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CCD scanner element in some optical measurements*
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The program-controlled camera based on a CCD scanning element senses the optical signal which
is then digitalized and stored in the computer memory, displayed on the monitor and treated with
the aid of suitable programs. The camera can be utilized in the studies of optical phenomena where
information on the cross-section of the optical image is sufficient, e.g., in most of the diffraction and
interference phenomena, as well as in spectroscopy.

1. Introduction

The use of computer technology for contemporary experiments in optics is
inevitable. For the control of the experiment, registration of the image and treatment
of the optical signal, the use of a camera based on CCD (Charge Coupled Devices) is
of some advantage [1].

2. CCD camera

We had the opportunity to use the CCD TS 110 scanner (made by Tesla, Piestany)
composed of 256 light-sensitive elements (13 by 13 micrometers) in a two-register
configuration. The control impulses for the CCD element were generated from the
clock pulse of the PMD 85-2 microcomputer. The CCD output signal is adjusted in
the camera output circuits and in this way a digitalized analogue signal is produced
2].
[ ]The speed of processing the image signal sample is 40 kHz. This speed was
chosen with regard to the requirement according to which the storage in the memory
should be accomplished in real time. The analogue-digital converter is 8-bit, the
conversion of one light-sensitive cell takes 8 microseconds and the theoretical
accuracy of conversion is 0.54%.

The camera has the possibility to change the operating regime with the aid of the
computer and to set in this way the optimum regime for the given optical
experiment. The accumulation time (the time needed for charge integration and for
reading the videoregisters) is set by the program, the minimum value being 9.5

* This work has been presented at the VIII Polish-Czechoslovakian Conference, Szklarska Poreba
(Poland), September 13-16, 1988.
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milliseconds. Higher values, if desired, may also be set, but then the sensor noise
occuring during the registration must be taken into consideration.

The so-called pair-impair effect caused by the different characteristics of input
circuits treating the signals produced in two videoregisters was eliminated in the
camera.

The camera is controlled with signals started by the computer with a program
written in machine code. The videosignal which is read by the control program and
stored in the computer memory with the aid of the converter, is at the same time
displayed on the screen. It can be stopped at any time and the values of the last
recording remain stored in the memory.

The software package comprises also a program written in machine code which
makes the storage of any number of readings (limited only by the capacity of the
memory) possible. A program written in BASIC which deducts the values of parasitic
noise from the results obtained by measurement and draws the registered optical
signals may be also used. The above-mentioned standard software pack contains also
programs for the evaluation of individual optical measurements (interference of two
or more bundles, measurements of the wedge layer angle, of the Gaussian section of
optic bundle, etc.).

It is evident that the software may be completed with new programs regarding
the scanning and processing of other optic signals, e.g., spectra including Fourier’s
trasformations and also other methods.

3. Results
Some samples of scanning basic optic phenomena which do not require a flat CCD

scanner, but for which a sequential CCD element is sufficient, are shown. Figure
1shows the interference bundles produced by the reflection from a wedge glass plate.

Fig. 1L Wedge interference
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The wedge angle can be calculated from the signal, but this procedure requires the
determination of the localization of maxima and minima, respectively. Both courses,
being not identical, must be approximated with a theoretical function. The most
convenient is the approximation using the method of least squares with a function
describing the division of intensity / in the interference image

(D

where N is the number of interfering bundles, their phase difference, and 10 the
constant of proportionality related to the maximum intensity. As in our case the
interference is a two-boundle one, the relation (1) can be also written as

7 = 4J0cos2(2). @

The determined correlation is the function / (x), i.e., the dependence of intensity
on the position x of the CCD element. Since the scanned image cannot be exactly
positioned into the defined coordinates, its description by a direct theoretical
function is not possible. Therefore, vertical (<2 and horizontal (T) image shifts and
the theoretical function

mo{x+ T)
/ = 60 + 4/0c0s2 5 3)

must be considered, mO being the transform constant at the transformation x-+g>.

The approximated values superimposed over the measured values are shown in
Fig. 2.

Fig. 2. Wedge interference and approximation
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The approximation program is completed with a program for the calculation of
the wedge layer angle on which the interference takes place.

Figures 3 and 4 show Fraunhofer’s and Fresnel’s diffractions on circular aperture,
respectively. Similarly as in the case of evaluating the interference phenomena, also
these values obtained by measurements can be superimposed over the theoretical

Fig. 3. Fraunhofer’s diffraction on circular aperture

curve. In this way, by analysis of this curve, the variables can be computed with the
aid of a program. By showing the samples of diffraction we would like to stress that
in scanning diffraction effects the zero maximum is usually supersaturated. The
reason is that the dynamic range of the CCD element does not allow us to display
both of these maxima at the same time, because of large differences between the
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intensity of the zero and first maxima. (In the case of the sample in Fig. 3, the CCD
element is not located in the middle of the diffraction image.) In case of scanning the
maximum diffractions of higher order with the CCD element located in the middle of
the diffraction image, the zero maximum should be significantly supersaturated. In
this situation, however, there occur a large accumulation of charge in the CCD
elements as well as a passage through the potential barriers, demonstrated by the
dissipation of the charge among individual cells. This is illustrated in Fig. 5 which
was taken at the diffraction by the slit.

Fig. 5 Fraunhofer’s diffraction by the slit at significantly supersaturated zero maximum

When scanning diffraction phenomena, the CCD element must be placed so that
it dissects the produced diffraction rings exactly in the middle (to avoid a distorted
image of their diameters), and at the same time the supersaturation of zero maximum
must be avoided. This can be achieved by decreasing the intensity of the light bundle
with the aid of a polarizer. The CCD detector is then placed in the position with the
maximum intensity value of zero maximum. After the polarizer is removed, the
program enables us to calculate, for instance, the distances of mutually correspond-
ing diffraction maxima or minima of even higher orders.

The other samples (Figs. 6a and b) show the recordings of interference fringes
produced by the interference of He-Ne laser radiation in Michelson’s interferometer,
in which the screen was replaced by a CCD detector. We have registered images in
two wavepath differences (18 images each) which in time immediately followed one
another, the scanning time of each being 48 milliseconds.

Figure 6a shows 6 readings taken at a path difference of Al —2 cm. Figure 6b
shows the same images at a path difference of Al —46 cm. The contrast V was
calculated from the values obtained by measurements with the aid of the well-known
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Fig. 6. Interference fringes in Michelson’s interferometer at a path difference of: Al —2 cm (a) and Al —46
cm (b). Depicted are 6 recordings

relation

V= Amax Amin 4

~max “I"E min ( )

where £naxand Eminare the illuminations in the interference maximum or minimum,
respectively.

The ~dependences for individual readings are shown in Fig. 7. It can be seen that

the contrast Vis larger in the case of a smaller wavepath difference of bundles.

Fig. 7. Contrast (F) time change of interferograms in Michelson’s interferometer in 18 consecutive
recordings (one recording takes 48 milliseconds) at Al =2 cm (0) and Al = 46 cm (+)

A large dispersion variance in values obtained by measurements, which are due to
certain reasons, is also significant. It is obvious that the CCD camera reacts very
sensitively to the fluctuations of the interference image as well as to the fluctuations
of the contrast V. For this reason, in order to gain the possibly most accurate
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information, new mathematical methods must be applied in the evaluation of the
results of such measurements.

We have also studied experimentally the radial distribution of intensity in the
cross-section of He-Ne laser bundle in a plane perpendicular to the bundle axis (Fig.
8).

We have merged the Gaussian function with the signal (Fig. 9) that helps us to
evaluate the extent to which a Gaussian section laser bundle can be generated.

Fig. 8 Radial intensity displacement in the He-Ne laser bundle cross-section

Fig. 9. Comparison of the signal from Fig. 8 with Gaussian course
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4. Conclusions

We have scanned some elementary optical phenomena with the aid of a camera
based on a CCD scanning element. We have been able to show that the CCD camera
enables the evaluation of optical signals with the aid of suitable programs and that it
is its largest advantage. The optical measurements are performed faster and in some
cases also more accurately. When using a CCD camera for scanning, a very sensitive
registration of all instabilities and inaccuracies of the equipment must be taken into
account. This presents not only a possibility but in some cases also the necessity of
studying the possibility of producing new methods for the evaluation of optical
signals.

The characteristics of the camera designed by our team can be improved in some
ways. One of them is to increase the accuracy of the conversion by using a fast
analog-to-digital converter of 12 or more bits as well as to use a more sophisticated
programming language and a computer with a larger memory.
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cnonb3oBaHWe JIMHEIAHOTO 37ieMeHTa C 3apsigHoi cBsizblo (CCD)
ANS HEKOTOPbIX OMTUYECKUX W3MEpEHUiA

Kamepa Ha OCHOBe NMHEHOro 31eMeHTa ¢ 3apsAfHOI CBA3blO, yNpaBnsemMas NocpeACcTBOM MPOrpaMMHO-
ro o6ecrneyeHnsi, CHUMaeT OMTWUYECKU CUFHaN, NPOM3BOAUT €ro AWrUTaNU3auuio, yKnaabiBaeT ero
B MamaTb BbIYMCMUTENbHON MallMHbI, NMEPeBOAUT Ha MOHWTOP M 0GpabGaTbiBaeT MpU MOMOLLM MOAXO-
AALMX NporpaMm. MOXHO ee UCMO0Nb30BaTh AN U3YUeHUs TaKMX ONTUYECKMX aBNeHWN, rae fOCTaTouyHa
WH(OpPMaLMs 0 CeYEHWU ONTUYECKMX KApTUH, Hanp. Npu GOMbLUMHCTBE AW(PAKLUOHHbLIX, NHTEpdEpeH-
LIMOHHBIX SIBMEHUA W B CMEKTPOCKOMUM.



