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THE STEREOCORD G3

H. Mohl, Stuttgart

Introduction

Presented.in 1975 as a simple plotting instrument for quantitative air photo in-
terpretation, the STEREOCORD G2 has been supplied since 1978 with a new software
for the HP 9815 desk-top computer of HEWLETT PACKARD 1],

Several fundamental changes in the basic opto-mechanical unit, the computer
equipment, the software as well as in the kind of coordinate acquisition used
have given rise to the designation STEREOCORD G3, under which this plotting sys-
tem will now be presented.
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The hardware components of the 'STEREOCORD G3'

The basic opto-mechanical unit was essentially taken over from the previous
model (see Fig. 10): under a mirror stereoscope equipped with a measuring-mark
bridge a photocarriage moves in the directions x' and y'. The right photostage
can be displaced in respect of the left by the amounts px and py. This basic
opto-mechanical instrument can now be extended step by step, starting with a
stereo-interpretoscope with photocarriage up to an instrument for coordinate
measurements with the four components x', y', px and py (Figs. 1 and 2). The x'
and y' movements are digitized by means of new linear encoders with improved
reliability, whereas the px and py movements are recorded numerically by ro-
tational encoders. The DIREC data acquisition system counts the pulses of the
four components and feeds them via an interface to the connected desk-top com-
puter. The latter transforms the image coordinates into the ground system,
calculates distances, angles or areas or controls a connected x/y-plotter.
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STEREOCORD G3 equipment components
with HEWLETT PACKARD desk-top
computer HP 85

OPERATOR

The program system for the 'STEREGCORD G3'

Fig. 3 shows a flowchart of the new program system for the BASIC desk-top com-
puters HP 9835 A and HP 85 of HEWLETT PACKARD. The relations between the various
parts of the program are illustrated schematically. In a standard situation the
operator orienting a new photopair will start with interior orientation and pro-
ceed via relative orientation to absolute orientation; afterwards he will direct-
ly select the measurement or plotting programs. If the orientation of the photo-
pair was already carried out the day before, only interior orientation will be
repeated after turning on the system, whereafter the operator will directly head
for the plotting programs. By means of the so-called parameter orientation a
photopair already plotted before can be reoriented in order to complete or to
check the previous compilation. In the following the main characteristics of the
program element are described.
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Interior orientation

The orientation of a new photopair begins with the setting of the photos in the
STEREQOCORD. If four-component equipment is used, a rough orientation of the
photos according to epipolar lines will suffice. The first part of the program
carries out the interior orientation. The operator obtains all information on
program control via the CRT display.

Fig. 4 gives a general idea of the possibilities of interior orientation. The
program provides the alternative of plotting either air photos with fiducial
marks in the middle or in the corner or special imagery without fiducial marks.
Having chosen the type of camera he wants to use, the operator is told in every
phase which fiducial mark he has to set. The mechanical ranges of the STEREOCORD
allow only for three fiducial marks to be measured per photo. If the calibration
distance between these fiducial marks is known, allowance is made for film dis-
tortion. If one of the standard marks is not visible, the interior orientation
data can be determined by measuring three auxiliary marks. The interior orien-
tation of special photographs is obtained by measuring the border of the image
by means of two points each time and determining the principal point through the
intersection of diagonals.
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Relative orientation

The "Relative Orientation" program includes monocular or stereoscopic y-parallax
measurements of up to 25 orientation points, according to whether three or four
components are measured. The planimetry of the orientation points is rigorously
accounted for. Thus uncommon orientation point distributions like those that
occur in architectural photogrammetry (see Fig. 5) can also be plotted. For every
y-parallax measured the computer immediately forms the correction equation. The
iterative solution leads to the results of a rigorous least-squares adjustment.
Besides the angles of orientation their standard errors and the residual paral-
laxes are also obtained. Individual parallaxes can be eliminated and supplemen-
tary measurements are possible. Orientation results are immediately stored on
cartridge. :
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STEREOCORD 63
[RELATIVE ORIENTATION |

MONOCULAR OR STEREQSCOPIC Y-PARALLAX-
MEASUREMENT (3 RESP. 4 COMPONENTS)
IN UP_TO 25 ORIENTATION POINTS

IN FREE POSITIONS

- == APPLICATION ON ARCHITECTURAL
- i - PHOTOGRAMMETRY
e

LEAST SQUARES ADJUSTMENT (ITERATIVE SOLUTION)

EXAMPLE:

RESULTS AFTER ITERATION NO. 3
ORIENTATION_PARAMETERS

Kap 1= 1,565 + 0.050 Grad i .
Kap r= 1.098 ¥ 0,051 Grad F1g .5
Phi 1s-0.815 ¥ 0.020 Grad

ng 1o-0.57, T 0.027 Grad The principle of

RESTDUAL Y-PARALLAXES  rm relative orientation

PY 1=0.021 PY 2=-.005 PY 3=-.019
PY 4a-,011 PY 5=0.009 PY 6=-.013
PY 7=0.014

STORING RESULTS ON FILE 'DAT-OR'

Absolute orientation

The program for absolute orientation contains two basically different possibi-
lities of handiing control points. Under A (Fig. 6, left column) point numbers
are used. Up to 100 or 200 points respectively can be stored simultaneously on

a data file in the computers HP 85 or HP 9835 A,respectively. In that context
complete control points, horizontal or height control points can be entered one
after another in a free sequence. When measuring control points, the point num-
ber has to be keyed in on the computer. The computer checks whether the point
data are available in the file read in and requests this point to be set on the
STEREOCORD. In this fashion up to 25 control points can be measured. The method
of control point handling presented in Fig. 6 under B, right-hand column, pre-
supposes that no point numbers are used. Up to 25 control points can be filed on
an up-to-date model file and are available till a new model is oriented. Also

in this case the sequence of complete control points, horizontal or height con-
trol points is free. When measuring the control points, the same sequence has to
be observed as when entering control point data (allocation of nominal and actual
data according to sequence).

Absolute orientation is calculated iteratively in respect of planimetry and ele-
vation with the results of the rigorous adjustment corresponding to a spatial
similarity transformation with overdetermination. The residuals shown in Fig. 6
below relate to a photopair at a scale of 1/4,500 with signalized control points.
The standard errors of unit weight relating to the image are as follows:

Ooxy = *24 um, 0oz = t0,17°/00-hg. These accuracies are obtained regularly when
p]o%ting with the new STEREOCORD system.

Once orientation is completed, the parameter 1ist can be recalled (Fig. 7). If
the corresponding photopair is to be replotted later on, it is sufficient to key
these parameters in again to reestablish the previous orientation state
(parameter orientation).

Immediately after absolute orientation the desk-top computer calculates in a
real-time Toop the three spatial coordinates x, y and z of the ground point set
in the STEREOCORD. The calculated coordinates are displayed (xyz or xy or only z
alternatively). .By pressing the footswitch the point data can be output on the
built-in tape printer and/or stored on cartridge. State plane coordinates of any
ground points can thus be measured in the stereomodel(see Fig. 8).

Mohl 4



Photogrammetrische Woche 1981

Institut flr Photogrammetrie 11
Schriftenreihe, Heft 8, 1982
STEREOCORD 63
ABSOLUTE ORIENTATION |
A. GIVEN POINT NUMBE B. WITHOUT POINT NUMBER
POINT NUMBERS AT POINT NUMBERS STEREOCORD 63
| NOMINAL DATA I NP U T__ (COMPUTER) J PARAMETER-LIST
UP TO 100 POINTS (HP8S5) UP T0 25 CONTROL POINTS
(200 POINTS (HP935A)). |  MAY BE ENTERED AND STORED EXAMPLE:)  Ssbgssmmsttinmsinspovstning
MAY BE ENTERED .AND ON A TEMPORARY FILE OPERATOR: H.M.  DATE:07/21/1981
STORED ON A PERMANENT PARAMETER-LIST
FILE HEURRHIREREUHOHBREFARIRERURIRE Y
(XYZ-, XY- OR Z-CONTROL-POINTS PHOTO-PATR-AD. 8668
IN A FREE SEQUENCE 1) n153.19 m __ho- 69585 m
RESULTS OF RELATIVE ORIENTATION:
[ CONTROL-POINT- M EASUREMENT (STEREQCORD) ] P 12-0.307 Bof e- 13y oo
KEY IN POINT NUMBER MEASURE THE CONTROL POINTS Ong 1= 0.000 Ong r=-0.595 Grad
COMPUTER LOOKS FOR THE POINT, IN THE SAME SEQUEN!E A§ IN RESULTS OF ABSOLUTE ORIENTATION:
IF NOT FOUND: ERROR MESSAGE! DATA INPUT 4 Jng=-0.024 d Pi= 0.018  Grad
X0= 76550.80
w10 25 pos | o s
uP TO MMS‘ ' TRANSFORMi'ION PﬂRMETERS:
as  0.82217381 o= 0.56923653
[ COMPUTATION ]
LEAST SQUARES ADJUSTMENT (SPACIAL SIMILARITY TRANSFORMATION STEREOCORD 63
WITH OVERDETERMINATION) :
[REAL-TIME-DiSPLAY ]
ITERATIVE SOLUTION  PLANIMETRY / HEIGHT
, AFTER THE COMPLETE ORIENTATTON (INTERIOR, RELATIVE, ABSOLUTE)
EXAMPLE! RESULTS OF ABSOLUTE ORIENTATION THE COORDINATES OF THE POINT WHICH IS ACTUALLY SET IN THE
CY-RESIDUALS STEREOCORD AREBLINKING INTHE DISPLAY :
VX 3= ~0.02 VY 3= 0,07
VX 4= 0.07 VY 4= -0.08 @ ﬂz_: X = 77085.01 Y = 59183.81
“ g: 'g:gg w g: _g:ﬁ OR ELEVATION  Z =  484.15
SIGMA NAVGHT XY  0.106 @ x.: X = 77085.01 Y = 59183.81
RESTOUALS @OR CLEATIN 2. 4h15
Ve -0.08 = .
ye3- 9.0 PRESSING THE FOOTSWITCH TRIGGERS THE PRINTOUT OF
VI 5 -0.06 POINT DATA: :
VZé= 0.12 POINT 1
--------------------------------- X = 77085.01 Y = 59183.81
SIGMA NAUGHKT Z 0.118 ELEVATION Z= 484.15
Fig. 6: Absolute orientation in the Figs. 7/8: Parameter list/Real-time display
STEREOCORD G3 of coordinates
STEREOCORD 63
[MEASUREMENT-PROGRAMNS |
DISTANCES / ANGLES:  [K1] VERTICAL DISTANCES (=level differences)
[K2] HORIZONTAL DISTANCES
SPACIAL DISTANCES
(@) SLOPE  ANGLES
[K5] AZIMUTH ANGLES
AREAS: [KI] PLANE AREA - STEPWISE -
PLANE AREA - CONTINUOUSLY -
CLASSIFICATION - OF DISTANCES, ANGLES OR AREAS Fig. 9:
Measurement program for determining and
THROUGH[EG]= PROGRAM ADDRESS KEYS OF THE COMPUTER e )
[l (&5} classifying distances, angles and areas

Measurement programs of the 'STEREOCORD system'

The measurement programs already available up to now (Fig. 9) have alsoc been con-
verted to the new desk-top computers. The possibility of CRT dialog makes, how-
ever, for much easier operation. Selecting the 'DISTANCES/ANGLES' program system,
the operator is able to measure vertical distances, horizontal distances, spatial
distances, slope angles, and azimuth angles between any two points recorded imme-
diately one after another.

The area programs (AREAS) allow areas to be measured stepwise or continuously. In
a classification program system distances, angles or areas can be classified.
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FIGURE 10 | "STEREOCORD"-SYSTEN 6 3 |
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Additional program packages

The special programs for geology, forestry, volume determination, and planning
available up to now are presently being adapted to the new computers. While the
programs mentioned previously furnish purely numerical results, connecting an
x/y-plotter gives the possibility of on-line mapping (Fig. 10). The application
potential of the STEREQOCORD system for rationalizing field research in the geo-
sciences is described by JORDAN and KRESSE (|2| 1981). Among other things results
of graphic plotting are presented. A new graphic program system is presently be-
ing developed by JORDAN and KRESSE for the HP 85 desk-top computer. Some promis-
ing results have already been achieved.

Concluding remarks

With the new STEREOCORD G3 a universal plotting system of medium accuracy is
available which appears to be particularly well suited, besides for applications
in the field of small-scale photogrammetry, for neighbouring disciplines such as
geography, geology, forestry, planning and architectural photogrammetry. Its
modularity permitting subsequent expansion takes in particular economic aspects
into account.
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Abstract

The STEREOCORD G3, a plotting system of medium accurac i

3, Y, has been derived f
the model G2, which was presented in 1975. The basic optical-mechanical 1nszgﬂ-
ment can now be.extended step by step, starting with a stereo-interpretoscope
coordinate measurements with the four

components x', y', px and py. New encoders improve iabili
measurin dev%ce. prove the reliability of the

In the field of the software, the main changes have been made. With the

) s . adapta-
tion of the program system to the BASIC desktop computers HP 9835 A and HP 55 the
capacity and flexibility have been improved considerably,

The following catchwords may describe the new plotting system:

- CRT-conducted orientation and plotting procedures.

- Least.squares adjustment of interior, relative and absolute orientation.
- Plotting of photos of any camera type and camera axes.

- Measurement programs for the quantitative photo interpretation (as G2).
- Measurement of independent models for small scale aerotriangulation.

= Graphic programs for Tineplotting in topography and archi -
try’ (in brespams . for pography architectural photogramme

The Tecture will give an outline of the new instrument and progra
means of several graphs. program system by

Das Stereocord G3

Zusammenfassung

Das STEREOCORD G3, ein Auswertesystem mittlerer Genauigkeit, ist aus dem 1975 vor-
gestellten Modell G2 weiterentwickelt worden. Das optisch-mechanische Grundgerdt
1dBt sich jetzt stufenweise vom Stereo-Interpretoskop mit Bildwagen bis zum Ko-
ordinatenmeBgerdt mit den 4 Komponenten x', y', px und py ausbauen. Neue Impuls-
geber erhthen die Zuverldssigkeit des MeBgeridts.

Die Hauptdnderungen liegen jedoch auf dem Gebiet der Software. Mit der Umstellung
des' Programmsystems auf die BASIC-Tischrechner HP 9835 A und HP 85 wurden Lei-
stung und Flexibilitdt betrdchtlich erhdht.

Folgende Stichworte kennzeichnen das neue Auswertesystem: ‘

- Lickenlose Steuerung der Orientierungs- und Auswertevorginge durch Bildschirm-

dialog. .

Strenge Ausgleichungsverfahren fiir innere, relative und absolute Orientierung.

Auswertung von Bildern beliebiger Kammertypen und Aufnahmerichtungen.

MeBprogramme fiir die quantitative Luftbildinterpretation (wie G2).

Messung unabhdngiger Modelle fiir die kleinmaBstdbliche raumliche Aerotriangu-

lation, .

- Graphikprogramme flir die linienweise Kartierung in Topographie und Architektur-
photogrammetrie (in Vorbereitung).

Der Vortrag gibt anhand einiger Graphiken einen Uberblick iiber das neue Gerite-
und Programmsystem.
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Le Stereocord G3

Résumé

Le Stereocgrq 93 est un appareil de restitutien photogrammétrique de précision
moyenne, dérivé du modéle G2 présente en 1975, Appareil fondamental, congu selon
dgs principes opt1qges et mécaniques, i1 peut passer progressivement des fonction:
d'un stéreoscope d'interprétation a chariot porte-cliche & celles d'un appareil
de;mgsure de coordonnées & quatre composantes x', y', px et py, dont la fiabilité
a 2té accrue par des nouveaux générateurs d'impulsions.

Les Erincig;]es modifications touchent le domaine du logiciel. L'adaptation du
sy§tgme_de regramme aux ordinateurs de table BASIC HP 9835 A et HP 85 en a
améliorég sensiblement la puissance et la souplesse.

Le nouveau systéme.de restitution se distingue par Tes fonctions suivantes:

- Commande en continu des opérations d'orientation et de restitution selon le
mode conversationnel.

- Proceqés de correction d'erreurs rigoureux, appliqués & 1'orientation interne,
re1a§1ve.et absolue, '

- Possibilite de restitution de photographies, quels que soient 1le type de chambre
et 1'axe de prise de vues considérés.

- Programmes de mesure destinés a 1'interprétation quantitative de photos aéri-
ennes (comme G2).

- @e;u¥$ de modéles indépendants pour 1'aérotriangulation spatiale 4 petite
échelle.

- Programmes_gr§phique§ de cartographie par lignes, employés en topographie et en
photogrammétrie architecturale (en cours de préparation).

E1 Stereocord G3

Resumen

E1 STEREOCORD G3, un sistema restituidor de exactitud mediana, es un desarrollo
ulterior del modelo G2, presentado en 1975. Ahora es posible ampliar el dinstru-
mento base bptico-mecdnico en etapas desde el estereointerpretoscopio con carro
portavistas hasta el aparato medidor de coordenadas con los cuatro componentes
x', y', px asi como py. Nuevos generadores de impulsos incrementan la fiabilidad
del aparato medidor,

Sin embargo, las modificaciones mds importantes conciernen el software. La con-
version del sistema de programas a calculadoras de sobremesa BASIC HP 9835 A y
HP 85 ha aumentado considerablemente la capacidad y la flexibilidad del mismo.

ET nuevo sistema restituider estd caracterizado por los siguientes conceptos:

- Mando perfecto de los procesos de orientacidn y de restitucidon mediante didalogo
en la pantalla.

- Métodos muy exactos de compensacidn para las orientaciones interior, relativa
y absoluta.

- Restitucidn de fotos tomadas con modelos discrecionales de camara y desde
direcciones cualesquiera.

- Programas de medicidn para la interpretacidon cuantitativa de -aerofotos (al igual

ue el G2). »

- ﬂedicibn de modelos independientes para la aerotriangulacidon espacial a
pequefias escalas.

- Programas graficos para el trazado 1inea por linea en topografia y fotograme-
tria arquitectonica (en preparacibn).

Prof. Dr.-Ing. Hans Mohl,
Fachhochschule fiir Technik Stuttgart,
Kanzleistr. 29, D-7000 Stuttgart
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