A=L1xL2 =20kmx 16 km=20000 m x 16000 m, Longitudinal overlap (OL) = 60% = 0.6,
Side overlap (OS) =30% = 0.3, Scale 1: 15000, Photograph size =23 cm x 23 cm =0.23 m x
023m=(LxL)

N1 = Number of photographs per flight line = [L1/ {(1 —OL ) scale * L}] + 1

=[20000/ {(1 —0.6) 15000 * 0.23}]+ 1

=14.49 + 1 = 16 (taking round figure to cover entire area)

N2 = Number of flight lines = [L2/ {(1 —OS ) scale * L}] + 1

=[16000/ {(1 —0.3) 15000 * 0.23}]+ 1

=6.62 + 1 = 8 (Taking whole no of flight lines)

Total number of photograph required = N1 x N2

=15x8=120No

Example 4.11:

The distance from the principal point of a photograph to the image of the top of a tower is 6.44
cm and the elevation of the tower above the above datum is 250 m. What is the relief
displacement of the tower if the scale is 1:10,000 above datum and the focal length of the
camera is 20 cm?

Solution:

r=6.44 cm, h =250 m, scale =1:10000, f=20 cm
d=rh/H

andS=f/H orH=f/S

So, d=rhS/f

d=(6.44/100) * 250/ (0.20 * 10000)

=6.44/ 800

=(.00805 cm

Example 4.12:

The vertical photograph of a flat area having an average elevation of 250 m above datum was
taken with a camera of 20 cm focal length. A line PQ, 250 m long, measures 8.50 cm on the
photograph. A tower TQ appears on the photograph, and the distance between the images of
top and bottom of the tower TQ measures 0.46 cm on the photograph. If the distance of the
image of the top of the tower from principal point of the photograph is 6.46 cm, determine the
height of tower TQ above datum.

Solution:

Ground distance = 250 m, map distance = 8.50 cm, f =20 cm, r = 6.46 cm, d = 0.46 cm
S=f/H= 020/H

[(8.50/100)/250] =0.20/H

So,H=0.20 * 25000/ 0.085

H=588.24m

d=rh/H

(0.46/100)=(6.46/100) * h / 588.24

h=0.46 * 588.24 / 6.46

h=4190m

Example 4.13:

The tower AB 50 m high above the ground, appears in a vertical photograph, was taken at a
flying height of 2500 m above msl. The distance of the image of the top of the tower from
principal point of the photograph is 6.35 cm. Determine the displacement of the image of the
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top of the tower with respect to the image of its bottom. The elevation of the bottom of the
tower is 1250 m above ms!.

Solution:

r=6.35cm=0.0635m, h=50m

H = Flying height above the bottom of tower = 2500 — 1250 = 1250 m

The displacement of the image of the top of the tower with respect to the image of its bottom
=d=rh/H

d=0.0635 * 50/ 1250

d=10.254 cm = 2.54 mm

A stereopair of vertical photographs is taken from a flying height of 1233 m above ms/, with a
152.4-mm focal length camera, and air base as 390 m. With the stereo-photos properly oriented
along the flight line, the coordinates of two points a and b were measured on left photo and
right photo as xa = 53.4 mm, ya = 50.8 mm, xv' = —7.1 mm, yb' =—46.7 mm , and xa" = -38.3
mm, ya’ = 50.9 mm, xp = 88.9 mm, y» = —46.7 mm, respectively. Find out the elevations of
ground points A and B and the horizontal length of line AB.

Pa=xa — Xa'
Pb=xb — X'
P.=91.7 mm
Py, =96.0 mm

ha=HB f/Pa
ho=HB f/Ps
ha=585m
hy =614 m

Xa:BXa/Pa
Ya:BYa/Pa
XB=Bxv/Pp
XB=Bxbv/Po

Xa=227m
Ya=216m
XB=361 m
Ys=-190m

AB = [(Xa-X8)> + (Ya - YB)*]
AB = [(227 - 361)> + {(216 - (-190)}?]
AB=427m

Example 4.14:

A stereopair of vertical photographs is taken from a flying height of 1233 m above ms/. With
the stereo-photos properly oriented along the flight line, the coordinates of two points a and b
were measured on left photo and right photo as xa = 53.4 mm, ya = 50.8 mm, x»' = —7.1 mm,
yb'=—46.7 mm, and xa' =—38.3 mm, y' = 50.9 mm, xp = 88.9 mm, yb =—46.7 mm, respectively.
Further, coordinates of a control point C are measured as xc = 14.3 mm and xc ' =—78.3 mm.
If the elevation of point C is 591 m above ms/, calculate the elevations of points A and B, using
parallax differences.
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Pc=xc —xc' = 14.3 - (-78.3) = 92.6 mm
Apac =Pa—Pc =91.7-92.6 =- 0.9 mm
ha=hc + [(H - hc) Apac / Pa]

ha =591 + [(1233 - 591) (-0.9) / 91.7]
ha = 585 above msl

Similarly, hy = he + [(H — hc) Apbe / Po]
Apoe = Pb—Pc =96.0—-92.6 =3.4 mm
hy =591 + [(1233 - 591) (3.4) / 96]
=614 m above ms/

Example 4.15:

On a stereopair, the parallax difference between the top and bottom images of a tree is measured
as 1.3 mm. The photographs were taken at 915 m height above ground. If the average photo
base is 88.2 mm, determine the height of the tree?

Solution:
ha=ApH/ (b + Ap)
ha=1.3*915/(88.2 + 1.3)
ha: 13 m

Example 4.16:

In a pair of overlapping photographs (mean photo base length 89.84 mm), the mean
ground level is 70 m above the datum. Two nearby points are observed and the following
information is obtained.

Point Height above datum (m) Parallax bar reading (mm)
X 55 7.34
Y 9.46

If the flying height was 2200 m above datum and the focal length of the camera was150 mm,
find the :(i) Air base (ii) The height of Y above datum,(iii) The difference in height between
point X and Y.

Solution:

f/ (H-70)=289.84 /B =150/ (2200-70)
B=1275.728m

Px/ f=B/(H-hx)

7.34 /150 =1275.728 / (2200-55)
Px =[1275.728 / (2200-55)]%150
Px=89.22 mm

Py-Px: AP

(9.46-7.34) = Py- 89.22
Py=91.33mm

Py: fB / (H-hy)

91.33 =150%1275.728 / (2200-hy)
(2200-hy) = 150x1275.728 / 91.33
(2200-hy) = 2095.25

hy=104.75m
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Difference in height between X and Y= 104.75- 55=49.75 m

Example 4.17:
On the overlap of a pair of vertical aerial photographs taken at a height of 2500 m above mean
sea level with a 152 mm focal length camera are shown two points A and B. Point B is a point
on a pass through a range of hills, while point A is the center of a bridge in a valley. In order
to estimate the amount of rise between these points, parallax bar measurements were made as
follows:

Point A: mean reading 5.90 mm

Point B: mean reading 11.43 mm
The mean level of the valley containing the principal points of the two photographs is 82.00 m
above mean sea level, while a BM on the bridge near A was 74.55 m above mean sea level. If
the respective photo bases are 89.1 mm and 91.4 mm, calculate the height of B above A.

Solution:

_ /B _ bH,
P=m T T -k
Ho = 2500-82.0 =2418 m above mean sea level, and elevation of A is 74.55m above
mean sea level.

H : .
Pa:bio b:bl+b2=891+914=90.25mm
H—-h, 2
%k
o py = o2 2408 g 07mm
2500 —74.55

From the parallax bar readings, the difference in parallax is found as
dpab=pb- pa=11.43 -5.90 =5.53 mm
.. pb= pat dpab=89.97+5.53=95.50 mm
bH , 90.25 *2418

= p, = bH, =>h,=H - =2500 - —————=214.93m
H-h, P 95.50

Therefore, the height of B above A is 140.40 m

Exercises for Practices

(A) Short questions
4.18 Explain in types of aerial photo based on the alignment of optical axis.
4.19 Discuss some of the principal uses of terrestrial photogrammetry. Draw the diagram to
explain the Exposure station, focal length, flying height, and optical axis of aerial photograph.
420 Draw the diagram to explain the fiducial marks, principal point, conjugate
principle point, superlap, mosaic.
4.21 What are the different methods of scale determination?
4.22 State any four advantages that an aerial photograph offers over ground based mapping.
4.23 What is the relevance of base-height ratio in aerial photogrammetry? Write the
relationship to determine the (i) average scale of a photograph, (ii) relief displacement,
(ii1) absolute parallax of a point.
4.24 What is a relief displacement? On what factors, it depends? Why relief is not present
at the principal point a truly vertical photograph.
4.25 Define stereovision. What are the essential conditions to create a stereovision?
4.26 Draw line diagrams to see the stereo-vision from a stereo-pair using (i) Lens
stereoscope, and (ii) Mirror and lens stereoscope.
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4.27 Draw a line diagram of Parallax Bar, and show various components.

4.28 What do you understand by Digital photogrammetry? What is the difference between
an ortho-photo and normal photo?

4.29 Define interior orientation in aerial photogrammetry.

4.30 What is isocentre in a tilted photograph? What is the utility of tilted photographs?

(B) Long questions

4.31 Establish a relationship to determine the scale of an aerial photograph in an undulating
terrain. Why the scale of a photograph is not uniform throughout?

4.32 What do you understand by relief displacement? Derive a relationship to compute the
relief displacement from a vertical photograph.

4.33 Briefly explain about image parallax and its relation with stereoscopic viewing of
aerial photographs.

4.34 Discuss the salient features of (i) Lens stereoscope, and (ii) Mirror and lens
stereoscope.

4.35 Describe the base lining procedure from a stereo-pair.

4.36 Discuss the use of a Parallax Bar to determine the height of points in a stereo-pair.

4.37 Explain in brief the concept of digital ortho-photo. Write down the steps involved in
the generation of an ortho-photo. List some of the applications of ortho-photo.

4.38 Establish a relationship to derive the scale of a tilted photograph.

Unsolved numerical questions
4.39 A vertical photograph is taken at an altitude of 1200 m above mean sea level of a terrain
lying at an elevation of 80 m. The focal length of camera is 15 c¢cm find out the approximate
scale of the photograph.

(Ans: 1:7467)

4.40 Compute the scales (maximum, minimum, and average) of a photograph, if the highest
terrain, average terrain, and lowest terrain heights are 610, 460, and 310 m above mean sea
level, respectively. The flying height above mean sea level is 3000 m and the camera focal
length is 152.4 mm.

(AI’lS.’ Smax = ]]5, 700, Smin =] ]7700, and Savg = ]]6, 700)

4.41 The length of an airport runway is 160 mm on a vertical photograph. On a map at a scale
of 1:24,000, the runway length is measured as 103 mm. Determine the scale of the photograph
at runway.

(Ans: 1:15,400)

4.42 A camera with a focal length of 152.35 mm and a photo size 230 mm* 230 mm is used to
photograph an area from a height of 2400 m above msl. The average ground elevation is 420
m above ms/, determine the average scale of the photographs. Also, determine the ground area
covered by a single photograph.

(Ans: 1:13,0008, 940,100m?)

4.43 A vertical aerial photograph was taken from a flying height of 1385 m above datum with
a 152.4 mm focal length camera. Two ground points A and B appear on the photograph, as a
and b, and their measured photo-coordinates are xa =—52.35 mm, ya = —48.27 mm, x» = 40.64
mm, and yb = 43.88 mm. Determine the horizontal length of line AB if the elevations of points
A and B are 204 and 148 m above datum, respectively.

(Ans: AB = 1036 m)
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4.44 The distance measured between two points on a map is 2 cm. The corresponding distance
on an aerial photograph is 10 cm. Calculate the scale of the photograph when the scale of the
map is 1: 50,000.

(Ans: 1:10,00)

4.45 A road segment of length 1 km measures 6 cm on a vertical photograph. The focal length
of'the camera is 150 mm. If the terrain is nearly plain, determine the flying height of the aircraft.
(Ans: 2500 m)

4.46 If the length covered by each photograph is 1.5 km with 60% overlap, and length of the

strip is 18 km, determine the number of photographs in the strip.
(Ans: 30)

4.47 A rectangular area 130 km x 120 km with average height as 160 m above ms/ is to be
mapped from aerial photographs at a scale of 1:20000. The focal length of the camera lens to
be used is 152 mm and each print size will be 23 cm square. A 60% overlap between successive
photographs and a 25% lateral overlap is to be kept. Find (a) the average height above ms!/ at
which the aircraft must operate; (b) the time interval between two successive exposures in a
strip if the operating speed of the aircraft is 200 km/h; and (¢) minimum total number of
photographs required to cover the entire area.

(Ans: (@)3200 m, (b) 33.12 sec, and (c) 2485)

4.48 If the height of a tower is 50 m, flying height of the aircraft above the base is 5000 m and
the image of the top of the tower is 20 cm, from the principal point, what will be the relief

displacement?
(Ans: 0.2 cm)

4.49 On an aerial photograph taken at an altitude of 1500 m above ground, the relief
displacement of the image of a flagpole was measured as 1.6 cm. The distance from the center
of the photograph to the image of the top of the flagpole is 11.0 cm. If the base of the flagpole
is at an elevation of 200.0 m above msl, determine the height of the flagpole above ground.
(Ans: 18 m)

4.50 An overlapping pair of vertical photographs taken with a 152.4 mm focal length camera
has an air base of 548 m. The elevation of control point A is 283 m above ms/, and the parallax
of point A is 92.4 mm, determine the flying height above ms/.

(Ans: 1187 m)

4.51 A vertical photograph taken from 535 m above ms/ was used to determine the height of a
tower. The elevation at the base of the tower is 259 m above msl. Determine the height of the
tower, if the relief displacement of the tower is measured as 54.1 mm, and the radial distance
to the top of the tower from the photo center is 121.7 mm.

(Ans: 123 m)
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