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ELECTRONIC IMAGE MOTION COMPENSATION IN A PORTABLE TELEVISION CAMERA 

D.J.A. Teuling 

Abstract 

Eindhoven University of Technology 

Department of Electrical Engineering 

Eindhoven, Netherlands 

Motion pictures from vehicle-mounted or hand-held television camera's 

often suffer from unacceptable vibrations, mainly due to camera pitch 

and yaw motions. 

With the aid of two camera-mounted angular accelerometers a signal can 

be obtained, that makes the scanning beam in the camera tube follow the 

image displacements on the target. The next result is a steady monitor 

picture despite camera jiggle. 

Fig. 1: View of the experimental set-up. 
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1. Introduction 

Anyone who has looked through binoculars or has watched a cycle race on 

television, when the pictures were taken from a motorbike, knows how 

distracting the effect of unsteadiness is. 

1.2. ~~!~E!~~~_E~_Eh~_2E~£!~~ 

As long as this problem exists, there will be a search for solutions, which 

may be divided into three classes: 

cause 

moving object 

moving camera 

Examples 

remedy 

I Following with camera 

II Compensation in camera 

III Stabilisation of camera with regard 

to intertial space 

I With electronic eye following of a rocket launch (Saturn) or a 

low-passing aircraft. 

II Cartographic photographs from aircraft or moon photographs from 

Lunar Orbiters. In both cases a slow film transportation prevents 

unsharpness. 

III Camera mounted on gyroscope-stabilized platform in vehicles, 

helicopters, etc. 

From hereon our interest will focus on class II, assuming the image vi

brations are caused mainly by vibrations of the camera, not of the object. 

Then these disturbances are annulled by compensation somewhere in the 

chain from the optical input to the human eye. 

Perhaps the best example of the class II solutions is the Dynalens, which 

will be discussed in the next section, and which has many features in 

common with our electronic system. 

The Dynalens is an American invention that became well-known When used 

during filming of the Olympic Games in Mexico. 

The operation of the dynalens is as follows. 
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In front of the lens of the camera or telescope we find two parallel glass 

-discs with a fluid in between. 

bell OW6 

3i .. 55 -
V,Y? 
_/;> 
-/ - -- ---- -- --- -

r .. y fluid -~;/ ,.;(;; 
vv 

Camera 

----- - - cp 
-~-.l[-~-F"':4-J.J 

Fig. 2: The Dynalens 

When the camera is tilted, these two discs are rotated relative to each 

other to form a prism. This is done in such a way, that the light rays 

remain entering the camera lens in the same way. 

Two miniature gyroscopes detect the camera motions and with this signal 

the prism plates are controlled by two fast electric motors. 

The manufacturers claim that angular motions are compensated better than 

90% in a frequency range of 0,5 to 30 Hz. The maximum angular correction 

amounts to 40
• 

The great advantage of the dynalens is that it can be used in combination 

with nearly any optical observation system, camera or telescope. 

The idea of electrical compensation of image motion in a T.V. camera 

came to C. Huber of our group, when he was watching television pictures 

taken from a helicopter. 

Briefly, his idea was to use some kind of intertial sensor to obtain an 

electrical signal which, superimposed upon the original camera scanning 

signal, would make the beam follow the motions of the optical image 

across the target (fig. 3). 
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Fig. 3: Electronic motion compensation 

This idea led to this present investigation, which began with informal 

inquiries at Philips and the Dutch Broadcasting Corporation, and with 

a literature analysis about whether such a system already existed or per

haps was being prepared. The only stabilisation methods for television 

were found to be the Dynalens and the stabilized platform. 

Halfway this investigation we happened to discover that in 1966 J.F. Schouten 

of the Institute of Perception Research in Eindhoven, had had the same 

idea already tested in a provisional set up, without having published 

results. 

During some other investigation he found that the human eye, when looking 

quietly straightforward, still performs fast little movements with an 

amplitude of some arcminutes. The paradox is that we don't notice this 

phenomenon, although the resolving power of our eye is more than this 

amount. This led Schouten to a model in which information from the eye 

muscles performs a motion compensation on the image shaped in our brain. 

From human eye to television camera then was a little step. 

The camera he used was a plumbicon and his vibration sensors consisted 

of an oil-damped plate spring, with a little mass on the free end and 

strain-gauges on the flat sides. 

The natural frequency of this system was about 0,3 Hz. Above this fre

quency such a second order system operates as an angular position de

tector, and for lower frequencies its angular sensitivity falls off with 
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12 dB/oct. In this region it behaves as an angular accelerometer. 

Though intended as angular motion detector, it is in principle also a 

linear motion detector, and consequently the compensation only worked 

well with the camera on a tripod, only allowing it to rotate, not to 

translate. 

However, the usefulness of the principle had been proved. 

2. The compensation principle 

This chapter deals with the general aspects of image compensation of ca

mera vibrations. It is however tuned to the application in television 

camera's. 

The movement of any object, including a camera, can be considered as the 

combination of six elementary movements, namely translation in x, y.or z 

direction and rotation about the x, y or z axis. 

Let A be the lens (e.g. of a T.V. camera) with its coordinate system 

x, y, z, with z along the lens axis, and B the image screen of the moni

tor with coordinates u, v, and ~ (fig. 4). 

y 

B 

A 
Camera • • 

monitor 

z 
Fig. 4: Coordinates 

Assuming an object in front of the camera, we now list the influence of 

elementary camera movements on the image positions (see Table 1). 
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camera resulting relative image 

movement image movement displacement 

I1x l1u 0.05 

l1y I1v 0.05 

I1z enlargement 0.01 near the edges 

Mx I1v 0.25 

M y l1u 0.25 

M 11'¥ z 0.05 near the edges 

Table 1: Effect of camera motions 

By ~x, etc. is meant a camera movement with respect to the momentary 

xyz (inertial) system. 11~ etc. represents a rotation around the x-axis 
x 

etc. of this system. 

'In the third column we find the image displacements as a fraction of the 

screen diameter while filming a cyclist at a distance of 5 m, from a 

riding car with a badly held camera, where I1x = l1y = I1z = 10 cm and 

11~ = 11~ = 11~ = 5° and the field-angle of the lens is 20°. x y z 

This example of a hand-held camera in a car driving on a bad road with 

camera displacements of 10 cm and rotations of 50 is an extreme case 

(The Dynalens compensates only 40
). Mostly disturbances are smaller. 

The effect of camera translations ~x, ~y and ~z diminishes for great 

distances to the object. The effect of 11~ and 11~ on the image dis-
x y 

placements becomes greater for longer focal lengths of the camera lens. 

The effect of 11 ~ always stays the same, namely a rotation of the image z 
11'¥ = M • z 

Thus we conclude that in most practical 

prits, especially when using long focal 

cases M x 
lengths. 

and 6~y are the cul-

The camera motions ~ and ~ can be decomposed into a Fourier-spectrum, x y 
in which the amplitude ~ of the components is a function of the fre-

quency w. 

This ~ vs w plane can be divided by lines into halves by three separate 

means of distinction (fig. 5): 

a. camera swing (panning) vs jiggle. 

b. existent vs non-existent camera motions. 

c. perceptible vs non-perceptible image motions. 
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Fig. 5: Camera motion classification scheme. 

Next in fig. 6 we examine more closely the shaded area of fig. 5 in which 

we encounter the distracting vibrations that need compensation. 

0.1-

. ,0 
r 

0.01 -.:; 

0.001-1 

I ' 
i' 
I 

Ja0.? 

" 

0.' 
J I 

10 

10 
I , 

100 

Fig. 6: Frequency diagram of disturbing vibrations • 

. 
Lines of vibrations with constant ~ and ~ have also been drawn in this 

diagram. 

Explanation of the area boundary: 

a. A slow-swinging camera rotation (panning) is not an annoying mo

tion and must not be compensated. We found this consideration 
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limits the area at the left to about Wo = 2 rad/sec (0,3 Hz) (por

tion a). 

b. The camera is subject to forces which of course have to be limited 

for structural safety. This imposes an upper limit to the accelera

tions the camera will withstand. The actual accelerations during 

hand-held operation are much smaller, certainly in the lower fre

quency region. Some analysis of an 8 mm film, taken while walking, 

suggests that the upper accelerations may be fairly well represen

ted by portion b of the area boundary. 

c. Lastly it isn't necessary to compensate imperceptibly small vibra

tions. This limit corresponds with one line-width in a television 
o 200 

picture; a camera field of 20 then leads to a value of! '625 fI:< I' 

for this lower limit.(625 is the number of lines). (c) 

d. This dotted line marks the maximum possible compensation of 50. 

e. marks ,the television picture frequency (see again3.I.b.I.). 

The great advantage of this frequency analysis is that we now are able 

to draw into the same diagram the specifications of all sorts of angular 

vibration sensors, and get an idea of their usefulness for our purpose. 

The image displacements u and v are from hereon supposed to be caused 

only by the camera rotations ~y and ~x (see 2.1., fig. 4). 

Let the distance from lens to image be f (focal length); we may then 

write 

v = f.~ 
x 

(the following calculations are analogous for u = f.~y). 

(I) 

Let the compensated position of the scanned image be vc ' then the resul

ting position v of the moni tor image is 
m 

v = v-v m C 
(2) 

The correction Vc is determined by the detector of the angular position 

cP : x 

b v + b1f + b2' + •••• ~ o c c c· 
a. +at +a"" + .... o x I X 2't'x 

Laplace transformed: 

v = A.4> 
c x 

(3) 
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We now want to determine this transfer function A and realise it elec

tronically, by placing the following requirements on A. 

a. Rapid disturbing motions with vibrating frequency w » 2 rad/sec 

(see 2.2.) need to be fully compensated. So on the monitor 

vm = 0 

or, with (2) 

v = v 
c 

and with (I ) 

M = f~ x 

and 

x 

thus A = f, for 

(3) 

w 
0 

» 2 rad/ sec. (4) 

b. Slow swinging camera motions (e •. g. following of moving objects) 

need no compensation, or 

v = 0 
c 

with (3) 

A = 0, for w «2 rad/sec. 
o 

(5) 

The most simple transfer function that approaches these demands 

(4) and (5) is: 

A 
ST 

f. 0 
I+st 

o 

wherein T =
o w 

o 

(6) 

0,5 sec and s is the complex frequency T+jW. 

c. During a uniform camera rotation the compensation signal must also 

be zero to give no position error •. The above function (6) doesn't 

meet this requirement, because when making ~ a ramp function 
x 

~ = 
x c.t. U(t) , where U(t) is the unit step function 

q, c 
or =-

x 2 
s 

it follows that 
ST 

V A·~x f, 
0 c 

= = '2 C I+ST 
0 s 

and the position error becomes: 

lim v (t) = lim s.V 
t- 0 s-+O' c 
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By making the transfer function of the second order, ~e obtain a 

function that meets all three demands, as can easily be checked 

ST I ST
2 A = f,..,..,..-'-

I+ST
I 

I+ST
2 

(7) 

~ith TI and T2 both in the order of 0,5 sec. 

Note I. A consequence of this third requirement is the appearance of 

overshoot after a sudden camera rotation. To illustrate this, consider 

<Px = c.U(t) or ~x =;, then 

AlIi x c.f. 

~ith the corresponding time function: 

-tiT -tiT 
TIT2 2 I 

c.f. (e e ) v c TI-T 2 T2 T I 

After t t 
TIT2 TI 

In- overshoot ~ill 
0 TI-T 2 T2 

If TI = T
2

, then the time function becomes 
t 

v 
c 

c. f. 
t (1- -)e 
TI 

occur with a 

I with a maximum relative overshoot of eat t = T tt 

maximum at t=2t 

Note 2. When angular accelerometers are used, the transfer function can 

be ~ritten as 

A=A I·A k acce networ 

0 

Because an angular accelerometer measures the second derivative of angu

lar position, ~e may ~rite 

and ~e obtain 

A 
net~ork 

~hich also can easily be realised electronically. 

- II -
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The chosen compensation system, where motion compensation occurs behind 

the lens (in contrast with the Dynalens) possesses a few properties that 

restrict usefulness. 

a. Fixed focus lens. 

As we have shown in the previous chapter, the transfer function A should 

be equal to f in the full-compensation frequency range. 

So a variable focus length f means that the mean value of A (amplifica

tion) should be varied simultaneously. Although this is possible with 

a zoomlens-connected potentiometer we did not implement this idea. 

b. In 2. I. we have seen that the optical freedom S of a motion compensated 

device should be 40 
••• 50

• Consequently only the part a (see fig. 7) of 

the image diameter d can be used in our system, leaving unused around 

the edges a strip corresponding with angle S. (fig. 7) 

Fig. 7: The optical freedom ~ 

This part a depends on the focal length f of the lens: 

a = 2f. tan [arc tan (~f) - SJ 

In first approximation: 

a = d-2f tanS 

This yields a max1mum focal length 

d 
f = ~::-". max 2tanS 

which, however, is purely theoretical because the resolving power will 

dimimsh since (a) becomes accordingly smaller. 

~: It is possible to vary the size (a) of the scanned picture, with

out the need of modifying A. Thus a pure electronic zoomlens is obtained, 

however, with concessions as to resolving power. 
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3. The television camera 

A Vidicon and a Plumbicon TV camera were available during this investi

gation, of which the Plumbicon was chosen for its more rapid response 

to changing images. The target diameter was d = 22 mm, the scanned part 

a = 13 mm and the focal length of the lens f = 25 mm. 

To understand the behaviour of the camera during motion compensation, 

the operation of the tube will briefly be described (fig. 8). 

to .. node ,..---
t:\ -,'-----_ 

~I.,s --f- --target 

-~+-;.om 
atnode 

'-" 4 signal plate 
~ r 

Fig. 8: Pluillbicon 

Via glass light enters the target, a very thin disc of photoconductive 

material (PhD), that has a poor intrinsic conductivity. Between glass 

and disc is a clear layer of conductive material (Sn02), called the 

signal plate,which has a voltage of +30V with respect to the cathode. 

Every time an image element of the target is scanned, the voltage of 

its free side jumps back to zero, causing at the same time a signal cur

rent in the signal plate lead. Between two scannings the free side be

comes positive by photoconductivity. Thus the electron charge from the 

scanning beam, needed to make the voltage zero again, is proportional 

to the light intensity. The remaining electrons of the beam are bent 

back and flow down to the anode. 

Despite a very thin target it lasts a discernible time before electrons 

and holes, released by light, reach both the signalplate·and the depo

sited electrons on the free side. 

From this brief description we understand: 

a. This time delay causes light trails and blurred pictures, when the 

image or camera is moving. This effect makes the Vidicon utterly 

unusable for our purpose. In this respect a Plumbicon proved accept

able, but an Iconoscope should do better still as its action is based 

on photo emission which is a much faster process than photo conductivity. 
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b. Each element when scanned delivers a signal determined by the 

total amount of light received after the preceeding scanning and 

not by the momentaneous light intensity. Even lconoscopes or Or

thicons show this effect, that reduces contour sharpness of moving 

objects. 

This last effect has two consequences: 

1. There 1S no sense in compensating for camera motions faster than 

25 Hz (wm = 2n.25 rad/sec.) as each element is scanned every ~O th 

second (see dotted line e in fig. 6). 

2. Elements of the target, that haven't been scanned for a relatively 

long time, appear overexposed on the screen, as is the case with 

the leading edge of the scanned image during compensation motion. 

The saw-tooth current through the deflection coils of the camera tube is 

generated by a source that can be represented by a voltage source E with 
o 

an internal impedance Z., mostly ohmic Z. = R., or by a current source 
Eo " 1 . 1 1 

10 = Ri' W1th 1nternal 1mpedance Ri (fig. 9). 

1- -.- -l 
.---

nR, 
rJ 

Rl 
+y R. 

EoC) 
, 

L-1 _____ L 
L ___ 

, , 
c- .. ___ _ ..4 

Fig. 9: Equivalent circuit of deflection unit. 

We denote picture 

by = 625,wll 

frequency by w = 2n.50 rad/sec. and line frequency 
p -

wL 2 

Now, when Ri + ~ »wL .L, the coil is called current controlled (fig. 
,p . 

lOa) and Ri + ~ « wL,p.L the coil is voltage controlled (fig. lOb) • 

w 
II .. 

Fig. 10: Deflection source signals 
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The image motion compensation is realised by superimposing a compensation 

current I to the saw-tooth deflection current. 
c 

To change the camera electronic circuit as little as possible, instead of 

modulating the source current 10 we connect an external source of current 

I with internal impedance Z to the camera deflection coil as follows c c 
(fig. II). 

R· , 

Fig. II: Adding the compensation current 

This arrangement only works properly if in approximation 

a. ·no part of I (deflection current) flows through Z , thus the cur-o c 
rent source .. 
where w is 

internal impedance Z 
c 

the highest frequency 

must obey Iz 1»1~+jw" .1/, c -1. p,L 
component in I • 

o 
In other words: The current source must be designed in such a way 

that it does not affect the coil voltage VL and is not itself 

affected by VL• 

b. all of I flows through L, thus R. » IR +jw .LI where w is the 
C 1 -1. 'm m 

highest frequency component in I that we want to be effective (see 
c 

3.l.b.). 

4. The vibration sensors. 

Because our purpose is an image motion compensation on a hand-held camera, 

we only need to consider sensors, that detect rotations with regard to 

inertial space. 

It is difficult to make a classification of all inertial angular motion 

sensors that have been developed. The latest development is doubtless 

the ring-laser, which still is too cumbersome and expensive for general 

application. 
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But all other existing sensors make use of the moment of inertia of a 

so-called proof mass. The behaviour of this proof mass with regard to 

the sensor case tells us what motions are being made. The torque ne

cessary for giving the proof mass the same rotation as the case, 1S 

proportional to the angular acceleration ~. 

Giving the proof mass a prerotation about an axis perpendicular to the 

sensitive axis makes the torque proportional to the angular velocity ¢. 

(Note: In this case the torque acts perpendicular to both axes.) 

The rate gyroscope is a good example. In other devices of this kind one 

comes across tuning-forks or vibrating wires. 

The necessary torque can be measured in two ways: 

a. By means of a mechanical elastic element (e.g. spring). The conse

quent displacement can then be measured by potentiometers, strain

gauges, pii!zo-electricity, etc. 

b. The proof masS is made to follow the case by a servo-loop system. 

The torque is generated by the magnetic field of a current which 

then is proportional to the angular acceleration. 

After much consideration wlth regard to cost, delivery time, and 

suitability, two Schaevitz ASB 100 angular accelerometers were used. 

Fig. 12: Angular accelerometer 
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In fig. 12 we find all the elements of a servo-loop angular accelerometer 

in one block diagram, including the torque generator, a coil in a perma

nent magnetic field, producing a torque proportional to the coil current 

I that also passes through a stable resistor R, to develop a voltage pro

portional to the angular acceleration. 

Of the long list of specifications, only some data of particular interest 

shall be mentioned: 

2 
B~~£~. ~ 100 rad/sec •• This meets the requirements, drawn in fig. 6. 

Some margin is present, as the accelerometer is able to measure + 200 

rad/sec. 2 , with slightly deteriorated linearity. 

2 
£~~~i!i~it~. Aa = 0,05 volt per rad/sec •• (~5V full range) 

2 
~~~~~:~~~~~i!ivi!~. < 0.2 rad/sec. per g, or 0.02 rad/m. 

When the bearing-rnounted mass is not properly balanced, the angular ac

celerometer will react to linear acceleration·s perpendicular to the ro

tational input axis. 

liust~~~is. < 0.04 rad/sec. 2• 

When by tilting the camera, the accelerometer gets another position in 

the gravitational field of the earth, then together with hysteresis ef

fects, the output voltage can easily show changes aequivalent to an 
2 angular acceleration of 0.1 rad/sec •• 

We can calculate the effect of the sudden appearance of such a seeming 

acceleration. 

In that case 

or 

'1 = 0.1 U(t) 
~aeq 

~ aeq 
O. 1 

= -3-
s 

The resulting· compensation action then is 

A 
~c = f ~ aeq 

O. 1 
-3 

s 

which results in a permanent shift: 

With 

lim ~ = lim s'~c = 0.1"1'2 in radians 
t-><» c s-+o 

'1 = '2 1 sec. this means nearly 60 shift, which cannot be tolerated. 

- 17 -



This is overcome by adding a high-pass filter to the transfer-function 

network with a time constant T3 = .1.7 sec. 

This element is called "shift suppressor". 

5. The complete system 

In fig. 13 only the vertical compensation diagram is shown, the horizontal 

one being almost identical, with only different D and G (see further on). 

1 St filter shift 2nd ~,Iter 
aCce f'rometcl'" Inte~rat"r suppre~sor 'Integrator 

<fl. p I<:t, STJ k~T~ 
Aa· S4 r- r-

1 + sr, 1 + ST, 1 ... ST • 
. 

-- ------- -r--- -l 
lio -

T I I 
lens + I 

clipper 
I den~<tjol) I Current: 
I ~ ,~,,; ... coil I Source 
I V 01\ tarqe'~ 

f$ -t-~ f I Ie Q. 
I D G , 
I Vo I 

I I 

L - -- r- __ (..a.'!le~a_ - - -- _J 
Vm 

Fig. 13: Compensator block diagram 

The total system is not a closed-loop system, as the word "compensation

system" already indicates. 

In the previous chapters all elements have been treated with the exception 

of the"filter integrators". Each "filter integrator" can be considered 

as the combination of a real integrator <~) with a high pass filter 
s 

< ____ 1ST
) together producing a filter integrator ( ____ l

kT ). 
+ST +ST 

The condition for proper compensation action is: 

0.05 2 Vsec ,the sensitivity of the accelerometer, measured as 

output voltage per unit of angular acceleration. 
-2 , = 1100 sec ,wlth k being the integrating constant of one inte-

grator, that is output voltage after one second with the input 

voltage being I Volt. 
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G.D 0,45.10-3 m/V, with G being the transfer-admittance of the current 

source (amperes output per volt input) and D being the displacement 

sensitivity of the camera deflection coils, measured in meters 

displacement per ampere deflection current. 

f O,OZ5 m, the focal length of the camera lens, causing an image dis

placement of O,OZ5 m per radian camera rotation. 

The section P-Q in fig. 13 contains not only the integrating filters, pro

ducing the transfer function (Z.3. note 2) but also the shift suppressor 

(4.Z.) and a clipper to prevent the edge of the camera tube from appearing 

on the monitorscreen. 

R. Rl 
A. C1 R2 

( " C2 
1-------, 

C3 R3 
I + 
I 1 + Q I 1 
1 1 
I I 
1 I 
I ""7 1 -:-L _____ • 

Fig. 14 : The transfer function network 

V kl sT I 
kZ ST Z ST

3 Transfer func tion ,j1 =- l+sT 2 s I+ST I s l+sT
3 p 

with 

kl 
I 

=--
CIR4 

kZ 
I 

=--CZR
3 

T I = RIC I (0,15 ..... I ,5 sec. ) 

TZ = RZC Z (0,15 I ,5 sec. ) 

T3 = R3C3 (I ,7 sec.) 

The two zenerdiodes ZI and. Zz provide the clipping. 
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In fig. 15 the diagram of the current source, controlling the scanning 

beam is drawn. 

---r 
Q t.---r 

* 
I [,-

------ -- ~- ----Q 
Fig. IS! Source of controlling current 

I 

+ 

The transfer-admittance G c = V- 1S made adjustable for exact compensation. 
q 

Fig. 16! Close-up view of the electronic circuit showing the relatively 

small size of the compensator (c.f. fig. 1). 



The whole compensator is designed to match a balanced power supply of 

+15 volt. Supply current is mainly determined by the horizontal compen

sating current and totals approximatively 50 mAo 

A dc to dc balance converter, converting the 12V of an accumulator to a 

stabilized balanced ~15V, 100 mA supply, is also built for portable use, 

having about half the size of the compensator. 

6. Conclusions and suggestions. 

6.1. Practical results -----------------
The image motion compensated TV camera can be demonstrated with good re

sults at first sight, but a general application of the principle is still 

hampered by three items: 

a. Lens focus restrictions (see 2.4). 

b. The overexposed white edge, mentioned in 3.1.(b2) affects the auto

matic intensity control of the camera, the remaining picture conse

quently getting darker. Therefore this control should be removed 

with the diaphragm setting inevitably becoming more critical. 

c. The slowness of the camera tube target (3.I.a.) makes image motion 

compensation less effective for higher frequencies. In the Plum

bicon this slowness, although being less than in the Vidicon, still 

is recognizable. 

In fact this slowness has two results: 

I. A more or less fixed time lag of the electrostatic image with res

pect to the moving optical image. This could be overcome by retar

ding the position of the scanning frame by the same amount of 

time. Unfortunately a simple electronic element with a time delay 

in the order of 0,1 sec, is still an engineers dream. 

2. Blurring of the picture. However, it should be realised that the 

uncompensated image shows the same blurred pictures during camera 

motions as the compensated one, only in the latter case the reason 

for the blurring does not occur to the unsuspecting viewer. 
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At the end of this report we want to make a suggestion, based on the 

principle of the dynalens (1.3., fig. 2). 

"'"gular 
. siabi I j:ror 

j:luid ...... 
.1= iJ 

~ i9 ht r"V 

~ 
rF\. 

-- -

an9ular: 
stabili 'Zor 

camera 

/ \ 

-

Fig. 17: Passive motion compensation 

--

The front disc of the liquid-prism in fig. 17 is mechanically connected 

to the camera, the back disc is inertially stabilized. As can be cal

culated, correct compensation takes place, when the refraction index 

of the fluid equals two. 
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