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Camera separation on the booms (i.e. air-base) is 7.5 m,
with each of the carneras being housedin aMylar-glasspod
for protection from the weather, dust and minor irnpacts

fig. 9). The tail-cone of each pod is secured by a quick
release nut so that it can beremoved quickly to gain access
to the cameras for changing filrn magazines . An electrically
driven hatch is installed in the bottom of each poJ to
protect the camera lenses from dust during take-off and
landing. The hatch is opened by remote contol during
flight. Two t)'pes ofcameraswereusedduring the course of
theinveniory, vinten 492 reconnaissance cameras during
years one and three, and modified Hasselblad 500 EL,M
cameras during year two.

Mounts for Vinten cameras were designed so that each
carnera can be bolted directly onto the ends of the booms.
This is possible because thebooms were designed to have
parallet and vertical end plates that are aligned correctly for
the cameras (Fig. 10). Once these cameras are installed,
they remain in place for the entire photography season, so
that their relative orientation remains constant for the
whole season. This simplifies the calculation of scales and
is less prone to errors.

Mounts for Hasselblad cameras (Fig. 11) were designed so
that the cameras can be levelled after installation. This is
donebyplacing bubble levels on the reseau plates and then

bolting the cameras into their corect positions. These
cameras are removed from the helicopter each day for
security and formaintenance. Therefore, the cameraangles
vary slightly from day to day. In order to check camen
orientation in fl ight, calibmtion targets a.re photographed at
the beginning and end of each flight. This is satisfactory
under perfect circumstances but is subject to enor if the
targets are missedby the cameras, ifthe calibration run is
forgotten, or if the cameras are adjusted during the day
without another set of calibration photographs being taken.
The better solution is to leave the cameras in a fixed
position for as long as possible.

The aircraft power supply is used to power the cameras,
rem oving the need for batteries in the cameras. The aperture
and film numbering of the Vinten cameras was also
conlrolled from inside the helicopter.

3.2 Camera selection

Reconnaissance and semi-metric 70 mm cameras vr'ere
considered for use in the photography (Table 1). Various
35 mm cameras were also consideredbut the disadvantages
ofsmaller format size outweighed thepotential savings in
cost. The maximum film capacity of the 35 mm cameras
investi sated was 250 ftlm es but n o databacks were available

Figure 9
Camerapod with rear housing removed.
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Table I

Camera selection considerations

Camera Shutler
type

Shutler
speed

Reseau
plate

ApertuIe
Control

Data
Back

Magazine
Capacity

Film Flattening Approx
Cost
($)

70 mm PHOTOGRAMMETRIC CAMERAS

.AMI Eronica
SQ/Am.

Leaf 1/500 Yes Automatic No 24 Yes 15 000

llasselblad
MKTO

L€af 1/500 Yes Manual Yes
No

100/200
500

Pressure Plate and
reseau

30 000

Hasselblad
500EL \4

Iruat 1/500 No
(Custom
InstaUed)

Manual Yes
No

100/200
500

No (Yes if reseau
instaued)

10 000

Rollieflex 6006
Metric

teaf 1/500 Yes Automatic No 170 Vacuum back 15 000

70 mm RECONNAISSANCE CAMERAS '

Yinten 492 Focal
Plare

1/1000 No Remote Yes 500-1000 No 30 000

aerial
(Phrta
and ct
photo-
distor
reco
haves
tree m
Aldr€(
itwas
until z

Subse
for thr
trials
oppor
using
Mont
plates
to pra
This'
fitted
erche
MPS.
fram(

. with
. pulle

tl
1(l1

tht

(a) Modem reconnaissancs carneras were investigatod by tho Forests Department in 1984 for application in dieback photography. It
was found that most were designed to be hand-held for marine surveillance, or were designed for jet fighter aircraft. Older cameras
such as the Hulcher have been used for forestry photography and would be an altemativo to the Vinten.

for such magazines. Bulk 35 mm Eansparency film would
have cost as much or more per square mm of image to
purchase and process as 70 mm transparcncy film.

Reconnaissance cameras, such as the Vinten, were designed
for military surveillance and are characterized by their
robust construction, large film capacity, remote operation
and fast shutter speeds. Their lenses, however, are not
generally ofmehic quality, although they can be exchanged
for lenses of better quality, and they have focal plane
shut0ers that cause distortions in images taken from a
moving platform.

Semi-mehic 70 mm cameras, on the otherhand, have high
quality lenses and intm-lens shutters to minimize image-
distortion and provide for accurate photomeasurements.
They also have reseau plates that provide fiducial marks
forprecise referencing puposes and flatten the film during
exposures. These camems have evolved from standard
70 mm studio cameras and are therefore usually of light
construction and have a small film capacity.

The choicebetween the available cameras took account of
shutter speed, potential for accuraie measurements, film
capacity, aperture control mechanism, availability of film
numbering/data back, robustness and cost.

None ofthe available cameras met all of the requirements
for the project, but the Hasselblad MK70 camera was
considered to be the best technical option. It has a high
photogrammetric standard, plus film numbering and a
moderate filrn capacity with the DM 100/200 magazine
which gives 200 frames. The cost ofpurchasing two cameras
plus a number of magazines (minimum of six) and two
lenses was, however, beyond the budget for the project.
Funhermore. its limitation of 200 frames per magazine
would have required more time for reloading, resulting in
greater flying costs.

Vinten 492 reconnaissance cameras with 500 ffames per
magazine, 100mmfocal lengthlenses andafilm numbering
facility were already owned by the Department and had
previously been used successfully to acquire large-scale
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Figure 13
Tar8€t array at Cwtin University of Technology used for lens calibration.

photographs planned for 0.5 km intervalsalong each line.
The east-west flight direction transects the major
topographic relief, hence the main gradient of forest
quality, and gave the longest (and most efficient) flight
lines for most cells. Some cells, however, were flown
north-south. Use of a grid locking system ensures that
flight patis commence and end on even 500 m values.
Interactive editing of thepamuel flightlines is undertaken
to remove unwanted areas and to checkthatall wav-Doints
were entered correctly.

The coordinates of each start and end point ofeach flight
line arc then extracted using application software and
stored in a computer file for later enty as way-points to a
GPS in the aircraft.Initially, a manual technique was used
to determine the flight patis owing to timing constmints,
but the method is now semi-automated using the GIS.

Completedflightmapsare useful for planning other aspects
of the program. For example, the GIS can provide flight
lengths and the number ofphoio points, th ereby permitting
the calculation of filmrequfuements and hencethe need for
landing areas to change film, as well as flying iimes and
fuel requirements for planning appropriate fuel dumps in
addition to the main bases.

Prior to flying missions, the owners of adjacent private
properties are notified by mail to seek approval to fly over
their land at low altitude. Initially, this task was undertaken
byexhaustive searching oflocal Govem ment records, but
itis now being automated by generating a distance buffer
around each cell an d usin g this as a spatial window into the
State's Land Information System. At a cost of $0.10 per
land parcel, data depicting owner details and address are
then exhactedas a computer file, which is used to generate
mailing lists.

3.3.2 Photography

During flight, the nayigator sets a course along each flight
line using the Trimble lOX GPS conhol unit while
checking the course on flight-line maps (Fig. 14). TheGPS
receiver then provides continuous displays thatenable the
pilot to navigate along each flight line (Fig. 15). As each
flight line is being flown, the laptop computer reads the
aircraft's position from th e GPS every second, from which
itcalculates the distance lravelled and fires thecameras at
500 m intervalsviaan interface built by Protek Elechonics
Pty Ltd. It then records the geographic coordinates for each
stereopair on its disk, along with the status of the satellite
constellation, the aircraft's altitude as approximately
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Figure 15
Example of Global Positioning System (cPS) receiver displays.

(a) shows the position of the GPS pancl in thc cabin and (b) displays data registcrcd on the panel.
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Figure 16
Components ofintegratednavigation, camera-control, and flightrecording system.
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Figure 18
Major components ofthe navigational andcamera systems.
1. Starboard camera
5, Camera control

2. Light meter 3. Laptop computer 4. Interface unit
6. Port camera 7. Power distribution board

8. GPS receiver (below) and conhol-display unit (above) 9. Tracking camera

Figure 20
Sample pair of sterooscopic photographs
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November 15

December I

December 15

January 1

January 15

Figure 21

Global Posilioning Syslen. Tirne of the day when four satellites were available

forAccumte posilioning - November 1988 to January 1989

annotated by reference to the log book and location maps

before individual frames a.re cut from each roll for storage
as stereopairs in plastic vertical file pockets ready for
interpretation. For security they are stored in a fireproof
safe Fig. 22).

3.4 Flight-line mapping and Plot
location

The locations of each photo-point are recorded as co-

ordinates on the laptop computer. These data a.re later

transfened to the Department's VAX mainframe computer
system where they are processed into the GIS. By

clisplaying photolocation data with the planned flight
path data, it is possible to make a visual asses sment of the

success of the photographic coverage. In the display,
graphic symbols define each photolocation, with frame
numbers being displayed against every tenth location

@g 1e).
Photo locational maps are then prepared for ground

navigation and adminishation puposes, as follows :

where 1:25 000 digital mapping coverage rs
available, computerplots are generated consisting
of specifi edbase themes togetherwith photo point
information;

a plot on clear film is generated together with a
1:25 000 map sheet layout (graticule) and map
number for referencing,

o o a e 9 9 R
t s v i 6 6

(i)

(ii)

Phoio socudty involving storago in vertical file in a fire-proof safe'

26

Figure 22
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Figure 23
Sample Goographic Information Systom outltut ofphoto-locations at 1:25 000 scale as used for field navigation to ground plots.
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