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APPS-IV, Improving the 
Basic Instrument 

Improvements which increase the utility of the APPS-IV in many 
applications are discussed. 

(Abstract on next puge) 

APPS-IV 

T HE APPS-IV is a medium accuracy analytical 
plotter. Its unique stage-on-stage design lends 

significant compactness to the instrument, as 
compared to other units of similar accuracy. The 
accuracy specification on the stage positions is 10 
micrometres after correction using an affine 
transformation. In actual calibration tests the RMS 
seldom exceeds 7 micrometres. 

The stages are positioned using the combination 
of a trackball for common stage positioning and x 
and y thumbwheels for the relative x,y position of 
the two stages. When automatic stereomodel 
maintenance is engaged, the x thumbwheel func- 
tions as an elevation wheel while the y thumb- 
wheel provides the capability to remove any small 
residual y parallax. This is accomplished by bi- 
asing the y parallax solution. 

The APPS-IV's electronic system consists of 13 
microprocessors performing servo monitoring 

PHOTOGRAMMETRIC ENGINEERING AND REMOTE SENSING, 
Vol. 48, No. 6, June 1982, pp. 903-906. 

functions, communications with the central pro- 
cessor, and maintenance of the stereomodel. 

Stereomodel maintenance for all types of imag- 
ery can be accomplished without continued com- 
munications from the host computer. Once the 
model parameters have been downloaded to the 
APPS-IV, the instrument operates independently 
of the host. Camera systems currently supported 
by the APPS-IV include frame, focal plane shutter 
frame, and panoramic. The APPS-IV can take 
points either on a point-by-point basis or on a dis- 
tance basis after downloading the sampling inter- 
val from the host. The APPS-IV contains a 150- 
point buffer which protects against the loss of any 
digitized points should the operator get ahead of 
the host's data processing programs. 

This non-time-critical interface to the host is a 
unique feature of the APPS-IV, the most obvious 
benefit to the user being the simplification of the 
software architecture required in the host. 
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One of the most significant features of the 
APPS-IV is its new Optical System. The APPS-IV 
is currently available with the Model 3500 OEM 
Zoom Stereoscope as a standard optics. This 
stereoscope is a 6 to 36 power zoom with high 
resolution. The high illumination optical system 
includes image rotation, plus or minus two prism 
diopter y-phoria correction, as well as an illumi- 
nated reticle projector system. The standard reti- 
cles offered with the instrument are illuminated 
dots of 10, 25, 50, and 100 micrometres. Other 
sizes are available upon special order. The system 
is capable of a high contrast resolution in excess of 
250 line pairs per millimetre at 36 power. A TV 
camera port which will accept the mounting of a 

table microscope. The advantage is significant- 
the analytical plotter now has the ability to per- 
form real-time detailed photointerpretation tasks 
in the stereomodel during compilation, rendering 
prior light table tasks ancillary. 

Another significant enhancement of the 
APPS-IV instrument is the incorporation of 
graphics superposition. Both single and dual opti- 
cal path superposition are now available. Super- 
position is accomplished through a second input 
channel at the objective end of the 3500 stereo- 
scope and can be retrofit on any APPS-IV system 
with the 3500. 

Superposition is accomplished by displaying 
digitized information on a graphic CRT which is 

ABSTRACT: The additions and modifications to the original APPS-IV, which 
make the instrument ideally suited to the interactive interpretation role, are 
discussed. These features include graphics superposition and the new 3500 
stereo optics. In addition, the profiling capability which allows for the genera- 
tion of digital terrain models with nominal grids in any desired coordinate 
system is described. Finally, two new mathematical models which accomrno- 
date side-looking airborne radar and KA-80-A panoramic photography are dis- 
cussed. 

The APPS-IV Analytical Plotter, introduced by Autometric in the fall of 1978, 
is now being actively used in over eight different installations. In-field 
monitoring of the instrument's performance has proven the APPS' viability in 
its role of point mensuration, three-dimensional digitizing for entry into graph- 
ic information systems, and for performing point transfer into point positioning 
data bases. 

The intent of this paper is to describe enhancements added to the instrument 
which make the APPS even more valuable to its users. These enhancements 
enable the APPS to provide more comprehensive data in less time than ever 
possible in geographic information digitizing, geographic information data base 
updating, and digital terrain information gathering. 

So that the value of these improvements may be fully appreciated, a brief 
description of the APPS-IV instrument precedes the presentation of the system 
enhancements. 

TV camera is now a standard feature. The camera 
can be mounted to view imagery for training or 
supervisory inspection purposes. 

As another option, the model 3500 may be 
equipped with one-half power parfocal demag- 
nifiers on the objectives to decrease the zoom 
range to 3 to 18 power. This range is more suitable 
for many' photointerpretation tasks. The field of 
view is 30 mm or 180 mm divided by the magnifi- 
cation, whichever is smallest. The field of view 
doubles when the one-half power demagnifier is 
installed. 

Incorporation of the 3500 stereoscope into the 
APPS-IV instrument marks a significant advance 
in the optical quality available today in any com- 
pact analytical plotter. This is the first time an an- 
alytical plotter's optical quality can be deemed 
comparable to that of the highest quality light 

beam split into the optical path of the 3500 
stereoscope. The graphic coordinates are trans- 
formed into image coordinates as they are 
downloaded from the host computer to the APPS. 
An additional microprocessor is added to the 
APPS electronics card cage for each optical axis 
equipped for superposition. These microproces- 
sors constantly monitor the APPS stage position 
and translate the image on the graphics display so 
that it matches the current stage position. In this 
manner, the graphics track the stereo model and 
remain in register with the imagery. 

An option with this package is, again, the one- 
half power demagnifier which essentially doubles 
the resolution of the graphics display lines. These 
lines, superimposed on the imagery, yield a higher 
resolution graphics display than would be possi- 
ble viewing the CRT one to one with the imagery. 
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Not only may information currently being dig- 
itized be displayed on the superposition screen, 
but information previously digitized can also be 
stored. This leads to several unique possibilities. 
In displaying currently digitized information, the 
APPS-IV now allows the operator to monitor his 
digitizing progress without having to look away 
from the eyepieces. This is mandatory to ensure 
accuracy of any type of on-line interpretive dig- 
itizing such as that used in geologic or land-use 
interpretation. 

When used for recalling information from previ- 
ous digital data bases, the possibilities for super- 
position are virtually limitless. The petroleum in- 
dustry's geologic interpreter can take advantage of 
the APPS superposition to view lines of magnetic 
anomalies or seismic survey results superimposed 
on his imagery. From the anomalies shown by 
these superimposed lines, he can look for their 
geologic causes. This important information could 
point him to geologic features he might not have 
noticed under normal circumstances. Signal intel- 
ligence information can be superimposed over a 
point positioning data base, enabling a military 
interpreter to see in real time other intelligence 
sources which may aid his interpretation. 

The advantages offered by superposition also 
extend to both the military and civilian com- 
munities in flight path applications. Proposed 
flight paths can be superimposed over the imagery 
along with the position of friendly and enemy 
radar locations, enroute controls, etc. In the case of 
stereo superposition, the superimposition of the 
flight path in both legs of the optical train enables 
the operator to see the position of the proposed 
flight path and its elevation relative to the terrain. 
This flight path to terrain relationship would be 
immediately evident, providing the operator with 
a visual test on the terrain avoidance in proposed 
flight paths. 

Another use of the stereo superposition option 
would be to display a digital terrain model as an 
array of crosses at the sample points. These crosses 
would appear to float over the terrain in a photo- 
grammetric model. When the imposed crosses fit 
the terrain, the operator can be certain that the 
digital terrain model was compiled without bias. If 
the crosses do not fit, a bias or compilation error is 
indicated, and the operator could then use the 
APPS-IV in interaction with the host computer to 
digitize the outlines of the anomalous areas. The 
computer can then be instructed to correct the 
elevation within those areas and redisplay it for 
operator verification. 

One of the most significant aspects for graphics 
superposition is its use in mar, revision. When 
new photography is acquired, &e results of a pre- 
viously compiled geographic data base can be 
superimposed over the new imagery. As the 
operator roams through the imagery, any neces- 
sary updates or changes to the map will be evi- 

'HE BASIC INSTRUMENT 

dent. If the operator is examining a geographic 
information system on a host computer which 
contains an edit capability, the operator can, in 
real-time, delete features from the data base, dig- 
itize the new features which replace them, re- 
verify the data base, and leave the session with a 
completely updated map ready for cartographic 
processing. The entire process of generating or- 
thophotos for determination of changes, etc., can 
be bypassed by using this superposition feature. 
This upgraded capability has tremendous signifi- 
cance for the mapping cdmmunity, as it eliminates 
many of the traditional problems in the determi- 
nation and detection of changes for updates. Since 
the geographic information stored as latitude, lon- 
gitude, and height can be rigorously computed 
back into line coordinates, the superposition lines 
exactly overlay the features in the photograph. 
This eliminates the guesswork usually involved in 
determining whether a change is actual or simply 
the result of a relief displacement which has not 
been accommodated. 

The final feature of the enhanced APPS-IV is its 
profiling capability. The APPS-IV microproces- 
sors have been programmed to allow the operator 
to collect profiles in an evenly spaced grid using 
any desired coordinate system. These coordinate 
systems include UTM, local tangent, any state 
plane system, or geographics. 

If an operator wishes to replace points in one 
row of a digital terrain matrix system, the APPS-IV 
provides the capability to do so without having to 
collect another model to be transformed into a co- 
ordinate system for pointinterpretation. In short, 
the APPS-IV can be used to update old digital ter- 
rain models or generate new models with minimal 
panelling and post processing. For instance, in the 
initial generation of digital terrain models, the 
profiles can be collected exactly to a join line and 
then stop. The panelling process is thus simplified 
to the removal of any biases present at the join 
line. The operator's concern over what to do about 
the area of overlap and where to cut one model 
and begin the next is eliminated. Using APPS pro- 
grams to move along lines which appear as curves 
in the model, the operator can profile along a pro- 
posed flight path and determine the exact eleva- 
tion along the path. This APPS-IV enhancement 
allows available imagery to be used to derive a 
high resolution digital terrain model in real time, 
for a specific local area of interest, without having 
a rely on the rather coarse continental level mod- 
els provided for general use by government agen- 
cies. These continental level digital terrain mod- 
els are coarse because of the prohibitive costs and 
time that would have to be expended to produce 
high resolution digital terrain models over mil- 
lions of square miles. 
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SIDE/LOOKING AIRBORNE ~ D A R  FORTRAN to support the use of this imagery. This 
MATHEMATICAL MODEL addition to the family of mathematical models for 

The capability to compile from side-looking the APPS-IV allows users to take advantage of an 
radar imagery has also been added to the APPS- inexpensive source of high resolution imagery, 

IV*s list of features. This capability is available as with considerable coverage over the United States 

an option. being available. The model is highly accurate and 

The mathematical model is fully rigorous and used. 

supported by alternate firmware in the APPS-IV. 
This capability is currently operating in an ex- 
perimental installation and shows great promise as 
a realistic means of obtaining mapping products 
from stereo acquisition of SLAR imagery. As with 
all types of APPS-IV firmware, the interface to the 
host computer makes no real-time demands upon 
the host, thereby freeing the host from complete 
attention to an interrupt structure. 

The KA-80-A optical bar panoramic camera has 
been modelled, and the software is available in 

The basic APPS-IV instrument, as originally in- 
troduced, provided the first inexpensive means to 
address the analytical plotting needs of the map- 
ping community. The enhancements which have 
been added in the intervening years have taken 
the APPS-IV from a basic analytical plotter to an 
instrument which will interact with the operator to 
accomplish map compilation, revision, and 
photointerpretation. All these functions can now 
be performed in a highly cost-effective manner 
with minimal operator distractions. Given the 
capabilities presented above, on-line interpreta- 
tion and simultaneous compilation are finally 
feasible. 
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