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ABSTRACT

A novel video surveillance system has been developed for safeguards applications in nuclear installations.
The hardware was tested at a small experimental enrichment facility located at the Lucas Heights Research
Laboratories. The system uses digital video techniques to store, encode and transmit still television pictures
over the public telephone network to a receiver located in the Australian Safeguards Office at Kings Cross,
Sydney. A decoded, reconstructed picture is then obtained using a second video frame store. A computer-
controlled video cassette recorder is used automatically to archive the surveillance pictures. The design of the
surveillance system is described with examples of its operation.
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1. INTRODUCTION

As part of Australia's contribution to nuclear safeguards, the Australian Atomic Energy Commission (AAEC),
together with the Australian Safeguards Office (ASO), has developed surveillance instruments for use in small
gas centrifuge installations [Mercer 1986]. The goal of this project was to investigate the usefulness of a range
of potential safeguards measures which could assist the International Atomic Energy Agency (iAEA) in
accounting for nuclear material at enrichment facilities. This work was carried out before the termination of the
AAEC's uranium enrichment program.

The demonstrated system comprised a range of instruments which allowed ASO staff at Kings Cross,
Sydney, New South Wales, to monitor remotely the operation of the experimental enrichment facility located at
the Lucas Heights Research Laboratories. One aspect of the system was its capacity for optical surveillance at
critical points in the plant. This was essential because it provided a visual record of the activities related to feed
and product inventories.

Previous surveillance systems employed modified Minolta 8 mm photographic cameras, programmed to
take single shots automatically for periods of up to twelve months. Recent attention has been given to the
replacement of the photographic system by an electronic equivalent. Systems utilising video cameras and
direct video tape recording have been investigated by the IAEA [Gaertner et al. 1985]. Reports suggested that
performance was less than satisfactory owing to the poor long-term reliability of video tape recorders.

Against this background, an alternative method for electronically gathering and recording pictorial
information was proposed by the AAEC. This report describes the video hardware of the safeguards
surveillance system developed at Lucas Heights. The design was based, as far as possible, on readily
available commercial equipment. The system also required the development of some specialised computer
interfaces. For an explanation of abbreviations see section 9.

2. DESIGN CONSIDERATIONS

in the context of this project, the present constraints on the IAEA were investigated so that equipment and
techniques developed for the package were consistent with IAEA practice. The following constraints were seen
as being technologically difficult to accommodate:

(i) The need to have a self-contained package of instruments which would run unattended for twelve
months and record on-site data from the enrichment cascade. The data would be collected annually
by an inspector who would also check the surveillance instrumentation to ensure its correct
operation.

(ii) On site, the pictorial documentation would be gathered electronically using video cameras at critical
locations. Individual camera outputs would be recorded on video tape. The video tape recorders
would be part of an instrumented system and would use a cassette format (U-matic, VHS or Beta).
The inspector would remove the fully recorded cassette and replace it with a blank cassette as part
of the inspection routine.

This approach had two disadvantages:

(a) The questionable long-term reliability of video cassette recorders (VCRs). The VCR is a highly
complex item of electronic and mechanical hardware. Routine maintenance of the recording heads
and tape drive is recommended at intervals not exceeding twelve months of normal usage. A VCR
suitable for surveillance usually has additional facilities which increase the overall complexity of the
machine. Common features include single and multiple shot modes, external triggering and
programmable tape looping. However, it has been recognised that machine wear is common to all
VCR equipment and long-term continuous operation is not possible without incurring unreasonable
rates of failure. Installations employing this method would require one or more back-up VCR
machines.

(b) The limited data storage possible on a video cassette. A 625 line, 50 Hz field, television frame (the
standard frame used in Australia) occupies a bandwidth of approximately 5.5 MHz. When this is
recorded on a high quality VCR, the useable bandwidth is reduced approximately to 2.5 MHz. For
surveillance use, this reduction in bandwidth is acceptable.
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Initially, a ten-second recording time was chosen for each scene to facilitate the review process and
to allow for possible tape 'drop-outs' (portions of the recording tape which do not have a consistent
magnetic coating). Experience gained from the operation of the system showed that a shorter
recording time could have been employed.

With a recording time of ten seconds per image, a standard three-hour cassette can only
accommodate about 1080 single shots, or between two and three shots per day for one year. This
is insufficient storage for an installation using more than one camera, since as many VCRs as
cameras, with additional VCRs for back-up, would be required. The use of split screen video, to
display the output of a number of cameras in a single frame, can reduce the number of VCRs.
However, this leads to a reduction in picture resolution.

Recent advances in the development of very fast analogue-to-digital converters (ADCs) have made possible
a new generation of video instruments based on digital techniques. Many have been specifically developed by
the television industry for time-base correction and for the creation of special effects. More recently,
instruments employing this technology have been used in the field of electronic surveillance for the detection of
intruders in high security areas.

An alternative method of data collection, transmission and storage was devised where the least durable
items of hardware were removed from the on-site package. Specifically, these items were as follows:

(i) VCRs.

(ii) Computer disc drives (for programming the system).

(iii) Printers.

In this system, the video and other instrumentation data were converted to a digital code and transmitted to a
receiver located outside the plant. Data were then converted to hard copy or stored on video tape for inspection
and archiving.

Installation of a communication channel between the plant and the inspectors had additional advantages:

(i) The duplex communication system allowed the inspectors to have remote control over the
instrumentation package.

(ii) Fault analysis was immediate.

(iii) Observation of particular parts of the plant was variable, according to the level of activity.

This system offered greater long-term reliability and flexibility.

3. DESCRIPTION OF THE SYSTEM

A simplified diagram of the surveillance package is shown in figure 1. It consists of two separate groups of'
instrumentation connected via a telephone link. Only the video surveillance hardware is treated in this report.
Details of the computer control programs, the quadrupole mass spectrometer and the computer hardware are
dealt with in other reports [Hesse 1987, Evans 1987, Rutherford and Mercer 1986].

3.1 The Centrifuge Plant/Data Transmit End

A detailed block diagram of the centrifuge plant surveillance instrumentation is given in figure 2. Figures 3
and 4 show the assembled hardware.

3.1.1 Video cameras

Five cameras were used for the AAEC test bank at locations in the plant room and cascade hall. A detailed
list is given in table 1.
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TABLE 1
LOCATION OF VIDEO CAMERAS

Camera

1
2
3
4
5

Location

Feed station
Product station
Waste station
Cascade hall (overhead)
Cascade hall (wall mount)

Type

Vidicon (modified)
Vidicon (modified)
Vidicon (modified)
Newvicon (+ auto iris)
Vidicon

Lens
(mm)

8.5
8.5
8.5
8.5
4.8

The preferred camera for surveillance applications is the type fitted with a Newvicon photo-electron tube,
which is superior to the Vidicon tube for the following reasons:

(i) It is less sensitive to image burn-in.

(ii) It is sensitive over a greater range of lighting levels.

The major disadvantage of the Newvicon camera is cost, since it is typically three times more expensive than a
Vidicon camera with almost the same features.

As project funds were limited, only one high quality Newvicon camera was purchased (see figure 5) the
cheaper Vidicon cameras being installed in the other locations. This allowed the testing of a typical system with
more remote points than would have been possible with only one or two Newvicon cameras. Use of the single
Newvicon camera allowed the system's susceptibility to wide variations in light levels to be tested.

Towards the end of the experimental program, cameras 1 to 3 were modified to allow for a movement
detection computer routine [Hesse 1987]. Normally, these cameras derive horizontal synchronisation from an
internal ceramic resonator. The vertical synchronisation is derived from the 50 Hz mains supply. Both sources
were time-variant, causing the computer to interpret the slight temporal frame shifts as changes to the field of
view. This resulted in the unnecessary transmission of pictures.

A circuit was designed to replace the internal timebase of these cameras. It used a more accurate quartz
crystal as the time reference. The outpat of the crystal oscillator circuit was frequency divided to supply the
camera circuits with time-accurate horizontal and vertical synchronisation pulses. Details of the circuit are
given in figure 6.

Once installed, all cameras performed without fault throughout the experimental program. The photograph in
figure 7 shows one of the Vidicon cameras installed with the timebase modification.

3.1.2 Video switcher

The video switcher [Clark and Whichello 1986] was designed and constructed to enable a Digital Equipment
Corporation (DEC) LSI 11/23 slave computer to control the sequencing of the video cameras. An eight-level
grey scale generator was incorporated in the instrument to assist with system calibration and line testing. An
example of the grey scale output is given in figure 8. The layout of the instrument front panel is shown in figure
9a. The output from each of the five remote cameras was connected to the switcher via a 75 Cl, type
GO4.133D co-axial cable. A simplified connection diagram is given in figure 9b. One of the five video
channels or the reference grey scale was selected by a three-bit code generated by the computer through a
DRV-11 interface.

The grey scale was derived from a 1.0 MHz quartz crystal oscillator. The output was divided by 64 to
produce accurate horizontal synchronisation pulse intervals, and by 20 000 to produce the vertical interval. The
TTL 74164 shift register, used to produce the horizontal intervals, also generated an up-down 'staircase'
waveform by summation of hs register outputs. By a further summation of the vertical synchronisation pulse, a
video wave form was generated which was both time-accurate and could be used as a reference for system
luminance levels. A circuit is given in figure 10.

Each of the input levels could be adjusted in the switcher by one of five video amplifiers (see figure 11).
Details of the video amplifier are shown on figure 12a. Selectable bridging or 75 Q termination was included on
all the video inputs. The output from each amplifier and from the grey scale generator were connected to one of
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two AD 7510 quad, single pole Bi-FET switches. Each switch could be activated by digital control from the
computer after conversion of the three-bit code to an eight-bit parallel line by a TTL 74138 1C. The circuit for
the digital control is shown in figure 12b.

All Bi-FET switches were connected to a common line which fed the selected video signal to an output buffer
video amplifier. Connections for the video inputs and outputs were made on the switcher back panel via 75 Q,
internally threaded BNC connectors (see figure 9b).

3.1.3 Time caption generator

An important requirement of the surveillance system was the time-referencing of all data records so that,
during tape review, the video recordings could be related to cascade monitoring data. This was accomplished
by the inclusion of a Hagemeyertype VTG 12 time caption generator (TCG).

The video output of the switcher was connected through the TCG (see figure 2). When a picture was stored
for transmission, the time and date when the image was 'captured' were superimposed on the picture. A
photographic example is given in figure 13. The time caption video was synchronised from the incoming video
signal to produce the composite output.

The TCG generated the on-screen text from a clock circuit which was controlled by an accurate crystal
reference. The clock circuit had on-board, back-up battery power supplied by a Ni-Cd cell. In the event of a
mains power outage, the clock continued to keep time. For a fully charged battery, back-up time was
approximately 10 days.

*
3.1.4 Transit video frame store

Although a number of video surveillance systems were readily available, the Colorado type 274C video was
chosen as it could be directly accessed by a DEC LS111/23 computer.

The video frame store (VFS) was the central component of the video transmission system. Two identical
VFS units were installed, at the transmission and receiving ends of the system, each having the following
functions:

Place Function

AAEC Store, on command, a single video
Lucas Heights frame in digital memory.

Read, on command, video digital data
to the slave computer for transmission

ASO Convert received digital data to
Kings Cross video for monitoring and recording

on video tape.

At the transmission end of the system, the video composite (picture with time caption) was connected to the
VFS video input via a 75 Q co-axial cable.

Figure 14 gives a simplified diagram of the VFS. In this figure, the video composite signal is split between
an input video amplifier, for luminance adjustment, and a timebase synchronisation circuit. The latter provides
timing for other circuits. The two luminance controls marked 'BLACK LEVEL' and 'WHITE LEVEL' are located
on the VFS front panel. Adjustment is best performed with a reference test signal, preferably a grey scale, so
that luminance levels from peak black to peak white are clearly identifiable when the output is viewed on a
monitor. At the command of the slave computer and from the start of the next vertical synchronisation pulse,
the level-adjusted video is converted to a digital data stream by a fast ADC. The digital data are written into the
frame store memory. In this type of system, a single Australian standard video frame is converted to a 256 x
256 six-bit image. That Is:

256 x 256 = 65 536 individual picture elements, or pixels with

(2)6 = 64 levels of luminance.
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*

Frame store systems with higher resolution were available (e.g. 512 x 512,8 bit and 1024 x 1024,8 bit) but,
to conserve available funds, the 256 x 256, six bit system was chosen. A subjective comparison of high and
low resolution systems revealed that the picture quality improved noticeably with higher resolution. Once the
single video frame was stored in memory, it was read by the slave computer through the direct memory access
(DMA) module. The memory was also read continuously by the VFS internal digital-to-analogue converter
(DAC) which reconstructed the video frame for display on the transmission end TV monitor. This was useful for
checking system operation and luminance levels.

After transfer of the stored frame to the slave computer memory, another camera was selected by the video
switcher on command of the program. Manual selection by ASO of any camera was also possible. A short time
delay of approximately 500 ms was allowed in the program to ensure that the timebase circuits of the VFS and
the TCG were fully locked before the image store command was generated. Transmission of the video and
other data was then handled by the master and slave DEC LS111/23 computers. Both communicated via the
Telecom telephone network using modems. Security was guaranteed by data encryption at both the AAEC and
ASO.

The time required to transmit and record a single frame was typically between six to seven minutes. Factors
which most affected the transmission rate were as follows:

(i) Number of pixels transmitted 256 x 256, six bit.
(ii) Baud rate 2400 baud.
(Hi) Transmission mode (half or full duplex) full duplex.
(iv) Type of error checking used CRC (cyclic redundancy checking).
(v) Quality of the telephone line normal public network.

If a 512 x 512, eight-bit VFS had been used, the transmission time would have been increased by more than a
factor of four.

3.1.5 Uninterruptable power supply

Power for all the instruments used at the transmission end of the surveillance package was taken from the
site standby power circuit. This circuit normally supplied power from the state grid but, in the event of a major
power failure at the Lucas Heights Research Laboratories, it could be restored to power by diesel generators
within 15 seconds. All the instruments were supplied from a common mains source to reduce the possibility of
mains related noise problems.

A 600 VA uninterruptahle power supply (UPS) was included in the transmission end instrumentation (see
figure 4) to supply the most critical items of instrumentation, i.e.

(i) The DEC LS111/23 slave computer. An interruption to the power would result in a loss of the control
system program.

(ii) Floppy disk drives

(iii) Modem - connected to the computer.

(iv) Encrypter

The UPS was capable of 12 minutes' continuous operation at its rated output. It also provided a high degree
of isolation from transient line noise.

3.2 The ASO Office/Data Receive End

Figure 15 gives a detailed block diagram of the receive surveillance hardware. Figures 16 and 17 are
photographs showing the various instruments installed at ASO.

3.2.1 Receive video frame store

Data transmitted from Lucas Heights were received and decrypted at ASO, then processed by the master
DEC LSI 11/23 computer. The video data were separated and written into the second VFS memory. A
standard TV picture was then reconstructed in the VFS by reading the memory into a DAC. When the image
had been fully reconstructed, it was recorded onto video tape by the VCR under the control of the main
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nputer. A TV mon'rtor connected to the output of the VCR allowed ASO staff to view the Incoming pictures.

.2 Video cassette recorder

The major requirements for the selection of the VCR were

(i) ability to control the VCR functions by the DEC LSI 11/23 main computer via a suitable interface,
and

(ii) reliability.

3 most suitable VCR, selected after a survey of all commercially available types, was the JVC BR-6400TR.
hough the VCR was designed for colour, it was used only in the PAL monochrome mode (black and white) to
)id possible interference problems with residual colour subcarriers during the recording process.

The cassette tape format was VMS and TDK Super Avilyn E-180 tapes were used. Each cassette gave a
ntinuous recording time of three hours, and the recording time of each scene was set for ten seconds
jresenting about 1000 scenes per cassette. Typically, each tape had the capacity for about four to five days'
x>rding, depending on the level of plant activity. In practice, the required number of recordings for a given
riod would be determined by the safeguards approach for a specific facility. The tape capacity could have
en increased substantially had the VCR been held in the PAUSE mode between recordings rather than
.urned to STOP. However, it was decided that significantly more wear would have resulted to both the tape
d VCR heads had the machine been programmed to operate by this method.

A second VCR, NEC model HR-D259EA, was used by ASO staff to review the recorded material. It was
irchased because it offered good quality shuttle search and pause control. These features were important to
table quick review and acquisition of the archived material. When detailed investigation of a particular scene
is required, the tape was held in the pause mode and a single frame of the recorded scene was viewed on
e monitor.

it was recommended that the pause mode be used for the minimum time possible. One improvement would
ive been to install an additional VFS for reviewing tapes. A scene requiring detailed study could be stored in
e VFS memory. The tape would be stopped until it was required again, thus preserving its valuable
>cumentary material.

Time and limited funds did not allow development of a sophisticated review station. Considerable attention
being given to this topic by the IAEA [1986].

2.3 VCR control interface

An interface between the DEC LSI 11/23 master computer and the VCR was specially designed and
)nstructed [Curtis 1986]. Its main requirements were as follows:

(i) To allow the computer, through its parallel interface, to switch the VCR into any state selected by the
program.

To allow the computer to read the current state of the VCR and any fault condition.

To convert the computer's 5 V TTL control lines to 10 V CMOS logic.

The JVC BR-6400TR has a 45-pin remote control connector located on its rear par\s\. Of the several control
nd indication modes available only PLAY, RECORD and STOP were used. The additional functions FAST
ORWARD and REWIND were also available but were not called for in the present computer program. Table 2
ives the computer to interface and the VCR to interface connections.



TABLE 2
INTERFACE CONNECTIONS

(a) Computer/Interface

Control J1 Indication J2
Command Pin Colour Command Pin Colour
Record
Stop
Play
Fast Fwd
Rewind
Remote

C
K

NN
U
L
N

Red
Orange
Yellow
Green
Blue
Blue

Request
Record
Stop
Play
Fast Fwd
Rewind

S
TT
LL
H
FF
KK

Red
Orange
Yellow
Green
Blue
Purple

(b) VCR/Interface

Interface/VCR VCR/Interface
Command Pin Colour Command Pin Colour
Record
Stop
Play
Rewind
Fast Fwd
Remote

2
3
4
6
5

15

Brown
Black
White
Purple
Grey
Blue

Stop
Record
Play
Rewind
Fast Fwd

28
30
27
29
26

Green
Blue
Orange
Red
Brown

Figure 18 shows a schematic diagram of the VCR interface. This circuit is divided into two basic parts: the
jontrol circuit and the indication circuit.

The control circuit consisted of six output lines from the DEC LS111/23 DRV-11 interface. Five of the lines
were connected to monostable multivibrators which, when triggered, provided the VCR with control pulses of
500 ms duration. The sixth line was the remote enable line which, when activated by the computer, locked out
tie manual controls on the VCR.

The indication circuit informed the computer of the current state of the VCR. The play and record lines were
logically combined to indicate RECORD. The STOP and PLAY lines required only alteration of the logic level
from CMOS to TTL. FAST FORWARD and REWIND each required the additional installation of two
monostable multivibrators. This created a delay between the switching of the STOP function (which was
astable for a short period) and the beginning of the FAST FORWARD (or REWIND) state.

The outputs of all five lines were logically combined in an OR gate to create an interrupt line for the DRV-11
interface. Once interrupted, the computer interrogated the interface to determine the new state of the VCR.

4. SYSTEM CONSTRUCTION AND OPERATION

Special attention was given to the mains wiring at the plant. The system was distributed throughout the
cascade, plant room and room designated for the surveillance package. The 240 V a.c. mains supply for ail the
equipment originated from a single distribution sub-board. From experience it was known that extreme care
had to be taken when instruments were installed in a centrifuge cascade, especially in the vicinity of a high
power switched inverter of the type typically used to drive centrifuge motors. A heavy earth strap was
connected between the instrumentation rack and the quadrupole mass spectrometer to minimise problems
associated with earth loops. Mains power was supplied from a special site emergency circuit which could
restore full power within 15 seconds.

The surveillance system was assembled and tested at Lucas Heights as items of hardware became
available. After disassembly, the data receive end instrumentation was transported and reassembled at ASO.
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The pjggedness and transportability of the equipment are worth noting. When the instruments had bee
reassembled and the receive end switched on, pictures and data were received immediately. Some typic
pictures taken from the monitor may be seen in figures 19,20 and 21.

5. RECOMMENDATIONS

The experience gained from the design and operation of the instrumentation of a video imaging system f
nuclear safeguards surveillance applications has provided a basis from which future systems can t
considered. Suggestions for improvements to the system are given below.

5.1 Cameras

It is highly recommended that future installations based on this experimental work use a centi
synchronising source with cameras which are designed for external synchronisation. The source should I
centrally located at the plant site.

Although cameras using charged-coupled device (CCD) photodetection elements were not used in tl
system, they should be considered in any future applications. The CCD camera offers a number of advantag
over the conventional vacuum tube camera. In summary, these are as follows:

(i) Size: The solid-state photosensitive element requires none of the comparatively large, high volta
deflection circuits found in tube cameras. The photosensitive CCD element is mounted in a du
in-line package of the type and size used for an integrated circuit (1C). A fully contained came
including all the driver ICs, may be smaller than a cigarette pack. This would allow better came
location within the plant, with less hindrance to the activities of the operators.

(ii) Light sensitivity. At present, CCD cameras offer light sensitivities approaching those of Newvic
tube cameras.

(iii) Magnetic fields: Because the photosensitive element is a solid-state device, CCD cameras would
unaffected by magnetic fields. This is not the case with tube cameras which could be disabled
the presence of a strong magnetic field.

(iv) Picture quality. The CCD camera's horizontal resolution (approx. 350 lines) is typically not as gc
as the comparably priced Newvicon camera (approx. 600 lines). However, this should not pres
problems for surveillance applications where the typical horizontal resolution of the VCR is ab
300 lines. Unlike the Newvicon camera, the CCD camera requires no adjustment of electrostatic
electromagnetic focusing and geometry.

5.2 Caption Generator

The inclusion of a caption generator with the TCG (described in section 3.1.3) would make on-screen 1
possible. This would be useful for easy identification of the camera and its location.

5.3 Video Frame Store

The storage and transmission of colour pictures is possible. Although there are additional problems <
considerable expense with a colour system, the benefit would be that inspectors could more easily ider
objects in the field of view. Most colour VFS systems have additional memory to store the colour informati
For example, a system which has 64 levels of intensity and a palette of 64 colours would require six bits
pixel for luminance and a further six bits per pixel for chrominance. It is therefore to be expected that sue
system would require at least double the time to transmit a colour image compared to an equiva
monochrome system.

Since the initiation of this project, a number of VFSs have become available for the less expensive perse
computer (PC) market. For example, a range of frame stores offering various options of pixel capacity in fc
monochrome and colour are now available for the various plug-compatible computers.

5.4 Video Recorder

Recent developments in laser disc technology have led to machines of very high quality which can rec
and play video. The format of these machines makes them ideal for surveillance applications. They inte
well with computers, so it is quite possible for picture archiving, fast recall and total recording time to be fur
improved.
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6. CONCLUSIONS

Development and testing of a surveillance package for centrifuge enrichment plants was successfully
achieved before the termination of the AAEC's uranium enrichment program. The video hardware performed
faultlessly throughout the three-month experimental program.

Although the system was only tested using the local telephone network as the communication channel, there
are no technical limitations to extending its communication range using STD and ISO telephone networks.
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AAEC Australian Atomic Energy Commission
ADC Analogue-to-digital converter
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CCD Charged coupled device
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DAC Digital-to-analogue converter
DEC Digital Equipment Corporation
DMA Direct memory access

FET Field effect transistor
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IAEA International Atomic Energy Agency
IBM International Business Machines
1C Integrated circuit

JVC Victor Company of Japan

NEC Nippci Electric Company
NTD Nuclear Technology Division

PAL Phase alternative line
PC Personal computer

TCG Time caption generator
TDK TDK Electronics Co. of Japan
TTL Transistor - transistor logic
TV Television

UPS Uninterruptable power supply

VA Volt-ampere
VCR Video cassette recorder
VFS Video frame store
VHS Video home system
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Figure 5 Photograph of the Newvicon camera
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CAMERA MODIFICATION

Figure 7 Photograph of a modified Vidicon camera

Figure 8 Photograph of the calibration grey scale
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Figure 13 Photograph from the monitor showing the time caption
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Figure 14 Simplified diagram of the video frame store
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Figure 17 Photograph showing detail of the ASO end instrumentation



~1
NOTES i . o.\s or-o.\s or-coLFUtc CAPJCJTOP* AOHB* PIN

I b I* or 01. 2.3. 4. 9 4 1 0 J74I33J M7T

— «:̂ !> i N.. |

ofc.i.e k »

VT^
74133
7400 14

A

*
3- DJP I74I33I BEOUIPgD TO GIVE A I SCC. PU.SC

APOROI, 4 SCCS. AFTER S1OOL KKT 6r COWTEP,

TSJg? TO LSI J1/J3
CO^TCT

CCMCTTCB J2
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Figure 19 Photograph from the monitor of a received picture: feed station

Figure 20 Photograph from the monitor of a received picture: product station



Figure 21 Photograph froim the monitor of a received picture: cascade


