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PROCESS AND DEVICE OPERATING IN REAL TIME FOR IDENTIFYING
AND LOCALIZING AN AREA IN RELATIVE MOVEMENT IN A SCENE,
AND FOR DETERMINING THE SPEED AND DIRECTION OF THE
DISPLACEMENT

The purpose of this iavention is a process and
device for identifying and localizing an area in relative
movement in a scene and for determining the speed and

‘oriented direction of this relative movement, in real

time.

Relative movement means a movement of said area
(which may be composed of an "cbject® in the broadest
sense of the term including a living being or a portion
of a living being, £for example & hand}] in an
approximately motionless environment, or more or less
complete immobility of said area (or "cbject”}) in an
environment that is at least partially in movement.

'_ The invention relates to the procesaing of a
digital' video output signal from an observation gysten
composed of an optical imput system or objective capable
of forming an image of the observed scene, and by an
optoelectronic conversion system or sensor capable of
converting said image that it receives intc a digitél

output signal.

In general, the observation system is composed of
a videc camera or camesccpe that cbserves the scene to be
monitored (said digital output signal then being composed
cf the digital video signal output by a camera with a
digital output or of the output of an analog/digital
converter, the input of which is connected to the ocutput
of a camera ocutputting an analog video signal.

The observation system may also be composed of
the ocbjective of an optical jnstrument {binoculars,
sighting refracting instrument, view-finder), from which
at least a portion of the outgoing light beam is sampled
and by a photoelectronic sensor, for example of the CCD
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or CMOS type, with the normal associated electronic
system, sensor receiving the image formed by said portion
of the .light beam and converting it through the
associated electronic system into a digital video output
signal. | '
The invention consists mainly of processing the
digital video output signal from an observation system,
particularly a video camera, with a digital output to
determine signals signaling the existence and
localization of an area in relative movement in said
scene, and the speed and oriented direction of the
displacement if said area is actually moving in said

.8cene relatively to an approximately moticnless

environment, in real time.

The best system yet developed for identifying and
localizing an object in vrelative movement and for
determining its speed and oriented direction of

displacement is animal or human sight, for example a

hunter irn his hide localizing the displacement of_ an
animal, and the direction and speed of this displacement.

Prior axt surveillance devices like artificial
retinas, elither analog {Giocomo Indiveri et al, in
Proceedings of MicroNeurc'$6 pp 15 to 22), or digital
-(Pierre%"rangoig Rlledi in Proceedings of MicroNeurc'96 pp
23 to 29), have been proposed, but the first article
deals with detector and analog units with complex
structures, and the second article deals with means of

.ideﬁtifying the edgeé cf an object; furthermore, very

fast and nigh capacity memories are used In the devices
described in order toc operate im real time, and limited
information is obtained about meoving areas or cbjects.
Thus the suggestion was made of memorizing a
frame output signal from a video camera, or similar
instrument, composed cf a sequence of data relative to
pixels representative of the scene cbserved by the camera
at time t;, in a first two-dimensicnal memory, aund then
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the wvideo signal for the next corresponding £frame
representing said scene at time ¢,, in a second twoc-

‘dimensional memory. If an cbject has moved between t, and

t;, on the one hand, the distance d by which the object
has moved in the scene between t; and t, and, on the

other hand, the time T = t, - t, between the beginnings of

- two successive corresponding frames relative to the same

pixels are determined. The displacement speed is then
equal to d/T. This type of system requires a very large

total memory capacity if it is required to obtain precise
speed and oriented direction indications characterizing
the displacement. Furthermore, there is some delay in
cbtaining the speed and displacement direction
indications; this information is not available until time
£y + R, where R is the time necessary for the

calculations for the .period ¢, - &, These two

disadvantages (the heed for a large mem@ry capacity and
the delay in obtaining the required information) limit
applications of this type of system.

Furthermore, French patent No. 2.611.063, of
which ocne of the inventors (Mr. Patrick Pirim)} is the
inventcr of the present invention, describes a process
and a device for real time processing of a sequenced data
flow, composed in particular of the cutput signal from a
camescope, in order to perform data compression.
According to this prior patent, the histogram of signal
levels is formed using a classification law for a first
sequence, the representative Gauss function associated
with this histogram is memorized and the maximum and
minimum levels are extracted from it, the levels of the

next sequence or second sequence are compared with said

signal levels for the £irst seguence memorized with a
constant time constant identical for each pixel, a binary
classification signal is generated that characterizes the
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next said sequence with reference toc the classification
law, an auxiliary signal is generated from this binary
signal representative of the duration and position of a
range of significant wvalués, and finally said auxiliary

.signal is used to generate a signal lcoccalizing the range

with the longest duration, called the dominant range, and
these operations are repeated for subsequent sequences of

the sequenced signal. This process and this device of

classification enable data compression, keeping only
interesting parameters in the processed fiow of sequenced
data. In particular, this process is capable of
proceseing a digital video signal representative of a
video image in order to extract and localize at least cne
characteristic of at least one area in said image. It is
thus possible to classify brightness and/or chrominance
levels of the signal and to characterize and localize an
object in the image. .

United. States patent No. 5:488.430 detects and
estimates a displacement by determining'horizcntal_and
vertical changes in the image of the observed area
separately. Difference signals are used to detect

movements from right to left or from left to right, or

from top to bottom or bkbottom to top, in the horizontal
and vertical directions respectively, firstly by carrying
out the EXCLUSIVE OR logical function cn
horizontal/vertical difference signals and Erame
difference sigmals, and secondly by using a ratioc of the
ngs of norizontal/vertical signals and the sumg of frame
difference signals with respect to a K x 3 window. In
this US patent No. 5.488.430, calculated values of the
image along two orthogonal horizontal and vertical
directions are used with an identical repetitive
difference K in these two orthogonal directions, this
difference K being defined as & function of the
displacement speeds that are to be determined. The
device according to this US patent determines the
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direction of méveéments along each of the two orthecgonal
directions by applying a set of calculation operations
indicated in columns 12 {(at the beginning and end} and 13
(at the beginning) to the difference signals, which
requires very complex {and therefore difficult. to
execute) electronic comPuting - units performing
particularly division, multiplication and summation ;
furthermore, - additional complex computing units are
necessary to obtain the speed and oriented direction of
displacement (extraction of square root to obtain the
amplitude of the speed and calculation of the arctan

functior to obtain the oriented direction), starting from

projections on the twoc horizontal and wvertical axes.
Finally patent N’o.l 5 488 430 does not include any means
cf smoothing pixel wvalues by means of a time constant,
variabie for each pixel, in order to compensate for
excessively fast variations of these values.

‘On the contrary, the process according to the
invention is embodied by using a digitai tYp@ of device,
object of the invention, which has a relatively simple
structure and a relatively small memory capacity, and by
which the required information can be obtained guickly
with & wide variety of results and applications
(corresponding tc a cémplete half-image for interlaced
frames or a complete image, depending on the
application) .

An article by Alberto Tomita 8r. and Rokuya
Ishii, entitled "Hand Shape Extraction from a Sequence of’
Digitized Gray-Scale Images" in Institute of Electrical
and Electronics Engineers, wvol. 3, 18%, p 1925-1930,
implements a movement detection by subtraction between
successive images followed by the formation of histograms
based on the shape of a human hand in order to extract
the shape of a human hand in a digitized scene. The
histogram analysis is based on a gray scale inherent to
the human hand. It does not include any meane of forming



5

20

25

30

35

histcgrams of the plane coordinates. The sole purpose of

‘the authors of this article is to detect the

displacements of & human hand, for example in order to

replace the normal mouse by a hand, the displacements of

which are identified, for inputting data into a compﬁter.

_ On the contrary, the present invention is not
limited to detecting the displacement of a hand, but is
capable of detecting the relative displacement of any
object {(in the widest sense of the term) in a scene, and

does not use histograms based on the gray wvalues of a

hand, but rather the histograms of some particular

digital variables representative of the displacement (if
any) and histograms of plane coordinates.
According to this invention:

- a digital wvideo output signal from an observation
system is processed, this signal being composed of a
sequence of frames (corresponding to a half-image in
the case of two interlaced frames'per image or to a
complete image in the case of a single frame per image)
in the known manner, each consisting of a given number
cf successive lines, and a given number of pixels or
image points in each of these lines,

- in order to obtain, using a relatively small memcry
capacity, signals capable of indicating if there is an
area in relative movement in the observed scene and, if
so, to specify the localization, and speed and criented
direction of said area if it is actually moving with
respect'to its environment, :

- by generéting two digital signals, one characteristic
of the significant variation or non-variation of the
pixel signal, for the same pixel location, between two
successive corresponding frames, and the other
characteristic of the amplitude of this wvariation, if
any, and performing a matrix distribution of these two
signals for the pixels in a portion of a frame at a
gsame instant.
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it is a first object of the invention to provide
a process cperating in real time for identifying and
localizing an area in relative movement in a scene
opserved by an observation system with an output
constituted by a digital vides signal of the Itype

cowprising a succession of corresponding frames, each

compcsed of a succession of lines, each composed of a
succession of pixels, and for determining the speed and
oriented direction of the displacement, sald process
being characterized in that it consists in carrying out
the following sequence of operations on the digital wvideo
cutput signal:

- a smoothing processing cn said digital wvideo output

signal using a digital time constant, the numerical
value of which may be modified independently for each
pixel of sgaid cutput signal,

- a memorization, on the one hand, of a £frame of said
output- gsignal after smoothing and, on the @ther hand,
of the smoothing time constant _assc-ciaftﬁed with said

Erame,

.~ a tempocral processing for each pixel position,

consisting in determining firstly the existence, and
secondly the amplitude of a significant wvariation in
the amplitude of the pixel signal between the current
frame and the immediately preceding smoothed and
memorized f£frame, and generating two digital signals,
the first signal being a binary, or single bit, signal
with two p@gsiblé values, one of which represents the
presence and the other represents the absence of a
significant variation between twoc successive frames,
the value of said binary signal meodifying the memorized
value of said time constant in order to reduce it if
said signal represents a significant wvariation and in
crder to increase it if said signal does noct represent
such a variation, the reduction or increase being done
in a quantified manner, whereas the sgecond digital



signal, i.e. the amplitude signal, is a multibit signal

with a limited number of bits guantifying the amplitude

cf this variation; and
- a spatial processing comnsisting of the following steps
for each frame of the digital video input signal :

o distributing only the wvalues of a fracticn of the
pixels in a frame at a given observation instant (a
fraction which 318 scanned across sald wmatrix
throughout the duration of the frame) firstly of said
binary signal and secondly of said digital amplitude
signal, into a matrix with a number of rows and
columns that is small compared with the number of
lines and the number of pixels per lime in the video
signal, respectively, in order to characterize the
values of the pixels,

o determining in this double instantaneous matrix
representation,  a particular area in .-which said
binary signal has the value sought for, represeﬁting.
the presence or absence of a significant variation,
and said digital amplitude signal varies, or does not
vary, by a significant value for adjacent pixels in
the matrix along an oriented direction starting from
an origin pixel, within the same portion of the frame
and therefore at the same cbservation instant, and

o generating signals representing the existence and
localization of the area in relative displacement and
the relative inter-frame speed and the oriented
direction of this displacement, if any, relative %o
its environment, inferred £from the instantaneous
matrix distribution of these two binary and amplitude
digital signals.

Preferably, the preocess according to the
invention is characterized in that it also consists of:

o forming firgtly histograms of the signal wvalues

distributed in matrices, and secondly histograms of



10

20

25

30

the inclinations of ¢two coordinate axes, with
variable slope, in a plane,

o identifying a domain in which there is a significant
variation of the processed values in each histogram
formed, and

o for each identified domain, deducing whether or not
there is an area in relative movement, and if so its
localization, speed and oriented direction.

In specific embodiments:

said matrix is a square matrix with the same odd number

cf rows and columns (21 + 1), and nested matrices

containing 3 x 3, 5 x5, 7x 7, ...[(21 + 1) x (21 + 1}

elements, centered on the center of this sguare matrix,
are considered in order to determine the smallest

nested matrix in which said digital signal varies along

an oriented direction starting from said center, the
value of said-binary signal shewing that the threshold
limit along this direction has been exceeded, ' |
said matrix is a hexagonal matrix, and nested hexagonal
matrices of increasing size, centered on the center of
this hexagonal matrix, ave considered, in order to
determine the smallest nested matrix in which said
digital signal varies along an oriented direction,
said matrix is an inverted L matrix with a single row
and a single column, and nested matrices containing 3 x
3 pixels, 5 x 5 pixels, 7 x 7 pixels,... {21 + 1} x (21
+ 1) pixéls are considered for the gsingle row and the
single column, in orxder to determine the smallest
matrix in which the signal varies along an oriented
direction, namely the line with the steepest slope and
constant gquantification. -

Advantacgeously, said time constant is of the form

2, where p is a number less than 16, and which can then

be expressed in not more than 4 bite, the time constant
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being reduced or increased by subtracting or adding one
unit to p. '

In this case, 1if it is required, successive

decreasincg portions of complete frames are considered

using the Mallat time-scale algorithm and the largest of
these portions, which gives displacement, speed and
orientation indications compatible with the value of p,
ig selected.

. Another object of the invention 1is a dewvice
operating in real time for identifying and localizing an
area in relative movement in a s8cene observed by an
observation system with an output comnstituted by a
digital wvideo signal of the type ccmpfising a succession
of corresponding frames, successive lines in each
corresponding frame and successive pixels in each line,
and for determining the speed and oriented direction of
the displacement, by using the process described above,

said device receiving said videc output signal as input
and being characterized in that it comprises in

combination: _

- meane for smoothing said digital video cutput signal
making use of a digital time comstant, the numerical
value of which may be modified independently for each
of saild cutput signal pixels;

- means for memorizing firstly a £frame of said output
signal after smoothing and secondly the smoothing time
constant associated with said frame,

- a temporal processing unit to analyze the variations
with time of the amplitude of the pixel signal, for the
same pixel position, between the current frame and the
immediately preceding smoothed and memorized frame of
said digital signal, said unit comprising a wmemory
capable of receiving, storing and retrieving
information about the corresponding previcus smoothed
frame, together with meamns of comparison to determine
if the absolute wvalue of the difference, between the
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current pixel signal and a representative value of the
pvixel! signal for the same pixel position in the
previous frame stored in said memory, exceeds or doces
not exceed a threshold, for each positicn of the pixel
in the input video signal frame, by generatiﬁg a
binary, cr single bit, signal with two values, one of
these two values showing that the threshold is exceeded
and the other showing that it is not exceeded, and
ceomputing means capable of determining a multibit
digital amplitude signal with a swall number of bits,
the wvalue of which depends on the amplitude of the
variatior. in the value of the same pixel between the
current £rame and the immediately preceding, smoothed
and memorized, frame of the digital video signal; and

a spatial processing unit, intc which the outputs f£rom
sald successive binary and digital amplitude signals
for the pixels in a given frame produced by the
temporal = processing unit are - input, said spatial
processing unit comprising means for characterizing the
amplitude values of the pixels, these means
distributing only said binary and digital amplitude
signais relative to the same instant, i.e. to a single
frame, into a matrix with fewer rows and columns than
the number c¢f lines and the number cf pixels per line
respectively in a frame of said digital video signal,
the frame being scanned across said matrix throughout
the duration of a frame, sp@tting means for determining
an area of pixels'within sald matrix in which, at this
instant, the binary signal has the searched value, and
means of determining an area of pixels in said matrix,
into which, at the same instant, the digital amplitude
gignal for adjacent pixels varies by a significant
quantity, and wmeans which, in response to the
indications €£rom the two preceding means, generate
signals representing this area of pixels and therefore
the existence and localization of an area in relative
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movement within the observed scene and the relative
intexr-frame sgpeed and oriented direction of this area
when it actually moves relative to ite environmwent.
Preferably, the spatial procegsing unit will also
include an output delivering a delayed digital #ideo
signal consisting of the input digital video sigmal with
a delay egqual to the duration of the rows of a matrix
minus the duration of a row, in order to supply am ocutput
signal contemporary with the analysis of the matrix in
sald temporal processing unit.
Preferably, the spatial processing unit of the
device according to the invention, includes delay means

in cascade, each of which imposes 'a delay equal to the

time difference between the beginning of two successive
lines, anéd delay means in cascade for each line, each
impecrting a delay equal to the time difference between
two successive pixels in a line, the outputs from all
registers and the input to the first registers on each
line delivering at a given instant the values of said
binary signal and said digital amplitude signal at the
same instant, to said identification means.
Advantageously, the device according to the
invention also comprises means for forming histograms of
the output values from said spatial processing unit, and
histograms of the inclinations of two, variable slope,
coordinate axes within a plane, means for identifying a
domain, in each histogram, in which there is a

significant variation in the processed value, in order to

Validéte this domwain at their output, and.t@ deduce, for
all histograms, output signals that identify and localize
an area of relative movement in the observed scene, if
any, and the speed and oriented direction of this
movement if said area is effectively moving with respect
to its environment.

If it is required toc detect the movement of an
object in an approximately motionless environment, it is
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necessary to determine the part of the matrix in which
the value of the binary signal shows that the limit has

been exceeded and at the same time the digital amplitude

signal varies by a significant wvalue between adjacent

‘pixels in a frame.

on the contrary, if it is required tec detect a
moticnless object in an environment that is effectively
in motion, it is necessary to determine the part of the
matrix in which the value of the binary signal shows that
the limit has not been exceeded and at the same time the
digital amplitude signal does not vary between adjacent
pixels in a frame. '

Preferably in the device - for identifying,
localizing and determining the speed and oriented
direction of displacement of an area in relative movement
in a scene, embodying the above mentiocned process:

- said smeccthing means include an input receiving said
digital video signal and . derive, for each successive
pixel in a frame of said video signal, a smoothed
gignal in which the tempcral variations of the input
digital video signal are reduced by using a threshold
signal received on another input and a time constant
related to each pixel position in a Irame, the value of
which is mecdified successively so that the smcothing
maintains, although reduced, the trend imn the
variations of the incoming digital video sigmnal, said
smoothing means working in cocoperation with said memory
unit that receives, stores and retrieves the updated
values of the smoothed signal and of said éime
ccnstarnt, for each portion of pixels in a frame, and
output, for each pixel position, at least the
succession of values of the updated time ceonstant and
of the values of the binary signal that shows whether
or not said threshold is exceeded by the absclute value
of the difference between the wvalue of the pixel and
its smoothed wvalue; said spatial processing assembly

+
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carrying out the matrix distribution along lines and
columns in a reduced number, of the outputs from said
smoothing wmeans, namely the successive wvalues of the
time constant and of said binary signal ;
means are provided for identifying, in said matrix
distribution, an area of pixels in which
simultanecusly:
either the value of said binary signal corresponds to a
threshold being exceeded and salid time constant varies
between adjacent pixels by a significant wvalue in cne
direction and for producing output signals indicating
the localization of sald area and the speed and
oriented direction of displacement in this area ;
or the wvalue of said binary signal corresponds to a
limit not being exceeded and said time constant does
not vary between adjacent pixels and for producing
cutput signals indicating the localization of said
area. ' . '

In the preferred embodiments :
said 3moothing means include, in combination with a
video memory or field memory that stores successive .
values, for each pixel in the frame, of said tiwe
congtant and the smoothed digital wvideo signal, means
for calculating, for each pixel, the absclute value of
the difference between the value of the digital wvideo
signal output from the camera and the wvalue of the
previously smoothed digital video signal, means for
comparing said difference with a threshold, and for
generaéing a binary signal, oﬁe of the two values of
which indicates that said limit has been exceeded and
the other wvalue Iindicates that it has not been
exceeded; means for wupdating the time constant
receiving the immediately preceding value of the time
ccnstart £rom said wmemery and reducing it if it
receives a binary signal with a value showing that the
limit has been exceeded, or increase it if the value of
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the binary signal indicates that it has not been
exceeded, the reduction or increase being however not
performed if it would lead respectively to a negative
value or tec a value exceeding a threshold wvalue, and
means for updating the smoothed value of the digital

- video signal that algebraically add, to the prior value

of this smoothed signal received from said memory, the
quotient of the difference between the digital wvideo.
signal output from the camera and the previous smoothed
digital video signal from said memory by a factor egual
to value of the previcus time constant retrieved by
from said memory;

said time constant is in the form 2, where p is an
integer less than 16, and which can therefore be
represented by not more than 4 bits, the reduction or
increase in the time constant being done by subtracting
or adding one unit to p; '

said matrix distribution means include in combination
with delay means applying successive delays, egual to

"the duration of one line of the wvideo signal, to the

digital video signal originating from the camera so as
to deliver on successive outputs this wvideo signal
delayed by one delay period, two delay periods and so
on, up to a number of delay pericds equal to the number
of lines in the sgpatial distribution matrix minus one,
wmeans for performing a matrix distribution along
successive rows of the matrix receiving f£irstly, the
digital video signal from the camera without a delay
and this progressively delayed signal output from the
delaying means outputs and secondly, values of the time
constant and said binary signal received from said
smoothing means in order for producing a mabtrix
distribution, in rows and columns, cf said values, at a
given instant, of the time constant and binary signal
for pixels in & portion of the frame of the digital
video signal with the same size as the matrix;
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- the matrix distribution means conprise a series of

digital signal conductors, i.e. one for each row in the
distribution matrix, each with series-connected shift
registers, each imposing a delay equal to the time
difference between two successive pixels in a line of
the digital video signal, the position of a pixel
distributed in the matrix being determined by a point
in the matrix located before a delay register, the
number per line thereof being egual to the number of
columns in the matrix wminus one, and by a point
downstream the furthest downstream register;
said means of detecting a moving area ir said wmatrix,
by detecting the simultaneous presence of a value of
the binary signal indicating that a limit was exceeded
ard a variation in the value of the time constant,
include means for determining, along discrete digitized
criented directions, the slope of the variation in the
value of the time comstant close to a pixel at the
cernter of said matrix, forming the origin for gaid
directions, and means for selecting the steepest slope
cf this wvariation clese to this center-origin and
determining the oriented direction, taking account of a
selection criterion fer selecting the direction if
there is more than one direction with same maximum
slope of this variation, these latter means cutputting
signals representative of the speed and oriented
direction of the displacement in the moving area, with
a validation signal indicating that these speed and
direction signals are validated, t@gethér with the
value of the time constant.

Preferably, if included in the device according

to the invention, the means for creating the histograms

each include: ' .

- inputs receiving the signal from which the histogram is
formed and a validation signal originating from the
matrix distribution means; andé
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- means for éétablishing twe linear unidimensional
histograms for the two plane coordinates and for
combining these two linear histograms into a surface
histogram representing the area in which there is a
significant variation in the input signal, and -

.- an output delivering a signal representative of said

area.

Furthermore, the means for forming the histograms
preferably include:

- means for calculating a reference change, the inputs of
which receive a line sequence signal, & column sequence
gigrnal and a pixel cleock gignal and the output of which
is representative of the reference change ;

- two means for forwing histograms for two axes,
receiving the two reference signals and forming
histograms cf these axes; and

- area means into which the outputs ZIrom the two
histogram formation means for the two axes are input,
and which cutput a signal containing global slope
information for the two axes.

In some applications, said time constant may be
composed of the order number of the intervals, in limited
number and with a gradually increasing magnitude, into
which the absolute value of the difference between the
value of the current pixel and the immediately preceding
value of the same pixel after smoothing is divided, for
each pixel position.

_ Advahtag@ously,'fcr determining the binary sigmal
of @vershootiﬁg, or not overshooting, of the threéh@ld
the absolute value of the difference between the value of
the current input pixel and the immediately preceding
smocthed value of the same pixel origimating from the
memory in compared with a threshold value, for each pixel
position.

As concerns the digital amplitude signal, it is

preferably generated as an integer representing the
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tendency of the wvalue of the current pixel to approach
the immediately preceding smoothed wvalue of this pixel,
for each pixel position.

One of the characteristics of the dinvention
consists of the fact that, for determining bothi the
binary signal and the digital amplitude sigmal, use is
made, as value of the immediately preceeding pixel, of a
stored smoothed wvalue thereof, in order teo reduce any
excessive variations of this pixel signal with time that

may exist in the digital video input signal originating

from the wvideo camera or any other observation device
with a digital output.

It is known that the effect of a smoothing
cperation 3is to gradually substitute, for a digital
signal with large amplitude  variations with time, a
signal with smaller variations and therefore more easily
guantifiable with a small number of steps, and therefore

' bite, in the smoothed digital amplitude signal.

We will now describe a preferred embodiment,
given for illustrative purposes and in no way limitative,
of a device according to the invention embodying the
process according to the invention, with reference to the
appended drawings.

On the drawings :

Figure 1 dillustrates very diagrammatically the

entire system according toc the inventicn with ite inputs

and outputs, and the input signal for this system.

Figure 2'represents; with functiomal blocks, the
main units in a device according to the invénti@n formihg
a temporal and spatial processing assembly.

Figures 3 and 4 illustrate functional diagrams of
the temporal calculation processing assewbly and the
spatial matrix distribution processing agssembly
respectively, forming part of the device of figure 2.
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Figure 5 shows diagrammatically temporal
processing and spatial processing in a system according
to the invention.

_ Figure 6 illustrates the numerical values,
according to the Freeman code, of the discrete directions
starting from an crigin center in the matrix of figure 4.

Figure 7 illustrates two small nested matrices
inside the temporal distribution matrix.

Figures 8 and 9 describe two other types of
matrix, namely  hexagonal and veverse L matrices
respectively.

Figure 10 shows diagrammatically the assembly of
the device in figure 2, along line 7Z - %', with an
additional assembly, according to a preferred embodiment

‘of the invention.

Figure 11 shows said additional assembly in
figure 10, in block form; figures 2 and figure 11 being
assenbled aléng line Z - %' in dot and dashed lines shown
on figures 2 and 10. '

Figure 12 shows the formation of two single
dimensional histograms, and, starting from these
histograms, a two-dimensicnal histogram of a moving area,
for an input signal.

Figure 13 shows more details of a histogram
formation and processing block or unit, and its
asgsociated linear combinatiom block.

Figure 14 1illustrates a single dimensionail
histogram. ' ' '

Figures 15 and 16 illustrate the use of a

variation in the observation slope of a scene.

Figures 17, 18 and 19 illustrate other possible
applications of the device according to the invention, in
block form for figures 17 and 18, figure 17 concerning
video conference, figure 18 the monitoring of highways,
motorways or main rocads and figure 19 an operator
controlling a machine by hand movements.
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Figures 20 and 21 diagrammatically represent an
application of the invention tc the monitoring of a car
driver faliing asleep.

Figure 22 shows the transformed image according
to the Mallat diagram. _ '

_ Referring firstly to figure 1, it can be seen
that, in the preferred embodiment, device 11 according to
the invention comprises firstly an input 12 that receives
a digital video signal S originating from a video camera
or camescope 13, with one or sgeveral CMCS type CCD
senscrs, having a direct digital output, or an analog
cutput converted by an analog/digital converter into a
digital output. This signal S is cowposed, in a known
manner, by a succession of pairs of interlaced frames,
such as TR; and TR', TR, and TR'’,, each consisting of a
succession of horizontal scanned lines, each line ({such
as 1,3, 1j.20++-01537-.3n TR, and i, in TR;) being

- . constituted by a -succession of 'elementary signals -of
‘pixels cr image-pecints Pl repregentative cf points (such

as &;.3, a;. and a,; , for line 1;,; @&,.3, &35 for line 1, ,;
aly, ; and a;y., for line 1, ,,; al;, and a,; , for line 1, ,)

of scene 13a monitored by camera 13; this is why the
drawing shows S(PI), representing a signal $ composed cof
pixels PI.

In the known manner, 8{PI) comprises frame
synchronization (ST) signals at the beginning of each
frame, and 1line synchronizatiocn (8L} signals at  the
begirning of each line. | |

Therefore, it can be seen that the S(PI} eignal
is composed of:

- a succession of sequences (successive frames) within
the framework of a time domain and

~ in each sequence {in each frame} by a series of sub-

sequences (lines, pixels) within the €ramework of a
spatial domain.
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In the time domain, the expressicn "successive
frames® will be used to refer to successive frames of the
same kind (i.e. odd frames such as TR,, or even frames
such as TR';) in pairs of frawes such as TR,-TR';, forming
successive images of the digital video signal S{PI}, "and
the expression "successive pixels in the same position?
will denote successive values of the pixels (PI) in the

same location in successive frames of the same kind, for

example a;; of 1,,; in frame TR, and a, ; of 1,; in the

next corresponding frame TR,.

Furthermore, deviece 11 includes outputs 14
outputting a number of digital signals, produced by it,
which are useful to signal the existence of . an area or
"object” {(in the more general sense described above) with
relative displacement and its localization, tocgether with
ite speed and direction of displacement, 1if it is
significant in an effectively stationary environment, in
particular the complex -'signal ZH  diagrammatically
grouping signals signaling the existence and localization
of this area or object, the speed V and the oriented
direction of displacement DI, and possibly the input
digitai video signal 8 delayed to make it synchronocus

with the previocus signals to take account of their

calculation time, this delayed signal SR being used to
display the image perceived by camera 132 on a monitor or
television screen 10, at the time at which is available
the Infcrmation concerning the area in zrelative
displacement (if any), namely the signal 2ZH, (V, DI),
that can be used in a processing and checking assembly
iCa.

We will now refer to figure 2 to describe the
structure of the first part of the device 11 shewn in
figure 1, this first part being represented by dashed
lines inside frame 1la on this figure 2.

The main components of assembly 1la are firstly a
tempcral processing unit 15, with an associated memory
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16, and secondly a spatial processing unit 17, with an
associated delay unit 18 and sequencing unit 19, and a
pixel clock 20 setting the rxhythm Zfor the temporal
processing unit 15 and the sequencing unit 19.

The temporal processing unit 15 which, among
other functions, smoothes the video signal:

- uses the digital video signal 8, originating from the
video camera 13 and consisting of a succession of pixel
values PI, and HP pulses, generated by clock 20
{starting from signal S) at the pixel rate in a frame
{(in particular 13.5 MHz), to generate a number of
signals as described below with reference to figure 3,
and exchanges the values of two of these signals with
memory 16, namely the smoothed values L of the digital
video signal and the wvalues C of the smoothing time
constant, the values L and C being followed by the
Tet*er 0 for values stored in memory 16 £rom unlt 15,

- or the letter I for values @rﬁglmatlnq from m@movy 16
and reaching unit 15, and

- produces a binary output signal DP, identifying whether
or not a limit has been exceeded, and a digital signal
COo, indicating the updated calculated value of the time
constant, namely the value CO sent to memory 16.

The computing and/or comparison blocks
constituting the temporal processing unit 15 are shown in
detail in figure 3; unit 15 comprises four blocks 15a,
15b, 15¢, 154.

The first block 15a of umit 15, using
- the input digital video signal 8, comp@sed of a

gsuccession of pixel signals PI, and ,

- a smoothed wvalue LI of this &signal S for the
immediately preceding corresponding frame, calculated
befcrehand by unit 15 as LO and temporarily stored in
memory 16 (as explained below)

- calculates the absolute value - AB of the difference
between the input wvalues of PI and LI for the same
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pixel position (for example a,,, of 1,, in TR, and of
1,4, in TR,)
' AB = | PI - LI |
at the rate imposed by the HP clock signals of clock 20.
' The second block 15b is a test block:

- this block receives the above mentioned digital signal
AB from unit 15a and a digital signal of the threshold
value 82, which could be constant, but which usually
depends on the pixel value; it is then made to vary in
the sarme sense as said value so that it forms a gamma
correction (known means of varying SE to make a gamma
correction being represented by the opticmal block 15e
shown in dashed lines}; and

- it compares these two digital signals representative of
AB and SE in order to determine a bimnary signal DP, in
other words a signal that may be equal to one of two
values I and 0 to signal respectively that AB does or
does not exceed said threshcld SE : '

- if AB is greater than SE, DP will be assigned the value
1 in unit 1%b to show that the threshold has been
exceeded; |

- i# AB is less than or equal to SE, DP will be assigned
the value 0 in unit 15b to show that the threshold has
not been exceeded.

In fact when DP = 1, the difference between PI
and LI, in other words between the input digital video
signal and the previous smoothed digital video signal, is

" too great, and this difference has to be reduced Dby

reducing the smoothing time comstant, and conversely 3if
DP = 0 this time constant has to be increased.
The third block 15¢ makes the required variation

to the value of the time constant as a function of the

value of DP:
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- if DP = 1, block 15c reduces the time constant by a
unit value U: CO {new value of this comstant} = CI
(cld value of the comstant} - U;

- if D? = 0, block 15c increases the time constant by the
same unit value U: CO = CI + U. -

Consequently, block 15¢ receives the binary

‘excess signal PP, mentioned above, from block 15b, on one

input, and the CI signal, which is the wvalue of the
previous time constant stored in memory 16, on ancther
input, and reduces or increases, by the unit value U, the
input time constant CI which becomes CO sent to said
memory 16 to replace CI. _

Advantageously, the time constant, on which
convergence of smoothing depends {(as a function of the
time necessary for the smocthed value to reach the input
valuve of the digital wvideo signal}, is represented by a
power of 2, namely by a value 2%, and this integer number
p is the number that will be reduced or increased by-éne

unit, in other words by 1, in block 15¢; in this case U
= 1 for p on figure 3,

- 1f DP = 1, block 15c subtracts a unit (1) from factor p

in the time constant 2° which becomes 2°7%;
- if D2 = 0, block 15¢ adds a unit (1) tc the factor p in

the time constant 2°, which becomes 2%,

The choice of a time constant of the type 2P has
two advantages, firstly it corresponds to the physiclogy
of human sight and secondly it facilitates calculations
and thus simplifies the structure of block 15c. '

Block 15c must also comply with two conditions,
namely CO must remain between two limiting values: co
must not become negative {(CO = 0} and it must not exceed
a limit N (CO < N). 1In the special case in which CI and
CO are in the form 2°, the upper limit N is represented
by an integer number n which is a maximum value for p.
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The upper limit N (or =n) may either be constant

‘or variable; if it is variable, an optional unit 15f (in

dashed 1lines) makes this wvariation of N (or =n), for

example following an order by the user. The conseguence
of increasing N is to increase the displacement detection
sensitivity, whereas reducing N improves detection of
high speeds.

Finally, the fourth block 154 receives, on a
first input, the value CO of the new time constant
generated in block 15¢, and on a second input, the

incoming digital video signal 8§ in the form of pixel

value informaticn PI, and, on a third input, the smcothed
value of the previous entering digital video signal,
namely LI, £rom memory 16, and it calculates:

LO = LI + {(PI - LI} / COC
which is delivered on its output.

In fact, the term (PI - LI) / CO represents the
modification made to the smoothed value of the ‘digital
videc signal, taking account of the wmodified value CO of
the time constant and it is proportiocnal to the algebraic
difference between the effective value of the current
entering pixel PI from camera 13 and its previous
smoothing value LI and inversely proportional tec CO.

I1f €0 = 2°, then

10 = LI + (PT - nI) / 2°¢

‘using Po, the value of p calculated in unit 15¢ and which

replaces previous value pi of p in memory 16.
| Conseguently, the temporal processing unit 15
with four calculation blocks 15a, 15b, 15¢, 15d:

- receives S{PI) from video camera 13, HP clock pulses
fcr contrelling the rate of operations, and SE and N
{or n») threshold signals;

- starting from the LI and CI incoming signals from the

agsociated memory 16, determines updated signals LC and
CO that are sent into said memory toc replace LI and CI
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respectively &and which represent the new calculated
values of the smoothed digital videc signal and the
time constant, respectively; and

- deiivers the CO signal mentioned above and the binary
threshold exceeding signal DP that it, calculated from
PI, LI and SE, to the spatial processing unit 17
threcugh the delay unit 1i8.

The purpose of the smoothing operation is to
normalize variations of the digital value of the entering
videc signal for each pixel or image point, namely the
variation of each PI, by reducing the wvariation
differences and replacing, for each pixel, the successive
real variable values of PI at this image point by the
smocthed LO values, which are less variable than the PI

values.

Thus for each incoming PI, the temporal
processing unit 15, in combination with memory 16,
gubstitutes.a_sma@thed value LO with reduced variations,
by using a binary threshold exceeding or not exceeding
signal DP and a time constant signal CO that are updated
and transferred to the spatial processing unit
illustrated in figure 4.

BEach pixel inside the area of a frame can be
identified by twe coordinates {usually orthogonal), along
an abscissa and an ordinate, namely x and y, by assigning

two indices to the pixel, namely i (line number) for the
y coordinate and j (pixel number in the lime) for the x

coordinate. Each pixel with indices i and J has a video

value (vaiue of the amplitude of the video signal) PIy.

If we now consider the variation with time t of
values of PI;; for successive corresponding successive
frames at times &,, t., &, ti4, ..., separated'by a pericd
T corresponding to the image period (usually equal teo twc
frame periods) and which may be 0.04s if the frequency of
the video image signal is 25 Hz, or 0.0333s if the
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frequency of the videc image signal is 33 Hz, or 50 Hz
for sensors with progressive image (1 frame / 1 image),
the signal of a video pixel with localization indices i

and j has successive values denoted Plijeqr Plises, Pligea,

PLije3, --.at these instants &, €, &, &, .

Within the scope of the invention, for Py,
successive smoothing values LOyy., namely ILOjyee, LOgyeg,
LOg4ea, LOye3, are substituted in the temporal processing
unit 15. |

For each of the successive pixels or image points
with cocrdinates i, j, at time &, in other words Py, its

real value PIj;, is replaced by a smocthed value given by
the formula
LOjy¢ = LIggere-n + (PLyge - Llggqe-ny / COupe
The time constant is preferably of the form 2Pi3t
Calculations carried out in unit 15, and

particularly in block 158 .for each time interval T -

geparating t, from t,, &, from t;, t, from t,, etc. make

‘the value LiCy, converge towards the value PI,., at a

speed that depends on the time constant which is variable
in space (and therefore depends on i and j) and in time
(and therefore depends on t) and which may be written
CO,4¢ -

In all cases, the coanvergence of LO., iz slower
when COyy is larger. There is no longer any smoothing if
COyy. = 1. |

Cbviously, in the above formulas it would be
poseible to substitute the cartesian coordinates y and x
for the indices i and j giving the line order number and
the pixel number in the line.

Block 152 calculates AB = | PI - LI |, the indices

i, 7 and ¢t being mnot explicit, the wmagnitude AB

4

representing the instantaneous variability of the digital
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video signal S{P1) with respect to the smoothed signal
LI, for each triplet i,7,t.

One of the characteristics of a device according
te the invention is toc perform, in the temporal
pr@ceSing unit 15, a smoothing of the pixel wvalues, to
determine, for each pixel, the successive values of a
smoothing time constant and a binary signal identifying
whether or not a threshold has been exceeded or not by

‘the abgolute value of the difference between the value of

the pixel and the smoothed value of this pixel for two
successive corresponding frames, tc distribute in a plane
matrix the numerical values at a same instant, both of
said time constant and of said binary signal for the
pixels in a limited portion of the frame, this portion
scanning the frame in order to localize, based on local
variations of these two values at this instant, an area
in relative movement and to determine the speed and
_(@rientéd) direction of the effective displacement as a
function of this distribution, this being domne by =a
spatial ©processing assembly described below with
reference to figure ¢.

The convergence o©f semcothing 1is done by
calculation blocks 15b and 15¢ which determine a

variation of the value of the new incoming time comstant

€o (actually CO;y.) ®so as to accelerate the convergence.
This is done by cowparing AB (actually AB,.} with the
threshold value SE, that may have a comnstant value, or is
preferably variable, and if it is variable it may be a
function of the pixel value in order to make a gamma
correctiorn : if the pixel wvalue increases, the limit
increases, and vice versa. The result of the comparison
of AB with the threshold value SE (actually SE;,, if said
value varies as a function of the pixel wvalue, this
variation being dome in an optiomal calculation block
15e) generates, in Dblock 15b, the binary displacement
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signal DP with fwo possible values 1 and 0 as described
above. |

The binary signal DP arrives in block 15¢ to vary
the vaiue of the time constant. Consequently, the
calculation unit 15¢ also receives the value . of .the
incoming time constant CI from memory 16 and updates it
using the new value of the time constant CC which (among
others) is sent to memory 16, where it replaces the
former wvalue CI; in fact for wvalues of CI and CO, are
uged : CI;; and CO;; at two successive instants, for
example t, and t,, separated by the interval T between

two successive corregponding frames (either odd, or

even) .

Block 15c¢ that recelives DP and CI adds or
subtracts a unit wvalue (U) to the wvalue of the time
constant CI or one unit to p when €O is in the form 2%,

depending on whether the binary signal DP defines that a
threshold value is exceéeded (DP = 1) or not exceeded (DP
= 0).

If the threshold is exceeded, the value of this
constant is too high and it is reduced, and vice versa.

Block 15¢ also ensures that the new value of the
time constant CO, deduced from CI by adding or
subtracting a unit, remains between 0 (CO not negative)
ané a threshold wvalue N (CO not greater than N). If
these two conditions are not satisfied, block 15¢c dees
not modify the value of CI (which was actually inside the

-interval fxom 0 to N, both limits being included} and

then CO = CI.

The upper limiting value X (or =z} may be constant
or variable; if it is variable, it must not exceed a
limiting value N max. {(or n max.}; the wvariatiomn, 3if
any, being impocsed by block 18f under the effect of a
control available to the user.



i0

15

20

25

30

30

As a variant, N or n way be made to depend on PI
(where N, n and PI are actually assigned the three
indices 1, 4, t} in order to emsure regulation of the

variation of 1O (which is calculated in block 15d) as a
function of the level of PI, which may be expressed "Nﬁt
or myj is a function of PIy"*, the determination of Ny
or mngy. = £(PIyy) being done in a . calculation block
substituted for the illustrated block 15f and to which
the value of PI is delivered by video camera 13, in
addition to N.

Advantageously, the time constant C ({actually
each C;;.) may .be forced to satisfy the conditicn of
having a numerical value which ie either a multiple of 2,
and morxre particularly a power of 2 regardless of the
values of i, j and ¢t; in this particular case Cyy, =

2138 where b is a small integer number that is a

function of i, 7 and t and can be represented by a small

number of bits. This condition provides the additional

advantages mentioned above:

- the smoothing convergence law is similar to the
physiology laws of human sight;

- the electronic construction cf blocks 15¢ and 154 is
simplified; in particular, in block 154, which is
designed to determine the variation in the wvalue of the
time constant, for each i, j pair, by the following
formala |

LO = LI ¢ (PI - LI}/CO

the calculations are simplified if CC is in the form 2P
(where p is a small integer number), the value of the
threshold value n of p itself being a swall integer
number represented by a limited number of bits.

In all cases, the new smocothing value LO of the
incoming digital videc signal 8 is sent intc memory 16,
where it replaces LI (for each pair of indices 1j).
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On inspecting figures 2 amd 3, it can be
observed that the temporal processing unit 1%, which
comprises calculation blocks 15a, 18b, 15c¢ and 15d, and
possibly block 15%e and/or block 18f, and which
cooperates with memory 16, determines and delivers as
outputs, as explained above, the following wvalues, for
each I, j, t triplet.

- firstly, the wupdated smcothed wvalue L0 which is
transferred into memory 16 tc replace the previous
smocthed value LI;

- secondly, two digital signals, namely:

- a binary signral DP which indicates that a given
threshcld has either been exceeded (BP = 1} or not
exceeded (DP = 0) by the variation im the absclute
value of the incoming pixel signal originating from the
video camera compared with the previcus smoothed pixel
signal for the same point; and

- an aﬁ@litudé digital sigmnal composed of the value Of
the updated tiwme constant CO;
these digital signals DP and CO are received, through
the delay unit 18, by the spatial processing unit 17
which will be described later, the signal CC also being
entered into memory 16, where the value CO replaces the
previous value CI for the same pixel.

Therefore, it can be seen that the capacity of
memory 16 for storing firstly successive values of the
smocthed pixel signal and secondly the time constant,
agsuming that there are R pixels in a frame, and
therefore 2R pixels per complete image, must be at least
ZR{e+f) bits, where e and f are the numbers of bits

assigned to a pixel signal, and to a time constant
respectively. In fact, the memory capacity does not need
to be much bigger; it simply needs toc exceed 2R{e+f} bits

by the number of Dbite necessary for its correc:t
operation, particularly for addressing and extracting
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bits from smootHéd pixel signals and time censtant bits
as a function of indices i and j. If each video image is
composed of a single frame, it is sufficient to use
R({e+f) bits instead of 2R{e+f) bits. |

The outgoing signals DP;; and CO;y, at imnstant ¢,
£rom the temporal processing assembly 15 are analyzed and
used in a spatial processing assembly jllustrated in
figure 4, the assembly of figures 3 and 4 being
illustrated in figure 2.

In fact, the temporal processing assembly 15

‘processes frame signals, whereas the spatial processing

assembly 17 in figqure 4 processes sub-sequences of lines
and pixels in a frame. ' '
Figure 5 diagrammatically shows the temporal
processing of the successive corresponding frame
sequences TR,, TR,, TR; superimposed on the figure and the
spatial proccessing in the first of these frames, in other
words TR,, illustrating the cartesian ccordinates x and y
anéd a pixel PI with coordinates y,x, in other woxrds
indices i,j at time ¢,; the successive pixels with the
same indices ij in the three ZIrames TR,, TR,;, TR; are
indexed ijt;, ijt, and'ijtg respectively, and they have
pixel values of PIijt,, PIijt, and PIijt, respectively. A

plane in figure 5 corresponds to the spatial processing

cf a frame, whereas the superposition of frames

corresponds to the temporal processing (where time t is
the variable) . o

The spatial processing unit 17, to which a delay
unit 18 is associated (which is also shown in figure 4)
cooperates with a control umit 19 that is controlled by a
clock 20 that delivers a clock pulse HP at each
successive pixel signal (figure 2 for the assembly).

Outgoing signals DP;; and CCyy from temporal
processing unit 15 are distributed by unit 17 intoc a
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‘matrix 21 of reduced size containing a number of rows and

columns wmuch smaller than the number ©f lines L and
number of pixels M per line, respectively, in DP;; and
CO;y at a given instant t. In particular, the matrix may

inciude 21 + 1 lines along the y axis and 2m+l columns
along the x axis (in cartesian ccordinates), where 1 and
m are swall integer numbers. Advantagecusly, 1 and m are
chosen to be powers of 2, where for example I is egqual to
2® ané m is equal to 2°, a and b being integer numbers of
about 2 to 5 for exampie. To simplify the drawing and the
explanation, m will be taken to be I as an example

{although it can be different) and me=1s=2 = 8; in

L5 o

this case, tne matrix 21 will have 2 x 8 + 1 = 17 rows

and 17 columns.

Figure 4 shows part of the 17 rows ¥y, Y., ... ¥
¥, and part of the 17 columne X,, X, ....X5 X forming -
the matrix 21 of unit 17. - '

The objective is to distribute intoc wmwatrix 21
with 1 + 1 rows, in particular 17 yows, and m + 1

columns, in particular 17 columns, the incoming flows of
DPyse and COyy,., in other words the binary threshold
exceeding signals DP and the digital amplitude signals
represgenting the time constant CC that arriving from the
tempcral processing unit 15, arranged in a wider matrix
distribution for a frame consisting of L (in particular
312.5) lines, and M 'pixels.per row, in particular of the
order of 250 to 800 depending on the TV standard used.

In order to distinguish the two matrices, i.e.

‘the I x M videoc signal matrix and the 1 x m matrix of

unit 17, referenced 21, the indices 1 and § will be used
for the twec coordinates of the former matrix {which will
only be seen when the digital video sigmnal is displayed
on a television screen or monitor) and the indices x and
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y for the two coordinates of the latter (shown in figure
4} ; at a given instant, a pixel with an instantaneous
value PI;;, is characterized, at the input of the spatial
processing unit 17, by two digital signals DPy. and COuu.

‘The L x M matrix of these two signals moves by scanning

throuch the much smaller {21 +1) x {(2m +1) matrix 21 as

expiained with reference ©to £figqure 4, matrix 21
materializing {21 + 1) x (2m + 1) pixels corresponding to

the same frame.

In this matrix 21, each pixel is defined by a row
order number between 0 and 16 {inclusive), for rows Y, to
Y, respectively, and a column order number between ¢ and
16 (inclusive), for columns X, to X., respectively, in the
case in which I = m = 8, namely 21 + 1 = 2 m + 1 = 17.
In this case, matrix 21 will <constitute a
representation in the plane of 17 x 17 = 289 pixels,
whereas the matrix of the video signal will include-
several tens or hundreds of thousands of pixels, or even

more.

Iin figure 4, elongated horizontal rectangles Y,
to ¥,s (only four of which have been represented, named
Yo, Y3, Yy and Y} and vertical lines X, to X;; (of which
only four have been represented namely X,, X;, X;; and X,,)
have been used to 1llustrate this matrix 21 (of unit 17)
with 17 x 17 image points or pixels having indices
defined at the intersection of an crdinate row and an
abscissa colunmn. For example, the pixel position By, is
at the intersection of column 8 and row 8 as illustrated
in the figure at g, which is the center of matrix 21.

In order to carry out the successive spatial
distribution of portions of this L x M matrix within the
(21 + 1) (?m + 1) matrizx 21, the unit 17 is asscciated

with a deiay unit 18 which receives firstly the DP and CO

signals (with assigned indices ijt) and secondly the

incoming pixel signal 8, in other words PI {alsc with
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20 and line sequence signals 8L and column sequence
gsignals SC (figures 2 and 4).

As shown in figure 1, the 8{PI) signal includes
not only pixel value signals, such as 8. .4, 8.2, wmaking up
a time sequence (successive frames) and spatial sub-
seguences (pixels per line in each £frame), but also
synchronization signals ST, SL, starting from which the

clock urit 20 deduces a clock signal for example at a

fregquency of 13.5 MHz, namely one mark pulse for each
pixel in a video frame, and also blanking signale BL that
make unit 19 non-coperational during the above mentioned
synchronization signals. -

In response to these HP and BL signals from clock
20 (Figure 2), the rate control unit 19 delivers a line
sequence signal SIL at a frequency egual tec the quotient
of 13.5 MHz by the number of columans per frame (for.
example 400) to the delay unit 18, together with a frame
signal SC, the frequency of which is equal to the above
mentioned quotient 13.5/400 MHz divided by the number of
rows in the video image, for example 312.5, and HP.

Unit 18 uses these SL and SC signals and the HP
clock signal to control the row by row spatial

distribution in matrix 21.

Consequently, the successive rows Y, to Y
receive the DP ard CO gignals
- not delaved (row Y,);
- delayed by one TP period, equal to the duration of a

frame line (row Y,):;

- delayed by 2 TP (row Y,);
and so or until
- delayed by 16 TP (row Y4).

The successive delays having the duration of a
frame row, namely TP, are carried out in a cascade of
sixteen delay circuits r;, x,...In¢ that serve rows Y,,
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¥y...¥¢ respectively, row ¥; being served directly by the
DP and CO signals without any delay arriving £from unit
15.

All circuits 1y, I, ...%s may be built up by a
delay line with sixteen outputs, the delay imposed by any
section thereof between two successive outputs being
constant and equal to TP.

The rate control unit 19 ccntrols the scanning of
the entire LL x M frame matrix over the (21 + 1){2m + 1)

matrix 21, in rotation for successive rows of successive
frames making use of the row sequence signals SL, using
the following procedure.

The circular displacement of pixels in a row of

the frame matrix on the 17 x 17 matrix, for example from

X, to X, on row Y,, is done by a cascade of sixteen shift
registers d on each of the 17 rows from ¥, to Y, (giving
a total of 16 x 17 = 272 ghift registers) placed in each
row between two successive pixel positi@ns; namely the
register d,, between positions PI,, and PI,,, register d,,
betweenn pecsitions PI, aund PI,,, etc. EBach register
imposes a delay TS equal to the time difference between
two successive pixels in a row or line, using the column
sequence signals SC. '
Note that, due to the fact that rows 1I;, 1,....1,,
in a frame TR, (figure 1), for 8{PI) and for DP and CO,
reach unit 18 shifted by TP (complete duration of a row)
one after the other and that unit 18 distributes -them

‘with gradually increasing delays of TP conto rows Y,

¥y...Yy; these rows display the DP and CO signals at a

given time for wows I1,, 1,, ...l;; in the same frame

portion..
Similarly in a given row such as 1,, successive

pixel signals a; ,, a;,...arrive shifted by TS and the

shift registers d impose a delay alsc equal to T8;
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thexefore, the result is that the DP and CO signals for
pixels in a given row ¥, to ¥, in matrix 21, pixels

available on this row, are contemporary, in other words

they correspond toc the same f£rame portion. _

Therefore, both for the lines and for the pixels
in these 1lineeg within a portion of the £frame, the
cbiective is to carry out a purely spatial processing
since matrix 21 contains in ites 17 x 17 pixel positions,
the values of DP and CO for the 17 pixels in each of the
17 rows in the wmatrix of the same digital video signal S
{(PI}, although these ©pixels such as a,, arrive
successively line by line and pixel by pixel in each of
the successive rows- (figure 1) in unit 18, with the
corresponding DP and CO signals that are displayed.

The signals representing the contemporary COs and
DPg of matrix 21 are available at a given instant on the
16 x 17 = 272 outputs of the ghift registers, .as well as

upstram of thé 17 registers ahead of the 17 rows, i.e.

registers d; ,, dy ;....d4s.3, which makes a total of 16 x

17 + 17 = 17 x 17 outputs for the 17 x 17 positions Py,

Po.as--Pgge--Pirg.26-

Inside matrix 21, arcund the center e thereof

having coordinates x = 8, y = 8 (which is why the number
of rows and the number of columns in matrix 21 is
preferably odd, 21 +1 and 2m+l respectively), we may
consider in particular a small matrix containing 3 rows
and 3 columns where the central element of the 9 elements
thereof is effectively the pixel e with coordinates x =

8, v = 8. Let this small matrix M3 be:
a b c
d e £ (M3)
g h 1
in which the central element & has been

underlined.
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To this 3 x 3 element matrix, containing 8

-positions a, b, ¢, d, £, g, h, i around the central

element ‘or ©vposition g, correspond eight oriented
directions, each starting from the central position e up

to one of the other eight positiomns.
For this purpose, the eight directions may be

-identified using the Freeman code illustrated in figure

6, the directions being coded 0 to 7 starting from the x
axig, in steps of 45°. 1In the Freeman cocde, the eight
pessible oriented directions, nuwbered 0 to 7, can be
represented by a 3-bit number since 2’ = 8, giving eight
possibilities. .

Considering the small matrix M3 mentioned above,
the 8 directions, according to the Freeman ccde, starting
frem the central position g are as follows:

=

3 2 1
4 e G
5 6 7

as shown on figure 6.
Returning to matrix 21 in figure 4 with 17 x 17

image points or pixels, we will now describe how to

identify an area in relative movement with respect to an
approximately mwotionless environment 3Iimn the scene
cbserved by video camera 13 and therefore represented in
the video digital signal 8 composed of pixels PILy., and
how to determine the speed and oriented direction of an.
effective displacement with respect to an approximately
motionless environment.

RBetween two successive frames, such as TR, and
TR, (figure 5), the PI;y pixels in the signal § will be
characterized, concerning their variation between instant
t, {(first frame) and instant t, {second frame), by the
two signais DP;y and CO;y (distributed by scanning in
matrix 21.
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There is a significant variation of the pixel
value at a point in this matrix if DP = 1 for this point.
Therefore, an area'effectively moving is identified by
the wmatrix area within which DP = 1 at each point.

In fact a calculation unit 17a is used 'for
exanining &t the same time the variocus nested sguare
matrices centered on e, with dimensions 15 x 15, 13 x 13,
11 x 11, 9 % 9, 7 x 7, 5 x5 and 3 x 3, within the 17 x
17 position matrix 21, the 3 x 3 matrix being the M3
matrix mentioned above. The device determines which of
these matrices is the smallest in which DPs = 1 and are

‘aligned along a straight line which determines the

direction of movement of the area in which DPs = 1 and
which determines a variation of +1 and -1 arcund CO. For
a variation of +1 and -1 around CO, DP must be equal to 1
at each value if the test is to be satisfied. The
smallest matrix participating in the test is chosen
{principal line). ' f

Then, within this moving area in one cf the
nested matrices, for example in the small matrix M3 with
3 x 3 elements, the device determines if CO varies on
each side of the central position in a given direction,
from +1 in an oriented direction and -1 along in the
oppesite oriented direction. For example, if we have -1,
9, +1 in the (oriented) direction 1, in other words in
positions g, e, ¢ respectively in the emall matrix M3,

‘then the displacement exists in this matrix from right to

left in the (oriented) directicon 1 in the Freeman ccde
{figure 6). Obviously, at the same time in this direction
in the swmall matrix : DP = 1. The displacement speed is
higher when the matrix, among the 3 x 3 to 15 x 15 nested
matrices, in which CO varies from +1 or -1 between two
adjacent positions along a directicn is larger. For
example, if we have -1, 0, +1 in oriemted direction 1, in
other words g, e, ¢ in the 9 x 9 matrix denoted M,, the
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displacement will be faster than if we have -1, 0, +1 in

the 3 x 3 matrix denoted M; (figure 7).

Since €O is a power of 2 and is represented by
this power in the preferred embodiments, an extended
range of speeds can be identified by using only a few
bits for the power of 2, while identifying a relatively
low speed (that can be chosen by increasing the variation
or margin for the test, for example -2, 0, +2 in
positions g, e, ¢ in the 3 x 3 matrix M3 would indicate a
speed half as fast as the speed correspending tec -1, 0O,
+1 for the same positions in matrix M3}.

Two tests should alsc be foreseen to remove
uncertainties: '

- a first test chooses the largest variation, in other
words the highest time constant, if there are
variations of CO along several directions in one of the
nested matrices, for example in the small 3 x 3 element
matrix M3; _ ' '

- a second test arbitrarily chooses. one of two {or more)
directions along which the . variation of CO 1is
identical, for example by choosing the smallest value
of the Freeman code; this case usually arises when the
reai (oriented) direction of displacement is
approximately between two successive coded directions
in the Freeman code, for example between directions 1
and 2 corresponding to an (criented) directiom that can
be denoted 1.5 (figure 6) forming about €7.5° with the
% axie direction (direction 0 in the Freeman code}.

Determination of the oriented direction and speed
of an area in effective movement as described above is

done by calculation unit 17a (figure 4} asscciated with

unit 17 and which receives the above-menticned 17 x 17
outputs of matrix 21, both for CC and for DP (two outputs
from 21, namely S,, and S, are shown). Unit 17a
processes the values of CO and DP for the successive
nested matrices and uses these values to determine the
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oriented direction (in the Freeman code) and the
displacement speed (depending on which of the nested
matrices -is8 to be selected), possibly by applying the
tests mentioned above.

The scanning of an entire frame of the digital

‘video signal through matrix 21 takes place :

- firstly for the group of the first 17 rows or lines,
rows 1 to 17, in the frame : from the left of the frame
to the xight considering relative movement, as shown
fcr £rame TR, in figure 5, i.e. from portion TM; at the
extreme left, then TM, offset by one column with
respect to T¥,, until T¥, (where M is the number of
pixels per frame line or row) at the extreme right;

- then similarly, from the left to the right, column by
column, for lines or rows 2 toc 18 in the frame; and

- 80 on, each time going down by one line; line 3 to
19... until the last group at the bottom of the frame,
namely lines I - 16 ...L {(where L is the number of

lines per frame).
Congidering figures 2 and 4, it can be seen that

‘the signals delivered by units 17, 18 and 19, in other

words the spatial processing assembly, are as follows:

- a signal V representing the displacement speed, based
on the amplitude of the maximum variaticn of CO in the
identified area, the value of which may be for example
represented by a scale of eight integers frow 0 to 7 if
the speed is in the form of powers of 2, and therefore
‘contains 3 bits; _ |

- a signal DI vrepresenting the direction of this
displacement, deduced from the direction of this
maximum variation, the value of DI being also possibly
represented by ocne of the elght values 0 to 7 im the
Freeman code, and therefore contains 3 bits;

- a validation signal VL specifying that the result for
the speed and (oriented) directicn is valid, in order
to be able to distinguish a valid output with Vv = ¢ and
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DI = 0, from ﬁhé lack of an ocutput due to an incident,
this signal being either 1 (valid ocutput) or 0 (nc
output}; therefore, cnly one kit is necessary for VL;

- advantageousiy, a time constant signal CO, for example
containing 3 bits; :

- (the 3 or 4 signals V, DI, VL, and possibly also CO,
delivered by the spatial processing unit 17 and its
associated electronics);

- a delaved video signal SR composed of the input wvideo
signal S delayed in the delay unit 18 by 16 consecutive
line durations TR and therefore by the duration of the
distribution of the sicnal 8 in the 17 x 17 matrix 21,
in order to obtain a digital video Bignal contemporary
of the matrix representation in matrix 21, the contents
of this signal possibly being displayed in clear on a
television set or monitor screen;

~ all three signals delivered by unit 19, namely clock
HP, line segquence SL and column sequence SC Signals;

Nested hexagonal wmatrices (figur@ 8) or an
inverted L-shaped matrix (figure 9} may be substituted

for the nested rectangular matrices in figures 4 and 7.

In the case shown in £figure 8, the mnested
matrices (in which only the most central matrices MR1 and

MR2 have been shown) are all centered on point MRC which

.corresponds to the central point {(in which the binary

signal is “0") of matrices M3, M9 in figure 7. The
advantage of a hexagonal matrix system is that it allows
firstly to use oblique coordinate axes x,, ¥y, and
secondly a breakdown into triangles with identical sides,
te carry out an isotropic speed calculation.

The matrix in figure 9 is composed of a single
row (L,) and a single coclumn (C,) starting from the
central position MR, in which the twoc signals DP and CO
regpectively are equal te "1" for DP and increase or
decrease by one unit for CC, if a movement occurs.
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It 1is thus determined if the direction of
{relative)} displacement is:

- in the direction of the x coordinate: the CO signal is
identical in all positions (boxes] in column CU, and
the binary signal DP is egqual to 3 in all positions in
row L, from the origin MR,, with the value CO,, up %o
the position in which €O is equal tec CC, +1 or -1
inclusive;

- in the direction of the y coocrdinate: the CO signal is
identical in all positions (boxes} in row L,, and the
binary signal DP is equal to 1 imn all positions in
cclumn C,, from the origin MR, with the value CO,, up
to the position in which CO is egqual to CC, +1 or -1
inclusive;

- or finally obligue relative to x and y : the binary
gignal DP is equal teo 1 and CO is egual to CC, in
positions (boxes) of L, and in positions (boxes) of C,,
the slope being determined by the pe’rpen&icular to the
line passing through the two poéitions in which the
signal CO, changes by the value of one unit, the DP
signal always being equal to 1.

Figure ¢ shows the case in which DP = 1 and COQ,
changes value by one unit in the twoc specific positions
I,s and C, ané indicates the corresponding slope P,.

In all cases, the displacement speed is a
function of the position in which CO changes value by one
unit. _

If CC changes by one unit in I, or G only, it

corresponds to the value of the CO variation position.

If CO changes by one unit in a positien im L, and
in a position in C,, the speed is proportional to the
distance between MR, and E, (intersection of the line
perpendicular to C,-L, passing through MR,).

The system described up to now with reference to
figures 1 to 9 is advantageously complemented by =a
supplementary system which will be described with
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reference to figures 11 to 16 to comstitute a global
system 22 illustrated in figure 10 which represents
firstly the assembly 1lla in figure 2 indicating the V,

DI, Vi, C and SR and composite F (HP, SL, SC) signals

transferred by assembly 11 (which receives the incoming
digitali video signal S8) to assewbly 22a (which delivers a
composite outgoing signal ZH).

The connection line %-7Z; between assemblies 1lla
and 22a is shown in figures 2, 10 and 11, the outputs
from assembly 1lla being counnected to the inputs of
assembly 22a along 7%-2Z, to transfer the above menticned
signals.

The output delivered by unit 22a and therefore
from gicbal device 22 is composed of a composite signal
ZH supplying the required information on the area in
relative movement in scene 13a monitored by video camera
13. _ _

The complementary unit 22a connected to- the

‘outputs of unit lla is illustrated im figure 11 im the

form of functional blocks, remembering that this figure

is comnnected along line 2- %, {(in the upper part) to

figure 2 along line 2%- %, (in the lower part of £figure

2) .

The unit in figure 11 is composed essentially of

a histogram formation and utilization device, and

comprises:

- & micro-bus line 23 that transports a number of digital
signals described in detail below; .

- gix histogram formation and processing blocks or units
referenced 24, 25, 26, 27, 28, 2%, for the histograms
cf the signals : delayed digital video SR, speeds V,
oriented directions (in Freeman code) D1, time
constants CO, first axes x(m} and second axes ylm,
respectively;

- g8ix linear combination blocks or units 306, 31, 32, 33,
34, 35 combining their inputs from bus 23 each to form

]
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a validation signal V,, V,, V3, V,, Vs, V¢ for the six
blocks 24, 25, 26, 27, 28, 29 respectively, 30 being
asscciated with 24, 31 being associated with 25, 32
being associated with 26, 33 being associated with 27,
34 being associated with 28 and 35 being associated.
with 29;

- a moving area block or unit 36 cecrdinating outputs
from blocks 28 and 29 for the x(m} and y{m) axes; and

- a datum lire change block or unit 37 receiving
orientation signals x{m), and y{m), for the x{m) and
yv{m) axes, as well as pixel clock signalg HP, 1line
sequence signals SI, and ceclumn segquence signals SC
(these three signals being grouped together in ¥ bundle
in figures 2, 4, 10 and 11} originating from unit 19 in
figures 2 and 4, and forming the x(m), and y(m),
signals sent to units 28 and 29 respectively.

Units 24, 25, 26 and 27 each send t_he;ir SSR, 8§V,

' 8DI, SDO outgoing signals to bus 23, whereas units 28 and

29 each deliver a signal x(m),, y(m), to the two inputs

of the moving area unit 36, which combines these twc
signals from units 28 and 29 and delivers a composite

.signai xy({m) onto bus 23.

Operation of each of the histogram formation and
processing units 24 to 29, which receive £irstly a
validation signal V,, V,, V;, V,, Vg5 or Vg from the
associated linear cowbinatior unit 30 teo 35, and secondly
an SR, V, DI, CO, x(m), or y(m), signal to be processed
as input, is the same, and this is why only the operation
of one of these units, namely unit 285 for the formation
and processing of speed histograms V, taken as an
exampie, 1s described ; the only difference for the other
analog units 24, 26, 27, 28 and 29 is the wvariable that
is processed, noting that the different incoming signals
for the six units 24 to 29 are all digital signals, which
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enables a similar structure and operation of these six
units. '

Figure 12 diagrammatically  represents the
envelopes of histograms 38 and 39, respectively in x and

y {cartesian coordinate axes of the 17 x 17 element

matrix 21 in figure 4), of the speeds V of the area in
displacement (in figure 14, elements such as C,, C; of
the histcgram envelope 38 are shown); ¥y ané vy
represent the x and y coordinates of the maxima of the

two envelcpes 38 and 39 respectively, whereas I, and 1,

for the x axis and I, and 14 for the y axis represent the

limits of the range of significant or interesting speeds,

-

1, and I, being the lower limites and I, and 1, being the
upper limits of the significant portions of the
histograms.

“he vertical_lines L, and I, of abscisgag 1, and
1, ard the horizontal lines L. and L, of ordinates 1, and
ly form a rectangle that surrounds the cross hatched area
40 of significant speeds (for all x and y directions), a

few microareas 41 with lower speeds, and which will be
ignored, exist close toc the main area 40.

Therefore, all that is necessary to characterize
the area with the largest variation of the parameter
shown in thke histogram, the speed V in this particular

case, is to identify the coordinates of the four limits

1z, 1p, 1. and 14 and the twc maxima x and y,. Bleck 25
continuously delivers this information concerning V onto
the micro-bus 23.

Similar blocks 24, 26 and 27 continuously deliver
information concerning the area of the maximum value for
SR, DI and CO, respectively, onto this micro-bus 23 in
the same way. .

Finally, similar blocks 28 and 29 continucusly
deliver information concerning the area of the maximum
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value of x{m); and y{m), reépectively to unit 36, which

" combines this abscissa and ordinate information

referenced x(m), and y{m), respectively into a composite
sional xy(m) that is sent through the output of unit 36
onto bus 23. '

Eventually, bus 23 transfers information
concerning the area containing the maximum values of S8R,
vV, DI, CC and xy(m), in other words x{m), ané x(m),,toc

determine if there is a moving area in the scene observed .
by the video camera 13, to localize this area and to
determine the displacement speed and (oriented)
direction.

In figure 11, the composite outgoing aigﬁal
available on bus 23 is denoted ZH. The above mentioned
components of this signal ZH, particularly for V and DI,

‘in other words the gpeed and oriented direction of the

moving area, may be displayed in digital or analgg form,
may produce a light signal and/or a buzzer,'particularly
if the speed V exceeds a limit, or they may be
transmitted, by cable, optical fiber or radio relay for
remote applications, to a control unit, such as unit 10¢a
in figure 1, located close to or remote from device 11
according to the invention.

The portion of the units in figure 12 above bus
23 is used, following the point by point processing of an
entire frame and the association of points in & frame, to
deduce an external global value, to determine if there is
an area in the observed scene in relative movement, and
if so to localize it, and furthermore, if this area is
actually moving, to determine the speed and oriented

direction of this displacement. This area in relative

movement is identified in the observation plame along twe
directions x, y which are not necessarily orthogonal {(for

example in the application in figures 15 and 16}, and is
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made by the portion of the units in figure 12 under bus

-23.

We will now describe the structure and operation
of a histecgram formation and processing block, such as
25, and of its associated linear combinatien block, such

as 31, in more detail, with reference tc figures 12, 13

and 14.

Block 25 (figure 13) dincludes a portion 25a
forming the histogram and a portion 28b forming a
classifier for the histogram, these two portions
cperating under the control of software materialized as a
portion of the integrated circuit 25c¢ which extracts the
limites 1,, I,, 1., 14 of the histocgram {figure 11}.

The classifier 25b, as well as classgifiers of
other histogram formation and processing blocks 24, 26,
27, 28, 29 (for the latter two through the x(m) and y/m)

combination unit .36),delivers its output information to

bus 23, and, via said bus, to the linear combinatior unit
31, which therefore receives information in parallel from
all classifiers in units 24, 25, 26, 27, 28, 2% and

‘which, as a function of this information, delivers or not

the validation signal V, to unit 25.

Using software 25c¢, the classifier 25b determines
the various classes (each containing the same number of
speed values in the case considered) that will defimne the
envelope such as 38 or 39 (figure 12).

Figure 14 shows the successive classes (,,
Cyeo.Chyr, Cp, along the x axis, together with their
envelcpe 38 for the sgpeed V, that are determined in
classifier 25b. |

Figures 15 and 16 illustrate the part taken by
histograms for x(m) and y{(m) formed by units 28 and 29

and combined in unit 36 in order to obtain a slope.
For example, we have ccnsidered the case of

observing a road using a videc camera with digital output
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located onboard a vehicle with its associated device
according to the invention.

Figure 15 shows the two road sides By, at the left
and By at the right of the rocad R, as well as the slopes
of the procjection P, relative to x(m) done by unit 28 and

the projection P, relative to y{m) done by umnit 29,

slopes numbered for example frem 0 te 7 {using a
convenrcion other than the Freewan code) .-
In order tc give the best precisien concerning

the right side B, in other words maximum sensitivity of

the indications (for example speed) concerning this side,
the projection P, should have a slope as close as
possible to the optimum slope Pg which is perpendiculax
to By, and particularly slope 5 in the representation
shown in figure 15. The maximum value of tChe speed
histogram will therefore be obtained for the slope 5
determined by unit 28 (figure 11). |

| The same reasoning is applicable tc the left side °
By concerning the slope of the projection P, and
therefore the part taken by of unit 29.

The unit 36 combining the optimum two slopes
gupplies optimization information for the two sides Bg
and B,. '

Figure 16 illustrates an application to determine

.the optimum slope P, of the projectien PB,, taken forx

exampie, for satisfactory driving of a wvehicle Vh in
continental EBurope when driving on the right side of the
road (case a), or in the United Kingdom when driving on
the left side of the road (case b}, and finally of an
aircraft vVa for correct landing in the middle of an
ailrport runway {(case c).

Censeguently,  in order to assist in driving a
land wvehicle (carxr, truck} on a road or in £lying an
aircraft (airplane, space shuttle) close toc an airport
runway, the device according to the invention further
includes means of representing the right and left sides



10

20

30

35

50

Bd and Bg respectively of the rocad or the runway, and
means of orienting at least one of the coordinate axes,
with wvariable slcocpe, so that it remains approximately
orthogonal tc the corresponding side (position PB,).

Up to now, we have concentrated on dégcribing
means of determining an area in effective displacement in
an approximately motionless environment by means of
detecting a region in which DP = 1. In order to determine
an area not mwoving in an envirooment in which the
background is moving (for example a brcken-down vehicle
or a crash on a motorway), the opposite situation occcurs
in which areas wherein DP = 0 must be localized with
respect to the environment in which DP = 1. Obviously in
this case, speeds will be 2zerc in one area and the

‘concept of direction will be meaningless. Therefore, the

calculiations in 17a will be different.

The device according to the invention, if it is
only to be used to détemine-aﬁ immobile area, can be
simplified with the elimination of units or blocks
processing speeds and directions, particularly blocks 25,
26, 31, 32 and the number of ocutputs from unit 1ila and
inputs to unit 17 can be reduced.

In the operation unit 10a of a device according
to the inventicn, means of displaying histograms and/or
values of the DP or CO signals on a monitor screen may be
provided.

The SR signal, namely the delayed digital video
seignal, is usually applied to a television or monitor
screern 10 in order to display this signal locally or

remotely on the screen, at the same time as a relative

movement is signaled in order tec wverify the nature of
thies relative movement. Therefore, it is only necessary
to look at the television or monitor screen 10 when a

area in relative displacement has been signaled, for

example by a visual alarm and/or buzzer.
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relative movement on the screen by imposing arbitrary
cclors on the delayed digital video signal SR, each color

or c¢olor grade representing a movement speed and/or

direction. o .

The various units that have been described with
reference to figures 2, 3, 4, 11 &and 13 are each
constituted by a known type of electromic circuit,
particuiarly = with microprocessors carrying out
calculations and/or comparisons c¢r using scanning
signals; memories; delay units; shift registers; units
forming linear histograms and associating this type of
histograms in the plane; and microbuses.

The combination of these electronic circuits, in
separate units lla or 22a or in an assembly 22 composed
cf 1la and 22a, may be done using two very small
integrated circuits or a single very small integrated
circuit, with a size of the order of 10 mm x 10 mm for

example using 0.7 um téchnol@gyg the set of the two

interconnected integrated units or the single integrated
circuit being connected through ite imput to the digital
video ocutput of a video camera or other observation
device and through their ocutputs to cne or several local -
or remote utilization devices. In one variant, if the
simplified device in unit 1la only is used, this device,
preferably in the form of a single integrated circuit, is
placed between said digital ocutput and one or several

"local or remote utilization devices.

We will now give examples that. are in no way
restrictive of additional applications of a device
according to the invention, particularly the device
according to figures 1 and 10, in cother words according
to the assembly shown in figures 2 and 11 as connected

along line 2-32'.

A first additional application shown in figure 17
is constituted by the automatic €framing of a person
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moving in a room, for example during a videc conference.
Automatic framing eliminates the movements of the person
moving around, which increases the definition of the
image of this person observed by a video camera with a
digital output and also, if the digital video signal is
compressed, simplifies this compressicr. -
Figure 17 shows a video camera 13 of the above-
menticned - type that observes the perscn P whe can move

about. The digital video signal S from the video camera

is transmitted by cable, optical fiber or radio relay to
a television or monitor screen 1Cb, but is also received
by the device il according to the invention, and the ZH
output of ¢this device acts on a unit 42 which, in
responge to signals received from device 11 concerning
the position and wmovement of person P, controls the
motors 43 of said camera 13 to direct the optical axis of
the camera towards the person and particularly towards
his  face as a function of the '_lacaticn,' speed and
direction of his movement, pasibly varying the zoom
setting, the focal distance and/or the focusing of the
camera if the person P moves forwards or backwards.

It is also possible te control movements of oneé
or more spotlights on a person {actor, singer} on a -

‘stage, the device according to the invention centering

the person at the center of the image by varying the
orientation of the video camera and controlling the
direction of the spotlight, for example by one or two
r«otétable mirrors for each spotlight.

Another example of application of the device
according to the invention is illustrated in figure 18,
which shows the camera 13 or other observation device
that outputs a digital videc signal S8 to a device 11
according to the invention. In this application, the
camera 13 monitors part of a motorway (highway} in order
to detect an unexpected stop of a vehicle, particularly
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onn the hard shoulder, or if a car is stopped following a
collision.

Therefore, the objective in this case is to
determine whether or not an object (the wvehicle) is
immobile in a moving envircnment {other ‘vehicles); in
other words to localize the area in which DP = 0 in the
17 x%x 17 element matrix 21. Normally, the camera 13
observes a vehicle stream that produces DP = 1 responses,
with speed and displacement direction values. However,
if a vehicle stops, it is identified by a DP = 0 response
in its observation area.

A unit 44 receiving both ZE and SR detectg the

occurrence of a area in which DP = 0 in ZH and outputs an

error sigral NL which firstly trips a buzzer and/or a
visual alarxm in a device 45, and secondly countrols a
switch 46 which applies the wvideo sigmnal 8 (or rather the
delayed wvideo signal SR) on a television or monitor
screen'_lo- which enables the supeirviaoz&, alerted by the .
buZzer énd/or visual alarm, tc observe the motorway when
a vehicle stops or a coliision occurs in order to take
the necessary measures, for example depending on the
reacticn of the driver of the vehicle which stopped.
Using the invention, & supervisor in a meonitoring -
station can easily control a large number of segments on
a wmotorway (or a main road} for each of which there is a
camera 13 and a device 11 according tc the invention, the
ZH and SR outputs from each device 11 being transmitted

by cable, optical fiber or radio relay te a single

supervision station at which there is a common unit 44;
the obgerver only needs ftc look at the screen in 10 if
there is an incident or accident signaled by the alarm,
and it is uvnusual that several incidents and/or accidents
occur simultaneously at different locations.

In particular, unit 44 may include, at its input,
a rotary type switch (not shown) sending the ZH (and SR)
signals from the variocus assemblies 13-131 located along
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cf this unit 44 producing the NL signal.

The same system allows to detect not only if a
vehicle is stopped, or a collision causing vehicles to
stop takes place, but also a reduction in the speeé of
the stream of vehicles (for very slow trafflec), due to
the reduction of the speed in the variocus areas in which
D = 1 and conversely a vehicle traveling at wvery high
speed, the speed in the area observed then exceeding the
allowable speed limit.

Finally, figure - 19 illustrates ancther
appliication of the invention, namely man-machine
interaction, by movement of a hand M or more particularliy
fingers DG inside an area SF broken down into rectangles
by a coordinates system C, and C,.

A video camera 13 with a digital output,
associated with a device 11 according te the invention as

‘shown in figure 1, can be used to recognize the movement

of 2 hand M and fingers DG and can be used to control a
camputer {(for example like a "mouse"} or to control some
functicns in a machine. For example, the assembly 13-11
could be wutilized by a deai-dumb person, using the
etandard deaf-dumb sign language based on hand movements,
to input alphanumeric data and therefore a text into a
computer without needing to use the normal keyboard;
this operation, which can also cbvicusly be carried out
by a speaking person who has learnt the deaf-dumb
language, allows eﬂtry of a text imto a computer without
needing to use the kevboard. This type of system is not
sensitive to time variations and does not require precise
signaling of the start and end of the gesture.

Figures 20 and 21 diagrammatically illustrate

‘applicaticn of the invention to surveillance of a car

driver to sigmal if he falls asleep.
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In this éase, video camera 13 is placed adjacent
to the bodywork inside the vehicle, for example above the
rearview mirror, where it can observe the driver.

The first operation is to frame the driver, in
the same way as for the applicatiocn in figure 17. Figur@
20 diagrammatically shows the image 1C of the driver omn

the video screen. Firstly, the useless right and left

portions are eliminated (as represented by the horizontal
cross-hatching of the image), thus restricting processing
to the central part of the image between these two
portions.

Then, within this central portion, it suffices to
monitor the unhatched area AA of figure 21 framing the
head.

The relevant displacements that are detected by
the device according to the invention cconsist of the
driver klinking (signaled by vertical movements in area
.AA), at a rate “that éhanges just before he £alls to .
sleep. If his blinking rate or speed drops below a
certain threshold, a buzzer sounds and the driver is
woken up.

Figure 22 shows a means of getting around the
limited number of p bits representing the time constant

CO when it is necessary to take into account a wider
range of displacement speeds.

Mallat's diagram will be used for this purpose
(see article by S$. Mallat "A Theory for multiresolution
signal decomposition® in IEEE Transacticns on Pattern
Analysis and Machine Intelligence, July 198% p. 674-693)
which consists of successively breaking down the entire
video image into successive halves, identified 1, 2, 3,
4, 5, 6, 7. This creates a compression that only
processes portions of images. Thus with p = 4, in other

words 2° = 16, we can determine a epeed within a wider
range.
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If initially, within the framework of the entire
image, the device according te the invention indicates
that the .speed of the mobile cbject (in the broad sense
of the term) exceeds the maximum speed determinable with
2P = 16 for the time comstant, all that is mecessary.is
to use partial observed images 1, 2, 3, 4,.... until the
speed cf the mcbile object does not exceed said maximum
speed withir the frame of the partial image after
compression.

All that is necessary for utilizing the Mallat
compositicn by wavelets is to imsert a umit 134

(illustrated in figure 22) in the diagram in figure 1, tec

perform this video signal compression. For example, this
unit could be composed of the "LV 601 Low Cost
Multiformat Videc Codec" component made by the ANALOG
DEVICES, an American corpcration, described in the “ADV
601 Preliminary Data Sheet", January 19896. Figure 2
shows an cptional compression unit of this type 13a.
Finally, the number of bits (1, 3 (if ? = 3), 8,
15} transporteéd on some microbuses have been shown in
figures 2 and 3, which demonstrates the possible size
savings for the various functiocnal blocks as they process
a reduced number of bits. ’
It is quite clear that the ianventicm is capable
of detecting a relative movement in a scene observed by

an opto-electronic device such as a video camera which

transmits the observed scere in the form of a digital
video @eignal composed of a succession of frames,
themselves cowposed of a succession of lines composed of
a succession - of pixels, this digital signal being
analyzed in order to identify an area in relative
displacement, with indication of the speed and (oriented)
direction of this displacement 1if the area is in
effective movement with respect to an approximately
moticnless environment.
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Given that the device according to the invention
determines the oriented direction and the displacement
speed of -an object (in the broadest sense of the term),
means may be combined with it tc use these two parameters
to deduce a future position of the objects at a given
instant, and to direct in advance the input video camera
13 in direction of this future position.

Note that the results obtained with the device
according to the invention in nc way require that the
camera should be fixed, soc that the camera and the
associated device may be put onboard a land, air or sea
vehicle (for example for embodiment of the process
illustrated in f£igure 16).

After a very short initializaticn peried equal to
N (of the order of 10 corresponding successive frames),

‘the device according to the invention determines the

relative displacement parameters instantanecusly after
the end of each frame ém which the temporal and spatial
processing was performed, due to the recursiveness of
calculations according to the invention.

We have described a preferred embodiment of the
device according to the invention and a few of its
applications. Obvicusly, this embodiment and these
applications have been given as non-restrictive examples,
and many variants and adaptations that will be cobviocus to
the expert in the field may be envisaged without gcing
outside the scope of the invention as defined in the
following claims. . '

For example, it would be possible to implement
methods of using signals delivered in output by unit 11

‘in figure 2 other than those illustrated in figure 11

without going outside the scope of the invention.

As concerns the applications of a device
according to the inventicn, they are in no way limited to
those given as examples in the description above. Thus, a
circuit similar to that in figure 17 may be associated
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directly with a camescope or videc camera to stabilize it
for compensating for displacements caused by accidental
movemer:ics cf the user.

It would also be possible toc use omne or

preferably several devices according to the inventien,
associated with one or preferably several camescopes or

video cameras with a digital wvideo output placed in a
room in a building, to create an "intelligent room" by
means of such a system capablile o©f detecting and
locaiizing the presence and nmovement of one or several
persons in the room, analyzing this movement for security
or identification purposes and/cr of helping in tasks to
be accompiished, for example, or of watching children in
another room or customers in a supermarket.

It has been assumed especially that a wvideo
gignal is used with pairs of successive interlaced
frames, particularly during the discussion cf the memory
capacity 16, with proéessing of the two frames in a pair
in the device according to the invention. However, it

wouléd be possible to use only cne frame cut of two (for

example the odd frame) reducing the memory capacity, but
also reducing the speed at which the required information
is obtained by about half. It would also be possible to
use a video camera or another observation device Ffor
which the digital output only includes one frame per
image. '

In some applications, it is possible to associate
specialized sensors with the device according to the
invention, for example one or several acceleration
sensors, to be able to process additicnal displacement
parameters.

Obviously, the invention is not limited to the
particular embodiments or applications described, but it
includes all variants and modificatiomns included part of

the general definition of the inventicn.
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NGLISH TRANSLATION OF THE CLAIMS AS ORIGINALLY FILED

1. Process operating in real time for identifying and

loealizing an area in relative movement in a scene

cbserved by an observation system with an output

constituted by a digital videc signal eof the type
comprising & succession of corresponding €£rames each
composed of a succession of lines, each composed of a
succeassion of pixels, and for determining the speed
and oriented direction of the displacement, said
process being characterized in that it consists in
carrying out the following sequence of operations on
the digital video cutput signal: _

- a smoothing processing on said digital video output
signal using a digi.tal time conatant, the numerical
value of which may be modified independently for
each pixel of said output signal;

- & memorization, on f_che one hand, of a frame of said
output signal after smoothing and, on the other
hand, of the smoothing time constant asscciated with
sajd frame;

- a temporal processing for each pixel position,
censisting in determining firstly the existence and
gsecondly the amplitude of & significant variatiom in
the amplitude of the pixel signal between the
current frame and the immediately previcus smoothed
and memorized frame, and generating two digital

signals, the first signal being a binary, er single.

bit, signal with two possible valuesz, one of which
represents the existence and the other represents
the absence of a significant variation between two
successive frames, the value of said binary signal
modifying the memorized value of said time constant
in order to reduce it if said signal represents a
significant variation and in order to increase it if
said signal does not represent such & variation, the
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reduction or increase being done in a quantified
manner, whereas the second digital signal, i.e. the
amplitude signal, is a multibit signal with é
limited number of bits quantifying the amplitude of
this variation, and :
a spatial processing consisting of the following
steps for each frame of the digital video input
signal _
o distributing only the values of & fraction of the
pixels in a frame at a given ocbservation instant
{a fraction which is scanned across said matrix
throughout the duration of the frame) firstly of
sald binary signal and secondly of said digital
amplitude signal, into & matrix with a number or
rows and columns that is small compared with the
number of lines and the number of pixels per line
in the video signal, respectively, in order to
characterize the values of the pixels, -
o determining in this double instantaneous matrix
representation, a particular area in which said
binary signal has the searched value, representing
the presence or absence of a significant
variation, and said digital amplitude signal
varies, or does not vary, by a significant value
for adjacent pixels in the matrix along an
oriented direction starting from an origin pizel,
within the same portion of the frame and therefore
at the same obaservation inst.ant, and

o generating signals representing the existence and
localization of the area in relative displacement
and the relative inter-frame speed and the
oriented direction of this displacement if any,
relative to its environment, inferred £from the
instantaneous matrix distribution of these two
binary and amplitude digital signals.
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Process according to claim 1 characterized in that it
also consists of:

o forming £firstly histograms of the signal values
distributed in matrices, and secondly histograms of
the inclinations of two coordinate axes, with’
variable slope, in a plane,

o identifying a domain in which there is a significant
variation of the processed values in each histogram
formed, and

o for each identified domain, deducing whether or not
there is an area in relative movement, and if so its
localization, speed and oriented direction.

Process according to claim 1 or 2; characterized im
that said matrix is a square matrix with the same odd
number of rows and columns (21 + 1), and nested
matrices containing 3 x 3, 5 2 5, 7 x 7, ...{21 + 1) =»
{21 +. 1), elements, centered on the center of this
square matrix, are | cansid@reﬂ in order to determine
the smallest nested matrix in which said digital
signal varies along an oriented direction starting
from said center, the value of said binary signal
showing that the threshold along this direction has
been exceeded.
Process according to claim 1 or 2, characterized in
that said matrix is a hexagonal matrix, and nested
hexagonal matrices of increasing size, centered on the
center of this hexagonal matrix, are comsidered, in
order to determine the smallest nested matrix in which
said digital signal varies along an oriented
direction.

Process according to claim 1 or 2, characterized in

that said matrix is an inverted L matrix with a single

row and a single column, and nested matrices

containing 3 x 3 pixels, 5 x 5 pixels, 7 =x 7

pixels,s@,. {21 + 1) x (21 + 1) pixels are considered

il
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for the single iine and the single column, in order to
determine the smallest matrix in which the signal
varies ) along an oriented direction, namely the line

"with the steepest slope and constant quantification.
Process ac‘:t:@z:dii.ng to any one of the previous claims,:

characterized in that sald time constant is of the
form 2°, where p is a number less than 16, and which
can then be expressed in noct more than 4 bits, the
time <constant being reduced or increased by
subtracting or adding one unit teo p.

Process according te claim 6, characterized in that
successive decreasing portions of complete frames are
conslidered using the Mallat time-scale algorithm and

the largest o©f these portions, which gives

displacement, speed and orlentation indications
compatible with the value of p, is selected.

Device operating in real time for identifying and
localizing an area in relative movement in. a ‘scene
ocbserved by an observation system with an output
constituted a digital video signal of the type
comprising a succession of corresponding f£frames,
successive lines in each corresponding £frame and
uccessive pixelg in each line, and for determining
the speed and oriented direction of this displacement,
by using the process described above, sald device
receiving said video output signal as input and being
characterized in that it comprises in combination:

- means(15) for smoothing said digital video output

signal making use of a digital time constant (CO),
the mnumerical value o©f which may be modified
independently for each of said output signal pixels;

- means (16) for memorizing firstly a frame of said
output signal after smoothing (LI) and secondly the
smoothing time constant (CI) associated with said
Erame;
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- a temporal processing unit (15) for analyzing the

variations with time of the amplitude of the pixel
signal, for the same pixel position, between the
current frame and the immediately preceding smoothed
and memorized frame of saild digital signal, said:
unit comprising a memory unit (16} capable of
receiving, storing and retrieving information abeout
the corresponding previous smoothed frame, together
with comparison means (15a) to determine if the
absolute valus of the difference, between the
current pixel signal and a representative value of
the pixel signal for the same pixel position in the
previous frame stored in said memory unit, exceeds

.or does not exceed a threshold, for each position of

the pixel in the Iinput video signal frame, by
generating a binary, or single bit, signal (DP) with
twe values, one of these twe values showing that the

‘threshold is excoeded and the other showing that it

is not exceeded, and computing means {15c) capable
of determining a multibit digital amplitude signal
with a small number of bits, the value of which
depends on the amplitude of the wvariation in the
value of the same pixel between the current f£rame
and the immediately preceding, smoothed and
memorized, frame of the digital video signal; and

a gpatial processing unit (11), intoe which the
outputs from said successive binary and digital
amplitude signals for the pixels in a given frame
pr@d@ced by the temporal processing unit aré input,
said spatial processing unit comprising means for
characterizing the amplitude values of the pixels,
these means distributing only said binary and
digital amplitude éigna.‘i.s relative to the same
instant, i.e. to a single frame, intc a matrix (21)
with fewer rows and columns than the number of lines
and the number of pixels per line respectively in a
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frame of said digital video signal, the frame being
scanned across said matrix throughout the duration
of a frame, spotting means for determining an area
of pixels within said matrix in which, at this

instant, the binary signal has the searched value,’

and means of determining an area of pixels in said
matrix, into which, at the same instant, the digital
amplitude signal for adjacent pixels varies by a

- significant quantity, and means which, in response

to the indications from the two preceeding means,
generate signals representing this area of pixels
and therefore the existence and localization of an
area with relative movement within the observed
scene and the relative inter-frame speed and
oriented direction of this area when it actually
moves relative to its environment.

9. Device according to claim 7, characterized in that

i0.

said spatial processing unit Iincludes £firat delay
means (r) in cascade, each of which imgoseé a delay
equal to the time difference between two successive
lines and second delay means (d)} in cascade, for each
line, each importing & delay egual to the time
difference between two successive pixels in a line,
the outputs from all said second delay means (d} and
the input to the cascade of said second delay means
(d} on each line delivering at a given instant the
values of said binary signal and said digital
amplitude signal at the same instant, to said
identification means (17a). '

Device according to claim 8 or 9, characterized in

that it also comprises means (24-29) for forming
histograms of the output values from said spatial
processing unit, and histograms of the imclinations of
two, variable slope, coordinates axes within a plane,
means for identifying a domain, in each histogram, in
which there is & significant variation iIin the
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processed value, in orxder to validate this domain at
the output, and to deduce, for all histograms, output
signals that identify and localize an area of relative
movement in the observed scene, if any, and the speed
and oriented direction of this movement i1f said area’
is effactively moving with respect to its environment.

Device according to claim 8, 9 or 10, characterized
in that said smoothing means (15c¢c, 15d) include an
input receiving ‘said digital wvideo signal S8(PI) and
derive, for each successive pixel in a frame of sald
videc signal, a smoothed signal (LO) in which the
temporal variastions of the input digital video signal
are reduced by using a threshold signal received on
another input and a time constant (CO) related to each
pixel position inmn a frame, the wvalue of which is
modified successively so that the smoothing maintains,
although reduced, the trend in the variations of the
incoming -digital video sgignal, said smoothing means
working in cooperation with said memory unit (16) that
receives, stores and retrieves the updated values of
the smoothed signal and said time constant, for each
portion of pixels in a frame, and output, for each
pizxel position, at ieast the succession of values of
the updated time constant and of the wvalues of the
binary signal that shows whether or not said threshold
is exceeded by the absolute valus of the difference
between the value of the pixel and its smoothed value.

Device accm:ding to any one of claims 8 to 11,

‘characterized in that sald gpatial processing unit

{17, 18) that performs the matrix distribution, into a
reduced number of rows and columns, of the outputs
from said smoothing means, namely the successive
values of the time constant (CO) and saild binary
signal, comprises identification means (17a) to
identify in sald matrix distribution, an area of
pizels in which simultaneously either the value of
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said binary signal correaponds to a threshold being
exceeded and said time constant varies between
adjacent pixels by a significant value in one
direction and for producing output signals indicating

8 the locéuza‘ticn of saild areé and ‘the speed and
oriented direction of displacement in this area, or
the wvalue of said binary signal corresponds to a
threshecld not being exceeded and sald time constant
does not vary between adjacent pixels.

10 13. Application of the device according to claim 10, 11
or 12 to assist in driving a land vehicle on a road,
cer in flying an aircraft close to an airport runway,
characterized in that the device alsc includes means
for representing the right and left sides Bd and Bg of

i3 the road or respectively the runway, and means for-
orienting at least one of the coordinate axes at
variable slope, 8o that it remains approximately
orthogonal to the corresponding side (position Po).




