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A first linear sensor array 12 14
(42) produces, at a first time of
occurence, a first image of a seg-

ject moves across the sensor at a ' ' ;
variable speed. The image and

ment of an object (12) as the ob-
its time of occurrence are accu- )

mulated in a buffer. As the ob- I -
Ject continues to move across the ' : : ]
sensor, & successive plurality of (! it
gsegmentimagesseenbythe '\‘.. e k\
t sensor arc accumulated in N T2
the buffer, together with their re- 6 o, L a8 18
spective times of occurrence. A *
second linear sensor amay (44)
spaced a distance from the first o ( 3 )
ammy produces, at a second time . AT
‘of occurrence, a second image : JHY ' \-\
of another segment of the mov- Jr A
ing object. The second image RN 20
;::t:doz;pare'd with the accumu- '

st images to determine Y 0
which of the accumulated first 44\' !
images is most similar to the sec- ] H
ond image. The object’s speed
§ can then be estimated as an L l
appropriately weighted function
of d/(ti~tw) [Le. § oc di(ty-tm)],
wheretjisthetimeot‘occmenceofaselectedoncofﬁwseoondhnagesandt,.isﬂleﬁmeofocwnmceofmeﬁmtimagemostsimilarto
the selected second image. By continually monitoring the object’s speed in this fashion, one may select and transfer into an image buffer
those image segments which together form the highest quality image of the object, independently of the object’s speed of motion past the
sensor and without the need for expensive, bulky stepper motors, mechanical motion encoders, or the like.
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representation of the scanned 1 mage. Instead o novi ng the image past
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fi xed positEeohnhtab Piedld5 stepper notor noves the scanning head past the
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scanners, uUsg mesé lineddlldensmrcadeagscoupled to rollers to synchronize the
scan- ni ng process as the scanner is hand-manoeuvred, at variable
speed, over the object being i maged. Although the scan rate varies, it
can be det ePaEkggowdde| ectrical and/or 35 nechanical coupling between the

roller(sp and entmaging)devicesHousheas faxchachimescaptuser Boages byxpensi ve
hi gh preci sig@nning A e3P RE/ QNcrfchitsS | d8hakhR: MRARAN o} SRIIRXItY to
achi eve high resoludtion Ln"the scanned i nage.
in a typical fax machine, a si_:ep%er motor draws the sheet
bearing the image through a slot to move the image past a
fixed scanning head at a constant rate. At any particular
15 +time, the scanning head “sees” only a narrow, linear
portion of the image adjacent the scanning head. Because
the scan rate is constant and predetermined, the fax
machine’s control circuity can easily be activated at
fixed, sequential time intervals, to transfer the image
20 portion seen during each interval into a buffer. The
buffer accumulates the image portions to yield a £full
digital representation of the scanned image. Instead of
mbving the image past a fixed scanning head as described
above, the image may remain. in a fixed position while the
25 stepper motor moves the scanning head past the image at -a
constant rate, as in a typical flat bed scanner.

Prior art devices 1like those mentioned above use
relatively expensive, bulky stepper motors to maintain the
scan rate constant to a high degree of precision. Some

30 prior art devices, such as hand-he_ld scanners, use less
bulky encoders coupled to rollers to synchronize the scan-
ning process as the scanner is hand-manoeuvred, at variable
speed, over the object being imaged. Although the scan
rate varies, it can be determined by electrical and/or

35 mechanical coupling between the roller(s) and encoder(s).
However, such arrangements require expensive high precision
encoders and/or considerable mechanical complexity to
achieve high resolution in the scanned image.



- 2- The present invention provides a nethod and appar at us

for captur oTage of a noving object using one or ear
arrays, H;ﬂtgusﬁ‘ﬂﬁe need for high precision stepper W(ﬁcwwngéﬁg wi t hout

t he need for mechani cal |y neasurlng the 5 speed of the object.

Summary of Invention I'n ona ‘enbodi ment, the invention provides an
I magi ng apparatus in which a linear sensor array sequentially 10
produces i mages Tht pegsemt.Simientionbprctidess tahametthpdcénd appamatus

transver selg,, AGLB83-1RE A 1RUghOof W GBI hYCoY; 89S using one or more
linear arrays, without the need for high precision stepper
motors, and without the need for mechanically measuring the

5 speed of the object.

Summary of Invention
In one embodiment, the invention provides an imaging
apparatus in which a linear sensor array sequentially
10 produces images of segments of an object as the object
nmoves transversely across the array to successively pdsi—
tion the segments adjacent the sensor. Sequentially
ordered pairs of the segment images are compared to produce
an output signal representative of similarity therebetween.
15 One of the pair of segment images is accumulated in a
buffer whenever the comparator output signal is not repre-
" sentative of substantial similarity between the pair of
images.
In another embodiment, the invention provides ‘an
20 imaging apparatus in which a first linear sensor array
produces, at a first time of occurrence, a first image .of
a first segment of an object positioned adjacent the first
sensor. A second linear sensor array is spaced from the
first array by a distance d. At a second time of occur-
25 rence, the second array produces a second image of a second
segment of the object positioned adjacent the second
sensor. A buffer is coupled to the first array. The first
image and its time of occurrence are accumulated in the
buffer for a successive plurality of the first segments as
30 the object moves across the first array. A comparator is
coupled between the buffer and the second array. The
comparator compares the second image with each one of a
selected plurality of the accumulated first images to
determine which one of the accumulated first images is most
35 similar to (i.e. best matches) the second image. An object
speed estimator then estimates the object’s speed S as an
appropriately weighted function of d/(t;-t,) [i.e. S o« d/(t;~
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first iW@agdmfifermean be sampled to extract equal width image “strips”
therefrom which can be assembled to yield the full image.‘
If a variable sampling rate is used, each segment image is
produced during a sampling interval having a duration equal
to 1/(R * S) where R is the desired (fixed) resolution of
15 the final image. Because the scan rate changes in direct
proportion to the object’s speed, the composite image can
be read directly from buffer as soon as the scanning
process is complete.
Further embodiments of the invention incorporate
20 additional sensor arrays to more accurately and robustly
measure the object’s speed and consequently improve the
resolution of the final image.

Brief Description of Drawings
25 Figure 1 is a schematic, oblique Perspective illustra-
tion of an imaging apparatus having a single linear sensor
array.
Figure 2 is a side elevation view of the Figure 1
apparatus. _
30 . Figure 3 is a schematic block diagram representation
of the electronic components of the Figure 1 apparatus.
Figure 4 is a flowchart illustrating the sequence of
steps by which the Figure 1 apparatus forms an image of a
moving object.
35 Figure 5 is a top plan view of a pair of spaced linear
sensor arrays.
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-3- t[err]) , where t, is the,time of occurrence of a selected one
of the second images, and t[err] 1s'the time of occurrence of the first
I mge nost simlar to the selected second inmage. The i magi ng
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accumulation in a storage buffer of a composite image

5 formed of selected image segments obtained via the Figure .

5 linear sensor arrays. : : . S

Figure 8 is a flowchart illustrating the seguence of

steps by which the Figure 6 apparatus forms an image of a.
moving object.

10 Figure 9 is a flowchart illustrating an alternative
sequence of steps by which the Figure 6 apparatus forms an .
image of a moving object. _

Figure 10 is a top plan view of three spaced linear
sensor arrays. :

15 Figure 11 is a flowchart illustrating the sequence of .
steps by which imaging apparatus incorporating the Figure
10 linear sensor arrays forms an image of a moving object.

Figure 12 is a top plan view of four spaced, colour.
filtered linear sensor arrays. .

20 . Figure 13 is a side elevation view of an imaging

apparatus incorporating the Figure 12 linear sensor arrays.

Figure 14 is a flowchart illustrating'the sequence. of .
steps by which the Figure 13 apparatus forms a colour image
of a moving object. '

25
Description

Figures 1 and 2 depict a first embodiment of the
invention incorporating a single linear sensor array 10.
The object 12 which is to be imaged moves, at an unknown

30 variable or constant speed, in the direction of arrow 14
over viewing region 16 in cover plate 18. Sensor 10 “sees”
a narrow linear segment of object 12 through viewing region
16 and produces an output signal representative of that
segment. Lens 20, or other means, assists in viewing the

35 object segment seen by sensor 10. '

Sensor 10 may be a 1 x n pixel linear array. Cover
plate 18 may be transparent, in which case viewing region
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sanmpl ed t ogRxd equal width i mage "strips" t herefr. of 2N be
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Figure 1 Wheapparcanpdet8( (or parfigl) elfags of seiimnlt 12 Blascbeatinagr am
represent abic@mulated in buffer 24 as described below, processor 22 .
outputs the complete (or partial) image at 26. '
10 Operation of the apparatus depicted in Figures 1i-3 is
illustrated by the Figure 4 flowchart. The signal current-
ly being produced by sensor 10 is received by processor 22
as indicated at step 30 (i.e. sensor 10 is scanned to
ocbtain a 1 ¥ n pixel image of the segment of object 12
15 currently adjacent viewing region 16). The signal current-
ly produced by sensor 10 (which typically consists of a
series of n Dbytes, with each byte corresponding to one
pPixel in sensor 10) is compared by processor 22 with the
previously scanned signal stored in buffer 24, as indicated
20 at step 32. If comparison step 32 reveals, at step 34;'
that the signal currently produced by sensor 10 is substan-
tially similar to the previously scanned signal stored in
buffer 24, then the aforementioned steps are repeated, com-
mencing with step 30. Otherwise, if comparison step 32
25 reveals substantial dissimilarity between the signal cur-
rently produced by sensor 10 and the previously scanned -
signal, then the signal currently produced by sensor 10 is
stored in buffer 24 as indicated at step 36. If storage
step 36 does not £ill buffer 24 (i.e. the result of test
30 step 38 is negative) then the aforementioned steps are’
repeated, commencing with step 30. Otherwise, if storage
step 36 fills buffer 24 operation terminates at step 40,
leaving the full image in buffer 24.
Those skilled in the art will appreciate that buffer
35 24 is initially cleared prior to commencement of the image
scanning operation. This corresponds to storage, in buffer
24, of a series of blank “previously scanned” image sig-



of the electronic conmponents of the Figure 1 apparatus. ' Figure 4

is a fl owcggg |§ pustrating the sequence of steps by ﬂ@}y@;s,h&go Figure 1
appar at us rms an i mage of a novi ng obj ect. 35 Figure 5is a top
plan view of a pair of spaced |ineg _ sensor arrays.

-4- Figure 6 is a side elevation view of an imaging

apparatus incorporating the Figure 5 |inear sensor arrays. Fi gure
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via the Flgur d previously scanned signals depends upon the test used
to compare the signals, which may be varied to suit the
5 nature of the data comprising such signals. Further, it is
not essential to compare the signal currently produced by
sensor 10 with the immediately previously scanned signal;
previously scanned signals could be stored in a buffer and .
the comparison made with a selected one of the stored B
10 signals.

Persons skilled in the art will also recognize that a
variety of techniques can be used to indicate commencement
of the image scanning process;-pr, to indicate termination
of the process. For example, an externally provided

15 trigger signal, or initial detection of an output signal
from sensor 10, or repetitive checking of sensor 10 for an
output signal different from a predefined “scanning non- ,
started” signal, are different conditions which could be
detected to indicate commencement of the scanning process.

20 with step 30. To indicate termination of the process (i.e..
to perform test step 38) one could check to see if the last
performance of step 36 had filled buffer 24 to capac1ty, or .
determine that a predefined time interval had elapsed with. .
no detection of “substantially dissimilar” data during step .

25 34, or provide an external trigger signal to indicate com-
plete passage of object 12 beyond viewing region 16, etc.

Figure 5 depicts an alternative sensor having first
and second parallel linear arrays 42, 44 which are spaced
apart by a distance “d”. Arrays 42, 44 may each be 1 x n

30 pixel linear arrays. The Figure 6 imaging apparatus incor-
porating arrays 42, 44 is similar to that described above
except that two spaced, parallel viewing regions 46, 48 are
provided in cover plate 18. Array 44 “sees” a different
segment of object 12 than the segment seen by array 42.

35 More particularly, since array 44 is spaced a distance “q”
behind array 42, array 42 sees a segment of object 12 which
is spaced a distance “d” ahead of the segment seen by array
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arrays 42, 44. However, it is not essential for the:
viewing regions and arrays to have the same separation dis--

tance. The relationship between the viewing regions and
arrays is determined by lens 20, or other mnmeans. Wéll
known techniques can easily be applied to determine the
location and size of the viewing region “seen” by each
array. This applies to any embodiment of the invention
employing two or more spaced sensor arrays.

The Figure 8 flowchart depicts a method of operating
the imaging apparatus depicted in Figures 6-7, using a
fixed sampling rate. The signals produced by each of
sensors 42, 44 at fixed time sampling intervals having
times of occurrence t,, t,, ... t, are received as indicated
at step 50 (i.e. sensors 42', 44 are scanned to obtain two
1 x n pixel images of the two segments of object 12 which
are respectively currently adjacent viewing regions 46,
48). For each time interval, the scanned image signal pro-
duced by array 42 is stored in buffer 24, together with a
signal representative of that signal’s time of occurrence,
as indicated at step 52. At step 54, a selected plurality
of the previously scanned signals stored in buffer 24 are
compared with the scanned image signal produced by array 44
to find the stored signal which best matches (i.e. which is
most similar to) the scanned image signal produced by array
44. The speed S of object 12 is then determined, at step
56, as d/(t; - t,), where t; is the time of occurrence of a
selected one of the scanned image signals produced by array
44, and t, is the time of occurrence of the stored signal
which best matches the selected array 44 signal. (Note
that t; = t; if sensor arrays 42, 44 are scanned simulta-
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constant spes egg gégu t he d| rectlon of arrow 14 over Vi ?Wr)&%? on 16 in
cover plate I ensor "sees" . a narrow | inear segnent of oDbject 12
t hrough vi ewi ng region 16 and péoduces an output signal representative
of that segnent. Lens 20, or means, assists in viewing the 35
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region butger 24 by, & P'lel ageoﬁsfl&i COVE! dhhe 18.
Al t er na- re |on 1 t or aperture in
wise assoclatlng 1t ith the stored signal whlch best

matches the scanned image signal produced by array 44. As.
5 indicated by test step 60, the aforementioned steps are

repeated, commencing with step 50, until the scanning pro¥

cess is finished. Because arrays 42, 44 are spaced as -

aforesaid, steps 50, 52 are typically repeated a plurality .

of times for different segments as object 12 moves over .
10 viewing region 46 before reaching viewing region 48.

Once the scanning process is finished, the composite
image is formed, at steps 62-64, by sequentially extracting
image “strips” of equal width from the scanned image
signals stored in buffer 24. Since the speed S and tinme

15 duration of each of the “best match” scans is known, the.
width w; of each such scan is easily determined as w; = S*t;
and accordingly buffer 24 can easily be sampled to extract :
equal width image strips therefrom. S

The Figure 9 flowchart depicts an alternative method

20 of operating the Figure 6-7 imaging apparatus, using real- .
time scan rate control. Steps 70, 72, 74 and 76 are.
identical to Figure 8 steps 50, 52, 54 and 56 respectively, ..
except that whereas the Figure 8 method used a fixed sampl- .

]

ing rate, the Figure 9 method uses a variable sampling rate .
25 which is determined by the (variable) speed S of object 12
and the desired (fixed) resoclution R of the final image.
Thus, in the Figure 9 method, each sampling interval t;, t,,
... t, has a variable duration T, ; = 1/(R * S) which is
determined at step 78, after determination of the current
30 speed S of object 12 at step 76. Because the Figure 9
method normalizes the scan rate as a function of speed, the
composite image can be read directly from buffer 24 at step
82 as soon as the scanning process is complete, whereas the
Figure 8 method requires normalization of the width of each
35 1image strip, as previously explaihed. It can thus be seen
that the Figure 9 method produces the final image more
quickly than the Figure 8 method. However, the Figure 9
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partial) image of object 12 has beep _ accunul ated in buffer 24 as
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at 26. 10 Operation of the apparatus depicted in Figures 1-3 is
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di ssi nibar isegobdt asdnthhed saws (afr, 88 are spaced apart by a dis--

tance d,; and, first and third arrays 84, 88 are spaced'
apart by a distance 4, = 4,; + 4. Arrays 84, 86 and 88 may
each be 1 x n pixel linear arrays, and they may be employed
in an imaging apparatus like that depicted in Figure 6
15 except that a third viewing region is required in cover
plate 18 for the third sensor array. Arrays 84, 86 and 88
each “see” different segments of object 12. More particu-
larly, array 86 sees a segment of object 12 which is spaced
a distance d,, ahead of the segment seen by array 84; and,
20 array 88 sees a segment of object 12 which is spaced a dis-
tance d,; ahead of the segment -seen by array 86 ahd which is
also spaced a distance d,; ahead of the segment seen by
array 84.
The Figure 11 flowchart depicts a method of operating
25 an imaging apparatus incorporating the Figure 10 triple
linear array sensor, using a fixed sampling rate. The
Figure 11 method is identical to the Figure 8 method,
except that whereas the Figure 8 method is adapted to
operation of the Figure 5 dual linear array sensor, the
30 Figure 11 method is adapted to operation of the Figﬁre 10 .
triple linear ‘array sensor. Thus, at step 90, the signals
produced by each of sensors 84, 86, 88 at fixed time samp-
ling intervals having times of occurrence t;, t,, ... t, are
received as three 1 x n pixel images of the three segments
35 of object 12 seen by the three sensors at the respective
sample times. For each time interval, the scanned image



rently produced by sensor 10 and the previously scannedd Ei?pal,zzhen

t he signal I roduced by sensor 10 is stored in buffer as

i ndi ca?ed vf&;{,&gg 5" | f storaée step 36 does not fiF¢T/E418/0899004 (i .
the result of test 30 step 38 is nggatlve) then the af orementi oned steps
are repeated, commencing wth step 30. Oherwi se, if storage step
36 fills buffer 24 operation term nates at step 40, | eaving the ful

i mage in bLéi@ﬁaﬂ‘broduced by thes€iskt| Aefay 84 higs aidoreld linapakeei-at e t hat

buf fer 35 'éodé)dkfﬁ]xakﬁyzhcgeé{%gadf”x‘ i delnQPTER S 0L 0S| IR0

scanni ng operatl i S corres s orage, 1n 4% of a
series of bFHR& r?ﬁﬁqﬁfﬁﬁfescéﬁnéﬂ icaked %ﬁgftep 92. At step 94,

- 6- the previously scanned signals stored in buffer 24 are
S compared with the scanned image signals produced by both .
second array 86 and third array 88 to find the stored .
signal most similar to (i.e. which best matches) the .
scanned image signal produced by first array 84. The speed .
S of object 12 is then determined, at step 96, as an appro-
10 priately weighted function of d,;/(t; - t,), du/(t, - t,), and
A/ (. - t) ([i.e. S o« dp/(t; - t,), dz/(t, - t,), and
A/ (t, — t)]; where t; is the time of occurrence of a
selected one of the scanned image signals produced by array
86, t, is the time of occurrence of a selected one of the
15 scanned image signals produced by array 88, t, is the time
of occurrence of the previously stored array 84 signal E
which best matches the selected array 86 image signal, and .
t, is the time of occurrence of the previously stored array .
84 signal which best matches the selected array 88 signal.
20 At step 98, the speed information is stored in buffer 24;by
' appending the speed information to or otherwise associating
it with the stored signal which best matches the scanned _
image signal produced by array 84. As indicated by test
step 100, the aforementioned steps are repeated, commencing
25 with step 90, until the scanning process is finished. Once
the scanning process is finished, the composite image is
formed, at steps 102-104, by sequentially extracting image
“strips” of equal width from the scanned image signals.
stored in buffer 24, as discussed above in relation to step
30 62 of Figure 8.

The invention also facilitates capture of colour
images. For example, Figure 12 depicts a sensor having
four parallel linear arrays 106, 108, 110 and 112. Array
106 is covered by a red band-pass filter and accordingly

35 “sees” only the red portion of the colour spectrun.
Similarly, arrays 108, 110 are covered by green and blue



naI s. It will also be understood that determ nation, by step 34, of

"subst anti %%idgﬂﬁg arity" between the current - and prevbg.*.}éky\,@gﬁnned

si gnal s depe pon the test used to conpare the signa I'Ch may be
varied to suit the 5 nature of the data conprising such signals. Further,

it is not essential to conpare the signal currently produced by

sensor 10 with the imedi ately previously scanned signal; previ ously

scanned si gpaha-pass df Detetoreespecti vl emdanthus “sed’heoxhnparésron nade
wth a sel e hgd Pk of{forg Oﬁfd t}x% sbeqa! Sspcazf-.tl:'um reBELELLG f%' Iled in

the art WI| aI SO recogni ze varlet‘)/ tech nlgues can be used to
i ndi cat e co#ﬁ’ﬁﬁge%ﬁthas n?)ff’t}f%elf ntfe MWYaM3Vitg 2ptEBRSBATBRt €QVeX)yi cat e
term nati onand aekorrhénglpctsees” ’ébe Exdlptelounnspatiarual | yAyrays ded 15

trigger signgl, Qbs'gfé'éﬁaéga LHidhRkE 85802l Array ér sensor
10, or repetltlve checkin sens d’fferent

froma predéfPngBd ttdmd; gmﬁgnbe sini Heﬁpag?‘bnzﬂ%tgﬂ‘ghdf‘ Reesd
condi ti ons whiove dbulid bet essemtiml cthato thediaczay spawvingecheneqedl t he

scanni ng pr q_q\egﬁyzgmb%méﬁqgaﬁ,e ihventgbgate term nati on of the process
(1.e.. to pe& .t est ﬁ’ei) %one coul.d checkto sgelf t he | ast
per formance of slt’r gﬂﬁﬁ RY D fae?pafftt @‘5‘535??§a 8¢ arrays
10 106, 108, 110, 112 is similar to that described above in
relation to Figure & except that four spaced, parallel
viewing regions 114, 116, 118, 119 are provided in cover
plate 18. TFor ease of referénce, sensor arrays 106, 108,
110, 112 are hereafter respectively designated “R” (red),
15 “G” (green), “B” (blue) and “C” (clear), as indicated in
Figures 12-13.

The Figure 14 flowchart depicts a method of operating
the Figure 13 colour imaging apparatus, using a fixed
sampling rate. The Figure 14 method is identical to the

20 Figure 8 and 11 methods, except that whereas the Figure 8
and 11 methods are respectively adapted to the operation of
dual and triple linear array sensors, the Figure 14 method
is adapted to operation of the Figure 12 quadruple linear
array colour sensor. Thus, at step 120, the signals pro-

25 duced by each of the R, G, B and C sensors at fixed time
sampling intervals having times of occurrence t;, t,, ... t,
are received as four 1 x n pixel images of the four seg-
ments of object 12 seen by the four sensors at the res-
pective sample times. For each time interval, the scanned

30 R image signal produced by the R sensor is stored in an “R”
buffer, the scanned G image signal produced by the G sensor
is stored in a “G” buffer, and the scanned B image signal
produced by the B sensor is stored in a “B” buffer. 1In
each such case, a signal representative of the stored R, G

35 or B image signal’s time of occurrence is also stored in
the respective R, G and B buffers, as indicated at step
122. At step 124, the previously scanned signals stored in



determ ne that a predefined tine interval had el apsed with no detection
of "substantially dissimlar' data during step 25 34, or Vi n )
ext er nal tﬂ‘bﬁ@f‘ggg P%?”&@%@@t 12

ignal to indicate com pl et e passage
beyond view ng region 16, etc. Figure 5 depicts an alternative
sensor having first and second p&rallel linear arrays 42, 44 which are
spaced apart by a distance "d". Arrays 42, 44 may each be 1 x n 30 -

pi xel |Lgea§ﬁérﬁ9)’§-andﬂiﬁbﬁkﬂ’§5:§ Sré NEshpd-cB Rttt YBel 86&)ned himager ating
arrays 42, 44 is.simlar tot scribe v xcept_ that _two
spaced, par ﬁF?E?l\ﬁlé?/éur?da % gﬁigﬁé cg%,.e%fggag%a?&g trhc?vf;gggngnR CoVERpl ate 18.
Array 44 "swest gigilawvr&at (i.e.suhaeht beptom es) tthen scaengdgfent seen

by array 42ima3§e MpgRaDArtheUsBsted GiSignal nityichl bests paiethed @het ance "d"
b.ehi nd ag,r,a¥c€{2he(§r a%? %ﬁgiai Sgggeﬂ'%e cgtoqude%t s%&n%imch beis% spaced a
di stance "d" "ahead of e Sednent Seen by array ) :
matches the scanned C image signal. ~ Assuming the sensor
arrays to be egually spaced, the speed S of object 12 is
then determined, at step 126, as an appropriately weighted
function of 3d4/(t; - ty), 2d4(t, - t5) and d4/(t, - ty), where
10 t, is the time of occurrence of a selected one of the C
image signals, and t;, t; and t; are respectively the times
of occurrence of the stored R, G and B signals which best
match the selected C image signal. At step 128, the speed
information is stored in the R, G and B buffers respective-
15 1ly, by appending the speed information to or otherwise
associating it with the stored R, G and B signals which
best match the scanned C image signal. As indicated by
test step 130, the aforementioned steps are repeated, com--
mencing with step 120, until the scanning process is fin-
20 ished. oOnce the scanning process is finished, the R, G-and
B components of the image are formed, at steps 132-134,:by
sequentially extracting image “strips” of equal width from.
the scanned image signals stored in the R, G and B buffers
respectively. The R, G and B image components are then
25 merged in well known fashion to yield the final, composite
image.

As will be apparent to those skilled in the art in the
light of the foregoing disclosure, many alterations and
modifications are possible in the practice of this inven~

30 tion without departing from the spirit or scope thereof.
For example, although operation of the Figure 10 and 12
sensors has been described with reference to a fixed samp-
ling rate, those skilled in the art will appreciate that
either sensor could alternatively be operated using real-

35 time scan rate control, as described above with reference
to Figure 9 for the dual array sensor of Figure 5. Those
skilled in the art will also appreciate that non-optical



-7- 44. As shown ia Figure 7, array 42 is used to derive the
segnent s | stored in buffer 24, while array 44 is AddRbdo t O
' %ﬁ?z’ﬂ?%? T ine‘g&ffer 24

det erm ne t he previously scanned segnents store

is nmost simlar to the object segpepy 5 currently seen by array 44.

For purposes of sinplification, Figure 6 shows view ng regi ons 46, 48
spaced apart by the sane distance "d" as arrays 42, 44. However, it

i S not esseswnsalrst snchhes capadidiiveglirgaprermays anyabe usediasethbe sane

separ ati on yQinga 1 @enk8BCorrayderéfdatdP NN nereghyeen the view ng regions
and arrays I.s det ergege by lens 2 known

or _other means. el |l .
techni ques can &Fsi PPOEReE#X3PI%Y ¢ Hg tﬁﬁe cg&*%at iOR93RE si ze of
t he vi ewi npregiagms’ sgenFigyraschz-13 has apeenTHescupbed eost baying
%rbogi mgnt iQ:f\1f1:|t t&%nhwsofj%?l%kiqmathﬁyhnﬂ%é \Hi-tohtiﬂr&é&@étlﬁﬂaéﬂﬁﬁr arrays.
Ihe 7L 9ure e MR DRl odoRL o e BRI (PR edlind BRIV
si gnal s pr dthe @pinrctedsingf imagedeAsosyffcigutly muliitsHertradnphi ng
interval s hayidir to facilitate adequate correlation between the R, G
and B sensors without a base reference.
10 As another example, non-optical linear array sensors
such as capacitive sensors, electric field sensors, thermal
sensors, or other sensor types may be employed. Those
skilled in the art will accordingly understand that any one
of sensor array 10 ('Figures 1 and 2), sensor arrays 42, 44
15 (Figures 5, 6 and 7) or sensor arrays 84, 86, 88 (Figure
10) could be a non-optical sensor array.
As a further example, one may substitute for any of
the aforementioned 1 x n pixel linear arrays an m ¥ n pixel
“area” array, where m > 2 (i.e. m rows, each having »n
20 pixels). Thus, instead of using three discrete 1 x n pixel
linear arrays as shown in Figure 10, one could use, say,
two or more discrete area arrays of 10 x n pixels. As
another alternative, one could employ a single area array
of say, 500 x n pixels, scan that array two or more times,
25 and inspect rows having spacings corresponding to the spac-
ings depicted in Figure 10. Persons skilled in the art
will readily appreciate that any desired combination of
rows of such an area array could be scanned as hereinbefore
described in the context of discrete linear arrays. The
30 scope of the invention is to be construed in accordance
with the substance defined by the following claims.



20 tinmes of occurrencet,, t2, ... t, are recei yed'as I ndi cat ed Ftt

step 50 (i. rs 42, 44 are scanned to obtain two C4 ofooRdo* €

| mges of gﬁgg?ﬁgﬁgegnents of object 12 which are respect|v ? 4

currently adjacent view ng regions 48, - 48) . For each time int erval“"“the

scanned i mage signal pro- 25 duced by array 42 is stmﬁmnﬂ mnum"r’m

t oget her mnth a representatlve of that sig

occur r ence, WHA ¥§;qﬁ%§&§8 *at step 52. At step 54, a “sef ect ed" plsurality

of the pr evlousllgmagmgna@pargmdss Harmrtarizedf bge 24 are corrpaaed vvntlh

t he scanned i magg,ysi gn o] b Y. 0, | stored signa
0S| GN 3 rBECYERE: DY e AESAYa iy Uadh 0 dd IR SHOT o

whi ch best matches (i.e

signal produced by aftaf flrsﬁ4t1Wﬁe°§p%%ﬁP%??ﬁcqnnﬁa irsp imaghent

deterni Bed, at step a fiF6t segukri [«f Eh obffet rigsiviered bdjhgehbe tinme of
occurrence of a $8liackedsPNgadot Ne scanned image signals produced by

of the stored signal
it b best et o' | e SbarBey diehy Paplad S0 et iolest deab ) Raedt for)
t[err] if sensor ar rmféz,fdﬂ acanmsd abnng gardjlfuast image and said
first time of occurrence for a successive plural-
10 ity of said first segments as said object moves
across said first array;

(c) a second linear sensor array (44) spaced from
said first array by. a distance d, said seco_nd
array for producing, at a second time of occur-

15 rence, a second image of a second object segment
positioned adjacent said second sensor;

(d) a comparator (22) coupled between said buffer and
said second array, said comparator for comparing .
said second image with each one of said accumu-

20 ' lated first images and for determining which.one
of said accumulated first images is most sir_;t_:i_.?_l_%g.r
to said second image; and, -

(e) an object speed estimator (22) for estimating
said object’s speed S « d/(t;~t,), where t; is said

25 time of occurrence of a selected one of sgaid
second images and t, is said time of occurrence
of said first image most similar to said selected
second image.

30 2. Imaging apparatus as defined in claim 1, further
characterized by sensor control means (22) coupled
between said object speed estimator and said first
array, said sensor control means for controlling
timing between successive ones of said first time of

35 occurrence as a function of said speed S.

3. An imaging method characterized by the steps of:

\
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bU fer 24 G Anas )\\IﬂlﬁﬂﬂlflﬂﬁﬂllllﬂllLPﬁS?. o orTRL o e Stored 7

associ ating |t WI h t*he ®st br el si gnal whi ch best mat ches tﬁe Egganned
i mage signal produced by array 44 i&s.-5 indicated by test step 60, the
af orenmenti oned steps are repeat ed, commencing with step 50, until the
scanni ng pro- cess is finished. Because arrays 42, 44 are spaced as
af oresai d, step&ab0 PEIIuGing.,BE | Firste faBEAL LITUFRANCEy: @ Tix8 (i nes
for di ffer ent segnenimages ofbjpectirée segmwentovel ahlobjyeewi pgsiedowsd 46 before
reachi ng vi ew ng regirprhdﬁrst 1ocat10930€ the scanning process is finished,

e oot e s Sasd e i dmaae e et MR Sl
signal ssstored i n buf esc@%kreBcece the speed S and tine 15 duration of
each of the "begt, nvé&@éaﬁ@@haa L0epp. (Hhena (bl aVbubbesafe SUCh scan
's easily deternlned fhra f%y of sa1d first segments as said object
moves across said first location; _
(d) producing, at a second time of occurrence, a
10 _ second image of a second segment of said object
positioned in a second location spaced a distance
d £rom said first location;

(e) comparing said second image with said accumulated

first images and selecting that one of said
15 accumulated first images which is most similar to
said second imége;

(£) estimating said object’s speed S o« 4/(t;-
where t; is said time of occurrence of a selected
one of said second images and t, is said time of

20 occurrence of said first- image most similar to
' said selected second image;

(g) storing said speed estimate with said selected
first image;

(h) repeating said steps (a) through (g) until said

25 object moves beyond said second location; and,

(i) combining said selected first images to produce

a composite image of said object.

tal s

4. An imaging method as defined in claim 3, wherein:
30 (a) said segment images are each produced during a
time interval of fixed duration T; and,
(b) said combining step further comprises, for each
one of said selected first segment images, resiz-
ing said selected first segment image from a
35 width w = S * T to a constant width, where S is
said speed estimate stored with said selected
first segment image. .
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and accor di ngly bUme“HH”HH”% be sanpled to extract equal width

i mage strigg dofjglsgfrome s U!ue Figure 9 flowchart qqﬂJ,&;ggm@G
alternative net od 20 of operatl ng the Figure 6-7 imagi ng appara us usi ng
real - time scan rate control .- 1eSt-eps 70, 72, 74 and 76 are

Identical to Figure 8 steps 50, 52, 54 and 56 respectivel Y, except that
whereas the Figure 8 nethod used a_fixed sa n%L ing rate, the Figure 9
met hod useS-a vIPPEHPE WRAFGTS -+ ghaTrasterired B¥% deternined by the

(vari abl e) speedap od dbinesir 18ensor amdrialye (8) r &odx( f seguientizsldiyut i on R of

the final image. p:'-.r&i@clﬂél :h'i%eE'Sf”seeg%\e‘i’i%%hQE' ar?%*ae% gﬁ:ﬁ%g nterval

tlerr], tlerr], S a varli which is
determ ned at step 7%3‘1‘3@%}3%1’"8?’&1%3 %V%S%Weaé’ﬁf’?ﬁnfa d S of
obj ect 32 at step 76to Baceessively monitdon saidnseguent®r adjagent t he scan
rate as a function oga§@e§é},salhe conposite image can be read directly

frombuffer 24 q% st eP com 2% a3 t he scanni ng g%ocesci I S, conpl et e,
wher eas the gu?‘e SRRt %Frg%f}l &5 FEMRErT24t: fofk laﬁl‘:'cﬁh of each
35 |rrage strip, as pfedadgs| gegnenti Amgges| tanshnfehupredusdsg an that the
Figure 9 nethod prodggegut heidnaml (26 apgidisentatityi 6kl ¥ihbbarite Figure 8
nethod Fbmever thetﬁeggbetween, and,
(c}) a buffer (24) for accumulating said segment
images whenever said comparator output signal is
not representative of substantial similarity
between said pair of iwages.
15
6. An imaging method characterized by the steps of:
(a) sequentially detecting segments of an object
while said segments are successively positioned
within a predefined linear region and while said '
20 object moves transversely across said regiqngg;
' (b) producing images of each of said detected objé;t
segments; ;
(c) comparing said images with stored representations
of previously detected images of said respective
25 segments; and, .
(d) accumulating said image of said detected object
segment whenever said compared images are not
substantially similar.

30 7. An imaging method characterized By the'stepé of:
' (a) after expiry of a time interval T,,, producing at
a first time of occurrence, a first image of a
first segment of an object positioned in a first
location;
35 (b) accumulating said first image and said first time
of occurrence;

—
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-0- net hod |S|MHM3MJH§ n the Figure 8 nethod.  For

exanpl e, aybashaEo rsion of processor 23cricasiBibede
required to reliably inplenent he' Figure 9 nethod. By 1 ncreasing
t he nunber of sensor arrays one Aa}7mere 5 accurately and robustly neasure

t he speed of object 12 and consequently inprove the reconstruction of

the final inage For exa Ie Fi 0 dep a sensor hagving first,
second and t hi r(f)palrﬁpleéf:"?? %f ?gi r%fg (B§S§°ﬁ?ﬁ“ccess&f’f& second

arrays 84, 86 are smém@dlapnrbeyaaddfs¥SMCse$mqan ;asg] saigecdrjcecand t hird

arrays 86, 88 are sppeRg¢ ap2bbsby¥afd dEiSrst lodaghed;d[err]; and, first and
third arrays 84 88 ar§ﬁﬁgaced apart Qy a_di stance d err%s— dl e

dierr]. Arrays BE- maaﬁ}" a BESORYG P ?’Ir PR FRRES z?rrays and

they nm@y be enp|oye@econd image of a second segment of said object

positioned in a second location spaced a distance
d from said first location;

(e) comparing said second image with each one of said
accumulated first images and selecting that one.

10 of said accumulated first images which is most

similar to said second image;

(£) estimating said object’s speed S « d/(t;~-t,),
where t, is said time of occurrence of a selected
one of said second images and t, is said time of

15 occurrence of said first image most similar to
said selected second image;
(g) determining said time interval T,, = 1/(R * S)

where R is a predefined image resolution;
(h) repeating said steps (a) through (g) until said
20 object moves beyond said second location; andg,
' (i) combining said selected first images to produce
a composite image of said object.

8. Imaging apparatus, characterized by:
25 (a) a first lineaf gensor array (84) for producing,
at a first time of occurrence, a first image of
a first segment of an object positioned adjacent
said first sensor;
(b) a buffer (24) coupled to said first array, said
30 buffer for accumulating said first image and said
first time of occurrence for a successive plural-
ity of said first segments as said object moves
across said first array;
(c) a second linear sensor array (86) spaced from
35 said first array by a distance 4,,, said second
array for producing, at a second time of occur-
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in an inmeging apparatus like that depi HH"“"I"!"ﬂ !L} EIIS except that a

third vi evx,waﬁ1 pon Is required in cove d sensor
array. Arrays @S 86 and 88 each "see" different segments 84’5“9%] ect 12.
More particu- . larly, array 86 - sges a segnent of object 12 which is
spaced a distance d[err] ahead of the segment seen by array 84; and, 20
array 88 sees a segnent of object 12 which is spaced a dis- tance
d[err] ahead of the EeRfRNd KasenFyinpgaoBR HaFoR FRIPSt seamgnio spaced a
di stance d[err] aheago®itidifed agifatentesailysecondiigensoldy. The

Fi gure 11 11 owchast gomlGle 13nlElnom alx GRELY! 1 36) Zpactd EBBA! dihfPPAr at Us

i neorporating the Fi I neal array sensor, using a fixed

sanpling rate. Thefirst I’r@?ﬁ’e%lar@ﬁﬁ?d‘qes ;ad%‘?filst%ﬂceldo £Am salre 8
nmet hod, 5 except tbatondedewsy the Fidjistantendjhodaid aHapd eahiay

operation of the Figy &?e? %&{gé # ﬁ{a rtrlﬁx_,ds%g_&gr oft ggcﬁgr?fégur‘; 11

met hod i s adapted to op ure I near_array

sensor. Thus, at stephd®d impgesioh,g ghir ‘b‘?lﬁﬁfcé&gﬂ‘?n&aEﬁsbP%%@%ors 84,
86, 88 at fixed ti nEadjla@ent said nhiindt @enabs; having times of occurrence

tlerr], tferr], é[&;rﬁgabﬂt%r {225‘3&&& %%t@:géﬁeséld(bﬁfﬁbifeém’}i]mges of

the three segrrents 3 ect. 12 seen t ree sensors at t
respectPve sanpl éaHin§§c°nﬁora“€‘actﬁnﬁ%ea¥?ﬁ5é?'va?a"‘? hE%E%ﬁﬂ%‘H‘l nmage

for:

(i) comparing said second image with each one of
said accumulated first images and for deter-
mining which one of said accumulated first

15 : images is most similar to said second image;

(ii) comparing said third image with each one of
said accumulated first images and for deter-
mining which one of said accumulated first .
images is most similar to said third iwage; -

‘20 _ and, _ it
(£) an object speed estimator (22) for estimating
said object’s speed S as proportional to any one

of :
(1) du/lt - ty); or,

25 (ii) dn/(t, - t,); or,
(iii) d,s/ {t; - t,); or,

(iv) a combination of d,/(t; - ty), du/(ty - t,)
and 4,,/(t; - t;);
where t; is.said time of occurrence of a selected
30 one of said second images, t; is said time of
occurrence of said first image most similar to
said selected second image, and t, is said time of
occurrence of said third image most similar to
said selected second image.
35
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- 10 - si gnal produced by the fi rt“lm i’Elﬂn 'lEu' Ilored in buffer
24, togeth a signal representati of
occurrencewoaég}o%%al cated at step 92. At step 9 escplry(e:ﬁ%ohgﬁy
scanned signals stored in buffer 24eare 5 conpared W|th t he scanned i mage
signal s produced by both second array 86 and third array 88 to find the
stored signal npst simlar to (i.e. which best_nmtches) the scanned
i rage si gn8l- pr SWAGERS hPPPRratug, (35 G8Lingd deeflaim §.of fupthex 12 s

t hen determ nedchai'aetm'&ﬁi ys sensappeont A6l waeEnat eoypledgbéededninct i on of
dierr]/ (t[err] (tdefih )saiyd tfi t[err] -
tlerr]) (i. gaferrf)sh err dL_Jéec]r nlat:fi[a‘?{dg 5 %grﬁ??t er#‘g tlerr]),

and said sen 0l ‘means for ‘comtrolling timi
5 between successive ones of said first time of occur-
rence as a function of said speed S.

10. An imaging method characterized by the steps of:

(a) producing, at a first time of occurrence, a first.

10 image of a first segment of an object’ pos:.t:Loned
in a first location;

(b) accumulating said first image and said first time
of occurrence; '

(c) repeating said steps (a) and (b) for a successive

15 plurality of said first segments as said object
moves across said first location;

(d) producing, at a second time of occurrence, a
second image of a second segment of said object
positioned in a second location spaced a distance

20 d, from said first location; '

' (e} producing, at a third time of occurrence, a third
image of a third segment of said object posi-
tioned in a third location spaced a distance d;
from said first location and spaced a distance dy

25 from said second location;

() comparing said second image with each one of said
accumulated first images and selecting that one
of said accumulated first images which is most
similar to said second image;

30 (g) comparing said third image with each one of said
accumulated first images and selecting that ome
of said accumulated first images which is most
similar to said third image;

(h) estimating said object’s speed S as proportional

35 tc any one of:

(1) 4/ (t-tg); or,
(ii) 4,5/ (Le~t,); or,
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dierr]/(tk - t[err])]; where t[err] |s“uﬂm|m" m rence of a
sel ected e scanned i nmage sign m lml r tk is
the tine ﬁsgg@us%&r.'ence of a sel ected on€ of the "5 %cﬂLe?k{Cr?gsglggg? gnal s
produced by array 88, t[err] is theotd ne of occurrence of the
previously stored array 84 signal whi ch best matches the selected array
86 image signal, and, , to is the tinme of occurrence of the previously
stored array. 84idi}ynal e /CtFanEelt; Bfrches the sel ect ed array 88
signal . 20 At step 98w)t&aecopisbshtivmoromtd,pN(t,;s- sty edaiNn(ufsf ag)) 24Jby
appendi ng the speed infogﬂaiaqp“;o_0£)qthermﬁse associ ating- it with the
stored signal which best mat c‘ﬁes_“t he %canned | mge signal produced by
array 84. As indi caWBargytyt ag¢said tdme,ofpgccureendd hdnfrsaeledt eps are
repeat 8d, comrenci ngna5 ofi tdaisl egedtihd ulhdded her,scannéaiyd pEDRSS6EI S .

fini shed. Once L Ngep se:lS.flnLshe he. SLLe image is
formed, at steps 10%?"%5%?&8%sgauéﬁ%:&a?ftégx%‘%ggiﬂas%ngﬁtggggg Hs’tri ps" of
equal width from t haddaspiRriath§ecepgnimage, and;pr dg $3idimerof4, as

di scussed albovefi n lb&b&i:i:ﬁﬂcéoosteaiamfﬁi‘sﬂf ilbger foSt similar t&rhel

I nvention al so -facil_Ltat r r, | mages. For exanpl e,
Figure 12 depicts ass%té'ﬁsgél%g%% tehicgd t‘ig{?%gbar allel |inear arrays 106, 108,
110 add@ 112. Arfddy repegesnassebsé%%%y(ad e GRd - (B s ¥nfillt 8a1ldnd

accordingly object moves beyond said third location; and, °
(j) combining said selected first images to produce
a composite image of said object.

15 11. An imaging method as defined in claim 10, wherein: -
(a) said segment images are each produced during a
time interval of fixed duration T; and,
(b) said combining step further comprises, for each
one of said selected first segment images, resiz-
20 _ ing said selected first segment image from :a
width w = S, * T to a constant fixed width, where
S; is said speed estimate determined with respect
to said selected first segment image.

25 12. 2An imaging method as defined in claim 10, further
characterized by, after said speed estimating step,
determining T,y = 1/{(R * S) where R is a predefined
image resolution and then waiting for a time interval
equal to T, after said step 12(a) before continuing

30 performance of said method. '

13. Imag'ing' apparatus, characterized by:
(a) a first linear sensor array for producing, at a
first time of occurrence, a first image of a
35 first segment of an object positioned adjacent
said first sensor;
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35 "sees" only the red portion of the ¢ Simlarly,
arrays 108wobdfdssas e covered by green aH mi [l[ﬂnu PCTICA%8/006%0
11 band- pass filters respect ee' only green

and blue portions of the col our sp2ttrum respectively. Array 112 has no
filter (or may have a transparent cover) and accordingly "sees" the
full col our spe trun1 a 1 ced rt by a distance
"d". Arrays 108 Hﬁ g%oslﬂ:’(f %lfilgﬁ§a% g%ﬁ“&rggf EP5tRF 533 hough as
not ed above it ifdnsyt imagential that the array spacing be equal in

any enbodi nent @f) t ke giikgenbhfer coupled tBh@akugeiesd 3atPRg NGhsoparat us
| ncor por ating array%lrst buffer for accumulating said colour fil-
5 tered first image and said first time of occur-
rence for a successive plurality of said first
segments as said object moves across said first

array;
(d) a second linear sensor array spaced from said
10 first array by a distance d,,, said second array

for producing, at a second time of occurrence, a
.secand image of a second object segment posi-
tioned adjacent said second sensor;
_ (e) a second coloured filter for colour filtering
15 said second image;
() a second buffer coupled to said second array,
said second buffer for accumulating said colour
filtered second image and said second time for a
successive plurality of said second segments as
20 said object moves across said second array;

' (g) a third linear sensor array spaced from said
first array by a distance dy;; and spaced from said
second array by a distance d,, said third array
for producing, at a third time of occurrence, a

25 third image of a third object segment positioned
adjacent said third sensor;
(h) a third coloured filter for colour filtexring said
third image; _
(i) a third buffer coupled to said third array, said
30 "third buffer for accumulating said colour £il-
tered third image and said third time for a
successive plurality of said third segments as
said object moves across said third array;
() a first comparator coupled between said first
35 buffer and said second array, said first compara-
tor for comparing said second colour filtered
image with each one of said accumulated first
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Lo Fi gur e Gesssais (hat four spaced. par A INEINH (2o cos 302 56

118, 119 are provided in cover pl ate "8.° For Basd of r{e:fgﬁgﬂ@g, sensor
arrays 106, 108, 110, 112 are-heeeafter respectively designated "R
(red), 15 "G' (green), "B" (blue) and "C' (clear), as indicated in
Figures 12-14. The Fi 8ure 14 flowchart depicts a method of
operating the Fi fROuFsfidFetediimrgst Rpphra: detemminiqo whilchd

sanpling rate. The Ficper eofl4saibdhadcusuldeadi Caksto coeu20 £ifitgred 8 and 11
met hods, except that 4 aggt e{ine t 84 _
P n.‘ﬁf&%% s lﬁ@sfsg'“ﬁq? £ to sﬁaﬁd sé%gﬁﬁ%ﬁfﬁ&m array

respectively adapted to the operation o . 1
sensors, the Figure 5% AB3%®/ s adapted to operation of the Figure 12
quadruplSe |ineartlk) aamempndolcompazahenr coipls] bdtwderp shd@d gdong gnal s

ool tng i ntervals nooree? dideala ARy sraey>0hia Meoodf bole- )
ing intervals ha | ,
Z?remrecgi ved as four oigr#?ﬁ x EPR MBS 5?1‘§h§h5'59r codgur gllﬁ'ﬁaﬂeél of

obj ect 12 seen by thdmeger widhs @ashatoncheoff exaid acquemtliateds amlondt i nes.
ror e ber o 1 Soishectsssud hgdt amogos sbel-Bate slibh (1o 1
Esntsﬁre ll(gssan(r)r i°hes (% e%?iﬁb\ %\cc‘@ulﬁ&%ﬁe%ﬁg g% rﬁ’?@%ese ge
si gnal images is wost similar to said third colour £il-
tered image; . _ _
(1) a third comparator coupled between said third
buffer and said first array, said third compara-
15 tor for comparing said first colour filtered
image with each one of gaid accumulated third
colour filtered images and for determining which .
one of said accumulated third colour filtered .
images is most similar to said first colour fil-
20 tered image; |
- (m) a first object speed estimator for estima;iég
said object’s speed S « d4,/(tc-t,), where tc.is
said time of occurrence of a selected one of said ;
first colour filtered images and t, is said time
25 of occurrence of said second colour filtered
image most similar to said selected first colour
filtered image; .
(n) a second object speed estimator for estimating
said object’s speed S o d,/(t.-t,), where t, is
30 said time of occurrence of said third colour
filtered image most similar to said selected
first colour filtered image; and,
(o) a third object speed estimator for estimating
said object’s speed S « 4,/(t,-t,).
35

14. An imaging method characterized by the steps of:

_—
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produced by the B sensor is stored in a“lﬂ Emmmummg each such case,
a signal r&@gg&g&t ative of the stored Ril® L OB e crhEdghogio L | e Of

occurrence 1s a

SO

i ndicated at step

stored in

buffers are conpared with the scanned i mag

stored in the respective R, G and B buffers, as
122. At stee3l24, the previously scanned signals
- 12 - the RR, Gand B

si gnal produced by the C

, g€ .
sensor to find{2he R¥FRENS sidhnd Seleqyd 398 PECRFrECRhi Bh best
mat ches) the scannefliifst coliomrgfiltemead inadge ofon ciliixstsisgpomienthofh best

mat ches the 5

scanged,fyd JPgRaaicdeaka #0eihgr SisEA%dh Si gnal whi ch best

mat ches the scanped C | e Siqgnal .
pn al Afesgtnggg t he sensor

5

10

15

20

25

30

35

{c)

(d)

(e)

(£)

{g9)

(h)

(i)

producing, a se time of occurrence, a
gsecond colour filtered image of a second segment
of said object while said second segment is posi-
tioned in a second location spaced from said
first locationm;

producing, at a selected time of occurrence, a
third colour filtered image of a third segment of
said object while said third segment is posi-
tioned in a third location spaced from said first
and second locations; '

accumulating said images and said respective:
times of occurrence;

repeating said steps (a) through (d) for success-
ive pluralities of_ said first, second, and third
segments as said object moves across said first,
second, and third locations respectively;
producing, at a selected time of occurrence, a
fourth non colour filtered image of a fourth
segment of said objéct while said fourth segment
igs positioned in a fourth location spaced from
said first, second and third locations;
comparing said fourth image with each one of said
accumulated first images and selecting that one
of said accumulated first images which is most
gimilar to said fourth image;

comparing said fourth image with each one of said
accumulated second images and selecting that one
of said accumulated second images which is most
similar to said fourth image;

comparing said fourth image with each one of said
accumulated third images and selecting that one
of said accumulated third images which is most
similar to said fourth image;
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arrays to be equally spaced, the speed

t hen
determ nedv 3/ £p 126, as an appropri imlm(ﬂﬂu'm m]"lﬂ, ,}ﬁ@?}) of 3d/
(t[err] P P‘fg)L‘ 2d(t[err] - t[err]) ard 4/ Et[®rry -*t[err Where 1
t[err]is the tinme of occurrence aof2a selected one of the C I mage
signals, and t[err] t[err] and t[err] are respectively the tines of
occurrence of the stored R, G and B signal s which best mat ch t he

sel ected C i magd)si gs&imapingt epido@bjEes’ spameed S| %f Sudtedir)is stored

inthe R Gand B butﬁveu:g -t HSpaat awu&ﬁ:n)l YWhEi‘ea@,Qeﬂd'sr&ld% azpeed

i nformation to or R_ Gand B
si gnal s whi ch héde ﬁnﬁ?‘gﬁef‘hsa é écf e%dnéagréﬂ %%?sor)@, i*Eat ed by
test step 130, the @P@ﬁe@hﬁieﬂekﬁmws said sepeadedndctmrth semenci ng with

step 120, u]ptl | thhg s%s:%r)nagglar @aeaSSpacihg baélweézshfwid HHaed fé&asca][ml ngd
process is finishe 0 opents t he i nage are forne
at steps 132-134 ,—- %h Sggﬁ Jé‘%tltc‘ﬂ Ilf %%tlnaagﬂnﬁgo? e q%p : of equal
width from t he fcammddctedgeons grfl ssaidr awpn nCpheu:R ii?,lanﬂteB buffers

respectively. The amage%ndtﬁ ll@%i‘d)r@ﬂﬂ@nbﬁ dceukbefcdSosMyzged in wel |
known fashion to yi wll be

nal
apparent to those s%"lrs d P °Pﬁef3af'ier??§ Jﬁrg‘ge m°FF"a%meaf e fs&" goi ng
di scl ddure, many al tselgcteds nend COlOﬁﬁ)cﬁﬁlt@Eﬂo@a&ee fras disblsaiidn t he

practice of this in8ie of occurrence of said second colour filtered
image most similar to said selected non colour
filtered image and ty is said time of occurrence
of said third colour filtered image most similar
15 to said selected non colour filtered image; and,
(k) repeating said steps (a) through (j) until said

object moves beyond said fourth location; and,
(1) combining said selected first images to produce

a composite image of said object.

-

20 : 5
15. An imaging method as defined in claim 14, wherein:--
(a) said segment images are each produced during a
time interval of fixed duration T; and,
(b) said combining step further comprises:

25 (i) for each one of said selected first segment
images, resizing said selected first segment
image from a width w = S; * T to a constant
fixed width, where Sy is said speed estimate
determined with respect to said selected

30 first segment image;

(ii) for each one of said selected second images,
resizing said selected second image from a
width w = S * T to a constant fixed width,
where S is said speed estimate determined

35 with respect to said selected second image;
and,
H—
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30 yon without departing from Lze;guull\ll \ME\IH Lil| AN

described with reference to a fixed sanp- Ilng rate, those skilled in
the art will appreciate that €iZther sensor could alternatively be
operated using real - 35 time scan rate control, as described above with
ref erence to Figure,9 for the dual array sens of Flgure 5, Those
skilled in the art wn??lhkso é%ﬁ?é%? eOPRaPindirisht Fehected third

- 13 - sensors such as capgssti wediziow saihysehegtéd thiddas the

| inear sensor arrays referred fuhcRer®kdin a width whS= agot herr ea@ngl e,
al though the Colour | magi ng constant fixed width, where S; is said
5 speed estimate determined with respect
to said selected third image.

16. An imaging method as defined in claim 14, further
characterized by, after said speed estimating step,

10 determining T, = 1/(R * S) where R is a predefined
image resolution and then waiting for a time interval

equal to T, after said step 15(a) before continuing
performance of said method.

15 17. Imaging apparatus, characterized by:

(a) a first linear sensor array (106) for producing,
at a first time of occurrence, a first image of
a first segment of an object positioned adjacent
said first sensor;

20 (b) a first coloured filter for colour filtering said
' first image;

(c) a first buffer coupled to said first array, said
first buffer for accumulating said colour f£il- -
tered first image and said first time of occur-

25 rence for a successive plurality of said first
segments as said object moves across said first
array;

(d) a second linear sensor array (108) spaced from
said first array said second array for producing,

30 at a second time of occurrence, a second image of
a second object segment positioned adjacent said
second sensor;

(e) a second coloured filter for colour filtering
said second image; '

35 () a second buffer coupled to said second array,
said second buffer for accumulating said colour
filtered second image and said second time for a

e
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apparatus of Figures 12-13 has been desc four sensors,
those skil lypglodfasdohe art will understand’”I "’!ﬁloﬂ &”f S?}?:%Q%mdg?oy be
' el R

elimnated I1f it can be assuned that ecoby e I mage
sufficiently nulti-spectral in - @@l our tofaC|I|tate adequat e
correlation between the R G and B sensors w thout a base reference.
10 As anot her exanpl e, non-optical |inear _array sensors such as

capacitive sensors, ETURAGSSAVE BLYTeLhtyrof PALdnEPCOond sRGMeRES aF ot her
sensor types may be esgpidydject Fhves acroskiddiell sevcnde arthywi | |

5y Tsensor ar ray S k2. it (FLcesgnsgr 230 (o) sy LR, 86
88 (Figure 10) cRpif bélés'hg?f’% ‘?‘é:%ﬂd S'arﬁ%i';fi arr% a
further %xanpl e, one fmqumat,eatoa &hirdf time oficoafuresmens,; aned 1 x n
pi xel linear arrays agmiBd :.EhaP‘eXSET Cnd Al &y RS BUemsher ol L £da 2 (1.

m rows, each havi ng n I xel’s) I nst éad of 0sing ree discrete | x
n pi xel | i near %&Psdp él PoreCH0, one coul d use, say,

two or nore di scmle Eartéla.rdr ca;lgu:oéd mbtetr poxeatalour Adilteringosdnxl
alternative, one coulghamligagd;si ngl e area array of say, 500 X'n

rows havin
o el e that oo b e Ligks, 25 and Lpsesct tove b v
Persons skilled in thhixgd buffer for accumulating said colour £il-
tered third image and said third time for a
successive plurality of said third segments as
said object moves across said third array;

15 Kj) a fourth linear sensor array (112) spaced from
said first, second and third arrays, said fourth
array for producing, at a fourth time of occur-
rence, a fourth non colour filtered image of a
fourth object segment positioned adjacent said

20 fourth sensor;

' (k) a £first comparator coupled between said flrst
buffer and said fourth array, said first compara—
tor for comparing said non colour filtered image
with each one of said accumulated first colour

25 - filtered images and for determining which one of
said accumulated first colour filtered images is
most similar to said non colour filtered image;

(1) a second comparator coupled between said second
buffer and said fourth array, said second compar-

30 ator for comparing said non colour filtered image
with each one of said accumulated second colour
filtered images and for determining which one of
said accumulated second colour filtered images is
most similar to said non colour filtered image;

35 (m) a third comparator coupled between said third
buffer and said fourth array, said third compara-
tor for comparing said non colour filtered image

-
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area arr ay viewisie scanned ai”ﬁefifhéiﬁ’iﬂlﬂﬁ IIIIITIMIIIMII i g,r{“ﬁ aaptont of
(0]

discrete linear arrays. The 30 scope of t'he‘i nVenfioh i*s t e construed

I n accordance with the substarce7defined by the follow ng clains.
VWHAT IS CLAI MED | S: 1. 1mgi ng appar atus, characterized by: f
(a) a first linear sensor arra f or _ produci_ng, . at a
irst time of occurrefdeER £ach osal acc‘-_‘m“la%e'i UK gk of a
first segnent of an dijléered 1mages and fgwgdictieanddingj whitch od b i r st
sensor ; (b) saiBubbetmhz4ted OMPAf dolod@ Eiitesba M hdes Sﬂl d
most similar to said non colour filtered image;
5 (n) a first object speed estimator for estimating

said object’s speed S « d,/(tc-tz), where 4, is
said spacing between said first and fourth sen-
sors, tc is said time of occurrence of a selected
one of said non colour filtered images and tp is
10 said time of occurrence of said £irst colour
filtered image most similar to sa1d selected non
colour filtered image;
(0) a .second object speed estimator for estimating
- said object’s speed S o d,/(ts-tg), where d, is
15 said spacing between said second and fourth sen-
sors, tg is said time of occurrence of said
second colour filtered image most similar to said
selected non colour filtered image; and,
(p) a third object speed estimator for estimating
20 ’ said object’s speed S o d,,/'(tc-tn), where d;, is
said spacing between ‘said third and fourth sen-
sors, tz is said time of occurrence of said third
colour filtered image most similar to said
selected non colour filtered image.
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buffer for storing said first unprocessed i mge and said
first tine rrence for a success- 10 iV | i of said
f irst segvn‘flyn?tggﬁ%g sai d obj ect noves acrosgpés)lléwt array,
(c) a second linear sensor array (44) spaced from said f
irst array by a distance d, said second array for producing,
at a second tine of occur- 15 rence, a second unprocessed inmage
of a second ‘obj ect segnent positioned adjacent said second
sensor; (d) a conparat or (ﬁé% coupl ed between said buffer and
said second array, said conparator 4conparing 2.0 sai d second
unprocessed i nage with each one of said stored first
unprocessed i mages and f or determ ni ng whi ch one of said
stored first unpro- cessed images is nost simlar to said
second unprocessed i mage; and, 25 (e) an object speed
estimator (22) for estimating said object's speed S [err] d/
(t[err]-t[err] where t[err]is said time of occurrence of a
sel ected one of said second unprocessed inmages and t[err] is
said tinme of occurrence of said first unprocessed i nage nost
30 simlar to said selected secogd unpr ocessed

\
N\
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| magi ng apparatus as defined in claim1, further
nmeans (22) coupled 35  perRibifRs said

i mage. 2.
character iv;(gg%g%msensor control

obj ect speed estimator and said first array; sald sensor control
means for controlling - 15 -

ti mng between successive ones of said first tinme of occurrence
as a function of said speed S. 3. An imaging nethod characterized by
the steps of: 5 (a) producing, at a first tine of occurrence, a -
first unprocessed of az}ﬂst segnent of an object posi-

Figure 2

SUBSTITUTE SHEET (RULE 26)



tioned in a first |ocation; (b) storing said first unprocessed
and sai d f kwpéosnasso time of occurrence; 10 eating
said steps (a) and (b) for a successive pIu?%I?%ﬁm@&Bsaid
first segnents as said object noves across said first

| ocati on; (d) producing, at a second tinme of occurrence, a

second unprocessed of a second segnent of said 15 obj ect
positioned in a second |ocation spaced a di stance d from said
first location; (e) conpariqg sai d second unprocessed with said
stored first unprocessed and selecting’?ﬁat one of said
stored first unprocessed which is nost 20 simlar to said second
unprocessed,; (f) estimating said object's speed S [err]

d/ (t[err]-tf[err], where t1 is said tinme of occurrence of a
sel ected - one of said second unprocessed and t[err] is said
time of occurrence of said first unprocessed nost 25 simlar to
sai d sel ected second unprocessed; (g) storing said speed estinmate
with said sel ected first unprocessed; (h) repeating
said steps (a) through (g) until said obj ect nmoves beyond
said second | ocation; and,

10

\ sensor

Y

' T 2
22 \ Processor IR —Qoutput

—— memory

Figure 3
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30 (i) conbining said selected first unprocessed to

produce a wg¥pesss € | mage of said object. 4.  An | negTRcassisbwd as
defined in claim3, wherein: (a) said segnent inages are each
produced during a 35 time interval of fixed duration T; and,
(b) said conbining step further conprises, f or each one of
said selected first segnent inages, resiz-

- 16 - i'ng said selected first segnent inmage froma

wdth w- Slerr] * T to a constant wi dfjy4 Where Slerr] is

said speed estimate stored with said sel ected

30

1 Scan array 10 |«
Compare against

\d previously
stored array scans

Y

Is it substantially

32

34

l'.-<

similar?
N |
36 —_ | Storein buffer 24
38
N_ |

Is scahning finished?

40

done

Figure 4
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first segnent imge. 5. I magi ng apparatus, characterized by:

(a) a lineawoyensseds array (10) for sequentially cr/cAREAREET NY

i mges of segnments of an object (12) as saig ogject noves
transversely across said array 10 to successively position said
segnents adj acent sai d sensor; (b) a conparator
(22) for conparing a selected pair of said segnent images and
for produci ng an '§ out put signal (26) representative of
simlarity 15 therebetmeen;sygg, (a) a buffer (24) for
storing said segnment inmages whenever sai d conparator output
signal is not representative of substantial simlarity

bet ween said pair of inages. 20 6. “An imagi ng net hod
characterized by the steps of: (a) sequentially detecting segnents
of an object whil e said segnents are successively positioned
within a predefined linear region and while said 25 . obj ect noves

transversely across said region;

—
42 E

Figuré 5
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(b) producing i mages of each of said detected object

segnents; (c) conmparing said imges with stored ERELRR tions
of previ ougvlofgl(%“is%ct ed i mages of said respective 30 3 sggaﬁents;
and, (d) storing said inage of said detected object seg-
ment whenever said conpared i nages are not sub- stantially
simlar. 35 7.An imagi ng nmethod characterized by the steps of:
(a) after expiry of a tinme interval T[err] producing at a
first tinme of occurrence, a first imag; &)f a :
- 17 - . 1
12\ 14
= ~
[ R |
[J'\ ‘- L 4 \
"."‘ NN
oy 8 18
3 S P
-
'
I.l. ‘-.\
VN 20
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first segnent of an object positioned in a first

| ocati on; wo 99/04550 (b) storing said first image angegiadsdossest tine
of occurrence; 5 (c) repeating said steps
(a) and (b) for a successive plurality of said first
segnents as said object noves across said first

| ocati on; (d) producing, at a second time or occurrence, a
second i mage of a second segnent of said object 10

positioned in a second | ocation spaced7ﬁlgistance d
fromsaid first |ocation; (1) conparing said second image
with each one of said stored first inmages and sel ecting
t hat one of 42ai d stored first inmages which is nost
simlar to 15 sai d second i mage; (f)
estimating said pb] ect s eed S a d/(tr-tu), where t
is said tine of oqm LAELBLEL L DEE TN one of said
second images angl t[err] Is sald tinme of occurrence of
said first inage| ST RTHITITTTTTRNIIIT said sef ected second

i mage; (g) determining said tige inferval T[efr] - |/ (R* S)
where R is a predefined inage\xgigkﬂiion; (h)j repeating said
steps (a) through (g) until sai

46

48

Figure 7
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obj ect noves beyond said second |ocation; and, 25 (i) conbining said

sel ected fiwowpbdessiges t o produce a compastdesndsemae of
sai d obj ect. 8. | magi ng apparatus, characterized by:
(a) a first linear sensor array (84) for producing, 30 at
a first tinme of occurrence, a first inmage of a first
segnent of an object positioned adjacent said first
sensor; (b)s a buffer (24) coupled to said first array, said
buffer for storing said first inmage ang/said 35 first tine
of occurrence for a successive plural - ity of said
first segnents as said object noves across said first
array, 50 \ Scan arrays 42 & 44 at fixed time intervi. [

Define scan times as t;and t; .

52 Y.

\. Store array 42 scan and its t; in buffer 24

Y

54 -\- Find the best match for array 44 scan in buffer 24.
Define the time of the best match scanast,

55 Y

T —_| Speed=d/ (CRW)

58 Y

\- Store speed with the best match

60

—__

\ Resample memory so that each row
corresponds to the same sample width

Y

T | Imageready

Figure 8
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(c) a second linear sensor array (86) spaced from sai d

first arrayobdosssedi st ance d[err], said second PCT/CA98/00890 f Or
produci ng, at a second tine of occur- rence, a second inage
of a second object segnent 5 positioned adjacent said second
sensor; (d) athird linear sensor array (88) spaced fromsaid
first array by a distance di, and spaced fromsaid second
array by a distance do, said third array for producing, at a
third tinme of occurrence, a 10 9/14third image of ‘a third object
segnent positioned : adj acent said third sensor; (e)
a conparator (22) coupled between said buffer and sai d
second and third arrays, said conparator f_O'r: 15

(i) conpari ng_s.a.l_d._s.ec.o.n.d_l_l:m.g.e.mf h _each one of S ' sai d
a7 " St o edN || oy Ay £2 £ 4T T,l4 delay since previous sean aY[lM'.Si‘;;PS o
secohd i mage; ﬁeﬂlﬂsc%% |%qt'%'éqb third i mage th pach one
of 20 said stored figwst inmages and for determ ninp

whi ch one d72sai d st oped—H+st—Fages—+s nost kimlar
to sald thi rdMagﬁm array 42 scan and its t, in buffer 24

Y

\ Find the best match for array 44 scan in buffer 24.
Define the time of the best match scanast,

76— Y

] speed=d/(t t)

78 Y

N\ Tea=1/ (desired_resolution * speed)

74

80

Is scanning finished?

82

_\— Image ready
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(f) an object speed estimator (22) for estimating sai d
obj ect's sweadesses proportional to any one 25 PCTICA98/00690
(1) d[err]/(t[err] - t[err] or, (ii) dlerr]/ (tf[err]
tferr]); or,, (iii) d13/ (tj to); or,
(iv) a conbination of d[err]/ (t[err] - t[err]), dlerr]/ (t[err] - tferr])
30 and .dl x/ (tj - to); where t[err] is said
time of occurrence of a sal ected one of said second inmages,
t[err] is said tine of amy4r ence of said first imge nost
simlar to sai d selected second image, and t[err] is said
time of 35 occurrence of said third image nost simlar to
sai d sel ected second i mage. ' : -19 -
84
IHHHHHHHHUHHHHHHHHHHHHHHHHHMHHH _
g’ 86 d12
T T — d
13
88 d23
HHHHHHﬂHﬂﬂﬂﬂﬂﬂﬁﬁﬁﬁﬂﬂnﬂﬂﬂﬂﬂﬂﬂﬂﬂl.
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9. Imaging apparatus as defined in claim@8, further

char act eri 2ed owgassoeensor control neans coupl ed between PCT/CA98/00690 Sai d
obj ect speed estimtor and said second array, sai d sensor
control neans for controlling timng 5 bet ween successi ve ones
of said first tinme of occur- rence as a function of said
speed S. 10. -An i magi ng nethod characterized by the steps of:
(a) producing, at a first #ime of occurrence, a first 10

i mge of a first segnent of an object paghli oned in a
first location; (b) storing said first 1mage and said first tinme of
occurrence; (c) repeating said steps (a) and (b) for a
successi ve 15 plurality of said first segnents as said

obj ect S._ac Sal O, LTSt 10C [IOI’];
(d) produci nggo a'(\s_ 566%%33’?:@ §8 ‘%%&ﬂ timg interv second
I mge of a second =grrent Hefsmmﬂ:anmmes ast, tlandtk ' aosi tioned in
a second | ocati on spacet—a—dirstance [err]} from said
first location; (a) pr ucmg, at athird tine [of

a A
accurrence, 'TN Store array 84 scan and its t; in buffer 24

Y

%4 \ Find the best match for array 86 & 88 scans in buffer 24.
Define the times of the best match scansast andt,

96 Y

"\ speed=(d, K-t + dyy Kt t) +ds /(b)) /3
o Y

1 Store speed with the best match for array 84 scan

100

Is scanning finished?

102 .
\ Resample memory so that each row
corresponds to the same sample width

104 - +
—k Image ready

Figure 11
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I mage of a third segnent of said object posi- tioned in

a third | ogabezsepaced a di stance d[err] PCT/CAS%$/608%0 sai d
first location and spaced a distance d[err] 25 fromsaid second
| ocat i on; (f) conparing said second i mage with each one of
sai d stored first inmages and selecting that one of
said stored first inages which is nost simlar to sai d
second i nage; 30 s (g) conparing said third i mage with each one
of said stored fizst14 mages and sel ecting that one of
said stored first imges which is nost simlar to : said
~third i mage; (h) estimating said object's speed S as
proporti onal 35 to any one of: (1)
dierr]//(t[err]); or, (ii) dlerr]/ (t[err]) ; or,

10 /"-"' 108

R i
.G |||||l||IIIIIHIH|||||!|”lllllllHll"ll"llllllllll||||||
X . -

C

6
110 112

-
ra
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- 20 - (iv) a conbination of dferr]/(t[err] - tferr]),

dlerr]/(t[ ewopgrasso and dlerr] (t[err]); pcricassmoosse

where t[err] is said time of occurrence of a selected 5 one of
said second inmages, t[err] is said tinme of occurrence of
said first inmage nost simlar to sai d sel ected second

i mage, and t[err] is said time of occurrence of said first
i mge nost simlar to \ said selected third i nage; 10

(i) repeating said steps (a) through@ypqauntil said obj ect
noves beyond said third | ocation; and, (j) conbining said
selected first inmages to produce a conposite image of said
obj ect . 15 11. An inmaging nethod as defined in claim 10, wherein:

(a) said segnent inages are each produced during a tinme
interval of fixed duration T; and, (b) said conbining step

further conprises, for each

12 14

.....

114 lr/ 118 119 k\

1'; A -‘;\ ' 20
106 108 / o110 112
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one of said selected first segnent inages, resiz- 20 I ng said

sel ect ed fiwosbossgnent i nage froma w dth vwerifasnded T to a
constant fixed w dth, where S[err] is said speed estimte
determ ned with respect ' to said selected first segnment inmage.
25 12. An imaging nmethod as defined in claim 10, further

characterized by, after said speed estimting step, det er m ni ng
Tl[err] = 1/(R* S) where Ris a predef ined i mage resol ution and
then waiting for a tinme interval l4/l4equal to T[err] after said step
12(a) before continuing 30 perfornmance of said nethod. 13.

| magi ng appar at us,
array for pr
i mage of a 35
said first sensor;

c

Ry (a)—a-first Linear sensor
#can R,G,B &Carra s dtifixedd tifdermtegbapcfurrence, a first

fﬁeﬁnesﬁﬁmeéjgs ﬁn opja«ﬁatt posi t ‘!rTE'd-a'dj-acent
Y

122 Store R & t; ,G & t; and B & t, array scans and times
\ in R,G & B buffers

Y

Find the best match for C array scan in each buffer.
\ Define the times of the best match scans as ty, t; and t;

126 j

U speed = Ga /-t +24 (- to) +d /(t-t5)) /3

Y

\ Store speeds with corresponding best match scans

124

Is scanning finished?

132
\ Resample memory so that each row

corresponds to the same sample width

184 Y
\ Image ready

Figure 14
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22 _ (b) a-'first-coloured filter for colour filtering said
first image; (c) afirst buffer coupled to said first array,—said
first buffer for storing said colour filtered S. ’“

first i and
said first tinme of occurrence for a SUCCGEWMHM‘H\WSW
said first segnments as = &4 d obj ect noves e S

array; (d) a second |inear sensor array spaced frofn sai
pr oduci ng. - att 38 CRATHED 3L T8 0 SCE00C ATV 0 nd { mage of
a seécond obj det sdFagAngpapparatus, characterizmrddb¥sj acent said second
sensor; o _((e? A Fdeetd 1deleal ebridor airriay (@ )0UWor iptdhidihg,
sald second imager 15 5¢ o blisf 256" b ULEAGHEL “a’ 3128t BGRAL

5 cessed image of a first segment of an object

positioned adjacent said first sensor;

(b) a buffer (24) coupled to said first array, said
buffer for storing said first unprocessed image
and said first time of occurrence for a success-

10 ive plurality of said first segments as said
object moves across sald first array;

(c) a second linear sensor array (44) spaced fron
sald first array by a distance d, said second
array for producing, at a second time of occur-

i5 rence, a seccond unprocessed image of a second
object segment positioned adjacent said second
sensor;

(d) a comparator (22) coupled between said buffer and
said second array, said comparator for comparing

20 said second unprocessed image with each one of
sajid stored first unprocessed images and for
determining which one of said stored first unpro-
cessed images is most similar to said second
unprocessed image; and, -

25 (e) an object speed estimator (22) for estimating
said object’s speed S « d/(t-t,), where t, is said
time of occurrence of a selected one of said
second unprocessed images and £, is said time of
occurrence of said first unprocessed image most

30 similar to said selected second unprocessed
image.

2. Imaging . apparatus as defined in ¢laim 1, further
characterized by sensor control means (22) coupled

35 '~ 77" Petween sajid object speed estimator and said first
array, said sensor control means for controlling



: [
said second buffer for storing said colour fil- ——téered second
I mge and said second tine for a SUCCGSSI Vi mmmﬂ‘ al d
second segnents as sai d object nobves acro \i‘\

n

array; 20 (g) athird linear sepsor array spaced sai d"
first array by a distance d[err] and sﬂaaced fromsaid second
array by a distance d[err], said third array hird i fgr prﬁdugl ng,
at a third time ofeff g a ir
obj ect segnent p05| t |%?1%dﬁ%g€eeﬁ successi\éeacxé% éél #gﬁl ?égs‘éné‘%?‘e ot
(h) a third col ourRRLFTENRS FHra dHmskion IQ%rﬁaﬂgi smeed S. ~ third
| mage; (i) athird buffer coupled to said third array, said
ed. 30, third i mage and

third buffer for r | our filter

sa:gl third tlgrre e iﬁ&é’i‘ﬁigﬁ ot °hara°et°n"pﬁ FYathe, &5ers,iaf = hir d
segnents & said o(:ﬂ)ectprmmcian at a fidvet timessf swichrtrence amr first

(j) - afirst compar atoruﬁﬁ&@ékéwfdieﬁnfiﬁbé &b ént of an oh ect g éer and

said second array, said firsf co or for conpa ing
second col our filter edq"i‘"'“‘e“i in rg)égiq%dé’%t(ir?rbach one of said stored

first col our (k) storindtsaitd ifiagts amprdesssied camdniggidhespsene of
time of occurrence;
10 (¢) repeating said steps (a) and (b) for a successive

plurality of said first segments as said object
moves across said first location;

(d) producing, at a second time of occurrence, a -
second unprocessed of a second segment of said

15 object positioned in a second location spaced a
distance d from said first location;

{e) comparing said second unprocessed with said
stored first unprocessed and selecting that one
of said stored first unprocessed which is most

20 similar to said second unprocessed;

(f) estimating said object’s speed S « d/(t-t,),
where t; is said time of occcurrence of a selected
one of said second unprocessed and t, is said
time of occurrence of said first unprocessed most

25 gimilar to said selected second unprocessed;

(9) storing saijid speed estimate with said selected
first unprocessed;

{h) repeating said steps (a) through (g) until said
ocbject moves beyond said second location; and,

30 (i) combining said selected first unprocessed to
produce a composite image of said object.

4. An imaging method as defined in claim 3, wherein:
(a) said segment images are each produced during a
35 7 77 time interval of fixed duration T; and,

(b) said combining step further comprises, for each
one of said selected first segment images, resiz-



- 22- ' - said-stored first col our flltgr/ed/lrra m‘\t
simlar to said second colour filtered inmage; \\é\\\m

conpar at or coupl ed between said second said third
array, said second conpar- 5 ator for co arlhg ‘said third -
colour filtered i mage Wi th® &ach one of said stored second
col our filtered i mages and for detern1n|ng whi ch one of

sai d stored second col o filtere e mlar to
caid third colour filtotld %’g‘% gfég%%ea %’1’3 Fﬁ?"ﬁ"%oﬁ%ﬁ ?"E’B‘upﬁ ed
‘between said third width w = 5, & tena s&nﬁﬁantsﬂidﬁhaywmed&msd
compar a- bakal QpeediPastifiatel Gtiored wOEPUBakdl 'ée?fé‘tﬂ:ed

i mage with each one of %ggg sggaggn thQggolour

5
5. Imaging apparatus, characterized by:

(a) a linear sensor array (10) for segquentially
producing images of segments of an object (12) as
said object moves transversely across said array

10 toc successively position said segments adjacent
said sensor; .

(b) a comparator (22) for comparing a selected pair
of sald segment images and for producing an
output signal (26) representative of similarity

15 therebetween; and,

(c) a buffer (24) for storing said segment images
whenever said comparator output signal is not
representative of substantial similarity between’
said pair of images.

20
6. An imaging method characterized by the steps of:

{(a) seguentially detecting segments of an object
while said segments are successively positiocned
within a predefined linear region and while said

25 . object moves transversely across said region;

(b) producing images of each of said detected object
seqments;

(c) comparing said images with stored representations
of previously detected images of said respective

30 segments; and,

(d) storing said image of said detected object seg-
ment whenever said compared images are not sub-
stantially similar.

35 7.7 An~imaging method characterized by the steps of:
(a) after expiry of a time interval T,,, producing at
a first time of occurrence, a first image of a



fil tered 'i mages and f-or determ ni ng which one of 15 ‘\------'-—--—--saj___,_d‘\slored

third colour filtered inages i s nost - simlar idfirst ——

colour filtered i mge; (m af irst object spee(!/ ’? f’ Hm,/wr

estimating said object's_speed S [err] d[err] , g’la
0

tlerr] is said time of To&dufTrence of a selected one sqi

20 first colour filtered images and t[err] is said time

of occurrence of said sge & foEt &% SSbiect poditioned BYS B¥st
simlar to said select egg?lgg tgé'@%ﬁr £'&h Jec pa%ﬁ toex}eed I'mage;

(n) a second object sped@CBEEPRAtor for estimati ng 25 sai d
object's speed S [Qb?] gtorihg( khtar FirstWisaget BnliSsaid first timesaifd
time of occurrence o

sghg&pg‘ge?ol our filtered i nage nost

simlar to said selecte first colour filtered inmage; and,
(o) a thir¥ object (specepsatimgpai®staps fa)i Ayd3(b) for a succemisive
object's speed S [err] gigrality|8frbdia firstléeghBnkEBdsNeaTR! R act

characterized by the steps of: P oducing at a selected tine
of occurrence, a noves ac???%tsﬁﬁog')f'rgglf‘é‘?% Oage of a first
segnent of 35 (d) produobnget afosat ismreshd ntine sioxl ccaturnence, a
second image of a second segment of said object
10 positioned in a second location spaced a distance

d from said first location;

(e) comparing said second image with sach one of said
stored first images and selecting that one of
saild stored first images which is most similar to

15 said second image;

(£) estimating said object’s speed 5§ o« d/(t-t,),
vhere t; is said time of occurrence of a selected
one of said second images and t, is said time of
occurrence of said first image most similar to

20 said selected second image;

(g) determining said time interval T, = 1/(R * S)
where R is a predefined image resolution;

(h) repeating said steps (a) through (g) until said

' object moves beyond said second location; and,

’ 25 (i) combining said selected first images to produce
a composite image of said object.

8. Imaging apparatus, characterized by:
(a) a first linear sensor array (84) for producing,
30 at a first time of occurrence, a first image of
a first segment of an object positioned adjacent
said first sensor;
(b) a buffer (24) coupled to said first array, said
buffer for storing said first image and said
35 777 = first time of occurrence for a successive plural-
ity of said first segments as said object moves
across said first array;



(b) producing, at a selected tinme of occurrence, a . . second
colour filtered imge of a second segnent

-23- of said object while said second '
tioned in a second | ocation spaced fromsaid milmrmml“ﬁ“ E“l‘l on;
(c) producing, at a selected tine of &ecﬁrrence,.a 5+ ¢ L M t5hird

colour filtered image of a third segnent of said object while

said third segnent ;L8 POSicmi~ei -Loped _l.n..a i\ d i aced
fromsaid first (& P8 5°°°W%u}¥§§§ﬁm’f%%§?ig#??y_éég’ sﬁ%%?& g#gifng
sai d i mges and said reSptdt FdEst| ar¥ayr by a distance @ucppifcsecond

array for producing, at a second time of occur-
rence, a second image of a second object segment
5 positioned adjacent said second sensor;

(d) a third linear sensor array (88&) spaced from said
first array by a distance d;; and spaced from said
second array by a distance 4,, said third array
for producing, at a third time of occurrence, a

10 _ third image of a third object segment positioned

adjacent said third sensor;

(e) a comparator (22) coupled between said buffer and
said second and third arrays, said comparator
for:

15 (i) comparing said second image with each one of
said stored first images ‘and for determining
which one of said stored first images is
most similar to said secohd image;

(ii) comparing said third image with each cne of

20 said stored first images and for determining
which one of said stored first images is
most similar to said third image; and,

(f) an object speed estimator (22) for estimating
said object’s speed S as proportional to any one

25 of: '

(i) dn/(% - ty); or,

(11) du/(t, - )7 ox,

(iii) di3/ (5 ~ &) i or,

(iv) a combination of d,/(t; - t,), du/(t; - t,)

30 and di/ (t; = to) i .

where t; is said time of occurrence of a selected
one of said second imageé, t, is said time of
oceurrence of said first.image most similar to
said selected second image, and t, is said time of

35 T occurrence of said third image most similar to

said selected second image.



(e) repeating said steps (a) through (d) f or success- e
pluralities of said first, second, and third — segrrents as sa‘jd

obj ect nmoves across said first, second, and m“m
respectively; 15 . Q(f) producing, T]gt a selected ti ma\\m‘u)

fourth non colour filtered i mage of *segrreht "of “sai d
object while said fourth segnent is positioned in a fourth

| ocation spacgd fref ai,d f e d, t rd
20 (9) gcorrpgrlﬁingalaép?ﬁarﬁmél %% eaé\nf{'ﬂea qhqp cig% sal dé"'(“)':qﬁl
stored first i mgeghﬁﬁﬂcﬁﬁFEEFﬂnﬁy tms%e"%‘:’ﬂ nmeans coupled dpefmeend

]Elh; st images whi chgafdmodjetit dipeed Oestimator and swidl £866HE FRAY, q
conparing sai g, fQur ge eagh_one s , store

second i mages and sei‘gctglgnj'bé{% °°\§€r?g&& H282° £br a‘l’oﬂta\"’d‘:'s‘tr{ﬁ eFiBipg,

i mges whiZh is noBet¥een| guccessive ones ofossiddfivett bimengs, occur-

(i) conparing saigehBerdd aMBGRM oR @ﬁcﬁhfd‘esﬁée&%d stored

third i mages and sel ecting that one of said stored third
i mages which is nost simlar to : said fourth inmage;
(j) estinatihg.sahn tbpeinysnephod chimsceterinsd |By (HHergtldps of:
dierr] (t[err]) angafl eﬁf&)éuéiﬁff de o M126e BiRETdr Ice AR YERAC S irst
10 image of a first segment of an object positioned
in a first location;
€ (b) storing said first image and said first time of
ocourrence;

(¢) repeating said steps (a) and (b) for a successive

15 plurality of said first segments as said object
moves across said fivst location;

(d) producing, at a second time of occurrence, a
second image of a second segment of said object
positioned in a second location spaced a distance

20 Q;; from said first location;

(e) producing, at a third time of ocecurrence, a third
image of a third segment of said object posi-
tioned in a third location spaced a distance q
from said first location and spaced a distance d,

25 from said second location;

(f) comparing said second image with each one of said
stored’ first images and selecting that one of
said stored first images which is most similar to
said second image;

30 (g) comparing said third image with each one of said
stored first images and selecting that one of
said stored first images which is most similar to
said third image;

{h) estimating said object’s speed § as proportional

38 "7 T = to any one of: :

(1)  dp/(t~ty); or,
(ii) d/(te-t,); or,



ing between said first and fourth seris‘or_s, dierr] is—35——- -__..___S_L

spaci ng between said second and fourth sen- ors, '
sai d spacing between said third and fo I"’"Hl ,”"" m, ”m

said time of occurrence of W 24 -
a sel ected one of said non colour_fi I't &%d nages,
t[err] is said tine of occurrence of said - I fljrst_ col f)ur
filtered i mage nost S|mleir to sa - o sel ect ed non col our
filtered image, t[err] |s siz; L-l,,/( )i or, time of occurrence of

said second col our filtdd¥a a combination of d;f({fyge Hebi Snhfltar =t S.)said

ti e of ocoUrrence. A (S e i Ta colour 11 ered | qage
trr;);nte gT mplcglrjrrence where t; is said gim occurrence of a selected
5 one of said second images, t, is said time of

occurrence of said first image most similar to
said selected second image, and t, is said time of
occurrence of said first image most similar to
said selected third image;
10 (i) repeating said steps (a) through {h) until said

object moves beyond said third locatlon, and,

{i' (j) combining said selected first images to produce
a composite image of said object.

15 11. An imaging method as defined in claim 10, wherein:
{a) said segment images are each produced during a
time interval of fixed duration T; and,
(b) said combining step further comprises, for each
one of said selected first segment images, resiz-
20 ing said sélected first segment image from a
width w = 5, * T to a constant fixed width, where
5, is said speed estimate determined with respect
to said selected first segment image.

25 12. An imaging method as defined in claim 10, further
characterized by, after sald speed estimating step,
determining T,, = 1/(R * §) vhere R is a predefined
image resolution and then waiting for a time interval
equal to T,y after said step 12(a) before continuing

30 performance of said method.

13. Imaging apparatus, characterized by:
(a) a first linear sensor array for producing, at a
first. time of occurrence, a first image of a
3. = T first segment of an object positioned adjacent
said first sensor;



to said selected non colour filtered i mage; and, 16 R .9 A
repeating said steps (a) through (j) until said obj ect
nmoves beyond said fourth |ocation; and, ”“IIIL"I!ILM&WU“ ng said
selected first inmages to produce * st €x1'mage of
sai d obj ect. 15 15. An i maging*ndthod as defined in clai m 14,

wher ei n: (a) said segnent inages are each produced during a

time interval of fjxed ' oubth £3 : ' g;gi i ng
step further conpr kégszg_%ﬂé?%oio nltefi fOrf%cr’l%%x(c?J'ol_rF?lo#ia! d'
selected first segment first Ipage; | mages, resizing said

SFI ec; ed first segg@yt a first buffer coupled to igHEige ﬁ;ﬂm arwagi,h said |
Sferr] * T to a constant, i i , err
hrst buffer for storing de%aei;&ﬁi cé%gl\'i,\? t ﬁxﬁe Se%eeg

Is said speed estimte ) ) ] [ n to
sai d sel e& ed first image and spildsfirve§nbimeiohprcngence for

(ii) for each one of sajdggeéesspre 160098 sald first segments as
resizing said selected secgnd l,maane roma w dth w
_ Slerr] * T to a constSRtdrPREEChHiBpYes across said first array; nere

S[err] is said speed)esai secendetHmémedsensor array spaced from Waid
respect to said selectegifgeoggréyng§;a aistanfe 4, said seconda@@ray
10 for producing, at a second time of occurrence, a
second image of a second cbject segment posi-

e tioned adjacent said second sensor;

(e) a second coloured filter for colour filtering
said second image;

15 (£) a second buffer coupled to said second array,
said second buffer for storing said colour fil-
tered second image and said second time for a
successive plurality of said second segments as
said object moves across said second array;

20 (g) & third linear sensor array spaced from said
first array by a distance d,; and spaced from said
second array by a distance d,, said third array
for producing, at a third time of occurrence, a
third image of a third object segment positioned

25 adjacent said third sensor;

(h) a third coloured filter for colour filtering said
third image; _

(1) a third buffer coupled to said third array, said
third buffer for storing said colour filtered

30 third image and said third time for a successive

. plurality of said third segments as said object
moves across salid third array;

(J) a first comparator coupled between said first

buffer and said éecond array, said first compara-

35 =~ 77 tor for comparing said second colour filtered
image with each one of said stored first colour
filtered images and for determining which one of



(rii) for each one-of said selected third —— T

I mges, resizing said selected third : ge
from a wdth-w- Serr] * Tto a ”“l““"l"llmw'tl! ant
fixed width, where SB i's said 35 ' o e L I mat e
determined with respect - 22 - - to said selected
third i mage. - 25- 16. An inmaging

25 d speed estimmt | ng. scipd eeatdd Ve corgur PACATLY (58RM 14 neEt |
is a predefined simblpr ras caid Gecond deloumittiiktpxest imageve
interval 5 equs (P Jé&dnd SbhSirstor S66P14d betweehOE8iqCBELBHANY
performance of said et r1;)1.(1]|t";‘;e:r: and said third array, said second compar-
4
5 ator for comparing said third colour filtered
" image with each one of said stored second colour
filtered images and for determining which one of
said stored second colour filtered images is most
similar to said third colour filtered image;

10 (1) a third comparator coupled between said third
buffer and said first array, said third compara-
tor for ocomparing said first colour filtered
image with each one of said stored third colour
filtered images and for deternining which one of

15 sajd stored third colour filtered images is most
similar to said first colour filtered image;

(m) a first object speed estimator for estimating
" said object’s speed S o« d,/ (tc-t,), where t. is
said time of occurrence of a selected one of said

20 first colour filtered images and t, is said time
of occurrence of said second colour filtered
image most similar to said selected first colour
filtered image; _

(n) a second object speed estimator for estimating

25 said object’s speed § &« 4,3/ (te~t,), where t, is
said time of ooccurrence of said third colour
filtered image wmost similar to said selected
first colour filtered image; and,

(o) a third object speed estimator for estimating

30 sald object’s speed S « dy/f(t,-t;).

14. Aan imaging method characterized by the steps of:
(a) producing, at a selected time of occurrence, a
first colour filtered image of a first segment of
35 777 an object positioned in first location;
(b) producing, at a selected time of occurrence, a
second colour filtered image of a second segment



17. 1 magi ng apbar atus, characterized by: " f| rst Tinear—,

sensor array (106) for producing, 10 : at a f ’m
occurrence, a first inmge of a first seg m wl{sl”j
posi ti oned adj acent sai d f3| rst sensor, (ly) st
coloured filter for colour filtering s&% i rst inmage; 15
(c) -a first buffer coupled to said first array, said o first

buffer for storing said Qogggé ébié&%lle said secondf gé?ﬁehﬁagg .sai d
or

first tinme of occurrence a_successi v al_i tx‘s s{g
first segnents as tloned inapg sAfeRd defat 89r0§‘§E dEFPPs1833q oy
20 (d) a second Ellﬂ%&r locagdbnarray (108) spaced from '

time of occurrence, ect ‘segnment
posi tionedsadj acent sai ¢hird colour f;lg%&m@f azg,hird segpent 0

second col oured Hl)ter Eﬁrn.dg%bﬁﬁci'bﬁﬁlén&aid tlurd seg‘g&ﬁtd i Opesi-
i mage; a seqon fer. cou sai ond_arra
sai d second buffer for aut:g‘}"g %ﬁr%"’n sPa“% fron sdia first

and second locations;

(d) storing said images and said respective times of

10 ocourrence;

(e} repeating said steps (a) through (d) for success-—
ive pluralities of said first, second, and third
segments as said object moves across said first,
second, and third locations respectively;

15 (f) producing, at a selected time of occurrence, a
fourth non colour filtered image of a fourth
segnent of said object while said fourth segment
is positioned in a fourth location spaced from
said first, second and third locations;

20 (g) comparing said fourth image with each one of said
stored first images and selecting that one of
said stored first images which is most similar to
said fourth image;

(h) comparing said fourth image with each one of said

25 stored second images and selecting that one of
said stored second images which is most similar
to said fourth image;

(i) comparing gaid fourth image with each one of said
stored third images and selecting that one of

30 said stored third images which is most similar to
said fourth image;

(j) estimating said object’s speed 5 « d,/(te-tR),
e/ (tc=tg) and 4@,/ (tc=ty), where 4,, is said spac~

_ ing between said first and fourth sensors, d, is

35 77 7= said spacing between said second and fourth sen-
sore, d; is said spacing between said third and
fourth sensors, t. ie said time of occurrence of

said [irst array sqd SeaBledhia 0% PRHUELES: cing of ocpurrdlicd, S£0ONd



tered second image and said second tine for a 30 —-sStecessive

plurality of said second segnents as S| ' ves across
said second array; - (g) athird linear senﬂ"l!ﬁﬂ@ﬁi" ””"[paced
tr !

from - said first and second arrays, said*t A

for producing, at a third tine of octuttefice, a 35 third i mage
of a.third object segnent positioned . adjacent said third
sensor; N tAtrd | o fldit €ehSurcO

filtering said a seldcd %&gegg bisd xicj(’;1) eotiurC Ok ered

coupled to said third smagessats is said time pf; QFanFmERCe RT sEBifng
said colour filtered first colour filtered image most similar to said

selected non colour filtered image, tg is said
S time of occurrence of said second colour filtered
image most similar to said selected non colour
filtered image and t; is said time of occurrence
of said third colour filtered image most similar
to said selected non colour filtered image; and,
10 (k) reéeating said steps (a) through (j) until said
cbject moves beyond said fourth locaticn; and,
(1) cémbining said selected first images to produce
a composite image of said object.

315 15. An imaging method as defined in claim 14, wherein:
(a) said segment images are each produced during a
time interval of fixed duration T; and,
(b) said combining step further comprises:
(1) for each one of said selected first segment

20 images, resizing said selected first segment
image from a width w = 5; * T to a constant
fixed width, where 8, is said speed estimate
determined with respect to said selected
first segment image;

25 (ii) for each one of said selected second images,
resizing said. selected second image from a
width w = S5 *+ T to a constant fixed width,
where §; ies said speed estimate determined
with respect to said selected second image;

30 and, ,

(1ii) for each one of said selected third

images, resizing said selected third
image from a width w = §; * T to a
constant fixed width, where S; is said
speed estimate determined with respect
to said selected third image.

35



-«

5 third image and said third tine for a successive
plurality of said third segnents as sai d object Cross
said third array; (j) a fourth |inear SenSOHIl‘llIImI"l"MfE“nced

from said first, second and third array$, Saild ffoursth*10
array for producing, at a fourth timg &P Sccur - rence, a
fourth non colour filtered i mage of a fourth object segnent

posi ti oned adﬁg?ggkﬂﬁﬁ%&%% Ee?hod afSOagf{hégng_gr w:laim 1" (fartife i I St

conpar at or r, sal fourth
array, said first cbaparterized by, aftex $aid, spg aﬁ%%} W our
filtered i mage determiningWVilll eaaly @he st) shekestRr éd fai rp:ted:zﬁinsdfl | -

tered i mages and fQr determ whi ¢ [
first colour fil tei@&gﬁnﬁﬁﬁgg}‘ggﬁﬁs?" Ogﬁem waiting for, ar":"'tngj1 i c# hor

0 sal
colour filgered |rr&qaa1 to Twa aftprassddomtepodSdedt Relaasp|eentiaing

sai d second per f maQBLf E Qggdsﬁé@h gurth array, said second conpar-
ator for conparing S8 A6 co our I'ltered i mage wi th each
one of said stored second colour fil- 25 ' tered i mages and for

determ ning Wihch eR@gRhg apparatus, chagadterdezed bpcond colour filtered
| mages is nost (a) a rirst Tihahr! Qefidbfl APPafOlLYE) Tt SPisShiBoF,

10 at a first time of occurrence, a first image of
a first segment of an object positioned adjacent
said first sensor;

(b) a first coloured filter for colour filtering said
first image;

15 (c) a first buffer coupled to said first array, said
first buffer for storing said colour filtered
first image and said first time of occurrence for
a successive plurality of said first segments as

"said object moves across said first array;

éo (d) a second linear sensor array (108) spaced from
gaid first array said second array for producing,
at a second time of occurrence, a second image of
a second object segment positioned adjacent said -
second sensor;

?ﬁ- 25 (e} a second coloured filter for colour filtering
sald second image;

(f) a second buffer coupled to said second array,

said second buffer for storing said celour file-

tered second image and said second time for a

30 successive plurality of said second segments as
said object moves across said second array;

(g) a third linear sensor array (110) spaced from

said first and second arrays, said third array

for producing, at a third time of occurrence, a

35 77 7= third image of a third object segment positioned
' adjacent said third sensor;



(n) a third cohparator coupl ed between said third buffer and

said fourth array, said third conpara- 30 tor for aring

non colour filtered inage with each ﬂmm"lgumnli.ﬁ th| rd
colour fil- tered i mages and for det

said stored third colour filtered i nrageg6i s nost S|n1lar to
said non colour filtered i mage; 35 (n) a first object speed

estimator for estlnatlng obj ct S..spe er.r
dlerr]/(t[err]) , ayiua peloured PRufee2 fox %‘5&%(}43“%‘&%19]&%&9.

first and fourth sen- third image}
sors, tO is said ti d e sald
. a %’?:“:.[dd f‘?gfrlfr% ot ussﬂ.o%:tt% said third arra9n s3ta

non colour filtered ges
third buffer for storing said colour filtered

5 third image and said third time for a successive
plurality of said third segments as said object
noves across said third array;

(j) a fourth lipear sensor array (112) spaced from
said first, second and third arrays, said fourth

10 array for producing, at a fourth time of occur-

» rence, a fourth non colour filtered image of a

o fourth object segment positioned adjacent said
fourth sensor;

(k) a first comparator coupled between said first

15 buffer and said fourth array, said first compara-
tor for comparing said non colour filtered image
with each one of said stored first colour fil-
tered images and- for determining which one of
said stored first colour filtered images is most

20 similar to said non colour filtered image;

(1) a second comparator coupled between said second
butfer and said fourth array, said second compar-
ator for comparing said non colour filtered image
with each one of said stored second colour fil-

25 tered images and for determining which one of
said stored second colour filtered images is most
similar to said non colour filtered image;

{(m) a thira cémparator coupled between said third
buffer and said fourth array, said third compara-

30 tor for comparing said non colour filtered image
with each one of said stored third colour fil-
tered images and for determining which one of
sald stored third colour filtered images is most
similar to said non ceolour filtered image;

35  {n) a first.object speed estimator for estimating
said object’s speed S§ « 4,/ (t.~t;), where 4,, is
said spacing between said first and fourth sen-




said tinme of occurrence of -said first col our ~fiTtered i mge

nost simlar to said selected non 5 C ' \WRge;
(o) a second object speed estinmator for estimti *}m“' “““ “Immn” ai d
object's speed [err] dlerr] /(t[err]), ophgre dlerrjdsec L w s =+ said
spaci ng between said second and fourth sen- _sore, to is said
ti me .of occurrence of said 10 second col our filtered inmage nost

simlar to said sors, tSthegatd e cof @ucurireriecdti angeleetdd

0b) ot s speed S Lerr] eneret /e acl SHIAdE effkexed dmages andBlis
spaci ng between sai d t hkai atdmeowes hocenrrepce of said fLimst ¢ pElPRr| s
said time of occurrenceepieSodd fdidd most similar toC8agul skibbee@dnbiBge
nost S|n|gar to said colour filte§§36¥§§§Lpon colour filtered imge.

’

(0) a second object speed estimator for estimating
said object’s speed § & 4, /(ts~ty), where 4, is
said spacing between said second and fourth sen-
sors, tg is said time of occurrence of said

19 second colour filtered image most similarlto said
selected non colour filtered image; and,

(p) a third object speed estimator for estimating
said cbject’s speed S « dy/(tc.~ty), where 4, is
said spacing between said third and fourth sen-

15 sors, ty is said time of occurrence of said thirad
colour filtered image most similar to said
gelected non colour filtered image.
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