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COURSE CONTENT
SUBJECT TIME

Introduction to Photogrammetry. (1 hour)
Definitions of photogrammetry, applications to mapping, engineering, medicine and
high precision measurements. Short history.

Chapter 1: Cameras, Aerial Photography Close Range Photography, other (2 hours)
Image Sources

Design of film and digital cameras, formats, focal length, overlaps of photography,
electrooptical sensors, radar image sensors, airborne laser scanners (ALS).

Chapter 2: Geometry of photograply. (2 hours)
Central projection and orthographic projection. Photograph scale, tilt and relief
displacement. Electroptical imaging systems.

Chapter 3: Principles of analytical photogrammetry (4 hours)
Photograph coordinate systems. Collinearityapns. Space Resection and Space
Intersection for aerial photographs. Eleatqatical image geometry, perspective

projections. Examples.

Chapter 4: Stereovision and stereoscopy. (2 hours)
Direct and indirect stereovision, instrumentation, epipgémetry. Principles of
the floating mark, elevation determination by parallax equations.

Chapter 5: Principles of Aerial Triangulation (2 hours)
Observation procedures, selection of pass points and control points.

Chapter : Digital Photogrammetry and Digital Stereoplotters. (4 hours)
Image processing for photogrammetry, image matching, geometric correction of
digital images, digital photogrammetric workstations.

Chapter 7: Photogrammetric Mapping (2 hours)
Procedures for mapping from aerial photgdrs, design of aerial film photography
and digital imaging for mapping.

Chapter 8: Camera Calibration (1 hours)
Calibration of aerial and clogange cameras.

Chapter 9: Close range photogrammetry (1 hour)
Procedures for close range photogrammetry.

Chapter 10: Applications and Processing ofidar data (2 hours)
Characteristics dfdar data, filtering, errors, extraction of DEMs and other features.



PRACTICALS

No submissions are required for practical8 thut the work will be assessed during classMiyBrian Donnelly.All
practicals will be carried out in groups of 2 students at a mutually agreeable time. Detailed instruction of all exercise
will be provided.

Practical 1: Terrestrial photogrammetry. Using digital images, students will generextuaetd 3D model of a building.
This exercise must be completed by the endexk4

Practical 2: Aerial triangulation. Students will orient a block of 6 photographs. Points in one stereo pair will be
measured in 3D. The results of the practical will lsecuin the assignment described below. This exercise must be
completed by the end ofeek7.

Practical 3: Orthophoto production. In this exercise, students will generate a digital elevation model and an orthophot
of the area covered by the block of phlgphy oriented in practic@l This exercise must be completed by the end of
week 2.

Assignment: Assess the measurements made in Pracieald use measured images coordinates to calculate ground
coordinates of 3 points. This exercise must be complgtetie end ofveek 10.

ASSESSMENTS

Mid-session Test 25% (to be held in wee®

Successful completion of

practical exercises 10%

Assignment 15%

Final Exam 50%
RULES:
Students should read the University Calendar for details of Univerdg, rwhich includes the requirement that all
students should attend at least 80% of lectures.

Students are reminded that the University regards academic misconduct as a very serious matter. Any work submit
for assessment must be entirely the studewn work. Students must acknowledge the source (references) of material
used in reports and assignments. Unauthorized material must not be taken into a test or examination. The penalty
any suspected academic misconduct ranges from zero markefassignment or test involved, through failure of the
subject, to expulsion from the University. If absent from an examinatiasy, test or practical students must submit
written documentation to the University, via the Student Enquiries Desk in tmeé&lleay.

Zero marks will be given for any submission which violates the following rule. An assignment or report must be hande
in before the due time. If a student is unable to submit on time due to illness or other legitimate reason then a br
written explanation must be given to the lecturer as soon as the student returns to unwatsity.cases a lecturer

may grant an extension to the due time for other reasons provided he has been contacted before the due date. Any late
submission must be rda before solutions are issued to the class.

Marked assignments and reports which are not collected within 2 weeks of their general distribution to the class will be
discarded. Calculators may be used in tests and examinations in this subject provided they are hand-held, internally
powered, silent, do not contain a full alphabetic keyboard, and any programmable memory or storage memory is cleared
prior to the examination.

Further assessmentll not be granted in this subjeclf students attend leskan 80% of their possible classes they may
be refused final assessment.

GRIEVANCES:
In the first instance all grievances should be discussed with the lecturer involved. If the problem cannot be resolved th
contact theschoolOs Grievance Offidemwriting.

Em. Prof. J.C. Trinder,
School of Surveying and SIS
July 208



GMAT 3500 PHOTOGRAMMETRY
& REMOTE SENSING (Photogrammetry part)

Introduction

This document will provide background amfation to undertake the firgthotogrammetry exercise in
GMAT3500 Photogrammetry and Remote Sensing. More detailed information will be given in the lecture
notes during the session. The following topics are described briefly:

= A definition of photogrammetry and remote sensing

= The types of sensors, including caas that acquire images used for measurements
= The characteristics of stereo vision that assists in photogrammetric measurements
= Equipment used for stereo observation of digital images

= The processes used for computing object coordinates from overlapgEiggam

1. Definition of Photogrammetry
The most commonly used definition groups photogrammetry and remote sensing together, but photogrammn
primarily involves the determination of the physical dimensions of objects.

Photogrammetry and Remote Sensing is the art, science, and technology of obtaining reliable information from
non-contact imaging and other sensor systems about the Earth and its environment, and other physical objects
and processes through recording, measuring, analyzing and representation.

2. Cameras and other Sensors

There are many types of sensors that are used in photogrammetry and remote sensing. They can be sepa
into Opassive® and OactiveO sensors. Passive sensors simply record light, such as that from the sun !
creata@ by artificial illumination, and that is projected by a lens system onto the film of a digital sensor.
Active sensors emit their own illumination and then record the intensity, and the time of travel for the returne
signal, that is reflected from theagmd or other objects.

Passive Sensors

¥ Film cameras, also called Oanalogue photographic sensorsO, which record visible and near infrared ele
magnetic radiation on film. Once processed chemically, the films can be digitised for use in computers.

¥ Video and digital cameras, in which the image data is recorded and stored in digital form and henc
processed digitally.

¥ Electrooptical sensors, which scan the terrain surface, comprising special devices for detecting an
electronically recording mukspectral images of reflected electragnetic radiation, especially in the
infrared region.

Active Sensors

¥ Radar sensors, which emit their own migvave radiation, and electronically record the reflected
radiation from the terrain surface. All cuntesystems are based on Synthetic Aperture Radar (SAR).
Interferometric SAR (InSAR) is a technique used to determine elevations from SAR images based on tt
phase information in two overlapping SAR images.

¥ Airborne Laser Scan (ALS) or LiDARL{ght Detecton and Ranging) techniques, based on a scanning
laser, for determining elevations on the terrain surface or characteristics of vegetation canopy froi
aircraft or satellite

The course in photogrammetry will cover mainly the analysis of images from fdrdigital cameras and the
derivation of DEMs from terrain laser scanners.

3. Characteristics of Stereo Vision

When an observer views an object with both eyes, the object's position can be determined in all 3 dimensio
because each eye will see the obfeom a different position and hence the object will appear to be different
in each eye. These differences in images seen by the observer's 2 eyes are referred to as 'retinal dispari
and are used by the person's brain to determine the locatibe object in 3 dimensions. Stereoscopic vision

is a fundamental characteristic of the human visual system. It enables observers in photogrammetric pract
to view overlapping images in 3D, and make 3D measurements of objects.
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Photogrammetry uses st vision in an indirect way. Images recorded from two separate camera positions.
are viewed in 3D by an observer through an appropriate observing device, such as a stereoscope descr
below. Good stereovision is a skill that must be developed witttipgaand experience. Aerial photographs
are the most common images viewed stereoscopically, but other types of images may also be view
stereoscopically provided they have been taken with the appropriate geometry. In indirect stereovision, tl
impressim of relief of the object is usually substantially exaggerated compared to the observer's view of th
object seen by direct stereovision. This is referred to as 'stereoscopic exaggeration'.

Indirect stereovision is achieved by viewing pairs of photogutitk following conditions:
(1) Each eye must see only one image. Special devices are used to satisfy this requirement, such as:

- Mirror stereoscopes. Mirror stereoscopes enable the observer to view analogue photographs wi
approximately parallel as. Mirrors or prisms enable the photographs to be separated on a viewing
table. These are the simpest instruments used for stereo observation of overlapping aerial photos.

- Anaglyph system using images coloured by complementary colours, usuallydrbthegreen, and
spectacles of the same colour. The combination of 2 complementary colours gives black, so on
one image will be seen by each eye. The method can be use for analogue or digital images a
maybe used for observing images on a computeesg using red and blue colours.

- Polarised images, viewed digital images with polarising spectacles, will also enable stereovisior
This method is more versatile than the anaglyph method, since it allows colour images to b
observed, and as well, ledight is lost by the process of polarisation. It is usually used for
observing images in stereo on a computer screen.

(2) Rays to corresponding points must intersetttat is, parallax between the images must be eliminated.
This means that the 2 phgtaphs must be oriented correctly with respect to one another.

4. Equipment used for observation of Digital Images

The history of photogrammetry over a period of more than 100 years reveals extensive development
instruments for processing measurerseoh aerial photographs, commencing with theated analogue
stereoplotters, then analytical stereoplotters and now Digital Photogrammetric Workstations (DPW, als
called softcopy workstations). This course in photogrammetry will only use DPW for reasesus.

DPWs consist of hardware and software for the purpose of stereo observations of overlapping photos and d
extraction from digital overlapping images. They have the ability to generate products such as DEM:s
orthophotos, digital mosaics, lirmd image maps, perspective andtiyough visualisation of the terrain.

The use of DPWs is based on a combination of both automatic processing and manual observatiol
Generally, they will have the following facilities:

Fast CPU

Large dsk storage and backup facilities

Multi-tasking operating system

Graphics memory board to enable reale roaming and scrolling of the images

Stereoscopic viewing capability, based on passive or active polarised systems, and a 3D mouse to eng
measurement of coordinates in the object coordinate system

Advanced usefriendly software for the photogrammetric tasks including image processing capabilities
which enable many of the tasks to be achieved automatically.
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5. Principles of Measurementsrom Two Photographs

Accurate measurements of dimensions of objects by photogrammetry are derived from 2 or more overlappi
photographs or digital images. As shown in Figure 1, the position of an object, in this case a person, can
determined from thevo overlapping images by a process of intersection of the lines which represent the ligh
rays that formed the images of the person at the time of photography. These lines are reconstruct
mathematically in the reverse direction, that is, from the imagte object, to compute the location of the
person. Because a point on the object can be located from the two separate images, its position can
uniquely determined with high accuracy provided the positions of the camera are known.



If only one image is available, there is clearly only one light ray available from the image in the direction of
the object to determine the position of the object. Indeed, it is like viewing an object with one eye. Hence, tt
object cannot be determined uniquelyshewn in Figure 2, unless some additional information is available or
assumptions are made about some aspects of the position of the person. Photogrammetry rarely uses si
images for measurements.

Photo Photo \4

Figure 1. The process of determining the Figure 2 The determination of the height of the person
location of a feature based on two overlapping images from a single image is indeterminate unless additional
information is supplied

The scale at a point on a photograph is determined by the formshawaa by Figure 3:

Scale = (camera principal distance)/(camera to object distance) ie Scale =hfy(Znd is expressed as:
1:(Scale Number). Note that the scale of a point on an aerial photography varies according to the elevation
a point. The largst possible scale of an aerial photograph is about 1:3,000 while the smallest scale is abo
1:90,000.

Figure 3 Scale of a photograph

Professor J. C. Trinder
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