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The University of Zambia
School of Engineering
Department of Geomatic Engineering
2019/2020 Academic Year

Deferred Examinations- January 2021

GEE 3622: Principles of Data Acquisition and Processing

Time:

Three (3) Hours

Instructions:

1.

Q\M:BUJI‘J

2019-20 DEFERRED EXAM

This Examination is Closed Book

Calculators are permitted

Time allowed is Three (3) Hours

Answer: ALL QUESTIONS FROM SECTION (A) AND ONE FROM SECTION (B)

Where necessary, Show All the work leading to the solution
Total marks for this Examination paper is 100

Please! Do Not Turn This Page Until Instructed By The Invigilator
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. SECTION A
Question One (16+9) marks

(a) Define the following photographic terms:
- Aperture = epeniQgef LR
- F-number
= Hluminance

@ - Depth of field

y - Principle point

- Ground nodal point¥
- Airbase’ ¢
- X-parallax ¥

(b) What are the relationships between?
@ - F-number and shutter speed

- Film speed and emulsion grain size
- Resolution and emulsion grain size

Question Two (8+4+4+9) marks

(a) Choose between (a) or (b) to complete the statement below correctly:

——— b o
& Cani
\.;‘4’ \f;’:_/,/" ‘l ‘
\ / s
\.\ \ /] |
il D,
N \\ /
\\. s ‘7-/ ',"
\ \\ /] B,
\ A |
\.\ \\ / / | )
\ VS . !
1
\w-- N }
\ /
\ / b |
\‘ /

/S | I
] s ‘

&mwhperccption is a function of the (/) parallactic (b) orthorgonal angles.
Parallactic angle is tlmiﬁtersection of optical axes that converge on a certain
point. The Mb nearer (b) further the object the (a)smaller (i) greater the parallactic angle
and vice versa. The depth between object A and B (DB-DA) is perceiv ed as the (a) sum

}M difference in their parallactic angles (ga-¢b)

2019-20 DEFERRED EXAM ) i
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(M
-parallax is tl
a} ax is the change | i .
airerall’s ange mn pos ‘ tact [
rerall’s position of an object from one phota 1o the next cau ed by
@ motion (True or False)
(¢) illumi i
inance is a degree of bri .
i A degree of brightness received per unitarea of the image plane (a) aftet
@ The h) during exposure ‘
e image distaneg for 3 ‘
e :._‘\llgk_tb\‘dnu, fora phmngr:\ph of an object, which is locate
amera. is 76.5mm. What image distanee 18 required for perfect focus i

@ object is in infinity?

Question Three (4+10+2+9)

(W
4 4.5 meters from
{ the

Remote sensing is . . .. s : . ,
mote sensing 15 a method of obtaining information from distant objects without direct

q contact.
The table _hclm\' shows some key characteristics of remote sensing. Align the characteristics O
the left with the correct definition on the right side of the table.

acquired

Spectral Differentiation a) Refers 1o the use of many images of the same region
overtime
\‘3) very sensor is limited in
Area that can be scngrﬂt_c)yjcq\_rrq_cg’ as
¢) Refers o the detection of differences in the brightness of
objects and the features . ——

1d) Refers 10 observed spectral differences in th

or emitted from features ofinterest______———

qize of the mallest

rcspcbl to the

I,
Radiometric Diﬂ'crcnlialion
an entity on an iMAEE

Temporal Dimension < energy reflected

Jetic spectrum.

@ Jr) /'yf' [llustrate briefly. the major divisions of the electromagt
@ P /?5) In Remote sensing, what is meant by the term “atmospheric windows™?
All radiation used for remote sensing pass

@ ﬁ{ > direction of clcctromagnelic energy by particles suspend

through the carth’s atmosphere Seattering is the re-

edinthe atmosphere. Briefly. explain

three types of scattering involved.

2019-20 DEFERRED EXAM
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SECTION B

Question Four ( 3+22) marks

Laser scanning i
- scanning > e . ine
canning in geomaties is used for topographic mapping and close ranee 3D object recording.

1l
ii.

N"‘m_c three(3) basic sensor hardware for laser mapping

AT{ m.rplunc carrying an Airborn Laser scanning (ALS) system emits a Jaser pulse with a
pointing angle of «=5.000° that takes 0.0051110 millisecond to reach an object 0N the
ground and return to the sensor. At the same time. an onboard GPS-INS system MEasures

the position of the laser coordinates as «=100.00m, Y=100.00m, 7=1000.00m, and the
orientation as m=f=k=0.

What is the location of the object on the ground?

Formulas:

Formula 1.

D=c.t/2

Formula 2.

w—y

1 0 0 0
+ M 0 cos(n) sin(o )| 0

0 -sin () coﬂ -D

XY 0 Z4 : point coordinates

Xe. Y, Zs - scanner position coordinates

M: the Rotation matrix from the scanner to the ground system
.+ is the pointing angle

Question Five (6+3+2+4+10) marks

a)

i. Describe the main parts of frame aerial camera

ii.  List three functions of the filter in the lens cone assembly of an aerial camera

iii.  Mention two types of laboratory procedures for calibration of the camera

iv. Listat least four(4) interior orientation parameters that are determined during the
calibration process of an aerial camera

b) Discuss the characteristic curve H and D, or D-log- E curve.

------------------------------------------ End of EXams----emm-nnner-mmmmsmsssmsmsaceseses

2019-20 DEFERRED EXAM
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The University of Zambia
School of Engineering
Department of Geomatic Engincering
2018/2019 Academic Year

Scecond-Half Year Final Examinations

GEL 3622: Principles of Data Acquisition and Processing

Time: Three (3) Hours
Instructions

I This Examination is Closed Book

& Calculators are permitted

B Time allowed 1s Three (3) Hours

4, Answer: ALL QUESTIONS FROM SECTION (A) AND ONE FROM SECTION (B)
8. Show all the work leading 1o the solution

0.

Total marks for this Examination paper is 100

Please! Do Not Turn This Page Until Instructed By The Invigilator
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2018-19 FINAL EXAM

SECTION A

Question 1 (25 marks)

a) A vertical aerial photograph was taken with a 152.4-mm-focal-length camera from a
flying height of 1385 m above datum. Images a and # of two ground points A and B
appear on the photograph. and their measured photo coordinates are x, = -52.35 mm,
Ve =48.27 mm, x, = 40.64 mm and ), = 43.88 mm. Determine the horizontal length
of line AB if elevations of points A and B are 204 and 148 m above datum,
respectively.

b) A distance ab on a vertical photograph is 65.0 mm, and the corresponding ground
distance AB is 1150 m. If the camera focal length is 152.4 mm, what is the flying
height above the terrain upon which line AB is located?

Assume that the values given for focal length, photo distance and ground length
contain random errors of = 0.005 mm, £0.50 mm, and +0.30 m respectively. What is

the expected error in the computed flying height?

Question 2 (25 marks)

a) Discuss and give examples of the terms:

1) Active Remote and
i) Passive Remote sensor systems
b) Mention three (3) most common bands of the electromagnetic spectrum used for remote

sensing.
¢) When electromagnetic radiation strikes matter, it interacts with it in possibly four main
ways: Name the four (4) processes involved?
d) Three main types of scattering important to remote sensing are: Explain their effects.
- Rayleigh scattering
- Mia scattering
- Nonselective scattering

Question 3 (25 marks)
a) Spatial and non-spatial data are the two types of data to be entered in a GIS. Give a brief
description of Spatial and non-spatial data?

b) Briefly describe what the terms digitizing and scanning mean in GIS data entry?

What are the two main types of data formats used in GIS?

Give three (3) advantages and disadvantages of Vector Data?

What does the term “Georeferencing” mean?

Scanned by TapScanner




SECTION B
Question 4 (25 marks)

a) Explain the main principle behind laser mapping systems. What is the basic sensor

hardware for laser mapping systems?

b) An airplane carrying an airborne laser scanning (ALS) system emits a laser pulse with a
pointing angle of ¢=5.000° that takes 0.0051110 millisecond to reach an object on the
ground and return to the sensor. At the same time, an onboard GPS-INS system measures
the position of the laser coordinates as X=100.00m, Y=100.00m. Z=1000.00m, and the
orientation as ®=¢=k=0. What is the location of the object on the ground?

¢) The rotation matrix R (®.4.x) rotates the coordinate system of a tilted photograph to the

coordinate system parallel to the reference ground system.

Determine the rotation angles (w,¢,x) if R has the following form:

/0.999910 0.013319 0.001635
R= -0.012351 0.999671 0.021907
. -0.001343 -0.021927 0.999739
N
(Formulas: sin @= r13, tan k= -r12/r11, tan w=-r23/r33)

Question 5 (25 marks)

A project area is 16 km long in the east-west direction and 10.5 km wide in the north-south
direction. It is to be covered with vertical aerial photography having scale of 1:12,000. A
camera having a 152.4-mm-focal-length lens and a 230-mm square tormat is to be used. The
nominal end lap and side lap are to be 60 and 30 percent. respectively. Beginning and ending
flight lines are to be positioned along the boundaries of the study area. The only base map
available for the area is at a scale of 1: 24,000. This map indicates that the average terrain

elevation is 300 m above datum.

Compute the following data for the flight crew:

i, Flying height above mean sea level
ii.  Ground coverage per image
i Distance between two successive axes of the strips.
iv.  Number of flight lines required
v.  Total number of photos needed
vi.  Spacing of flight lines on the map

Fnd of Examination
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The University of Zambia

School Of Engineering

Department of Geomatic Engineering

20162017 Academic Year Second Half Year
FINAL EXAMINATIONS
GEE 3622: Principles of Data Acquisition and Processing
Monday 28"August 2017

TIME:Three (3) Hours

INSTRUCTIONS:
: This examination is Closed Book
A Calculators are permitted

< ANSWER ALL questions from SECTION A and one (1) questioh from

SECTION B
4. Show all the work leading to the solution
5. Total marks for this examination paper is 100
6. [ ] indicates allocated marks for the question
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Question 1 (25 marks)

a) Outline THREE (3) types of scattering that occur in the earth’s

atmosphere, giving any possible wavelength dependency of each
scattering type.

b) State whether true or false:

1.

ii.

i1.

v,

Vi.

vii.

Viii.,

Active Remote — detect only reflected sunlight or thermal IR
and microwaves

Passive Remote — beam own artificially produced energy to a
target and record reflected component

The entire range of EMR comprises the electromagnetic
spectrum subdivided in divisions called wavelengths that
share common characteristics.

Three forms of energy transfer include: absorption, reflection

and transmittance

The Sun is the major supplier of EM energy incident on the
Earth - providing energy needed for terrestrial life and the
natural processes operating in the atmosphere, water and
upper layers of solid Earth.

EMR travels in a straight path at the speed of light -
postulated by Albert Einstein in 1905 as ~ 300,000 km/sec

Electromagnetic Radiation (EMR) is light energy detected
when it comes into contact with an object

The visible portion of the EM Spectrum ranges from 0.4m to
0.70m

The most common bands of the EM spectrum used for
remote sensing are cosmic, gamma and x-rays.

Remote sensing depends upon operation in wavelength
regions of spectrum where spectral signatures occur for
identification purposes.

Question 2 (25 marks)

1. A mapping project is designed to use aerial photography at a scale of
1:10000 for a preliminary design of a development project covering an
area of 20 x 15km. If a 15/23 camera is used with end and side overlaps
of 60% and 30% respectively, calculate the following parameters if a flight
plan along the longer side of the project boundary is to be prepared at a
map scale of 1:20,000;

1. total number of flight lines
ii.  total number of photographs to cover the project area

2016-17 FINAL EXAM
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Question 3 (25 marks)

a. Explain the term depth of perception with respect to stereoscopic
viewing.

b. Given that the shortest distance of clear stereoscopic depth
perception for an average eye base of 65mm is 250mm, calculate
the maximum Parallactic angle.

c. Given that the maximum distance at which the stereoscopic depth
perception is possible is approximately 600m, calculate the
minimum Parallactic angle.

d. Name THREE (3) instruments used to measure image coordinates

and briefly outline the measurement process involved.
SECTION B

Question 4 (25 marks)

1. The figure below shows four models (1-4) which are observed
independently.

a. Briefly, define the adjustment involved in these models?
b. Calculate,
i. Total number of observation
ii. Total number of Unknowns
ili. Number of redundant observations
iv.  Which points represent the tie-points?
v.  Which points represent the control points?

c. Why is the similarity (conformal) transformation used in the Block
adjustment by independent models?

d. Mention at least five (5) sources of errors that are normally taken into
account in aerial triangulation.

2016-17 FINAL EXAM
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Question 5 (25 marks)

The figure below shows an overlapping pair of truly vertical aerial
photographs taken at equal flying height H above mean sea level (MSL)
and having equal focal length f. The corresponding images of the ground
point P are P on the left photo and Pr on the right photograph,
respectively. The ground coordinate system XYZ has its origin at the MSL
level location O of the left photo camera exposure station, i.e. the X and
Y axes are parallel to the x and y axes of the photo system.

a) Derive the basic parallax equations for the ground coordinates of point
P based on the illustrated geometry of the overlapping truly vertical
photos. '

b) Compute the ground coordinates XpYpZ, of point P using the
previously derived parallax equations for the photo stereo pair, whose
Focal length f=152mm, the air base B=1815m and the flying height

H=3000m;
and the photo-coordinates of point P are:
for the left photo: x, = +80.00mm yL = -50.00mm, and
for the right photo: xg = -20.00mm, yr = -50.00
Z A
B
A

END OF EXAMINATION

kkk k¥ GOOD LUCK *kkkk
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The University of Zambia
School of Engineering
Department of Geomatic Engineering

2015/2016 Academic Year Examinations /

Monday, 5" September, 2016

GLE 3622: PRINCIPLES OF DATA ACQUISITION AND PROCESSING

Time: Three (3) Hours

Fostructions:

NOL L

This Examination is Closed Book
Calculators are permitted

Time allowed is Three (3) Hours
Answer: BOTH Questions from Section A and TWO (2) from Section B

Answers to Section A and B MUST be answered in separate booklets.
Show ali tie work leading to the solution
Total ma-lis for this Examination paper is 100

WARNING! WARNING!

Bringing unauthorized material or pre-written notes in the examination
vetiue will render you expelled indefinitely from the University. Being

involved in any wzy in a leakage of an examination question paper will
zlso render you expelled indefinitely. '

Be Honest.

Ce Confident.

Enhance the image of the University

2015-16 FINAL EXAM
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SECTION A (Answer both | questions 1 and?)

Question 1 (6+14+ 3+2) marks
(@) State whether each of the following is true or faise about remote sensing.

i.  Provides only image data — DN values “{

ii.  Requires ground data for georeferencing. '\
iii.  Itis a technique used to determine position (X. Y. 2) by the use of a minimum of

three satellites. \\

iv.  Measurements relate to the surface reflectance characteristics. |
v.  Measurements are done in-situ. (
vi.  Itis weather independent.  (

(b) Georeferencing is an important component of geometric correction in image processing.

i.  What is georeferencing?
ii. Study the image and map coordinate systems below. Image uses column-row (l,_])

coordinate system whereas map uses a Cartesian coordinate system with (x Y)

Ty
Column (i)
1 2 3 4 y
Row () | 1 /
l 2 A Lwsssndas ee @ (X.Y)
3 / :
4 i
) 5| '
v\) . (j)' : R
a X " (0,0) —————— N X
AL X o
(—%\) iii.  Calculate the map position (x,y) for image position (10,20) using the following
equations:
i. x=-10+Si—jandy=5+2i+2f —~ .
v. Gwen the map coordinates of the top left comner of the image as x = 642785m,
= 8298133m und the resolution of 10mfor the image, calculate map coordinates of
> th image coordinates (i,j) using the given coordinates and resolution. (Do not use the Qf"l
equations above). ] ARce \j \
e Xehes  ® '
(¢) What is the purpose of resampling m_xmagc processmg? \k\&,\ N~§ '\] p cfl
(d) What is the difference betweer\mcar contrast Stretch md@m equahnuon? B
~————— — 0
Vel

Question 2 (4+8+10+3) marks N 0

(a) State whether each of the following is best represented as Vector or Raster model in a
Geographic Information System (GIS).

Ol
i.  For analysis of a road network —~ack
ii.  Foranalysis of satellite images. —— () aS<

2015-16 FINAL EXAM 14
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(b) The figure below depicts the function components of a GIS. Associate cach of the
following terms with the appropriate functional component. (The first term Paper Map 15
used as Input and serves as an example).

l DBMS (Database Management System)
1. Scanner
il Buffer
[ iv.  What....if...?

Data Input

v

)
Database
" Query and Output and
.analysis P Visualization
(c) Analytical GIS functions are classified into five groups of functional classes.
List the five (5) classes. /(¢ - Ywara  Caphur: o
& © —ﬁb;\;u Compited e
Yy (d) What are the three (3) challenges one would face when using éerndary data in a GIS?
- Nna il)l aqe \
— bql(] Mol
= 7 al -
g h(\.\d ref e ,{L’ﬂr
i o
v
®
W)
3 _—
2015-16 FINAL EXAM ” : 15
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SECTION B (Answer any two questions)

Question 3 (3+4+3+6+9) marks

a) Explain the meaning of stereoscopic depth perception
b) Given that the shortest distance of clear stereoscopic
eye base of 65 mm is 250 mm and
stereoscopic depth perception is possible is approximately 6
Compute,
. The maximum Parallactic angle, @(max).
II.  The minimum Parallactic angle, @(min).
Define the term “Vertical Exaggeration™.
What is the approximate vertical exaggeration for a vertical
mm focal length camera having a 23-cm square

60% endlap. Assume be/h is 0.15.

00m:
c)
d)

) fiducial points, calculate the coordinates of those
xy coordinate system if their comparator coordinates XY are as

Fiducial X(mm) | Y(mm)
points

A 87.294 | 210.223

B 199.826 | 96.996

C 313.054 | 209.555

D 200.512 | 322.768

Question 4 (3+2+2+3+3+2+2+2+2+2+2) marks O
U

parameters of inner orientation?

a) List three (3)
e in the east-west direction and 1

. south direction. A camera
) i< to be used. The desired photo scale i's 1:2
are to be 60 and 30 percent. Beginning and-efid

above datum.
[’

i) In which direction must the aircraft fly and why? y\f/\‘b

ii) Find the flying height (H) above terrain. N /

iii) Determine ground coverage per image. \

iv) Determiné ground separation between photos o
photo e e

v) Assumning an aircraft speed of! 160 k
vi) Compute the average number of photos ]ﬁr 16-km linc /

vii) Determine the separation distance between flight lines,

that the minimum distance

format if the photos were 1

along the boundaries of the study area. The only map available for th
scale of 1: 62,500. This map indicates that the average terrain elevaticn is 300 m

e area is at

p———

depth perception for the avera
at which the

a

<o -—
(=< alt =

N

‘long in the north-

b) A study area is 10 km wid
having a 152.4-mm-focal-length lens and a 230-mm format
5, 000 and the nominal endlap and sidelap

ing flight lines are to be positioned

|
\

m/hr, ealculate the b’mc between exposures|

ge

photo taken with 152.4-
aken with

tion of lines joining opposite corncr

Assuming the principle point to be at the intersec
fiducial points in the conventional
in the table below.

/ /
'/
N

\ WA
~ NN
b

\

— 4
A

<
( g‘h(‘}:‘ \
r\-I"" ’

n @e for 40 percent advance per

Find the number of flight lines required to cover the 10-km study area width

viii)

ix) Find the spacing of flight lines on the map((1: 62,500 scale)”

x) Find the total number of photos needed. | e [ (‘
—

2015-16 FINAL EXAM
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Question 5 (2+3-+4+2+14) marks

a)

The image

-to-ground coordinate relationship of a point P is established through
the collinearity model and is represented by the collinearity equations:

+ 1) Y-Y,) + 13 Z-Z(_,)

x=xp—c. rmX-Xo)
113(X-Xo) + 123(Y-Yo) + 133(Z2-Z0)

112(X-Xo) + 122(Y-Yo) + 132(Z-Zo)

y=yp—C.
r13(X-Xo) + 123(Y-Yo) + 133(Z-Zo)

Identify the quantities involved in

the above equations which refer to the following:

r,
J’ kj{ﬁ’(,/

i) The measured image point coordinates —
ii) Interior orientation parameters of the camera — ~“('r ~ ~ o ‘
der consideration=C <, Z¢, T, ——

iii) Exterior orientation parameters of the image un
X, N =
S L

iv) The ground coordinates of point —

b) A pair of overlapping vertical photo

craphs was taken from a flying height of
The air base was

1.233 m above sea level with a 154.4-mm-focal-length camera.
390 m. With the photos properly oriented, parallax bar readings of 12.57 mm and
13.04 mm were obtained with the floating mark set on the principle points O; and
0., respectively. On the left photo & was measured as 93.73 mm and on the right
photo b’ was measured as 93.30 mm. Parallax bar readings of 10.96 mm and
15.27 mm were taken on points A and B. Also, the x and y photo coordinates of

points A and B measured with respect to the flight axes on the left photo were

X,= 53.4]1 mm, y,= 50.84 mm, xy=88.92mm, and yp, = -46.69 mm. Calculate the

. — / —
clevations of points A and B and the horizontal length of lin&/’

l’}\ﬂ'>: H’_%{ (":;\/"f;’, %/%’ q‘l}

|

-----------------------------------------------

END OF EXAM

..........................................................

Scanned with CamScanner
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The University of Zambia
School of Engineering

Department of Geomatic Engineering

2013 ACADEMIC YEAR
SECOND HALF YEAR EXAMINATIONS - JULY 2014

€.

COURSE NAME: PHOTOGRAMMETRY I
COURSE CODE: GEO 3322

TIME: THREE (3) HOURS
TOTAL MARKS: 100

i) INSTRUCTIONS

1. Answer: ALL THREE (3) QUESTIONS from SECTION A and ANY ONE

QUESTION from SECTION B
2. This EXAMINATION is Closed Book

3. Calculators are permitted

4. Show all the work leading to the solution
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SECTION A

Question 1

a)
i.  Provide the definiti
k efinition of space resection

How man i
y and which ar
- e the unknown parameters for space resection

What mathemati
ical expression is -
rassetio used to determine the unknown parameters of the space

iv. Whati i
t is required to be known to solve for the unknown parameters?

b - i o ool

) ':.DFOJ‘E‘C’C area is 16 km wide in east-west direction and 10.4 km long in north-south
irection. It is to be covered with photos in scale 1:12000. The nominal end-1ap and side-lap
are to be 60% and 30%, respectively. A camera having a 152.4-mm-focal length lens and a

230-mm square format is to be used.
Compute:
i. Ground coverage

ii. The distance between two successive axes of the strips.
iii. Base in the strip

iv. Number of photos per strip (assuming two extra photos at each end of the strip to ensure
coverage)
v. The intervalometer setting necessary 1o obtain the desired end-lap, assuming the aircraft
flies at a velocity of 192km/h.
(13+10) marks
Question 2

a) Provide the definition of collinearity condition and give its mathematical expression. Explain

the terms used inthe mathematical expression.

low shows the angular field of view of a camera. Calculate the angular field of

|-length camera with a 23cm square format. State whether
wide angle type of a single-lens frame camera.

b) The figure be
view for a nominal 152-mm foca

this is a wide angle, normal arigle or super-

Focal Plane

A =Angular field of View

© Rear Nodal point of lens

' (35)
o = 2tan \E’.f

Hint: Use the formula:
(18+7) marks

2014-15 FINAL EXAM
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Question 3

3) A pai i O
P llr of Overlapplng Verflcal ph to
se i
a level with a 154, -mm-foca| | o
4.4 -lengt

phs was take
n from a flyi :
rope ) ying height of 1,2
properly oriented, parallax bar readi IR
n

h came i

o 1;35.7The air base was 390 m. With the photos

wiry ar-‘d Omm and 13.04 mm were obtained with the
2, respectively. On the left photo b was

readi el
s oF 1056 Mt s 1S o We::e t::: b’ was measured as 93.30 mm. Parallax bar
en on points A and B. Als
. Also, the x and y photo

coordinates of poi
points A and B
measured with respect to the flight axes on the left photo

were x,= 53.41 mm, y.= 5
» Ya=50.
SarETEEP i Y 84 mm, X,=88.92mm, and y, = -46.69 mm. C
nts A and B and the horizontal length of li ;E\B damene il
ine AB.

floating mark set on the principle poi
measured as 93.73 mm and on thpm
eri

b) Name the instrume
nt us s
ually employed to measure the position of a pointin a photograph.

c) What are the systemati .
¥ atic errors contained in the measured photo-coordinates that disturb

the ideal linear relatio m nd the ground
n between the e i i
- perspective centre, the image point a d the gr

(15+2+8) marks

SECTION B

Question 4

a) Assuming the principle point to be at the intersection of lines joining opposite corner fiducial
points, calculate the coordinates of those fiducial points in the conventional xy coordinate

system if their comparator coordinates XY are as in the table below.

e the number of the corresponding

ammetric terms, iV
mination and name them.

b) Define the following photogr

parameter elements required for their deter

i.  Basic interior orientation
ii. Relative orientation
iii.  Absolute orientation

iv.  Exterior orientation
(13+12) marks

2014-15 FINAL EXAM
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The University of Zambia
School Of Engineering
Department Of Geomatic Engineering

2012 Academic Year Second Semester
FINAL EXAMINATIONS

GE 212: Introduction to Geomatics
Monday 19" August 2013
) TIME:Three (3) Hours

INSTRUCTIONS:

s This examination is Closed Book
2 Calculators are permitted

3. ANSWER ALL questions

4. Show all the work leading to the solution
: 5. Total marks for this examination paper is 100
6. [ ] indicates allocated marks for the question
.-3 7. Answer: each section in a separate answer booklet:
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Section A: GIS & Remo i
E te S
Question 1 [25 Marks] ening

a) Briefly but precisel '
X y explain GIS application i - ; .
b) Briefly explain two (2) sources ang?tlxs(t;?nrggtﬁzz?a;lc e:_glrzermg. [4]
c) In GIS i of spatial data capture. [4
) the a'éi tr;e spatial framework can be represented in different ways.pExplai[n]with
- 1d of sketches the vector and raster GIS data models. [4]
O]E)Thpeute the tpta'l amount of energy reflected from the pond shown below if 30%
" €nergy incident on the water surface is reflected, 10% is absorbed, 60% is
ransmitted, and 20% of what hits the bottom of the pond is reflected. [3]

Incident energy 30
xmo = 7.23
Water 60 = &

Bottom of pond

e) Below is a diagram showing the operation of the passive Remote Sensing system.
Explain the types of energy interaction at each of the two stages identified on the

diagram. [5].

(What Energy Source?)

b4 R
(4 | RS ‘
i Sensor |
l ‘ - — (Data capture)
Wh f interacti / Reflected radiation
at type of energy 1 on - -
occurs here?
ﬂlelgy mteracuon

Earth surface (information base)

f) The figure of reflectance curves below shows the spectral response patterns of

deciduous and coniferous trees. N . -
i Which range of the wavelength is the visible portion and the near-infrared

(NIR) of the electromagnetic spectrum? [2]

State why it would be difficult to distinguish the two types of trees in the

ii.

‘V visible portion and easier in the NIR portion [3]
£0 Deciduous
trees
z
g = Conflerous __:1;:—
§ trees (i
Rt
(s
10

00.4 05 o6 07 08 09
wavelenglh l-“m‘]-: GCRS/ CCT
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SECTION B: Surveying and Photogrammetry
Question 2 [25 Marks]

a) Global positioning system is nowadays the cutting edge technology of providing
one’s location.
i) List four(4) advantages of GPS [4]
ii) List three(3) limitations of GPS [3]

b) Given: A line of levels to be run from BM10 to BM11. At BM 10 the elevation is
101.325m. The level is set up at A,B,C,and D. Backsights and foresights are as

follows.
\_ Station Backsight Foresight
A 1.350 1.200
B | 0503 2100
C 0.150 0.250
D 3.800 0.450 |

All the level setups are equally distant between back- and foresight points to
reduce error to a minimum. Work out the levels to find the elevation of BM 11. [12]
3 c) With the help of sketches, describe the two types of coordinate systems used in
surveying for identifying a point. [6]

Question 3 [25 Marks]

a) List at least four aberrations that cause different rays to converge to different
points. Explain two of them in detail. [4]

b) State the main difference between vertical and tilted photographs. [4]

c) Explain the photographic terms: principle point, exposure station, endlap, sidelap,
strip and block. [12]

d) Define ‘scale of a photograph’. [2]

e) Mention three major applications of photogrammetry. [3]

SECTION C: Cartography
Question 4 [25 Marks]

Cartography should be considered a complete and independent science as well as a
j' practical profession with specialised techniques.

It is a symbiosis of both theoretical and practical procedures. Clearly explain this
statement. Cite an example in your answer. [6]
b) What is a primary topographic map and how else can it be called? Give a Zambian

a)

example [5]
c) The normal tasks of a cartographer are:
i, to select required data for the map and

ii. to process those data into a map.

List five (5) tasks a cartographer has to undertake under (ii) “to process those

data into a map”. [10]

d) Where and when was the Zambia Survey Department first setup? [4]
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2014-15 FINAL EXAM

GE 332: Photogrammetry I Wednesday 28"August 2013

TIME:Three (3) Hours

The University of Zambia

School Of Engineering

Department of Geomatic Engineering

2012 Academic Year Second Semester

FINAL EXAMINATIONS

INSTRUCTIONS:

; This examination is Closed Book

2. Calculators are permitted

3 ANSWER ALL questions from SECTION A and one (1) question from
SECTION B

4, Show all the work leading to the solution

5 Total marks for this examination paper is 100

6. [ ] indicates allocated marks for the question
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Question 1 (20 marks)

a) Explain in details the effects of systematic errors on the image coordinates.
Include sketches in your answer where necessary. [16 ]

b) During relative orientation of a photographic model, the same relative
relationship between diapositives that existed at the time of photography is
recreated. State the condition for relative orientation. [2]

c) After relative orientation, a true 3-D model is formed. State two important
steps that are performed in the absolute orientation of model. [2 ]

Question 2 (20 marks)

..) a) Explain the meaning of the following photographic terms
. i. Depth of field[1]
ii. Hluminance[1]
iii.  F-stop[1]
iv. lIsocenter[2]
v. Swingangle[1]
vi. Crabangle[1]
vii. Deadarea[2]
viii.  Air base[1 ]

b) In analytical photogrammetry, we often deal with matrix rotations in a
plane for image points that must satisfy the orthogonality conditions. Given
=P the following transformation:

X /0.36 0.69 :z:)
(y =1019027 )\ v,
With the help of unit vectors
. cOS & . [ —sina
1:(sina>’ 3= cOoS ox
State three (3) orthogonality conditions that must be satisfied for an

orthogonal matrix and prove that the above transformation does not represent
a rotation. [10]
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Question 3 (20 marks)

a) Explain the following terms:
I. Photographic properties of a film [ 4]
Metric photogrammetry [2 ]

b) Mention two important functions of filters in aerial cameras [2]

i,

c) Two types of lenses are commonly used to manipulate light. These are
concave (negative) and convex (positive) lenses. With the help of simple

sketches, draw three different types of each these lenses showing how light
is manipulated after passing through them. [ 12]

Question 4 (20 marks)

g a) A shutter speed of 1/1000 is desired to obtain a sharp image at f/4.0, what
f/number should be used to achieve the same result at a shutter speed of
1/500? [6 ]
b) With the help of well-labelled diagrams, describe the five (5) major lens
aberrations that affect image quality. [10 ]

¢) Explain the main differences between perspective and orthogonal
projections. [ 4]

SECTION B

Question 5 (20 marks)

a) Assume two road intersections shown on a photograph can be located on a

’ 1:25,000 scale topographic map. The measured distance between the
intersections is 47.2 mm on the map and 94.3 mm on the photograph.
i.  What is the scale of the photograph? [3 ]

ii. Atthat scale, what is the length of a fence line that measures 42.9 mm
on the photograph? [3]

b) The length of line AB and the elevation of its endpoints, A and B, are to be
determined from a stereopair containing images a and b. The camera used
to take the photographs has a 154.4-mm lens. The flying height was 1200m
(average for two photos) and the air base was 600m. The measured
photographic coordinates of points A and B in the “flight line” coordinate
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system are x(a)=54.61 mm, x(b)=98.67 mm, y(a)=50.80 mm, y(b)=-25.40
mm, X'(a)=-59.45mm, and y’(b)=-27.39 mm.

Find the length of line AB and the elevation of A and B. [14]

Question 6 (20 marks)

a) Explain the term depth of perception with respect to stereoviewing [2 ]

b) Given that the elevation of point C is 200m above MSL and that the parallax
reading for the same point is 11.89mm and that of point A is 10.96mm, the
parallax constant is 80.71mm. Calculate the parallax difference between the
two points and the elevation of point A if the flying height for a pair of
photos is 1000m. [3 ]

\ c) A mapping project is designed to use aerial photography at a scale of

' 1:10000 for a preliminary design of a development project covering an area
of 20 x 15km. If a 15/23 camera is used with end and side overlaps of 60%
and 30% respectively, calculate the following parameters if a flight plan

along the longer side of the project boundary is to be prepared at a map
scale of 1:20,000;

i. total number of flight lines [ 3]
ii. total number of photographs to cover the project area [3 ]

spacing between boundaries and extreme flight lines close to the
boundary [3 ]

iv. total number of models [3 ]

T

the required intervalometer setting that will achieve the desired end
lap if the aircraft speed is 300km/h [3 ]

-

END OF EXAMINATION

*****GOOD LUCK ok 2% % X Xk
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REVISION QUESTIONS AUGUST 2017

GEE 3622-PRINCIPLES OF DATA ACQUISITION & PROCESSING

GROUP 1

Figure 1 of reflectance curves; show the spectral response patterns of

deciduous and coniferous trees.

(2) Which range of the wavelength is the visible portion of the electromagnetic
spectrum? 0- L{ -0"%

(b) Which range is the near-infrared (NIR) portion? 03 — © | (O 3 - |- 5)

(c) Explain why it 'wouid be difficult to distinguish the two types of trees in the
visible portion. Lot Reflgctance

(d) Explain why it would easier to distinguish thg two types of trees in the NIR
portion. AH(”CUS‘“;\ \DC’H? (c{lc(—}- & flie(m{ vCand f’ovﬂor\ O{tn(‘u(&’] A
radiatton ’H i~ Cleac ‘J, Jegaable -

« I
0 B A
| rt \J :f
| ' o
&0 | Deciduous —(-,_{, ,\@ "w \:‘;
trees f b o ,' \
T l," ]
500 conterousdm R
g l Coniferous —mo==™ ‘“ ,\ o
'E,! o trees 3 \_\ v 19
= -v B ¥ N~ A/
= s i 4
S
10 { N
|
} #
3 | P~ t

a- T T
. 'ae 05 06 \07 08 09

Mavelengthr{ Ml oy ey

Figure 1: Reflectance curves for Deciduous trees and Coniferous trees
/
(a)Visible: 0.4 - 0.7 pm.”
(b) NIR:0.7 -0.9pum
(c) The reflectance in the visible portion for both trees [s low, and not clearly
s:epamblc
: (d) Inthe near-infrared, although both types reflect a significant portion

of the incident radiation, they are clearly separable,

5
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Atmospheric scattering occurs when the particals or gaseous

molecules present in the atmosphere interact with the electromagnetic
radiation and cause it to be redirected from its original path.

Mention three types of scattering that take place and give one

example for each.

(Rayleigh scattering- blue wavelengths scattered 5 times as often as red.
Creates blue sky , Mie scattering smoke, dust, volcanic material and salt
crystals scatter longer radiation wavelengths and Non-selective scattering-
suspended aerosols (with diameters at least 10x larger than wavelengths)

including all Mia particles and water droplets and ice crystals, scatter longer

radiation wavelengths

State whether true or false:

Active Remote — detect only reflected sunlight or thermal IR and
microwaves (False)

Passive Remote — beam own artificially produced energy to a target and
record reflected component (False)

The entire range of EMR comprises the electromagnetic spectrum subdivided

in divisions called wavelengths that share common characteristics. (False -

Ans. Spectral Bands)

Three forms of energy transfer include: absorption, reflection and

transmittance (False. Ans- conduction, convection and radiation)

The Sun is the minor supplier of EM energy incident on the Earth - providing

energy needed for terrestrial life and the natural processes operating in the

atmosphere, water and upper layers of solid Earth. (fulse)
EMR travels in a straight path at the speed of light - postulated by Albert

Einstein in 1905 as ~ 300,000,000 km/sec (false. Any 100, 000km/ s

)

2017 REVISION QUESTIONS
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Electromagnetic Radiation (EMR) is light energy detected when it comes into

contact with an object (False. Ans EM)

The visible portion of the EM Spectrum ranges from 4 - m to 7 - m (False.
Ans. 0.4 - m to 0.7 - m)

The most common bands of the EM spectrum used for remote sensing are

cosmic, gamma and x-rays. (false. Ans. ultraviolet (UV), visible, infrared

(IR) and microwave.
Remote sensing depends upon operation in wavelength regions of spectrum

where spectral signatures occur for identification purposes. (true)

\  GROUP2 he = - :\{:
The figure below shows an overlapping pair of truly vertical aerial photographs taken at
equal flying height H above mean sea level (MSL) and having equal focal lenths f. The
corresponding images of the ground point P are P_ on the left photo and Py on the right
photograph, respectively. The ground coordinate system XYZ has its origin at the MSL level
location O of the left photo camera exposure station, i.e. the X and Y axes are parallel to

the x and y axes of the photo system.

¥ a) Derive the basic parallax equations for the ground coordinates of point P based on the

illustrated geometry of the overlapping truly vertical photos.

b) Compute the ground coordinates X,Y,Z, of point P using the previously derived parallax
) equations for the photo stereo pair, whose

focal length f=152mm, the air base B=1815m and the flying height H=3000m;

and the photo-coordinates of point P are:

for the left photo: x, = +80.00mm y. = -50.00mm, and

for the right photo: xz = -20.00mm, yp = -50.00

v

‘L(’] - ‘IZ‘*‘"LHL

Pa = xo —n's Wy = - 3%
'.n’ a _‘(__,"U ‘_\ («\
Ky - &
" ) .
P A

U R { w0 00 )

\ O
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\

a) Given that the elevation of point C is 200m abov-e MSL and that the parallax
reading for the same point is fcf.89mm and that of point A is' i"0.96mm, the
parallax constant is 80.71rngm. Calculate the parallax difference between the
two points and the elevation of point A if the _f!ying heig‘ht for a pairpf photos is

A= ©

looom. fe = < c ! \ <
£HO = Pe—Paz ©.0d
wb) A mapping project is designed to use aerial photography at a scale of 1:10000
for a preliminary design of a development project covering an area of 20 x
15km. If a 15/23 camera is used with end and side overlaps of 60% and 30%
respectively, calculate the following parameters if a flight plan along the longer
side of the project boundary is to be prepared at a map scale of 1:20,000;
i.  total number of flight lines

. total number of photographs to cover the project area

i, total number of models

x
2017 REVISION QUESTIONS
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GROUP 3

What is Photogrammetry?

Photogrammetry is the science and technology of obtaining spatial measurements

and other geometrically reliable derived products from photographs.

Explain the main differences between perspective and orthogonal projections.

Perspective projection is obtained by projecting an object to a projection plane

with a bundle of rays from projection center located in finite distance from the

projection plane, Angular relations between object features and image features

are not the same.
on of an object to the chosen plane

Orthogonal projection is the parallel projecti
(map)

Name three (3) instruments used to measure image coordinates and briefly outline the

measurement process involved.
Monocamparator- each photo is measured separately

i Stereocomparator- simultaneous identification and measurement of image points on two

photographs

n Analytical plotter- projective relations between each model point and corresponding image

points are implemented analytically

GROUP 4

Explain the term depth of perception with respect to stereoscoplc viewing.

Gtereoscopic depth perception is o function of the parallactic angles. Parallactic

angle is the angle of intersection of optical axes that converge on a o rtain point

2017 REVISION QUESTIONS
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The nearer the object the greater the parallactic angle and vice versa. The depth
between object A and B (DB-DA) is perceived as the difference in their parallactic
angles (QA-QB)

a) Given that the shortest distance of clear stereoscopic depth perception for

an average eye base of 65mm is 250mm, calculate the maximum Parallactic

angle.

.f/.frfak)/?r.r Afﬂi’ /P/'(E/a/ﬁa\

) V23] gllfr/crt distence  cles, Streostpic dipth perayptisn
for The avemp edqe biw of ESwm is 2507
Y Mas /%ra//acflé angl€ al &p
Flma) = 2 Lo 32Smm o 57
250 =

b) Given that the maximum distance at which the stereoscopic depth

perception is possible is approximately 600m, calculate the minimum
Parallactic angle.

-1 a .
" ;Z/Lv" 32-S

@ Maoiom diskance ol vheh tL gleceosopic depth
/)frcfp?{a—. 23 /’Mf-;,ble S a/?/m( L00 m

p[mfn) = 227

List at least three examples of close range photogrammetry in each of the

following applications

1. Information System - | mwoae  dan Yo oo

| ! L)“\'\l'*-*“: -"1*,

Pt r./‘h»_/-wwﬂ g ,_L’ (} ""'v‘\ L‘,fl' ‘4‘.1’7 A
SEVWY Ll ——. R
el ""4 N l

ead Lo
(. N

W i W o PG|
’.}
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/ 1. Engineering - mams st~ o ama ol oty TTU0 ,
/ R Ly Y S Iy BT A S P L e W Ao l—, WALAGAR k)
I1. /f?’:x\tt‘)?:o;lve, machines and shipbuilding industries « twe ey el Tow ey o
e R N e VAT oV SN ‘ . oo akd ) ’
(—0‘0.\‘ i w‘.-\LL-'Aat:l 1 P o Sepiesens SR g
IV.  Medicine and Physiology )
PlaynNaia Qf\..)\.a\q_gﬁ 7 oy M= o B ‘/’\’('._\.LJ)‘ & AL ale (‘"\'M"'“ﬂ‘\'
V. Forensic including Police work
MR b Wol wel—  ; aTeg VAR Y S kit T
S MART Y LN AL A ~ad
GROUP 5

a) In analytical photogrammetry, we often deal with matrix rotations in a plane for

image points that must satisfy the orthogonality conditions. Given the following

transformation:

3
Y /036 0'.69) x )
( Y . (u,w 0.27 )\ vy,
With the help of unit vectors
. ( cosa ) . ( — sina )
1= . ; J=
S cx cos n
State three (3) orthogonality conditions that must be satisfied for an orthogonal
matrix and prove that the above transformation does not represent a rotation.
o ; ‘ /

Vand ), W .

The figure below shows four models (1-4) which are observed

5, a
'll

4 )

independently
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Mention at least five (5) sources of errors that are normally taken into account in aerial triangulation
~  Film shrinkage [/f
~  Principle point displacement
—~ Lens distortion
~  Atmospheric refraction
- Earth curvature
— Instrument error
- Observation errors
Outline at least three (3) advantages of control extension by aerial triangulation
D i Reduction in the amount of Field data
ii. Inaccessible areas can be accommodated
iii. Phato control is established in best location with the stereomodels

V. Model setup time is reduced

Calculate
Total number of observation
(32)
Total number of Unknowns
(26)
Number of redundant observations
(6)
Which points represent the tie-points
(5,6,7,8,9)
Which points represent the control points
(1,2,3,4)

' 2017 REVISION QUESTIONS

Scanned with CamScanner

35



Briefly, define the adjustment involved in these models?

The models are:

displaced (two translations, Xu,Yu) Sy )/

rotated (rotation angle,

scaled (scale factor,m)
So that:

k) and /0

the tie points fit together as well as possible and

the residual discrepancies at the control points are as small as possible.

Why is the similarity (conformal) transformation used in the Block adjustment by independent

T’ models?

- The scale, position and orientation of the models may be changed but not its shape

Vo ———1 e Y
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| ! 2} ‘\ l \
“ / / - l ; ‘]\-‘ | )
— - ¢ b X 1 ) | L5
1 i = \ \ |
Tl B { \ | 6 4
70 6 o T, e '
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Iy | \ | \\
I | " / 5 \ | 1 3) ‘
| 3) | Vol (4) . \
/| . - | \
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) With the help of a sketch, explain the term *Parallactic angle’ and state how it is related to
stereoscopic depth perception.

b) Inanideal optical system, all rays of light from a point in the abject plane w ould converge to the
same point in the image plane, forming a clear image. The influences which cause different rays

to converge to different points are called aberrations. Mention and briefly explain 3 types of
aberrations

¢) The image distance for a photograph of an object, which is located 4.5 meters from the camera,
is 76.5mm. What image distance is required for perfect focus if the object is in infinity?

Question 3 [8+10+7 marks]

a) Mention two effects on the aerial photo image when a photo is taken at a height of 2500 m
above the terrain with a 300-mm lens, compared to a photo taken with a 150-mm lens (assume
the same flying height above the terrain and same film in both cases).

b) ‘A single ray of light travelling through air (index 1.0003) enters a glass lens (index 1.575)

having a radius of 47.5 mm. If the light ray is parallel to and 9.5 mm above the optical axis of
the lens, what are the angles of incidence and refraction?

¢) Briefly distinguish between contact printing and projection printing of a photographic emulsion

SECTION B
Question 4 [16+9 marks]

leNJ L\O'\C' ex o r(q\ 2
a) Define the following photogrammetric terms:

- Faltcr-—t‘ﬁ aflowy ceftan “’“\lelqu “f (fltro\j o pas “”CU\‘JRA
- Density

- Contrast
- Resolution of a lens « \fhat pneyy of leng .

- . N f - vt,~\('t{‘
b) Explain briefly, sdeet (87

- LDL‘P“I of field’ - Ar{ﬁ (){ A ch L\\/\O\ IJ‘I (-.f O Wat-

~ The principle difference between a *map’ and a *photo’

(Yot
Question 5 [10+15 marks]
a)  Discuss the characteristic curve Hoand D, or D-log- 1@ curve

by Discuss the darkroom procedure for black and white eonulsion
Foxplain when and why a “safe’ light can be used in o darhroom
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The University of Zambia —_——
School of Engineering
Department of Geomatic Engineering

2018/2019 Academic Year

Second-Half Year Term Test
GEE 3622: Principles of Data Acquisition and Processing (Photogrammetry)
Friday 6" September 2019
Time:  Two (2) Hours

Instructions

1. This TEST is Closed Book

2. Calculators are permitied

3. Time alowed is Two (2) Hours

4. Answer:; ALL QUESTIONS FROM SECTION (A) AND ONE FROM SECTION (B)

5. Show all the work leading to the solution

o. Total marks for this TEST paper is 100

SECTION A e planc et

Question 1 [9+9+7 marks] eRpOINT 7y
; 4) Define the following ph ylogramnetric terms:
i Y anetture - A hole | cpening hreggya ey ohe i light teevels
| _ Latent image— AN emunion ekposeel kght conteitnil) aa Yavigblc 1mag € b rain
| - Nluminance -~ B rqmnesd 0 a meownt of ligh redieved perunt @ e n
5 - Principle point -‘rg\nm*ttﬂ of linty UOING o oscte ((docig) meiky .

© o — 1 diamete e cAMmE

1@ - Brightness factor = fatw @f d ever A at {—‘%‘; MAQT ‘1‘1’“‘7"" 19 '{b-'d b
; - Epipolar plane

- Principle distance
- Flying height _ g l4niyde of came @

f b) What are the relationships between?
- F-number and shutter speed
- Film speed and emulsion grain size
- Resolution and emulsion grain size
¢) An aerial camera makes an exposure at a shutter speed of 171,000 see I the arreralt speed 1
500 miles per hour, how far will the aireraft travel during the exposure?
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Model Answers
Question 1

:-l;izc S\Tr[i’:s(i:'ill)?eld‘ which relates to the general form, configuration of an individual object

) photo scale

- pattern, rg‘!a.lcs to the spatial arrangement of objects. The repetition of certain general forms is

characteristic of many objects both natural and man made,(parking for cars)

Tolnc, refers to color or relative shades of gray of images. It is related to reflectance of light from

objects )

- Tcxturc. the frequency of tone changes in photographic images. It is product of their individual shape,
size, pattern.shade tone

- Sl'mdo“s. the shape or outline of a shadow affords a profile view of objects

- Site or location of objects in relation to other features

b) - Type of camera has to be suitable for a purpose required

- Camera calibration parameters should be available

- Type of photographic emulsion, good stable film support, suitable filters

- Limitation on the amount image blurring due (o camera and aircraft motion

- Selection of suitable flying height due to technique to be employ ed and nature of terrain

- Photographic overlap should fit required task. The most common is 60% and 20% for end and side
overlap respectively. To increase accuracy of acrial triangulation end and side ov erlap are sometimes
increased

- Tilt and crab of photos within 3 degrees and 5 degrees,respectively

- Proper direction of flight lines

- The use of auxiliary instruments

- Time of photography

- Sterescopic plotter consideration

- Calibration data

Question 2

a) Perspective projection is obtained by projecting an object to a projection plane with a bundle of rays
from projection center located in finite distance from the projection plane, Angular relations between
object features and image features are not the same.
Orthogonal projection is the parallel projection of an object to the chosen plane(map)

Question 3

a) - f-number is the ratio of focal length *f" to a lens opening *d’

-aperture is a lens opening with a diametr d which regulates thye amount of light which enters to the

objective and exposes the photographic film

. illuminance is a degree of brightness received per unit area of the image plane during exposure

Question 3
a) x-parallax is the change in position of an image from one photo to the next caused by aircraft’s motion

Points A and B are imaged on two overlapped photos as a’b’ and a”b™. Because point B is higher (closer to
camera) than A, the movement of image b™ across the image plane was greater than a”. It means that the
parallax of point B. pxb=x"b-x"b" is greater than A. pxa=x’a-x"a. The parallax of any point is related to the
clevation of the point(greater for higher points) )

Question 4
b)
i) Stereoscopic depth perception is a function of the parallactic angles. Parallactic angle is the angle

of intersection of optical axes that converge on a certain point. The nearer the object the greater
the parallactic angle and vice versa. The depth between object A and B (DB-DA) is perceived as
the difference in their parallactic angles (QA-QB)
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“)\. ' 5"“[‘9 of abject, which relates to the general form, configuration ol an individual object

-Size, varies with photo scale

- patern, rol.‘lullcs to the spatial arrangement of objects. The repetition of certain
'c!u\ruclcr.lslw of many objects both natural and man made,(patking for cars)

- To_nc. refers 1o color or relative shades of gray ol images. It s related to reflect
objects

- 'l:cxlurc. the frequency of tone changes in photographic imag,
size, pattern,shadetone

- Shadows, the shape or outline of a shadow affords a profile view of objects

- Site or location of objects in relation to other features

b) - Type of camera has to be suitable for a purpose required

. Camera calibration parameters should be available

- Type of photographic emulsion, good stable film support, suitable filters

- Limitation on the amount image blurring due to camera and aireraft motion

. Selection of suitable flying height due to technique to be employed and nature of terrain

- Photographic overlap should fit required task. The most common is 60% and 20% for end and side
overlap respectively. To increase aceuracy of aerial triangulation end and side overlap are sometimes

general forms is
ance of light from

¢s. Itis product of their individual shape,

increased
- Tilt and crab of photos within 3 degrees and § degrees,respectively
- Proper direction of flight lines
- The use of auxiliary instruments
- Time of photography
- Sterescopic plotter consideration
- Calibration data
Question 2
a) Perspective projection is obtained by projecting an object to a proje
from projection center located in finite distance from the projection pl
object features and image features are not the same.
Orthogonal projection is the parallel projection of an object to the chosen planc(map)
Question 3
a) - f-number is the rat
-aperture is a lens opening with
objective and exposes the photographic film
illuminance is a degree of brightness rec

ction plane with a bundle of rays
ane, Angular relations between

io of focal length ‘" to a lens opening d'
a4 diametr d which regulates thye amount of light which enters to the

- cived per unit area of the image plane during exposure
Question 3

a) x-parallaxis the change in next caused by aircraft’s motion

position of an image from one photo to the

d on two overlapped photos as a’b’ and a”b”. Because point B is higher (closer to
nt of image b across the image plane was greater than a”. It means that the
x'a-x"a. The parallax of any point is related to the

Points A and B are image
camera) than A, the moveme
parallax of point B, pxb=x"b-x"b"is greater than A, pxa
elevation of the point(greater for higher points)
Question 4

b)
i)

actic angles. Parallactic angle is the angle

ption is a function of the parall
he nearer the object the greater

axes that converge on a certain point. 1]
a. The depth between object A and B (DB-DA) is perceived as

Stercoscopic depth perce
of intersection of optical
the parallactic angle and vice vers
the difference in their parallactic angles (QA-QB)
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2016-17 TEST

The University of Zambia
School of Engineering,
Department of Geomatic Engineering
2016/2017 Academic Year Term 3 Test

GEE 3622: Principles of Data Acquisition and Processing
Friday 21+ July, 2017

Instructions

W

.Ul

This TEST is Closed Book
Calculators are permitted

Time allowed is Two (2) Hours
Answer: A TOTAL OF FOUR QUEST]ONS: ANSWER ALL FROM

SECTION (A) AND ONE FROM SECTION (B)
Show all the work leading to the solution
Total marks for this TEST paper is 100

SECTION A

Question One (10+5+10 marks)

a.

A single ray of light travelling through air (index 1.0003) enters a convex glass lens

(index 1.573) having a radius of 47.5 mm. If the light ray is parallel to and 9.5 mm

above optical axis of the lens, what are the angles of incidence and refraction? ¢
. n
With the help of a sketch, explain the term ‘Parallactic angle’ and state how it affects
object distances.
Provide the definition of collinearity condition and give its mathematical expression.
Explain the terms used in the mathematical expression.
e d W) e ™MD pe 2
"\br‘— 27 G W Lo e ~Y
Ch yel ek —t
n\ ) _ el t N
RAL IR e
n A~ Eaant G
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Question Two (144447 marks)

a. Brietly, define the following photogrammetric terms:
- Pallarax — = “-o e s T

- Principal Point

- Hluminance

- Exposure Station - <~ @7

- Interior orientalion parameters

- Lxterior orientation parameters

- Fiducial Marks

e S 2 R v

b. Briefly, state the main difference between a map and a photograph.

¢. State brietly, the relationships between?

- f-number and shutter speed
\ - Film speed and emulsion grain size
- Resolution and emulsion grain size

Question Three (2045 marks)

a. Assuming the principle point to be at the intersection of lines joining opposite corner

fiducial points, calculate the coordinates of those tiducial points in the conventional

xy coordinate system if their comparator coordinates XY are as in the table below.

Fiducial X(mm) | Y(mm)
points
A §7.294 | 210.223
B 199.826 | 96.996
C 313.054 | 209.555
D 200.512 | 322.768

@1':\;)': mb("x')'

- MJC\'I' C'

3= Mg
Az A -0

b. The figure below shows the angular field of view of a camera. Calculate the angular

field of view for a nominal 152-mm focal-length camera with a 23cm square format.

State whether this is a wide angle, normal angle or super-wide angle type of a single-

lens frame camera.

&~ A
4 .'y o /’f"'\> Focal Plane
/Z/"f A / /
&
\"\ y / a=Angular field of View
\\(__ ; - —.‘f?
] .//,
\ Y
' f __ Rear Nodal point of lens
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7 SECTION B
Question Four (15410 marks)

a. With the help of sketches, show how stereoscopic coverage is lost due to
1) Tilt
i) Unequal tlying heights
ii1) Terrain variations

b. Air base of a stereopair is 1400m and flying height above ground 1s 2400m. Camera
has a 152.4 mm focal length and 23-cm format.
i)  What is the percent end lap?
ii) Assuming spacing between adjacent lines is 2500m, what is the percent side lap?

¢, Anaerial camera with IMC (Image Motion Compensation) 15 used to acquire
photography at a flying height of 5200 m above ground. The focal length is 153.15

mm. The aircraft is flying at 325 km/hr and an exposure time of 1/250 second is used.

How far across the focal plane must film travel during the exposure in order to

obtain an image with no image motion blurring?

€ s~ 251 - Q\ - L

Question Five (4+6+15 marks) ’ b

a. Whatis reliefdisplacement? a .l

o .|

b. A vertical photo is taken from a height of 535 m above the datum. The
clevation of the base of tower 1s 259nrand the relief displaccmenl‘d' is
measured as 54.1 mm. The radial distance to the top of the tower is 121.7 mm.

What is the height of the tower? A -

c. The length of line AB and the elevation of its endpoints, A and B, are to be
determined from a stereopair containing images a and b. The camera used to
take the photographs has a 152.4-mm lens. The flying height was 1200 m
(average for the two photos) and the air base was 600 m. The measured
photographic coordinates of points A and B in the “flight line” coordinate
system are x. = 54.61 mm, xv = 98.67 mm, ya = 50.80 mm, yu = -25.40 mm,

s = -59.45 mm, and xv = -27.39 mm. Find the length of line AB and the

elevations of A and B.
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2014-15 TEST

The University of Zambia
school of Engineering
Department of Geomatic Engineering
2014/2015 Academic Year Term 3 TEST

GEE 3622: Principles of Data Acquisition and Processing
FRIDAY 227 MAY 2015
Time. Two (2) Hours

Instructions

This TEST is Glosed Book

Calculators are permitted

Time allowed is Two (2) Hours

Answer: ALL QUESTIONS FROM SECTION (A) AND ONE FROM SECTION (B)
Show all the work leading to the solution

Total marks for this TEST paper is 100

o Ul AW

SECTION A

Question 1 [10+5+10 marks]
a) Define the following photogrammetric terms:
-~ Exposure Station
Interior orientation parameters

Exterior orientation parameters
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- Focal Plane
~  Fiducial Marks
b) The figure below shows the field of view of a a typical single lens camera.

Given that f=150 mm and d= 23cm, compute the angular field of view o.

Focal Plane

o= Angular field
f of view

i
: | _— Rear Nodal Point of Lens

¢) With the help of sketches, briefly, explain the following terms:

— Principle Point
— Conjugate Principle Point
— Ground Nadir Point
— Object Space

») - Image Space

7( Question 2 [5+10+5+5 marks]

a) Explain the main purpose of aerial triangulation.

b) The figure below shows the planimetric block adjustment by independent models

2014-15 TEST
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Briefly, state the planimetric adjustment involved,
Which points refer to the ‘control’ points?

Which points refer to the ‘Tie' points

Question 3 [5+5+5+5+5 marks]

A project area is 16 km wide in the east-west direction and 10.4 km long in the north-south
direction. A camera having a 152.4-mm-focal-length lens and a 230-mm format is to be
used. The desired photo scale is 1:12, 500 and the nominal end lap and side lap are to be 60
and 30 percent, respectively. Beginning and ending flight lines are to be positioned along
the boundaries of the study area. The only map available for the areais ata scale of 1t
50,000. This map indicates that the average terrain elevation is 300 m above datum.

Compute the following data for the flight crew:

Flying height above mean sea level

Ground coverage

Distance between two successive axes of the strips.
Number of flight lines

Total number of photos

SECTION B

Question 4 [10+5+10 marks]

2014-15 TEST

a. [xplain the difference between a vertical photograph and a tilted photo
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2014-15 TEST

b. What is relief displacement?

A vertical photo is taken from a height of 535 m above the datum. The elevation of
the base of tower is 259m and the relief displacement ‘d’ is measured as 54.1 mm.

The radial distance to the top of the tower is 121.7 mm. What is the height of the
tower?

Question 5 [10+5+10 marks]

a. With the help of a sketch, explain the term ‘Parallactic angle’ and state how it affects
object distances.

b. What is ‘Parallax?’

c. Elevation of point C is given as 200.00m above sea level and parallax bar reading
r(c) = 11.89 mm. Assuming that a pair of overlapping photos were taken from
H = 1000m, constant of parallax bar C = 80.71mm and parallax bar reading of point A
is equal r(a) = 10.96 mm. Calculate the elevation of point A.
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2013-14 TEST

. | o0 J
C/vf) QO OA (:-)L*:"" -C N\ | A AA A ——k") &

The University of Zambia
School of Engineering

Department of Geomatic Engineering

2013 ACADEMIC YEAR
SECOND HALF TERM 3 TEST - MAY 2014

COURSE NAME: PHOTOGRAMMETRY I

COURSE CODE: GEO 3322

TIME: TWO (2) HOURS

TOTAL MARKS: 100

INSTRUCTIONS

1. Answer: ALL FOUR (4) QUESTIONS from SECTION A and ANY ONE
QUESTION from SECTION B

2. This TEST is Closed Book

3. Calculators are permitted

4, Show all the work leading to the solution
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SECTION A

Question 1
a) Define briefly, the following photographic terms:
- F-number
- Nadir point
- Principle distance ® 174

A\ - Flying height

Py

- Fiducial marks

- Brightness factor

b) The image distance for a photograph of an object, which is located 4.5 meters from v
the camera, is 76.5mm. What image distance is required for perfect focus if the object

~
is in infinity? _— L

¢) An aerial camera makes an exposure at a shutter spee;d bf 1;1’,000 sec. If the aircraft
speed is 500 miles per hour, how far will the aircraft travel du>ring the exposure? ¢
(12+4+4) marks
Question 2
a. Name the instrument usually employed to measure the position of a pointin a
> photograph.
b. What are the systematic errors contained in the measured photo-coordinates, that
disturb the ideal linear relation between the perspective center, the image point and the
ground point?
(4+16) marks
Question 3
a) What is meant by a vertical photograph?
b) What are the effects of tilt and relief displacement on a photo?
c)A vertic_al photograph captured at a flight height of 2000' above sea level shows a

radio tower with a base elevation 540" above the same datum. The image of the

[3%]
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tower has a relief displacement of 1.33". The distance from the phatograph’ s principal

point to the top of the tower is 5.97". What is the height of the tower? &

R ()
T T (4+8+8) marks

Question 4
a) Describe the meaning of photosensitivity and spectral sensitivity of photographic
material. *
b) What are the relationships between?
- F-number and shutter speed
- Film speed and emulsion grain size .
- Resolution and emulsion grain size |

¢) Mention and explain one of the methods of camera calibration.

(4+6+10) marks

SECTION B

Question 5
The figure below shows an overlapping pair of truly vertical aerial photographs taken at

equal flying height H above mean sea level (MSL) and having equal focal lenths f. The
corresponding images of the ground point P are P_ on the left photo and Pr on the right
photograph, respectively. The ground coordinate system XYZ has its origin at the MSL
level location O of the left photo camera exposure station, i.e. the X and Y axes are

parallel to the x and y axes of the photo system.

a) Derive the basic parallax equations for the ground coordinates of point P based on

the illustrated geometry of the overlapping truly vertical photos.

b) Compute the ground coordinates X,YoZ, of point P using the previously derived
parallax equations for the photo stereo pair, whose

focal length f=152mm, the air base B=1815m and the flying height H=3000m;
and the photo-coordinates of point P are:

for the left photo: x, = +80.00mm y. = -50.00mm, and

for the right photo: xq = -20.00mm, yg = -50.00

Scanned with CamScanner
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tower has a relief displacement of 1.33". The distance from the photograph’ s porocips
poInt to the top of the tower is 5.97". What is the height of the tower” ¥

"o o
- (4¢84 8) marks
- ‘

W oo

Question 4
a) Describe the meaning of photosensitivity and spectral sensitivity of photographic
material, %
b) What are the relationships between?
F-number and shutter speed
Film speed and emulsion gram size .
Resolution and emulsion grain size |

¢) Mention and explain one of the methods of camera calibration.

(4+6+10) marks

SECTION B

Question 5

The figure below shows an overlapping pair of truly vertical aenal photographs taken at
equal flying height H above mean sea level (MSL) and having equal focal lenths . The
corresponding images of the ground point P are P_ on the left photo and Pz on the nght
photograph, respectively. The ground coordinate system XYZ has its onigin at the MSL
level location O of the left photo camera exposure station, i.e. the X and Y axes are

b 5 parallel to the x and y axes of the photo system.

a) Derive the basic parallax equations for the ground coordinates of point P based on

the illustrated geometry of the overlapping truly vertical photos.

b) Compute the ground coordinates X,Y,Z, of point P using the previously cerved
parallax equations for the photo stereo pair, whose

focal length f=152mm, the air base B=1815m and the flying height H=3000m
and the photo-coordinates of point P are:

for the left photo: x, = +80.00mm y. = -50.00mm, and

for the nght photo: x; = -20.00mm, vy, = -50.00

“2013-14 TEST
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(14+6) marks

Question 6

The image coordinates of three points A, B, C and of the principal points P and Q on

two overlapping vertical aerial photos were as follows

1

Point Left photo Right photo :

x(mm) y(mm) x(mm) y(mm) |

| P 0.0 0.0 -89.2 0.0 |

f J Q +89.4 0.0 0.0 00 |
A +12.8 +44.6 -76.6 +44.2 |

B 4164 +6.3 -72.8 +5.9

£ +20.2 -30.7 -69.6 312 |

Given that the ground coordinates of A and C were 60,000mE, 72000mN and
61260mE, 71200m N respectively, estimate those of@

(20) marks
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UNIVERSITY OF ZAMBIA

f

MID-SECOND SEMESTER TEST
~ MARCH 2012
= . GE 332%=_.,
" Photogrammetry I

Instructions:

Time: THREE (2) hours
Answer ALL questions from section A and ONE from section B

SECTION A
Question ONE(1)
a) Define briefly, the following photographic terms: L e e o
~Aperture < tmo wee e AT T |
- F'number - e k= og- ¥ t_:J S8t A ) A, oM <4 n“\—c"—(‘\"
sg ™ T oo DOy

— Illuminance -;ﬁ,;":.h,w“* L

— Nadir point -
— Principle distance -
_ Flying height — ot boJo af Q¢ cane
- o Lop — adgoea~t et o PO crneiAdoyp
b) An aerial camera makes an exposure at a shutter speed of
1/1,000 sec. If the aircraft speed is 500 miles per hour, how far will

the aircraft travel during the exposure?

c) What are the causes of radial lens distortion? List two of its
characteristics. Use sketches to illustrate your answer
Radial lens distortion is caused from faulty grinding of the lens.
d) What are the relationships between?

— F-number and shutter speed

~ Film speed and emulsion grain size

— Resolution and emulsion grain size
(6+7+6+6) marks

2012 TEST ) ] o
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Question TWO (2) CL/"LV;M S0

a) What is meant by a vertical photograph? What is meant by a
nearly vertical photography? (. an ok v @R Bevees T B AR

2 v "’1"‘*’\& UG ~len "U e Rl

b) A vertical photograph captured at a flight height of 2000’ above

sea level shows a radio tower with a base elevation 540’ above the
same datum. The image of the tower has a relief displacement of

1.33". The distance from the photograph’s principal point to the top

of the tower is 5.97". What is the height of the tower? &LCL

c) Mention and explain one of the methods of camera calibration.

rrain. Find the approximate flying

d) The line lies on fairly level te
a focal length = 90mm and the g

height above terrain if the camer

section line ab = 100mm (on photo) and on terrain AB = 1000m. "y
bk
o /% 745+8+45) marks N>,
e 4 | = 57 CT/K&
\ -
Question THREE (3) L) % =
//“ \_7L\J“’\

f (a) Discuss the darkroom procedure for black and white emulsion. [~ L .

xplain whenﬁﬂg why a saf‘em can_be be us used ina darkqum Ty et S
13'/\0‘43\, = A e v 3 4 J; ‘MA.‘ o) w\%
e Peg (‘{ffp‘(qﬁ’”ﬁc‘:‘;"‘“m‘ M\L“M \::}4\\ N\ﬂ(»cmv“ DN X g ), r-fﬂ : \: Vel

i a g g (V2N

) Drscuss the characgerlstlc curve H and D, or ng E curve

(Lol r\,cr\,-\

n x,}.‘,\ H _\»\.:.cw\ <e M—\-r\v.-m«.l o i ‘».Lu' N € ‘»-c,;'\_L‘,.\-\
j; U s D% Ao e wxm Lot AsInA
.nu;

[ F e

(c) “Define the following terms: e bianss e, Q) ‘N::::, e

_,-A‘ 5 4:4'_\(7._2/\\41 g =
- Fllter e q,u_,,.__,uq. WMJ, );MW) e w~—2 ¢
/ %,vV\ML)‘:’ ~N. * M {a W e

.,—' e
“ - DenSIty--u-n Mﬁw(fd- Lcmﬁ*w‘“ﬂc’f;ﬁwid\ P b P YRFPOTRE £ N

“7{‘ - Contrast e
0! ~ Resolution - we. bt 20 e
o % Lo R D ’ZJ"J
(d) Explain briefly, -~ ' .
) : o oo~ A
_ Depth of field' ¢ to et b e o e

O Limi

— What are the effects of tilt and relief drsplacement ona photo

.l.-n'r- W

77
| (74548+5) marks

,’\ “ ‘!. 10 fJ('/f‘ff"L\ / (=N A \J ‘ ‘/y\“,\‘ ) :‘ 0 ¢ My A Iy v eslaba A :
o
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SECTIGN B L .
A e
Question FOUR (4) fo™ Y9
J“p = c‘f L
R . .}"-Jj[\ /\39:2 ?
a) Discuss briefly, o ¢
i, The principle difference between a ‘map’ and a ‘photo
i, Virtual and Real Image formation
b) What is meant by exterior orientation? What parameters are
involved? &y, 3 cw @ W)
¢) An aerial camera with IMC (Image Motion Compensation) is used
to acquire photography at a flying height of 5200 m above ground.
The focal length is 153.15 mm. The aircraft is flying at 325 km/hr
and an exposure time of 1/250 second is used. How far across the
focal plane must film travel during the exposure in order to obtain an
image with no image motion blurring? B
D 3RBKlns) =L o x B2 =056 w=""" (10+8+7) marks
i d=¢g.3¢c 33.1°
Question FIVE (5) 5acy
) =0 106\
¢)" a) Describe the meaning of photosensitivity and spectral sensitivity of
;_'J photographic material.
b) What is a diapositiv i ? sales
)t\;‘()\V\/“o \"WE‘\.'cttL'g 'a‘ndt‘*\\ng? Q&ealie)s\an]E)JS\W&\L Peatlne vwanlinoat AL L e
A0 ~A—re
c) Define the-following photographic terms::
— Nodal points
- focal points
focal lengthFocal length is defined as the distance from the focsl
plane to the center of the lens when focused at infinity (figure 6.4).
.Jyf\.ﬂ LAt Ll L,-) L/f JFPEEN A5 l
L 0 "t h“"& ;.lk. -y vd A0 Ve la g B4 N L
- ak L S Y W TI 2 MY pame ',“ I“\,(‘ ¢ e A AT ‘ ‘ ' .
et D W orde ahy i eh VOLAULG A Y e \ ' ' r\‘ . o =
4 (T o e B\ o ¥ LRV AL W 1,““\ Y ( i AT
ars a "":'\" Ty #nd b Loy Cers PR ““‘l w i gy np A " A
LR Calits cr—4 e\ P Lk
' ' ol R " o e
-] :'" /‘& i
e e L 4 5
R %
Voot ‘\ ! |
-t A
") - ) L \
' "-,"\J 'w'!‘, N P
2012 TEST i
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Parallel hght rays to iafimity
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|
|

f

Tty Focal

flane

Figure 6.4. Focal length of a simple lens. (From Pane, 1981)

d) The image distance for a photograph of an object, which is I.ocated
4.5 meters from the camera, is 76.5mm. What image distance is
required for perfect focus if the object is in infinity?

2012 TEST

(10+3+6+6) marks
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To the Students_GEE 3622,
DISCLAIMER!

The following revision questions are not intended to replace your course study
obligations but merely to guide you on some of the obvious knowledge you are
expected to have understood in your course work.

REVISION KIT
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REVISION KIT GEE 3622
Question 1

A film in a camera with a 40-mm-focal-length lens is properly exposed with a lens-opening
diameter of 5 mm and an exposure time of 1/125 sec (condition 1). If the lens opening is
increased to 10 mm and the scene brightness does not change, what exposure time should
be used to maintain proper exposure (condition 2)?

Question 2

An aerial camera with forward-motion compensation and a 152.4mm focal length is

carried in an airplane travelling at 280 km/h. if flying height above terrain is 3200
1

250
moved across the focal plane during exposure in order to obtain a clear image?

m and if the exposure time is s, what distance (in millimetres) must the film be

Question 3

The images of the top and bottom of a utility pole are 113.6 mm and 108.7mm
respectively, from the principal point of a vertical photograph. What is the height
of the pole if the flying height above the base of the pole is 834m?

Assume that the random error in each measured photo distance is +0.10 mm and
that the error in the flying height is +2.0m, what is the expected error in the
computed height of the utility pole?

Question 4
a) What do you understand by the term Aerial Triangulation?
b) Describe the planimetric block adjustment by independent models

c) Formulate the observation equations for a tie point and for the control point
using the plane similarity transformation

Question 5

Describe how the "flight line" axis system is created. What are the causes of y-
parallax? Describe the principle of the floating mark.

REVISION KIT
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Question 6

a) Explain what is meant by “Remote Sensing” and give two examples of it’s

application in Geomatic engineering? [5]
b) Explain the operation of the passive Remote Sensing system with the aid of
the incomplete diagram below and the questioned posed thereon and then

clearly draw and label the diagram. [10].

(What Energy Source?)

~ \4
RS
A (AN
Sensor
(Data capture)

7\
\ / Reflected radiation
What type of energy

-What type of

interaction occurs here?

energy interaction
ith earth material?,

Earth surface (information base)

Question 7

The figure of reflectance curves below shows the spectral response patterns

of deciduous and coniferous trees.

a. What is the electromagnetic spectrum? [3]

b. Which range of the wavelength is the visible portion and the near-
infrared (NIR) of the electromagnetic spectrum? [2]
State why it would be difficult to distinguish the two types of trees in

C.
the visible portion and easier in the NIR portion [3]
50
Af Deciduous
. trees
£
o 30
£ Coniferous—.=
*g " trees
[
o
10 1
0

04 05 o8& OF 08 09
Wavelength (MM, cpe s cot
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Question 8

a) Compute the total amount of energy reflected from the pond shown below
if 30% of the energy incident on the water surface is reflected, 10% is
absorbed, 60% is transmitted, and 20% of what hits the bottom of the pond
is reflected. [3]

Incident energy \ / / -
LA&J

Water

Bottom of pond

b) Remote Sensing systems can be broadly categorised as Active or Passive.
Explain an Active Remote Sensing systems. [6]

¢) Why do most of the environmental objects radiate some energy form? As
such mention the energy propagation principal concerning all the
environmental components. [4]

Question 9

a) 3,000 x 3,000 pixel image comprised of 3 spectral channels. Each pixel is 8-
bits per channel. How many bytes of computing memory are required? If
transfer rate over computer network is 100,000 bytes/s, how long will it
take to transfer image?

b) Explain the theory that ‘The object point and image point of a lens system
are said to be conjugate points’.

c) Discuss three types of lens aberrations and further mention two types of
geometrical lens distortions.

Question 10

a. A distance ab on a vertical photograph is 65.0 mm, and the corresponding
ground distance AE is 1153 m. if the camera focal length is 153.19 mm,
what is the flying height above the terrain upon which line AE is located?

b. From 9(a), assume that the values given for focal length, photo distance and
ground length contain random errors of + 0.005 mm, +0.50 mm, and +0.30 m
respectively. What is the expected error in the computed flying height?

REVISION KIT
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Question 11

REVISION KIT

a)

b)

Illustrate by using ray diagrams the formation of real and virtual images for convex
and concave type of lenses

With the help of sketches, draw ray diagrams showing the following lens types:
Double concave negative

Plano concave negative

Meniscus concave negative

Double convex positive

Plano convex positive

. Meniscus convex positive

OUTN WN =

Question 12

d)

Mention three (3) most common bands of the electromagnetic spectrum used for
remote sensing.
When electromagnetic radiation strikes matter, it interacts with it in possibly four
main ways; Name the four (4) processes involved?
Three main types of scattering important to remote sensing are: Explain their
effects.

- Rayleigh scattering

- Mia scattering

- Nonselective scattering
Discuss and give examples of the terms:

i) Active Remote and
ii) Passive Remote sensor systems

Question 13

a) Define briefly, the following photographic terms:
—  F-number
— Nadir point
— Principle distance
— Flying height
— Fiducial marks
— Brightness factor

Question 14

The image coordinates of three points A, B, C and of the principal points P and Q
on two overlapping vertical aerial photos were as follows

Point Left photo Right photo
x(mm) y(mm) x(mm) y(mm)
P 0.0 0.0 -89.2 0.0
Q +89.4 0.0 0.0 0.0
A +12.8 +44.6 -76.6 +44.2
B +16.4 +6.3 -72.8 +5.9
C +20.2 -30.7 -69.6 -31.2

Given that the ground coordinates of A and C were 60,000mE, 72000mN and
61260mE, 71200m N respectively, estimate those of B.

Prepared by: Z.Zulu, Lecturer, Geomatic Eng Dept, Room F07, School of Engineering.
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TIME: THREE HOURS

INSTRUCTIONS:

1. This examination is Closed Book
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Calculators are permitted

<3 ANSWER: ALL Four (4) questions
4. Show all the work leading to the solution
5. Total marks for this examination paper is 100

Question 1 (25 Marks) (Surveying)

SECTION A

Question One (15+10 niarks)

a) Below is a diagram of a single lens frame camera.

2011 FINAL EXAM
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L

e

~ e )

( 8 ‘ ( = \ O}
) (&)

A
’ |
| - b3
- & " s
il |
-’ |
| |
Shutter — R T i
S e 4 |
T\ i . 'i\-‘,’_ Lens
/ l | elements
Daaplvagm o Cons | | B
Filis /

i) Name the parts labelled a,b,c,d,e,f and g.
& i) What is the purpose of camera calibration?
iii) What are the three elements of interior orientation?

b) What is relative orientation of a photographic stereopair?

¢) Mention and explain two methods of relative orientation. Indicate all the elements
or parameters that are involved during the orientations.

d) Explain what is meant by space resection and space intersection.

Question Two (15+10 marks)

a) Define the following terms:
Pallarax

Principal Point

Nadir

- Isocenter
» b) Briefly, state the main difference between a vertical photograph and a tilted photograph.

|

¢) The distance between two points, measured on a vertical photograph, is 5.21 cm. The
distance between these same two points, measured on a 1:50000 scale map, was found to be
1.43 cm. The average ground elevation between the two points is 300 m above mean sea
level. Find the flying height at which the photograph was taken if the focal length used is

152.4 mm.
“~
k@Pc?
e

-~ - 1
& v Question Three (15+10 marks)
e
a) Given the following 3x3 rotation matrices around the x-axis, y-axis and z-axis
respectively, derive the rotation matrix R(w,d,x) which converts the measured image
coordinate system(camera coordinate system) x,y,-f to the camera system x'y '
parallel to the reference system. Assume that w,d,x are clockwise rotation angles

around x,y,z, respectively.

2011 FINAL EXAM 79

Scanned with CamScanner



cemne snw )

! 0 u cmp 0 -sing
Ra)=] 0 osw sinw R(g) = 0 1 " fin) = | =5k comn 0 }
0 ool

L0 —smw cosw sing 0 coso

in N2 Ty
Riw.o.n) = RxIROIRL) =] ray 122 ™2
LTI %

Hint:

b) Calculate the elements of the rotation matrix R, when
w=-0.0396 gon, $=0.3070 gon and x=-102.1708 gon.

SECTION B
Question Four (15+10 marks)

a) With the help of sketches, show how stereoscopic coverage is lost due to

i) Tilt

5
' % ii) Unequal flying heights

iii) Terrain variations

b) Air base of a stereopair is 1400m and flying height above ground is 2400m.
Camera has a 152.4 mm focal length and 23-cm format.

i) What is the percent endlap?
ii) Assuming spacing between adjacent lines is 2500m, what is the percent side lap?

Question Five (15+10 marks)

In an ideal optical system, all rays of light from a point in the object plane
would converge to the same point in the image plane, forming a clear image.
The influences which cause different rays to converge to different points are

called aberrations.
a. Mention and briefly explain six types of aberrations. Support your answer

) 3 _
with sketches of the aberration types.
b. Draw ray diagrams for a typical convex lens for a real and virtual image

formation.

2011 FINAL EXAM
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THE UNIVERSITY OF ZAMBIA
SCHOOL OF ENGINEERING

DEPARTMENT OF GEOMATIC ENGINEERING

2011 ACADEMIC YEAR SECOND SEMESTER
FINAL EXAMINATIONS

7y
GE 332: PHOTOGRAMMETRY I
TIME: THREE HOURS
INSTRUCTIONS:
I This examination is Closed Book
2, Calculators are permitted
- 3. ANSWER: ALL THREE (3) questions from Section A and ANY One question from
Section B.
4. Show all the work leading to the solution
5, Total marks for this examination paper is 100
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SECTION A

\/. Question One (7+2+3+3+6+4 marks)

a) Below is a diagram of a single lens frame camera.

Shutter ——_\' /
o —< Lens

5 “‘l‘: elements \
Diaphragm — A

Filter

) i) Name the parts labelled a,b,c.d,ef and g.
ii) What is the purpose of camera calibration?
iii) What are the three elements of interior orientation?

b) What is relative orientation of a photographic stereopair?
c¢) Mention and explain two methods of relative orientation. Indicate all

the elements or parameters that are involved during the orientations.
d) Explain what is meant by space resection and space intersection.

(3]

2011 FINAL EXAM
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Question Two (16+4+5 marks)

a) Define the following terms:
- Pallarax

- Principal Point
- Nadir
— Isocenter

b) Briefly, state the main difference between a vertical photograph and a tilted
photograph.

c) The distance between two points, measured on a vertical photograph, is 5.21
cm. The distance between these same two points, measu red on a 1:50000 scale
m map, was found to be 1.43 cm. The average ground elevation between the two
points is 300 m above mean sea level. Find the flying height at which the
[ photograph was taken if the focal length used is 152.4 mm.

. Question Three (15+10 marks)

) Given the following 3x3 rotation matrices around the x-axis, y-axis and
z-axis, respectively, derive the rotation matrix R(w,¢,K) which converts

the measured 1mage coordinate svstem(camera coordinate system) ,y,—f
. to the camera system x'y’z’ parallel to the reference system. Assume that

:_'*f w,&,x are clockwise rotation angles around x,y,z, respectively.

/ .
,53 0 0 ) coséd 0 —sing cosk sink 0
_g"gﬁ’ (w) = [ cosw  sinw J R(o) = 0 ] 0 R(k)=| —sink cosk 0
TEP —sinw  cosw ‘ sin O 0 cOs c‘) 0 0 1

’ ‘ ’

5 Hint:

Q/ b moTe
v’ Rlw,¢.5) = R(K)R(O)R(w) = | T 112 T
ri2

b) Calculate the elements of the rotation matrix R, when
w=-0.0396 gon, $=0.3070 gon and k= -102.1708 gon.

2011 FINAL EXAM
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SECTION B
J Question Four (5+5+5+5+5 marks)
a) With the help of sketches, show how stereoscopic coverage is lost due
to:
i) Tilt

ii) Unequal flying heights
iii) Terrain variations
height above ground is

1400m and flying
and 23-cm format. = =

b) Air base of a stereopair is

2400m. Camera has a 152.4 mm focal length L e

o _J\»i\

i) What is the percent endlap? O \j:l 1
ii) Assuming spacing petween adjacent lines is 2500m, what is the

percent side lap? z. U RS s, B ‘_r:’,,fi;:’» _

L~ Question Five (3+18+4 marks)
from a point in the object plane

In an ideal optical system, all rays of light
image plane, forming a clear

would converge to the same point in the
image.
What term is used for the influences which cause different rays to

a)
converge to different points?

b) Mention and briefly explain six (6) types of the influences mentioned in
(a). Support your answer with sketches of the aberration types.

¢) Draw ray diagrams for a typical convex lens for a real and virtual

image formation.

T 201TFINACEXAM
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University of Zambia
University Exa’minatjons- July 2001
SE332
Photogrammetry I

Time: Three (3) hours
Answer ALL questions from section A and only ONE from section B

------------------------------------------------------------------------------------------------------------------------------

SECTION A
Question 1

a) Define the following photographic terms:
e Scale of photograph
e Photosensitivity
e F-number
¢ Dead area
¢ Flying height
b) What are the main technical requirements for planning of aerial photographs?
¢) Using a camera with 150 mm focal length and 230 square millimeters format and
* assuming that the average photobase is 697 the distance between successive strips

e e is 161 mm and photo scale 1: 30 000, calculate the following parameters;
* End and side overlap of photographs
* Size of overlapped area at photo scale and in terrain
e Air base
¢ Flying height
(10+5+10)
Question 2

a) Using a clearly labeled diagram, describe the functions of the main parts of an
aerial camera.
b) Discuss the importance of camera calibration and indicate what information
relating to the camera forms part of the calibration certificate.
¢) What are the major steps involved in processing of black and white film?
@8+9+8)
Question 3

a) A shutter speed of 1/1000 is desired to obtain a sharp image at /4.0, what
f/number should be used to achieve the same result at a shutter speed of 1/500?
b) With the help of well-labeled diagrams, describe the five (5) major lens
aberrations that affect image quality.
¢) Explain the main differences between perspective and orthogonal projections.
@+10+7)
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SECTIONB

Question 1

a) Explain the following terms;

e Stereoscopic depth perception

e—Stereoscopic model L e
¢ Floating mark

e X- parallax

b) The length of line AB and the elevation of its endpoints, A and B, are to be
determined from a stereopair containing images a and b. The camera used to take
the photographs has a 154.4-mm lens. The flying height was 1200 m (average for
two photos) and the air base was 600 m. The measured photographic coordinates
of points A and B in the “flight line” coordinate system are x(a) = 54.61 mm, x(b)
=98.67 mm, y(a) = 50.80 mm, y(b) =-25.40 mm, x’(a) = -59.45 mm, and x’(b) =

d -27.39 mm. Find the length of line AB and the elevations of A and B.
8+17)

Question 2

a) Name the seven basic characteristics of photographic images that are
considered in photographic interpretation and give an example of how each
may be used to identify a particular object.

b) Derive the parallax equation for determination of a point elevation from x-
parallax measured on a pair of vertical photographs.

¢) Show with figure and equation how an image point is displaced due to relief
of terrain.

d) Compare the advantages and disadvantages of the pocket and mirror
stereoscopes

T+7+7+4)
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University of Zambia
School of Engineering
Department of Surveying

May 2000 Examinations
SI 332 - Photogrammetry |

Answer ALL questions from section A and ONLY 3 from Section B
Time Allowed: 3 Hrs

SECTION A

Question 1 (20)

(a) Define the following terms and give their use in photogrammetric applications;
1. Intervalometer :

Electromagnetic spectrum

Spcctral signature

Diapositive

Photographic material

(b) Given a photogrammetric project covering a rectangular arca measuring SO x 33
Kmand that the client dcm 8 amapping scale of 1:5000 by meuns ot a
¢ stercoplotier with photoamodel ratio of 1:1, caleulate the flying height o' the
aircraft above datum and above ground if the terrain is flat at an altitude of 1260m
using a 15/23 camera.

Question 2 (20)

(4) What is meant by the term camera calibration? Give any onc detailed method
uscd for calibration in a laboratory environment.

(b) Give at least five of the interior orientation parameters determined during the
camera calibration process?
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SECTIONB

Question 1 (20) -

(a) What are the major systematic errors that are corrected during refinement of
coordinates?

(b) Derive from first principles the formula for calculating the distortions due to
relief displacement of vertical photographs

| Question 2 (20)

A project arca is 16Km in Bast-West and 10.4 Kn in North-South. The project
area is to be mapped by photogrammetric techniques at a scale of 1:12000. The
end and side lap for the project is 60% and 30% respectively using a 15/23
camera. Calculate the following parameters.

(a) Dimensions of the square ground coverage

(b) Distance between two successive strip

(c) Number of flight lines

(d) The air base

(e) Total number of photos required to cover the project area

Question 3 (20)

(a) Using a well-labelled diagram, explain what is meant by optical and
differential rectification? Give examples in which the two methods are
applicd.

(b) In making photo controls, artificial targets are used in practice. However, such
targets have disadvantages when used. Clearly describe the two main
disadvantages

- (¢) Give the three main methods used in the establishment of ground control

- points in photogrammetric mapping.

t

Question 4 (20)

(a) Describe the five main ways in which electromagnetic radiation is propagated
during interaction with earth objects.

(b) Name the seven main direct and indirect characteristics used in photo
interpretation

(¢) Giive the main advantages of colour infrarcd photographs. State the
applications where CIR photographs are highly snitahle compared to Black
and White photographs.

End of exam

Good Luck!111111!
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WHEAMNN 4 |25 Mitrky)
ab Eaplain the

mam prymed
k
!'Iilrrjw P liﬂ:

be = g
are for lage chind luser mapping systems. What is the basic sensor

Fmapping systems?

by An airplane o

pmlllillng '”".F';:TI: ::f;{l][;::h':'.": baser ‘u..'-m_lmlg (ALS) system cmits a laser pulse with a

Bround and rerugy 10 the g that takes 0 0051 1 10 milhisecond to reach an object an the

the position of the I ¢ -htnti‘fl'. At the same tine, an unboard GPS-TNS sy stem meisures
Ser coordimintes as =100 Gn, Y = 100 00m, = 1000 Um, and the

anentation i
85 w=d=k=0 What iy the Incation of the object on the ground?

The rotar; |
suord Hon matrix R (w,i, k) rolates the coordinate system of a tilled photegraph to the
iirdinate system parallel 1o the reference ground system.

Determine the rotation angles (u,d,k) il | has the Tollowing form

0.999910 0.013319 0.001635
R= -0.013351 0.999671 0.021907

-0.001343 -0.021927 0.99975%3

(Formulas: sin @=r13, tan k= -r12/r11, tan w=-r23/r33}
Question 5 (25 murks) V4

A project arca is 16 km long in the east-west direction and 10.3 km w ide in the nonh-south
direction. It is 1o be covered with verienl aerial photography having seale of 1120000 A
camera having a 152 4-mm-focal-lengih lens and @ 230-mm square formal 15 to be used The
nominal end |-.l|:|' and side lap are to be 6U and J0 percent, respectively, Begimning and ending
Might hines are 1o be positwmed along the boundaries of the study arca. The only hase map
available Tar the arcn is al i weale of 12 24,000 This map indicates that the average lerrain

clevation 15 300 m ahove datum

Campute the fullowing duta for the Might crew:

i Tlying heght above mear sed level
T Grounil coverage per inage
1. Distance between Two succeasive anes of the stnps. ©
iv. stumber of Night lines requlred
v.  Tolal numbet of photos needed

Vi spacing of Might lines on the map

Fnd of Fxamination

MIXED PAST PAPERS
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jat Is Photogrammetry?

gtogrammetry is the sclence and technology of obtaining spati

b

mﬂamre%

her geometrically reliable derived products from phamgrﬁphs

10ns.,

Perspective projection is obtained by projecting an object tg 4 Project
-ion I:"-&I"Q

ance from the
projection plane, Angular relations between object features and Image fey
3 ureg

\ ith a bundle of rays from projection center located in finite dist

nol the same,

hogonal projection s the parallel projection of an object to the chosen plane
(map)

e three (3) instruments used 1o measure image coordinates and brieflly outline the
yrement process involved,

Monacomparator ¢ach photo Is measured separately

Stereocomparator- simultaneous identification and measurement of image points on two
photographs

Analytical platter projective relations between each model point and corresponding image

Jaln the term depth of perception with respect to stereoscopic viewing.

i
opic depth perception 1s a function of the parallactic angles Paraliact

- in '\!I"EI.
Is the angle of intersection of optical axes that converge on a cedain P

Scanned with CamScanner

points are implemented analytically <"
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Y =

Yo e

(14+6) marks

‘Question 6

The Image coordinates of three points A, B, C and of the principal points P and Q an

two overlapping vertical aerial photos were as fallows

Polnt Left photo Right photo _!
x(mm) y(mm) x(mm) y(mm) |

P 0.0 0.0 -89.2 00 |

Q +B9.4 0.0 0.0 0.0

A +12.8 +44.6 76,6 | +44.2 |

B +16.4 +6.3 -72.8 159 |

C +20.2 ___F_sp_:_'__‘____r_ﬁ_g_"’, s

Glven that the ground coordinates of A and C were 50,000mE, 72000mN and

‘§1260mE, 71200m N respectively, estimate those of B.

(20) maris

MIXED
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{a f., 2,

L

C is 200m above MSL and that the paralax

n that the elevation of point

he same point Is f(f.ﬁgmm and th
C
0.71mm. Calculate the parallax difference between the

ing for t at of point A ic Tllgﬁmm, the

llax constant is 8
point A if _the ﬂylng height fora pair of photas s

by - i, sar

vo points and the elevation of
] po b B BT

000m. ket " B A [ e

ALE « 10T oaud

f'..'- §e=Pya

s designed to USE aerial photo
evelopment project covering an area of 20 x

end and side overlaps of 60% and 30%

‘mapping project i graphy at a scale of 1:10000

r a preliminary design of a @
ey, If a 15/23 camera is used with

ulate the following parameters if a flight plan along the longer

pectively, calc
of the project boundary is to be prepared at @ map scale of 1:20,000;
|, total number of flight lines
[ - 180
ji. total number of photographs to COVEr the project are2 gs ¥
|=.N.'t .
total number of models : “iec ST
- - : 0y = vls -,"L
1 n . - =1 R g
X . i ; N i ‘\.', 1
&' = '
£ -4 A i ¢ e
MIXE S T
wll ---"*-'t"{ i - ;
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TR |
Mmpmrmrlc scattering occurs when the particals or 0a%eous

mulucutcs present In
it 1o be redirected from its original pagy

the atmosphere Interact with the electrg
ﬂ‘llgne“:

jon and cause

radlat
e lypes of scattering that take place and glve one

Mention thre

example for each.

(Raylewgh scattering- blue wavelengths scattered 5 Umes as often pg req

Creates blue sky . Mie scattening smoke, dust, volcanic material ang sl

crystals scatter longer radiation wavelengths and Non-selective seatteqng

suspended 2erosols (with dlameters at least 10x larger than wavelengths)

including all Mia particles and water droplets and ice crystals, scatter longer

radiation wavelengths

» whether true or false:

Active Remote - detect only reflected sunlight or thermal IR and

microwaves (False)

passive Remote = beam own artificlally produced energy to a target and

» entire range of EMR comprises the electromagnetic spectrum subdivided

divisions called wavelengths that share common characteristics. (False -

Ans. Spectral Bands)
" ree forms of energy transfer include: absarption, reflection and

ransmittance (False. Ans- conduction, convection and radiation)

Sun is the minor supplier of EM energy Incident on the Earth-p
e and the natural processes operating

roviding

rgy needed for terrestrial lif in the
ssphere, water and upper layers of solid Earth. (false)

IMR travels in a straight path at the speed of light - postulated by Albert

Einsteln In 1905 as ~ 300,000,000 km/sec (false. Ans 300,000kmVsec]

MIXED PAST PAPERS
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SECTION A

Question 1
a) Define bnefly, the following photcgr.'mhlr: terms:t

F-numbcr

- Nadir point
Principle distance

_ Flying height
Fiducial marks

Brightness factor

o thistance for a photograph of an object, which 1 located 4.5 meters from

b) The imag
s 76.5mm. What image distanc

the camera, | e is required for perfect focus if the cbjen
15 1M infinity?
c) An aenal camera

speed s 500 miles per hour,

makes an exposure at a shutter speed of 1/1,000 sec. If the ajreraft

how far will the aircraft travel during the exposure?
(1244 4+4) marks

Question 2

a. Name the instrument usually employed to measure the position of a point in a

photograph.
b. Define the x- and y-
c. What arc the s',rstemaﬁ

parallaxes.
Cerrars contained In the measu
perspective center, the image point and the

red phutu{uurﬂinates that

disturb the ideal linear relation between the

ground point?

(2+4+14) marks

Question 3
a) What 15 meant by a vertical photograph?
lacement an @ photo?

b} What are the effects of tilt and relief disp
abave sea level shows 2

¢} A vertical photograph captured at a fight height of 2000

hon 540° above the same datum. The image of the

radio tower with a base eleva
g princip3l

ent of 1.33". The distance from the photograph’

tower has a relief gisplacem
Q,WEJ'?

point ta the top of the tower IS 5.97", What is the height of thet

MI PAST PAPERS
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(448 mang

Question 4
a) Descnibe the meaning of photosensitivity and spectrat SENStivity of ﬂ*‘urnmm
matenal
b) \What are the relationships between?

- F-number angd shutter speed

- Fim speed and emuis:on grain size

- Resolution angd emulison gran Size

¢) Mention and explain one of the methods of camera calibration

(4+8+10) marks

SECTION B

Question 5

The figure below shows an overlapping pair of truly vertical aenal phatographs taken at
equal flving height H above mean se2 level (MSL) and having equal focal lenths !, The
correspending images of the ground point P are P_ on the left photo and Py on the nght
photegrapn, respectively. The ground coorainate system XYZ has its origin at the MR,

level location O of the left photo camera exposure station, |.e. the X ang Y axesae

parallel to the x ana y axes of the photo system.
i on
a) Denve the basic parailax equations for the ground coordinates of peint P based
the illustrated geometry of the overiapping truly vertical photos.
' i viously cerved
b) Compute the ground coorginates X,Y.Z, of poimt P using the pre
paraltax eguations for the photo stereo pair, whose

: H=3000m;
facal lengtn f=152mm, the air base B=1815m and the flying hasght

anc the photo-coorainates of point P are:

- nd
for the left photo: x, = +80.00mm y. = -50.00mm, 2

for the nght phato: Xq = .20.00mm, vz = -50.00

MIXED PAST PAPERS
Scanned with CamScanner



SECTION A
Question 1 (25 marky)

A A vermical geral
bl . | F!II-““ o | h /
5 eriph w

e heiglhn of a5 tthen with a 152 4-mm-fucal-length camera ram &
1 ¥
- BUEOETIRS i gbove datum Images o and b of twa ground points A wrdd B
Afrprenr o
M the phatograph, and their measurel photn coordinates are 1 = 53 15 mim.
Vo =<d482 - | o
o = g, Up = 4064 mm and yp = 43 B8 mm Determine the horizontal length

of line AW W elevations of points A and I are 204 and 148 m above datum,
respectively.

bl A distance ab on a verical phatagraph is 650 nm, and the canespondini eround

distance AB is 1150 m. If the camera focal length is 1524 mm, what is the (Tymg
height above the termuin upon which line AF 5 lowaed?

i . nitth
Assunie that the values given for fical leneth, phiato distance wnd Lmuml“li _l ;.
| : " ively, What 15
contiin random errors of £ 0005 mm, 10 30 mm, nnd +0).30 m |..,.-..|,1-.-:l|uly
the expected eror in the computed Nying height?

Question 2 (25 muarks)

a) Discuss and give examples of the terms:

1) Active Remote and
i) Passive Remote sensor syslems I—— I
by Mention three (3) most common bands of the electromagnetic Spec

SENSINE. -
c) .':\-'ImngcIun.;llunmgn:lic radintion '-t!lll-il':"i m.lt_t‘cr. it interacts wit

ways; Name the fow () processes involved? e
d) Three main types of seattening important 1o remate SENTIES

- Rayleigh scattenng

- Mia scattering

- Nonselective scatlering

b it in possibly four main

Explain their effects.

/A
C

Question 3 (25 murks)

au - -dinnﬁiﬁ.ﬁwcahncf
spatial and non-spil val data ore the lwa 1ypes of data 10 be entere
) apati ;
i B
description of spatial and nun-spatial dain’ == =
what the terms digitizimg and scanning mean in GIS data entry
¢

by DBriefy de snb

) .
y What are thie two main 1ypes of datn Tormats used n GIs
C

; e "
dy Give three (1) advantages and disadvantages of Vector Data’
H HMYVE =

[ Al ?
- . s(eorelerencing  mean.
¢) What does the term

MIXED PAST PAPER =
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#) Describe 1wo ditferent conditlans that are conrannly erdorced in analygtical
photogrammelry
' ) Dlstinguish between space Nesection Ly colliearity anid Space Intersection by

.'ﬂ;(lrlai phatography 1s to be taken from a flying hiclght of 1830 m above average ground
wilth o camera having @ 152 4-mm focal length and 3 23¢m farmat. End lap wlll be 60
percent, and side lap will be 30 percent. What 1s the pround area covered by 4 single
photograph and by the stereoscaplc neat model?

618411 marks)

#) Mentlon Three {3) batlc sensor hardware for laser mapping syslems,

b) A laser mounted on an alrplane emits a pulse that rellects olf a target and returns (o the
sensor in 00066000 millisccond. Assume that the pulse |s almed directly down to the datum
surface, that the speed of light Is 299,792,458 m/s, and that the laser Is ateracily 1 km
above the datum. What ls the object’s helght abeve datum?

c) Evaluate the contrasts between alrborne laser scanning and (stereo-) photojrammelry

[rom an application perspective.
(5+7+12 morks]

SECTION B

a) Briefly, explain what Is meant by acrlal triangulation.

b) Outline at least three (1) advantages of contro! entension by aerial triangulation

¢] Mention at least five {5] sources of errors that are narmally taken Into sccount in aerial

triangulation

d) Why s the similarity {conformal) transfarmation used in the Dlock adjustment by

independent models?
(G255 marks)

3) The relationship of between density and eaposurcof a phategraphic emulsion can be (.H i f\}
desoribed by the characteristic curve calted O-loglH] curve. With the telp of a shetch

diagrorm, explain the main components of the turve

(- &Y

b) State the difference between contacl printing and projection printing ' {_' .E;} }7 A

¢) Caplain the five steps imealved In processing black and white emulsion. I A
{10+6+9 marks)

STOP: GO DACK AND CHECK YOUR WORK!
)
; " E‘Ir—-!ll' “ , I.‘
- LW tf-f't_d Eaun ik &I‘ “r
- P.J-‘ ’ - o 8 5 [l

a
[T |
———
e

MIXED PAST PAPERS e —
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Phie U minersits ul Aambuia
Sscbieend ool b npanvering
Department of Gaeomatic T nging ribng
2020 Academie Yoear

Secomd-Tall Year Final Esaminatinns

GEE 3622, Principles of Data Acguisition and Frocessing

Fime: Three (3) Hours
In-lrurlinnu

This by amonanon s Closed Book
L alculators are permuticd

ad b —

Fime alloswed s Three (3) Tinurs
Amawer ALL O ESTIONS FROM SECTION (A) A% OsE FHE

3 Show all the work beading o the solulion

£y lotal marks for this | xamunanon paper i LA

o Sot Turn This Page Until Tnstructed By The Invigilator

Plcasce

I SECTION 1IN
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Section B

a Our ==Ction B

WhltE ]lght is mad
{IJ Withln wha WP of all the components of colour.

1 L wavelan what is
| gth range does a human eye detect colour and wha
S range calied> g Y

(i) Li 1
Ist a . ) _ ~col oy At
(ifi) Nd explain the three (3) visual variables of colour. - “-L"L::"."'fj', tﬁlrzrf- .
Draw and explain the additive colour mixture on a calodr model tied for
b) CoOmputer display.
The role of a picture in computer graphics Is described as:

(i) An end in itself and

(i) A means to an end

Explain these two (2) concepts clearly giving appro
<) Map projections are used to transform the curved surface of

plane of the map. " ;
(i) Give and fully explain one (1) characteristic O clsdoo

| f map dt i 'I_'_E‘
Ily explain one (1) property 0 . b
R map projection based? Nee

priate examples.
the Earth onto a flat

f map projections.

rojections.
(i) Giveandf pro)

ur (4) things is the selection of a e,

(i)  On which fo . e
, KMMUJKM& [2+6+5+2+2+2+2+4]Mark5 i
%{)'\‘{:L-f"’# gﬂ&
((_‘jﬂh C

olves creation qnd
nicate information
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3 £

Fhe | i nity of Samibia
B Dsah o D ARy
Evp et o oo F Shemonmd e g boween g
S50 AL ALYERYIE Y1 AR
ALY TERAY TEST LY S000G

COURSE NAME PRINCIPLES OF DATA ACQUISITION AND PROCESSING
COURSE CODIL. GEE 3R

TN TWO [2) HOLIRS

TOTAL MARKY: 100

INSIRUCTIONS

Answer: ALL THRLE (3} QUESTIONS from SECTION A and ONE QUESTION Trom STCTION D

This TEST b Closed Book
valculaten are permitted
Show all the work leading to the solution

B iy e

SECTION A
1. .1]E:-.pf.nnthel’nllﬁwlnglunni: -:‘
L Depth of field of a lens &
]
i .ﬁ-
fi. luminance of any phatographic exposure —-—
. Panchromatic emulsion / {;-
B, .
lv.  Crabangle — a
L

v. Y-Pallax

b) Awvertical aerial photograph was 1aken with a2 152 4. mm-focal-length camera from a
fiying height of 1385 m above datum. Images 0 and b of twa ground points A and B appear
@n the photegraph, and their measured photo coordinates [corrected for shrinkage and
distortions) :n* 1,=-52.35 mm, y,=-48 27 mm, =40 &4 mm, and y,=43 85 mm_Determine
the horirontal lerngth of Ilnriﬂ_ir Lthe elevations of paints A and B are 204 and 148 m above

datum, respectively
o (292924242415 morks)

|"I
* -
§ kl -." l‘;
S i - L:
" I = 6 :
W -9
100

MIXED PAST PAPERS
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magnetic Radiatlon (EMR) is light energy detecteg Whe |
with an object (False. Ans EM) “'-Emnh intg

y most common bands of the EM Spectrum used for remat

"-‘I-‘ lc, gamma and x-rays. (lalse. Ans. ultraviolet (Uv)
'IR) and microwave. |

e

pmote sensing depends upon operation In wavelength region
g 5
spectral signatures occur for Identification Purposes, (;

e Eﬂiln.q a

of Spectrum
rue)

BUP 2 Biica g
'he flgure below shows an overlapping pair of truly vertical aeria SPotograph taer a:i |
"." | fying height H above mean sea level (MSL) and having equal focal e t E
fgrresponding images of the ground point P are P_ on the |eft photo and P, on the righy
h .'.. graph, respectively. The ground coordinate system XYZ has its ongin at the MSL fe, o
tion O of the left photo camera exposure station, i.e. the X and Y axes are paraliel 1o

and y axes of the photo system.

Derive the basic parallax equations for the ground coordinates of paint P based on tha
jstrated geometry of the overlapping truly vertical photos.

Compute the ground coordinates X,Y,Z, of paint P using the previousty derived paraliax
jations for the photo stereo pair, whose

| length f=152mm, the air base B=1815m and the flying height H=3000m;

the photo-coordinates of point P are;

h left photo: x, = +80.00mm ¥, = -50.00mm, and

right photo: xa = -20.00mm, ya = -50.00

kgt~ 'c""-l"-\i-
Pa - xa -2's uﬁ"“"’"%l
Paldeu
Xp= 6 Yo
v
316 (%0 c0)
_—l':.':l
PAPERS 101
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A4S marks)
It

. e belween two Points, Meag
P ance between these sy, € bwe

]I' gumd tobe 143 cm, The 3 l'a[]I iy
' L (0 m above mean sea lwel
s+ e as laken if the focg] len

gurit i

glh

i Three! “'34-]{] ”mrks;i

y Given the following 3x3 rotation magries

panis, respectively, derive the rotatign m

aroung the By l
atrix R, U,0K)
stem(camera coqrg
i 10 the camera system X'y'z” parallel to the referenge

Whigt Hmm
mm“ﬂ?ﬂll Wl f

Skfstm,am !
rd . m
r{ wok are clockwise rotation angles around X¥/7 Tespeciely, .

e measured image coordinale sy

Ce——

. 1 0 oasg 0 —sing 05K e
Hlol = ‘ I s S ] R{d}— 0 ] 1} R{x}e =mA o f "
I =snw cosw sing ) cos e 'I
' l
Hint:
rp M2 ™
. 6.k) = R(K)R(G)R() = [ ra T2 T2 |
R(w.0,%) = Rx)R( o T |
then
Lo malﬂ"R “
| Calculate the elements of the mtﬂdmn 02.1708 g
h-—
w=-{10394 gon, t‘1~U 3070 gonan
MIXED PAST PAPERS 102
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gired: )
e need 10 solve for the EOP' of
uming hnown'errorless [(pr . the foy imgg
sgpations-parameters gng show Hf"”ﬂdc ‘:‘ﬂndnk_
b : ‘d[ ard® n‘llt th ‘-"'Ol'dtm, Ehl!_lnd
godel required 10 perform g |eaq Squages - T OF gy ! Sy S
1 S djusty e, - OMpe

m

&
Pty Vol
=

e AZ T L.
}-*\.

petermine the following;

(hservation-parameters analyyis:
 The observations

rhe measured image coordinates of points 123 4 5.60nim

. 1 Lo B T 1
[re measured image coordinates of points 1,2,34.56 nnjnuag:h 7 "'g;"!:"!t
he messtred image coordinates of points 5,6,7,8.9,10 og iminge [117 et

' : " W ~BK1s0
Te measured image coordinates of points 5,6,7,8.9.10 on image [11? jﬁf‘.’f{
Total n=.___2y
8 The parameters/unknowns
Raown interior orientation parameters for the camera: xp, yp. ¢ : U{ﬂ";“;{frlu
fenor arientation parameters: Xo. Yo, Zo, o, 9. & for images LILILY nf;mkHI
M zround coordinates of the cnnm-‘:l Pﬂiﬂl-‘f_l'z-g'm g2
22 zround coordinates of the tie points 34.5,6,7.8 et = il
e
CRedundanes
N P uﬂhllﬂ-ﬂ
) aramelers are determined 7%
“5 0 this redundancy, the unknown P 5
“ares adiustment pmccdun'- ﬂ+3+3+3+1+3l3¢1

MIXED PAST PAPERS 103
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Malic g
Mfﬂumm ACADEMIC ?:f:;' ring
-TERM TEST.
EST-Jury 2016
PRINCIPLFS OF DATA ACQuy
GEE 3622 AUISION aNp PROCESS)NG
TWO (2) HOURS
100
1. Answer: ALL THREE (3) QUESTIONS
This TEST is Closed Book from secTion Aand Ong QuEsT
Calculators are permitted ON from SECT) B
Show all the work leading to the solutlon
SECTION A
‘1. a)Explain the following terms: ';I{
s
%,
. Depth of field of 3 lens 4\
e
i.  Iluminance of any photographie exposure ¥
) %
- Panchromatic emulsion S CAMIN & s
' o
o e
iv. Crabangle. +¥ T ’-;“l |
A
v.  Y-Pallax
il ::4: \:r:iml aerial photograph was taken with 3 152.4-mm-focal-length camera from a
i ﬁe EhEht of 1385 m above datum. Ima ges @ and b of two ground paints A and B appear
yidd rﬂ'Fr otograph, and their measured photo coordinates {corrected for shrinkage and
Y :l'lil are x,=-52.35 mm, Y,=-48.27 mm, x,=40.64 mm, and y,=43.88 mm. Determine
orizontal length of line AB if the elevations of points A and B are 204 and 148 m above
datum, res pectively.
= (4 = ) % poaenznsmor
ik
LI J
Y L]
) ™
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UNIVERSITY OF zAmg)
MID-SECOND s

ESTER TEsT/
S B MARCH 201
v ooy O 332
ot
Instructions: Sremmetry 1)

Time: THREE (2) hours
‘Answer ALL questions from section A
and ON
E from Section B

SECTION A
) yestion ONE(1

- - Aperture - o e A,
— F-number STe Vako~ O& »a jreak Lt~ m@‘r}r—m. T
- lluminance - 32 ~r=% % e Bt Bt i L C O
- - Nadir point -
- Principle distance _
- Flying height _ ol Ly e& 94 canora,
F = ok e - edgomi~i gm0 g Deiadap
g An aerial camera makes an exposure at a shutter speed of
1 1,000 sec. If the aircraft speed is 500 miles per hour, how far will
ne aircraft travel during the exposure?

a) Define briefly, the following Photographic terms:

€) What are the causes of radial lens distortion? List two of its
Characteristics. Use sketches to illustrate your answer

Radial lens distortion is caused from faulty grinding of the lens.
d) What are the relationships between?

— F-number and shutter speed

- Film speed and emulsion grain size

. - ' in size
- - Resolution and emulsion grain siz (6+746+6) marks

MIXED PAST PAPERS 105
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JESTION 2

1S meant by,
What is 1 Y Cxten:
Er'ﬁr

) What are the alterny;
ﬂ,‘mclﬂrh‘ ol in ]mauingzmm
= ‘:"3[9
whatis the difleren, ¢
: 'enh‘“”" fora s[cmu_pﬂr?\\.‘:t
i

what s the difference |

i e 8 Cly,
amelCrs are nvolyeq
pan din thes
L\ ran you use relative o I .
L')L'] nncnlﬂli“n 1 m‘l{'!l:lt {‘Tl_ 'ML
0 regg ey ]
oo we need ground oy ey ',
) ingy | Fe) M
Why- 0 tstap, e \
Sh he oy, ‘i‘nq,‘
g) Do we need ground copyr) 0] "t
$ drio : 1 ]
Fhmn;mmlmtm model? Whyo nis g SStabjg ity
w ! t}!c ‘-k
-3[“10 ;
i
) ] ( L"‘ln‘~3~=‘
QUEST ION 3 by,
s image-to-ground coordinate ralationr: .
pdis represented by the collinearity equapione. e thegugh e o
. - . " ' Vil
L W =Xo) ey ¢ “lo)+ry(2-2,)
r . - - - ‘ =
Ny (Y =Xo)=ry-(F-5) 72,
el @A) b (K)o (2-2,)
Aats A T ;
| Ny (X=Xo)=ry - (F-F)-ry(2-2,)
The above equations invelve the following quantities:
+The measured image point coordinates: x, ¥
nterior orientation parameters of the camera: Xp. Jp. €
s oo Va 1 LK
e image under consideratieR: Xo, Yo. Zn, 0.8

*Exterior orientation parameters ol th

: : ix companenis:
ahere o, . & are embedded in the rotation matrix compd

~ B RS K
S WO sin o+ sin o SInQ €03 K
M sin K - 008 ) SINQ COS K

v X T Z

"¢ ground coordinates of poin

MIXED PAST PAPERS
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] i SECTIEN B P
- il
. Y 4
..I:I‘_T ; .,"l.n.'.ll-l FDUB_{‘:E-} :‘:;.ﬂ_ § ‘I."'-"'.
3 2 ‘,‘—ﬁr‘ i"‘"’l:.ﬁr 1
55 bfiﬂ'ﬂ"_ﬂ', : il

) The principle difference between a ‘'map’ and a ‘photy’
‘ virtual and Real Image formation

.
e

at is meant by exterior orientation? What parameters are
el (T

r
|“
salved? sl . A e W

(LY

) An aerial camera with IMC (Image Motion Compensation) is yseq

s acquire photography at a flying height of 5200 m above groung,

:.""]'?-. focal length is 153.15 mm. The aircraft is flying at 325 km/ny

and an exposure time of 1/250 second is used. How far across the

ocal plane must film travel during the exposure In order to obtain an

me ae with no image motion blurring? o

F‘H‘-h“"!‘..ﬂ .'."uh, .L;:. O | w e %52 ""ﬂ {ID'I‘E'F?] mﬂrks
. Ao X B

.f: estion UE EJ — e 100 N

) Describe the meaning of photosensitivity and spectral sensitivity of

photographic material.

b) What s a diapositive and give one example? .., ouuas v ceste

W I'r-\...l.-fl T ™ T LS | S e gl
=i [

¢) Deflne the-following photographic termss

- - Nodal points

- focal points

- focal lengthFacal lengeh is defined as the distanee [rom the focal

plane to the center of the lens when focused at infinity (Migore 6.4), '

- Ly
i 1
l.l Lﬁ I-"tl ) ,"1.-#‘ L
Al Mty i
* sien Wolet  Ged  ahean oL v0 TEC L farv
n
L SR SO P LY | tI‘U\Ing'..- 'q"‘ ¢ e '_..p-.-q.‘\.p"-‘-l-\..--nln'—"‘l ||_||__,...ﬁ -k ‘. l"h
..‘ -".
ot e "i‘j":""""-l' VLAAL gy K - =g mtakis  Llee i ide
W -‘ LI""‘\'I"F'"'-. L
-t -
- "
L — 1 by [;n.,--—-—q_ll it Al ity 3 : sial b
Lo~ ol | pd sl
b e A LR T L ey oy aaka b L & W1
1 -
L oy B N
e A
WIRED PAST PAPERS stk aeal » 107
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& e L e e I R e
Sl e A 8 o e

utomotlve, machines and Ehljlhu”dmg industries - hﬂ‘*hﬁ mﬁwuj
‘.._,,..u o e e, Lwvmi ssmciy § > ] i
‘u*-u-q.lf?:-u--ﬁ-#-“-m ' """“""‘"f*-c'\-w—‘ hadiily PO
Medicine and Physiolagy

[ R P L SR =" swaaly | i

Forensic including Police work
I P R e e T B 3~ T RN TR Y SE ey
L | e e

nalytical photogrammetry, we often deal with matrix retatlong |n a
. Plane fop

e points that must satisfy the orthogonality conditigns, Given the 1 "
1] ‘leng

ormation:

Ny (036 n'.ﬁg) z
(r) “\0.190.27 ]

With the help of unit vectars
_ COs 0 _I . - Siﬂ ]
S sine J = cns n

three (3) orthogonality conditions that must be satisfied for

an orthoganz|
ix and prove that the above transformation does nat represent a rotation
L T T | v o e '-T~_= .'11-1".
1i
. o - i
¥, 2
_Fi ' . * r —+ ¥

The figure below shows four models (1-4) which are observed

e

o, :
T &% g 24 - & _r"\'—d 4
'I;l-q ] 1= = |
Independently
) - . -
LY - s L] i & - ',"': h‘
Ml APERS 108
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clooa

bl 0" o
1-FT',_,._5-JT.' .""J =N

2 What is meant by a vertical phﬂtngraﬁﬁ? What

:_'__1;_ " TWO QJ

neatly vertical_qhqtngraphy? o IS Means by a

el = _
b a4 =T o - e e, o
] ¥ » L e PR ; —

alyv

}

s g

b) A vertical photograph captured at a flight he h - i
.sea level shows a radio tower with a base eIevaEc::%fqﬁ? e

‘same datum. The image of the tower has a relief i 4bove the

1.33", The distance from the photograph’s princ, Placement o

1.3 : | : sy
‘of the tower is 5.97", What is the height of the tgwe?;?fnt t0 the tgp

.": - f_d
r
nl

[

!l'

n

l‘j Y 1
':. ll:MentlDl"t and explain one of the methods of camerg Calibratig
'd) The line lies on fairly level terrain. Find the approxim i
et = - a
“height above terrain if the camera focal length = 90mm arnedﬂtﬂ:g
_. on line ab = 100mm (on photo) and on terrain AB = 1000m

* a
'

\ &7 (?+5+B+5] Marks 5:’:;1:’5
| P % r\/n,/\ F el P O:p/@
Question THREE - (3) o % 1Bt g Gk

R “

T

5 =BT

_1._- Discuss the darkroom procedure for black and white emulsion, —=———
| 7Explain when and why a ‘safe light can be used in a dariqoqm =7

k
-4 it L g b P fwie—yy
{ & T.:*‘T:-:‘E.”’?‘r...‘- e T LA I R o et
L (b) Discus the characteristic curve H and D, or D-log- Cuve T i =
f -;jf"&' -lD‘-.ICSEcL-I-—:jE-ﬂ W-FHT-HE‘F'- et L T T e ] "n-t-"\.j—-\--‘h-u—\-gg—- -'--1--'!..&1.:-4 .

. P —_ ) Wmu'-‘fd Y d e W I . r‘-ﬂﬁ;‘-\
'l e e B e :H{‘L__" nd e b ﬂh-—e-.\:#-.:ﬁwm‘\mﬁlh Lald sk

-_._.,.__: B w Al - N P
(c) Define the following terms: . s, 0l NI NTS
’ Y- R ﬂ‘fhl o I ‘H'J_h. ST —
- FiltEr o g P etk B0 = W11‘M¥ﬁ "?‘L—"“""r‘*ﬁ
. DEH siw ?KM‘."{‘S? ._3:}__; x L-ﬁf} ‘:u-u. o LAl g..\r"

¢ _ Contrast

— Resolution - <. —h- Lo 7T ¥
oY by YR -fhr‘ﬂ"—.. :
A "I Mt‘.-,—:l"}"

(d) Explain briefly, <~ o bk o B ST s

- What are the effects of tilt and relief displa
(7+5+8+5) marks

[
o LATT il L
i
- ; i 1 At
W o0 Aloao A~ (MONT
s 2
. . l"-"l:‘.-: i,;\::l"{-”l
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y, define the adjustment involved In these modals?

dels are:

§
¥

3 'ng translations, Xu,Yu) .

%
§ (ratation angle, k) and Ll Pt ) "

ale factor,m)

oints fit together as well as possible and

&ldual discrepancies at the control points are as small as possible

the similarity {confarmal] transformation used in the Block adjustment by independens

a seale, position and arientation of the models may be changed but not its shaps

P Y
TJ. § "\—\..‘_“_\2 1,.‘ E _:EJ
q4- £ =
Haa i g \ l \
I I & SIS ! . \
' ] i :21 II| ~ i
i R 5 i) L
— 'h-l o "l-.-_ : i
ye——— 0 b \ £ !
- ——— -\___.t __;-‘.' ?.-__———r"____ ﬂ
sy et LY } l l
[ - -
.Ii | ’ l l f (3 \ L
1Y \ f (2 | ll ]
|| T x| ! ' L4

\ , 9 X
'_"‘-I"i" ;_;.l'_ -1‘4 i —_— ""_'___-_'-—_-_._-_-J-

108b
AL A AIA D = g =& o c_thn.fh Xy

SXA - (0 Weeod -k %D

,"-':ﬂf'\'\-il'kf!n.:v\ a4 —~0 el )
com At L po—ra @E‘ﬁ)
rd =9
T pob 6o oanyg g L2
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L] J I."
o0 defirition of space resection ‘o L
oy f1 qd which are the unknown parame hrs
it HIEI-"'HtIEIIl 'E'Il:l'rf‘ﬂlfﬂﬂ I! um I-n d!!ﬂrm]'n* pi:'
Do
K et W' red to be known Lo saive far the yning,, para Py ey
A "'“"” N " SN f!f.w:h
y groais 16 kim wide in €25-west direction ang 1p 4 km g
AP “1" 1 15 o be coverad with photos in scats | 12000 The nn::“, -
Aret 0P B3 and 30%, IQSPEEHH‘EW A tamery h-l'hfl-ﬂi 2157 i A #rgd. hﬁ“;ﬂw
.!,-II_"..” sauar[l F-Elf'mﬂ. I: m bE uI-Ed Mhﬂnhhml
e "'Ij [EKEFEFE
.'] » fstance between twa successive axes of the strips.
gase 0 the SIOP
\,muer of pnOTOS ger strip (assuming two extra photos at each ""“'h%mm,
o[ J".‘Ll.l
mhe ptenalometer setting necessary 1o obtain the desired end-Lap, assuming the avera
p2g g1 a velocity of 182km/h {
L3105 marny

patenl
§| Savide the defimtion of collinearity condition and give its mathematical exgraasion, Diplai
e rarms used in the mathematical expressian
¢
¢ field of view of 2 camera Calculate the ggular fieid 0

ith a 23cm square format Style whemrer
of a single-lers framé CaTErL.

s Thafigure below shows the angula
vew far a nomenal 152-mm focal-length camera w
415 3 wide angle, normal angle or super-wide angle type

- -.Z Focal Plane

==l =Angular field of View

rJr - Rear Nodal point ol lens

: d]
u-:l:ll‘.l:':.-:.‘ )

Ml AST PAPERS
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L efine the following photographic "
Ims:

Aperture
F-number
llluminance
Front nodal and Rear Noda) p
- Isocenter
- Principle point
- Ground nodal point
Swing and Tilt angle

oints Brﬂn gerial Cameny

» Whatare the relationships between?
- F-number and shutter speed
Film speed and emulsion grain size
Resolution and emulsion grain size
+ What are the causes and characteristics of radial lens distor:iansjf' l’ﬁm
representative sketch to explain two different [ypes of radial ess
(34448 s

112
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J " ,l,:r!'f'ﬂ photographs was tzken l'rufﬂ M
_, s mm-focalHengih camera The iy,
: ._ L rallay 0ar readings of 12 57 mm and 13
e —r: cne principie points 0, and O, respey,

Gt £

4 m and on the right photo b was ma,
’ Farg:
C Aiﬂdﬂ LLT . L Ty
" s Aand B measured with respect to the Iha
et Lr.-r- Vo= 50 84 mm, 2, =B8.9qmm, and y, =
¢ 41 #

I =

5 ; Sured w93 ]r'.j Ll STy
- I and 15 27 mm were taken gn points

ﬂrih'!' .-'ﬂ e re

"'”Ih:f
_ ~6 85 mm ¢, - &
L v Aand B and the horizontal length of line AR *ihe

« . ‘-E'-‘ "‘

et usually employed 10 measure the position of 4 S
o T T

. geematic errors contained in the measured phat ity thig g

L o B . o-{Dardingtey 13 .

L calation petween the perspective centre, the image point and 1t .
-_1.!“' L 5 »

(15+748) mang

SECTION B

i K F K i pp’mﬂ cﬂfﬂﬂr |m
g = 5T "

1 i coordmats
ulate the coordinales of those fiducial points In the EEI'I"-"EI'IHIJI'HJ ny
iar :J_Fat m in th le below.
N Hl'h r comparator EﬂDl‘diI‘h‘leSI‘fﬂﬁE as in the table

" Fiducial points X{mm) |__‘l’f_mﬂ"l
| Fiducial p9 722

; A g7.294 | 710.223

e —————

5 876 | 9699 |

313.054 709 555 |
200512 | 122.768

Mm

4\

; vet
Cofine the following phutugramme:r!: ::nn::n
cirametar elaments required for their dete

Basc interior orientation
Relatrve orientation
Absolute orientation

o2l
Externor origntation
IXED PAST PAPERS
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.l,

RRILER TR
ferrin

p e parallay ¢ B
irhuim e take

o e Iu:1pl|rir|']“lu Al 'h’lf1 A, \
determined frop, . ang, €y u.," O
LlrLI & I‘ ™ -
the photography oy : HII"'II v
! 3

he two photoy "8
( | ) ang ””;? il It I'Er“

. A, . It
Pl'”"-‘"l‘l i”“' I;"I ”IL‘ “”I'jh QH hn ‘-"ftr“"
Wb US.07mm, vy 50 g - ling~ i, ™ 1Y leg, St
el ST N ML N T T
. iy . !

| Clevygy,
nurA

",

;) Discuss vertical, tilted ang obligue ¢
P of phoy,
Wraghy |

y Briefly, distinguish between a map 4, i i
1]

Assume a vertical photograph w :
Wee il o KSR 48 i height of
gsing & camera with a lSE-mm-fncuI-lcnghtlms (2) Determs
points A and B, which lie at elevations of 1209 and 194;::3:&“ r
corresponds to a 20.1 mm photo distance measured y gych of n:.::::,h

e

&1 What is reliel displacement? With the help of skeich diagrams, denve e fomes, 1
reliel displacement.

¢} Assume that the relief displacement for a tower appearing ¢ photo i /== =4

g 5 4 himm
the radial distance from the centre of the photo 1o the lop of the ower s % =2
the flving height is 1220m above the base of the tower, find the beighrel &t

(se5eseiimd
4 ¥
§= £b
9
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e pearer the abject the greater the para|laetic angle ang vie
I i i i Vi
pbject A and B (DB-DA) is perceived as the Aifferen, 2 The depay

ngles (QA-QB) I D3y,

that the shortest distance of clear stereoscopie g

epth
age eye base of 65mm is 250mm, calculate the muimuﬂ'ﬂmtpﬂnn for
M Paraj,
Clic

Seree scopic Jeply  ferceplia,

) Sharkedt distente & ¢lex, S:'E*rcnI?ch k7t Peraisn
The ar&?g oJeéfe of ESmm i3 250 n Ca

il |
" L ,ﬂ?ﬂ.lf ﬂﬁfﬂ}fﬂcﬁ& f'“ff’l.-p 'l.ﬂ*' ét ’
Flmav) = 2 bon! 32Smm 4E*
25D mm

en that the maximum distance at which the stereoscopic depth 3
eption Is possible is approximately 600m, calculate the minimum -
arallactic angle.

s DL W25,
fAvae

= Cr'{‘."' 22”

i

/ y AT d,j_ & e —
ercrp o 5 porsittg e SISO dopth

ﬂ.{m-vn) = 27

at least three examples of close range photogrammetry in each of the
g applications

Information System -
A“"""s'f Mhbh’!ﬂ[ n g - N g
sisamiow N2

A b

oy RN s |
)Pl

115
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on Two (14e++47 maris)

.E!‘icllj'-d-'ﬁ nie the following phatogrammetnc drrey

— Pallarge — =0 =" "= R N

- [Princpal Poim

- Dlurmnance

- E"-FH“'T.::'I'EI.!!lu:'l e gt e = . .

- Internor onentation parameters e . ol .
P

- Exterior orientabion parameters
-  Futucaal Maths

'Priefly, state the main difference between a map and & photogrant,
M e

Gtate briefly, the relationships between?

—  f-number and shutter speed

- Film spevd ard emulsion grain see
Resoiution and emulsion gram size

stion Three (20+5 marks)

Assuming the prinaple point to be at the mtersection of lines joming opposite crmes

i =be
fidudal puints, calculate the coordinates of thase fiducial points m the comvensiory!
xy coondinate system if their comparator coordinates XY are as in the table beiow

Fiduaal | X(mm) | 4 ‘t'{r:'.m'l_:] @1—:5‘]-; 'I,'ﬂ[,'[-x)

points [ |
A | 7204 | 210773
?_H——l 199 87~ | 9n iy
C | 3!3.[?‘4—T A% 553 35 mx + G
D | 200512 | T2768 Jo mhoa g
A= A - 8

angular field of view of 2 comera. Calauiate the angulse
mm focallength camera with a Z3em square format
pormal angle or super-wide angle type ot 2 SR~

b, The figure below shows the
field of view for a nominal 132-
State whether thus s a wide angle,

lens frame camera.

1 4 77—  FoczlPlane -
J'j-"" .r“].lr & Iq'rh l"-‘{
ﬁ.——-——-—-.——l_rrr.- _.-‘ u:‘&

1 r :le o F 3 e
// a=Angular field of View 3 LA A
- T-F o q‘,—;.—rn.--.-'l- _‘-—-A
! L= Y
.";" Wy
r,-‘r _— Rear Nodal point af lans Y v
- = JF
o
Y
ot oA
- \--"
W L oo v
- " _ L
é. u 1‘ IJ'E‘ ‘_fct,.‘ﬁ
3 e
—= g WF g
o A e (A
- I kY
F" i_.."'"‘ L
L™ __'__"J'

MIX PERS
E— = |
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MIXED

W
) 4

gz | -0.013351 0.899671 0.021907

Formulas: sin @= r13, tan k= -r12/rll, tan w=-r23/r33)

\

0 0
P (] cosW Hinu_.l
i I —sShw cosg J
Ceos@ 0 —sing )
} n 1 0
R[& [ sinoe () COs ¢h ]
[ cosK Sine ()
y—| —sinK cosk )
pis) 0 0 1)

e the rotation matrix R (w,,k) that rotates
oordnate system parallel to the reference grou

getermine the rotation angles {w,g,k) If R has the following -

0.999910 0.013319 0.001635

-0.001343 -0.021927 0.999758

b) Provide the definitions of the independe 'y
orientation. Name the projector elements used ine

tha Coordingge .

nt and the dependent methods of reishe

Scanned with CamScanner
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MIXED

[hram Se=e 1991)
oyt o v
ppos bl 128

Haters from the camera,
jired for perfect

b - e for a photograph of an object, which is located
image distanc pis 76.5mm. What image distance Is

tocus if the object is in infinity?

(10+3+6+6) marks

Scanned with CamScanner
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SEC-
_5+3+3 marks) " 'D-\' B

-

help of sketches, gho "
L st

|

it . .
) I-int‘t’?” al flying heights

eain variations
L‘ .

' Camera has a 1524 mpm, (
" o Ocal lengy,
el and

i« the percent endlap?

 phat B .
. A.—_aunun::;f_cfac;ng between adjacent [ines
A weont Si € HP' ’
I',"I'.]'LL C\ \.E‘\-.__ﬂ: m\.:...

o Fire (3+18+4 marks)

pnan el optical system, all rays of light from a point in the object e
Jould converge to the same point in the image plane, forming a de

Image.

2 What term is used for the influences which cause different rysto

converge to different points?

in
. i umffsmmﬂﬁ*d
* Mention and briefly explain six (6) types :}:]::;:fﬁﬁﬂﬂ pes

(). Support your answer with sketches 0

d .
nvex lens fora real an

o) ) ical O
O Draw ray diagrams for a typical
IMmage tormation. |

MIXED PAST PAPERS 119
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SECTHION B

gion Four (15+10 murks)

W'I.HI ﬂ'u- lu.ll||‘l it bt Iu-a_ -.Ium' Do stiereonen
' b 1 ]'rll CUVETape s limt
s el T

TR
il Lllln'uiulit |l1|"i|1|'1 ]|1'1|,II|111|
di) Vet variations

Air hase uf a stereapair i LA anl iy ing heighit aliree grivind
has o 1524 mm focin! Tength and 25am lorma ' § s 24!:(4,,,_[_-‘“_'”"

i What s e pereent ed fap?
(] Assuming spacing Iwtwween adpacent lnes 15 2500m, what
oy . i"‘lhl']'ﬂ'r["uh
b alder lag
il

¢ AN gurkal camera with INC (lmape Motion Compensation) is used (o
' Ay
I‘l"‘{“RT"‘!"”." ata tlying height of 5200 neabove ground. The focal lm\ﬂlwm
* ! ARLE q [ 4
mm. The arcattas flying at 325 kb andd an exposume time of 1250 s : ]] '1].|.1
- 00l Ly g

How far acrons thie
with no fmage motlon blurring?

focal pline mist film travel during the exposure in order
uer L

obtain an image

_h
tion ['ive (146415 marks) 5% - AT e
e
2 What Is refief displacement? e - L_:_-,
ES T

photo is taken from a height of 335 m above the datum. The

base of tower 1s 25901 ard the relief displacement'd” s
distance to the top of the tower is 1217 mm,

b, AV ertical

elevation ol e

measured as 34,1 mm. The radial

What 15 the height of the tower? A

The length ot line AD and the elevation of its endpaints, A and B, are to be
Jir containing images a and b. The camera used

ens. The fving height was 1200 m
two photos) and the air base was 600 m. The measured
ates of points A and Bin the “flight line” coordinate
98.67 mm, y« = 50.80 mm, yr= -2540 mm,
the length of line AB and the

dotermined from a stereop

lake the photographs has @ 152.4-mm |

(average for the
photographic coordin
system are \. = 5161 mm, x> =
') = .50 45 mm, and 'y = -27.39 mm. Find

clevations of A and I

:
4

-

AN
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1ON QUESTIONS AUGUST 2017 C’L-LQ, '
Y

gure 1 of reflectance curves: show the

Spectral res
Pon 1
eciduous and coniferous trees, e o

a) Which range of the wavelength is the visible

PoOrtion of e Rt
= o

spectrum? S
) Which range is the near-infrared (NIR) portion?
(c) Explain why it would be difficult to distinguish th

™ e

visible portion.

(d) Explain why it would easier to distinguish the two types

of trees in pe
portian. -

L‘r
4 ! '.'r
¥ u -;
g Decidutus ——"". &
_ Lean —~ ﬁ‘({ L} &
7 gt
X ) e |73 f
Conilerous .= I \
ireas ' > IV e
2 C 4 N
T ok .E':
12 &
u —

04 DS OB ©OT O 0%
waeweigth (WL

Figure 1: Reflectance curves for Deciduous trees and Conifercus trees

(a)Visible: 0.4 - 0.7 pm

(b) NIR:0.7-0.9 pm

(c) The refiectance in the visible portion for both trees js o, and not dearly
separable

(d) Inthe near-infrared, although both types reflect a significant portion

of the incident radiation, they are clearly separable.

PAST PAPERS
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“. =) Descrive two difierent conditions that are cammonly enforced in anclytical

pmotegrammetry.
t) Distinguish between Space Resection by collinearity and Space intersection byA
c.ollineearity. a -

«) Aeria! photography is to be taken from a tlying height of 1830 m above average ground |
with a camera having & 152.4-mm focal length and a 23cm format. tnd lap will be 60
percent, and sida l2p will be 30 percent. What is the ground area covered by a single

photegraph ard by the stereoscopic neat model?

it Crnewer) WO L - (64+8+11 marks)

- ;-h\\‘\[ = 1(‘3‘{-}“! Y

3. a) Mention Three (3) basic sensor hardware for |4ser mappirg systems.

b) A laser mounted on an airplane emits a pulse that reflects off a target and returns to the
T ' senscr in 0.0066000 millisecond. Assume that the pulse is :imed directly down to the datum
surface, that the speed of light is 299,792,458 m/s, and that the laser is at exactly 1 km
ahove the datum. What is the object’s height above ditum?

c) Evaluate the contrasts between airborne laser scanning and (stereo-) photogrammetry
from an application perspective.

(6+7+12 marks)

SECTION B

—

8
(' ¢. 54) Briefly, explain what is meant by aerial triangulation.
_/b) Dutlire at |2ast three (3) advantages o! control extension by aerial triangulation

¢) lMiention at least five (5) sources of errors that are normally taken into account in acrial
trianguletion

d) Wy i7 ihe similarity (conformal) transformation used in the Block adjustment by
independent models?

\/ (6+9+5+5 marks)

w2}
')"""J. . . / .
5. _a) The ielationship i between density and exposure of a photographic emulsion can be
described by the ¢haracterisiic curve called D-log(H) curve. With the help of a sketch
ot ;‘_V(diagram, explain the main components of the curve.

<)

0L T b) Stste the differerce botwe2n contact printing and projection printing
_,«_‘;/‘/C 0

. Pid 'ij' —. g L)
(PRI o{-’"fuﬂ-_, w2 vaplain the five steps Involved in pracessing black and white emulsion. %"
AV AAVYY e
;\:;,, L JUCN nL ! - "\‘.“ L 1¥Y
S A Yy ” f ~ e, -
. v..L'/”"l'" i : o (10+G+9 morks)
B A R Tt —_————
l"J‘)J l)\'T’t) \")--(n.‘f‘)

-l STOP: S0 BACK AND CHECK YOUR \VYORK!
LU'\{;)\'“'" ey

YRR

W)
(8§

'RANDOM
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GEE 3622
Example: Flight Planning

A study area is 10 km wide in the cast-west direction and 16 km long in the north-south direction. A .
camera having a 152.4-mm-focal-length lens and a 230-mm format is to be used. The desired photg scal_c is
1:25, 000 and the nominal endlap and sidelap are to be 60 and 30 percent. Beginning and ending flight lines
are 1o be positioned along the boundaries of the study area. The only map available for the areais ata scale
of 1: 62,500. This map indicates that the average terrain elevation is 300 m above datum. Perform the
computations necessary to develop a flight plan and draw a flight map.

SOLUTION

a) Use north-south flight lines. Note that using north-south flight lines minimizes the number of lines
required and consequently the number of aircraft tums and realignments necessary. (Also , flying
in a cardinal direction often facilitates the identification of roads, section lines, and other features
that can be used for aligning the flight lines.)

b) Find the flying height above terrain (H* ={/S) and add the mean site elevation to find flying height
above mean sea level:

H = /S + h,vg = (0.1524 m)/(1/25,000) + 300 m = 4110 m
A ¢) Determine ground coverage per image from film format size and photo scale:
g Coverage per photo = 0.23m/(1/25,000) = 5750 m on a side
d) Determine ground separation between photos on a line for 40 percent advance per photo (i.e., 60
percent endlap):
0.40 x 5750 m = 2300 m between photo centers
e) Assuming an aircraft speed of 160 km/hr, the time between exposures is
(2300m/photo)/160 km/hr x (3600 sec/hr)/ 1000m/km = 51.75 sec (use 51 sec)

f) Because the intervalometer can only be set in even seconds (this varies between models), the
number is rounded off. By rounding down, at least 60 percent coverage is ensured. Recalculate the
distance between photo centers using the reverse of the above equation:

51 sec/photo x 160 km/hr x (1000 m/km)/ 3600 sec/hr = 2267 m
g) Compute the average number of photos per 16-km line by dividing this length by the photo
advance. Add one photo to each end and round the number up to ensure coverage:

(16,000 m/line)/2267 m/photo + 1 + | = 9.1 photos/line (use 10)
h) Ifthe flight lines are to have a sidelap of 30 percent of the coverage, they must be separated by 70
percent of the coverage:
0.70 x 5750 m coverage = 4025 m between flight lines
i) Find the number of flight lines required to cover the 10-km study area width by dividing this width
) by distance between flight lines (note: this division gives number of spaces between flight lines;
add 1 to arrive at the number of lines):
(10,000 m width)/ 4025 m/flight line  + | = 3.48 (use 4)
The adjusted spacing between lines for using four lines is
10,000 m/(4-1 spaces) = 3333 m/space
j)  Find the spacing of flight lines on the map (1: 62,500 scale):
3333 m x 1/62500 = 53.3 mm
k) Find the total number of photos needed:
10 photos/line x 4 lines = 40 photos

(NOTE The first and last (Hight lines in this example were positioned comcident with the boundaries
of the study area. This provision ensures complete coverage of the arca under the “better safe than
sorry™ philosophy. Often,  savings in flm, tight hines and money s realized by expenienced fght
crews by moving the first and last hines m toward the middle of the study area )
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COURSE NAME:
COURSE CODE:
TIME:

TOTAL MARKS:
INSTRUCTIONS

1. Answer: ALL THREE (3) QUESTIONS from SECT

The University of Zambia
School of Engineering
Department of Geomatic Engineering
2015/6 ACADEMIC YEAR
MID-TERM TEST - JULY 2016

PRINCIPLES OF DATA ACQUISITION AND PROCESSING

GEE 3622
TWO (2) HOURS
100

|ON A and ONE QUESTION from SECTION B

2. This TEST is Closed Book
3. Calculators are permitted
4. Show all the work leading to the solution

1. a) Explain the following terms:

/" b) Avertical aerial photogr
flying helght of 1385 m above
on the photograph, and their measured photo coorc
distortions) are x,=-52.35 mm, ¥,
the horlzontal length of line

SECTION A

Depth of field of a lens

lluminance of any photographic exposure
Panchromatic emulsion
Crab angle «

Y-Pallax

aph was taken with a 152 4-mm-{ocal-length camera from a
datum. Images a and b of two ground polints A and B appoat
finates (mrn*l:hfd for shrinkage and
=AB.27 mm, x, =40 64 mm, and y, =43 88 mm. Determine
AR If the elevations of points A and B are 204 and 148 m above

datum, respectively.

. { ‘ )

/ﬁ = .\X \\:'s) Kf- 242e20 200415 ks
1 {

’*“)

‘{.5
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PART B

5. a) Outline briefly atleast tend (10) steps involved in the map
compilation procedure

ales is possible for a wild A-8

aphy taken with 152 mm focal
length camera at a flying height of 3040 meters above mean
terrain? Assume that the A-8 is equipped with a
coordinatograph capable of 4X reduction or enlargement
from model scale and thata projection distance range of A-8

is from 175mm to 350mm.

b) What range in map SC
stereoplotter for photogr

¢) Discuss WO (2) main categories of automation in

photogrammetric instruments.
(10+7+8)

6. a) What kind of viewing systems are used in different types of
stereoplotters?

b) What is the purpose of using acrial triangulation?

¢) Describe the procedure of aerial triangulation by the
independent models method, in two cases:
i) - using a full analytical approach
ii)- using a semi analytical approach

d) Describe the main principles ol image correlation.

¢) What are the main differences between electronic and digital
imape correlators? '

(1424846+0H)

RANDOM
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10 O U
PART B1-CIVIL ENGINEERING STUDENTS

Question 1

(A)

(B)

Given a project area of a proposed dam construction for which mapping
by aerial photogrammetry is required for feasibility study and
preliminary design at a photo scale of 1:30,000 using a 150mm camera
focal length and camera format of 230mm (15/23), calculate the

following;

-The airbase and photo base
- Flying height
- Distance between strips (runs)

Given that end and side overlaps are 60% and 20% respectively.

(10)
-Define stereoscopic perception as used in photogrammetric

observations r.]:
-Describe the principle/\ eight measurements by using a parallax bar
- (S)

Briefly describe the use of remote sensing in the following civil
engineering applications [motivate your answer].

-highway planning (feasibility study) |
-water resources investigations

vt S ST et e g s S g
et ,ﬁ [ :.."’E’k‘ “f '{?’.uiuiiad
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Section B - Photogrammetry-Answer only one question from this section

Question 3 (5+12+8)

a. Define the following terms: (2+2+1) A

i Vertical photograph

ii. Low oblique photograph
il High oblique photograph

PRV

: / ’ . '
b. Points A and B are at elevations 223 m and 162 m above datum
respectively. The photographic coordinates of their images on a vertical

photograph are

X{mm) | Y (mm)
A | -32.35 -48.27
"B | 40.04 43.88

Wihat 1s the lorizontal lengtl of the ltne AB if the photo was taken fronr a heigl

[

of 1510m above datum with a 152.4mm focal length caniera?

¢. Mention and describe any four products of aerial photogrammetry 4

Question 4 (3+5+4+5+3+5)

a. Name three major components of an aerial camera. (3)

L. Aerial photos of a project area were taken at scale 1:24000 with a 15%mm
tocal length camera. The end lap was 65% while the side lap was 307

Calculate:

(1) The flying height (;rfthe place was 1584m above mean seca level,

(i) Ground dimensions covered by a 230mm by 230 mm picturdormat.

(i1i)  The ground spacing between exposure stations,

(tv)  The ground spacing between the tlight lines,

(v)  The total ground area expressed in hectares covered by a pan of

overlapping photographs.
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