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ABSTRACT: It is economical and preferable to use helicopters for the acquisition of small format, large-scale aerial 
photographs in northern Canada due to the large land area and small number of airports. To facilitate air photo 
procurement, a computer-based control system was designed and packaged for rapid installation into unmodified 
helicopters, to operate from its own source of battery power, and to work in conjunction with an external, removable 
camera pod. This paper describes the requirements, design, and performance characteristics of the camera control 
system that was developed. 

INTRODUCTION 

THE USE OF HELICOPTERS IN PHOTO A CQUISIT ION 

There are few airports and runways in northern Canada. As 
a result, long ferry flights are required to move conventional 
fixed-wing aircraft to the site of an air photo mission. Helicopters, 
however , are often located and available in small communities. 
Though their rental cost is higher than fixed wing aircraft, this 
is justified by sho rter ferry distances and their capability to la nd 
in small clearings. The slower forward flying speed and lower 
flying height capabilities of helicopters are also preferable when 
pho to scales of 1:200 to 1:2000 are required. For example, a 
typical photo scale for sampling regeneration stocking is 1:500 
(Hall, 1984); and a typical scale for sampling timber volumes is 
1:1000 (Aldred and Lowe, 1978). 

HISTORY OF THE P ROJECT 

The Northern Forestry Centre (NoFC) in Edmonton, Alberta, 
has previously been involved in research to develop and refine 
methods of obtaining and applying small format, large-scale 
aerial photographs for forest inventory surveys (Kirby and van 
Eck, 1974; Kirby, 1980; Hall, 1984, Spencer and Hall, 1988). 

1n 1974, a mechanical camera control system (van Eck and 
Bihuniak, 1978) was developed for aerial photo operations. In 
1981, the requirement arose for a more functional system that 
would be simpler to use, a nd yet p rovide for more rigorous 
control of photogrammetric parameters such as overlap and image 
motion. 

An ad vanced control system for 70- and 35-mm cameras at 
that time was in operation at the Ontario Centre for Remote 
Sensing (Roberts and Hiscocks, 1981). This system included a 
Commodore PET computer • and is capable of controlling up to 
four cameras of three different types (Vinten, Hasselblad, Nikon). 
A joint redesign effort was undertaken to adapt that system for 
helicopter use, reduce the size and weight of the system by 
using newer electronic technology, convert the system to battery 
power, and interface and connect the system to the cameras 
and radar or laser altimeter that were in a self-contained helicopter 
came ra pod . The system software was completely rewritten to 
improve the operator interface, and the control system was 
redesigned to mount into an aeronautically approved instrument 
rack, which attaches to the seat rails of the Bell 2068 Jet Ranger 
helicopter. 

' The mention of trade names does not imply endorsement by the 
authors. 
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Since then, operatio nal use has resulted in a number of 
technical refinem ents, the building of a second system for the 
Yukon Northern Affairs Program, and the manufactu re of an 
additional system for private ind ustry. The purpose of this paper 
is to describe the components, funtionali ty, and performance 
characteristics of the camera control system. 

THE CAM ERA CONTROL SYSTEM 

THE CAMERA M OUNT 

In the past, both internal and external camera mounts have 
been used on helicopters. Internal camera mounts allow access 
to the cameras for fil m changes, leveling, and d rift adjustment, 
but they require modified aircraft (Benson et al., 1984). External 
camera mounts have the advantage of not requiring modifications 
to the aircraft, but they require preflight leveling and the aircraft 
must land to change film magazines. The NoFC system uses an 
e xte rna l ca me ra pod (Figu re 1) . A p ho togra ph a nd brief 
description of its fea tures in relation to other systems is given 
in Spencer a nd Hall (1988). 

The camera pod mounts to the underside of the helicopter 
and conta ins two 70-mm Vinten aerial cameras, a radar or laser 
altimeter and annota tion d isplay unit, and a monochrome video 
camera. Cables link the electronics in the pod to the camera 
control system rack inside the helicopter . 

CONTROL SYSTEM H ARDWARE 

The camera control system instrument rack inside the helicopter 
contains a Commodore 64 computer, a Commodore 1541 disk 

CAMERA POD MOUNTED AT CENTER O F 
G RAVITY PO INT UNDERNEATH HELICOPTER 

FIG. 1. Illustration of camera pod and instrument rack installed on hel­
icopter. 
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drive, an electronics subrack, the power management u_nit, 117-
volt alternating cu_rrent (AC) inverter, the control unit for the 
laser altimeter (or altitude indicator for the radar altimeter), and 
a consolidated battery power pack (Figure 2). 

The Commodore 64 computer is responsible for executing the 
control functions, timing the cameras, and acquiring data from 
a radar or laser altimeter. The disk drive stores the operational 
programs for the system and the height data from the flight 
mission. 

The center of the electronics subrack contains the video display 
screen, which shows computer data readouts and status 
indicators, menus for software operation, the video camera 
ground image, the moving grid that is synchronized to the speed 
of the ground image for determining cycling intervals, drift lines, 
and displays of the field of view of the two photo cameras. The 
left side of the electronics subrack contains power supply and 
plug-in cards for the camera relay interface and radar or laser 
interface. Empty card slots are available for future expansion of 
the system. 

The power management unit serves a number of miscellaneous 
functions. Its principal purpose is to act as a connection point 
for the 17 cables to the pod electronics and to organize and 
distribute the system electrical power. It also contains a digital 
voltmeter to monitor system voltages, power on and off switches, 
117-volt AC outlets, and control functions for the Vinten cameras. 
The camera control functions consist of two single-shot relay 
interfaces, electromechanical frame counters, camera heater 
switches, 8 picture per second (PPS) and 4 PPS selector switches, 
film wind indicators to confirm that film is moving through the 
camera, switches for selection of continuous or single-shot camera 
operation, and selector switches for the motor-driven lens 
apertures. Noise filters in the power management unit isolate 
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F1G. 2. Camera control system components mounted on the instrument 
rack. 

the 40-millisecond, 20-amp noise pulses generated by the Vinten 
camera from the rest of the electronic circuitry. 

The inverter (Flite-tronics PC -16) converts the direct current 
of the battery to 117-volt, 60-Hertz alternating current (sine wave) 
for operation of the disk drive, the computer, the electronics 
subrack, and any ancillary test equ_ipment. The provision of AC 
line voltage simplifies maintenance, allows any u_nmodified disk 
drive or computer to be used in the system, and makes it possible 
to operate the system from AC line power when located in a 
hangar. 

The system was designed to operate from a battery pack 
because some helicopters are not equipped with an auxiliary 
power connector. The battery pack supplies 12-, 24-, and 30-
volts direct current (DC) from a series and parallel arrangement 
of 6- and 12- volt gel cells. Each output has a capacity of 
approximately 40 amp-hours, and the battery will operate the 
system for about 3.5 hours. The battery pack weighs 39 kg and 
has circwt breakers and Mil connectors for the system and battery 
charger. During flight operation, two identical battery packs are 
alternated. While one is in use a second identical battery unit 
is charged on the ground. Although ni-cad and .lead-acid cells 
are physically smaller and weigh less than gel cells, gel cells 
were used because they are completely sealed, they do not vent 
hydrogen or spill electrolyte, and they could be certified for 
aircraft use. To take advantage of helicopters situated at various 
locations, heavy duty shipping cases were bwlt for the pod, the 
rack, and each of the two battery units. 

CAMERA TIMING 

A major portion of the system software is a Commodore BASIC 
program that operates the computer displays and accepts operator 
data. It uses two small machine code programs: a screen editor 
and a camera timing routine. The screen editor simplifies the 
operator data entry process, provides rudimentary editing 
facilities, and locks out some errors that would otherwise abort 
a BASIC program. Using this routine, the operator enters the 
values for the camera film size, focal length, and desired overlap. 
The focal length of the video camera is usually fixed and is 
therefore given a variable name in the BASIC program. This 
variable is simply changed with the screen editor, however, if 
a video camera lens of a different focal length is employed. 

Camera timing begins with a measurement of grid speed. 
Using a front panel control, the camera operator adjusts the 
rate of the moving grid (or grid speed) to the speed of the 
moving video image. Using the previously entered camera 
parameters, grid speed, and the intervalometer formula (Roberts 
and Hiscocks, 1981), the required firing intervals for the two 
cameras are calculated to obtain the desired forward overlap 
between photographs. The firing interval information is then 
passed to the machine-code timing-routine for the actual 
triggering of the cameras. 

Grid speed may vary over a wide range and so the computer 
uses an adaptive measurement scheme that maximizes accuracy 
and minimizes the time between speed updates. At low grid 
speeds, a small movement of the grid across the screen is 
sufficient to obtain an accu_rate measu_rement. At high grid speeds, 
movement across the entire screen is used. In either case, the 
computer establishes a suitable distance for the grid to move 
and then measures the time (to a resolution of 1/60 second) for 
the grid to move that d istance. 

Sixty times per second, the Commodore 64 is interrupted 
from its operation of the main BASIC program to scan the 
keyboard, check the position of the grid, and check the camera 
trigger routine to determine if a camera should be fired. If a 
camera is to be fired, the electronic rack relay interface is actuated, 
which then triggers the Vinten Controller circuit. 

The Vinten camera is a simple mechanism, consisting 
essentially of a motor-driven belt (shutter blind) with a slit shutter. 
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A cam switch cl e a t the beginning of a hutter cycl and 
opens at the end of a cycle. The Vinten controller ci rcuit is 
requ ired to apply full voltage to the camera motor at the beginning 
of a camera cycl and to short ci rcuit the motor to dynamically 
brake it wh n the cam switch pen . In this sy tern, the 
application and removal of voltages i accompli hed by a 
combination of el ctronics and relay . 

~he _pe_ed of the_ hutter blind is controlled by a centrifugal 
witch ms1de th Vmten camera, which can be et to 4 or 8 PPS. 

In the 4 PPS po ition, the width of th lit give an expo ure of 
1/1000 econd : in the 8 PP position, th belt speed i doubled 
and th exposure is halved. The shutter blind can be chang d 
to obtain different Lit width 

CAMERA TIMING MODES 

The hardware controls and the softwar timing rou tin can 
be combined to opera te the ca mera in a number of different 
mod (Figures 3) . 

Continuous Fra 111 i11g . Under continuou framing, a teady DC 
voltage is applied to the camera b It motor and the camera will 
frame continuously a t either 4 or PPS. Continuou framing is 
intended for rare in tance when photography from a high-
peed, lo w-altitude a ircraf t is nece sa ry . ln this syst m, 

continuous framing is primarily used to check that a camera i 
working prop rly . 

Single-Shot Fra111i11g. Mo t aerial photography is acquired in 
thi mode. ln single-shot mode, th cameras can be trigg r d 
manually by pu h-button or automatica lly by th comput r. 
The computer can automatically calculate the timing interval 
betwe n frame from the grid speed and the ca m ra param ter 
(grid mod ), or it can cycl th cameras on the ba i of a manually 
ntered timing interval between fram s (manual mod ). Manual­

mod is useful when flying c ndition are too unstable to use 
the video grid mode. The operator calculates th timing int rvals 
between fra me u ing a eparate oFC flight planning computer 
program, bas d on aircraft altitude and spe d, camera focal 
length, film iz and ov rlap, and y ling rat and shutter p d. 
The pera tor then manually enter the calculat d interval. 

Bursi Mode. A camera in bur t m d fire a bur t f frame 
and wait fo r a speci fi ed interval before firing anoth r burst. 
Burst mode is often used for sampling when 100 percent coverage 
of a fli gh t line i not r quired. The opera tor specifies which 
camera is to be in burst mode, th number of frames per bur t, 
and the waiting time, in sec nd , b tw n bur t . The timing 
interval b tween frames during the burst may b automati ally 
calculated by the computer from the peed of the video grid to 
give the de ired overlap, or it may be entered manually. 

VINTEN 
CAMERA 

OPERATION 

CONTINUOUS FRAMING 
j lNDEPCN OENT OF 

GOMPU1ffi CONTROL I 

CONTROLLED 
FRAMING 

SINGLE SHOT 
PUSHBUTTON 

fMAINLV fOR. TESTING) 

MANU.til TIMING 
jOIAECT EN1 RYOF 
TIMING IN'TE RVALS) 

GR IOTI MING 
iCOMPUrER 

CALCULATIONS or­
flM1 NG IN TEAVALSJ 

SEQUENTIAL 
FRAMES 

BURSTS [GROUPS! 
OF SE VERAL FRAMES 

SEOUENTIAL 
FRAM ES 

BURSTS IOROUPSI 
OF SEVERAL FR AM ES 

F1G. 3. Operating modes for the Vinten camera. 

HEIGHT MEASUREMENT SYSTEM 

Both a radar al timeter (Hon yw II AP 194-V) and a laser 
altimeter (Optech 501) have b en interfaced to the cam ra con­
trol sy t m. The radar altimet r outputs height data in binary 
format, 12 bit of information, corr ponding to a resoluti n of 
one foot in a maximum range f 4095 feet. This information is 
delivered from th radar in a rial trea m, which i then for­
matted and displayed on the video scr en (a eith r feet or 
metres) . The laser outputs metric data in four parall I, binary­
cod d decimal digi t , corresponding to a re olution f 1/10 metre 
over a maxi mum range of 500 metre . This info rmation is con­
vert d to a serial stream, input to the computer, and again 
displayed in fe t r metres . Either altimet r is read at a 60-Hz 
rate a part of th int rrupt routine of the Commodore 64 com­
puter. 

FLIGHT REPORTING 

When flight reporting is toggled on, a flight record entry is 
mad every time either of th two cam ras is fired . Each data 
ntry con i ts of the film frame count for the two camera and 

a height reading from the radar or la r altim t r. The flight 
record is sto red in the hadow Random Acces Memory (RAM) 
undernea th the BA I Read Only Memory (ROM) in th Com­
modore 64, wher th re is ufficien t r om for 1000 entrie , 
corr sponding t two rolls of camera film. The flight records 
contai ned in shadow RAM are then written out to a fil on floppy 
disk when flight reporting i toggled off. A eparate BASIC pro-· 
gram is u ed at the conclusion of the fli ght to print out the 
Hight record disk file. 

The laser all:im ter ha an RS-232 erial output that is con­
nected to a height display film annotation unit on Vinten cam­
era #1. The ann tation unit i ynchroniz d to the Vinten relay 
controlle r that the h ight reading is frozen when the camera 
shutt r is in motion t all w th height reading to be r corded 
on the film frame. 

THE VIDEO SYSTEM 

Th re are three vid o ource in thi yst m: the vid o camera 
display of the ground imag", th computer alphanum ric video, 
and the moving grid signal. The ground imag signal (from a 
12-volt D monochrom television cam ra, RCA type TC2055) 
and the moving grid signal (generatd by a special purpo e dig­
ital circuit) are synchronized to the Commodore 64 al phanu­
m ri video and then add d tog ther to generate the combined 
video screen image. Any combination of the ources can be 
di played, and two rear panel connectors supply the camera 
image ignal and the di play creen image ignal. Either can be 
recorded by a videota pe recorder to obtain a video record of the 
mis ion. 

A rectangl can be drawn on the video di play to repre ent 
the fi eld of vi w of the photo ca meras b cau e the aerial camera 
and video camera foca l length information are employed in 
computer calculations. Thi i particularly useful when a ground 
feature mu t be centered in the photo camera frame. (The fi eld 
of view of the video camera mu t be greater than that of the 
photo cameras.) 

SUMMARY OPERATIONAL EXPERIENCE 

Many features of the system hav worked particularly well: 

• There i independent overlap control for cycling both cameras 
u ·ing either aircraft ground peed from video tracking, or direct 
entry of previously calculated camera timing int rval . 

• Flight recording information, which includes the cam ra frames 
fired and their asso iated Aying heights above gr und, has been 
employed in po t Right film annotation and documentation. 

• Opera tion from AC lin power as weU as bait ry power has been 
valuable in ystem training, testing, and oftwar development. 
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• Sy tern monitors such a th fil m advance indicators and digital 
voltmeter have provided warning of potential fa ults a they have 
occurred. 

• The sys tem ndurance on battery operation (3.5 hours wilh cam­
era firing) is sati factory. 

On the other hand, there are some I.imitation , which wiU be 
addressed through future development: 

• The battery packs are heavy, and recharging in remote areas re­
quires carrying a portable A generator and fu l. Some helicopter 
are equipped with a connector to th 28-volt aircraft power bus 
and, where this is available, it should be used. 

• The sy tern currently uses 17 military connector to co nnect to the 
pod electronics, all of which have to be connected with each sys­
tem in tallation. Thi setup is time-consuming, and some form of 
quick disconnection would be preferable. 

• Film exposure is currently set using a sun angle computer pro­
gram, film step wedges, average gradient , and a Kodak aerial 
exposur computer. A light metering ystem and an aircraft atti­
tude indicator, int gra ted into the cam ra control syst m, would 
provide optimal results. The differential light metering system by 
Fent and Polzin (1986) has been adapted for low altitude app li ­
cation , but has not been integrated into the overall LSP camera 
y tem. 

• The Ai ht planning program i invaluable for preAlght planning 
and calculations of camera timing, image motion, film consump­
tion, and other parameter . Th current oFC program runs on 
a Hewlett Packard 9816 or 9825 computer and will be r written 
for the Commodore 64 and !UM re. The latter is because of it 
more common platform and the program will be made ava ilable 
for public use. 

ACKNOWLEDGMENTS 

The Yukon system wa buiJt with funds from the Yukon 
orthern Affair Pr gram- Fore t Resources. Technical infor­

mation to facilitate the system design was provided by P. Des­
jardin of Wild Leitz Canada, M. Sizeland and T. Jones of 

IS BBA 
I TERACTIVE SIMUL ANEOUS 
BUNDLE BLO K ADJUSTMENT 

■ FULLY AN LYTICAL SOTTWARE FOR PROCE SING 
AERI L BLOCKS OR MULTI-CAMERA, MULTI­
STATIO CLOSE RA GE PHOTOGRAPH! 
COVER GE. 

■ SELF-CALlBRA TION OPTlO . 

■ GEODETIC CO STRAI S (GPS BASELI ES, ETC) 

■ PHOTOGRAMMETRIC DATAB ES WITH 
INTERACTIVE EDITING CAPABILITY. 

■ FLEXIBLE INPUT A D OUTPUT FOR MA TS. 

■ OMPUTES ST A DARO ERRORS OF 
COORDI ATES. 

■ PROVIDES STEREOPLOITER SEITrNGS. 

■ THI PACKAGE I CURRE TLY I USE I USA & 
OVERSEAS AND CA BE CO FIGURED FOR Ml L­
OR Ml RO- OMPUTERS. 

WRITE OR CALL 

CALGIS INSTITUTE, INC. 
4974 . Fresno Street, Suite 393 

Fresno, California 93726 
Phone: (209) 432-6194 

Fax: (209) 222-8479 

orthwest indus tries Ltd., J. Liadsky of Optech Inc., and B. 
Veall of Ernst Leitz Canada. Operational experience was com­
piled from the oFC and C. Boyd of the Yukon Northern Af­
fairs Program. 

REFERENCES 

Aldred, A. H., and J. J. Lowe, 1978. Applicntion of Lnrge-Scnle Photos to 
n Forest /11ve11lory in Albertn. Environ. Can., Can. For. Serv., For. 
Manage. Inst. Ottawa, Ont. In f. Rep. FMR-X-107. 

Ben ·on, M. L., B. J. Myer , 1. E. Craig, W. C. L. Gabriel, and A. G. 
Swan, 1984. A cam ra mount and intervalometer for small format 
aerial photography. Photogrnmmelric E11gi11ecri11g nnd Remote Se11si11g 
50(11): 571-1580. 

Fent, L., and T. Polzin, 1986. A differential light metering system for 
aerial photography. Proc. lOt/1 Cn11ndin11 Symposium 011 Remote Sens­
ing, Edmonton, Alberta, pp. 221-231. 

Hall, R. J ., 1984. Use of Large-Scale Aerial Photographs in Rcgeneraton As­
sessments. Environ. Ca n., Can. For. Serv., North. For. Res. Cent., 
Edmonton, Alberta. Inf. Rep. OR-X-264. 

Kirby, C. L., 1980. A Cn111era nnd Interpretation System for Asscssme11t of 
Forest Regenemlion. Environ. Can., Can. For. Serv., North. For. Res. 
C nt., Edmonton, Alberta. Inf. Rep. OR-X-221. 

Kirby, C. L., and P. l. van Eck, 1974. A basis for multistage forest 
inventory in the Boreal forest region. Proc. 4th Cn11adi1111 Symposium 
011 Remote Sensing, Qu bee City, Quebec, pp. 72--90. 

Robert , A., and P. Hiscocks, 1981. A computer-based camera control 
y tern. Pl1otogm111metric Engineering nnd Rcmofe Sensing 47(1):53-57. 

Sp ncer, R. D., and R. J. Hall, 1988. Canadian large- cale aerial pho­
tographic system (LSP) . Photogmmmetric Engineering and Remote 
Se11si11g 54(4):475-482. 

van ck, P. I., and P. Bihuniak, 1978. A two-camera intervalometer 
with a ampling option. Photogm111111elric E:11gi11eeri11g and Remote 
Sensing 44(3):285-287. 

(Received 27 April ]989; accepted 22 June l 989; revised 21 July 1989) 

Bold vision to 
market satellite data 

Several prominent Canadian companies have joined forces 
co capiraliz on a breakthrough in acellite technology. 
Radarsat International i a bold joint venture created to 
market sat Hite data products and earth observacion satellite 
dara. Drive thi exciting tart-up as ... 

President & C.E.O. 
The Radarsat Symhecic Aperture Radar Satellite will unlock 
worldwide markets for the company. A the first Pre ident, 
you will spearhead the creation and execution of strategic 
bu ines development and marketing plans. Call on your 
contact and experience in government and international 
industry to turn chi innovative enterprise into a reality. 
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