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Tethered
Balloon for
Archaeological
Photos
Various cameras were suspended over
sites in Greece and Turkey for photo
grammetric compilation.

(Abstract 01/. next page)

N UMEROUS ARCHAEOLOGICAL studies were
completed over the past three years

using halloon photography for various expedi
tions in Turkey, Greece, I taly and Cyprus.

Three years ago, in Sardis, Turkey, at the
site of King Croesus capital in ancient I.ydia,
we filled our 600-cubic-foot balloon with
hydrogen under 200 atmospheres pressure
from divers' back tanks (Figure I). The
balloon was made by Ballonfabrik of Augs
burg, Germany, and cost approximately $350.
The three-meter sphere, made of impregnated
cotton, coated with aluminum and free of
static, weighed approximately 15 pounds.

Vile hung the camera, a Linhof 6 X9
centimeter format with Schneider Kreutsnach
wide-angle lens, in a gimbal prepara tory to
lift (Figure 2). 1t had a pneumatic release
from a hand bulb on the ground. The camera
was 150 feet abo\'e the ground and the balloon
30 feet above the camera.

True vertical photos (Figure 3) \\'ere taken

• Presented at the symposium, Earth Observa
tions from Balloons, sponsored by the American
Society of Photogrammetry in Washington, D. c.,
February 1969, under the title "Photogrammetry
from Tethered Balloon Supported Camera Plat
[onn."

\

FIr.. 1. Filling a lelherecl balloon to carry
all aerial c;unera.

over a 7th Century H.C. I.ydian site being'
excavated by the archaeologists from the
Harvard-Cornell expedition in Turkey. The
balloon and camera on its platform lI'ere then
walked to another nearby site (Figure 4), the

FTr.. 2. Ilanging lhe cament. preparatory
to a halloon flight.
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ABSTRACT: A tethered balloon was used successfully to support aerial cameras
for recording and mapping archaeological sites in Turkey, Greece, Italy and
Cypms. Camera altitudes ranged from 30 to 2000 feet, and included the
Lil1hof, Graflex and Hasselblad. Some of the sites were submerged in shallow
sen water. Aerodynamic kite balloons were also utilized (especially in the
presence of wind), as well as the altthor's BIPon camera support. Varia liS

schemes were used to obtain stereo coverage including an electrically advanced,
radio-controlled camera.

balloon being held at 50 feet above ground
and the camera about 30 feet below it. Photos
(Figure 5) were next taken over the remai ns
of an ancient 2nd Century B.C. synagogue.
Note the mosaic Aoors clearly seen from 150
feet above.

The next view was taken in Greece. The
balloon was brought inAated to a water site
tied down to the roof of an au to d uri ng a short
trip from its overnight mooring. A GraAex
XL 2i X3i-inch format camera with
Schneider Kreutsnach wide-angle lens and
radio release were hung in the gimbal prepa
ratory to Aigh ts up to 2000 feet over land and
water.

A photo over shallow water (Figure 6)
from 1500 feet shows the remains of a Roman

I~I(;. 3. A vertical photograph taken at 150 feet
ah0vc an archaeological site in TlIrkey.

bath, now under water. A submerged bomb
crater from vVorld War II may be observed
as well as evidence of Greek city walls. An-

.;

FIG. 4. "Walking" the balloon and aerial
camera to the target area (Turkey).
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other similar photo (Figure 7) from 1000 feet
clearly shows remains of submerged ancient
walls near the shoreline.

Plans of archaeological remains were
mapped. The film was developed and printed
each day for interpretation and mapping
under a Zeiss Stereoscope in the mapping tent.
Stone by stone details are plotted from low
elevation coverage showing submerged city
walls and the foundations of round defense
towers (Figure 8). A swimmer is shown float
ing over the round defense tower directly
below him while he held the balloon tether.
The camera was released by shore radio and
the swimmer proceeded to another nearby
location to be si milariy recorded through the
water surface. The balloon remained aloft
over the water while the swimmer pulled the
camera down to advance the film and then
sent it back aloft to the desired height for the
next photo. A faster proced ure was developed
in the next season with an electrically ad
vanced camera, also radio operated. Orien ta
tion of the picture formats for stereo pairs is
governed by a separate very light nylun line
held on the ground, well off to one side.

Photogrammetric coverage o[ deep-water
sites, down to about 150 feet, was obtained
from a horizontal trayerse bar stationed over
the sea bottom site. The cameraman led a
Rollei Marine 6 X9-cen timeter [onnat camera
along the 30-[00t trayerse, taking a succession
of vel,tical photos at known separation and
height above the ground control plane. The
system was designed by the author, built in

FIG. 5. Archaeolog-ical rlli '" in Tllrkcy.

FIG. 6. Photograph from 1,500 feet over shallow
water showing a submerged archaeological site in
Greece. Note the Roman ruins as well as a bomb
crater.

Greece, and used in Turkey by the University
o[ Pennsylvania Expedition, directed by Dr.
George F. Bass.

Similar deep coverage was taken in Turkish
waters from the two man dry submarine,
.1 shera, buil t by General Dynamics Corpora.
tion o[ Groton, Connecticut, for the Uni
yersity of Pennsylvania. T\\'o German aerial
reconnaissance cameras, encased for under
\\'ater, were sequenced by an intervalometer,
and carried o\'er a submerged wreck, making
simultaneous exposures for a stereo pair se
quence. The submarine carried strohe lights
on each side.

An electrical Iy ad vanced, radio-con trolled
camera currently in use, \\'as hung in a mag
nesium gimbal de igned by the author and
built by P. \/1,,1. Winter, Inc. of New York.
Four lines LI\)\\'ard [rom the gimbal were
joined for attachment to the balloon line
from above. Four lines downward from the

he. 7. Photograph {)\'Cr a shoreline in (;rec('c
showing' ancient ,"hlllerged ,,'ails.
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FIG. 8..-\ swimmer holds the tethered balloon
and camera over the submerged foundations of an
ancient defense tower in Greece.

gimbal were joined for attachment to the
tether from the ground. The join point for
the tether is outside the camera angle (Figures
9 and 10). The gimbal and rig are shown with
the camera remO\'ed in Figure 11.

The camera is a Hasselblad 400 EL with
Zeiss Distagon 50-mm wide-angle lens as
used in the Apollo 8 flight. The radio-trans
mitter and receiver were built by Grundig

FIG. 9. A radio-controlled Hasselblad £1 500 is hung
in a gimbal suspended from a tethered balloon.

FIG. 10. The radio-controlled Hasselblad 1:::1 500
camera hung in its gimbal as seen from below.

and specially adapted for Hasselblad. The
entire payload of the camera, lens, motor and
power pack, radio receiver, antennae and
magnesium ball-bearinged gimbal is six
pounds. The camera frame is provided with
fiducial marks installed by P. W. Winter,
I nco The cost of the above, complete wi th
adaptions, is approximately $2,000.

Close-u p terrestrial photogram metric
coverage was taken from the HI POD Camera
Support, designed, built and patented by the

FIG. 11. The gimbal in readiness for mounting
the camera heneath a ba1l00n.
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FIG. 12 .. \ photograph fronl Lhe halloo]1 supporLed camera 2000 feeL ahove all archaeological ,;iLe ill Greece.

author* It was used in Coriuth, Creece over
the remai ns of an ancien t Roman Ilath in
1967. PI. duplicate 1311'00, built for the U. S.
Army Cold Regions Research and Engineer
ing Laboratory, was used in the Arctic to
measure plant growth and soil deformation
under frost and loading conditions.

Figure 12 shows the photogramllletric
coverage from the balloon at 2000 feet over
an archaeological area in Greece in 1968.

r\ 700-cubic-foot ovoid balloon (Figure 13)
recently made by Jalbert Aerology Labora
tory for the author was moored in a 20-mph
wind in Connecticut. ~ote the mooring line
extended windward from the nose, the leg
lines abeam to each side, and the shroud lines
and back line to leeward.

• Photogralllllletric Engineering, Vol. .~2, :--roo 6,
pp. 1005-1010, Nov. 1966.

The ioregoill~ operations \\·i I h spherical
baJloons have been practical only in relatively
cal m weathcr wi th t hc wi nd not over abou t
fivc knots. Through-the-water surface cover
age requires unrippled \\'ater, Aerodynamic
kite balloons are othen\'ise requircd except as
the JALBERT I'ARArOlL has been found practi
cal to support a camera platform. \Ve ha\'c
had some success in managing this after a
number of field trials. Ho\\'e\'er, in these
instances, with a parafoil of but -!2 square feet
in area, we ha\'e flo\\'n a \'ery light, single
shot, remote-controlled, balanced GraAex XL
camera, weighing altogether 3 pounds,

The parafoil is flo\\'n up into a steady wind
current of 15 to 20 knots where it will hold
well. It stays there like a sky-hook at perhaps
1000 feet. The tether line is approximately 60
degrees from the ground. The pull may be
very strong, requiring secure anchorage. The

FIG. 1.1. ,\ h\'drogen-filled balloon of 700 cubic feet moored in a \\'ind nf
20 ];,iles' per hOllr prior to a test Right ill Cl\nnccticut.
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camera is then hoisted up to a mid-point on
the tether line, a small pulley having been
installed in advance with a line looped over
it. The camera is lifted vertically from the
ground, its lifting line being taken-in up-wind
from the anchorage point of the parafoil so as
to minimize the downward component on the
tether line.

Having brought the camera up to the
pulley on the tether line, the camera-lifting
line may then be taken to one side some dis
tance from the anchorage point so that the
camera is at the apex of a twin tether. This

restrains the camera move men t al though it
allows the parafoil to move about within the
angle of the twin tether. The camera may be
further restrained by a third tether down to
wind ward; th us, a three-poi nt tether is
established.

We have used the same principle of a three
point tether for holding a balloon-supported
camera platform perfectly still while the
balloon was free to move about. Such tether
ing is well illustrated by Jalbert's diagram for
holding kite balloons.
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