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Photographs taken from a balloon and a powered hang glider

Abstract. Endeavour after reducing costs of taking aerial photographs of
agricultural test sides the Polish Remote Sensing Centre has started seeking for ano-
ther platform for cameras. A tethered balloon equipped with metric Hasselblad
MK-70 and multiband NAC MB-470 cameras has been used for those purposes.

Owing to the fact of some disadvantages of balloon a new platform — powered
hang glider has been designed and constructed. In the paper authors discuss their
experiences in taking aerial photographs from these platforms.

1. Introduction

In investigations of natural phenomena, carried out by means of re-
mote sensing methods, it often becomes necessary to take a series of pho-
tographs over small areas from a considerably low altitude. The utiliza-
tion of photogrammetric aeroplanes for this reason is above all very ex-
pensive and, besides, it is very difficult (to organize a flight at determi-
ned dates and weather conditions. It is even an undertaking impossible to
perform, especially in case of taking photographs every few hours and
when the photographed area is located far away from the airport.

Meanwhile, the Polish Remote Sensing Centre (OPOLIS), in its inves-
tigations particularly in the field of applying remote sensing in agricul-
ture, has been faced many times with the necessity of taking photographs
of test sides, of several square metres, in precisely determined vegetation
phase and conditions of the Sun illumination. At the beginning for taking
such photographs a helicopter was applied, then lightweight aeroplanes
took its place. Due to the rise of renting costs of a plane, other solutions
were necessary.

2. Balloon as a platform for aerial camera

In this situation there was a return to the beginning of the era of pho-
tographs taken from the air, namely from a tethered balloon. This time
however, instead of a big balloon with a nacelle for the photographer,
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a small balloon, normally used for meteorological investigations of atmos-
pheric probing wais applied. A balloon of 15 m3volume produced by the
French Delacoste firm was chosen. This was dictated, on the one hand by
the necessity of using helium not hydrogen, which eliminated the danger
of explosion and, by limitations in the amount of the used helium, on the
other.

The balloon envelope is made of a specially light and strong film. In-
side the envelope a neoprene, tensile inset is placed which whein filled
with gas expands enabling the envelope to assume the appropriate shape.
Vertical and horizontal stabilizers facilitate the aerostat to take the posi-
tion with the smallest section perpendicularly to the direction of the wind.

Under the balloon, on three lifting lines a special gimbal was suspen-
ded onto which a photographic camera was hung. To the gimbal also at-
tached were three approx. 160 meters long tether lines which allowed to
raise the balloon with the camera to the altitude of about 150 metres.
These three tether lines were used to direct the balloon over the deter-
mined area.

The photographic camera was fixed to the frame by means of a spe-
cial hanger, constructed at the Mechanical Department of the Institute
of Geodesy and Cartography (IGiK). Its essential part was a system of two
pairs of pneumatic shock absorbers which in effect of inclination caused

Fig 1 Balloon of French Delacoste firm prepared to arising with a photographic
camera
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by the wind enabled quick return of the camera to the vertical position
of the opical axis. Either the Hasselblad MK-70 metric camera, or the Ja-
panese NAC MB-470 multispectral camera could be suspended to the gim-
bal. Both cameras were additionally equipped with a motor and radio con-
trolled device for controlling the shutter and moving the film.

Fig 2 The radio-controlled Hasselblad MK 70 metric camera hanging in its gimbal

m m

Fig. 3. Interdependence of a flying height, a scale of photograph and a side of
photographed area for Hasselblad MK #Ocamera (a) and multiband NAC MB 4710
camera (b)
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In order to obtain photographs in the required scale, a camera must be
raised over the photographed area, depending on the focal length of the
lens. In case of the Hasselblad MK-70 camera, the focal length wais
60 mm, while the NAC MB-470 multispectral camera was equipped with
lenses of 40 mm focal length. Fig. 3 shows relations for both cameras
between the altitude of taking photographs, scale of photographs and
size of photographed area.

The displacement of the ballooin turned out to be insufficient in rela-
tion to the weight of the camera with the gimbal and the tether lines,
and for this reason even in the best weather conditions it did not attain
the expected altitude of over 150 metres. The altitude of the balloon, and
thus the approximate scale of photographs, was estimated on the basis of
the length of the tether lines, uncoiled from a drum and the distance
between their tether points according to the following relation:

b-1/%--f
where

I — the length of the uncoiled line,
a — the distance between tether points, equal the width of the photo-
graphed area.

However, considering the fact, that even the wind of the speed sligh-
tyl over 2 m/sec caused the knocking down of the balloon, it did (not at-
tain the altitude shown by the uncoiled lines and it was decided, that in
order to exactly determine the scale of photographs special marks —
black crosses on white background, were placed on the photographed
area. The distances between them were measured directly in the field.
These marks played the role of ground control points.

Practically, during the experiments, the altitude of 100 metres was
attained which allowed to take metric photographs at the scale of 1: 1600
and multispectral photographs at the scale of 1 :2500. The size of the me-
asuring photographs ait this scale allowed to project on one image
90X90 metres, i.e., the surface of 0,81 hectare. On multispectral photo-
graphs — 24X24 mm size, the area of 60X60 metres was projected, i.e.,
the surface of 0,36 hectare.

The area was prepared earlier for taking balloon photographs. Con-
sidering the size and scale of the photographs, spatial locations for the
balloon were determined, which should be occupied by it at the moment
of taking the photographs. For assuring that the balloon would take tho-
se locations, certain points were determined in the area for the lines hol-
ding the balloon. In this way, facilitated were the taking of not only di-
rected photographs, but also of a series of photographs with an advan-
ced determined longitudinal overlap.
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3. Taking air photographs from powered hang glider

In spite of the easiness in operating the balloon when taking photo-
graphs from low altitudes and low costs of taking these photographs alre-
ady after the first experiments it turned out, that this way of transporting
the camera must be abandoned. The balloon’s displacement was too low
in comparison to the weight of risen devices and tether lines, and thus it
was not able to surmount even a weak wind.

In this situation it was decided to utilize the experiences of specialists
from the Czechoslovakian Academy of Sciences and to construct a remo-
tely controlled powered hang glider, capable of carrying a small format
camera to the altitude of several hundred metres.

The powered hang glider, as the carrier of the camera, must meet
three basic assumptions, which were considered in the design process.

It should, first of all, be very easy to operate, it should have a small
forward speed of flight and it should be able to fly even during strong
winds.

Considering the above mentioned assumptions, an appropriate flying
model was designed. It is a hang glider equipped with a motor propulsion.
The wing, of considerably big size (of surface 1.6 m2 ensures the car-

Fdg. 4. Powered hang glider and NAC MB 470 multiband camera
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rying power, which is sufficient for raising the camera. The wing of the
Rogallo type is mounted about 40 cm over the fuselage at the angle
of+12.5 degrees, which influences the stabilization of flight. The wing is
constructed of duralumin tubes of thin walls. The wing construction is
connected with hinges, so it can be folded during transportation. The wing
is covered with the ,, dacron” parachute film produced in the Federal Re-
public of Germany.

The fuselage of the powered hang glider was constructed of balsa
wood boards. The inside floor divides the fuselage into two levels. In the
upper one there are controlling devices, consisting of a radio receiver and
servomechanisms for controlling the direction and the depth of the flight
as well as controlling the rotation of the motor. These are devices of the
Varioprop — 12 type produced by the Grundig firm. In this level, there
is also a fuel tank of 300 cm3capacity. In the lower level of the fuselage
there is a bed for installing a camera and servomechanisms for con-
trolling the work of the camera.

The powered hang glider is driven by the Italian ,,Super Tigre G71”
I.C. engine with a hot-bulb ignition. This engine is equipped with a carbu-
rettor, allowing flexible control of the engine's revolutions in the range
of 2500—14000 revolutions per minute. On the engine’s shaft there is an
airscrew of 300 mm diameter. The engine’s thrust force is about
4 — 45 kG.

The control of the model is performed by means of the 7-band Grun-
dig transmitter.

In the rear of the powered hang glider there is the tail plane consisting
of the elevator and rudder.

The powered hang glider is characterized by a considerably small for-
ward speed, 30 km/h, during windless weather. The hang glider is recep-
tive to the attacks of wind, but, thanks to small speeds, its inclinations can
be easily controlled and it can be lead along the determined route.*? From
experiments it results that the powered hang glider can be used only
in conditions when the wind’s speed does not exceed 8 m/sec.

Of crucial advantage is the fact that the powered hang glider can be
used at any unrestricted time. This device does not require special condi-
tions for taking-off and needs only several meters of flat area for the run.
Of a certain limitation in applying the powered hang glider is its relati-
vely short time of flying, about 15 minutes. However, this is a rather mi-
nor disadvantage, since only several minutes are necessary to prepare it
again for the following flight.

The discussed powered hang glider was adjusted to work equipped
with the Hasselblad MK-70, Hasselblad EL-500 and the multispectral
NAC MB-70 cameras. However, only one camera can be mounted to the
hang glider at a time.
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4. Multiband camera NAC MB-470

So far the majority of photographs taken from a balloon as well as
from a powered hang glider were done by means of a small format NAC
MB-470 camera. It is a 4 lenses camera, which on one 55X55 mm picture
gives four photographs, each of the size 24X24 mm. This camera is equip-
ped with four filters: blue, green, red and infra-red. Photographs by this
camera are taken on a film sensitive to broad spectrum range, which
encompasses visible and near infra-red radiation. That is why lenses with
filters transmitting visible radiation are additionally equipped with filters
which stop iinfra-red radiation so that this spectrum range does not reach
through the blue, green or red filters the light sensitive emulsion. The
speed of each of the four lenses of the camera is //2.8.

The camera is equipped with a rotary shutter allowing simultaneous
exposure of the four photographs.

At the Institute of Geodesy and Cartography this camera was addi-
tionally equipped with a motor for controlling the shutter and the mo-
vement of the film. The diaphragm in various lenses is manually adju-
sted directly before the flight. Particular lenses are also manually focu-
sed. The exposure time is common for all four lenses. The camera has
only two speeds of the shutter: 1/125 and 1/250. These are considerably
long exposures, but when the hang glider flies at the speed about 30 km/h,
the blur effect is 0.06 mm or 0.03 mm respectively, and thus is omitted.
Under normal illumination conditions the 1/250 sec. exposure is applied
in general. The obtained photographs are of good quality.

5. NAC Additive Color Viewer AC-70

The most frequently applied method of processing photographs taken
by means of this camera is the creation of colour composites utilizing spe-
cial projectors. The Japanese NAC Incorporated firm designed a device
called the Additive Color Viewer AC-70 for elaborating photographs ta-
ken with the MB-470 camera. It is a projector facilitating simultaneous
projection of the 4 photographs onto a common screen. The displayed
photographs overlap one another. Depending on the filters used and the
power of the light, from the same photographs many colour combinations
can be obtained on the screen. This device was equipped with a special
still camera stand for installation of still camera, taking photographs of
colour images created on the slide viewer.

This colour slide viewer was modified at the Institute of Geodesy and
Cartography so as to make colour positive prints directly from the screen.
Instead of a lustreless screen a transparent one was applied for this rea-
son. Additionally a grey filter was used in order to decrease the amount
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of light passing through particular lenses, as well as a focal plane shutter
was fitted in the colour slide viewer. In this way modified device, a re-
quired colour composite is created on the screen. Then the amount of
light is decreased according to the needs of the exposure. This decrease
cannot be performed by means of the manufactured built-in potentiome-
ters, since in this case the light’s colour temperature changes, which in-
fluences the colours of the photographic prints. A printing paper is pla-
ced onto the transparent screen which is then exposed by means of a bu-
ilt-in focal plane shutter. The contact photographs, 18X18 cm, in this way
obtained, are of excellent quality characterized by good sharpness and
the proper colour balance. These photographs are output materials for
further visual photointerpretation.

The taking of aerial photographs from balloon and powered hang gli-
der could only be accomplished with co-operation of various individuals.
Amongs the many who were concerned the authors would like to express
special gratefulness to: Mr. Z. Goljaszewski, Dr. A. Uhrynowski, Mr. J.
Kosinski and Mr. W. Piotrowski.

Translation: Jacek Domanski

AHOXEW UMonKoL
AH/I)KEA HOBOCE/IbCKW

A3POCHNMKW BbINMOAHEHHbLIE C ASPOCTATA
N PAONOYMNPABTAEMOWN MOAENN CAMOJIETA

Pes3wome

WccnenosaHue SBAEHWI, NPOUCXOAAWMUX HA MNOBEPXHOCTM 3eMau, C MNOMOLLbIO
METOAO0B [AUCTAHLWOHHOTO 30HAMPOBAHWS HEOAHOKPATHO TPebyeT BbLIMOJHEHUS Cepum
a3pPOCHUMKOB ManblX 06bLEKTOB CO CPaBHUTENbHO HEGOMbLIONA BbICOTHI. Mcnonb3oBa-
HWe ¢ TOil Uenblo (HOTOrpaMMeTPUYECKUX CAMONETOB ABNSETCA CAWIIKOM [OPOTUM,
TakXe W opraHusayus nonétoB B TOYHO ONpPeAeNeHHbIi CPOK M B COOTBETCTBYHOLLUX
aTMOC(EepHbIX YCNOBUAX HATanKWBAETCs Ha TPYAHOCTH.

B aToii 06cTaHOBKe LLeHTp 06paboTKM a3pOKOCMUUECKOW WHGopMaynm, KoTopblii
MHOTOKPaTHO CTOMIKHY/CS C HEOGXOAWMOCTbI (hoTorpatmyeckoii peructpayum TecTo-
BbIX MoONeil NS CebCKOro XO037/CTBA B TOYHO OMpPeAeseHHbIX CTagUAX PpasBUTUS
pacTeHuWil, pewnn AnNs BbIMONHEHUS TaKMX CHUMKOB MPUMEHUTb NPUBSA3HOI aspocTarT,
KaK CpeAcTBO nepeHoca (oTorpaduyeckoil Kamepsbl.

Mcnonb3yemblii aspocTaT 3TO aspocTaT (paHuy3ckoit ¢upmbl Delacoste. K aspo-
cTaty 6blna MofBeleHa pamMa B (hOpMe nupamufibl, B BepWMHe KOTOPOiA 6bino npu-
KpenneHo amMopTW3WPOBAHHOE SPMO C 3aKpensjeHHOro Kamepoii. K pamMe mpuKpenseHbl
[JOMONMHUTENbHO TPW KaHaTa, 3afjayeil KOTOPbIX 6biNO ynpaBneHWe aspocTaToM Haj
MecToM (oTorpadyupoBaHus, a TakKXe OpraHu4yeHwe NOLHATMS ajpocTata Ha onpe-
LeNeHHY BbICOTY.

MoAHATME aspocTaTa Haj MNOBEPXHOCTbIO TEppUTOPUM ONpeaensnocb Ha OCHOBe
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ONVHBI OTMOTAaHHbIX AKOPHbIX KaHATOB, KOTOpPble AN 3TOW uenu 6blM COOTBETCTBEH-
HO pa3MeuyeHbl.

Bo BpemMs 3KcMepuMeHTOB Oblna [OCTUIHYTa BbiCOTa (hoTorpaupoBaHus no-
psagka 100 M., 4To [fano BO3MOXHOCTb BbIMOMHEHWA CbEMKW B MaclTabe 0KOMO
1:1600 (kamepa Hasselblad MK-70) 1 MHOro3oHanbHbIX CHAMKOB B MacwTabe 0KO0/0
1:2500 (kamepa NAC MB-470). Obe npuMeHeHHble KaMepbl 0671a4atl0T BO3MOXHOCTbIO
paguoynpaBfneHus B 06MacT 3KCNO3NLUM U MEPEMOTKU MNEHKMU.

Aj3pocTaT KaK HOCWUTeNb KaMepbl OKasancs C/AUWKOM Mano MpakTU4YHbIM, K60
6bl1 NojaTnMBbIM Ha BO34elCTBME Jaxe cnaboro BeTpa, a ero nofgbémHas cuna pas-
pewana Ha MOAHATWE KaMepbl Ha BbICOTY He 6onbwe, yem 100 m. B 3Toli cuTyauumm
peweHo 6bI0 MCMONMb30BaTb OMbIT YexocnoBaukoil Akafgemunm Hayk u CKOHCTpywMpo-
BaTb pajvoynpaBnseMyl MOAeNb caMofieTa, KakK YCTpPOWCTBO MOAHATWA (oTOKamepbl.
PagnoynpaBnsemas Mojenb camofeta o06najaeT /NerKOCTbIO MuMAOTaXa W MOXeT
CTabUNbHO [BUTaTbCA MO 3afiaHHbIM MapLipyTaM.

Pagnoynpasnsaemasd mofefnb camosieta 3”0 MOAenb MOTOPHOrO camo/sieTa C KPbiJiOM
Tvna Rogallo. ¥YnpaBsndetcs oHa C 3eMAu MPUEMHO-NepefaTOYHbIM PaguoyCTPOCTBOM
thupmbl Grundig, B KOTOPOM WCNOMb30BAHO YyMpaBfieHWe NATbO CepBOMeXaHW3Mami,
a WMEHHO: pyNb HanpaBneHWs W pyNb BbICOTbI, 060pOTbI ABUraTens, cpabaTbiBaHue
3aTBopa W mnepeMoTKa MNEHKW B Kamepe.

Mogenb camoneta npucnocobneHa AN 3akpenneHus B eé kopnyce kamep Hassel-
blad MK-70 n EL-500, a TakxXe MHOrosoHanbHoin kamepbl NAC MB-470.

Kamepa NAC MB-470 3To Kamepa C YeTbipbMs 06beKTMBaMU, CHabXeHHad Pub-
Tpamu, NpoOMycCKalWWMU W3NyYeHUe B 4YeTbipex CMeKTpadbHbIX fManasoHax (CUHWA,
3eN€HbIN, KpacHbIi U MHGpakpacHblii). L1 cocTaBNeHWA CUHTE3NPOBAHHbLIX M306pa-
XEHUN U3 CHUMKOB, MONYYEHHbIX C MOMOLLLIO YNOMAHYTOW Kamepbl, MpuUMeHseTcs
yalje Bcero aAAuTUBHbIN npoekTop Gupmbl NAC Mini Viewer AC-70. B 3aBucu-
MOCTW OT NPUMEHEHHbIX QUABLTPOB W UCMONb3YEMOA CUNbI CBETA HAa 3KpaHe MPOEKTO-
pa MOXHO nony4yatb pasHoobpasHble CUHTE3MPOBAHHbIe M306paXKeHUs Tex XXe CaMbiX
CHMMKOB. [MpoekTop MoOAM(PMUUMPOBaAH OTHOCUTENbHO (abpuyHoil Bepcum u  6Gna-
rogapa atomy o6najaeT BO3MOXHOCTbIO perucrpayuyu CUHTE3UPOBAHHbLIX un306pa-
XEHW/i HenocpeACcTBEHHO C 3KpaHa Ha LUBeTHYK (oTobymary KOHTaKTHbIM CMoO-
cobom. Takue CHUMKM ABNAIOTCA UCXOAHBIM MaTepuanom [AAs BW3yanbHOW MHTepnpe-
Tayuu.

MepeBog: Ro6za Toistikowa

ANDRZEJ CIOLKOSZ
ANDRZEJ NOWOSIELSKI

ZDJECIA FOTOGRAFICZNE WYKONYWANE Z BALONU
I MOTOLOTNI

Streszczenie

Badanie zjawisk zachodzacych na powierzchni Ziemi za pomocg metod telede-
tekcyjnych niejednokrotnie wymaga wykonania serii zdje¢ lotniczych matych obiek-
tow ze stosunkowo nieduzej wysokosci. Wykorzystywanie w tym celu samolotow
fotogrametrycznych jest zbyt kosztowne, réwniez i organizacja lotdw w $cisle okres-
lonych terminach i warunkach atmosferycznych napotyka trudnosci.
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W tej sytuacji OSrodek Przetwarzania Obrazéw Lotniczych i Satelitarnych, kté-
ry wielokrotnie zetkngt sie z potrzeba fotograficznej rejestracji pol testowych dla
rolnictwa w precyzyjnie okreslonych fazach rozwoju roslin, postanowit do wykony-
wania takich zdje¢ zastosowac¢ balon na uwiezi, jako $rodek przenoszenia kamery
fotograficznej.

Uzyty balon to aerostat francuskiej firmy Delacoste. Do balonu podwieszono
rame w ksztatcie piramidy, u ktérej wierzchotka umocowano amortyzowane jarzmo
z zamontowang kamerg. Do ramy umocowano dodatkowo trzy linki, ktore miaty za
zadanie sterowanie balonem nad miejscem fotografowania, jak réwniez ogranicze-
nie wyniesienia balonu na odpowiednig wysokos¢.

Wyniesienie balonu nad powierzchnie terenu okreslano na podstawie diugosci
odwinietych lin kotwiczacych, ktéore w tym celu zostaty odpowiednio wyskalowane.

W czasie eksperymentow osiggnieto wysoko$¢ fotografowania rzedu 100 m, co
umozliwiato wykonanie zdje¢ pomiarowych w skali okoto 1:1600 (kamerg Hassel-
blad MK-70) i zdje¢ wielospektralnych w skali okoto 1:2500 (kamerg NAC MB-470).
Obie zastosowane kamery posiadajg mozliwo$¢ sterowania radiem w zakresie ekspo-
zycji i przewijania filmu.

Balon jako nos$nik kamery okazat sie zbyt mato praktyczny, gdyz byt podatny
na dziatania wiatru nawet stabego, a jego sita nosna pozwalata na wyniesienie ka-
mery na wysoko$¢ nie wigkszg niz 100 m. W tej sytuacji postanowiono wykorzy-
sta¢ doswiadczenia Czechostowackiej Akademii Nauk i skonstruowano motolotnie
sterowang radiem jako urzadzenie wynoszenia kamery fotograficznej. Motolotnia
posiada tatwo$¢ pilotazu oraz moze stabilnie porusza¢ sie wzdiuz zadanych sze-
regow.

Motolotnia to model samolotu silnikowego ze skrzydtem w postaci lotni typu Ro-
gallo. Sterowana jest ona z ziemi urzgdzeniem radiowym nadawczo-odbiorczym fir-
my Grundig, w ktérym wykorzystano sterowanie piecioma serwomechanizmami,
a sg to: stery gtebokosciowy i kierunkowy, obroty silnika, wyzwalanie migawki
i przewijanie filmu w kamerze.

Motolotnia jest przystosowana do zamontowania w jej korpusie kamer Hassel-
blad MK-70, i EI-500, oraz wielospektralnej kamery NAC MB-470.

Kamera NAC MB-470 jest kamera czteroobiektywowa wyposazong w filtry
przepuszczajgce promieniowanie w czterech pasmach widma (niebieski, zielony, czer-
wony i podczerwony). Do tworzenia kompozycji barwnych ze zdje¢ otrzymanych za
pomocg wspomnianej kamery, uzywa sie najczesciej przegladarki addytywnej fir-
my NAC Mini Viewer AC-70. W zaleznosci od zastosowanych filtrow oraz
uzytej sity Swiatta na ekranie przegladarki mozna otrzymac¢ wielorakie kompozycje
barwne tych samych zdje¢. Przegladarka zostata zmodyfikowana w stosunku do
wersji fabrycznej i dzieki temu posiada mozliwo$¢ rejestracji kompozycji barwnych
bezposrednio z ekranu na fotograficzny papier barwny metodg stykowga. Zdjecia
takie stanowig materiatl wyjsciowy do wizualnej interpretacji.
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