 1578020.273 | 1151751.949 | 288.644
3171 1577674.798 | 1151873.751 | 306.136
3172 1578017.933 | 1151906.144 | 290.991
3173 1578354.080 | 1151889.530 [ 289.403

After the remeasurement, the RMS decreased significantly, especially the RMS on the vertical
controls, because the vertical controls do not have definite marks on the ground. Therefore, if the
measurements are within a certain limit and the heights of these ground marks do not deviate from the
known values, the only error source is a measurement for one control point that is not identical. This type
of error can be detected by using the residuals from the triangulation resuits for each point.

Because the epipolar condition is also applied in the triangulation, the measurement errors in the
pass points will also affect the triangulation results. Again, the residuals of the pass points can be used as
a mean to remove the not-identical-spot problem, provided control measurements are good.

Because all of the following processes use the triangulation results, the quality of the

triangulation is critical.
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Table 4.6 RMS of the Difference

RMS of X Y V4 K 0] ®
Differences @ m m m deg, | deg, deg,
Pass Points 0.398 | 0478 | 0.544

Exterior Orientation | 0.619 | 1.584 | 0.702 | 0.126 | 0.062 | 0.024

The table 4.6 shows the RMS of the difference for pass points and for the exterior orientation
parameters from the aerial triangulation performed by Albany and SoftPlotter. The standard error of
differences in coordinates less than 0.5 m is acceptable for setting the analogue stereoplotter. The main
cause of the differences is the pugging of pass points on one photo resuiting in misidentification on the
others. Some of the differences were found to be larger than 1.5 m (> 36), due to this misidentification.
If these points are not included, then the RMS will be much less.

The standard error of the aerial camera location is less than 1.5 m, and of the altitude angles less
than 0.1 deg. This is acceptable for setting the stereo model in the analogue plotter. The standard errors
vary because the Aibany software only estimates exterior orientation parameters while in SoftPiotter the
exterior orientation is part of the solution. Thus SoftPlotter should give better values of exterior
orientation parameters than Albany.

| 4.2. Creation of TIN

The Digital Elevation Model (DEM) can be generated after the triangulation. In this project only

triangular irregular network (TIN) is created. The TIN saves space because unlike DEM the elevations of

every pixels are determined.

4.2.1. Stereo-rectification
After the triangulation, the exterior orientation parameters of each photograph in the strip are
determined, so that two photographs can be rectified and resampled into the epipolar plane. This process

is called “stereo-rectification” in SoftPlotter. After stereo-rectification, the images in the same area from
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both photographs can be displayed and viewed three dimensionally. Because any point on the stereo
display can be measured too, the ground coordinates of any point are available. The stereo-rectified

photographs can also be used as the base images for creating DEM or TIN.

4.2.2. Generating the TIN

The parameters that need to be defined before creating the TIN are the output format and the
ground spacing value. For the flat area, larger ground spacing can be used, but smaller ground spacing is
npeded for higher accuracy. The ground spacing used in the TIN is § meters. After the output TIN is
given a name and the area of interest is defined, the TIN can be collected. Here only three models are

used to create the TIN. They are from photographs No. 154, 155, 156, and 157.

4.2.3. Editing the TIN

Errors in the image matching can occur at any time. Some flat areas such as the top of buildings
and the surfaces of bodies of water might have incorrect TINs. For some reason, the TIN on the edge of
each model may also appear to be incorrect. However, the TINS can be edited by changing the heights of
some points, putting some break lines along certain ground features, or setting the same height for certain

areas like bodies of water.

4.2.4. Merging the TINs

Two or more TINs with common areas can be merged together so that the mean of all of the
TINs in the common area can be used as their representative. The merged TIN is also useful for
decreasing the distortion in the orthophoto, distortion caused by the difference among the TINs from

different models of the common area.
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Though the TIN merging function is not available in SoftPlotter, it has the ability to export the
TIN in ASCII format so that it can be read by other software like Surfer on the PC. The procedure used
to produce the merged TIN is as follows:

1. Export the TIN from Surface Tool in SoftPlotter as ASCIl files. There are three such files

because three models are used.

2. Use Microsoft Excel to merge these three files together and generate one output ASCI file.

3. Use Surfer in the merged ASCII file, and save it as an ASCII file in the same format as the file

from Surface Tool.

4. Import the ASCI file from Surfer and generate the merged TIN in SoftPlotter.

The merged surface displayed by Surfer is shown in Figure 4.2. Now the common area looks

considerably better.
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Figure 4.2. Surface of the Merged TIN
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4.2.5. Generating the DXF Files of the Contours

Surfer also creates the contours. Figure 4.3. shows the contour lines of this area at contour

intervals of 1 meter.
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Figure 4.3. 1 M C.1. the Merged TIN

These contour lines are satisfactory. On the contour map, the outline of a small pond can be
seen; there is no contour line through that area. The coordinates marked on the preceding two figures are
in the real-world coordinate system, [A north of state plane coordinate system.

The accuracy of these contours is better than 0.5 m. Using the surface and merged files, profiles
and cross sections can be created. The relative accuracy of such profiles and cross sections should be
better than 0.1 m, which is acceptable for highway engineering. Using Arc/Info software, these contours
were compared with those by the LA DOT. (See Figures 4.4. and 4.5.) In the hilly area, Figure 4.4., they
agree well but in the the flat area, Figure 4.5., the agreement is only fair because of the ervor in the

automatic matching. in the areas with buildings, the contours by the 1A DOT give ground level contours,
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4.3, Creating Orthophotos and Mosaicing

Once the TIN is created, the orthophoto can be obtained from the TIN and the photographs.

4.3.1. Generating Orthophotos

The orthophoto can be generated using the Ortho Tool in SoftPlotter. Since the merged TIN of
the three models is available from the previous section, the orthophotos are created from the merged TIN.
For these three models, only two separate orthophotos need to be generated. Photo No. 155 is used to
generate the orthophoto from models 154/155 and 155/156; photo No. 156 is used to generate the

orthophoto from model 156/157. Figures 4.6. and 4.7. show these orthophotos.

Figure 4.6. Orthophoto from Model 154/155, 155/156 ~

Figure 4.7. Orthophoto from Model 156/157
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4.3.2. Mosaicing

To mosaic the three models together, the geometric and radiometric distortion must be
considered. Because they are from different photographs in the stereo pair, the same location can have
different radiometric values. The same location on the ground may have different radiometric values in
each photograph because a geometric difference exists between different TINs in the common area. The
radiometric difference between the photographs in the stereo pair also makes the same location on the
ground have different radiometric values. Since the merged TIN has been obtained from the previous
section, the geometric distortion has been decreased to a minimum. The merged TIN also helps to
decrease the radiometric distortion between models on the orthophoto because the number of orthophotos
in the mosaicing process is halved. In the SoftPlotter mosa_icin_g tool, the featheri_ng technique is used to
smooth the borderline between two conti guoﬁs q.r?t.hophotd_s.. Therefore, t:he difference on radiometric

values is small and harmonious on the mosaicing. Figure 4.8. shows the mosaicing output.

Figure 4.8. Mosaicing of the Three Modeis
4.4, Digitizing Tool: KDMS

KDMS Tool is a third-party SoftPlotter software that can be used to do 3-D digitizing. In the

KDMS Tool, different types of ground features are assigned different code numbers so that they can be
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placed in different layers. The digitized data can then be saved in a KDMS file, or they can be exported

as a DXF file or Arc/Info file.

In this project, four types of ground features are digitized: fence lines, buildings, roads, and
ponds. These features were compared with the Kern PG2 plotted maps (see Figures 4.9.) and found to be

satisfactory. Therefore this tool can be used in highway engineering.

4.5. GIS Application and Map Making

" Comparison belwaen Tope Features:

CiDoklpo G-
o’ Fiocile, TP gbio-
B 1 S MEEG

O 51 100 M -

Figure 4.9 Comparsibn of Softplotter with Kern PG2 _

Arc/Info and ArcView are uééd in fhi.s.GIS appfiéétibn, ancl all of the siaa;ciai déta from SoftPlotter
and Surfer will also be used.

There are three coverages from the KDMS tool. Are¢/Info is used to process these coverages,
construct the topology, and import the contour map in DXF format from Surfer. The orthophoto is also

registered in Arc/Info. After all of these process are completed, ArcView is used to display the map.
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(See Figure 4.10.) Thus Arcview and the base maps produced by SofiPlotter maps can be used in

highway engineering.

Map from Three Models in
HWY218 Project

By Wu Yao
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Figure 4.10. Map Made with ArcView
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4.6. Feasibility of Transferring the Technology

An advising committee consisting of Alice Welsh (1A DOT Photogrammetric Engineer), Marlee
Walton (1A DOT Maintenance Engineer), Don Callender (City Engineer), and Steve DeVries (County
Engineer) was formed. The technology was demonstrated to these members. Appendix F provides
information about this technology.

Jeff Danielson, a senior technical staff member of JA DOT who works with the analytical plotter,
was trained on SoftPlotter for two days. He is able to do the 11 photo aerial triangulations satisfactorily.

Jean Borton, who works with Kem PG?2 at the IA DOT, was trained on SoftPlotter for three days.

She is able to plot a stereo pair using KDMS. Again, for more information, see Appendix F.
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CHAPTER 5. FUTURE APPLICATIONS OF SOFT PHOTOGRAMMETRY
Unlike analogue and analytical photogrammetry, soft photogrammmetry has many applications.
Mapping using low-flight aerial photography and video terrestrial photographs are two applications that
are useful in highway engineering. The objective of this chapter is to describe the two projects,
helicopter and video logging, used to study these soft photogrammmetry applications. Another newer,
rapidly developing technology is virtual reality. It uses spatial data to create three-dimensional (3-D)
views from different locations in different directions in real time. It will be useful in highway

engineering for 3-D designing and verification.

5.1. Helicopter Project

One of the problems facing U.S. departments of transportation is making improvements to
existing highway systems within cities. Plans of the existing corridors have to be done on a large scale
such as 1 inch = 20 ft or 1:200. To produce topographic maps on a scale of 1 inch = 100 ft, photographs
at a scale of 1 inch = 250 ft or a flying height of 1,500 ft are used. To produce maps at 1 inch = 20 ft,
photographs at 1 inch = 50 ft or a flying height of 300 ft are required. Unfortunately, the Federal
Aviation Administration (FAA ) restricts aircraft {flying height to about 500 ft within cities. To overcome
this constraint, an alternate platform, a helicopter, is currently being explored.

Low-altitude photography is not suitabie for use with analogue stereoplotters. Analogue
stereoplotters are designed to work with ground undulations of about 10% of the flying height, which is
not possible to maintain at low-altitude flying, and with tilt angles less than 5%, which are not always
possible with helicopters. However, soft photogrammetry can be used with low-altitude photography
without serious limitations.

In this research, we used a strip of helicopter photographs over Highway 235 near Des Moines,
fowa, to conduct an aerial triangulation as well as create a stereo model, Digital Elevation Model (DEM),

and orthophoto for pairs of models,
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5.1.1. Aerial triangulation
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Figure 5.1, Control { A ) and Pass ( O ) Points for a Strip of Six Photos (209 t0 214)

Figure 5.1. is the layout diagram of a strip of six photographs taken over Highway 235 at a flying
height of 300 ft using a helicopter fitted with a wide-angle camera. It shows the control points and pass
points. The objective is to determine the qoordinates of the pass points using the control points. The
relative accuracy of the control points is about + 2 c?n and the accuracy required for 1 inch = 20 fi scale
map is about 10 cm. Therefore, the accuracy is + 5 cm. The pass point coordinates are sufficient for the
production of the orthophoto at 1 inch = 20 ft and for the profile and cross-section plotting.

To create the digital data, the photographs are scanned using an HP Scanjet JC at 300 dpi (dots
per inch). The size of the pixel at 300 dpi is about 48 pm x 48 wm or about 3 cm x 3 em at ground scale
when the scale of the photograph is I inch = 50 fi, resulting in digital files of 2,000 Mb. Since the cursor
is about 25 um, pointing error on the center of the pixel is about + 1 um. Thus, the HP Scanjet provides
the accurate digital data required for this triangulation.

One of the first steps in aerial triangulation is to perform the interior orientation using the fiducial
marks in the photographs. The coordinates of the fiducial are known to be & 1 prh from the camera
calibration. The interior orientation using orthogonal transformation produced a root mean square (RMS)
of 0.05 mm. The RMS error indicates a distortion error due to film shrinkage, a print error due to
scanning, and a measurement error. As mentioned earlier, an error of 0.05 mm is acceptable for this

triangulation.
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As before, the coordinates are measured simultaneously on the three digital images using mono
vision. The points are identified using real-time enlargement, contrast, and brightness. Since the
resolution is about 50 pm, some of the ground control targets on asphalt are hard to identify. Perhaps 600
or 400 dpi will help to identify the targets better, which means large storage, the use of a larger computer,
etc.

Table 5.1. shows the control point coordinates obtained from aerial triangulation by SoftPiotter
and ground survey (Albany). For the helicopter photograph, the RMS of the difference in x, y, and z
between the SoftPlotter aerial triangulation and the ground survey is about 3 cm. This is acceptable for 1
inch = 20 ft mapping.

Table 5.1. Control Point Coordinates from SoftPlotter and Albany

From SoftPlotter From Albany
Point No. Point Type X(m) Y{m) Z(m) X Y Z
1204 C 487956.322 177206229 281.572
1203 C 487936.843 177261.679 | 283.300 | 487936.856 177261.699 283.301
1206 C 488047.110 E77209..] %8 | 2B1.417 | 488047.068 177209.183 281.382
1208 c 488156.367 177208200 | 279.567 ; 488156.429 177208.156 279.633
1216 C 488265.852 177205.563 | 277.448 | 488265.846 177205.577 277.418
1211 C 488265.391 177257.792 277339 | 488265.364 177257.807 277.337
For X For ¥ ForZ
RMS 0.036 0.023 0.036

5.1.2. DEM and Orthophoto

The exterior orientation elements of the photograph obtained by aerial triangulation are then used
by SoftPlotter to rectify the photograph and convert the model coordinates to epipolar coordinates for
good stereo viewing. The Surface Tool in SoftPlotter automatically obtains the DEM for the model area,

using the auto correlation technique. Because the terrain undulation is more than 10% of the flying
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height, the automatic DEM has to be manually edited with care. This manual editing is performed by
checking the bad points indicated by the software and then by creating and viewing the automatic
contours. Where the contour does not agree with the terrain, the points and areas are manually edited.
Each model’s DEM is then joined together using the PC software, Surfer. Figure 2 shows the ground
surface created from the two models. The surface clearly shows the overpass and the embankment.
Therefore, preliminary design can be done directly on the 3-D surface either in Surface Tool or in Surfer.
Again, the surface shows the large ground undulation, which causes problems in antomatic image

matching.

Figure 1 Ground Surface of the Two Models
Figure 5.2

Using SoftPlotter’s Mosaic Tool, the edited DEMs, and the central photograph 210, we create the
mosaiced orthophoto from the pair of stereo models (209, 210) and (210, 211). The initial view of the

orthophoto area will indicate areas of bad DEM typically height distortion dr = (r/H)dh at a distance r
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from the center of the photograph, where H is the flying height and dh is the undulation. For this altitude,
it was necessary to create DEM at 1/2 m grid intervals, which means large volumes of data; the manual
editing of these data would require a great deal of time. Figure 5.3. shows an orthophoto that needs some
manual editing at the edge of the overpass. Figure 5.4. shows an orthophoto in which most of the manual
editing is done. The accuracy of the orthophoto is expected to be = 10 cm and the resolution is about 5
cm, which is good for | inch = 20 ft mapping. Since the typical resolution of aerial cameras is about [ to
2 em (which is the practical limit possible), the resolfution of the orthophoto can be improved by using
higher dpi scanners.

A view of the orthophoto in Figure 5.4. clearly indicates that it can be used for designing
highway improvements; further, by using high-resolution scanners, the orthophoto’s resolution will be
two to three times better. However, higher resolution scanners will not necessarily improve the geometric

accuracy but will increase the storage space by four to nine times.

Figure 5.3. Orthophoto
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Figure 5.4. Edited Orthophoto
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5.2. Video Logging Images for As-built Survey and Monitoring Road Conditions

The lowa Department of Transportation takes video images every 25 ft along primary
and secondary roads, using a van equipped with two video {(digital) cameras and a differential
phase code global positioning system (GPS) receiver (see Figure 5.5.).

Soft photogrammetry can be used to create a stereo model from these digital images,
provided the digital cameras are calibrated. Measurements on the stereo model can be uséd 10
obtain X, Y, and Z coordinates or stations, perpendicular offsets, and elevations of points along
the roads. This information can be used to plot the "as-is" plans, profiles, and cross seétioﬁ's._
Photo 5.6. shows the target setup used to calibrate the video cameras. Table 5.1, shows t.h'e.
results of the calibration. Photo 5.7. shows a video
imagery along a secondary road, and Figure 5.8. shows the plan '.obt.ained by soft

photogrammetry.

THARSH

Figure 5.6 Calibration Targets for Video Camera

Figure 5.7 Video imagery of Secondary Road Figure 5.8 Plotted Details from SoftPlotter Measurements
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Soft photogrammetry can also be used to monitor road conditions using the radiometric
values (gray scales) recorded by the video camera. Figure 5.11. shows the black and white image
of a color video image. The Imagine, an image analysis software in soft photogrammetry, is then
used to classify road conditions. Figure 5.9. shows the area selected for classification, and Figure
5.11. shows the details of the road conditions after classification. Figure 5.10. and the related
radiometric values can be used to monitor the road conditions. The location of the area can be

determined from the stereo model and the GPS data.

NS FRERR AR L ASSIGAT

AREA OF INTEREST TN DRIGINAL IMAQE

Figure 3.9. Area of Interest in the Original Image Figure 5.10. Unsupervised Classification
after Edge Enhancement

Figure 5.11. Original Imagery
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Table 5.2 Calibration of Video Cameras

INPUT DATA FOR BLOCK
7
24515 24515
2.555  2.555
11370 11.370
0.000  0.000
0.000  0.000
0.000  0.000
5
29.926 29920
2.55¢  2.550
38.330 38.330
0.000  0.000
0.00¢  0.000
0.060  0.000

IRESIDUAL AND OBSERVATION EQUATION BEFORE 18T CYCLE

SNO. PT.NO, RES INX RESINY
1 -126.557 111.447
3 -154.280 106.666
7 -151.914 84.626
9  -132.298 99.096
10 -i60.330 95.751
15 -142.08% 116.404
18 -140.904 102.660
2 176575 98.724
3 -187.013 100.514
6 -175.135 86.261
15 -164.799 112.089
18 -162.444 103.476

=3O D B OO - N U R WD ) e

INTERIOR ORIENTATION PARAMETERS
0.48978E-05 -0.4338%E-05 -0.67630E+03 -0.427848-04 -0.38900E-03 -0.41242E-06 -0.38149E-06 0.33371E-12 0.1201iE-24

ICYCLE= 4 VARIANCE= (0227340E+00 NDF= 12

CAMERA CALIBERATION OF THEVI right 88 1997
NO. OF PHOTOS. 2
NO. OF CONTROL POINTS. 9
DEGREES OF FREEDOM, 12
NO. OF CYCLES. 4
VARIANCE OF UNIT WEIGHT= 0.22867E+00
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RESULTS

INTERIOR ORIENTATION
X Y F KI¥ 10%%-6 Ka%10%%.12 KIMIO9Is  PI% 0% PRIOR12  PRTIOMAS
08000048 0000043 676299 -0.000043 -0.000004 0.000600 0000000 0000000  0.000000
STD, 0.I51E-01  0.151E-01 0.451E01  0AT8E02 0478502 0478802 0478607 OATSELZ  0ATRE-M
WEIGHT  0.100E+04 4. 1005+04 0.106E+04  0.100E+03 0.100E+05 0.100E+05  0.100B+05  0.JODE+05  0.100E+03
EXTERIOR ORIENTATION

PHOTONO. 1- § X0 YO Z0 KAPPRAD.),1  PHHRAD)  OMEGA(RAD.)

24283183 1910004 7.755757 £.012973 0213766 0.153167

STD.ERROR 0.358108 0486095  1.164520 0.040415 0.009784 0.009845

WEIGHT 0.000006  0.000000  0.000000 0.600000 0.00600¢ 0.000000

RESIDUALS ON CONTROL POINTS {PHOTOCO-ORDINATE UNITS)

SNO. POINTNO. X-COORDINATE Y-COORDINATE Z-COORDINATE RESIDUALSINX RESPDIUALSINY

I I 28706 -2,051 -8.216 0.000006 0.000001
2 3 22.530 -1.63% “1.225 0.000030 ~0.000025
3 7 23.771 -4.295 -7.108 0.006023 -0.000024
4 9 31.350 -3.880 -32.929 (.006009 -0.006030
5 10 21.239 -3.763 -31.251 -0.000028 -0.000038
6 15 20558 4 467 -71.975 0.00001 % 0.000190
7 18 29.536 -5.806 ~72.079 0.000018 -0.000163
EXTERIOR ORIENTATION
PHOTONO.2- 0 X0 YO Z0 KAPPRAD), L PHHRAD)  OMEGA(RAD))
31583984 3.601993 38.727395  -0.021737 AA.220170 0167621
STD.ERROR 0.644952 0.698797  1.617853 0.040664 0.010567 0.009170
WEIGHT 0.000000 0.006006  0.000060  0.600000 0.000000 (.060000

RESIDUALS ON CONTROL POINTS (PHOTO CO-ORDINATE UNITS)

SNO. POINT NO.

8 2 25877
2 3 22.530
9 6 25.827
6 15 29,558
7 18 29.536

-1.305
-1.639
-5.098
4467
-5.806

-7.409
~1.225
~7.444
~11.975
~72.079

510

0.000027
-0.000040
0.000027
-0.000004
0.000004

0.000003
0.000008
-0.000045
-0.000165
0.000163

X-COORDINATE Y-COORDINATE  Z-COORDINATE RESIDUALSIN X - RESDIUALSINY



5.3. Integration of Soft Photogrgmmetry and Virtual Reality
Soft photogrammetr'y' is the science of making.measurements in Ithre_e dimensions using
stereo digital imagery. The advent of computer technology has'.facilitated. its development. Soft
photogrammetry is mainly used in topographic mapping from aerial photographs. Figure 5.12.
shows the surface polygon developed by soft photogrammetry, Figure 5.13. shows the
topographic information produced by soft photogrammétry for Geographic Information Sysiem,

and Figure 5.14. shows the Silicon Graphics workstation set up for soft photogrammetry,

Sweface from SoftPlotter

Figure 5.12.
Lowa Stake University
Buildings and Roads
Legend
R
10000 0.05 0 DL.EED.1 Les
Souson: py Satip ; . palrs ot 1684 pysial
Tawa Bl Lniverity gradiiate program.
I Carfography by Jaceling Sovinat, Fepnoy, 1997

Figure 5.13.
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Fizure 5.14, SoftPigtier TM on Silicon Graphics Workstation

5.3.1. Virtual Prototyping
Virtual reality is the science of usiﬁg polygons to view an item in three dimensions from
any location and direction. According to Howard Rheingold, it is “an experience in which a
person is surrounded by a three-dimensional computer-generated representation and is able to
move around in the virtual world and see it from different angles, to reach into it, grab it and
reshape it.” See Figures 5.15. and
5.16. Here too, computer
_____ technology has facilitated its
dévé]opment. Currently this is
| ﬁlainiy used in virtual

prototyping.

Figure 5.15. The world of Virtual Reality
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5.3.2. Virtnal Reality Environment

Figure 5.16. A Virtual Reality Environment

Currently both technologies use 200-Hz Silicon Graphics computers with 2 to 4 Gb of
disk space. Thus both technologies are computation intensive. Soft photogrammetry can be used
to obtain the 3-D spatial data required to create polygons in virtual rea}ity.. See Figures 5.12, and
5.15. In soft photogrammetry, a 3-D view is obtained from one location and in one direction,
while in virtual reality, it is possible to get a 3-D view from any location and direction. It appears

that integration of the two technologies will contribute to the development of both.
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CHAPTER 6. CONCLUSION AND RECOMMENDATION

In many aspects, soft photogrammetry is now an improvement on analytical
photogrammetry. SoftPlotter, the soft photogrammetric software used in this study, is comparable or
better than other currently available software such as Integraph and Socket. It now uses Silicon
Graphics and Unix workstations. The TNT mips, a PC software that does not have stereo vision
capability, is therefore not comparable to SoftPlotier. Computer technology is advancing rapidly and
software such as SoftPlotter should be able to use the PC window NT in the near future. When
compared to Silicon Graphics, the PC is cheaper and most users are already familiar with its
operations.

The Campus Project demonstrated that soft photogrammetry is accurate for all aspects of
traditional photogrammetry and can also be used for producing large-scale orthophoto and base
maps for Geographic Information System (GIS) applications. The project showed that flatbed
scanners with 300 dots per inch (dpi) to 600 dpi give sufficient geometric accuracy for use in soft
photogrammetry.

The Highway Project demonstrated that soft photogrammetry is accurate for highway
engineering applications. The project showed that the technical staff at the Jowa Department of
Transportation (IA DOT) can be easily trained in this technology. Highway, county, and city
engineers who are on the advisory committee for this study also felt that this technology is useful for
many aspects of civil engineering and can be easily transferred. This project also showed that the
drum scanner of 900 dpi provides sufficient geometric accuracy for soft photogrammetry.

The Helicopter Project demonstrated that soft photogrammetry can be used for low-flight,
large-scale mapping; the Video Logging Project showed that soft photogrammetry can be adopted
for inventory and GIS studies.

With research, virtual reality can be used in the three-dimensional (3-D) designing of
highways and subdivisions. Soft pho'togrammetry can be used to collect the spatial coordinates of the
polygons used in virtual reality.

6.1. Recommendation

We recommend that IA DOT use soft photogrammetry for producing orthophoto and base
maps for GIS applications.

Analytical steroplotters, because of their accuracy and versatility, will be in demand for years
to come. However, the analogue steroplotters will be off the market mainly because of their cost and
their requirement for skilled operators. We therefore recommend that analogue stereoplotters be
phased out and replaced by soft photogrammetry.
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Helicopter photography with soft photogrammetry is recommended for large-scale mapping.
Research is needed to develop methods to calibrate digital cameras so that they can replace the aerial
cameras in helicopter photography.

We also recommend that a flatbed scanner of 750 dpi to 1,000 dpi with a2 23 cm x 23 cm
format be developed. Such a scanner is geometrically accurate for most highway engineering
applications.

Video logging is currently used in highway maintenance. We recommend that research be
conducted to use video imagery with soft photograrnmetry for inventory and GIS studies. Also,
research on automatic feature extraction should be performed. Finally, we recommend that research
be conducted to develop methods of integrating soft photogrammetry and virtual reality. Virtual
reality will lead to the 3-D designing of highways and subdivisions.
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Description of Hardware

1. SiliconGraphic Indigo2™ and XL/XL Dual Head Graphics

The hardware inventory from the sysfem is listed as:

Iris Audio Processor: version A2 revision 1.1.0

1-200 MHz 1P22 Processor

FPU: MIPS R4010 Floating Point Chip Revision: 0.0
CPU: MIPS R4400 Processor Chip Revision: 6.0
On-board serial ports: 2 |

On-board bi-directional parallel port

Data cache size: 16 Kbytes

Instruction cache size: 16 Kbytes _

Secondary unified instruction/data cache size: 2 Mbytes
Main memory size: 64 Mbytes

EISA bus: adapter O

Integral Ethernet: ecQ, version 1

Integral SCSI contrelier 1: Version WD33C93B, revision D
Disk drive: unit 5 on SCSI controller 1

Tape drive: unit 2 on SCSI controiler 1: DAT

Integral SCSI controller 0: Version WD33C93B, revision D
CDROM: unit 3 on SCSI controller §

Disk drive: unit 1 on SCSI controller ©

Graphics board: XL

Graphics board: XL

Basically this is a system with 200 MHz processor with FPU, 64 MB memory. Two
disk drives(2GB internal and 4GB external), one tape drive(4mm DAT), one CDROM are
used as input/output devices. Dual head display is used.

2. Use of Storage Space

Take the high94 project as an example. There are three photographs in this project.
The total storage space used by the three digital images is about 60 MB, at a resolution
about 50 1. The use of the whole project is:

« Block Tool: 43 MB
» Stereo Tool: 61 MB
e DEM Tocl: 0.6 MB
o Surface Tool: 22 MB
e Ortho Tool: 2 MB

o XDMS Tool: 2 MB




The sum of the above is about 200 MB, including the raw images. The space used in
DEM Tool, Surface Tool depends on the ground spacing and the size of area of interest.
Here a ground space of about 10 meters was used.

3. 3D Mouse, Foot Pedal and Crystaleye Stereo Viewing
3D mouse, foot pedal is used to facilitate the control and digitizing process. The
Crystaleye stereo emitter is used to control the displaying of the stereo images for

stereoviewing. Their connection to the system is shown in the hardware connection
diagrams.
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- Hardware Schematic Diagram
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Workstation
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Description of Software

1. System

The system is based on UNIX system, here IRIS from SiliconGraphics is used as the software
environment. All the commands like cp, s, rm, mkdir, mndir and so on can be performed. To start
SoftPlotter, type

% softplotter

Here % is the system prompt.
2. SoftPlotter

SoftPlotter is a menu-driven software, it consists of two major parts: Tool Bar and the individual
modules. All the individual modules are arranged inside the Tool Bar.

Tool Bar

The Tool Bar contains the database and definitions for the whole project, it also controls the invocation
of all these individual modules or tools. Under the Tool Bar the following functions can be done:

« New project Directory: create a new project directory

e Set Project Directory: change from the current project directory to another project direciary

»  About SoftPlotter: Something about SoftPlotter

»  Exit: exit from SoftPlotter :

+ Project Definition: change the definition of the current project such as the reference frame, the type of
projection, format of the outputs and so on,

e« Camera Editor: edit or add new camera interior orientation data in the central camera database so that
it can be used in any of the projects.

s  Projection Editor: edit the projection or add a new project to the projection database

e Coordinate Calculator: convert the coordinates from one reference frame to another

+  Set Preference: set the preference used in this project

e Use Current Project As Default: set the current project as default project

The individual modules contained in the Tool Bar are:

« PM Tool

s  Block Tool

¢« Stereo Tool
s - DEM Tool

e  Surface Tool
s«  Ortho Tool

+  Mosaic Tool

+  Measuration Tool
¢ KDMS Tool

+ DGN Tool

+  IMAGINE

+ TERRAMODEL

Individual Modules
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1.0 DIGITAL PHOTOGRAMMETRIC
WORKSTATION

A digital photogrammetric workstation (DPW) is different from an analytical plotter in terms of
the input data as well as the potential for automated image measurement and matching. The input
data in case of a DPW is a scanned image that is of very large size, for example, about 133
megabytes for an aerial photograph of size 230 x 230 millimeter scanned at 20 micrometer reso-
lution. Such large sizes are handled through smart file formats and image compression technics
in some softwares. Smart file formats is capable of efficient memory management ant efficient
processing through use of such techniques as image tiling and image pyramids. The digital tech-
nology adds the new valuable techniques of automated image measurements and image match-
ing. In this report, a comparative discussion of two digital photogrammetric systems, viz., Inte-
graph Integrated NT digital system and SoftPlotter softcopy workstation is attempted.

1.1 Integraph Integrated NT Digital System

This system is a product from the INTEGRAPH Software Solutions. The system architecture
inchudes

¢ Symmetric Multiprocessing (SMP) architecture that allows system scalability

* Windows NT operating system that offers scalability across generations of processors, sup-
port on multiple processor families and a native implementation of symmetric multiprocess-
ing

e Open Graphics Library (OpenGL) for faster raster and vector operations which is an open

Application Programmer’s Interface for high performance, technical graphics operations with
native support for stereo display.

The capabilities of ImageStation products supports such requirements as

. Management of very large images

e  Support for very large monitors

. Smooth and continuous roam across the entire image
. Stereo display in a window

. Stereo vector superimposition

. Fully functional data capture during roam

. 16 bit per pixel panchromatic stereo processing

. Epipolar resampling

. Bicubic interpolation

. 5 x 5 convolution filiering



. Automatic convolution filter selection during zoom
. Automatic dynamic range adjustment
. N bit to 8 bit display mapping and gamma correction

The on-the-fly epipolar resampling is supposed to remove time consuming step of batch resam-
pling images prior to stereo exploitation. The other requirements were to enhance greatly quality
of displayed imagery so that the task of image enhancement is no more necessary.

It is possible to use advanced processor technology as they are available in the future with mini-
mum of system modifications.

1.2 SoftPlotter Softcopy Workstation

SoftPlotter is an object oriented design and is based on Silicon Graphics, Inc. (SGI) hardware.
SGI is capable of performing all phases of photogrammetric production process. The object ori-
ented design aspect of the SoftPlotter product allows the system to be extended to meet unique
customer requirements. It also uses an open system computer technology.

The miscellaneous software capabilities include

o Flexible use of reference frames (geographic, map projections, arbitrary cartesian, terrestrial
( terrestrial only )); products can be generated in any reference frame regardless of the source
data reference frames -

* Switching of linear units for any product at any time

¢ Use of Reduced Resolution Data Sets (RRDS) to speed up image data access at other than
1:1 processing and all display functions; these are in files independent of the source image
and can be deleted to free up disk space since they can be generated as and when required.

» Batch processing capability that allows the user to generate script file for sequential pro
cessing ( e.g., stereopair creation, DTM generation, orthorectification)

e Use of "project definition parameters” to provide default parameters for most processing
steps; for example, DTM collection spacing, orthophoto resolution, linear units and reference
frame, so that data entry is minimized.

e The SoftPlotter product comes standard with ERDAS IMAGINE software, Plus 3 Ter-
ramodel Contour software, and -optionally, with MicroStation from Bentley Systems.

2.0 HARDWARE CONFIGURATIONS
2.1 Integraph Integrated NT Digital System
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The Integraph integrated digital photogrammetric system consists of the following hardware
components:

-Photoscan TD
-ScanServer

-Imagestation Z

PhotoScan TD is a manually operated system that includes the scanner module with or without
the roli-feed capability and a host workstation running under the Windows NT operating system.
The base system includes 4 GB of disk storage and will accommodate additional internal or ex-
ternal disk drives. Scanning may be performed at resolutions of 7, 14, 21, 28, 56, 112 and 224
microns. The tricolor CCD is capable of single pass color scanning.

ScanServer is an alternative to PhotoScan TD. It is a system for automatic scanning of roil
feed based film. This system includes a scanner module as in PhotoScan TD but with roll feed
option and a server class workstation with a RAID disk subsystem. It has a 27 GB disk capacity,
hardware JPEG compression, tape backup system, and a complete display system including a
21" monitor. The base system can accommodate up to five additional 9 GB disk drives. More
disk expansion can be added through addition of a second InterRAID cabinet. It has the capabil-
ity of acting as an image server for a small cluster of processing workstations. The AutoScan
Software helps unattended scanning of roll film. Some main features of AutoScan Software are:

. Scan Project Management

. Automatic film positioning

. Automatic radiometric measurements
. Automatic fiducial measurement

. Automatic image pyramid generation
. File name, disk space management

. Network Scanning

. Project Report

ImageStation Z offers stereo roam capability that allows moving the stereomodel smoothly be-
hind the measuring mark, similar to moving the stage or plates behind the floating mark on ana-
logue or analytical stereoplotters. This enables the operator to follow features such as rivers and
roads across the extent of the stereo model. The other main features of the ImageStation Z are;

* Stereo viewing kit; ten-button two-handed cursor
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¢ High precision D-sized (34" X 22") digitizing surface in a single surface table ; Adjustable
Cyborg Chair

e JPEG image Compression Processor

e Expandable deskside chassis with dual or quad 200Mhz Pentium Pro CPU or 512KB cache
per CPU

¢ 128 MB of memory (4 banks/8 SIMM sockets total)

e Single or dual RealiZM Z25 3D graphics accelerator providing a maximum resolution of
2.5Mpixels '

e Single 21", dual 21" or single 28" multi-sync high resolution monitor; Single surface monitor
table

s One 4GB system drive and two additional 4 GB internal disk drives
e Separate internal (fast 20) and external SCSI buses; 8X CD-ROM

¢ Ethernet controller with 10/100Base-TX sﬁpport

o Creative Labs Sound Blaster -16C™ audio with FM synthesizer

» One parallel port and two 16C550 compatible serial ports

o Three front accessible 5.25" drive bays available; the front accessible bays also support inter-
nal 3.5", 1" disk drives

e Multimedia keyboard, 3-button mouse, 3.5" floppy disk drive

¢ One copy of Windows NT operating system

2.2 SoftPlotter~ Softcopy Workstation

SoftPlotter uses the fast 200MHz SGI Indig02 workstation based on UNIX that has a 4 MB sec-
ondary cache. Peripherals includes

. 8mm Exabytre and 9-track tape drive
. A CD-ROM drive
. A 20GB external disk drive

Stereographics field sequential display image technology is used for stereoviewing. The sys-
tem features an interactive 3D cursor known as SoftMouse. It is a custom designed and ergo-
nomically shaped photogrammetry measuring device. '
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3.0 SOFTWARE CONFIGURATION
3.1.Integraph Integrated NT Digital System

The workflow in Integrated NT-Digital Photogrammetry System may be grouped into two cat-
egories:

1. Visual Database Creation that includes photo scanning, image mensuration and triangula-
tion (orientation and/or bundle block adjustment), and epipolar image generation, if necessary.
The epipolar imagery may be generated on the fly. ‘

2. Visual Database Exploitation that includes 3-D feature /DTM coliection, CAD model gen-.
eration, and orthophoto creation.

3.1.1.Digital Mensuration And Triangulation

ImageStation Photogrammetric Manager (ISPM) provides photogrammetric data manage-
ment tools with entry/edit menus, the bulk mput/output of photogrammetric data and
import/export options for third party photogrammetric packages.

Orientation And/Or Triangulation:

ImageStation Model Setup (ISMP) is a module for single image/model orientation and pro-
vides func tionalities for Interior Orientation, Relative Orientation, Absolute Orientation and
single image resection.

ImageStation Digital Mensuration (ISDM) provides a multi-image ( up to six images at a
time), multi-sensor point transfer and measurement environment for photo triangulation work-
flow. Facility for Auto Correlation and on-line integrity checks are provided for better accuracy.
It is possible to access Image enhancement and image manipulation functions while performing
the mensuration task.

Conventional Bundle Block Adjustment

PhotoT, which is included in ISDM product provides the user with an interactive interface to
perform conventional bundle adjustment process. Standard least square bundle adjustment proce-
dure is used incorporating apriori information for exterior orientation parameters. In addition,
such operations as blunder detection, variance-covariance computation, detecting photos/models,
quality control analysis for IO, RO, AO, Bundle adjustment parameters, drawing footprints,
drawing 3-D points, and bulk processing can be performed in PhotoT.
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Automatic Bundle Block Adjustment

ImageStation MATCH-AT (ISAT) is an automated aerotriangulation package combined with
editing facility and provides an interface with ISDM. The main module here, MATCH-AT au-
tomates point transfer and tie point measurements. However, an initial parameter set-up, the inte-
rior orientation, and interactive measurement of control points are required at the beginning. The
results of automatic block adjustments can be analyzed and edited if necessary. As good ap-
proximate values of the exterior orientation parameters are critical for successful image match-
ing, it is suggested such values be obtained from onboard Global Positioning System (GPS) or
Inertial Navigation System (INS). MATCH-AT uses image pyramids and coarse to fine resolu-
tion image matching operations in order to overcome some of the difficulties, including uncer-
tainty due to terrain relief, regarding initial approximation of parameters.

3.1.2.Epipolar Resampling

Epipolar resampling involves rearrangements of pixels in each digital photo of a stereomodel in
such a way as to remove all the y-parallaxes. The result is the removal of effects of tilt, dip and
swing of the aircraft and such other corrections as earth curvature, atmospheric refraction, lens
distortion . However, it is not necessary to create stereo epipolar imagery in advance for 3-D ex-
ploitation using Integraph NT based photogrammetry products.

3.1.3 3-D Feature And DTM Extraction

After triangulation and orientation is completed, resampling into epipolar geometry is done on
the fly for each stereo model. 3D feature/DTM extraction is carried out by ImageStaion Stereo
Display (ISSD), MicroStation Feature Collection (MSFC), ImageStaion DTM Collection (ISDC)
and ImageStation MATCH-T (ISMT) products.

Stereo Display

ImageStaion Stereo Display (ISSD) displays and manipulate monochromatic, color index and
color composite images and uses layer capability to load and process multiple image file. It uses
image interlace technology for stereo display.

Map Feature Collection

MicroStation Feature Collection (MSFC) provides a digitizing system for collecting and edit-
ing map features and uses screen-based icon-driven menus to provide an interface designed for
map production.
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DTM Collection

ImageStaion DTM Collection (ISDC) provides an interactive method for stereo compilation of
digital terrain model using MSFC to setup feature definitions such as DTM points and breaklines
for ISDC. The collected elevation data can be used by Integraph DTM products such as MSM,
InRoads or InSurv to create contours or other engineering modeling. It can also be used in MGE
product to creation and revision of digital land base.

Automatic DTM Collection

ImageStation MATCH-T (ISMT) provides a method for automatic generation of elevation data
via batch processing. DTM points are extracted from digital aerial and SPOT stereo pair images
in a stepwise manner by going through a pyramidal data structure. At each pyramidal level, a
preliminary matching of conjugate image points are made, projected into an object space for 3-D
intersection and processed through a robust DTM modelling with bilinear finite elements. The
main features of ISMT are: :

* Raster file structure
. DTM generation in a model, object or user defined coordinate system

. DTM generation from B&W and color imagery

. SPOT image capture using Rational Functions

. Batch Processing and output into design file

. Suppression of grid points near breaklines

. Separate class definition and symbologies for points of different statistical quaiitiés
. Use of exiting DTM points to improve automatic DTM generation

. Use of surface reconstruction module to capture DTM points in poor texture areas
. On-line visualization tools to monitor DTM point quality

. Borderlines that are exploded to avoid edge effects

3.1.4 Orthophoto Generation

Base Rectifier is a component of the ortho rectification system. It can create a digital orthophoto
from an input image. Any ground feature collected in stereo 3-D extraction can be displayed in
their true orthographic positions directly on top of the newly generated orthophoto. Additional
digitizing in 2-D can also be performed directly on top of the orthophoto. The output pixel size
can be chosen in terms of ground units or by defining the number of rows and columns in the
output image. The user can define the type of resampling method, the pixel spacing for the an-
chor points, different tile sizes, the number of overviews and how they are processed, and the co-
ordinates and rotation of the output image. Integraph DTM products can be used to analyze plan
or perspective view of topographic features, triangles, surface mesh, contours, and color-coded
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elevations. Design files can be creates in the required projection system. IRASC or MBI prod-
ucts can display orthophotoes, do mosaicking, digitize, and annotate required planimetric fea-
tures.

3.2 SoftPlotter Softcopy Workstation

A Graphical User Interface (GUI) based on OSF MOTIF is used throughout the SoftPlotter
system features Production Manager tool that allows point and click archiving and dearchiving
of project at any level from a single file to a full back up provide automatic data organization for
the user. Thus the UNIX operating system and commands are sheltered from the user to a great
extent. Le., the SoftPlotter is built around a "Project” concept. A project contains source data, in-
terim products, and final products. The Tool Bar serves as the launching pad for the various
modules of the SoftPlotter software .

3.2.1 Import

SoftPlotter accepts scanned images, color or black and white from all major scanners. Standard
imagery import features are included for ERDAS IMAGINE, ERDAS LAN, TIFF. Vexcel scan-
ner, Wherli scanner, and generic binary file formats. It also imports SPOT imagery in the 1A and
1B formats, both muliispectral and panchromatic.

3.2.2 Triangulation

Triangulation data can be imported in standard ASCII output file from extemal packages PAT-
B, JFK, and ALBANY software packages, or may be performed on the system. SoftPlotter uses
Multi Sensor Triangulation (MST) which supports simultaneous triangulation of standard
frame, terrestrial, aerial, satellite and panoramic imagery. The bundle adjustment is based on rig-
orous sensor models and computes rational functions for each image after the bundle is com-
plete. The rational function is utilized in all subsequent operations making the software sensor-
independent.

The SoftPlotter triangulation carries out a least square block bundle adjustment with precision
assigned to all parameters in the solution measured and known. Individual image measurements
of ground points and images can be individually turned on or off. The Block Tool module is re-
sponsible for import of imagery, interior orientation of all imagery, the triangulation process, and
creation of support data for all frames in the triangulation.

The Stereo Tool generates stereopairs for general viewing. The stereopairs are formed by epipo-
lar resampling of the imagery to create a parallax-free set of images. The stereopair so created
are sensor independent. A floating cursor is implemented. The epipolar cursor is controlled by
the SoftMouse. ‘




3.2.3 Batch Processing 'and Automation

SoftPlotter has a batch scripting process to allow computation intensive tasks by lining up ste-
reopairs, DTM collections and orthophotos in advance to run during off hours when interactive
processing such as triangulation measurements, interactive editing of DTM and mosaickmg is
not being performed. The applicable processes include:

s Automatic Interior Orientation (AIO) of digitized imagery and import of the imageries into
designated blocks.

. Automatic Tie Point Selection and Measurements (ATPS) on entire strips. Only ground
point identification and measurement is to be done by the operator.

. Stereopair warping.

. Automatic DTM Collection.

. Orthophoto generation.

324DTM/TIN

The DEM Tool is used to automatically collect DEM from overlapping images by a proprietary
digital correlation technique. It provides interactive stereoscopic editing, import of external
DEMs (ERDAS IMAGINE format), and exporting DEM data to a binary format.

The Surface Tool is commonly used to describe terrain surface and is based on TIN data storage
formats. It is different from the DEM Tool in that it collects data relative to the stereomodel
boundary as opposed to a "North Up" orientation in ground space. It generates contours in near
real time with variable interval and displays with color coding. It also can interact with the
KDMS Tool, if present, to provide professional contouring and additional terrain data editing
functions.

Existing 2D files, commonly in vector format, may be imported into SoftPlotter and view with
stereo superimposition by passing the horizontal coordinates through the TIN surface to deter-
mine elevations for all points. The Plus 3 TERRAMODEL Contour Package provided with
the system offers additional capabilities in TIN manipulation, contouring and profiling, including
import and export of ASCII and DXF file data.

3.2.5 Vector Mapping / Data Capture

The KDMS Tool (Kork Digital Mapping System) and the DGN Tool are vector mapping soft-
wares for map compilation, built upon the SoftPlotter Application Programmer Interface
(API). The files are in standard KDMS file format and Standard DGN file format respectively.

c-11



3.2.6 Orthophoto Generation / Mosaicking

The Ortho Tool handles orthorectification of images from the triangulation based on DEM or
TIN terrain information through batch processing. It is used to generate digital orthoimages for
the mosaicking step. The Mosaic Toel does the job of mosaicking the orthoimageries into a
single image file. The tool include the ability to simply collage an area or the use of interactive
cutlines and feathering for seamless image generation.

3.2.7 Image Processing

SoftPlotter is fully integrated with ERDAS IMAGINE Mapper SoftPlotter uses IMAGINE

Tool for raster and vector data import, image processing, map composition and plotting. It works
in native ERDAS file formats for imagery and DEMs.

4.0 CONCLUSION

It can be seen that the INTEGRAPH system has added hardware units for scanning of photo
data whereas the SoftPlotter depends upon already scanned data for subsequent treatments.

In regard of basic computational photogrammetric functionalities, the INTEGRAPH uses third
party products such as MACH-AT, where as the SoftPlotter, though seems to be self sufficient in
this regard, provides optional use of products such as Plus 3 TERRAMODEL.

For other photogrammetric purposes such as mapping and digitizing, both the systems integrates
with itselves already existing and products of proven capabilities.

Both these system seem to be comparable in matters of photogrammetric products generated. Yet
different tools used for various steps of processing of photogrammetric data is different.
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Comparison between SoftPlotter and Socet
By

W.Yao



Comparison between SoftPlotter and Socet

SoftPlotter is a digital photogrammetry software package from Vision
International, and Socet is a digital photogrammetry software package from Heleva Inc.
Both software can be used to perform what can be done in the conventional
photogrammetry.

The general advantage of SoftPlotter is that everything in it is well grouped into
some modules so that it is easy to know how to do the processing according to the
module tools and to manage the information in it. Since all the functions in Socet are
grouped by different levels of menus in terms of the similarity or processing procedures,
it is not so easy to learn how to use it. But Socet has more complicated and complete
functions that can deal with more situations than SoftPlotter does. From the view of

capability, Socet is more professional.

1. Appearance & User Interface

They have totally different appearance on the screen. SoftPlotter has a tool bar which
shows all the function modules available on it. All the modules are arranged in the order
of processing, so the user is easy to know what is the next step. So the operator can use it
even without referring to manual or with a little help.

In Socet there is no such module menu like in SoftPlotter. Basically it consist of
three separate windows. The upper one has all the functions in the menu, the middle one
is for displaying images, the lower one controls the image displaying in the middle
window. For stereo displaying, there is another window on the second monitor for
displaying images. since all the function in the upper window are not grouped into the
function modules like in SeftPlotter, it is not easy for users to learn how to use them.

The general impression is that the Secet is much more complicated than SotfPlotter,
whether the functions or the operations. Since SoftPlotter has its all functions in

modules, and put them on the tool bar in the order of processing, it is more efficient than
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the Socet has. It is not difficult to add more complicated functions to SeoftPlotter to

improve its processing precision or functionality for each module if needed.

Table 1 lists some comparison between them for the function of the main menu.

Table 1 Main Menu Comparison

SoftPlotter Socet
Function in Modules ? Yes ‘ No
Users friendly ? Yes Not much
Image Window always | No, different image window | Yes, always the same image

available ?

for different function

window

Save current status when

exit?

No, it uses default project

Yes, it will come back to

the same status next time

Main menu complicated ?

No, there is only one tool

bar

Yes, Three separate window

menus can be messed up

2. Create New Project

Both software have the creation new project as the first step in a new project. In

SoftPlotter the information like project name, projection or datum, average height,

output image format and ground spacing of DTM are needed. Once a new project is

created, a subdirectory under the project name is created and a certain number of

subdirectory under that project subdirectory are made for storing the input and output of

corresponding module. Unlike SoftPlotter, in Socet the path for images and project file

is needed for the new project. all the input and output will be put in these two

subdirectories. If not using the default path, the subdirectory for the new project needs to

be created before setting the path in the definition of the new project. Coordinate system

and estimate of the minimum and maximum ground elevations are needed. Table 2 shows

the comparison on creating new project.

Table 2 Creating New Project

SoftPlotter

Socet

Subdirectory  for  each

Yes. This makes it easy to

No, only two subdirectories
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module ? access to the results for image and project

Easy to create new project 7 | Yes _ Fine

Need ground height | Yes, need average ground | Yes, need min. and max. of
estimate ? height ground height

Need ground spacing for | Yes : No

DTM in project definition ?

3. Project Information Management

In SoftPlotier all the information are kept in the subdirectory for that module. For
example the information about the photographs and ground points in the project are kept
in the files in the subdirectory named block. In this way it is easy to have the information
you need, and monitor the status. But in Secet, the information are kept in the files in the
same subdirectory. So it is not easy to find the information if you are not very familiar
with the software. On the other hand, since the SoftPlotter has different modules and the
information are displayed when any of the modules are opened, so it has not obstruction

for user to get this kind of information about the current status of the module.

4. Importing Images

Both software can import different types of images. Since different types of imagery
format can be converted to each other, it is not a problem for them to used different
format of images. But the way that they use to import images is slightly different. It is
interesting that Socet can not read TIFF images with more than one strip correctly. In
SoftPlotter the images have to be imported after selection of camera. There is a camera
database which must contain at least one camera before the image frames can be read.
The exterior orientation parameter can be imported from some different results like
Albany. In the importing process, all the information about the imported frames are
displayed on the information table.

In Socet the camera calibration data are stored in different camera data files. Before

the image is imported, the camera data file has to been chosen. The exterior orientation
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can be imported as one option. The imported images are arranged as separate files. It is

not easy to get the information about the imported images. There is a function can be

used to group stereo model from the imported images.

Table 3 shows some of the comparison.

Table 3 Comparison on Image Importing

Socet

Import exterior orientation

from other triangulation ?

SoftPlotter
Yes, anytime in the
processing

Yes, only when importing

the images

Can use multiple camera ?

Yes, can use anyone in the

Yes, choose the camera data

camera database file when importing
Can modify camera | Yes, anytime in the camera | Yes, modifications can be
calibration data ? database done on the camera file
Display all the frame | Yes, all the information are | No
information 7

displayed in a window

Easy to import ?

Yes

Fine

5. Camera Calibration Data

In SoftPlotter all the camera calibration data are stored in a central camera database
that can be used by every project. In the Block tool of each project, there is another local
camera database which is only valid for this project. The calibration data in the database
can be modified at any time.

In Socet there is a function that can be used to modify the calibration data. Since the
camera calibration data for each camera are stored in a separate file, it is not easy to know
the number of camera and the types of camera used in the current project. It is not
difficult to modify the content of the camera calibration data using the corresponding
function. It has a very good graphical interface for user to locate the fiducial point and

input the photo coordinates.
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Since SoftPlotter uses database to handle the camera calibration data, it is easy for

users to manage the data in SoftPlotter.

6. Interior Orientation

Both software have very good graphical user interface to do the interior orientation. In
SoftPloﬁ:er, the basic image processing tools like magnification are in the same window
as other information. But in Socet there is a separate tool window for these basic image
processing. The latter is better but more complicated.

In Socet the fiducial points can be enabled or disabled by checking on yes or

unchecking it. This is very convenient.

7. Ground Measurement

The process used in Socet for measuring ground points is very complicated. There is
a function that can be used to input all the ground points as control points, tie points and
check points. The points can also be added or deleted in the measurement window. Since
only two images can be displayed at a time, and it has one cursor for each image, one
cursor has to be locked before the measurement can be taken. Although only two images
can be displayed at a time, any number of images can be loaded if the point to be
measured appears on them. Automatic point measurement can be used.

It is a different story for doing ground measurement in SoftPlotter. Relatively it is
easy to measure the points. Since the ground point information are stored in a table which
can be accessed almost every where, its content can be modified very easily. The ground
point information can also be imported from a text file. When measuring the point, up to
6 images can be displayed at them same time. Automatic measurement is also available
for both pug and control points. Once the points is measuréd, the point number is marked
on the photograph. Another big advantage for SeftPlotter here is that the frame
information can be accessed from the ground point measurement window and the
triangulation can be performed right after the ground point measurement is done. This

makes it really fast between the measurement and test of the triangulation. It almost takes’
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no time to see the triangulation results after finishing the ground point measurement.
Table 4 has some comparisons. Since all the information about the ground points ‘are
tabulated, it is easy to check and modify the numbers for each point. In SoftPlotter up to
6 images can displayed at the same time. Sometime this can cause memory problem such
as memory overflow or segment violation. One reason for this is that probably some
previously claimed memories are not released when they are done. Somehow it has some

problem with color images. It is very slow when loading a color images even the image is

not that big.
Table 4 Comparison in Ground Point Measurement
SoftPlotter Socet
User friendly ? Yes , OK
Efficient 7 Yes, can perform | No
triangulation right away
Mark measured points ? Yes No

Automatic measurement 7 | Yes, for both pug aund| Yes

control points

Can import ground points 7 | Yes No
Display more than two | Yes No
images ?

Any memory managing | Yes, memory error for big | Not test
problem ? image (e.g. 160MB)

Easy to activate or| Yes OK

deactivate points 7

Complicated ? No Yes

8. Triangulation
It has no problem to perform triangulation in SoftPlotter. The triangulation can be
performed either in ground point measwrement or from the menu in Block tool. The result

of triangulation can be viewed right after the triangulation is done, no matter the results
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are good or not. All the information about the triangulation are stored in a text file which
can be easily accessed.
The same good data used in SeftPlotter are tried in Socet, and the triangulation is not

available.

9. Summary

All the operations in SoftPlotter are easy to handle. It is very user friendly. But the
same operation in Socet may be very complicated. But as a softcopy photogrammetry
software package, Socet has more functions than SoftPlotter has. Probably Socet can
produce better results or the kind of result that users need. But for general purpose,
SoftPlotter is good enough. _

There are some other things like DEM editing, 3D digitizing and printing that can
compared. Since there is not enough experience on Socet, the comparison is not available

right now.
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1 An overview of TNTMips5.6 and Softplotterl.6

1.1 TNTMips

A powerful and spatial analysis package developed by Microimages Inc, A Nebraska based
firm. It has the capability of dealing with both raster and vector based data and its very
user friendly when compared with some of the other commercial GIS software in the market.
1t also has the ability to generate Orthophoto and DEM models for Spot imagery and aerial
photographs with the stereoscopic modeling tool.

The user interface for this tool has been modified and improved over the vears and has been
getting better and better with every upgrade. The process for orthoimage generation using
this package is essentially divided into the following major steps listed as follows :

¢ The aerial photographs for the area under study are scanned and stored in an Image
format and is imported into TNTMips as a raster to enable the usage of the data by
the software.

e The raster obtained from the left aerial photograph is assigned horizontal and vertical
control by identifying control points in the photograph whose positional and eleva-
tion information are known. This is important before moving onto the stereoscopic
modeling process. Absence of this information will not get us any further. This soft-
ware does not require the user to assign control to the raster obtained from the right
photograph.

e The position of the principal point for the raster pair is computed using the raster
examination tool. This data alongwith the camera data is required for the interior
orientation module, the first step in the stereoscopic modeling tool.

o The prospective projection process follows the interior orientation step. This step
generates an epipolar sterec-pair by resampling the raster images which are assigned
tiepoints in this process. Tiepoints are points in the model area or the area common to
both the photographs. Points which are found to be similar in both the photographs
are chosen to be tiepoints.

e The epipolar raster pair generated is now ready to be used for DEM generation which
is the next and penultimate step in the stereoscopié modeling process. The DEM
process uses the tiepoints created earlier to autogenerate many more tiepoints covering
the entire model area in order to get a dense DEM representing the model area on
the whole without any holes. This process uses the TIN densification algorithm to
generate the DEM. The parameters involved in the autogenerate process can always
be changed to meet the needs of the user. This process can be repeated till the output
DEM generated is satisfactory. The raster examination tool can be used to check the
elevations at various points in the DEM.
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e The orthophoto generation process culminates the steps involved in the stereo mod-
eling tool and uses the resampled epipolar image obtained from either the left or the
right photograph and the DEM generated from the raster pair to generate an orthoim-
age. The parameters involved can be tested to verify the values before initiating the
process.

1.2 Softplotter 1.6

Softplotter 1.6 developed by Vision International is a fully functional Soft Photogrammetric
software used to generate stereo-pairs, DEMs and Orthoimages. In addition, this software
can also be used to develop aerial mosaics / strip. The software needs to be installed / con-
figured on powerful Unix based workstations with high end graphics display and resolution
like the SGI's and Suns.

Some accessories like the special 3-D mouse, Crystal LCD indicator to enable stereo-viewing,
stereo glasses and an additional monitor come alongwith the software to fully harness its
potential. Some level of skill is required to use this software in order to generate Orthoimages
and other products. Some knowledge of operating system with reference to file management
and such related tasks will also be needed. This software like TNTmips follows a set
of procedures before generating the DEM and the Orthophoto. The steps are shown as
follows:

e The first step is the creation of a new project directory which will store all the required
files to be used by the software during the ortho generation processes. If a project has
already been started, the user can begin with an already existing project directory.

e Next step is the block editor which is like the building block for this software. The
user cannot proceed further before satisfying conditions in this process.

1) Select the camera from the camera editor used to take the photographs. This in-
formation is important to compute the parameters for the interior orientation. The
camera data needs to be added for use in this project if its not available in the database.
2) The next step would be the entry of the coordinates of the eight fiducial marks for
the photograph. Then the photographs are taken to the frame editor. This module
has the capability to deal with upto three stereo-pairs at a time. The photographs
which are stored in an image format for scanning will now be imported into the frame
editor for further use. Unlike TNTmips, the photographs need not be converted into
rasters.

3) Now the control points and the tiepoints are added to the frame editor. The con-
irols are assigned horizontal or vertical control based on the accuracy of their known
coordinates. Atleast three control points are needed to perform the triangulation pro-
cess.

4) As the triangulation process runs error free, the stereoimage can be generated by
accepting the triangulation results. If there is an error during the triangulation, the
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report generated for the process can be used to correct or delete any bad points which
might be inducing the error. '

o The stereoimage obtained from the triangulation can be used to make the measure-
ments in the model area which gives a fair idea about the terrain in general with the
elevation at any desired location in the model area. This is very useful to check for
anomalies in elevation. This feature gives softplotter an edge over TNTmips.

¢ The next step in the process would be the DEM tool which will use the stereoimage
as its input from the frame and will generate the DEM for the model area. The DEM
created is in a raster format. The surface tool can be used to edit the DEM or convert
the DEM to the TIN which can be edited using the KDMS tool.

e The oitho tool used to generate the Orthoimage. It expects one of the photographs
and the DEM of the model area as the input. The final orthoimage is stored in the
project file in the TIFF format and it is ready to be used by a GIS alongwith its
transformation information file which has a (TFW) suffix.

There are other tools available like the mosaic tool aiding the formation of a strip from
adjacent model areas and the imagine tool which can analyze and give Softplotter raster
based GIS processing capabilities.

2 Results from GRID

The DEM from TNTmips and Softplotter were generated with a cell size of 0.45m for
comparison purposes. A difference DEM was created to study the difference between the two
DEMs. The mean difference between the two DEMs was about 0.3m. Interestingly enough,
while the DEM generated by TNTmips was smooth with gradual elevation difference, the
softplotter generated DEM was very speckled with significant elevation differences in a very
small area. Figure 1 shows the DEM generated by TNTmips and the contours.

The softplotter DEM was reexamined and it was observed that it had way too many points
in a small area and due to limitation in the number of points taken by the tin, could go no
further. However, when the cell size of the resulting DEM was changed to 5.0m from 6.45m,
softplotter generated a DEM which was very smooth and comparable with the TNTmips
DEM.

The control point information was overlayed over both the orthoimages and the errors in the
placement of the points was computed using the length command and the arcview distance
command. The results obtained from the overlay where as follows:-

eMips Orthoimage:- The error in the placement of control points with ids 12, 45, 69 and 71
were found out to be 1.95m, 2.34m, 1.86m, 1.36m respectively. Some other measurements
were taken from some linear features in the model area like the railway track at various
places and the gravel road. The width of the railway guage as measured on the mips ortho
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Figure 1: TNTmips DEM and Contours in GRID

was found to be 1.52m where as the standard guage width is 4 feet 8.5 inches or 1.435m.
The road was found to be 7.44m wide which is about 24.49 feet. The planimetric map of
Larson created by the mips based products is shown in Figure 2.

#Softplotter Orthoimage:- The error in the placement of the control points with ids
12, 45, 69 and 71 were found out to be 1L.5m, 1.70m, 2.41m, 1.43m respectively. The
measurement taken on the railway track resulted in the width of the guage being reported
as 1.47m when compared with the standard guage of 4 feet 8.5 inches. The width of the
gravel road was measured as 7.42m or 24.31 feet.

Figure 3 displays the planimetric map generated with the softplotter products.

Controi point information is so important to check the accuracy of orthophotos and DEMs
and this project provides us with information aboui four points encompassing the model
area. There were about 71 points whose coordinate information was available through GPS
for the model area and we were able to use only four. The implications of these resuits on the
orthoimage and the DEM quality will be given comprehensive treatment in the concluding
chapter. Suggestions and scope for future work will also be discussed.
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Planimetric Map of L.arson by TNTmips

Figure 2: Planimetric Map of Larson by mips
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3 RESULTS AND CONCLUSIONS

It has been observed that TNTmips and softplotter have different methodologies for the
creation of orthoimages and elevation models from aerial photographs. The differences
in the approach of both the software are discussed below. This will be followed by an
assessment of the quality of orthoimages and DEM for Larson generated by these software
and will culminate with conclusions and recommendations for further work.

3.1 Differences between TNTmips and Softplotter

The differences between these software is best explained by elaborating on the following
issues:-

e Pre triangulation procedures:- Both software expect different parameters as input

for the interior orientation process. While TNTmips expects the camera focal length,
scanner resolution and position of the principal point as inputs, softplotter needs the
camera data which includes the coordinates of the fiducial marks. The presence of a
camera database in softplotter helps in using the data for multiple projects without
having to re-enter things again.
Softplotter is better equipped to deal with the interior orientation process as it com-
putes the position of the principal point based on the coordinates of all the available
fiducials where as TNT has to calculate the position of the principal point based on
the coordinates of the center fiducials which are not available most of the time due
scanner limitations.

Interior orientation is followed by relative orientation where the control point infor-
mation and the tie point information are assigned to the photographs in order to get
them ready for triangulation. For softplotter, the frame edifor is used to add con-
trol points and tiepoints to both left and right images. The control points can be
added simultaneously to both the photographs and the auto correlation tool is used
for adding tiepoints. TN'T uses two tools for relative orientation process, one being
the georeference option to add control information and the other being the relative
orientation. The right photograph need not be assigned control point information in
this case.

The main limitation of mips here is the inability of its auto correlation tool to work
on 24 bit color images. The photographs have to be essentially 8 bit gray scale rasters
to be used. While softplotter has no limits set on the number of tiepoints to be added,
TNT requires a minimum of 10-15 tiepoints to get reasonable results. While a user
can only work on one stereopair at a time in TNTmips, the frame editor of softplotter
enables the user to work on three stercopairs simultaneously which gives it the edge
for performing triangulation of strips encompassing large areas.



e Triangulation and Stereomodel:-Softplotter aiso provides a detailed triangulation
process report which can be readily used to rectify or remove a bad tie point or a
control point. This results in the production of a better stereo model which can be
used for making some measurements and to generate a DEM. TNT does not provide a
comprehensive crientation report and the only way to determine bad points is by using
the color coded correlation coefficient as a touchstone. The presence of larger gray
areas might result in an improper correlation. Softplotter has a very good stereotool
which can be used to take some elevation measurements from the stereomodel and
can also be used as an editing tool later to remove bad points in the DEM. TNT does
have a stereotool which is more in the evolving stages.

s DEM Generation and Orthorectification:-Softplotter can generate the DEM
from either the DEM tool or the surface tool. The automatic collection algorithm is
excellent as it collects points in the model area based on the ground distance specified.
In contrast, the DEM extraction tool of TNTmips works on a combination of manual
and automatic tie point collection system. Different techniques have to be adopted to
force the process to add some points in some gray areas and regions with insufficient
control.

The orthorectification process in both the software work on similar lines with the
softplotter ortho tool provides additional options of producing orthophotos from TINs.

s Performance and other general features:- Softplotter is made available only as
a stand alone Unix system where as TNTmips is available in Unix and Windows as
well. The softplotter hardware which comprises of high end graphics display, CPU and
the special stereo glasses and mouse for stereoviewing and editing costs a lot more
than the TNTmips software and its hardware which run into a few thousand dollars.
The system performance of both software is almost comparable. The only limitation
with mips being that it might take more time to process real huge and complex
datasets. With the automation in TNTmips not being total, the amount of time
taken by it to produce results is greater than that taken by softplotter.

e Data Structure and Flexibility:- Softplotter uses a project directory and stores
all the components in various sub-directories. TN T'mips stores everything related to
a project in a project (.rvc) file.
TNT with its GIS capabilities offers greater data flexibility than softplotter. The data
in TNTmips can be converted to a lot of industry standard formats and vice-versa.
In contrast the softplotter data can can be converted and used by very few other
software.

Both software dont have a cell based or raster based modeling system at their disposal and
have to depend on a third party GIS software like ARC/INFO for such needs. However the
software do have some image processing capabilities with softplotter depending on ERDAS
Imagine for this functionality whereas these features are inbuilt for mips.
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4 Orthophoto and DEM Quality

The results obtained from the analysis using GRID is significant as it provides an insight
into the issues of product betterment and quality control for the orthoimages and DEMs.
Quality of an orthoimage falls into two categories, one being spatial accuracy and the other
being image quality. Spatial accuracy is concerned with the location of the pixel elements
in reference to their true location. Image quality is associated with the defects and tonal
differences and the radiometric corrections which might be necessary.

Orthophoto basemaps have excellent horizontal accuracy when compared with the conven-
tional line and symbol maps. The National map accuracy standards specifies the following
conditions for horizontal accuracy: For maps on publication scales larger than 1 : 20,000,
not more than 10measured on publication scale. For maps on publication scales of 1 : 20,000
or smaller, it is 1/50 inch. These limits apply to well defined points only.

With orthophoto pixel size being less than half a meter, the quality of the image suggests
a higher accuracy than what the image can support. The factors which affect spatial
accuracy are many and the DEM is among the prominent ones. DEMs are often collected
in a systematic grid where points collected in this fashion are called the mass points. While
this results in meeting some requisite ¢ accuracy standards,collecting additional points and
lines might result in a better DEM which is of much more utility to the GIS user. The
DEM should thus always be a collection of masspoints, breaklines and significant points.

5 Results from GRID

As seen in the previous chapter, the four known control points were used to test the accuracy
of the two orthoimages generated by TNTmips and Softplotter respectively. The average
error in measurement for the control points was found to be 1.76m for Softplotter and about
1.88m for TNTmips.

The map scale for both these orthoimages which were derived from aerial photographs taken
from a height of about 3500 feet is 1(inch): 596(feet). Based on the national map accuracy
standards, atleast 10of the measured points should report an error of less than 0.02 inches.
The points which reported the maximum placement error for both the images were tested
and they were found to have an error of less than 1/50th of an inch.

This implies that all the points measured meet the national map accuracy standards without
any problem. Some measurements were conducted on some prominent linear features in the
~ images like the width of the rail guage and both the images came within 11-15¢m of the
actual measurement. This is equal to half the cell size of these raster images which shows
the limitation of the grid.

A close look at some of these results suggest that the orthoimages produced by Softplotter
and TNTmips are of very good quality with respect to spatial accuracy. The image quality
is very high as the images were scanned at 600 dots per inch. The only quality reducing
factors here are the deep shadows caused by low sun angles.

10
€c-31



6 Drawbacks and ways to overcome them

Although the accuracy of the final orthoimages and DEM generated by both the software
are very satisfactory, the main drawback for this project was the insufficient control point
information. The model area had the coordinates of 71 points from GPS and unfortunately
only four of them could be used as the positions of the remaining points on the photograph
could not be determined even fairly.

This shows how invaluable good targets can be to any mapping project. Having good targets
as control points gives more options and makes the user better equipped fo exactly verify
the quality of the final orthoimage and DEM as was the case with the treynor project. The
treynor watershed project had well defined 5 feet targets on the ground for which GPS data
was collected. The images were rectified and the DEMs were built using TNT'mips resulting
in very good orthoimage and DEM.

For future mapping purposes concerning this project area, the research suggests setting up
some good ground targets by surveying in order to obtain better control information for the
model area.

7 TNTmips or Softplotter

One of the prime objectives of this research was to evaluate the performance of TNTmips
as a photogrammetric software and to determine the quality of the products it produced
namely the DEM and the orthophoto.

This research suggests that TN'Tmips which is really inexpensive when compared with the
softcopy photogrammetry software like softplotier, does a fine job with stereoscopic model-
ing. This result however should not evince conclusions like why do we need a state of the
art, expensive softcopy photogrammetry software like Softplotter when we have something
simple and inexpensive like TNT'mips.

This is because we have had very less to compare as far as the data dealt with is concerned.
Photogrammetry projects are much more complex covering bigger areas than the omne in
this project. These projects involve intense computations where the model area or strip
comprises of more than 10 photographs or five stereopairs where all the models will be
mosaicked after triangulation and rectification.

The key to Softplotter lies in its ability to perform simultaneous bundle block adjustment
for triangulation where the user can work on three different stereopairs or up to six frames
at a time. A superior stereoviewing tool gives a good perspective of the model area and
enables the user to take measurements. Good point collection algorithm collects points for
the DEM from areas with least control.

The gist is that Softplotter is a fully commercial productional photogrammetry package
while TNTmips within its restrictions is good for smaller projects such as this research.
This research concludes by suggesting that TNTmips can be used effectively to deal with
projects of smaller magnitude.
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OFFICE OF THE
MILLS COUNTY ENGINEER

418 Sharp Street
Glenwood, lowa 51534

Telephone (712) 527-4873

FAX (712) 527-5124
July 1, 1997 '

Dr. K. Jeyapalan

College of Engineering

Department of Civil and Constructmg Engineering
Towa State Umversity

Ames, lowa 50011-3232

Dear: Dr. Jeyapalan:

I looked over the nformaticn you sent me regarding conversion of highway video logs into 3D
coordinates via soft photogrammetry This appears to be a technology application that could be
of significant benefit to the road and highway administration business. I encourage you to pursue
it and perfect it -~ perhaps demonstrating how to develop a representative plan and profile from a
mile of roadway. Please keep me updated as to your fiture progress.  Thanks.

Yours ve:yt A2
§ e @6 =

Stephen W. De Vries, P. E.

det9NjulQidotsarn
Stephen W. DeVries, P.E. Nancy Clayton Evan Wickham James L. Petty, L.S.

County Engineer Office Manager . r)Eng_;ineering Asslistant Enginearing Assistant
b
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Apr. 17,1997

Jeffrey W Danieisen
lowa Dept. of Trans.
800 Lincoinway

Ames, lowa 50010

Dr. Kandiah Jeyapalan
Professor of Photogrammetry
Room 428 Town Engineering
" lowa State University

Ames, lowa 50011

Dear Dr. Jeyapalan,

in response to your request for comments on our work with Softplotter, | am enclosing a
short report . | would like to thank you and Yao for allowing me to participate in this
research. | appreciate the time and energy spent, and extend my apologies for not getting
this to you sooner. If you have no objections | will use some of the time spent as
professional development hours for my continuing education requirement for my land
surveyors license. Please feel free to call me at 239-1879 or visit with me if you have any
questions or comments.

Sincerely,

M 10. Sbineclosa
Jeffrey W. Danielsen
Design Technician
Photogrammetry

lowa Dept. of Trans.
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I was involved with the study of the Vision International Softplotter at the Town Engineering
building at Towa State University on March 11 & 10, 1997. I participated with the three-
dimensional mapping.

I am employed as a stereoplotter operator on a Kern PG-2 analog stereoplotter. This report is
based only on my opinion and the comparison of the softplotter to the analog plotter.

The stereo image, which was available with the softplotter, was not visually clear, therefor it was
hard to distinguish ground elevations and features, such as shaded areas around trees and dark
areas like plowed fields. With the analog plotter using diapositives the image is sharper and
visually clearer. This might be resolved with scans with a higher quality scanner at a higher
resolution, or by scanning a photo opposed to a diapositive which was used in this case.

I was not involved with the set up of the models but see a significant time savings compared to
the set uptime of an analog plotter.

The hard drive space that is required with softplotter is significantly larger, to store the scanned
images.

There was only one monitor operating at the time so the actual work area on the screen was
small, due to all the menus and views on one screen. I feel that a double monitor is a must for a
larger viewing/working area with the softplotter .

The ‘crystal eyes’ glasses were very uncomfortable on my nose, 1 wear prescription glasses and
that might contribute to that discomfort. Viewing things other than the stereo model with the
glasses would take some getting used to. The upright seated position with the softplotter
compared to forward leaning position with the analog is much more comfortable. With the
softplotter there is less neck motion with everything divectly in front of you, which I found to be -
less stressful on my neck, compared to having to look up and down from the analog plotter to the
computer monitor and back numerous times during the process. Using the 3D cursor/digitizer
with the softplotter was comfortable and similar to the 3D cursor on the analog plotter with the
exception of the control buttons being located on the softplotter cursor and with the analog
plotter the computer mouse is separate.

A comparison was made of the topography file I created at 1.5.1J. and the file previously created
as part of the Iowa D.O.T. project and the features lined up very well.

The time I spent working with the softplotter was brief and some of my opinions may be
different with prolonged use of the plotter as with anything. I do want to thank you for letting
me participate in this study and giving me the chance to have the hands on experience.

Jean Borton

Design Tech IV

Photogrammetry

Iowa Department of Transportation



COMMENTS ON VISION INTERNATIONAL SOFTPLOTTER
PHOTOGRAMMETRIC SYSTEM

In early March of 1997, I was invited by Dr. Jeyapalan, professor of photogrammetry at
Towa State University, to observe and participate in a demonstration of a softcopy
photogrammetric system at the Town engineering building on the 1.S.U. campus. The system,
Vision International Softplotter, runs in a windows based platform on a dual screen Silicon
Graphics unix workstation. From a analytical stereoplotter operator’s view, I have made
some observations regarding aerial triangulation, digital elevation models, ortho-photo
production, digital mapping, and various aspects of this softcopy photogrammetric system.

Running in a windows environment, the software modules or tools seem to be arranged in a
Jogical manner. They include: 1. Production Management tool for file creation, import and
export of digital images, and manipulation of data. 2. Block tool for aerial triangulation.

3. Stereo tool for viewing digital images. 4. DEM tool for digital elevation models.
5. Surface tool for extracting the TIN model. 6. Ortho tool for rectifying the images.
7. Mosaic tool. 8. Mensuration tool. 9, Kork digital mapping tool. 10. DGN tool.
11. Geo Catalogue tool.

When performing interior orientation of the digital images, I was concerned about the high
residual values from Softplotter. Typically my readings with Sofiplotter were averaging 20
to 30 microns, with some fiducials reading as much as 80 to 90 microns. On the Zeiss
analytical plotter we can generally obtain 2 to 10 micron accuracy with 20 microns as the
high tolerance level. The quality of the scanned images as well as inexperience of the
operator, myself, most likely play a big role in the higher residuals. The operation of
measuring the fiducials and storage of camera data was fairly straightforward. Being able to
adjust the brightness and contrast of the digital images is a definite advantage over traditional
diapositives, provided the images are scanned at a high enough resolution. Unless the image
files are compressed or zipped, the file size of those images scanned at higher resolution
become very large, creating an increased time and space factor for handling large strips of
models.

The measuring of points for the exterior orientation of the irnages is done on the left image
in ‘mono’ and then ‘matched’ to the right image. Some difficulties were encountered in
‘matching’ pre-marked pass points, due partially to areas of plowing or cultivation with no
distinctive shapes or features to identify a ‘close area’ for matching on the right image.
Results would surely differ if clusters of non-marked points scattered over more area were
used to bridge the images.

Autometrics triangulation program seems to provide a very rapid and rigorous solution.
Being accustomed to using dos based Albany outside of windows, I felt that sofiplotter’s
triangulation package was much more ‘user friendly’. My limited experience with measuring
points and the sofiplotter system in general left my triangulation results somewhat shaky. 1
am confident that with more time spent they would have improved vastly.
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Yao , an experienced softplotter operator has proven that results obtained from the system fit
very closely to our Albany triangulation resuits,

Stereoviewing of the digital images is done with “crystal eyes’. Ihad no problems in
viewing the models in stereo, however, viewing other data and computer operations with the
glasses on would take some getting used to.

On a previous visit I had the opportunity to view DEM compilation and results.
Confidence levels of points and features is a plus in sofiplotter. One disadvantage to auto-
correlation in the DEM is man made features, trees, buildings, etc. are not distinguished by
the system and must be edited. A great advantage of auto-correlation is time saved by
softplotter verses time spent in semi-manual compilation of DEM on the analytical
stereoplotter.

The digital ortho-photo and mosaicking capabilities of softplotter would provide great
benefit to us at the Dept. of Transportation for public displays, corridor location, design, and
other uses.

Three dimensional mapping on softplotter is done with the Kork digital mapping system.
Using the 3D cursor/digitizer was comfortable for moving around and gathering planimetric
detail. I personally did not feel as confident gathering topographic information due to my
inability to see clearly certain features to be plotted. Here again, in my opinion, the quality
of the film and the resolution of the scanning, combined with the scale of the photography
can make a big difference.

Having spent a relatively short time with Vision International’s Softplotter I got the overall
impression that it works fairly smoothly at doing what it is designed to do. It is my
understanding that most soficopy photogrammetry users are going to NT based systems over
Unix. Iwould assume that like the other softcopy software producers Vision International
would head in that same direction. There is no doubt in my mind that eventually softcopy
photogrammetry is going to replace analogue and analytical steroplotters in the future. 1
wish to thank Dr. Jeyapalan, Yao, and the I1.D.O.T. for allowing me to participate in this new
technology.

Jeffrey Danielsen
Design technician photogrammetry
Towa Dept. of Transportation
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