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SUMMAR?: The possibilities of CCD sensors and the accompanying hardware

for comparison of the local time t(UTC) with the position of star-image in the pixel
matrix of the sensor are analysed. It is shown which data are necessary for this

comparison as well as the organization of the necessary hardware.

1. INTRODUCTION

' Functioning In the real time during star ob-
servations on the Large Transit Instrument (LTI)

suppdses the establishment of the correspodence be-
tween each illuminated pixel of CCD sensor and time
t(UTC) obtained from the local T/P standard. The
moment of 1llumination of each individual pixel, the
Interval of integration time of the illuminated pixel,
intensity of the 1llumination, velocity and direction of
star-image motion across matrix of pixels and jitter
of the star-image are the basic parameters (exclud-

ing LTI instrumental errors) for time determination
of meridian passages. |

- To define the basic conception for functioning
in real time t(UTC) it is necessary firstly to analyse
the basic structure of the concrete CCD sensor (it is
a F'T 800P - PHILIPS IMAGING TECHNOLOGY).

Simplified structure of this sensor is shown in Fig. 1
(Mackay, 1986).

The number of columns in the image section
and 1n the storage section is the same - k=774. The
number of lines in the image section is n;=290 plus

two black reference lines. The number of lines in the
storage section 18 n,=301. Horizontal shift register

Knr has 774 storage sections plus 7 dummy pixels.
A matrix of photo-sensitive picture elements

(pixels) in the image section converts projected star-
image in the electron image. The image section is

controlled by four A electrodes (Aj,...,A4). At these

electrodes a four-phase clock arrives, which for the
certain number of clocks shifts a complete electron
image to the storage section. For functioning in the
real time it is necessary to determine the interval
of time which is necessary for shifting the complete
image from the 1mage section to the storage section.
If the basic frequency of the clock for A electrodes is

fo=1/T4, then the time interval which is necessary
for shifting 1 line is 5/4T 4 (Fig. 2).

The whole time interval which is necessary for
shifting the complete image from the image section

T 5/4TA * Ilg.

139



S. M. PETKOVIC AND I. PAKVOR

k columns (only six columns are shown)

l k=774 |

S o s s s o A
------ (only two image lines are
----- T shown)
S R I B
- number of image lines
S o I N O A 2290
I

B I N
: B Storage section
B, T T T ]| Somgestion
—— 1 T 1 | S
B, — b ,
N number of storage lines
L----- =301
I

[]
¥

| ""“u

o JIIT (TP 1T TIf1]1]] Horizontal shift register
1 & 1 1 4 1 1 41 1 4 1 I 4 :
El-l-'-l-l k, . =774+7 dummy pixels

ofele}

Fig. 1. FT 800P siplified diagram.

- In the storage section there is a matrix of stor-
age elements. The storage section is controlled by
four B electrodes (B;,...,B4). During the interval of
image shifting from the image section to the storage
section, the clock at B electrodes must be the same A,
as one at the A electrodes, so that the reception of
data in the storage section needs no extra time in-
terval. After the end of the image section line shift a 4 .
certain time interval is left necessary for integration
time T,. The 12 storage sections data are being suc-
cessively shifted into horizontal register. For shiftin A
one line from the storage register into the horizonta ¢
register, the necessary time interval is 5/4Tp where

T'p 18 the period of clock fp= 1/Tp. As the clock I I

In the horizontal register is three-phased, the time
interval which is necessary for shifting each datum

for one place to the left (Fig. 1) is 7/6T¢ (Fig. 2), it

and the complete time for the serial exit of one line A

18 7/6T¢ - kn,, where kj, is the complete number of

the storage sections in the horizontal register. Fig. 2. Control of the storage section.

136




THE CONSTRUCOTION PRINCIPLES OF THE OCD CAMERA FOR FUNOTIONING IN THE REAL TIME ON THE...

For functioning in the real time, the one-bit
analog digital convertor with determined comparison

level tfor each star is sufficient. In the conditions of
ideal positioning of CCD sensor and in the absence of

star-image jitter, for the individual measurement, a
charFing order which is symbolicaly shown in Fig. 4
would be obtained. The correspodence which is nec-
essary to establish is t(UTC) obtained from the lo-

cal T/C standard and numbers of lines x,x+1,....x+a

and columns y,y+1,...,y+/8 which are charged. x,y,a
and [ are whole numbers and represent addresses of
the illuminated pixels.

| ' I In the case of non-ideal positioning of CCD

sensor and presence of the star - image jitter or in
case of deliberately taken diagonal motion of the
star-image in the image section of the CCD sensor
the charging order of t

e
ie image section pixels would

. T T “ - be as in the Fig. 8.
Fig. 3. Control of the horizontal shift register.
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Fig. 4. Charging and illumination.
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3. DETERMINATION OF THE
COMPLETE DELAY

To obtain the construction principles of the

necessary to take in consideration, exept the inte-
gration time T, also as follows:
~ the time interval of vertical transport of the

electronic image from the image section to the stor-
age section Ty;;

~ the time interval of the transport from stor-
age section to horizontal register Tgyr:

~ the time interval of the transport of data

from the horizontal register to the output Typ:
The time interval necessary for electronic de-
vices after the output amplifier to treat the obtained
signal is in this analysis neglected.
The time interval of vertical transport from
the image section to storage section Tyr is always

fixed and is as follows:
' 5
TVT _— ZTA * T3¢

The time interval of the im
the storage section to the horizont
only on x,x+1,....x+a

register depends

S

4T§ (2 + a)

Tsn, =

ITsy, = -g-TB ¥

The time interval of the data transport from
- the horizontal register to the amplifier output de-

pends only on y,y+1,....,y+0, 8o is

. (f
THT; — '6'TC’ 'Y

7

'é'TC'(ﬂ'i'l)

THT; —

7

Tur, = "6"Tc - (y + B)

On the basis of this analysis it is clear that

- the escorting electronic devices of CCD camera must
register x,...,x+a and y,...,y+3. However T, Tc.T5

and Txy are known constant values. -
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CCD camera for functioning in the real time, it is

transport from

3. THE BLOCK SCHEME OF CCD
CAMERA FOR LTI

The principles of hardware organization of
CCD camera for functioning in the real time is based
on the analysis in Chapter 1. and 2. of this paper.
For determination of the correspondence between lo-
cal time t(UTC) and the image of observed star, it is
necessary to register the address of each illuminated
pixel in the CCD matrix and to take into considera-
tion all transport delays.

The ﬁrinciple block scheme of the data prepa-
e

%qtiog for the trearment in the computer is given in
ig.

FROMCCD , p ¢

LOCAL'I/P |
STANDARD

COMP
LEVEL

OuUT

Fig. 6. The block scheme of data preparation.

The device for timing is incited from the local
T/P standard and the parallel BCD code, which rep-

resents the code of the local time t(UTC), is carried

out. This code is in correspondence with the image
position in line and column memories so that the

data of these memories contain definite functional
dependence with t(UTC).

The timing device generates:
- four-phase clock A;,...,Aq4
- four-phase clock B;,...,Bq
- three-phase clock C;,...,Cs

- the impuls sequence with periods 56/4T g and

7/6T¢c which represent the clock for the line address

counter and for the column address counter.

The output from the CCD sensor represents
write enable signal for line and column memory, so
that address represents x,...x+a and y,...,y+08. At

these addresses the value t(UTC) is writen. In such
a way In line and column memory all necessary data
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for determining t(UTC) are existing. The computing REFERENCES

algorithm has to take away all delays according the
analysis carried out on Chapter 3.
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Pax Tpetupa MoryhHootst CCD CCHIOpa M npa-  cejta ceHaopa. IloxasaHo je xoju cy momaum Heornxo-

Teher XapmBepa 3a mopeheHe JIOKANHOr BpeMeHa  QHM 3a OBO nopeheHe xao 1 opr norpesHor
t(UTC) ca nonozajem JHKa 3Be3ae y MATPHLM MUK~  XADIBEPA.




