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An Image processing system with self monitoring includes an image acquisition module for acquiring data corresponding to an

Image, and one or more Im
unpredictable) image data with

diagnostic data together with th

age processing modules. The acquisition module Interleaves the variable (and therefore
diagnostic data to provide known diagnostic data. The image processing modules process the
e Image data to monitor system performance.
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ABSTRACT OF THE INVENTION

An image processing system with self monitoring
includes an image acquisition module for acquiring
data corresponding to an image, and one OX more
image processing modules. The acquisition module
interleaves the variable (and therefore
unpredictable) image data with diagnostic data to
provide: known diagnostic data. The 1image processing
modules process the diagnostic data together with

the image data to monitor system performance.
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METEOD AND APPARATUS FOR MONITORING
IMAGE PROCESSING OPERATIONS

BACKGROUND OF THE INVENTION
5 a. Field of the Invention

This invention relates to an electronic image
processing device which operates continuously and
which includes means for monitoring its internal
image processing to ensure correct operation. More

10 particularly, the present invention pertains to an
apparatus and method wherein diagnostic data 1is
added to a stream of data to provide a criteria for

monitoring the operation of various lmage processor

stages.

15 b. Description of the Prior Art
During the manufacture and off-line testiﬁg OFf

image processing devices, repeatable input data can
be supplied from a test pattern generator, and
subsequent analysis of the processed data can allow

20 evaluation of the image processing function.
However, the operation of image processing devices
is difficult to monitor on-line because they receilve
real-time, real world inputs which are not precisely
repeatable. Because the inputs are not fixed,

25 analyzing the processed output data from such
devices based on the input data does not provide
sufficient assurance that the devices are operating

properly.

30 OBJECTIVES AND SUMMARY OF THE INVENTION
An objective of the present invention is to
provide a means and method of checking on-line the

operation of an image processing apparatus.
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A further objective 1s to provide an image
processing apparatus checking means and method by
making use of the horizontal blanking tines.

Yet a further objective is to provide an image
processing apparatus which performs several
sequential processing steps on incoming variable
data, wherein said apparatus includes means for
verifying the operation of the apparatus at each
step.

Two dimensional electronic images are
traditionally transmitted from point to point in a
raster fashion, with formatting information
embedded with the image data. The formatting
includes a vertical synchronization signal
indicating the beginning of a two dimensional frame,
and horizontal synchronization signal indicating the
beginning of a line. The data for a particular
image frame is started with a vertical and
horizontal synchronization, and then the data for
the first line. Then the horizontal synchronization
signal is repeated, followed by the data for the
second line. The horizontal synchronization signal
and line data are subsequently produced for each
line of the rest of the frame. After the end of the
last line of the frame, a horizontal and vertical
synchronization are again given to indicate the
start of the next frame. A time delay is included
between the end of the data for a given line and
beginning of the data for the subsequent line. This
time delay 1s known as horizontal blanking and is
included to allow time for the display and other
equipment to complete the processing of one image
line and prepare for the next image line.

Similarly, an additional time delay may be included
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between the end of the last image line of a frame
and the beginning of the first image line of the
next frame. This second time delay 1s known as
vertical blanking and is 1included to allow time for
the display and other equipment to complete the
processing of one frame and prepare for the frame.

The horizontal and vertical blanking times in an
image communication have been utilized to transfer
control and formatting information related to the
images. Examples of this are program identification
and color correction standards. Unrelated
information has been combined with image information
to utilize otherwise unused communication bandwidth,
for example for the transmission of videotext. 1In
the present invention, the blanking periods are used
for the transmission of diagnostic data.

Briefly, the image processing apparatus
constructed in accordance with this invention
includes means for acquiring or receiving lmaglng
data representative of a variable lmage and means
for generating a known pattern diagnostic data which
is interleaved with variable image data. This
combined image data is processed within an image
processing stage. At the end of thebrocessing step
or steps, the processed image data is transmitted to
the next processing stage and the processed
diagnostic data is fed to a separate diagnostic
system and analyzed. The result of this analysis 1s
used to verify that the image processing stage is
operating correctly, or if not correct, give sone
information on incorrect operation allowing rapid
correction of the fault. The known diagnostic
pattern of data injected into 1mage processor can

be varied over time to test the full functionality
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of the 1mage processor stage. The 1mage data processing

apparatus may 1include several stages for processing the
variable 1mage in several steps. In this type of apparatus,
the combined 1mage data 1s processed in multiple steps by the
1mage processing equipment. At each step in the processing,
the processed diagnostic data is captured in a separate system
and analyzed, as well as being passed on to the next
processing stage during the blanking time.
The analysis of the diagnostic data captured between each
1mage processing stage 1s used to verify that the image
processing capability of each stage 1s operating correctly, or
1f not the fault can be i1isolated to a single processing stage.
More specifically, the present i1nvention provides an
image processing system comprising (a) an image acguisition
module including, (1) a source of video image data, the image
data being separated into image blocks separated by blanking
periods, which image data defines a two dimensional video,
(ii) an input source of fixed input diagnostic data, and
(1ii) input interleaving means for interleaving diagnostic
data between the video image blocks to provide composite input
data having an input 1mage component and an input diagnostic
component with the input diagnostic component beiling
transmitted during the blanking periods, (b) channel means for

transmitting the composite input data, and (c) an image

processing module receiving the composite input data from the

channel means. The image procegsing module includes (i) i1image

processing means for processing the composite input data to
generate composite processed data having a processed 1mage
component and a processed diagnostic component, the composite
processed data being defined by processed data blocks
separated by the blanking periods to form a two dimensional
processed image, with the processed diagnostic component being

positioned in the blanking periods, (ii) reference source

means for generating a first, a second, and a third reference,
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the first reference corresponding to the fixed diagnostic
data, the second reference corresponding to the processed
diagnostic component, and the third reference corresponding to
diagnostic data for subsequent processing, (i111) input
comparing means for comparing the first reference to the input
diagnostic component and for generating a corresponding first
comparator signal, (iv) processed comparing means for
comparing the processed diagnostic component and the second
reference to generate a second comparator signal, (v)
analyzing means for analyzing the first comparator and the
second comparator signals to determine 1f the image processing
means and the channel means are functioning properly, and (vi)
output interleaving means for interleaving the third reference
and the processed data component to generate an output

composite signal.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a block diagram for an image processing
apparatus constructed 1n accordance with the present
invention;

Figure 2 shows the combined data stream utilized 1in the
apparatus of Figure 1;

Figure 3 shows details of a data acguisition module for
the apparatus of Figures 1 and 3; and

Figure 4 shows details of an image processing module.

DETAILED DESCRIPTION OF THE INVENTION

Referring now to the Figures, an apparatus 10 constructed
in accordance with this invention, 1i1ncludes several modules,
such as a data acguisition module 12, and image processing
modules 14, 16 and 18. The data acquisition module receives
(or generates) image data which may be for example in the form

representable on a video screen.

4a
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For each image to be represented on a video
screen, the data is partitioned into blocks, each
block being representative of a horizontal line
across the screen. Several of these lines are
assembled on a screen to form a frame.

The sequential arrangement of the data blocks
is illustrated in Figure 2. Each frame is started
with a vertical sync signal (not shown). The
vertical sync signal is followed by the end of a
horizontal sync signal 22, indicating the beginning
of the image data for the first horizontal line. At
the end of image data period 24 there is another
horizontal sync signal 26 indicating the beginning
of a horizontal blanking period. In the present
invention, this horizontal blanking period is used
for the transmission of diagnostic data 28. The
next horizontal block is again started with the
ending of the horizontal sync signal 22 and the
processes continues until the frame 1s completed.
The end of the frame is signified by a vertical sync
signal (not shown). The composite data stream 34 of
Figure 2 is first generated by the data acquisition
module 12 and transmitted over a video channel 36 to

the first image processing module 14. The module 14
performs image processing on the composite stream
and generates a second data stream for transmission
on channel 38 to module 16. The module 16 performs
its own processing on the stream received from
module 14 and generates another stream for
transmission on channel 40 to module 18, and so on.
It should be understood that in Figure 1 a serial
arrangement is shown for the various modules, 1t

being understood that one or more modules may also
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be arranged 1n parallel to receive and/or transmit
a data stream from a common channel.

In addition to the image processing step
assigned to them, modules also analyze the data
stream received and/or transmitted and generate
corresponding diagnostic signals 42, 44, 46. These
signals are fed to a CPU 48 for further analysis if
required.

As shown in Figure 3, the data acquisition
module 12 could consists of an optical scanner 50
which scans an object (not shown) line by line under
the control of a data processor 52. The scanner 50
then produces image data which 1s fed to a
multiplexer (mux) 54. Each data line 1is preceded by
a sync signal 22. The image data for a line is
output from the multiplexer on line 36 to the image
processing module 14. Module 12 also includes a
register 58 which holds diagnostic data and 1is
coupled to the mnltipleker 54. This diagnostic data
is transmitted on channel 36 during each sync signal
26. A similar operation occurs at the end of each
frame to generate a composite data stream 34 as
shown in Figure 2.

Figure 4 shows the elements of the image
processing module 14. It should be understood that
the other modules contain and operate in the same
manner except that they may perform a different
image processing step on the image data.

Module 14 includes a sync detector circuit 60
which is used to detect the sync signals of the
composite data stream 36. When a sync signal 1is
detected by this circuit, a corresponding signal 1is
transmitted to a data processor 62 which operates
the various elements of the module. Following the



10

20

25

30

N
bess
o
i
W
INC
Ll

jnitial sync signal 22, the image data for a line 1is
provided to an image processing stage 64 which
performs a preselected image processing step thereon
(such as for example multiplication by a constant
for amplitude compensation). N
Following the line image data 1is the beginning
of sync signal 26 indicating horizontal blanking.
During this period the diagnostic data Ifrom the
compoéite data stream is fed to a register 66.
Another register 68 contains reference signals
corresponding to the diagnostic signals. The )
contents of the two registers 66, 68 are fed to a
comparator 70. The comparator compares the contents
of the two registers and sends the results ol this
comparison to processor 62. The processor analyzes
this result to determine if the data stream from
channel 36 is acceptable or it has been corrupted.

The diagnostic data from channel 36 is also fed
to image processor stage 64 which performs the same
operation thereon as the operation performed on the
line image data. The complete processed data stream
1s sent to a'demultiplexer 72 which separates 1it
into a processed image data stream and a processed
diagnostic data stream. The diagnostic data stream
is fed to a register 74. Another register 76
contains reference, i.e. data corresponding to the
diagnostic data from channel 36 when the image
processor stage 64 operates properly. The contents
of the two registers 74, 76 are fed to a comparator
78. Comparator 78 compares the contents of the two
registers and the results of the comparison are fed
to processor 62. Processor 62 analyzes this result

to determine of the image processor stage 64 1s
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operating properly. The analysis from comparators
70, 78 are sent to the CPU 48 through line 42.

The processed image data from demultiplexer 72
are fed to a multiplexer 80. The multiplexexr 80
receives this image data, the sync signals from
processor 42 and new diagnostic data signals from
register 82 to assemble a sequential composite lmage
signal on line 38 for the next processor module 16
where the whole process is repeated for its own
processing element as well as for channel 38.

In the above embodiment a scanner was used to
generate the image data. However, it should be
understood that for the purposes of this invention,
the image data may be generated by other well known
sources, or alternatively it may be received from an
external source. Moreover, the functions of various
discrete components (such as registers 60, 76, 78
and comparators 70, 78) may be performed by the data
processors 62. Similarly, the functions of the data
processor 62 may be incorporated into CPU 48.
Numerous other modifications may be made to the
invention without departing from its scope as
defined in the appended claims.
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The embodiments of the invention in which an exclusive

property or privilege 1s claimed are defined as follows:

1. An image processing system comprising:
(a) an image acguisition module including;
(1) a source of video image data, said image data
being separated into i1mage blocks separated by
blanking periods, which image data defines a two
dimensional video;
(ii) an input source of fixed input diagnostic data;
and
(1i1i) input interleaving means for interleaving
diagnostic data between said video 1mage blocks to
provide composite input data having an input image
component and an input diagnostic component with
said input diagnostic component being transmitted
during said blanking periods;
(b) channel means for transmitting said composite 1input
data; and -
(c) an image processing module receiving saild composite
" input data from said channel means, and including;
(1) image processing means for processing sald
composite input data to generate composite processed
data having a processed image component and a
processed diagnostic component, said composite
processed data being defined by processed data
blocks separated by said blanking periods to form a
two dimensional processed image, with said processed
diagnostic component being positioned 1n said

blanking periods;
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(11) reference source means for generating a first,

a second, and a third reference, said first

reference corresponding to said fixed diagnostic
data, said second reference corresponding to saild

processed diagnostic component, and said third

reference corresponding to diagnostic data for

subsequent processing;

(iii) input comparing means for comparing said first

reference to said input diagnostic component and for
generating a corresponding first comparator signal;
(iv) processed comparing means for comparing said
processed diagnostic component and said second
reference to generate a second comparator signal;

(v) analyzing means for analyzing said first
comparator and said second comparator signals to
determine if said image processing means and said
channel means are functioning properly; and

(vi) éutput interleaving means for interleaving said
third reference and said processed data component to

generate an output composite signal.

10
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