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FOREWORD

The British Columbia Forest Act (1978) states that the Chief Forester shall
develop and maintain an inventory of the land and forests in the Province, and
shall assess the land in the Province for its potential for growing trees
continuously, providing forest oriented recreation, producing forage for
livestock and wildlife, and for accommodating other forest uses. Also, the
Ministry of Forests Act (1978) requires a periodic resource analysis report
containing a description of the inventory of the forest and range resources in
the Province, a description of the location and extent of areas of forest land
in the Province that have been denuded of timber through harvesting or
otherwise and have not become re-stocked with a commercially valuable species
of timber, or are producing timber at the rate that is substantially lower
than their potential. In addition, the Minister of Forests is required to

~ submit to the Lieutenant-Governor in Council an annual report which must
include a summary of forest land in the Province, showing areas denuded of
forest during the year, areas re-stocked during the year and areas the
productivity of which has been improved during the year.

In order to implement the requirements of the new forest legislation, the
Inventory Branch of the Ministry of Forests has acquired new technology and
has deve10pe~ new approaches for conducting forest and range inventory. The
Forest and Range Inventory Manual, consisting of eleven chapters, the
Five-Year Plan for Forest and Ran e Inventor in British Columbia: 1981-1985,
and the inventory handbooks, name y the Fle Poc et Hand 00 , the He lcopt~r
Camera Boom Instruction and Operation Handbook, the Colour Stereogram
Handbook, and the Stereocord Handbook, describe the procedures for planning,
conducting and auditing provincial forest and range inventories.

F. HEGYI,R.P.F.
DIRECTOR L



CHAPTERSIX

PHOTOGRAMMETRY

Chapter six, "Photogrammetry", of the Forest and Range Inventor.>' Manual is a
description of the methods used by the Inventory Branch for photogrammetry and
for photo mensuration. This chapter was prepared by H. Bradatsch, R.P.F., and
it was edited by A.A. Britneff, R.P.F.

For further information, please contact:

r Dr. R.V. Quenet, R.P.F.
Manager
Inventory Methodology
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CHAPTERSIX

PHOTOGRAMMETRY

6. 1 INTRODUCTION

Photogrammetry is the art, science and technology of obtaining
reliable information about physical objects and the environment
through processes of recording, measuring and interpreting
photographic images and patterns of electromagnetic radiant energy and
other phenomena. A conventional application of photogrammetry has
been the compilation of topographic maps and surveys, complete with
contour lines, based on measurements and information obtained from
aerial and space photographs with optical analog instruments and/or
analytical computation. Similar topographic principles of precision
measurement are applied in close-range photogrammetry to map (measure)
objects which are difficult to study in other ways, such as the shape
of an astronomic radio reflector subject to environmental
deformations, for synoptically recording measureable deformation in
engineering models, etc. ("Photogrammetric Engineering and Remote
Sensing" Journal of the American Society of Photogrammetry, 1979).

6.2 AIR PHOTOGRAPHS

The use of aerial photographs in forest and total resource inventory
is increasingly important. Their utility can be expected to increase
as additional techniques and products (colour and colour infrared
photography, multi-spectral and large-scale photography, etc.) are
developed and adapted. The use of aerial photographs, however, should
not be regarded as a complete substitute for ground work, because
ground work is the yardstick against which photo-interpretative work
is verified.

6.21 AERIAL PHOTOGRAPHICFILM

Performance characteristics, emulsion and processing chemistry, image
formation of photographic film, etc. are not considered in this manual
owing to its technical nature. Technical data on Kodak aerial film
can be found in publications of Eastman Kodak. Useful additional data
are published from time to time in Eastman Kodak Tech-Bits (1963 to
date). Specifications of aerial photographic film include: film
name, film number, nominal base thickness, aerial film speed, aerial
exposure index, resolving power, developer, etc. A general conclusion
from film specification is: the slower the speed of the



film (aerial film speed) the higher the resolving power and the lower ~
the granularity.

Definition of terms used with aerial film:

Negative - a photographic image on film, plate, or paper, in which the
subject tones to which the emulsion is sensitive are reversed or
complementary.

Positive (photography) - a photograph having approximately the same
rendition of tones as the original subject, i.e., light for light and
dark for dark.

Density - a measure of the degree of blackening of an exposed film
after development, or of the direct image (for print-out material).
It is defined strictly as the logarithm of the optical opacity, where
the opacity is the ratio of the incident to the transmitted (or
reflected) light. It varies with the use of scattered or specular
light.

Resolution - the minimum distance between two adjacent features, or
the minimum size of a feature, which can be detected by a photographic
system. For photography, this distance is usually expressed in lines
per millimetre recorded on a particular film under specific
conditions. If expressed in size of objects or distance on the
ground, the distance is termed ground resolution.

Resolving Power - an expression of lens definition, usually stated as
the maximumnumber of lines per millimetre that can be resolved in the
image, i.e., seen as separate lines. The resolving power of the lens
varies with the contrast of the test chart and normally varies also
with the orientation and position of the chart within the field.
(Manual of Photogrammetry, 3rd ed., 1966).

6.22 TYPES OF AERIAL PHOTOGRAPHS

Aerial photographs are classified according to the following criteria:

A. Orientation of the camera axis.
B. Single or multiple lens system.
C. Film.

In forest inventory work, we are concerned mainly with vertical aerial
photographs. The other kinds of aerial photographs, namely oblique,
panoramic, multi-spectral and multi-baTId are not covered in this
manual.



The subject of aerial photographs, cameras, films, and systems, and
the scientific fundamentals are treated in detail in the Manual of
Remote Sensing (see Robert G. Reeves, ed. Manual of Remote Sensing,
Falls Church, Va: American Society of Photogrammetry, 1975).

6.3 VERTICAL AIR PHOTOGRAPHS

To obtain vertical air photographs, an aircraft is flown back and
forth over the area of interest along straight and level flight
lines. The flight lines are spaced as nearly parallel to each other
as possible, so as to give complete and overlapping photographic
coverage in strips of pictures. Overlap occurs along as well as
between strips of photographs as shown in Figure 6-1 and 6-3.

~

1]
r G .

Figure 6-1 Normalexposure interval for forward and side overlap.

The normal end (or forward) overlap (q%) is approximately 60% and the
normal side overlap (p%) is approximately 30% (see Table 6-1).

6.31 TYPES OF VERICAL AIR PHOTOGRAPHSUSED

The Ministry of Forests generally uses air photographs flown by the
British Columbia Ministry of the Environment. A variety of aerial
survey cameras (metric or mapping cameras) with nominal focal lengths
of 85 mm, 153 mm, 210 mm, 305 mmor 610 mmis used. In order to do
any mathematical calculations involving focal length, it is necessary
to obtain details of the camera and the lenses used. Contact prints
are produced from the film negatives with a format of 23 cm by 23 cm.
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Two types of end product are used:

A. Paper or contact prints
B. Diapositives

Markings and information on the final print vary with different camera
manufacturers. The minimum amount of information should include four
fiducial marks and roll and frame numbers. The fiducial marks may be
located at the four corners of the photograph or on the four sides.
Roll and frame numbers are located in one of the corners (see Figure
6-2). Additional information may include altimeter reading, date and
time of exposure, lens specification, and camera level.

o o o
Conjugate points

Figure 6-2 Properties of a standard 23 cm x 23 cm vertical aerial
photograph

.

The roll and frame number is added to the negative by the Ministry of
Environment. The nadir point, conjugative points and wing points are
added if and when required.

o 0 "0 "'-Fiducial mark '\
Nadiror

principal point

Wing points

0
.......,

BC 77069-34LRouand Irame number



6.32 ELEMENTARYMATHEMATICALCHARACTERISTICSOF VERTICALAIR PHOTOGRAPHS

To reconstruct an object or scene according to form and position from
a photographic image, the photograph must be of a certain quality and
obtained with a camera, lens and film of known values. The
fundamental differences between direct and photogrammetric
measurements are, that measurements are taken on the object and on
photographic images of reduced scale, respectively.

Terminology, symbols and abbreviations in photogrammetry are not
internationally standardized. If possible, use the terminology and
symbo10gy of the American Society of Photogrammetry or of equipment
manufacturers (see Figure 6-3 and Table 6-1).
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Figure 6-3 Flight planning and symbols.
(Refer to Table 6-1 for description)
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Table 6-1
Properties and basic mathematical calculations

aerial photographs (see Figure 6-3)

222
Fg = S = S x mb

Fm = (S - b) x S

f (or a C and number)

a = S x (1 - ~ )

p%

Flying height above ground
hg = f x mb = ~ x f
Fa

S = S x mb = ~x 5

Ground area to be covered

Ground distance

b =Sx(l-,w)

1p

5

Fn = a x b = 52(1 - ,w) x (1 - ~)

np = it- + 1

1q - 5 + 1anq =

Photo scale f _ 5
Mb= 1:mb = h - Sg

Photo scale figure h 5
mb =? = ! ;,

Required number of photographs
Fa

n = Fn

Side lap q%

Fm (or M)

1q

5tereo model area

Width of area to be covered

(Figures and symbols from Photogrammetric Guide, 1972)

Area covered by a single photograph

Area in stereo

Calibrated focal length

Distance between flights with p%
side 1ap

End lap

Length of base with p% end lap

Length of flight strip

Negative side

New stereoscopic area

Number of photographs per strip

Number of strips





Table 6-2 gives a compressed calculation of the calculations in Table
6-1 for different scales and camera focal lengths (from
Photogrammetric Guide, 1971).

Table 6-2
Flight planning and photo properties

for air photos of 23 cm x 23 cm
(All figures are in metric units)
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Note: n* = required number of photographs.

b Fg Fm h (km)s a g
1 : !Db 60% 30% n* f (mm) =

(m) (m) (m) (km2) L (km2) 85 153 210 305 610
! !

230 160
,

0.05 I

0.0.3 6751 0.09 0.15 0.21 0.30 0.611: 1000 90
1 : 1500 345 140 240 0.12 0.07 3001 0.13 0.23 0.32 0.46 0.91
1 : 2000 460 185 320

0.21 I

0.13 1688 0.17 0.31 0.42 0.61 1.22
1: 2500 575 230 405 0.33 0.20 1080 0.21 0.38 0.52 0.76 1.52
1: 3000 690 275 485 0.48 0.29 750 0.26 0.46 0.63 0.91 1.83
1 : 3500 805 320 565 0.65 0.39 551 0.30 0.54 0.73 1.07 2.13
1 : 4000 920 370 645 0.85 0.51 422 0.34 0.61 0.84 1.22 2.44
1 : 4500 1035 415 715 1.07 0.64 333 0.38 0.69 0.94 1.37 2.74

1: 5000 1150 460 805 1.32 0.79 270 0.43 0.77 1.05 1.52 3.05
1 : 5500 1265 505 885 1.60 0.96 223 0.47 0.84 1.16 1.68 3.35
1: 6000 1380 550 965 1.90 1.14 188 0.51 0.92 1. 26 1.83 3.65
1: 6500 1495 600 1045 2.24 1.34 160 0.55 0.99 1. 36 1.98 3.97
1: 7000 1610 645 1125 2.59 1.56 138 0.60 1.07 1.47 2.13 4.27
1: 7500 1725 690 1210 2.98 1. 79 120 0.64 1.15 1.58 2.29 4.57
1: 8000 1840 735 1290 . 3.39 2.03 105 0.68 1.22 1.68 2.44 4.88
1: 8500 1955 780 1370 3.82 2.29 93 0.72 1.30 1. 78 2.59 5.19
1: 9000 2070 830 1450 4.28 2.57 83 0.77 1.38 1.89 2.74 5.49
1: 9500 2185 875 1530 4.77 2.86 75 0.81 1.45 2.00 2.90 5.79

1: 10000 2300 920 1610 5.29 3.17 68 0.85 1.53 2.10 3.05 6.10
1: 10500 2415 965 1690 5.83 3.50 61 0.89 1.61 2.21 3.20 6.40
1: 11000 2530 1010 1770 6.40 3.84 56 0.94 1.68 2.31 3.35 6.71
1: 11500 2645 1060 1850 7.00 4.20 51 0.98 1. 76 2.42 3.51 7.02
1: 12000 2760 1105 1930 7.62 4.57 47 1.02 1.84 2.52 3.66 7.32
1: 12500 2875 1150 2015 8.27 4.96 43 1.06 1.91 2.63 3.81 7.62
1: 13000 2990 1195 2095 8.94 5.36 40 1.10 1.99 2.73 3.97 7.93
1: 13500 3105 1240 2175 9.64 5.78 37 1.15 2.07 2.83 4.12 8.24
1: 14000 3220 1290 2255 10.37 6.22 34 1.19 2.14 2.94 4.27 8.54
1: 14500 3335 1335 2335 11.12 6.67 32 1.23 2.22 3.04 4.42 8.85

1: 15000 3450 1380 2415 11. 90 7.14 30 1.27 2.29 3.15 4.57 9.15
1: 15500 3565 1425 2495 12. 71 7.63 28 1.32 2.37 3.26 4.73 9.45
1: 16000 3680 1470 2575 13.54 8.13 26 1.36 2.45 3.36 4.88 9.76
1: 16500 3795 1520 2655 14.40 8.64 25 1.40 2.52 3.47 5.03 10.06
1: 17000 3910 1565 2735 15.29 9.17 23 1.44 2.60 3.57 5.19 10.37
1: 17500 4025 1610 2820 16.20 9.72 22 1.49 2.68 3.67 5.34 10.68
1: 18000 4140 1655 2900 17.14 10.28 21 1.53 2.75 3.78 5.49 10.98
1: 18500 4255 1700 I 2980 18.11 10.86 20 1.57 2.83 3.88 5.64 11. 29
1: 19000 4370

1750 I 3060

19.10 11 .46 19 1.61 2.91 3.99 5.79 11. 59
1: 19500 4485 1795 3140 20.12 12.07 18 1.66 2.98 4.10 5.95 11.90
- - .- ---- - - I----- -..'-- - --.
1: 20000 4600 1840 :S220 21.16 12.70 17 1. 70 :5.06 4.20 6.10 12.20
1: 20500 4715 1885 3300 22.23 13.34 16 1. 74 3.14 4.30 6.25 12.51
1: 21000 4830 1930 3389 23.33 14.00 15 1. 78 3.21 4.41 6.40 12.81
1: 21500 4945 1980 3460 24.4'; 14.67 15 1.83 3.29 4.52 6.56 13.11
1: 22000 5060 2025 3540 25.60 15.36 14 1.87 3.37 4.62 6.71 13.42
1: 22500 5175 2070 3625 26.78 16.07 13 1.91 3.44 4.72 6.86 13.73
1: 23000 5290 2115 3705 27.98 16.79 13 1.95 3.52 4.83

7.02 I 14.031: 23500 5405 2160 3785 29.21 17.53 12 2.00 3.60 4.93 7.17 14.34
1; 24000 5520 2210 3865 30.47 18.28 l' 2.04 3.67 5.04 7.32 14.64".
1: 24500 5635 2255 3945 31.75 19.05 11 2.08 3.75 5 .14 7.47 14.95

I.



L

Note: n* = required number of photographs.

, s b I

a : Fg Flit h 2 (km)I

1: mb 60% 30% ' n* i{(mm) 11

; (m) ! (m) (m) (km2) .(km2) 85 153 210 305 . 610
I

5750 I1: 25000 1- 2300 4025 33 20 10.8 2.13 3.83 525 7.62 15.25
1: 26000 5980 2390 4185 36 21 10.0 2.21 3.98 5.46 7.93 I 15.85
1: 27000 6210 2485 4345 39 23 9.3 2.29 4.13 5.67 8.24 16.47
1: 28000 6440 2575 4510 41 25 8.6 2.38 4.28 5.88 8.54 17.08
1: 29000 6670 2670 4670 44 27 8.0 2.47 4.44 6.09 8.85 17.69

1: 30000 6900 2760 4830 48 29 7.5 2.55 I 4.59 6.30 9.15 18.30
1: 31000 7130 2850 4990 51 31 7.0 2.63 4.74 6.51 9.45 18.91
1: 32000 7360 2945 5150 54 33 6.6 2.72 4.90 6.72 9.76 19.52
l 33000 7590 3035 5315 58 35 6.2 2.81 5.05 6.93 10.06 20 . 13
1: 34000 7820 3130 5475 61 37 5.8 2.89 5.20 7.14 10.37 20.74
1: 35000 8050 3220 5635 65 39 5.5 2.97 5.35 7.35 10.68 21.35
1: 36000 8280 3310 5795 69 41 5.2

3.06 I 5.51 7.56 10.98 21.96
1: 37000 8510 3405 5955 72 43 4.9 3.15 5.66 7.77 11.29 22.57
1: 38000 8740 3495 6120 76 46 4.7 3.23 5.81 7.98 11. 59 23.18
1: 39000 8970 3590 6280 80 48 4.4 3.31 5.97 8.19 11. 90 23.79

1: 40000 9200 3680 6440 85 51 4.2
I

6.12 8.40 12.20 24.403.40
1: 41000 9430 3770 6600 89 53 4.0 3.49 6.27 8.61 12.51 25.01
1: 42000 9660 3865 6760 93 56 3.8 3.57 6.43 8.82 12.81 25.62
1: 43000 9890 3955 6925 98 59 3.7 3.65 6.58 9.03 13.11 26.23
1: 44000 10120 4050 7085 102 61 3.5 3.74 6.73 9.24 13.42 26.84
1: 45000 10350 4140 7245 107 64 3.3 3.83 6.89 9.45 13.73 27.45
1: 46000 10580 4230 7405 112 67 3.2 3.91 7.04 9.66 14.03 28.06
1: 47000 10810 4325 7565 117 70 3.1 3.99 7.19 9.87 14.34 28.67
1: 48000 11040 4415 7730 122 73 2.9 4.08 7.34 10.08 14.64 29.28
1: 49000 11270 4510 7890 127 7p 2.8 4.17 7.50 10.29 14.95 29.89

1: 50000 11500 4600 8050 132 79 2.7 4.25 7.65 10.50 15.25 30.50
1: 52000 11960 4785 8370 143 86 2.5 4.42 7.96 10.92 15.86 31.72
1: 54000 12420 4970 8695 154 93 2.3 4.59 8.26 11.34 16.47 32.94
1: 56000 12880 5150 9015 166 100 2.1 4.76 8.57 11. 76 17.08 34.16
1: 58000 13340 5335 9340 178 107 2.0 4.93 8.87 12.18 17.69 I 35.38
1: 60000 13800 5520 9660 190 114 1.9 5.10 9.18 12.60 18.30 36.60
1: 62000 14260 5705 9980 203 122 1.8 5.27 9.49 13.02 18.91 37.82
1: 64000 14720 5890 10305 217 130 1.6 5.44 9.79 13.44 19.52 39. 04
1: 66000 15180 6070 10625 230 138 1.5 5.61 10.10 13.86 20.13 40.26
1: 6800J 15640 6255 10950 245 147 1.5 5.78 10.40 14.28 20.74 41.48

1: 70000 16100 6440 11270 259 156 1.4 5.95 10.71 14.70 21.35 42.70
1: 72000 16560 6625 11590 274 165 1.3 6.12 11.02 15.12 21.96 43.92
1: 74000 17020 6810 11915 290 174 1.2 6.29 11. 32 15.54 22.57 45.14
1: 76000 17480 6990 12235 306 183 1.2 6.46 11. 63 15.96 23.18 46.36
1: 78000 17940 7175 12560 322 193 1.1 6.63 11.93 16.38 23.79 47.58
1: 80000 18400 7360 12880 339 203 1.1 6.80 12.24 16.80 24.40 48.80
1: 82000 18860 7545 13200 356 213 1.0 6.97 12.55 17.22 25.01 50.02
1: 84000 19320 7730 13525 373 224 1.0 7.14 12.85 17.64 25.62 51. 24
1: 86000 19780 7910 13845 391 235 0.9 7.31 13.16 18.06 26.23 52.46
1: 88000 20240 8095 14170 410 246 0.9 7.48 13.46 18.48 26.84 53.68

1: 90000 20700 8280 14490 428 257 0.8 7.65 13.77 18.90 27.45 54.90
1:100000 23000 9200 16100 529 317 0.7 8.50 15.30 21. 00 30.50 61.00

.





Map scale from 1:250 to 1:1 000 000 in metric units and equivalents in
imperial units are shown in Table 6-3

Table 6-3
Map scale and equivalents



I

I
I

in.I
I cm feet I per in. miles meters acres sq. m.i1 : m

I

per per 1000 per per per per per
km inch feet mile inch inch sq. in. sq. in

j
/.

1:
250 I 400.000

20.83.3 48.000 253.440 0.004 6.350 0.01000 0.00002
l' 500 200.000 41. 667 24.000 126.720 0.008 12.700 0.0399 0.00006. .
1: 600 166.667 50.000 20.000 105.600 0.009 15.240 0.0574 0.00009
1: 1000 100.000 83.333 12.000 63.360 0.016 25.400 0.1594 0.00025
1: 1200 83.333 100.000 10.000 52.800 0.019 30.480 0.296 0.00036

1: 1500 I
66.667 125.000 8.000 42.240 0.024 38.;100 0.3587 0.00056

1: 2000 50.000 166.667 6.000 31.680 0.032 50.800 0.6377 0.00100
1: 2400 41.667 200.000 5.000 26.400 0.038 60.960 0.9183 0.00144
1: 2500 40.000 208.333 4.800 25.344 0.039 63.500 0.9964 0.00156
1:3000 33.333 250.000 4.000 21.120 0.047 76.200 1.4348 .0.00224

1: 3600 27.778 300.000 3.333 17.600 0.057 91. 440 2.0661 0.00323
1: 4000 25.000 333.333 3.000 15.840 0.063 101.600 2.5508 0.00398
1: 4800 20.833 400.000 2.500 13.200 0.076 121.920 3.6731 0.00574
1: 5000 20.000 416.667 2.400 12.672 0.079 127.000 3.9856 0.00623
1: 6000 16.667 500.000 2.000 10.560 0.095 152.400 5.7392 0.00897

,
1: 7000 14.286 583.333 1. 714 9.051 O. 110 177.800 7.8117 0.01221
1: 7200 13.889 600.000 1.667 8.800 0.114 182.880 8.2645 0.01291
1: 7500 13.333 . 625.000 1.600 8.:448 0.118 190.504 8.9679 0.01401
1: 7920 12.626 660.000 1.515 8.000 0.125 201.168 10.0000 0.01562
1: 8000 12.500 666.667 1.500 7.920 0.126 203.200 10.2030 0.01592

1: 8400 11.905 700.000 1.429 7.543 . 0.133 213.360 11.2489 0.01758
1: 9000 11.111 750.000 1. 333 7.041 0.142 228.600 12.9132 0.02018
1: 9600 10.417 800.000 1.250 6.600 0.152 243.840 14.6924 0.02296
1:10000 10.000 833.333 1.,200 6.336 0.158 254.000 15.9423 0.02491
1:10800 9.259 900'.000 1.111 5.867 0.170 274.321 18.5950 0.02905

1:12000 8.333 1000.0pO 1.000 5.280 0.189 304.801 22.9568 0.03587
1:12500 8.000 1041.667 0.960 5.069 0.197 317.505 24.9098 0.03892
1:13200 7.576 1100.000 0.909 4.800 0.208 335.281 27.7778 0.04340
1:14000 7.143 1166.667 0.857 4.526 0.220 355.601 31.2468 0.04882
1:14400 6.944 1200.000 0..833 4.400 0.227 365.761 33.0579 0.05165

1:15000
6.667 I 1250.000

0.800 4.224 0.237 381.001 35.8701 0.05605
1:15600

6.410 I 1300.000

0.769 4.06l 0.246 396.241 38.7971 0.06062
1:15840 6.313 1320.000 0.758 4.000 0.250 402.337 40.0000 0.06250
1:16000 6.250 1333.333 0.750 3.960 0.253 406.400 40.8122 0.06377
1:16800 5.952 1400.000 0.714 3.771 0.265 426.721 44.9954' 0.07031,.

,
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f inch
meters, acres sq. m.

,

cm feet per:, inch mU es
1 : m ! per per 1000 per per

per per per
I inch sq. in. sq. inI km inch feet mile inch
.

I - ,

1 : 18000i 5.556 1500.00 0.667 3.520 0.284 457.20 51.65 0.0807
1: 19200 5.208 1600.00 0.625 3.300 0.303 487.68 58.77 0.0912
1: 20000 5.000 1666.67 0.600 3.168 0.316 508.00 63.77 0.0996
1: 20400 4.902 1700.00 0.588 3.106 0.322 518.16 66.34 0.1037
1: 21120 4.735 1760.00 0.568 3.000 0.333 536.44 71.11 0.1111

1: 21600 4.630 1800.00 0.556 2.933 0.341 548.64 74.38 0.1162
1: 22800 4.386 1900.00 0.526 2.779 0.360 579.12 82.87 0.1295
1: 24000 4.167 2000.00 0.500 2.640 0.379 609.60 91.83 0.1435
1: 25000 4.000 2083.33 0.480 2.534 0.395 635.00 99.64 0.1557
1: 30000 3.333 2500.00 0.400 2.112 0.474 761.99 143.48 0.2242

1: 31680 3.157 2640.00 0.379 2.000 0.500 804.67 160.00 0.2500
1: 33333 3.000 2777.78 0.360 1.901 0.526 846.66 177.14 0.3864
1: 40000 2.500 3333.33 0.300 1.584 0.631 1015.99 255.08 0.3986
1: 48000 2.083 4000.00 0.250 1.320 O.758 1219.19 367.31 0.5739
1: 50000 2.000 4166.67 0.240 1.267 0.789 1269.99 398.56 0.6227

1: 60000 1.667 5000.00 0.200 1.056 0.947 1523.99 573.92 0.8968
1: 62500 1.600 5208.33 0.192 1.014 0.986 1587.49 622.74 0.9730
1: 63360 1.578 5280.00 0.189 1.000 1.000 1609.33 640.00 1.0000
1: 70000 1.429 5833.33 0.171 0.905 1.105 1777.99 781.17 1.2206
1: 75000 1.333 6250.00 0.160 0.845 1.184 1904.98 896.75 1,4012

1: 80000 1.250 6666.67 0.150 0.792 1.263 2031.98 1020.30 1.5942
1: 90000 1.111 7500.00 0.133 0.704 1.420 2285.98 1291. 32 2.0177
1: 96000 1.042 8000.00 0.125 0.660 1.515 2438.38 1469.24 2.2957
1: 100000 1.000 8333.33 0.120 0.634 1.578 2539.98 1594.23 2.4910
1: 125000 0.800 10416.67 0.096 0.507 1.973 3174.98 2490.98 3.8922

1: 126720 0.789 10560.00 0.095 0.500 2.000 3218.66 2560.00 4.0000
1: 150000 0.667 12500.00 0.080 0.422 2.367 3809.97 3587.01 5.6047
1: 200000 0.500 16666.67 0.060 0.317 3.157 5079.96 6376.90 9.9639
1: 250000 0.400 20833.33 0.048 0.253 3.946 6349.95 9963.91 15.5686
1: 253440 0.395 21120.00 0.047 0.250 4.000 6437.33 10244.20 16.0000

1: 300000 0.333 25000.00 0.040 0.211 4.735 7619.94 14348.03 22.4188
1: 400000 0.250 33333.33 0.030 0.158 6.313 10159.92 25507.60 39.8556
1: 500000 0.200 41666.67 0.024 0.127 7.891 12699.90 39855.63 62.2744
1: 750000 0.133 62500.00 0.016 0.084 11.837 19049.85 89675.16 140.1175
1: 1000000 0.100 83333.33 0.012 0.063 15.783 25399.80 159422.51 249.0977

i ,



6.33 SCALECHANGEDUE TO RELIEF

The foregoing section (6.32) assumes conditions of level terrain.
When topographic relief is present, an apparent displacement of
photographed images results, rendering the scale of a given photograph
variable as shown in Figure 6-4. The fundamental rule is the scale is
constant along the contour.

h,

level

1~___

Figure 6-4 Scale change due to relief

Photo scale (Mb) for point a or b = k f ka(hb)

Example: height of aircraft above sea level (hg)

height of point a above sea level (ha)

height of point b above sea level (hb)

focal length (f)

At point a

Scale = .305 m .305
-.- m = 8240 = 1:27 016

At point b

Scale = .305 m = .305 = 1:29 016--- 8850

= 9150 m

= 910 m

= 300 m

= 305 mm



6.34 EFFECTOF TILT

Tilt in aerial photographs results from exposures madewhen the
aircraft and/or the camera are not in a true position. Deviation of
the camera axis along the flight line causes V-tilt or lateral tilt,
while deviation of the axis perpendicular to the flight line causes
X-tilt or longitudinal tilt as shown in Figure 6-5.

Longitudinaltilt
X-tilt

Lateral tilt
V-tilt

Figure 6-5 Effect of errors due to orientation

The area covered by such exposures is not a true square but a
trapezoid and hence the images are displaced and distorted in shape
and in scale.

6.4 USEOF STEREOSCOPE

The principle of binocular vision (simultaneous vision with both eyes)
is applicable to the study of pairs of photographs used to obtain the
impression of depth. If the area is photographed from two different
points (two different perspectives of a scene), each photograph
records the image that would have been seen by a human eye had it been
in the position of the camera lens at the time of exposure. An
overlapping pair of aerial photographs is in effect, views of the same
image from two positions. If the two photographs are viewed (with the
pictures in the correct sequence) so that one eye sees one picture and
the other eye sees the second picture, the two images are fused by the
brain into a single three-dimensional image.

The human eye, with a relatively short eye base of 62 mmto 70 mm,
does not recognize differences in depth beyond about 830 m. In aerial



photography, this handicap is resolved by enlargement of the photo-eye
base to a few hundred metres (i.e., the distance between the camera
stations in the air during exposure). For further information, see
Morris M. Thompson, ed., "Radius of Stereoscopic Perception", Ma'ii'Ual
of Photogrammetry, 3rd ed. 2 vols. (Falls Church. Va: Americdn
Society of Photogrammetry, 1966) Vo1. 1, Section 11.4. pp. 519-520.

6.41 STEREOSCOPIC VISION

The principle of vision, the mechanics of stereoscopic perception and
the physiological process of sight may be studied in the appropriate
text books (see Section 6.92).

The effect the relative position of sequential air photographs has on
depth perception is shown in Table 6-4.

Table 6-4
Orthoscopic and pseudoscopic viewing

(Photogrammetric guide, 1972)

L = left photograph
R = right photograph

6.411 Stereoscopic Vision Test

A vision test given by an eye specialist is probably the best way to
determine one's aptitude for stereoscopic vision. However, there are
a variety of stereoscopic vision test templates, some of which are
available upon request from the Inventory Branch. Figure 6-6 is an
example of a stereoscopic vision test chart for use with a lens
stereoscope. The details within the rings are to be ranked in order
of height.

('

Position of Viewin
Effectphoto normal upsde behnd

normal L R 1:1 , R J orthoscopic

exchanged R L , 1:1 J R pseudoscopic
rotated .- ::D a: :D Loo impossible



Figure 6-6 Stereoscopic vision test chart.
Courtesy Carl Zeiss, Oberkochen.

6.42 PREPARATION OF AERIAL PHOTOGRAPHSFOR STEREOSCOPIC VIEWING

A. Select two adjacent photographs in a flight strip. If the left
and right hand photos are in the correct order, the area commonto
both is in the centre.

B. Locate and mark the principal point (nadir) of each photograph by ~
connecting the four fiducial marks on the photographs. (The
fiducial marks are rigidly connected with the camera lens through
the camera body and are found in the four corners or in the centre
of the four sides of the photograph).

C. Transfer the principal point of each photograph to the position
where it appears on the adjacent photograph. Do this with a
stereoscope. The position of the transferred principal point is
known as the conjugate principal point.

D. Arrange the photos so that a straight line can pass through the
principal point and the conjugate principal point of the left
photo as well as through the conjugate principal point and the
principal point of the right photo.

E. By keeping this alignment of the two adjacent photographs, either
increase or decrease the distance of the photos until the
principal point on the left photo and the conjugate principal
point on the right photo merge. When viewing with a mirror
stereoscope, separate the two photographs at a distance specified

..



by the manufacturer of the stereoscope. Figure 6-7 outlines the
area that can be viewed stereoscopically on each of a pair of
photographs, i.e., the area commonto both photographs, also known
as the "model area", Fm or M.

Fm Fm

prinCiPal/ :

point I
I

I

Line of flight
1

1 " rin~ipal
"e pOintI

I
I

Conjugate
(trans ferred)

principal point.

Figure 6-7 Alignment of photographs and area in stereo

6.43 TYPESOF STEREOSCOPES

The stereoscope is simply a mechanical optical device that provides a
means of keeping left and right images separated for presentation to
the left and right eyes respectively. Instruments u~ed for
three-dimensional viewing of sequential aerial photographs are of
three basic types: lens or refraction, mirror or reflecting, and zoom.

A. Lens stereoscopes, which include most of the pocket stereoscopes,
may be of lx to 4x magnification, with or without a changeable eye
base depending on the make and construction. Figure 6-8 is a
schematic diagram of a lens stereoscope (compare with Figure 6-9
which shows a mirror stereoscope).



Eyebase.

" ~ In--o-----_

Lens ~ ~ Lens

/ \ I \
/ \ I \

L\ / \
\ I
\I
L _

Normal viewing
distance

r

---

Figure 6-8 Schematic diagram of a lens-type stereoscope

Care should be taken to ensure that the
corresponds to the individual eye base,
develop. The eye base setting for most
between 65 mmand 75 mm.

lens separation
otherwise eye strain may
pocket stereoscope ranges

B. Mirror stereoscopes may be without magnification or may have
attached binoculars which provide up to 8x magnification. Figure
6-9 shows a simple schematic diagram of a mirror stereoscope. ~

Normal
viewing
distance

Figure 6-9 Schematic diagram of a mirror stereoscope
(Helmholz type with four mirrors).



Most mirror stereoscopes provide a view of the entire model area
with the help of mirrors and prisms. However, an increase in
magnification results in a decrease in the field of view. A wide
variety of instruments is available including folding pocket
mirror stereoscopes, scanning stereoscopes and dual stereoscopes.

C. Zoom stereoscopes are desk type instruments with resolving power
in excess of that of most commercial films. The magnification
range is from approximately 2.5x to greater than 40x. They are
also capable of scale matching and 3600 image rotation.

6.5 MEASUREMENTS

With certain known properties and facts, two kinds of accurate
measurements on aerial photographs may be made:

A. Measurements of planimetric distances.
B. Measurements of terrestrial differences in height.

The equipment used for measurements on vertical aerial photographs
depends on the type of measurements, the accuracy, and the end result
required, and ranges from a normal scale to high precision stereo
plotters with support equipment.

6.51 PLANIMETRICOR LINEAR MEASUREMENTS

For measurements in the picture plane, a normal scale with suitable
divisions can be used. If the three-dimensional picture shows
considerable depths (relief), then the scale changes. Scale can be
determined by a comparison of objects of known dimension with their
relative picture size, by a comparison of map distances with photo
distances, or by a calculation of photo scale from flying height and
camera lens used. For calculation of photo scale refer to Section
6.32, Table 6-1. If a map covering the same area as the photo is
available and the distance between two points can be identified, the
scale can then be calculated from the following equation:

Scale = photo ~istance x map scalemap dlstance

To offset the effects of tilt, the scale should be based on the
average of two distances at right angles, whenever possible.

For scale over variable terrain see Section 6.33 and Figure 6-4.



6.52 MEASUREMENTOF TERRESTRIALDIFFERENCESIN HEIGHT

Relief displacement - the image of any point above or below the
horizontal plane at the principal point is displaced from its true
plane position. The relief displacement is outward for points above
the datum plane and inwards for points below it. The direction of
relief displacement is radial from the principal point as shown in
Figure 6-10. If the tilt on a photograph exceeds approximately three
degrees the photograph is usually rectified before taking measurements.

A Principal point
Photo plane

Datum plane

Figure 6-10 Relief displacement

Stereoscopic parallax or simple parallax (Figure 6-11).

Definitions (see Manual of Photogrammetry, 3rd ed., 1966, Ch. 24):

Parallax - the apparent displacement of the position of a body with
respect to a reference point or system, caused by a shift in the point
of observation. (Parallax measurements on pairs of aerial photographs
in the direction of the flight are generally denoted as parallax,
X-parallel, horizontal parallax or absolute parallax).

Parallax Difference, dp - the difference in the absolute stereoscopic
parallax of two points imaged on a pair of photographs, sometimes
known as differential parallax.



V-Parallax - the difference between the perpendicular distances of the
two images of a point from the vertical plane containing the air base.

The differential parallax (dp) is the element used to determine
elevation differences and to establish contour lines.

_I X'I
I ,-I XO

I
I
I
I
I

or

PXo = Photo base (Pb)

6.PXI = Differential Parallax of
point Po1 PI (dp)

Figure 6-11 Deviation of the parallax equation

The equations most frequently found in text books for computing object
heights (topographic relief or tree heights) from parallax
measurements are:

O. O2 - x' x'"b , ....... pXo - 0- 0

PXI = X - X

6. PXI = PXI- PXo

A. rigorously: h = hg
dp + Pb x dp

h
B. approximately: h = .;;s-x dp



Figure 6-12 Parallax bar, type Abram

Figure 6-13 Parallax bar for use with a mirror stereoscope



Example for A and B:

flying height, hg

photo base, Pb

= 3400 m

= 92 mm

differential parallax, dp = 0.66 mm

A. h = 24 217 m
B. h = 24 391 m

6.53 HEIGHTMEASURINGINSTRUMENTS

Instruments used to determine object heights generally measure the
stereoscopic parallax by applying the principle of the floating or
fusing dot. The parallax measuring devices are not designed for the
production of topographic maps but for the measurement of single
object heights or differences in elevation between two points. A wide
range of instruments is on the market for use with a pocket
stereoscope, as shown in Figure 6-12, or with a mirror stereoscope, as
in Figure 6-13. The most advanced stereoscope has the parallax bar in
the form of measuring marks included in the optical system, i.e.,
Zeiss/Jena Interpretoskop.

Commonto most parallax bars is a fixed mark (dot or cross), a movable
mark, and a micrometer. The parallax bar is placed under or attached
to the legs of a stereoscope, which rests over a pair of properly
oriented photographs. The floating dot is brought to rest at the
bottom or top of the object to be measured. By adjustment with the
micrometer device, the dot can be made to float up or down. The
reading on the micrometer is taken and the procedure is repeated for
the next point. The algebraic difference between the two readings is
the differential parallax (dp). (Owing to differences in construction
of parallax bars the manufacturer's guidelines for set-up and use must
be consulted).

6.6 MOSAICS AND PHOTOMAPS

Demandfor and interest in aerial photo mosaics or photo maps as
supplements to conventional line maps are increasing. Aerial mosaics
very often offer a wealth of information when an overview is required
for planning or as a first stage in forest inventory. Images from
space, geometrically controlled to position and scale may serve a
similar purpose but are limited in use when a larger scale picture is
required owing to the pixe1 size (the smallest detail seen on the
image).



A. Aerial Mosaics

Defin it i on:

Mosaics (photogrammetry) - an assembly of aerial photographs whose
edges usually have been torn, or cut and matched to form a
continuous photographic representation of a portion of the earth's
surface. Often called aerial mosaic. (Manual of Photogrammetry,
1966, Vol. 11, p. 1145).

Uncontrolled mosaics are the oldest type. They are only
satisfactory in flat terrain where scale is not an important
factor. The photos are assembled by matching image details in
adjacent photographs. Controlled mosaics are of high accuracy if
the terrain is relatively flat. Through rectification, the
individual photos are reduced to a commonscale, and then the
rectified photographs are assembled into a mosaic by ground
control and position.

Note: The Survey and Mapping Branch of the B.C. Ministry of the
Environment is not producing controlled mosaics.

B. Orthophotograph

Defin it i on:

Orthophotograph - a photographic copy, prepared from a perspective
photograph, in which the displacements of images due to tilt and
relief have been removed. (Manual of Photogrammetry, 1966,
Vol. 11, p. 1146).

With the use of special instruments and a three-dimensional model
as a control, an orthophoto is produced by re-projecting an air
photo and correcting each part of it for position and scale. The
orthophoto prints are made directly from the orthonegatives by
contact printing or by projection to change scale. During the
production of an orthophoto, contour lines or digital terrain
models may be produced. One of the most recent products on the
market is the orthophotograph with a stereomate.

C. Photomap

Properly assembled and annotated, the photomap is as accurate as a
good planimetric map. The wealth of detail, including topographic
features, makes the orthophotomap an extremely versatile basis for
resource planning, inventories and engineering projects.



6.7 FIXED-BASEPHOTOGRAPHY

Conventional aerial photography is based on the principal of one
camera taking sequential photographs at predetermined intervals. The
actual interval is not constant owing to atmospheric conditions,
cycling of the cameras, variations in the flying speed, and to changes
in altitude of the aircraft. The distance between camera exposure
stations can then be determined from ground control or from a known
flying height. Fixed-base photography employs the principle of a
predetermined distance between camera stations, e.g., a known, fixed
air base (B). With an airborne system, two cameras, placed a fixed
distance apart, are operated simultaneously to obtain a stereo pair of
photographs.

A very similar technique is used on the ground, with one camera (or as
part of phototheodo1ite) for long distances or with two cameras
(terrestrial stereo camera) for short distances. Terms used in
photogrammetric literature to describe photography with a known base
are fixed-base, close range, large scale, or a combination of these.

The term fixed-base with a given base number indicates the very
important base-height ratio (see Section 6.76), e.g., 6.1 metres on
the boom. Close range photography does not imply a specific range of
distances. We may define photography as close-range when the object
to be measured is visible in detail. The term large scale is relative
as there is no standard fixed scale given to distinguish between
large, medium, small or ultra small photography.

6.71 EQUIPMENTFORFIXED-BASEPHOTOGRAPHY

For a detailed description of the photographic and support equipment
(cameras, helicopter boom, etc.) consult the Helicopter Camera Boom
Instruction and Operation Handbook.

The equipment consists of:

A. Camera boom, e.g., the airborn camera platform attached to the
helicopter.

B. Camera mounts on the camera boom.

C. Cameras: Hasse1b1ad MK70with 100 mm or 60 mm lenses and the film
magazines.

D. Support equipment used to operate the cameras by remote control
from inside the helicopter.

r



The helicopter boom and the cameras are sophisticated tools and shotlld
only be handled by well trained, authorized personnel who are "
conversant with their operation.

6.72 PROPERTIESOF 70 mmPHOTOGRAPHS

6.721 Description of 70 mmPhotograph

The following properties apply to 70 mmfilm, exposed with a
Hasselblad MK70 camera with a reseau grid incorporated and without
enlargement (see Figure 6-14).

Film size:
Exposed size:
Area inside grid:

70 mm(outside dimension)
53 mm x 53 mm
40 mm x 40 mm

Figure 6-14 Single exposed frame with markings

0
eo-J

Perforation
0

'+ I0 + + + +
0

1+
0

0 + + + -+ 0

/\0 I 0 Exposed size 53 mm
0 I + + + + + 0 and
0 I 0 dimension of the reseau
0 + + + + + I 0 grid.
0

I :0 + + + + +
0 I 8 0

0 0

Camera number

I. Film size 70 mm
(outside dimension)



6.722

The Hasselblad MK70camera is fitted with a reseau glass plate in the
opening of the back plate of the camera immediately adjacent to the
film plane. Twenty-five cross-shaped markings (including one large
centre cross at the principal point) are located 10 mmapart and
calibrated to a tolerance of +0.002 mm. The crosses are recorded on
every exposed and developed frame. On request a test report for each
camera is available from the Inventory Branch with the following
information:

A. Calibrated focal length.

B. Radial distortion.

C. Image quality.

D. Reseau grid deviations from their nominal position.

Use with Stereoscope

The principle of three-dimensional viewing of 70 mmstereo pairs is
the same as that of any other type of photograph. The separation of
the two photographs and the orientation depend on the type of
stereoscope used. In this section we are concerned with a 2x or 4x
pocket stereoscope. The 70 mmphotos, in proper sequence, are placed
under the stereoscope in such a way that the distance between the two
photo centres is approximately the same as the eye base and the
separation of the stereoscope lenses. If the two frames are touching
each other, the distance between the two centre crosses is 70 mm. The
centre cross of one photo when superimposed and transferred to another
is the conjugate point. Transferred centre crosses are not located
accurately enough for later measurements of the photo base. Special
point transfer devices would be required to achieve the required
tolerance for accuracy. Any two of the 25 crosses when paired under
stereo can be used to measure the photo base (Pb). (For a step by
step description on how to measure the photo base see Section 6.75).
The positions of the photos and of the stereo image are shown in
Figure 6-15.
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Figure 6-15 Position of photos for stereo viewing

6.723 Film Annotation

Because the frames of a stereo pair are separated on different lengths
(rolls) of film, and because of the large number of stereo pairs to be
matched, it is important to catalogue lengths of film and individual
frames so that they may be readily identified. The 70 mmfilm
annotator presently used at the Branch has space to record 14 numbers
and/or letters (VEACHAutomatic numbering machine, Model GS 525). In
a continuous length of frames, the annotation appears at the top of
each frame, which is between consecutive frames, in white on
b1ack-and-white diapositives or paper prints, and in gold on colour
film.

+

+

+ +

+

+



Present numbering system
r

On the annotating machine, the first seven digits are changed
manually, the last six digits change automatically but must be
manually set to zero. The symbol "No" occurs between position 7 and 8:

1 234 5 6 7
o 0 0 8 0 0 1
changed manually

8 9 10 11 12 13
No 0 0 0 9 9 9

fixed rotate automatically
or fixed for 8,9,10

Positions 1, 2 and 3 are available for special use, e.g., code for
subject classification.

Positions 4 and 5 give the year of photography, i.e., 80 = 1980.

Positions 6 and 7 give the roll number for the year, i.e., 01 = Roll 1.

Positions 8, 9 and 10 are left blank unless frame numbers for the year
exceed 999.

Positions 11, 12 and 13 indicate the frame number up to 999.

Individual roll numbers are assigned on a yearly basis to each Region
and to the Branch.

Note: the annotating system is subject to change.

6.73 MEASUREMENTSON 70 mm PHOTOGRAPHS

The basic measurements on 70 mmstereo pairs of photographs as with
any other size of stereo pair are of distances in the horizontal and
vertical coordinate system (see Figure 6-17).

The area over which measurements may be made is less for a stereo pair
than for a single frame, being comfined to the stereo model (Fm or M)
or overlap of two frames and to the actual physical dimensions of the
frame, respectively (see Figure 6-16).

r
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Figure 6-16 Relationship of cameras to stereo model L



For the coordinate system used in aerial photography see Figure 6-17.

x

Figure 6-17 Photographic coordinate system

x-axis is the direction of the flight line.
y-axis is in the horizontal plane.
z-axis is upwards or vertical.

Dimension of a single photo:

L= !or X~
hg f f

y y ~n = T or Y.= -rg

Dimension of the stereo model:

Width (x direction):

Width (y direction):

The area of the stereo model in hectares is Mx x My

With instruments having coordinate read-outs as do stereo plotters,
the x, y and z coordinate values of any given point within the stereo
model are established automatically. The distance (d) between two

r

Width (x direction): ¥Mx = X - 6.1 m or - 6.1

h y
Width (y direction): My= Y or



points P1(x1Y1z1) and P2(x2Y2z2) can be calculated
using this formula:

d =

With instruments not having coordinate read-outs, the horizontal
distances are measured with a scale and the vertical distances by
obtaining the absolute parallax (Px) for each point.

To make any calculation from measurements taken on aerial photographs,
certain values must be known. The most important of these are:

A. The focal length (f) of the camera lens.
B. The air base (B).
C. The enlargement factor of the negative, if any.

6.731 Calculation of Flying Height

The geometric relationship between flying height (hg), focal length
(f), air base (B) and photo base (Pb) is:

f Pb

~=B
With known values for focal length, air base, and for photo base
measured from the photo, flying height is:

h =g
f x B
~

f and Pb in millimetres
B in metres

or, when a known ground distance is available:

_ S
hg - -1 x fS

With fixed base photography, the known ground distance is the air
base, and this equivalent distance on the photo between any two
crosses viewed in stereo is the photo base at a reduced scale. Any
distance between any pair of the 25 crosses may be used to measure and
to calculate the flying height. Measure the photo base (Pb) as
precisely as possible. With a measuring magnifier this measurement
can be made to 0.1 mmand further estimates to 0.05 mm. With most
parallax bars the reading is to 0.01 mmwith additional estimates to
0.005 mm.

Care must be taken to measure the photo base at ground elevation and
not on an object above ground level. To measure the photo base (Pb)



with a parallax bar:

A. Secure the stereoscopic pair under the stereoscope for best
stereoscopi~ vision.

B. Place the parallax bar over the photos to be measured, then with
the micrometer wheel, separate the two dots on the parallax bar
until each one touches the centre of a large cross on each photo
(see Figure 6-18). Use monocular vision to make sure the dots are
accurately centred.

c. Record the reading.

D. Bring the dots back together and place the floating dot precisely
on the ground as close as possible to the centre of the left or
right cross.

E. Record the reading.

F. The algebraic difference between the two readings is the photo
base.

Note: The reading under C must have a lower value than the reading
under E has.

Left photo Right photo

Figure 6-18 Position of dots on a parallax
bar for location under B

6.732 Photo Scale

Basic formula: 1. = h.9. L
x f

Photo scale figure: h.9.
f



In this formula, 1 mmmeasured on the photo equals x m on the ground.
Owing to relief, tilt, and to a minor amount of lens distortion, the ~
scale could vary at points different from that at which the flying
height was calculated. The same geometric rules apply to both fixed
base 70 mmphotos and standard aerial photographs.

Distances in x and y directions are most conveniently measured with a
normal scale having suitable divisions or with a measuring magnifier.
To arrive at a real distance (planimetric distance), the image scale
must be ascertained. Where the optical model has considerable spatial
depths, the image scale changes with the photographic distance from
the ground and as a result a noticeable shift of image points may
occur due to perspective changes. However, with the relative small
ground area covered by large scale 70 mmphotographs, distances
measured within the reseau grid are of considerable accuracy.

6.734 Measurements of Object Heights

The principles of object-height measurement on 70 mmphotographs are
the same as those outlined in Section 6.53. Take the following steps
to measure object heights (trees) with a 2-4 power pocket stereoscope
and a suitable parallax bar:

A. Secure photos on a table and with the stereoscope select the tree
to be measured.

B. Measure the photo base as outlined in Section 6.742, A to F, but
choose a ground elevation point as close as possible to the object
to be measured.

c. Record the parallax reading.

D. Move the left dot to the top of the object to be measured, and by
turning the cylinder gauge, bring the two dots together. The
fused dots should float at the same elevation at the top of the
object.

Example:

hg = 120.56 m

f = 100.59 mm

Scale: 1 mm= 1.198 m

6.733 Measurements of Horizontal Distances



E. Record the parallax reading.

F. The algebraic difference of the two readings is the differential
parallax (dp).

With the parallax bar the reading under C (at the base of the object)
must be smaller in number than the reading under E (at the top of the
object).

Figure 6-19 shows the derivation of the tree height equation, modified
from the original formula, for use with low elevation fixed-base
photography.

f

Air base (B)

b' t'I I

H

dh

Figure 6-19 Derivation of tree height equation

Where:

01, O2
= camera stations

P" P2
= plumb points

Pl' Pl
= photo locations of ground plane at f

H = the flying height at B
T = tree top
B = tree base
dh = tree height



absolute parallax at B:
absolute parallax at T:
differential parallax:
from similar triangles:

Therefore:

dp _ f (0102)dh
H - Hdh

2
dp _ H dp

- Hdp + f(O 0 )1 2

or H x dp

Hdp + (f x B)

H2 x dp

Hdp + (f x B)
or

For 6.1 m air base and 100.59 mmlens:
2

_ H x dp
dh - Hdp + 613.599

The tree height formula simplified:

dh = H x dp
dp + Pb

A modification of the original formula that eliminates the need for
flying height (H) may be used:

2
dh = ... H ~~ dp ~ ,x (f x B) x dp

where:

dh = tree height
H = flying height

dp = differential parallax
Pb = photo base

B = air base
f = focal length



At present, obtain an error factor from the Inventory Branch if camera
misalignment or other problems occur while setting up the cameras in
the field, and have branch technicians check each camera set-up with
precision plotting instruments and ground targets.

6.735 Measurements of Crown Parameters

Owing to their irregular shapes, photo measurements of tree crowns are
greatly influenced by subjective judgement. Interlocking or poorly
defined crowns make accurate measurements almost impossible. To avoid
complicated measurements and calculations, measure only the widest
part of the living crown at one elevation plane (halfway up the tree);
this way differences in scale are avoided and all measurements can be
reduced to a commonscale. So, measure the crown width (CW) halfway
up the tree and reduce it to a commonscale at the ground as follows:

CW = (H - 1/2h) x cwf

where CW =
cw =

f =
H =
h =

crown width in metres projected to ground scale
crown width (in mm)measured on the photo
focal length (mm)
flying height in metres above ground
tree height (1/2h can be changed if required)

Measure horizontal distances on the tree crown with a measuring
magnifier or with a parallax bar using the right hand dot as a moving
scale.

For instruments with x, y and z read-outs, obtain instructions and
methods for measurement and calculation from the Inventory Branch.

6.736 Crown Closure

Crown closure is a measurement or estimate of the percentage of an
area covered by tree crowns when the crown dimensions are projected
vertically to the ground. Some of the ways of measuring or estimating
crown closure are:

A. Crown closure measurements

Within a given area, measure all tree crowns and calculate the
crown area. Obtain the percent crown closure from the ratio of
the size of all crown areas to that of the given area. At the
Inventory Branch, we consider this method to take a long time to
do, and hence to be uneconomical.



B. Visual estimates

If the interpreter follows well defined guidelines, the accuracy
of estimates of crown closure can be satisfactory. Used with a
crown closure comparator, this method is more applicable to
standard aerial photographs than to fixed-base photography.

C. Dot grid estimates

Dot grids give the most consistent estimates of crown closure on
70 mmphotographs and either a 25 or a 49 dot grid, 3 cm x 3 cm,
is used. For each layer, calculate the average percentage of dots
"hitting" living crowns. Record a "hit" when 50 percent or more
of a dot covers any part of a living tree crown within a defined
layer. When a dot covers two or more crowns, count one "hit"
only, as shown in Figure 6-19.

To convert the number of hits to percent crown closure, multiply the
number of hits by 4 for the 25 dot grid, and by' 2 for the 49 dot grid.

Figure 6-20 Forest stand with overlaid crown closure grid of
25 dots (enlarged)

Example from Figure 6-20: 10 hits x 4 = 40% crown closure.

6.737 Stand Density

Stand density is the total number of trees, or the number of trees, in
a given parameter (diameter, species, product, etc.) for a given area,

@ . f8 48') . I Two hits

@e . . .
One hit@ · I One hit (50% +)

on twocrowns

-£!l. e@
. . @ . I No hit (less than 500/0)
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e.g., stems per hectare. To calculate stand density on 70 mm
photographs, follow these steps and calculations:

A. Photo plot size

Use a square plot of convenient size, i.e., 1 cm x 1 cm, 2 cm x
2 cm up to 4 cm x 4 cm.

B. Number of stems

For each frame, count the number of tree tops within the plot area
for each layer.

C. Plot photo base

Residue Estimate

Residue is the amount of wood left on the ground after logging
(logging residue) or after a natural catastrophe (windfa1), etc.).
Measurements of residue are of interest to those involved in, for
example, site preparation, salvage logging, estimates of rates of wood
utilization and of fuel accumulation, and fuel loading.

To estimate residue, choose a photo scale of 1:1000 or larger; that is
one sufficient in size to recognize and to measure diameters of
individual pieces of wood, e.g., 1:500 is a good working photo scale.
Also, colour film is usually superior to b1ack-and-white film. To
avoid loss in image sharpness, keep the flying speed as slow as
possible. The "line intersect method" for measuring residue has
direct operational application. The formula for volume in cubic
metres per hectare is:

Measure a photo base that is representative for the photo plot.

D. Stems per hectare(s)

Calculate stems per hectare by using this formula:

2
S = n x (Pb x 104

B2 x 12

where S = stems per hectare
n = number of trees

Pb = photo base in mm
B = air base in m
1 = plot side length in mm

104 = m2/ha



A. On each photo, mark and measure two lines perpendicular to each
other for total length in metres. If the residue is oriented in a
non-random fashion, avoid bias by multiple random starts and
directions.

B. Record all pieces of wood intersected by a line, and measure and
convert to centimetres the diameter at the point of intersection.
If the line crosses the end of a piece of wood, record it only if
the central axis is crossed (Figure 6-22). Ignore any piece of
wood which has a central axis that coincides with the transect
line. If the line crosses a curved piece more than once, record
each crossing.

c. Do not record the length of pieces of wood or the angle at which
pieces cross each other.

D. Use a hand lens calibrated to at least 0.1 mmto measure diameters.

lTecord

Do not tally

Record

Do not tally

Figure 6-21 Diagram of residue measurement

Line AA and line BB are possible transect lines on a 70 mm photograph.

v = 112::!!: d2
ar-- '""'\

where:

d = piece diameter in cm
L = length of sample line in m

V = volume in m3 per hectare

Procedure (see Figure 6-21):



..

Piece of wood crossed

TTansect line direction

d = diameter measured

Figure 6-22 Direction of diameter measured on a piece of wood
crossed by a transect line

6.74 OTHERUSESFOR 70 mm PHOTOGRAPHY

r
70 mmphotographs have potential application to other forest or forest
related projects where detailed information, interpretation or
measurements are required. Before any photo mission is attempted have
a clear objective and consider the following points:

A. The use to which the photos are to be put: interpretation,
measurements or for both.

B. The type of film.

C. The photo scale.

D. The area to be covered. Would standard aerial photography give a
better and more complete picture of the area?

E. The cost-benefit ratio as compared to alternative methods.

F. The capabilities of the analyst.
..

G. The necessity for ground truth.

H. The type of project: research or operational.

r



6.75 ACCURACYOF MEASUREMENTS

The accuracy of the present system for 70 mmphotography can only be
calculated if it is assumed that the cameras are perfectly aligned to
each other on the camera boom and that the synchronization of the
cameras is perfect for the chosen flying speed.

The error in flying height calculation can be computed with this
formula:

Z2
mz = B x f x mpx

If the parallax measurement accuracy is +0.01 mm, then the formula
reads:

Z2 1
mz =~ R v f X 100

Example:

For a flying height of 100 m, an air base of 6.1 m and a camera focal
length of 100.59 mm, the error in flying height calculation is:

1002 1
mz = ~ ~ 1 v lnn ~Q x IOIT

mz = +0. 163 m

The standard error of the calculated flying height increases with the
flying height squared. From the preceding equation, it is apparent
that the errors in flying height are inversely proportional to the
camera focal length and to the length of the photo base line, and are
directly proportional to the errors in the plotting instrument used
for parallax measurements and to the distance between the camera and
the area to be measured. .
As a rough guide, the closest object should not be more than four
times the air base away, and the most distant object 20 times the air
base away. This guideline may be stated as:

where mz = standard error of the flying height
Z = distance from the camera to the object
B = air base
f = focal length of the camera

mpx = standard error of the parallax measurement



H max. B H min.20 4

where B = the air base length
H = the flying height

(For further information, see Manual of Photogrammetry, 3rd. ed.,
1966, Vol. 2, Ch. 19).

6.8 CALCULATION OF DIAMETER AND WHOLE STEM VOLUME FROM LARGE-SCALE PHOTO
MEASUREMEN

In most forest inventories, essential statistics include those of
distribution of species, tree diameters, basal areas and tree or stand
volumes. As outlined in previous sections, certain tree and stand
parameters can be obtained from aerial photographs. These
measurements are related to diameter and volume measured or calculated
on the ground with regression analysis techniques. Investigations
over the years have found that tree height or stand height and crown
dimensions (crown diameter, crown area or crown closure) are the
components which can best be related to diameter and volume. Two
types of volume tables are possible:

A. Stand volume tables
B. Single tree volume tables

Stand volume tables are ususally constructed and used in inventories
where standard aerial photographs at a scale of 1:10 000 to 1:20 000
are used.

Single tree volume and/or diameter tables are important in inventories
where measurements on large-scale photographs are made and where
individual trees are recognized.

6.81 DIAMETERANDWHOLESTEMVOLUMEEQUATIONS

In this section, we consider only measurements on large scale
photographs and the calculations required to obtain diameter and whole
stem volume. In British Columbia, we calculate diameter and whole
stem volume of individual trees using multiple regression techniques
and photo-derived measurements of tree heights and crown dimension,
which have been related to ground measured diameters and volume.

Two formulae have been tested and found acceptable:



Equation 1:

Ln d.b.h. (or volume)= bO + b1 (Ln Ht) + b2 (Ln CW)

where:

Ln = natural logarithms (base e)
Ht = photo-measured tree height
CW = photo-measured maximumcrown width
bO' b1, b2, = regression coefficients

Equation 2:

d.b.h. (or volume)

where:
1 = 2.71828
Ht = photo-measured tree height
CW = photo-measured maximumcrown width
b1, b2, b3, b4 = regression coefficients

Equation 1 is a natural logarithm equation.
Equation 2 is an exponential equation.

At present, the regression coefficients for individual tree species
are grouped by forest inventory zones, by mature and immature age
groups, and/or by a combination of both.

6.82 DATACOLLECTIONFORREGRESSIONANALYSIS

To enlarge and localize the present data base for regression analysis
the regions are asked to collect tree details when required. Each
tree selected for regression analysis and for inclusion in the data
bank must be identified and measured either on the 70 mmphotographs
or on the ground. For each tree, obtain the following information:

A. Area (region, compartment, T.S.A. etc.).
B. Species.
C. Ground measured d.b.h.
D. Age (the actual age in years or the age group).

The measurements required on the 70 mmphotographs or on the ground
are:

A. Total tree height.
B. Maximumcrown width.



Avoid the following tree conditions:

r A. Trees with dead or broken tops.
B. Trees with major forks.
C. Damaged or misformed trees.
D. Trees growing in openings; do not exclude trees whose growing

habitat is sometimes semi-open, as is that of yellow pine.

Note: Do not discard information on trees with any of the preceding
conditions but forward it with remarks to the Inventory Branch.
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