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[571 ABSTRACT

Mode selection switches (76. 96, 98) selectively intercon-
nect a sensor line shift timing generator (76) with one of
three signal sources - (1) a conventional raster scan timing
signal from a raster scan sync generator (70), (2) variable
speed external timing signals from a tachometer (32). and
(3) fixed speed timing signals developed from the horizontal
timing signals of the raster scan sync generator. In a time
delay and integration mode, the sensor line shift timing
generator causes the CCD arrays of an image section (22)
and storage section (24) to shift pixel values down the CCD
arrays at a rate commensurate with the external timing
signal. As a spot of light emanating from a portion of an
object moving through an examination region moves along
the CCD array. a corresponding pixel charge is shifted
through the CCD array at the same speed such that the same
pixel charge integrates light from the same spot as it moves
the entire length of the CCD array. An output register timing
generator (80) generates timing signals for output registers
(26) such that an output signal is produced that is compatible
with EIA-170 television signal standard. In the conventional
raster scan mode, the camera works as a conventional video
camera. When connected to the variable frequency timing
signal, the video picture scrolls down the TV monitor
clocked by the tachometer in proportion to the speed of the
conveyor. In the calibration mode, the image scrolls down
the video screen at a fixed rate.

20 Claims, 5 Drawing Sheets




Re. 36,047
Page 2

U.S. PATENT DOCUMENTS

4,366,574 12/1982 Hill 378/99
4,375,652 3/1983 White 358/213
4,382,267 5/1983 Angle 358/213
4,546,444 10/1985 BulliS ...ccccrreecrccseremrrecsnisecnns 250/572 X
4,555,636 11/1985 Fujisawa et al. ..... ... 250/578
4,578,810 3/1986 MacFarlane et al. .....coevccnesmsesneee 382/8
4,641,256  2/1987 Marchegiano et al. .. 364/525
4,663,669 5/1987 Kinoshita et al. .... .. 358/213.19
4,668,982  5/1987 TIDNEHNO .ooveecreereresisvecnssessmnios 358/101
4,668,983  5/1987 WEISOD ..cccvvcervsriiasssrnsssnesssrran 358/106
4,689,686 8/1987 Hashimoto et al. ............... 358/213.26
4,705,958 11/1987 Sugita 2500578
4,743,971  5/1988 Hugli ...ccovevveenircmmricrerenns 358/213.26
4,811,409 3/1989 Cavan 382/8
4,827,142 5/1989 Hatje 250/563
4,920,429 471990 Jaffe et al. ....ccvceecreccnniinnanens 358/471
4,952,809 8/1990 MCEWen ......ccrccermianonns 358/213.24 X
OTHER PUBLICATIONS

“Charge—-Coupled Device and Charge-Injection Device
Imaging”, Barbe, Journal of Solid-State Circuits, vol.
SC-11, No. 1, Feb., 1976 pp. 109-114.

“Signal Processing For Time Delay and Integrating Charge—
Coupled Device (TDI-CCD) in the Panoramic Scan Mode”,
Sadowski, SPIE vol. 282 (1981) pp. 115-128.

“Large Time-Delay—and-Integration (TDI) Arrays and
Focal Plane Structures With Intrinsic Silicon Response”,
Dyck, et al., SPIE vol. 282 (1981).

*“Long Range E~O Reconnaissance System and Flight Test
Results”, Palazzo, SPIE vol. 561, (1985) pp. 13-17.

“A 128x1024 Element TDI Image Sensor with Small, High
Performance Pixels”, Dyck, et al., SPIE vol. 901 (1988) pp.
3-9.

“CCD Imaging Array Combining Fly-s—Eye Lens with TDI
for Increased Light-Gathering Ability”, Pennington, et al.,
IBM Technical Disclosure Bulletin, vol. 21, No. 2, Jul. 1978.
“A TDI Charge—Coupled Imaging Device for Page Scan-
ning”, Schlig, IEEE Journ. of Solid-State Circuits, vol.
SC-21, No. 1, Feb. 1986 pp. 182-186.

“A Spatial Image Separator for Color Scanning”, Gutleben,
et al., SPIE vol. 809 (1987), pp. 52-54.

“Document Scanning With a New Family of Experimental
High—Performance TDI-CCD Imaging Devices”. Yao. et al..
Electronic Imaging '88 Int. Electronic Imaging Exposition
and Conference, Advance Printing of Paper Summaries. vol.
2. (1988) pp. 566-570.

“TDI Charge—Coupled Devices: Design and Applications”,
Wong. et al.. IBM J. Res. Develop. vol. 36, No. 1. Jan. 1992,
pp- 83-106.

“Signal-to—Noise Ratio Dependence on Frame Time, Time
Delay and Integration (TDI), and Pulse Shaping”. Cox. SPIE
vol. 244, (1980) pp. 167-181.

“A Buttable 2048x96 Element TDI Imaging Array”, Ellul. et
al.. SPIE vol. 501 (1984). pp. 117-127.

“Charge Imaging Matrix For Infrared Scanning”. Borrello.
et al.. SPIE vol. 409 (1983). pp. 69-75.
“Time-Delay-And-Integration Charge Coupled Devices
(CCDs) Applied to the Thematic Mapper”, Thompson, et al..
SPIE vol. 143 (1978) pp. 19-27.

“The Application of CCD Detectors to UV Imaging From a
Spinning Satellite”, Murphree, et al., SPIE vol. 932 (1988)
pp. 42-49.

“P8602 Charge Coupled Device (CCD) Image Sensor”.
1984 English Electric Valve Company Limited. Feb. 1984,
pp. 14.

“Diverse Electronic Imaging Applications For CCD Line
Image Sensors”, Hunt, et al. undated.

“ATime Delay and Integration CCD For a Serial Scanned IR
Imager”, Vanstone. et al., pp. 315-325 undated.

10.240 Pixel Focal Plane with Five Butted 2,048x96 Ele-
ment TDI CCDs Bradley, et al. undated.

“Performance of Charge—-Coupled Device (CCD) Imaging
Sensors”, Monro.

“An Ultaviolet Auroral Imager For the Viking Spacecraft”.
Anger, et al. Geophysical Research Letters. vol. 14, No. 4.
pp- 387-390, Apr., 1987.

“Moving Target Sensors”, Final Report, Contract No.
N00039-73-C-0070, Prepared For: Dept. of the Navy, by
Texas Instruments Incrop. 29 Oct. 1973.

“TDI-CCD Devices in Document Scanning”, Pennington,
SPSE Inx. Conf. Electron. Imaging, Nov. 1980, (full paper
not published).



Re. 36,047

Sheet 1 of 5

Jan. 19, 1999

U.S. Patent

| " 914

®
SISAIUNY | ¢

04 LNOD A|l.|_i

ALITIVND

40SS3004d
JOVII

0z —,
22—
g ‘N9
\\ T NVDS
\

A




U.S. Patent Jan. 19, 1999 Sheet 2 of 5 Re. 36,047

FIG. 2A

-
o
v

L

[




Re. 36,047

Sheet 3 of §

Jan. 19, 1999

U.S. Patent

g2 9ld

—
‘N3O
ONIWIL 28
yalsioay = | .
1nd1NO 950
HOSN3S  |w
/ N 10Y.NOD 300N
08 J oL f‘ —__g3lsva/ial
A T e s Li—
N3O | | | e I ! 1 IEEE
ONIWIL " m.qm . INI
e | LR ks || |
NN 1X3
\ HOSN3S ANIT 7 | | waisvy .Ai_l.o/a_ IAIEA A
8L | L L , | { N be
] Lo R » wm \
L FouINGD
k — m. vNH3LX3
, ‘ /TUNY3ILNI
"LNI _
4344N8 y¥344n8 y3d44ng | INOILIGNOD |, |
|_<Zmu_m ~ ..—.XNQI.
_

‘ /vm

o’




Re. 36,047

Sheet 4 of 5

Jan. 19, 1999

U.S. Patent

!

7™\

SISATYNY
TOHINOD
ALIVNO

o

¢ 914

Fa
W ¥ovaa3ad
) N 29—
N _
I P ]
S
_ » EETRIE _
| dWVT0 SSvd m
Les__ — 9§ T 25
L]
ONAS ,0S
\ ]
09
r ._mlml




Re. 36,047

5

Sheet 5 of 5

Jan. 19, 1999

U.S. Patent

Y ¢ ) W




Re. 36,047

1

MULTI-MODE TDI/RASTER-SCAN
TELEVISION CAMERA SYSTEM

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

This application is a continuation-in-part of U.S. appli-
cation Ser. No. 293,960, filed Jan. 6, 1989, now, U.S. Pat.
No. 4,949,172, which in turn is a continuation-in-part of
U.S. application Ser. No. 249,385, filed Sep. 26, 1988, now
U.S. Pat. No. 4,922,337

BACKGROUND OF THE INVENTION

The present invention relates to the video camera art. It
finds particular application in conjunction with quality con-
trol and monitoring with CCD video cameras, especially of
continuous material processes. and will be described with
particular reference thereto. It is to be appreciated that the
invention may be used with CCD and other video cameras
for other applications including document recording, pho-
tographic film scanning. photographic archival recording,
object tracking. video security, and the like.

Heretofore, quality control and monitoring has been car-
ried out with charge coupled devices (CCD) and other video
cameras. In one method, a video output signal was generated
which included a long. continuous series of video image
fields. In a frame transfer CCD camera, light from a con-
tinuous or pulsed source was focused on an image section of
a CCD sensor for a selected interval of time. The interval
was selected to produce good image contrast without sig-
nificant blurring of the image due to object motion. The
charge on each element of the image section was indicative
of received light intensity. The charge was transferred during
a vertical blanking interval, e.g. a few hundred
microseconds, into corresponding elements of an optically
insensitive CCD mass storage section. As the image section
again commenced integrating received light, the charge was
read out element by element from the optically insensitive
elements to form a video signal representing one field of the
resultant image. After the Yeoth of a second or other selected
read out interval, the charge representing the second field
was transferred from the image section to the storage
section. As the second field was read out of the storage
section, the second video signal image section started inte-
grating light to form a third field. This sequence was
repeated cyclically to form a video signal representing a
series of single image fields.

Continuous production of image fields rendered CCD
cameras awkward to adapt for certain high volume quality
control situations. As a continuous sheet or individual object
was moved past the CCD camera, the resultant video signal
represented a long series of image fields. In order to review
the images of each object to monitor for a controlled
characteristic, it was first necessary to determine which
portion of the video signal included the field(s) which
represented the monitored individual object or portion of the
continuous sheet. Second, it was necessary to determine
within the field the actual location of the monitored object or
sheet portion. When increased lighting was necessary, the
actuation of strobed lighting was coordinated with the field
of interest. If the strobe lighting was not completely coin-
cident with a common location of the object or sheet portion
within the field(s) of interest, lighting intensities and object
shapes would vary among the fields of interest for each
object or sheet portion. If the stream of objects or sheet was
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moving rapidly compared with Ysoth of a second or other one
field exposure time, then each object would be in a different
position within the selected field of interest. This different
positioning of the object not only required identifying the
object position in the video field, but could also result in
different lighting conditions on the object. These inaccura-
cies in the timing, positioning. and lighting of the monitored
objects all limited the degree of accuracy and the speed with
which quality control monitoring could be performed.

In the quality control and monitoring method described in
parent U.S. patent application Ser. No. 186.446, filed Apr.
28. 1988, a CCD device is asynchronously triggered at a
controlled instant in time to *“grab” a moving object. The
instant in time is synchronized while the moving object
enters to a preselected examination point. A high intensity
strobe is flashed concurrently with asynchronously trigger-
ing a CCD device to *“grab” the moving object. While such
a method has certain unique advantages, it requires a sig-
nificant amount of power capacity to flash the high intensity
light necessary for its functioning. The minimum cycle time
of the strobe limits the speed of the conveying system.

Although asynchronous triggering is applicable to con-
tinuous web monitoring, some webs are advanced at such
high speeds that the repower time of the strobe may limit the
web advancement speed. Additionally, inspection of con-
tinuous webs with cameras producing a series of individual
fields requires matching the tops and bottoms of adjacent
fields to provide a single complete image of the web without
gaps or overlaps. Processes which continuous webs are
advanced include the fabrication of sheets and films of
plastics such as polyethylene, MYLAR, cellophane and
vinyl, metals, glass, plywood, paper and other wood pulp
products, fabrics, printing of newspapers. magazines.
wallpaper, packaging, etc., lamination of plastics,
composites, paper, etc., coating of plastics, metals, etc. with
paint, magnetic particles, abrasives, adhesives, photographic
emulsions, electrically conductive materials, etc., and
embossing, cutting, slitting, perforating. etc. of any of the
aforementioned raw or processed materials.

In the past. some of these webs have been imaged using
line-scan cameras, that is, cameras using sensors constructed
of a single row of photosensitive areas. The range of
application of such sensors has been severely limited due to
the low maximum speed at which the web can travel and due
to the large amount of illumination necessary to produce
usable signals from the sensor. In addition, because line-scan
sensors cannot produce images when the web motion is
stopped, focusing and alignment of such systems is difficult.

Cameras using the time-delay-and-integration (TDI)
scanning mode have been built in the past for military aerial
reconnaissance and some other specialized applications.
However, these have not been usable in web inspection
because they could not be synchronized with the web
motion. Their vtility was further limited because they could
not acquire images unless the object being viewed was
moving at the correct velocity relative to the camera. This
makes system set-up with static objects nearly impossible.

In the camera system described in parent U.S. patent
application Ser. No. 293,960, the camera was operable in
either a time delay and integration mode or a standard raster
scan mode. However, in the TDI mode, no image was
generated when the web stopped moving. This temporary
lack of an image had drawbacks in the initial calibration,
focusing, and alignment of cameras.

The present invention contemplates a new and improved
video camera system and method which overcomes the
above referenced problems and others.
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SUMMARY OF THE INVENTION

In accordance with the present invention. a multi-mode
video camera is provided. A switching means selectively
switches between a time delay and integration mode and at
least one additional mode.

In accordance with a more limited aspect of the invention,
the additional mode utilizes preselected. constant frequency
timing signals.

In accordance with a still more limited aspect of the
present invention, the switching means selects among at
jeast three modes. the time delayed integration mode. a
conventional raster scanning mode. and a time delayed and
integration mode in which the camera is clocked by the
preselected, fixed frequency timing signal.

In accordance with another aspect of the present
invention, a video camera system is provided. A conveying
means conveys at least one item to be examined through an
examination region. A conveying means speed dependent
timing device means generates conveying means speed
dependent timing signals that vary in accordance with a
speed of the conveying means through an examination
region. A lens focuses light from an examination region on
a video pick up array. A timing generator means controls the
shifting and integration of signal values along the array in
accordance with the received timing signals. A switching
means selectively switches one of the conveying mean speed
dependent timing signals and an internal timing signal to the
timing generator means.

In accordance with another aspect of the present
invention. a test chart is provided in conjunction with the
video camera system. The test chart includes a plurality of
stripes along the direction of web movement which is
mounted stationarily in the examination region.

A first advantage of the present invention is that it
facilitates calibration, focusing. and alignment of cameras in
the TDI mode.

Another advantage of the present invention is that it
permits calibration signals to be digitized by data acquisition
and processing boards that are limited to receiving data at
fixed frequencies. This expedites development of examina-
tion and inspection algorithms.

Another advantage of the present invention is that it
performs scans in a raster mode with static objects, a TDI
mode synchronized with object motion, or a TDI mode with
a fixed scrolling rate and that any mode may be selected at
any time.

Another advantage of the invention is that it allows the
rate at which the images are acquired to be controlled
directly by the process producing the material to be viewed.

Another advantage of the present invention is that it
consume less electrical power than cameras which require
high intensity flashes to illuminate the object.

Another advantage of the present invention is that it
permits monitoring under lower levels of lighting and non-
flashed lighting.

Another advantage of the present invention is that it
allows for monitoring of a continuous web process without
overlapping. Identifying and recognizing the overlap
between frames is eliminated.

Another advantage of the present invention is that it
permits the routines used to process the video data when the
camera is operating in the TDI mode in a system to be
developed in the lab with static objects using the TDI mode.

Yet another advantage of the present invention is that it
refreshes pixel light values representing light received by
light sensors, throughout the integration period.
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Still further advantages of the present invention will
become apparent to those of ordinary skill in the art upon
reading and understanding of the following detailed descrip-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention may take form in various compo-
nents and arrangements of components or in various steps
and arrangements of steps. The figures are only for purposes
of illustrating a preferred embodiment and are not to be
construed as limiting the invention.

FIG. 1 is a diagrammatic illustration of a TDI camera and
quality control system in accordance with the present inven-
tion;

FIGS. 2A. 2B. and 2C taken together are a more detailed
illustration of the system of FIG. 1; and,

FIG. 3 is an alternate embodiment to FIG. 2A illustrating
an alignment. focusing. and calibration test chart.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

With reference to FIG. 1. conveying means A moves a
continuous web. a line object. or the like to be examined
through an examination region at an adjustable or irregular
speed. A CCD camera or opto-electrical transducer system B
monitors the moving object by focusing an image of the
moving object(s) on an opto-electric transducer. As the
object moves, the image moves correspondingly along the
transducer. A synchronizing control means C synchronizes
and coordinates movement of the object and conversion of
the image into an electronic video signal by the camera B.
Specifically, the transducer samples the same element or
pixel of an image several times. The synchronizing means
causes the multiple samplings comresponding to the same
pixel of the image but sampled at different sampling times
and different regions of the transducer to be integrated. The
synchronizing means preferably adapts the sampling of the
transducer to movement of the object. However, in some
applications it is advantageous to vary the speed of the
object to match the sampling of the transducer. A quality
control analysis means D analyses the video signal for flaws,
defects, or other characteristics of the web and denotes their
locations.

With continuing reference to FIG. 1 and further reference
to FIG. 2A, the conveying means A includes a conventional
conveyor 10 for a moving object 12 through the examination
region 14. The nature of the conveyor is dependent on the
object to be transported, as is known in the art. In the
preferred embodiments, the conveyor includes rollers for a
continuous web of floor coverings. wall paper, or other
finished sheet goods. The examined subject may include
sheets and films of plastics such as polyethylene, MYLAR,
cellophane and vinyl, metals, glass, plywood, paper and
other wood pulp products, fabrics, printing of newspapers,
magazines, wallpaper, packaging, etc., lamination of
plastics, composites, paper. etc., coating of plastics, metals.
etc. with paint, magnetic particles, abrasives, adhesives.
photographic emulsions, electrically conductive materials,
etc., and embossing, cutting, slitting, perforating, etc. of any
of the aforementioned raw or processed materials.
Optionally, the conveyor may have pockets. recesses, or
clamps for fixing the position of each received objects on the
belt.

The camera B includes an optical system. such as a lens
20, which focuses photons of light radiation received from
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the examination region on a photosensitive area 22, prefer-
ably a bidirectional array of light sensitive elements. The
lens focuses light emanating from the examination region
continuously onto the light sensitive area or image section of
the opto-electrical transducer. The resolution of the resultant
image is determined by the number of light sensitive ele-
ments in each dimension. The more elements, the finer the
resolution. A typical video camera might have a 244x610
element array. For color. a third of the elements have a green
filter, a third have a blue filter. and a third have a red filter.
or any other three color filter combination as is conventional
in the art.

In conventional frame transfer CCD cameras. the data is
periodically shifted in mass from the image section 22 to a
light shielded storage section 24 during a vertical flyback
period which erases or resets each element of the CCD
image section. In the TDI mode, the vertical flyback signals
are defeated, i.e. eliminated. The image section and storage
section transfer are both conmected to the synchronizing
means C which step lines of pixels continuously at a variable
line frequency rate to output registers 26. The synchronizing
means controls the lines or rows of the photosensors 22, 24
in such a way that the accumulated charge is moved in
synchronization with the light pattern arriving from the
object being viewed. For example, when the web has a spot
or blemish which passes through the examination region, the
image of the spot is progressively transferred or shifted
along the light sensitive area into the storage section 24. That
is, as the object moves some small increment. the charge is
shifted one row to follow the motion. If there are 100 rows
of photoelements, then the total exposure time for each small
area in the image will last 100 times as long as in a
single-row imager. This permits the rows to be moved 100
times faster or for the intensity of the illumination to be
reduced by 100. Interline-transfer CCD imagers as well as
frame-transfer CCD imagers can also be used but require
more complex support circuitry.

The charge values are shifted from row to row along the
CCD array in precise synchronization with movement of the
object being imaged and its image on the CCD array. For
example, if the lens 20 focuses a 1 millimeterxl millimeter
area of the object on each element of the CCD array, then
each time the object moves 1 millimeter, the pixel charge or
integrated light value is shifted one row or line in the CCD
array. In this manner, subsequent images on the CCD array
superimpose directly on shifted previous images. By the
time an image value or line of image values reaches the
optically insensitive storage section 24 of the sensor, the
optic information from the object has been integrated over
the entire transfer period (/1o second, for example), With the
244610 CCD array, each pixel value represents the sum of
light received at each of 244 CCD elements. The synchro-
nization means C keeps monitored object movement and the
image sensor transfer process in precise synchronization. In
the preferred embodiment, the speed of the conveyor rollers,
drive motors, or the like is converted by the synchronization
means into clocking signals for the CCD array.
Alternatively, signals from clocking electronics in the cam-
era may be readjusted with variations in the speed of the
conveyor.

In the time delayed integration mode, the pixel values in
only the first line of the CCD array are refreshed each time.
These pixel values are shifted along both the image and
storage sections at a selectable speed and received light at
each position is integrated. This is as opposed to the rapid
transfer of pixel values from the image region to the storage
region once per field in a frame transfer operation.
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It is to be appreciated that the storage section 24 is
unnecessary in the TDI mode and may be eliminated.
Eliminating the storage section is advantageous in that it
eliminates the storage section imposed delay between of the
acquisition of each data line and its conversion into a line of
video data. Although described in terms of a CCD image
sensor array, it is to be appreciated that the summing of light
intensity received at time delayed intervals at each pixel of
a column in the TDI mode can be achieved in conjunction
with other video image sensors beside CCD image sensor
arrays. The data may even be integrated off the sensor array
in a memory array which provides lines of integrated data
values to the shift registers or other serializing means.

With reference to FIGS. 2A and 2B. a signal conditioner
30 receives a trigger signal t; from a conveyor speed sensor
or tachometer 32 and produces clock pulses to clock the
image sensor array at a corresponding rate. More
specifically, the trigger signals control the frequency of an
image section transfer clock or means 34, which supplies the
clock signals to a light image sensor section control means
22a and a storage section control means 24a. The light image
sensor control means 22a causes the charge of each image
element or row of elements of the image section 22 to be
shifted line by line. After about 244 pulses or shift com-
mands in the illustrated 244 active line CCD image section
embodiment. a line of charge values has been shifted 244
lines from the first line of the image section into the storage
section 24.

The clocking signals are selected such that the image
transfer is synchronized with the movement of the conveyor.
The controller C conveys identical transfer clock pulses to
the storage section control means 24a as sent to the image
section control means 22a to cause the data from the storage
section 24 to be shifted line by line into the shift registers
means 26. To enable the camera to operate in either a
conventional field mode or the time delay and integration
mode, the storage section is the same size as the image
section.

When using a color video image section, a red shift
register 26r, a blue shift register 26b,and a green shift
register 26g are provided. Alternatively. a color filter-free or
black and white image section may be provided and a single
black and white output shift register. Once a line of pixel or
integrated light values have been transferred from the stor-
age section 24 to the shift registers, the clocking means 34
sends higher speed three phase shift register clock signals to
a shift register controller 26a. The shift registers serially step
each charge or data value onto video signal output lines 40
before the next line is loaded into the shift registers from the
storage section. Thus, between image or storage section
transfer clock pulses, a number of shift register clock pulses
equal to the number of clements per line are generated to
clock out red, green, and blue (or black and white) output
signals at a frequency and format that is compatible with
EIA-170 television signal standards.

Feedback amplifiers 42 combine each of the three color
output signals with a feedback signal which establishes a DC
reference level to minimize the interfering effects of clock
noise. A gain adjusting amplifier means 44 adjusts the gain
of all three signal components comrespondingly.

With reference to FIG. 3C. each color signal is processed
by a like video channel 50. 50', and 50", The video channel
includes an impedance adjusting amplifier S2 for providing
a low impedance output signal. A band pass filter 54
removes any vestiges of clocking signal noise or the like. A
user controlled gain amplifier 56 amplifies the signal from



Re. 36,047

7

the band pass filter and passes it to a clamping means 58
which restores the DC video. At the end of each horizontal
sweep line. the clamping means shorts to a DC reference
fevel to restore a DC level that sets the black level of the
resultant image. A synchronization information means 60
switches between lines to reference voltages to add blanking
and horizontal synchronization information to the signal. By
convention, the synchronization means 60 only adds syn-
chronization information to one. generally the green. video
component. A feedback circuit 62 feeds back a portion of the
composite video signal to provide a phase sensitive detec-
tion of the clocking to establish the DC level that minimizes
the clock noise.

Preferably. the feedback signal also is based on a single
one of the components. The video processing circuitry is
stable to better than one part in 256 to enable precision
digitizing and digital signal processing of the resultant video
signal.

The quality control analysis means D receives the com-
posite video signal and operates on it in a manner that is
appropriate to the quality control function undertaken. For
example. the analysis means D may turn the composite
signal into a man-readable video image. Alternately. the
analysis rneans may examine components of the video signal
corresponding to selected regions to determine whether they
meet preselected characteristics relative to each other, pre-
selected standards. or the like.

Looking by way of example to monitoring a continuous
web of solid color material. the image of the web may
change in gray scale or color relative to the rest of the web
image. The change may be the result of color changes in the
web or surface deformates that alter the amount of refiected
light. The pixel values of the video signal of the web are
compared with a preselected gray scale characteristic or
value to determine if the web is deformed or damaged
beyond selected tolerances. If the web has a repeating
pattern, the image or video signal is compared with corre-
sponding standards which change cyclically with the pattern
to determine whether the web has been accurately processed.
If the web is monitored in color, each image or pixel value
of the video signal is compared with one of a plurality of
colorimetric standards in accordance with a location within
the pattern. Alternately. color or other physical parameters
may be used to sort various types or grades of products.
Numerous other sorting, quality control, and acceptance
algorithms may be implemented as are appropriate to the
requirements of the objects being examined.

With reference again to FIG. 2B, the synchronizing means
C includes an internal raster scan sync generator means 70
which produces master timing signals for a raster-scan
mode. The scan generator means may have either an internal
crystal oscillator or external drive signals as its time base. A
control line 72 receives input signals which enable the
camera to operate in cither the time delayed and integration
(TDI) mode or the raster-scan mode. The mode selection
signals control a switching means 74 including a first switch
76 which connects the output of either the raster-scan
generator 70 or the process speed controlled clock signal
from the signal conditioner to a sensor line shift timing
generator 78 and an output register timing generator 80. A
crystal oscillator 82 controls the timing of the output register
timing generator and provides camera timing in the raster-
scan mode. In this manner, the clocking of the shift register
26. hence. the video signal. is independent of process speed.
The sensor line shift generating means 78 converts the
received timing signals of the selected mode into four-phase
clocks for the image and storage sections. The output
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register timing generating means 80 provides three phase
clocks for reading out the pixel charges from the output
register. The output register timing generating means also
sends clamp timing signals to the clamping means 58 of the
video channels and to the synchronization means 60. Buffers
84 condition the three and four phase clock pulses for use by
the sensor and shift register controls. The three phase clock
signals for the output shift registers 26 are controlled by the
oscillator 80 in both modes.

For calibration, focusing. and alignment, the synchroniz-
ing means C is operated in an internally controlled TDI
mode. More specifically. a calibration test chart 90 is
mounted stationarily in the examination region 14. The
calibration chart includes a plurality of parallel stripes 92,
which stripes are aligned with the direction that an examined
web moves through the examination region.

An internal/external control selection line 94 enables the
operator to select between external control in which the
timing control signals are externally supplied from the
tachometer 32 or the like, and an internal control mode. The
internal/external control line 94 is connected with a second
switch 96 of the switching means 74 for switching the input
of the signal conditioning means 30 between the external
timing signal t; and an internal horizontal timing signal from
the raster scan sync generating means 70. The internal/
external control line further controls a third switch 98 of the
mode switching means 74 which disconnects the raster scan
generator 70 means from externally applied sources of
vertical and horizontal drive signals. Passing the internal
horizontal timing signal through the signal conditioner 3¢
assures that the sensor line shift timing generator 78 pro-
vides the same line timing in both internal and external TDI
operation. Disconnecting the raster scan sync generator
means from the external, vertical and horizontal drive sig-
nals assures that external signals are not supplied which
causes a horizontal timing signal which exceeds the fre-
quency of the conventional raster scan. Such high frequen-
cies can cause jitter and other image degradation problems
attributable to too high a horizontal timing speed.

The preferred embodiment can be operated in the above
described time delay and integration mode. as a conven-
tional video camera, or in the internally clocked time delay
and integration mode. When the time delayed integration
mode is selected, an appropriate input on the TDVraster
mode control input 72 causes the mode select means 74 to
send the line start signals to the sensor line shift timing
generator 78 and the sensor output register timing generator
80 and causes the sensor line timing generator 78 to send the
four-phase TDI clock sequences to the image and storage
section control means 22a, 2da. When the conventional
frame mode is selected, the raster-scan sync generator 70
causes the sensor line generator to send conventional four-
phase frame transfer clock signals or interline transfer clock
signals.

Although only a single camera is illustrated for simplicity
in the preferred embodiment, it is to be appreciated that
multiple cameras may be used. For example, the camera
may view adjoining sections across the web. Alternately,
two cameras may view sections along the direction of
movement, with the cameras coordinated to alternate lines.
The multiple cameras are operated in their fixed frequency
TDI mode on the test chart or a stationary web to align the
viewed sections, align camera pixels, etc.

In yet another application, the camera may be cycled
between the raster, internal and external controlled TDI
modes to transfer different types of data. For example, the
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camera may alternately send images of people in the raster
mode and documents in the TDI mode. This would permit
the camera to function as a video phone and provide high
resolution images or print outs of discussed documents or
data.

The invention has been described with reference to the
preferred embodiment. Obviously. modifications and alter-
ations will occur to others upon reading and understanding
the preceding detailed description. For example, as previ-
ously stated signals from the clocking controller electronics
may be used to control the speed of the conveyor system. It
is intended that the invention be construed as including all
such alterations and modifications insofar as they come
within the scope of the appended claims or the equivalents
thereof.

Having thus described the preferred embodiment. the
invention is now claimed to be:

1. A multimode camera comprising:

a timing generating means for producing clock signals for
controlling the shifting of lines of data values along an
image sensor array;

a switching means for switching one of external selectable
frequency timing signals and internally generated fixed
frequency timing signals from an internal sync genera-
tor means to the timing generating means; and,

a lens for focusing radiation from a region of interest on
the image sensing array.

2. The camera as set forth in claim 1 wherein the switch-
ing means includes means for selectively connecting (1) a
raster scan sync generator means into communication with
a timing signal generating means such as the camera oper-
ates in a standard raster scan mode, (2) the timing generating
means with an external selectable frequency timing signal
input, and (3) the raster scan sync generator means with the
external timing signal input to provide fixed frequency
timing signals thereto.

3. The camera as set forth in claim 2 wherein the external
timing signal input is connected with a tachometer means for
generating the external timing signal in accordance with a
speed at which a conveyor is moving through the region of
interest.

4. The camera as set forth in claim 3 wherein the image
sensor array includes an array of photosensitive CCD ele-
ments that discharge charge values in accordance with
received light radiation, the array has a multiplicity of lines
of the photosensitive elements, which lines of photosensitive
elements are clocked to shift lines of the charge values along
the array by the clock signals from the timing generating
means.

5. A camera system comprising:

a conveying means for conveying at least one item to be

examined through an examination region;

a speed-dependent timing signal means for generating a
speed-dependent timing signal that varies in accor-
dance with a speed of the conveying means through the
examination region;

alens which focuses photons from the examination region
on at least a portion of an image sensor array, which
array is defined by lines and columns of photosensitive
elements;

a timing generator means for controlling timing of inte-
grating photons received at photosensitive elements of
each column. the timing means being operatively con-
nected with the speed-dependent timing signal means
such that the timing means variably controls a time
duration between integrations of photons along the
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columns in accordance with the speed-dependent tim-
ing signal such that as a given point on the conveying
means moves through the examination region. the
photons emanating therefrom and impinging sequen-
tially on the photosensitive elements of the column are
integrated.

6. The camera system as set forth in claim 5 further
including a switching means for selectively switching the
timing means between the speed-dependent timing signal
means and a fixed frequency timing signal means.

7. The camera system as set forth in claim 6 further
including a test chart disposed in the examination region
when the switching means connects the timing means with
the fixed frequency signal means. the test chart having a
plurality of stripes extending parallel to a direction of
CONVEyOr means movement.

8. The camera system as set forth in claim 5 wherein the
image sensor array is a CCD array and wherein the lens
focuses light photons from a portion of an object moving
through the examination region on to a progression of pixels
of a column of the CCD array and wherein the timing means
shifts charges along the CCD array pixels such that a charge
corresponding to the examined object portion is shifted
along the CCD array at the same rate that the focused light -
photons from the object portion moves along the CCD array.

9. The camera system as set forth in claim 8 further
including a switching means for selectively connecting the
timing means with one of the speed-dependent timing signal
means and a fixed frequency source.

10. The camera system as set forth in claim 9 further
including:

a raster scan sync generator for generating internal ver-

tical and horizontal timing signals; and,

a switching means for selectively switching the timing
means among the raster scan sync generator means to
operate the CCD array in a conventional raster scan
mode, the speed-dependent timing signal means, and
with the internal horizontal timing signal from the
raster scan sync generator such that charge values are
shifted along the CCD array at a cormresponding con-
stant rate.

11. A multimode CCD camera comprising:

a CCD array having a plurality of lines of light sensitive
elements for accumulating lines of pixel values each
indicative of an accumulated amount of light received;

a lens means for focusing light from a region of interest
on the CCD array;

a serializing means for serializing each line of pixel
values from the CCD array into an output video signal;

a line shift means for shifting the lines of pixel values
along the CCD array to the serializing means at a rate
controlled by received timing signals;

a raster scan sync generating means for generating con-
ventional raster scan timing signals including horizon-
tal timing signals of a preselected frequency and ver-
tical fiyback timing signals;

a timing signal conditioning means for conditioning an
externally generated timing signal of adjustable fre-
quency for compatibility with the line shift timing
means; and,

a switching means for selectively switching one of (1) the
raster scan sync generating means into electrical com-
munication with the line shift means for providing
horizontal and vertical flyback timing signals thereto
such that the lines, of pixel data are read from the CCD
array in a conventional raster scan mode, (2) the signal
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conditioning means into electrical communication with
an external source of adjustable frequency timing sig-
nals such that the lines of pixel data are shifted along
the CCD array at a rate in accordance with the external
timing signal. and (3) the signal conditioning means
into electrical communication with raster scan sync
generating means for receiving the horizontal timing
signals therefrom such that the lines of pixel data are
shifted along the CCD array at a rate fixed by the raster
scan sync generating means.

12. A method of generating video signals. the method

comprising:

fixedly disposing a test chart in an examination region, the

test chart having a plurality of parallel stripes;

while the test chart is in the examination region;
clocking an image sensing array at a fixed rate such that
lines of pixel data are shifted therealong and inte-
grated at the fixed rate.
serially reading the lines of data from the array,
converting the lines into a video calibration signal,
adjusting at least one of focus, alignment. and cali-
bration in accordance with the video calibration
signal;
removing the test chart and moving a conveying means
through the examination region in a direction parallel to
the test chart stripes;

monitoring a speed of movement of the conveying means
through the examination region and clocking the image
sensing array in accordance therewith; and,

reading out the lines of data from the array and converting
the lines of data into a video signal.

13. A camera inspection system comprising:

a web conveyor for substantially continuously conveying
a web through an examination region;

a speed monitor for monitoring a conveying a speed at
which the web is conveyed through the examination
region;

a time delay and integration camera including:
an image sensor having an array of light sensitive

elements,

a lens for focusing light from the examination region on
the image sensor, the light from the examination
region altering charge values on the photosensitive
elements of the image sensor,

a timing generator for controlling shifting of the charge
values along the image sensor such that the charge
values represent an integration of light received at a
plurality of locations as the charge values shifts
along the image sensor, the timing generator being
connected with the a speed monitor such that the
charge values are shifted along the image sensor in
accordance with movement of the web such that each
charge value comes to represent an integration of
light from a corresponding portion of the web as
such corresponding portion of the web moves
through the examination region.

14. The camera inspection system as set forth in claim 13
wherein the image sensor includes a CCD array.

15. A web inspection system for inspecting a web which is
conveyed through an examination region, the web being
conveyed substantially constantly but with variation in con-
veying speed, the inspection system comprising:

a means for measuring a current conveying speed of the

web;

12

a time delay and integration camera which receives light
from at least a preselected portion of the examination
region as the web is conveyed therethrough, the time
delay and integration camera being operated in a time

5 delay and integration mode with timing controlled by
the speed monitor such that light from an incremental
element of the web is integrated by the time delay and
integration camera as the incremental element of the
web is conveyed across the examination region.

16. The web inspection system as set forth in claim 15
wherein the camera means further includes:
an array of CCD elements which carry a charge value
indicative of a total amount of light received;

a means for shifting charge values along the CCD array
such that at each position along the CCD array, the
charge value is affected by light from a different part of
the examination region;

15

timing generator means connected with the charge
shifting means and the web speed monitor for causing
the shifting means to shift the charge values in coor-
dination with movement of the web through the exami-
nation region such that as each charge value is stepped
across the CCD array, it receives light from substan-
tially the same incremental web element as the incre-
mental web element is conveyed across the examination
region;

a means for converting charge values which have been
stepped to one end of the CCD array into a video
signal.

17. The web inspection system as set forth in claim 16

Sfurther including:

a quality control analysis means which analyzes the video
signal to detect flaws of the web and to denote the
location of such flaws.

18. A method of video inspection of a web moving through
an examination region at a non-constant conveying speed,
the method comprising:

monitoring a conveying speed of the web;

receiving light from at least a preselected portion of the
examination region with a video camera operated in a
time delay and integration mode;

controlling operation of the video camera such that light
from an incremental element of the web is integrated as
it moves across the preselected portion of the exami-
nation region.

19. The method as set forth in claim 18 wherein the

controlling step further includes:

focusing light from the preselected portion of the exami-
nation region onto a CCD array of the video camera
such that the received light alters charge values on
each light receiving element of the CCD array;

stepping the charge values along the CCD array;

controlling a rate at which the charge values are stepped
along the CCD array in accordance with the monitored
conveying speed of the web through the examination
region.

20. The method as set forth in claim 17 further including:

converting the charge values that have stepped across the
CCD array into an output signal;

analyzing the output signal for defects and noting a
location of each defect along the web.
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