
4 PHOTO-MEASAREMENT METHODS
P.H.Biggs, S.M. Quain end RD.Spencer

4.1 Determining photo-scales

With fixed-base photography, two cameras are mounted iri
parallel on a rigid boom at a fixed and known separation and
are fired simultaneously to obtain stereo photographs. The
photographic representation of the air base is the photo
base, which in this case varies with the scale of the
photography. At low flying heights the photobase is large,
whereas at high flying heights it is correspondingly smaller.
The formula expressing this relationship is :

b  = B. fAI

to calculate a linear regression of photo base versus the
reciprocal of flying height to determine the relationshiD
between them.

Using this procedue for the Vinten photography (Fig. 26)
gives the following derived flying height function :

H = 1/ (0.00318 + 0.00133 b)

where H
b

= flying height (m)
= photo base (mm)

where b
B
f
H

= photo base (mm)
= actual air-base (m)
= focal length ofcamera (mm)
= flying height above the ground (m)

Hasselblad phoiography is a lifile more complex because
daily reinstallation s ofthe cameras cause slightlydifferent
relative orientations. Therefore, in order to determine the
relationship between flying heightandphoto base for each
day's photography, it is necessary first to calculate the
camera orientations by reference to calibration tffgets.

The flying height of a stereopair can be calculated as :

H = Bf/(b + ftanO) (1)

The value ftan0 can be calculatedfrom thephotographs of
calibration targets by rearranging equation 1 .

ftan0 = BVHc-bc

For example, with a boom of 7.5 m, a flying height of
100 m and a focal length of 100 mm, the scale of
photography (f/tD is 1:1000 and the photographic air-base
is 7.5 mm. At 500 m above the ground, the photo scale is
1:5000 and the phofo base is 1.5 mm.

As it is not possible to guarantee that the cameras are
perfectly parallel in flight, it is necessary to use calibration
targets to determine exactflying heights and, ifnecessary, (2)
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Figure 26
Flying height function. Reciprocal offlying height determined from grorurd-truih, was rcBressed against photographic air-base to develop
a relationship for use in calculating the scale for photo-measurements. (Vinten photographs, 34 observations f = 0.988.)
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relative orientations and pamllax measurements could not
be performed satisfactorily. This made the MPS-z
unsuitable for photographs fiom the Vinten cameras, but
it was possible to measuephotographs from the Hasselblad
cameras.

As a result, altemative analog instruments in the form of
modified Zeiss Stereotopes (Fig. 28) and Zeiss Jena
Interpretoskops are being used to measue tree heights on
the Vinten photographs. Modifications to the Stereotope
facilitate the use ofhansparencies insiead ofprints. Although
neither ofthese in struments is fitted with an encoder for the
automated recording of pamllax measuements, they are
each supported by a microcomputer that accepts parallax
readings keyed in by the inlerpreter and calculates and
records tree heights.

Thescale of eachphoto-pair,asdescribedin Section 4.1, is
calculated from a measurement of the photo base and a
predeterminedregression of photo base with fl ying height.
This regression is checked by reference to calibration
targets that are photographed at the beginning and end of
eachflight. Theprocedueestimatesflying heightto within
t 3 per cent of the tlue values at 100 m. The photo-base
is determined from a simple procedure that involves
measuring the differencebefween two corresponding images
in a stereopah and their respective photo edges (Fig. 29)
(Lyons 1964; Spencer 1979).

F'igure 29
Measurement of photographic ait-base(b)

on 70 nun Eanqrarencies: b=t-ar.

4.3 Selection and training of photo-
interpreters

Photo-interpreters are selected for their ability to measue
tree heights photograrnmetrically. Experience in identifyin g
ftee species and forest types is also desirable, but as
experienced forestry staff were not available for this part of
the project, it has been necessary to implement a training

Object (log) -- al

Figure 28
Zeiss Storootopo stereoplotter.
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Shadows are sometimes an additional aid to interpretafion
because they can give a different perspective of the crown
shape and structurc and they can be a help in counting the
number of stems in clumps.

Colour is of great value in interpretation but it cannot be
used alone to separate species because colours vary
considerably between different sites, as well as witl different
stages of flowering and fruiting and with different batches
of film. Wandoo (E.wandoo),kani (E. diversicolor) md
bullich (E. megacarpa) can be identified by their white
bark (eg. Fig. 31).

Flowering is acharacteristic that can be useful for separating
species @g.32) on small areas but its yalue varies widely
over time and location. Where evidence of the stage of
flowedng at the time of photography is detected dudng a
cell reconnaissance, it can only be used as a diagnostic
featue in the relevant portions of that cell. Location, site
and associated vegetation are used initially in conjunction
with other observations during the cell reconnaissance to
determine which species might be expected in each area.
Other clues include the structure of the forest, symptoms
ofdieback,jarrah le af miner (P erthida glyp hopa) , gumleaf
skeletonizer (Uraba lugens)urd management activities.
When difficulties are experienced in the photo-
interyretation, checks are made in the field.

4.5 Photo-measurement procedures

All photo plots within multiple-use State forest a.re
measured, except plots within areas that arc being logged,
or that have been logged since the photographs were taken.

The frst step is to measure the photo base of each
stereopair using a glass scale graduated to 0.01 mm. This
is done, as previously described, by identifying a point,
preferably on the ground, which is visible on both
photographs and measuring the distance from thatpoint to
the corresponding edges ofeach photograph. The difference
between these measuements is the photo base (Fig. 29).
This method, first suggestedby Lyons (1964), avoids the
tedious tasks of marking and transferring principal points.

The second step involves identifying the species and
measuring the heights of all trees taller than 10 m that fau
within a 20 m (0.125 ha) radius of the cenhe of the stereo
overlap. This circrlar plot is defined by a transparent
template positioned under the righfhand photograph
@g. 33). A range of templates, in lmm radius gradations,
is available to maich the plot size approximately to the
scale of each photograph. The analysis progam calculates
the exact scale and equivalent ground radius to ensue that
the blow up' expansion factor for volume per hectare is
used.

Photogaphs are scanned on a syst€matic patlem, with each
tsee being numbered, interpreted according to species, and

Figure 33
Photoplot template showing gdd pattem to aid systematic

measurement of all trces.

measured for total height using the parallax method. A
computer program is used to prompt the operator to record
the appropriate photo data and to calculate tree heights.

4.6 Performancemonitorinq

Once a month, eyery interpreter is required to complete a
performance test involving species identification and hee
height measurements on a number of sample plots for
which the heights and species have been checked in the
field. A different set of photographs is used for each test to
avoid the possibility ofmemory bias.

The following analyses are then made on the test data :
. mean error (photo-measured heighfground

measurement);
. ratio corection factor (photo-measurement/ ground

measulement);
. standard deyiation of the mean error:
. species interpretation accumcy;
.  v isual  check on consis tencv of  the heisht

measurements.

The test results are [sed to monitor interpreterperformance
over time an d to identify any problems. They are also used
to calculate coffection factors to be applied to each
interpreter's measurements. Each plot is coded for the
interpreter who measured it and the appropriate corection
factor is included in the file io adjust the calculations in later
processing. Tlpical resulls for species recognition are
shown in Table 4a. Accurate species interpretation will
affect the volumes estimated for species -specific products,
but not the total volume.

Stem numbers for each species also affect the volume
estimation and a series oftestplots is used to check stocking
accuracy. Finally, the easiest component to check is
heighting accumcy, where the photo measurements are
compared with ground measurements (Table 4b and
Fig. 34).

+ + + + +
+  +  + +  + +

+ + + + + + + +
+ + + + + + + +

+  + + + + +
+ + + + + +
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Table 4a

Species interpr€tation tests - all interpreters, January to Octobsr 1989

Ground truth Pholo interpretation

Jarrah Wandoo Blackbun Mari Non-EucalyDts Total

Jarrah 533'
9r.27
89 43

1
100.00

0.17

2
28.57
0.34

54
39.r7
9.06

0
0.00
0.00

46
7.88

26.59

5
0.86
7.46

584

Wandoo 0
0.00
0.00

0
0.00
0.00

0
0.00
0.00

0
0.00
0.00

0
0.00
0.00

Blackbutt 5
71.43

100.00

Marri 0
0.00
0.00

0
0.00
0.00

r24
69 27
71.68

3
4.29
r.73

1
0.56
r.49

61
87 .r4
91.04

r79

Non-eucalj?ts 6
8.57
1.01

70

Total 596 0 5 173 67 841

(a) Values in each cell are respectively frequency, row per cent and column per cent.
For example the figues show that of584 jarrah trees, 533 (91 per cent) were correctly interpreted asjarah,46 (8 per cent)
were interpreted as mari and 5 ( 1 per cent) as other species (enors of ommission). In trotal, 596 hees were inierpreted as janah
ofwhich 533 (89 per cent) were corrently identified while 63 were actually other species, mainly mari 54 (9 per cent) - errors
ofcommission.

Table 4b

Height measurement tests - all interpreters Janua.ry to October 1989

Mean height - photo
Mean height - ground
Difference (mean enor)
Standard deviation of mean enor
Ratio Cofiection factor

!9.2i7 m
19.65 m
-0.38 m
1.71 m
1.025 m

J O
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