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ll?ROC~SS AND D_EV!C~_ O.PERATJ;NG IN REAL ~~_FOB, =1J2:a!NTH__--IlN~ 

AND LOCAiiIZIN~ _AR.F~ IN RELA,TIV~ MOWMENT IN ~ S~ENB='­

Alm FOR DETERMlNI~G~ SP~ElD ANlD DIRECTION_ OE_ THE 

JQISPLAC~Et 

The purpo~e of thi~ invention i~ a procea~ and 

device for identifying and locali~ing an area in relative 

movement in a scene and for determining the speed and 

·oriented direction of thi:!:§ relative movement, in. real 

~ time. 

Relative movement means a movement of said area 

(which may be composed of an "object 10 in the broadest. 

~en~e of th~ term including a living-being or a portion 

of a living being, for example a hand) in an 

10 approximately motionless environment, or more or less 

complete immobility of ~aid a:irea (or 11 object 11 } in an 

environment that is at leaBt partially in movement. 

The invention- relates to the proce~udng of a­

digi tal video output signal from an. observation ay~t.em 

15 composed of an ,optical imput system or objective capable 

of f ormi.ng an · image of the observed ~cene, and by an 

optoelectronic converBion system or sensor capable ~f 

converting ~@l.id image that it receives into a digital 

output signal. 
20 In general, the observation system is composed of 

a video camera or camescope that observe~ the scene to be 

monitored (said digital output signal then being composed 

of the digital video sign.al output by a camera ~ith a 

digital output or of th.e output of an. analog/digital 

25 c©nverter, the input of which is connected to the output 
of a camera outputting an analog video signal. 

The observat.i.on system may also be composed of 

the objective of~ an optical instrument. (binoculartl, 

~ighting refracting instrument, view-finder), from which 

30 at lea$t a portion of the outgoing light beam is ~ampl~d 

and by a photoelectronic senBor, for example of the CCD 



or CMOS type, with the normal a~~ociated electronic 

~y~tem, ~en~or receiving the image formed by said portion 

of the .light beam and converting it through the 

am~oeiated electronic sy~tem into a digital video out.put 

5 ~ignal. 

The invent.ion consist~ mainly of processing the 

digital video output ~ignal from an observation system, 

p@l.rticularly a video camera, wit.lb. a digital output to 

determine ~ignals signaling the exi~tence and 

10 locali~atio:n of an area in relative movement in said 

15 

~cene, and the speed and 

di~pl~u:~emcnt if said area 

.scene relatively to an 

environment, in real time. 

oriented direction of the 
is actually moving in said 

approximately motionless 

The best sy~tem yet developed for identifying and 

locali~ing 

determining 

an object in relative movement and 

and oriented direction 

for 

of 

displacement. is i'Ill~mal. Or human sight I for example i,l 

hunter in his hide localizing the displacement of an 

~O animal, and the direction and ~peed of thi~ displacement. 

Prior art surveillance devices like artificial 

retinas, either &nalog {Giocomo !ndiveri et al, in 

Proceedings of MicroN~uro u 96 pp 15 t.o 22), or digital 

{Pierre-I>'ran«;mis Riiedi in Proceeding~ of MicroNeuro' 96 pp 

~5 23 to 29) e have been propom:~d., but the first article 

de@l.ls with detectors and analog units with complex 

~truetures, ©J.nd the ~econd article deal~ with means of 

.identifying the edges of an object; furthermore, v~ry 

fast and high capacity memorie6 are used in the devices 

3~ de~eribed in _order to ope:irate in real time, and limited 

information is obtained about moving areas or objects. 

Thu~ the sugge~tion was made of memorizing a 

frame output signal from a video camera, or similar 

instrument, composed of a f;equence of data relative to 

35 pixel19 representativ~ of the ~ce:ne observed. by the camera 

at time t 0 in a f.irst. t.wo~dime:nsional memory, and then 
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the video ~ignal for the next corresponding frame 

repre~enting said ~cene at. time t;v in a. s~cond two-

.dimen~ion:al memory. If an object haB moved between. t@ and 

ti, on the one hand, the distance d by which the object 

5 ha~ moved in the scene between t 1 and t 0 and, on the 

other hand, the time T ~ t 1 - t@betwe~n the beginning~ of 

two successive corresponding frames relative to the s~me 

pixel~ are determined. •.rhe diBplaeement speed i~ then 

equal to d./T. This type of ~y~tem requires a very large 

10 total memory capacity if it is required to obtain precise 

~peed and. oriented direction in.di.cat.ions characterizing 

the displacement. Furthermore, there is some delay in. 

obtaining the speed and displacement direction 

indication~; this information is not available until time 

15 + R, where R is the tim~ necessary for the 

The~e two 

disadvantages {the need ·for a large memory capacity and 

the delay in obtaining the required information.) limit 

applications of this type of system. 

20 Furthermore, Fr~neh patent No. 2.611.063, of 

which one of the inventorf;l (Mr. Patrick Pirim} is tlh.e 

inventor of th~ present invention, deacribes a process 

and a device for real time processing of a sequenced data 

flow, compo~ed in partic~ular of the output ~ignal from a 

~s camescope, in order to perform data compression. 

According to th.i~ prior patent, the histogram of signal 

lev~l~ is formed using a classification law for a first 

s~quence, the r~presentati ve Gaus~ function associated 

with th.is histogram is memorized and the maximum and 

JO minimum level~ are extracted from it, the levels of the 

_next sequence or ~econd sequence are compared with said 

~ignal levels for the first sequence memorized with a 

constant time canst.ant. identical for each. pixel, a binary 

cla8~ification signal is generated that characterizes the 



next ~aid s~quence with ref~renee to the cla~aification 

law, an auxiliary signal iB g~nerat.ed from thi1:t binary 

~ignal repre~entative of the duration and position of a 

range of signi.ficant valu~:s, and finally f;Baid auxiliary 

5 .signal is used to generate a Bignal locali~ing the range 

with the longe~t durationa called the dominant range, and 

tneBe operation~ are repeated for ~ubaequent sequences of 

the ~equenced signal. This proce~~ and this device of 

cla~:sif ication enable data comprea~ion, keeping only 

10 intere~ting parameters in the processed flow of sequenced 

data. In particular, this process i~ capable of 

proee~~ing a digital video ~ignal represent.ative of a 

video image :i.n orde~ to ~xtract and localize at least one 

~h~racteristic of at lea~t one area in said image. lt is 

15 tlh.u~ poBsible to classify brightne~s and/or clhrominance 

levels of the signal and to characterize and localize an 

object in th~ image. 

United. State~ patent No. 5 ~488 .430 detects and 

e~timates a displacement by determining horizontal and 

;{lfi vertical changes in the image of the obBerved area 

~eparately. Differ~nce signalB are used to detect 

movementB from right to left or from left to right, or 

from top to bottom or bottom to top, in the horizontal 

and vertical direction~ resp~ctively, firstly by carrying 

25 O'Ut the EXCLUSIVE OR logical fun~tion. on 

hori~ontal/vertieal difference and frame 

difference signals, and secondly by using a r~tio of the 

Bum~ of horizontal/vertical signalB and the sums of frame . . 

differe:n:w~ signals with respect to a K x 3 window. In 

30 th.i~ US patent No. 5.488.430, .calculated values of th.e 

image @long two orthogonal horizontal and vertical 

directiom~ are used with an identical repetitive 

difference K in the~e two orthogonal directions, tlh.is 

difference K being defined am a function of the 

di~placement ~peed~ that ar~ to be determined. 

device according to this US patent determines 

The 

the 
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direction of mdvements along e@ch of the two orthogonal 

direction~ by applying a set of calculation operation~ 

indicated i:n colu.mnB 12 (at the beginning and end) and 13 

Cat the beginning) to the difference signals, which 

5 require~ very complex {and therefore difficult to 

electronic 

particularly division, 

furthermore, · additional 

comPuting · unitfJ performing 

multiplication and summation ; 

complex computing units are 

necessary to obtain the speed and ori~nted direction of 

10 displacement (~xtraction of ~quare root to obtain the 

amplitude of the speed and calculation of t.h.e arctan 

·function to obtain the oriented direction}, starting from 

proj: ect.ions on t.he two horizontal and vertical axes. 

Finally patent No. 5 488 430 does not include any mean~ 

15 of smoothing pixel value~ by means of a. time constant, 

variable for each pixel, in order to compenBate for 

excem~iv~ly fa~t. variatio:i:u:; of the~e va.lu.ea. 

·On the contrary 1 the p:roccruJ . according to the 

invention i~ embodied by using a digital type of device, 

20 object of the invent.:i.on, which has a relatively simple 

~truet.u.re and a relatively small memory capacity, and by 

which the required inf ornm:~.tion can be obtained quickly 

with a wide variety of result~ a.nd applications 

(correi:iponding to a complete half-image for interlaced 

:?.5 fr©i:me~ or a complete image, depending on the 

application) . 
An article by Alberto Tomita Sr. and Rokuya 

I~hii, entitled ~Hand Shape Extraction from~ Sequence of· 

Digitized Gray--Sca.le Image~ 11 in Institute of Electrical 

3fi and Electronics Engineer~, vol. 3, 1994, p :n.925-1.930, 

implement~ a movement detection by subtract.ion between 

siuccemd ve images followed by the formation o"f histograms 

ba~ed on the shape of a hu.man hand in order to extract 

t.he ~hape of a human hand in a digitized ~cene. The 

35 hi~t.ogram analyfilis is ba~ed on a gray scale inherent to 

the human hand. It does not include any mean~ of forming 



histograms of t.h~ plan~ coordinates. 

the authorB of this article 
The sol~ purpose of 

is to detect the 

di~placements of a human hand, for example in order to 

replace the normal mouBe by a hand, the displacements of 

5 which are identified, for inputting data into a computer. 

On the contrary, the present invention i~ not 

limited to detecting the displacement of a hand, but is 

capable of detecting the relative displacement of any 

object (in the wide~t sen~e of the term) in a scene 1 and 

10 does not u~e histogra:m.s based on the gray values of a 

han.d, but rat.her the histogram~ of some particular 

digital variables representative of the displacement {if 

any~ &nd hi~tograma of plane.coordinates. 

According to thi~ invention: 

15 - a digit.al video output signal from an observation 

~y~tem is p:rocesaed, tJ:lis Bignal being compom~d of a 

~equence of frames ( correspon.d;.bng. to a half-image . in 
the case. of two interlaced frames per image or to a 

complete image in the ca~e of a single fram~ per image} 

~O in the known manner, each consisting of a given number 

of ~m.ece~sive lines, and. a given number of pixels or 

image points in each of th~~e line~, 

- in order to obtain, u~i:ng a relatively small memory 

capacity, ~ignals capabl~ of indicating if there is an 
25 area in relative movement in the obBerved scene and, if 

~o, to specify the localization, and ~peed and oriented 
direction of said area if it is actu.ally moving with 

reispect t.o itff3 environment, 

- by generating two digital signals, one characteristic 

30 of the significant variation or non-variation of the 
pixel signal, for the Bame pixel location, between two 

~ucc~s~ive corresponding frames, and the other 

characteri~tic of the amplitude of thiB variation, if 
any, and performing a matrix distribution of th~~e two 

35 ~ignal~ for the pixel$ in a port.ion of a frame at a 
~ame instant.. 
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It i~ a first object of the invention to provide 

a process operating in real time for identifying and 

loc©ili~ing an area ln relative move'll.ent in a scene 

ob~erved by an 

con~tituted by a 

observation syst~m with an output 

digital vid~o signal of the type 

.compritdng a m1ccession of correaponding frame~, each. 

compo~ed of a succ~s~ion of line~, each compoBed of a 

~ucces~ion of pixels,· ~nd for dete:rntining the speed and 

oriented direction of the di~placement, ~a.id proce~s 

10 being characteri~ed in that it con~ists in carrying out 

the following sequence of operation~ on the digital video 

output Eiigr1al: 

= a smoothing procc~~ing on ~aid digital video outpu.t 

~ignal using a digit.al time constant, the numerical 

15 value of which may be modified independently for each 

pixel of ~aid output signal, 

- a m~morillation, on the one hand, of a frame of said 

output signal ·aft.er ~moo thing and, on the otJller hand, 

of the smoothing time con~tant am~ociated with ~aid 

20 frame, 

- a temporal processiing for eaclh pixel position, 

consiBting in determining fir~tly the existence, and 

~econdly the amplitude of a Bignificant variation in 

the amplitude of the pixel ~ignal between the current 

25 frame and the immediately preceding smoothed and 

memorized frame, and generating two digital signal~, 

the first signal being ~ binary, or single bit, signal 

with two pom~ible values, one of which represents the 

pre~encc and the other represents the absence of a. 

JO ~ignifica:nt variation between two successive frame~, 

the value of said binary signal modifying the memorized 

value of f$aid time constant in order to reduce it. if 

~aid ~ignal r~pre~ent~ a significant variation and in 

order to increa~m it if said signal does not represent: 

35 ~uch a variation, the reduction or increase being done 

in a qmm.tified manner, wh.erea~ the s~cond digital 



~ignal, i.e. the amplitude Bignal, i~ a multibit aignal 

with a lireited number of bit~ quantifying the amplitude 

of this variation; and 

- a ~patial proces~ing consisting of the following ~tepB 

5 for each frame of the digital video input Bignal : 

o di~trihu.ting only the values of a fraction of the 

pixels in a frame at a given observation instant (a 

fraction which i~ scanned acrorm said matrix 

throughout the duration of th~ frame) firstly of ~aid 

1~ binary ~ignal and secondly of ~aid digital amplitude 

signal, into a matrix with a number of rows and 

columi..""Xs that is small compared with the number of 

lines and the number of pixel~ per line in th.e video 

~ignal, respectively, in. order to characterize the 

1~ val~es of the pixels, 

o determining in thi~ double in~tantaneou~ matrix 

representation, a particular area in .which said 

binary 6ignal ·has the value ~ought for, repr~~enting. 

the presence or aJ:nmnce of a Ejig:nificant variation, 

20 and said digital amplitude signal varies, or does not 

vary, by a significant value for adjacent pixel~ in 

the ffiatrix along an oriented direction starting from 

an origin pixel, within the same portion of the frame 

and therefore at the same observation in~tant, and 

~5 o generating signal~ representing the e:~d~tence a:nd 

1oeali~ation of the area in relative displacement and 

the relative inter-frame speed and the oriented 

direction of this displacement, if any, relative to 

its enviro:nmenta inferred from the instantaneou~ 

30 matrix distribution of theae two binary and amplitude 

digital signals. 
Preferably, the proce~s according to the 

invention is characterized in that it also consiats of: 

o forming firstly histogram~ of the Bignal value~ 

35 distributed in matrices, and secondly hi~tograms of 



the inclinations of two coordinate axeB, with 
variable ~lope, in a plane, 

o identifying a domain in which there is a ~ignif icant 

variation of the proeess~d values in each hist~gram 

formed, and 

o for each identified domain, deducing whether or not 

there is an area in relative movement, and if so its 

locali~ation, speed and oriented direction. 

In ~pecific embodiments: 

1© - ~aid matrix is a ~quare matrix with the 9ame odd number 

of row~ and columns (21 + 1), and nested mat.rice~ 

containing 3 x 3, 5 x 5, 7 x 7, ... _(21 + 1) x (21 + 1) 

elements, centered on the center of thia square matrix, 

are con~idered in order to determi~e the smallest 
15 ne~t.ed matrix in which said digital ~ignal varies along 

an oriented direction ~tarting from said cent.er 1 the 
. . 

v~lue· of said bimuy signal showing that the threshold 

limit along this direction has been exceeded, 

~aid matrix is a hexagonal matrix, and nested hexagonal 
20 mat.rice~ of increasing size, centered on the center of 

t.hi~ hexGagonal matrix, are co:n~idered, in order to 

determine the smallest nest~d matrix in which ~aid 

digital signal varies along an oriented direction., 

- ~aid mat~ix is an. inverted L matrix with a single row 
25 and a ~ingle colum.."l, and ne~ted mat.rices contain:i.:ng 3 x 

3 pixels, 5 x 5 pixels, 7 x 7 pixels, ... {21 + 1) x (21 

+ l.) pixel~ are considered for the single row and th~ 
~inglc column, :Ln order to determine the :smalle~t. 

matrix in wlb.ieh tne signal varie~ along an oriented 

JO direction, namely the line with the steepest slope and 

con~t~nt quantification. 
Advantageously, said time constant i~ of the form 

~, wher~ p is a number less than 16, and which can then 

be expres~ed in not mer~ than. 4 bit~, the time con~tant 
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being reduced or increased by subtracting or adding one 

unit to p. 

In this ca~e. if it i~ required, successive 

decrea3ing portion~ of complete frames are considered 

. 5 using the Mallat time··~cale algorithm a:nd the largest of 

these portions, which gives di~placement, ~peed and 

orientation indications compatible with the value of p, 

is selected. 

Another object of the invention i~ a device 

10 operating in real ti.me for identifying and localizing an 

area in relative movement. in a scene observed by an 

ob~ervation system with an output constituted by a 

digital vid~o flignal of the type comprising a Bu.ccession 

of corresponding frames, successive lines in e~ch 

15 correBponding frame and successive pixels in each line, 

and for determining the speed and ori~nted direction of 

t.h.e di~placement, by us:Lng the proceE:Js described above, 

said d~vice r~eeiving said. video output ~ignal as input 

@.nd being characterized in that it comprises in 

20 combin©J.tion: 

.. mean~ for smoothing ~aid digital video cut.put signal 

making um~ of a digital tim~ eon~tant, th~ numerical 

value of which may be modified independ~ntly for each 

of mdd output signal pi.xelB; 

~5 meians for memorizing firstly a frame of ~aid output 

signal after smoothing and secondly t.he smoothing time 

constant a~sociated with said frame, 

- a. temporal processing unit to analy~e the variations 

with time of the amplitude of the pixel signal, for the 

30 s©J.me pixel position, between the eurrer1t. frame and the· 

immedi~tely preceding smoothed and memorized frame of 

said digital signal, ~aid unit compri~ing a memory 

c~pable of receiving, storing and r~trieving 

information about t.he corre~ponding previous smooth~d 

35 frame, together with mean~ of compari~on to detel'.."mine 

if the absolute valu~ of the differen.c~, between the 
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current pix~l ~i.gna.l and a represent©J.tive value of the 

pixel signal for the same pixel position in the 

previous fr~me stored in said memory, exceed~ or do~s 

not exceed a threshold, for each pc~ition of the pixel 

5. in the input video ~ignal frame, by generating a 

binary, or Bingle bit, ~ignal with two values, one of 

the~e two values showing that the thre~hold is exceeded 
ai.nd the other showing that it is not. exce~ded, and 

coreputing means capable of determining a multibit 

10 digital amplitude signa.l with a small number of bits, 

the valu.e of which depends on the amplitude of the 

variation in the value of the same pixel between the 

current frame ~nd the immediately preceding, smoothed 

and memorized, frame of the digital video eignal; and 

15 = a ~pat~al proees~ing unit, into which the output~ from 

~aid m1eee~sive binary and digital amplitude signals 

for the pixels in a . given frame produced. by t:he 

temporal · .proce:s~ing unit are · input, said spatial 

proces~ing unit comprising means for characterizing the 
20 amplitude values of the pixel a, these means 

di~tributing only :said binary and digital amplitude 

~ignal~ relative to the same instant, i.e. to a single 

fr~me, into a matrix with fewer rowB and columns than 

the ~umber of line~ and the number of pixels per line 

~5 respectively in a frame of said digital video signal, 

the frame being scanned across said matrix through.out 

the duration of a frame, spotting means for det~rmining 

an a.re~ of pixels within ~aid matrix in which, at this 

instant, the binary ~ignal ha~ the ~earehed value, and 

30 mean~ of determining an area of pixels in said matrix, 

into which, at the ~ame instant, the digital amplitude 

~ignal for adjacent pixels varies by a significant. 

quantity, and means which, in response to the 

indications from the two preceding means, generate 

35 signal~ repre~enting this area of pixel~ and therefore 

the exi~tence and localization of an area in relative 
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movement within the observed Beene and the relative 

inter~· frame speed a:nd oriented direction of this area 

when it actually moves relative to its environment. 

Preferablya the npatial proces~ing unit will also 

5 include an output delivering a delayed digital video 

signal co~~isting of the input digital video signal with 

a delay equtil to the du.ration of the rows of a matrix 

minu~ the duration of a row, in order to supply an output 

~ignal contemporary with the analyBiB of the matrix in 

10\ said temporal processing unit. 

Preferably, the spatial proc~cm;Jing unit of the 

device according to th~ invention, includes delay means 

in cascade, ~ach of which imposes a delay equal to the 

time dif ferenee between the beginning of two Bucces~i ve 

15 lines, and delay means in ca~eade for each line, each 

importing a delay equal to the time dif f er~nee between 

two ~u.cce~rni ve pixels in a line, tlhe outputB from all 

regi~ters and the input to the fir-st registers on each 

line delivering at a given inBtant the values of ~aid 

20 binell.ry signal and said digital amplitude signal at the 

~ame instant, to said identification means. 

Advantageously, the device according to the 

invent.ion a.lf::lo comprises meai.ns for forming hiSJtograms of 

the output value~ from aaid spatial processing unit, and 

25 hi~tograms of the inclinations of two, variable slope, 

coordinate axes within a plane, meanfj for identifying a 

domain, in each histogram, in which there iB a 

significant. variation in the proee~sed value, in order to 

v©J.lidate this domain at their output, and to deduce, for 

30 all hi~togram~, out.put signals that identify and. localize 

an are©J. of relative movement in the observed scene, if 

any, and the ~peed and oriented direction of thi~ 

movement if said area i~ effectively moving with resp~ct 

to it~ ~nvironm~nt. 

If it i~ required to det~ct the movement of an. 

object in an approximately motiornle~s environment, it is 
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necessa:~-y to determine the part of the matrix in which 

the value of the binary signal Bhows that the limit has 

.been exceeded and at the same time the digital amplitude 

~ignal va~ies by a significant value between adjacent 

5 'pixels in a frame. 

On the contrary, if it i~ required! to detect a 

motionless object in an environment that is effectively 

in motion 1 it is necesBary to determine the part of the 

matrix ~Jn which the value of the binary signal ~howfi that 

10 the limit nas not been exceeded and at the same time the 

digital amplitud~ signal does not vary between adjacent 

pixels in a frame. 

Preferably in the 

localizing and d~termining 

device for 

the ~peed 

identifying, 

and oriented 

15 direction of displacement of an area in relative movement 

in a scene, embodying the above mentioned process: 
- ~aid smoothing means includ.~ an input. receiving said 

digital· video signal a:nd. d~r1ve, for each succeasive 

pixel in a frame of s&id video signal, a Bmoothed 

20 ~ignal in which the temporal variations of the input 

digital vid~o signal ar~ reduced by using a thre~lh.old 

~ignal received on another input and a time conf.ltant 

related to each pixel position in a frame, the value of 

which is modified sucee~sively ~o that the smoothing 

25 mainta:Lns, although reduced, the tr~nd in the 

variations of the incoming digital video signal, said 

~moothing mean~ working in cooperation with said memory 
. . 

unit that receives, stores and retrieveEj the updated 

values of th~ smoothed ~ignal and of said time 

3© contJJtant., for each p~rtion of pixeils in a frame, and 

output., for each p:txel position, at least the 

~ueee~sion of value~ of the updated time constant and 

of t.he values of the binary signal that shows whether 

or not said threshold is exceeded by the absolute value 

35 of the difference between the value of the pixel and 

it~ ~moothed value; said ~patial processing assembly 
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carrying out the matrix distribution along lines and 

columns in a reduced number, of th~ outputs from ~aid 
smoothing means, namely the ~i.u:::cesBive values of the 
time constant and of ~aid binary signal ; 

5 - means are provided for identifying, ip. said matrix 

distribution, an in which 
~imultaneou~ly: 

either the value of said binary ~ignal corresponds to a 
threshold being exceeded and ~aid time constant varies 

1~ between adjacent pixels by a significant value in one 

direction and for producing output ~ignala indicating 

the localization of said area and the epeed and 

oriented direction of displacement in this area ; 
- or t.he value of said binacy signal corresponds to a 

15 1.i.mit not be:i.ng exceeded and said time constant doe~ 

not vary between adjacent pixela and fox producing 
output signals indicating th~ localization of said 
area. 

In ~he pref.erred embodiments: 

20 - ~aid smoothing means include, in combination with a 

video memory or field. memory that stores successive 

values, for each pixel in the frame, of said time 

constant and the smoothed digital video ~ignal, means 

for calculating, for each pixel, t.he absolute value of 

25 the difference between the value of th.e digital video 

~ignal output from the camera and the valu~ of t.he 

previously smoothed digital video sign.al, mean~ for 

comp~rin.g :said difference with a threshold., and for 

generating a binary signal, one of the two values of 

30 which indicate~ that said limit has been exceeded and 

the other value indicates that it ha8 not been 

exce~ded; means for updating the time con~tant 

receiving the immediately pree~ding value of the time 

con~ta~t from said memory and reducing it if it 

35 receives a binary signal with a value showing that the 

limit has been exceeded, or increa~e it if the value of 
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the binary signal indicates that it ha~ not been 

exceeded, the reduction or increase being however not 

perfo:rrmed if it would lead reapectiv~ly to a negative 
value or to a value exceeding a thresh.old value, and 

5 mean~ for updating the smoothed value of the digital 

video sigual that algebraically add, to the prior value 

of thi~ smoothed signal received from ~aid memory, the 

quotient of the d:i.fference between the digital video. 

~ignal output from the camera and the previou~ smoothed 
10 digital video signal from said memory by a factor ~qual 

to value of the previouB time constant retrieved by 

from said memory; 

Ba id time con~ta.nt. is in the form· 2! 8 where p is an 

integer less than 16, and which can therefore he 

15 represented by not more than 4 bits, the reduct.ion or 

increa~e in the time constant being done by ~ubtracting 

or .adding one unit to p; 

= Ba.id matrix distribution m~ans include in combination 

with del~y means applying ~uccesaive delays, equal to 
20 ·the du.ration of one line of the video ~ignal, to 'tlhe 

digital video ~ignal originating from the camera so aB 

to deliver on successive outputs this video signal 

delayed by one delay period, two delay period~ and so 

on, up to a number of delay period~ equal to the number 

25 of lines in the spatial distribution matrix minus one, 
mean~ f o~ performing a matrix di8tribution along 
~uccem!live row~ of t.he matrix receiving firstly, the 
digital video .signal from the camera without a delay 
and this progressively delayed signal output from the 

30 delaying mean~ outputs and secondly, v~lues of the time 

con~tant and said binary ~ignal received from said 

~moothing means in order for producing a matrix 

d.ist.r:tbu.tion, in row~ and columns, of aaid. values, at a 
given instant, of the time constant and binary signal 

35 for pixel8 in a portion of the frame of the digital 

video signal with the sam~ size as the matrix; 
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- the m~trix di~tribution means comprise a 9eries of 

digital signal cond:uct.ors, i.e. one for each row in. the 

distribution matrix, each with series=connected shift 

regi~t.ers, each imposing a delay equal t.o the time 

difference between two succe~sive pixels in a line of 

the digital video ~ignal, th.e po~it.ion of a pixel 

distributed in the matrix being determined by a point 

in the matrix located before a delay register, t.he 

number per line thereof being equal to the number of 

10 columns in the matrix minus one, and by a point 

dow~~tream the furthe~t down~tre~m register; 

- said means of detecting a moving area in said matrix, 

by detecting the simultaneou~ presence of a valu~ of 

the binary signal indicating that a limit was exceeded 

15 ar..d ~ variation in the value of th.e time constant, 

include mean~ for determining, along discrete digiti~u~~d 

oriented direction~, the Blope of the variation in the 

value of th~ time constant close to a p.ixel at the . 

cex:ter of .said matrix, forming the origin for said 

~O directions, and mean~ for selecting the ~teepest slope 

of this variation clo~e to thi~ center=origin and 

determining the oriented direction, taking account of a 

~election criterion for selecting the direction if 

there i~ more than one direction. with same maxim.um 

25 ~lope of th.is variation, theBe latter means outputting 

~ignal~ repre~entativ~ of th~ ~peed. and oriented 

direction of the displacement in the moving area 1 with 

a validation signal indicating that these speed and 

direction signal~ are validated, together with the 

30 value of the time constant. 

Preferably, if included in the device according 

to the invention, the meana for creating the histogram~ 

each include: 

= input~ receiving the ~ignal from which the hi~togram i~ 

35 formed and a validatio:rn signal originating from the 

matrix di~tribution means; and 
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- mean~ for ~!iitablLshing two linear unidimensional 

hi~togram~ for the two plane coordinatelf! and for 

combining the$e two linear histogram~ int.a a surf ace 

histogram representing the area in which there i~ a 

5 ~ignificant variation in the input signala and 

- an output delivering a aignal representative of said 

area. 

Furthermore, the mean~ for forming the histogramlf! 

preferably include: 

10 - means for calculating a reference change, the input~ of 

which receive a line sequence signal, a column sequence 
~ignal and a pixel clock ~ignal and the output of which 

i~ representative of the reference change ; 

- two means for forming hi~togram~ for two axes, 

15 receiving the two reference signals and forming 

hi~tograms of thes~ axes; and 

- area means into which the outputs from the two 

histogram formation means for the two axef$ are input. 

and which output a signal containing global ~lope 

20 information for the two axeB. 

In Bome application~, said time con~tant may be 

composed of the ord~r number of the intervalB, in limited 

number and with a gradually increasing magnitude, into 

which the abi:::iolute value of the difference between the 

25 value of the current pixel and the immediately preceding 
value of the same pixel after Bmoothing i~ divided, for 
e@<ch pixel position. 

Advantageously, ·:for determining th.e binary Bignal 

of over~hooting, or not overshooting, of th~ threshold 
30 the absolute value of the difference between the value of 

the eurri1::mt input. pixel and the immediately preceding 

~moot.h~d value of the same pixel originating from tlm 

memory in compared with a threshold value, for each pixel 
po:sit.ion. 

35 A~ co:m::~rnf'.i the digital amplitude signal, it is 
.preferably generated a~ an integer representing the 



18 

tendency of the value of the current pixel to approach 

the immediately p:r:eceding ~moothed value of th.is pixel, 

for each .pixel po~ition. 

One of the characteristJ.cs of the invention 

5 consi~t~ of the fact that, for determining both. . the 

binary signal and the digital amplitude signal, use i::::! 

made 0 a~ value of the immediately preceeding pixel, of a 

mtored fJraoothed value thereof, in order to reduce any 

~xees~ive variations of thi~ pixel signal with time that 

10 may exis~ in the digital video input signal originating 

from the video camera . or any other ol:n:~ervation device 

with a digital output. 
It i~ known that the effect of a. smoothing 

operation is to gradually ~ub~titute, for a digital 

15 ~ignal with large amplitude· variat.ionf3 with time, a 

~ignal with 13maller variationr:J and therefore more easily 

quantifiable with a small number of Btep~, and therefore 

bit~, in the smoothed digital amplitude signal. 

We will now describe a preferred embodiment, 
~~ given for illu~trative purpose~ and in no way limitative, 

of a device according to the invent.ion embodying the 

process according to the invention, with reference to the 

appended drawing~. 

On the drawing~ 

Figure l illustrates very diagrammatically the 

erntire system according to th~ invention with its in.putitj 
and outputs, and the input signal for this system. 

Figure 2·represents, with functional blocks, the 

main units in a device according to the invention forming 
JO a temporal ·and ~patial proceBsing assembly. 

Figures 3 and 4 illustrate functional diagrams of 

the temporal calculation processing assembly and the 

fJpatial matrix distribution processing assembly 

re~pectively, forming part of the device of figure 2. 
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shows diagrammatically temporal 
proce~~ing and spatial proce~sing in a ~ystem according 
to the invention. 

Figure 6 illustrates the numerical values, 
S according to the Freem~n code, of the di~crete directions 

~tarting from an. origin. cent.er in the matrix of figure 4. 
Figure 7 illust.ratea two small nested matriee~ 

in~ide the temporal diatribution matrix. 
Figure8 8 and 9 describe two other types of 

10 matrix 1 namely hexagonal and reverse Io matrices 

re~pectively. 

Figure 10 show~ diagrammatically the assembly of 
the device in figure 2, along line Z Z1

, with an 

additional asaembly1 according to a preferred embodiment 
15 ·of the inv~ntion. 

Figure 11 show~ said additional a~sembly in 

figure 10, in block form; figures 2 and figure 11 being 
a~~~rnbled al~ng line z ··. Z1 in dot and dashed lines· shown 

o~ figureB 2 and 10. 
~o Figure 12 show~ the formation of two ~ingle 

dim~n!@ional histograms, and., Btarting from t.hese 
histograms, a two-dimen6ional hi~togram of a moving area, 
for an input signal. 

1''.:igure 13 ~hows more details of a histogram 

~5 formation and procesaing block or unit, and its 
a~~ociated lin~ar combination block. 

1''igure 14 illustrat~~ a single dime:iru:don~l 

hi~togram. 

Figur~s 15 and 16 illustrat~ the u~e of a 

30 ·variation in the observation ~lope of a scene. 
Figures 1 7, 18 and 19 illustrate otlher possible 

applications of the device according to the invention, in 
block fo:!'m for figures 17 and 18, figure 17 concerning 

video eon.fer~mee, figure 18 the monitoring of highway~, 
35 motorway~ or main roads and figure 19 an operator 

controllin.g a machine by hand mov~ments. 



l£''igu.re~ 20 and 21 diagrammatically represent an 

application of the invention to the monitoring of a car 

driver falling asleep. 

Figure 22 shows the transformed image according 
5 to the Mallat diagram. 

Referring firstly to figure 1, it can be m~en 

that, in the preferred embodim~nt, device 11 according to 

the invention comprises firstly an input 12 that. receives 
a digital video signal S originating from a video camera 

10 or cameGcope 13, with on~ or e~veri!al CMOS type CCD 

~en.sor~, having a direct digital output., or an analog 

output converted by an analog/digit.al converter into a 

digital out:put. This signal S is eompo~ed 8 in a known 

manner, by a succession of pairs of int~rlac~d frames, 

15 ~uch a~ TR1 and 'I'R' 1 TR~ and TR 0 ~, each eonsi~ting of a 

~u.ceession of hori~ontal scanned line~, ~aeh line {such 

a~ 1 1 • 11 li. 2 , ••• , 1:1.. 11 •• in •rR.1 and 1 2 • 1 in 'TRi) being 

constituted by a succession of ·el~mentary signals ·of 

·pixel~ or image-point~ PI repres~ntative of points (such 

~o as a 1 .l, aJ.. 2 a:nd a1 • 3 for line l:i..J.i a2 • 1 , a2 • 2 for line 1.i. 2 ; 

tAlH.i and a.l'l. 2 for line 11 , 17 ; al::..i and a 1 •2 for line 12 •1 ) 

of scene 13a monitored by eam~ra 13; this is why t.he 
drawing show~ S(PI}, representing a ~ignal s composed of 

pix~ls PI. 
25 In the known manner, S(PI} comprises frame 

synchroni~ation (S'.r) signals at the beginning of ea.eh 

frame, and line ~ynchronization {SL} signals at the 

beginning of each line. 
Therefore, it can be seen that th~ S{PI) ~ignal 

3 O i~ composed of : 

35 

- a f;IUCcemdon of sequences ( t::n1cceasi ve f ram11es) within 

the framework of a time domain and 

- in each ~equence 

~equences {lines, 

~patial domain. 

{in each frame) by a series of ~ub­

pixels) with.in the framework of a 
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In the time domain, the expression 10 1i:mccessive 

frameB 00 will he u~ed to refer to m.iccerudve frames of the 

~ame kind {i.e. odd frames such a~ TR11 or even frames 

such ~rn TR. i 1 ) in pair~ o~ frames ~uch a~ TR1 -TR 0 
1 , forming 

5 ~uccessive imag~B of the digital video signal S{PI}, and 

the expression °1 succe~sive pixels in the same po~ition°0 

will denote succes~ive valueB of the pixels (PI} in the 
same location in 8uccessive fram~s of the same kind, for 

example al.:t. of li..:;. in fram.e TR1 and a.z.J. of 12 •1 in the 

1 ~ next corresponding frame TR~ . 

I''urthermore, device 11 includeil outputs 14 

outputting a number of digit.al signals, produced by it, 

whi\Ch are u.~eful to signal the exi~t.enee of. an area or 

«object.~1 (in the more g(1neral t.mnse deBcribed above) w:Lth 

15 relative di~placcment and its localization, together with 

it~ ~peed and direction of displacement, if it i~ 

significant in an effectively ~tationary environment, _in 

particular thie complex ·signal ZH · diagrammatically 

grouping signal~ signaling the existence and localization 

~o of this area or object., the ~peed V and the oriented 

dir~ction of displacement DI, and po~:sibly the input 

digital video signal S delayed to make it synchronOUG 

with the previous signals to take account of their 

calculation t:ime, this delayed signal SR being used to 

~s di~play the image p~rceived by camera 13 on a monitor or 

televi~ion ~crcen 10, at. the time at which is available 

the information concerning th~ area in relative 

di~placement ·(if any), nam~ly the signal ZH, (V, D!), 

that can be used in a processing and checking asa;:mmbly 

30 11Da. 

We will now refer to figure 2 to deacribe the 

!fJlt~cture of the first part of the device 11. shown in 

figure l., this first part being represented by dashed 

lines in~ide frame lla on this figure 2. 

35 The main components of a~~embly 11a are firstly a 

temporal proceBsing unit 15, with an am~ociat.ed memory 



16, and secondly a ~patial processing unit :n. '1, with a:n 

ai€i~ociated delay u:nit 18 and sequencing unit 1~, and a 

pixel clock 20 setting the rhythm for the temporal 

proees~ing unit 15 and the seque:m::iing unit 19. 

5 The temporal proe~ssing unit 15 which, among 

other functions, smoothes the video signal: 

- uses the digital video signal S, originating from the 

video camera 1.3 and consi~ting of a succe~f;!ion of pixel 

value~ PI 1 and HP pulses, generated by clock 20 

1© {start:!.ng from sign.al S) at. the pixel rat~ in a frame 

(in particular 13. 5 MHz}, to generate a numb~r of 

signal~ aB described below with r~ference to figure 3, 

and exchange~ the value~ of two of ·the~e signals with 

memory 16, namely the smoothed values L of the digital 

15 video signal and the values C of the smoothing time 

constant., the values L and C being followed by the 

letter O for values stored in memory 16 from unit 15, 

or .the letter I for values orlginat:tng from memory 1-6 

and reaching unit 15, and 

20 = produces a binary output signal DP, identifying whether 

or not a limit has been exceeded, and a digital signal 

COu indicating the updated calculated value of the time 

eon~tant, namely the value CO ~ent to memory 16. 

The computing and/or comparison block~ 

25 eonBtituting the temporal p:roce~sing unit 15 are sho·wn in 

detail in figure 3; unit 15 compri~es four blocks isa, 

15b, 15c, 1Sd. 

·rn.e f ir~t block.· :LS a of unit 1!5, using 

- the input digital video aignal S, composed of a 

30 succession of pixel signals PI, and 

- a smoothed value !JI of th.is signal S for the 

immediately preceding corresponding frame, calculated 

beforehand by unit 15 as LO and temporarily stored in 

memory 16 (as explained below) 

35 - calculate~ the absolute value · M of the differe:nee 

between the input values of PI and LI for the same 
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pixel position (tor example a 1 . 1 , of 11 . 1 in TR.1 and of 

12. 1 in TR2 ) 

AB ,.. i PI = LI ~ 

at the rate imposed by the HP clock signal~ of clock 20. 

The second block 15b is a· test block: 

= this block receives the above mentioned digital aignal 

AB from unit 15a and a digital signal of the thre~hold 

value :Em~, which could be con~tant, but. which usu.ally 

depends on the p:i.xel value; it is then made to vary in 

1'0 the 3a~e sen~m as said value ~o tha.t it forms a ga:mma 

corre1etion (known means of varying SE to make a gamma 

correction being repre~en.t.ed by the_ optional block 15~ 

~hown in da~hed lines); and 

-·it compares these two digital signal~ repre~entative of 

15 AB and SE in order to determine a binary signal DP, in 

other word~ a signal that may be equal to one of two 

value~ '.j, and O to signal resp~etively that AB does or 

doe~ not exceed said threshold SE 

if .AB is greater than SB, Jt)P will be am~igned the value 

20 l in unit 15b to show that the threshold has been 

exceeded; 

if AB is le2s than or equal to SE, DP will be assigned 

the value O in unit 15b to show th.at the threshold has 

not been exceeded. 

25 In fact when JD!:~ "" 1, the diffcr~nce between PI 

and r.~I, in other word~ between the input digital video 

signal and the previous smoothed digital video aignal, is 

too great, and this difference has to be reduced by 

r~ducing th~ smoothing time constant, and conversely if 

30 DP "" O this time constant has to be increased. 

The third block 15c makes the required variation 

to the valu€ of th~ time constant as a function of the 

V©J.lu~ of DP: 



~· if DP "" 1, block 15e reduce~ the tim~ const~nt by a 

unit value U: CO {new value of this conatant) ,., CI 
(old value of the constant} - U; 

- if DP "" O, bl9ck lSc incre.(ilses the time constant by the 
S same unit value U: CO ~ CI + U. 

Consequently, block l5c receives the binary 

excess signal DPo mentioned above, from block 15b, cm. one 

input, and the CI i3ignal, which i~ the value of the 

previou~ time constant stored in memory 16, on another 
10 input 0 and reduces or increaBes, by the unit value U, the 

input t.ime con~t.ant CI which becom~s CO sent to said 

memory 16 to replace CI. 

Advantageously, the time constant, on which 

convergence of smoothing depends {as a function of the 
15 time neces~ary for the smoothed value to reach the input 

value of the digital video signal), is represented by a 

power of _2, namely by a value 2P, and this integer nu~er 
pis the number that will be reduc~d or increased by-one 

unit, in other wordD by :l, in block 15c; in this cas~ U 

20 ,.. 1 for p on figure 3, 

- if DP "" 1 0 block. lSc si.:a.btracta a. unit (l) from factor p 

in the time constant 2&» which becomes 2~-i; 

- if DP "" O, block 15c adds a unit (1) to the factor p in 

the time constant 2P, which becomes 2~"'1 • 

The choice of a time constant of the type 2P has 

t.wo advantages, fir~tly it correspond~ to the physiology 

of human sight and secondly it facilitates calculations 
and t~us simplifies the structure of block 15c. 

Block 1Sc must also comply with two conditions, 
30 namely CO mu~t remain between two limiting values: co 

mu~t not become negative (CO > O) and it mu~t not exceed 

a limit N (CO s N). In the special case in which CI and 
CO are in the form 2P, the upper limit N is represented 

by an integer number n which is a maximum value for p. 



25 

' 
The upper limit N {or n} may either be constant 

·or variable; if it is variable, an optional unit 15f (i:n 

da~hed 15.ne~) makes this variation of N (or n) , for 

example following an order by the u~er. The consequence 

5 of increasing N is to increaBe the displacement detection 

sen~itivity, whereas reducing N imp:r.oves detection of 

high speeds. 
Finally, the fourth block 15d r~cei ves, on a 

fir~t input, the value CO of the new time constant 

10 generated in block 15c, and on a second input, the 

ineo'lr.ing digital video signal S in th~ form of pix~l 

value inform@lt.ion PI, and, on a third input, the smoothed 

value of the previous entering digital video signal, 

namely L!, from memory.16, and it calculates: 

15 LO "' LI + {PI ~ LI) / CO 

which is delivered. on it8 output. 

In fact, the term {PI - L!} I CO repre~ents_the 

modification made to the smoothed value of the "digit.al 

video signai.l, taking account of the modified value CO of 

2~ the time constant and it iB proportional to the algebraic 

difference between the effective value of the curr~m:t 

entering pixel Pl from camera 13 and it~ previous 

smoothing value LI and inversely proportional to CO. 
p 

If CO ~ 2 , then 

25 !JC) "" 1~1 + (PI - LI) I 21.>© 

using p 0 , the value of p calculated in unit 15c and which 

replac~~ previous value pi of p in memory 16. 

Con~equently, the temporal processing unit 15 

w~ ... th four calculation block~ 15a, 15b, 15c, l5d: 

30 = receives S {PI} from video camera 13, HP clock pul~es 

for controlling the rate of operations, and SE and N 

{or n) threshold signals; 

- starting from the I]I and CI incoming signals from the 

a~~oe:i.ated memory 16, d~termine~ updated ~ign.als LO and 

35 CO thai.t are sent into ~aid memory to replace LI and CI 



respectively ~nd which represent the new calculated 

values of the smoothed digital video signal and the 
time co~~tant, re~pectively; and 

~ de~ivers the CO ~ignal mentioned above and the binary 

5 thre~hold exceeding ~:i.gnal DP that. :D,t, calculated from 

PI, LI and $E, to the spatial processing unit 17 
through the delay unit 18. 

The pu:rpofle of the smoothing operation is to 

normalize variation~ of the digital value of the entering 

10 video iJignal for each pixel or image point., namely the 

variation of each PI, by reducing tlhe variation 

difference~ and replacing, for each pixel, the successive 

real variable values of PI at this image point by the 

~moothed LO values, which are le~s variable than the PI 

l.~ v.alue~. 

Th.u~ for each incoming PI, the temporal 

proee~sing unit 15, in combination with memory 16, 

~ub~titute~ .a ~moothed value loO with reduced variations, 
by u~ing a .binary thresh.old exceeding or not exceeding 

~ID aignal DP and a time constant signal CO that are updated 

and transferred to the ~patial proces~ing unit 
ill'Ust.rat.ed in figure 4. 

Each pixel inljide th.e area of a frame ean be 

identified by two coordinates {usually orthogonal), along 

~5 an ab~eissa and an ordinate, namely x and y, by assigning 

two indic~~ to the pixel, namely i {line number) for the 

y coordinate and :j (pix~l nu~er in the line) for the x 

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

value (vaJ..ue of the amplitude of t.he video signal) PI1j. 

If we now consider t.he variation with time t of 

v©J.lue~ of P.Iij for succe~sive corr~sponding successiv~ 

fr©J.me~ ©J.t tim~s t 0 , t 1 , t~, t~, ... , separated by a period 

T corre!l:llponding to the image period {usually equal to two 
frame periods) and which may be 0.04~ if the frequency of 

35 the video image signal is 25 Hz, or 0.0333fJ if the 
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frequency of the video image signal is 33 Hz, or 50 H~ 

for sensors with progressive image (1 frame / 1 image) , 

the signal of a video pixel with locaiization indices i 

and j has ~uccessive ·values denoted Plijt«J, Pii1.ju, Pliju, 

5 PiijtJu ..• at t.hese in~tant~ t 0 , t 1 , t~, t3,. 

10 

15 

Within the scope of the invention, for Pijt 

successive ~rnoothing values LOi1.:1t1 namely LOijto1 Lo.t;tu, 

L0:1.::1t2 , LojtJ, are subGtitut~d in the temporal processing 

unit 15. 

For each of the su.ccessive pixels or image pointB 

with coordinates ia j, at time t, in other words P1::1t1 its 

real v~lue PI1::1t is replaced by a ~moothed value given by 

the formula. 

L01:1t ,.. LI1:»t :t-u + {Pii:iit - LI1J1 u:-1> I coiJlt 

The time constant is preferably of the form 2P:l.:lt. 

Calculation~ carried ou.t in 

particµlarlY in block 15d .for each 

unit 15, and 

t~me interval T 

separating t 1 from t 0 , t 2 from t 11 t~ from t 2 , etc. make 

the value L01:1t converge towards the value Pl:!..:lt' at a 

20 ~peed that depends on the time constant which is variable 

in ~pace (and therefore d~pend~ on i and j) and in time 

(and therefore depend~ on t) and which. may be writ.ten 

co:!..jt· 

In all ca~es, the convergence of LO:!.jt is slower 

25 when coi:it is larger. There is no longer any smoothing if 

C01:1~ "" 1. 

Obviously, in the above formula~ it would be 

pos~ible to ~ubstitu.te the cartesian coordinates y and x 

for the indice~ i. and j giving the line order number and 

30 th~ pix~l number in the line. 

:Block 15a calculates AB ,., i Pl - LI !, the indices 

i 0 j and t being not explicit, the magnitude AB 

repre~enting the instantaneou~ variability of the digit.al 



video signal S {Pl) with reBpect to the amoothed signal 

LI, for each triplet i,j,t. 

Ohe of the characteristics of a device according 

to the invention is to perform, in the temppral 
5 processing unit 15, a smoothing of the pixel value~; to 

d~termi::le, for each pixel, the Buccessive values of a 

smoothing time constant and a binary signal identifying 

whether or not a threshold has been exceeded or not by 

·the ab~olute value of the difference between the value of 

10 the pixel and the smoothed val11.:i.e of this pixel for two 

succeBsive corresponding frames, to distribute in a plan.e 

matrix the numerical values at a Bame inst.ant, both of 

~aid time corrnt.ant. and of ~aid :binacy ~ig:nei.1 for the 

pixels in a limited portion of the frame, this portion 

15 ~canning t.he fr(lme in order to localize, based on local 

variation~ of them.~ two values at this i:n~tant, an area 

in reJ.ative movement and. to determine the speed _and 
. . 

(oriented} direction of the. effective displacement as a 

function of this di~t.ribution, this being done by a 

~OJ ~patial proce~aing assembly described below with 

reference to figur€ 4. 

The convergence of ~moothing iB done lby 

calculation blocks 15b and 15c whieh determine a 
·variation of the value of the new in.coming time constant 

~s co ~actually C01 j1:> ~o as to accelerate t.he convergence. 

This i~ done by comparing 1W (actually ABi;»t> with th~ 

thre~hold value SE, that may have a constant value, or i~ 

preferably variable, and if it· is variable it.may be a 

function of th~ pixel value in order to make a gamma 

JO correctior.. if the pixel value increases, the limit 

inerea~cs, and vice ver~a. The result of the comparison 

of AB with the threshold value SE (actually SEijt if said 

value va:id.e~ as a function of the pixel value, this 

variaition being done in an optional calculation block 

35 1Se) generate~, in block 15b, the binary displacement 



signal DP with two po~~ible value~ 1 and o a~ described 

above" 
The binary Dignal nP arriv~~ in block 15c to vary 

the value of the time constant. Consequently, th~ 

5 calculation unit 1Sc also receives the value . of th~ 

incoming time constant CI from memory 16 and updates it 

using the new value of the time eon~tant CO which. (among 
others} is sent to memory 16, where it replace~ the 

10 

former value CI; in fact for values of er and co, are 

coij at two f:mccem~ive inst.an.ts, for 

~eparat.ed by th.e interval 1' between 

two successive corre~ponding frame~ {either odd, or 

.even). 

Block 1Sc that receive~ DP and CI add~ or 

15 ~ubtracts a unit value (U) to the value of the time 

constant CI or one unit to p when CO is in the form 2P, 

depending on whether the :binary Bignal .DP defines that a 

threshold value is exceeded (DP g 1) or not exceeded {DP · 

"" 0) . 

If the thre~hold is exceeded, the· value of this 

eonBtant is too high and it iB reduced, and vice versa. 

Block 15c also ensure~ that the new value of the 

time con~tant CO, deduced from CI by adding or 

~ubtracting a unit, remains between O (CO not negative} 

25 and a threBhold value N (CO not great.er than N). If 

t.he61e two condition~ are not. satiafied, block 15c does 

riot modify the value of CI (which was actually inside the 

·interval from O to N, both limits being included) and 
t.her.. CO ,,., C! . 

'l'he upper limiting value N (or n) may Jbe constant 

or variable; if it i!J variable, it must not exceed a 

limiting value N max. {or n max.); th~ variation, if 

any, being imposed by block 15f u.:rn.der the ef feet of a 

control available to the user. 
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As a variant, N or n may be made to depend on PI 

{where N, n and PI are · actually 11uJsigned t.he three 

indices i, j, t} in order to ~nsure regulation of the 

variation of !10 (which is calculated in block 1Sd) as a 

5 function of the level of PI, which may be expressed 1~N1jt 
or nijt is a function of PI1jt 

1~, the determination of Ni::it 

being done in a . calculation block. 

substit:uted for the illustrated block lSf and to which 

the value of PI .:is d~liver~d by video camera 13, in 

10 ~ddition to N. 

15 

Advantageou~ly, the time constant C (actually 

each C:1.j1:.) may .be forced to satisfy the condition of 

having a numerical value which is either a multiple of 2, 
@l.nd more particularly a power of 2 regardle~m of the 
values of i, j and t; in this part.:tcular case ci:!t ,,., 

~~U.jt) 8 where .P is a ~mall integ~r number that. i~ a 

function of i, j and t and can be· represented by a Bmall 

nu.wJbez· of bits. This condition provides the additional 

advantages mentioned above: 

20 ·· the smoothing convergence law i~ similar to the 

physiology laws of human sight; 

the electronic construction of blocks lSc and 15d is 

simplified; in particular, in block 15d, which i~ 

designed t.o determine the v~riation in the value of the 

25 time constant 1 for et'lch i, j pair, by the following 

formula 

LO~ LI + (P! - LI)/CO 
the calculations are ~implified if CO i~ in the form 2P 

(where p itl a small integer nuw.ber), the value of the 

3~ thre~hold value n of p it~elf being a small integ~r 

number repreHie:nted by a limited number of bits. 

In all cir.u3es, the new ~moothing value LO of the 

incoming digital video aignal S is sent into memory 16, 

where it replaces l1I {for each pair of indices ij). 
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On inspecting figures 2 and 3, it can be 

ob~erved that the temporal proce~sing unit 15, which 

comprises calculation blockf3 lSa, 15b, 15c and 1Sd, and 

po~sibly block lSe and/or block lSf, and which 
cooperates with memory 16, determine~ and delivers as 

outputs, as explained above, the following values, for 

each i, j, t triplet. 

firstly, the updated smoothed value LO which is 

tran~ferred into memory 16 to replace the previou~ 

10 ~rnoothed value LI; 
= ~econdly, two digital signal~, namely: 

= a binary signal DP which indicates that a given 

thre~hold has either been exceeded (lDP s: 1) or not 

exceeded (DP ,., O) by the variation in the absolute 

15 value of the incoming pixel signal originating from the 

video camera compared with the previous smoothed pixel. 

s.i.gnal f.or the same point; and 

- an amplitude digital ~ign~l COi\fiposed. of the value of 

the updated time constant CO; 

2\0 these digital signa.ls DP and CO are received, th.rough 

the delay unit 18, by the spatial proc~ssing unit r1 

which will be described later, the signal CO also being 
entered into memory 16, where the Vii1lue CO replaces the 

previous value CI for the same pixel. 

~s Therefore, it can be seen th.at. the capacity of 

memory 16 for storing firstly sm:::cessive values of the 

~moothed pixel signal and secondly the time constant, 

a~~uming th~t there are R pixels. in a frame, and 
th~refore 2R pixel~ p~r complet~ image, mu~t he at least 

JO 2R ( e+f) bi t.s, where e 1!1nd :f ar~ the numberB of bi ts 

a~~igned to a pixel signal, and to a time con~ta:nt 

re~pectively. In fact, the memory capacity does not n~ied 

to be much bigger; it simply ne~d~ to exceed 2R{e+f) bits 

by the numb~r of bits neee~sary for ita correct 

35 operation, particularly for addressing and extracting 



bit~ f ?:"om smooth~d pixel aignals and t.ime constant bi ts 

as a function of i;ndices i and j. If each video imag~ is 

composed ·of a single frame, it is sufficient to use 

R(e+f) bits in~tead of 2R(~+f) bits. 

'I'he outgoing signals lDPij and coi:! I at instant t, 

from the temporal proces~ing a~se~bly 15 are analy~ed and 

iu;;ed in a spatial procfu~1::dng as~embly illust~ated in 

figure 4, the assembly of figure~ 3 and 4 being 

illustrated in figure 2. 

10 !n fact, the temporal processing assembly 15 

·proeesse~ frame signals, whereas the spatial proceasing 

allil~embly 17 in figure 4 processes· flub=m~~quenees of line~ 
and pixels in a frame. 

l"igu:re 5 diagramma.tJ.cally ~how~ the temporal 

15 processing of the succeB~ive corre~ponding frame 

~equences TR1 , TR2 , TR3 superimposed on the figure and the 

~p~tial p~cce~~ing in the first of these frame~, .in other 

wcrdB TR1 , illustrating the cartesian coordinates x and y 

and a pix€l. PI with coordinates y,x, in other word~ 

~OJ in.dice~ i,j at time t 1 ; the successive pixels with the 

~ame indicc.H~ ij in the three fram~s TR11 TR~, TR3 are 

indexed ijt11 .ijt2 and. ijt3 :re~peetiv~ly, and they have 

pixel value~ of Piijt1 , Piijt2 and Piijt3 respectively. A 

plane in figure 5 corresponds to the spatial processing 

25 of a frame, whereas the ~uperposition of frames 

corre~ponds to the temporal procem:Ji:ng {where· tim~ t is 
the variable) . 

The spatial processing unit 17, to which a delay 
unit. 18 is asaociatcd (which i~ also shown in figru.re 4) 

30 cooperates with a control unit. 19 that. is controlled by a 
clock 20 that d~liver~ a clock pulse HP at each. 

su.cce~sive pixel signal (figure 2 for tlh.e a~sem.bly) . 

Outgoing signal:s JDP1:1 and coij from temporal 
proce~sing unit 15 are distributed by unit 17 into a 
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·matrix 21 of reduced 6ize containing ~ number of row~ and 

column~ much smaller than the number of lines L and 

number of pixels M per line, re~pectively, in. JDP1:il and 

C01:i at a given instant t. In particular, the matrix may 

5 in.elude 21 + 1 lines along the y axifiii and 2m+1 columnfJ 

along the x axis (in cartesian coordinate8) , where 1 mid 

m are small integer number~. Advantageou~ly, 1 and m are 

chosen to be powers of 2, wher~ for ~xample 1 i~ equal to 

~a and m is equal to 2n, a and b being integer numbers of 

10 aoout 2 t.o .5 for example. To simplify the drawing and the 

explanation, m will be taken to be 1 aa an example 

·(al though it can be different) and .m ""' 1 "' 
2J 

"" 8· I in 

thi~ case, the matrix 21 will have 2 x 8 + 1 ~ 17 row~ 

.and 17 columns. 

15 Figure 4 [lhows part of th~ 17 rowB Y©, Y:1., ... Yl!; 

Y :n.11> and part of tb,e 17 . eoh1mns X@, X11 •••• X:11.~ X:1.4> · farming 

the matrix 21 of unit 17. 

The objective is to di~tribute into matrix 21 

with 1 + 1 rows, in particular 17 rows, and m + 1 

20 columns, in particular 11 column~, the incoming flows of 

DPijt and C0:1.jt1 in other words the binary threshold 

exce~ding signala DP and the digital amplitude signals 

rep~e~enting the time con~tant CO that arriving from the 

temporal proce~sing unit 15, arranged in a wider matrix 

25 di~trilbutio:n for a frame consisting of 11 (in particular 

312.5) line~1 and M·pixcls 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 L x M video ~ignal matrix and the l x: m matrix of 

30 unit ~7, referenced 21, the indice~ i and j will be used 

for the two coordinates of the former matrix {which will 

only be seen when the digital video signal is display~d 

on a television ~creen or monitor) and th~ indice~ x and 
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y for the two coordinates of the latter (shown in figure 

4) o at. a given instant, a pixiel with an in~tantaneouo 

value Piijt ifl eharact.eri~ed, at the inpu.t of the spatial 

procesBing unit 17 / by two digital signals DP:1.:»t and coi:!t. 

5 ·The L x M matrix of · thetle two signal~ movef3 by scanning 

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

explained with referene~ to figure 4, matrix 21 

materializing {21 +·1) x (2m + 1) pixel~ corresponding t.o 

the same frame. 

10 In this matrix 21, each pixel i~ d~fined by a row 

order number between O and 16 (inclusive), for row6 Y@ to 

Y16 respectively, and a column. order number between O and 

16 (inclusive}, for columns X0 to Xi~ r~spectively, in the 

ca~e in which 1 ~ m ~ 8, namely 21 + l ~ 2 m + l ~ 17. 

15 In this matrix 21 will con~titute a 

represent.at.ion in the plane of 17 x 17 "" 289 pixel!'3, 

wh.erea~ the matrix of the video signal will include· 

~everal tens or hundreds of thousand~ of pixels, or even 

moreo 
I:t figure 4, elongated horizontal rectangles Y11 

to Y16 {only four of which have been represented, named 

Y0 ~ Y1 , Y:u and Y16 ) and vertical lines X@ to X1 {;i (of which 

only four have been represented namely X0 , X1 , X13 and Xu) 

have been used to illustrate this matrix 21 (of unit 17) 

25 with 17 x 17 image point~ or pixels having in.dice~ 

defined. at the intersection of an ordinate row and an 

abscissa column. For example, the pixel J?osition P$~ is 

at the intersection of column S and row 8 as illustrated 

in the figure at ~' which is the center of matrlx 21. 

30 In order t.o carry out the successiv~ ~pat.ia.l 

d.iist.ribution of portions of thil!'l L x M matrix within the 

C~l + 1) (:?.m + l.) matrix 21, the u.nit 17 is associated 
'" 

with a delay unit 18 which receives firstly the :OP and co 
-~ign~ls (with assigned indices ijt} and Becondly the 

3\5 in.coming pixel ~ignal S, in. other words PI (also with 



a~~igned indice~ ijt), and also an HP ~ignal from a clock 

20 and line sequence ~ignals SL and column sequence 

signals SC (figures 2 and 4). 
As shown in figure 1, the S(PI) ~ignal inelµdes 

5 not only pixel value signals, such a~ a;;,.)),1 a.:u.. 2 , making up 

a time sequence (succe~~ive frames) and Bpatial ~ub­

sequences (pixels per line in each fram~) , but also 

synchronization signals S'1', sr .. , starting from which the 

clock unit 20 deduces a eloek signe:tl for ex<imple at. a 

10 frequency of 13. 5 MHz, :namely one mark pulse for each 

pixel in a video frame, and al~o blanking signals BL that 

make unit. 19 rmn-operational during tlh.e above mentioned 

synchronization ~ignals. 
In response to these HP and BL signals from clock 

15 20 (Figure 2), the rate control unit 19 deliver~ a line 

.9eq..uence signal sr~ at a frequency equal to the quotient 

of 13 . .5 . ME:~ by the nuwher of column~ 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 
20 mentioned quotient 13. 5/400 MHz divided by the number of 

rows in the video imag~, for example 312.5, and HP. 

Unit lB uses these SL and SC signals a.nd the HP 

clock signal to control the row by row spatial 

.distribution in matrix 21. 

Consequently, the sueemi1rdve rows Y0 to Yu 

receive t~e DP and CO signals : 
- not delayed (row Y0 ); 

- delayed by one TP period, equal to the duration of a 

frame line (row Y1 ) ; 

30 - delayed .by 2 'l'P (row Y2 ); 

and so on until 
- delayed by 16 'll'P {row Yu;) . 

The sueeea~ive delays having the duration of a 

frame row, namely TP, are carried out in a. cascade of 

35 ~ix:teen delay circuits r 11 r~ ... r 1., th«'!t serve rowa Y11 
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Y~ ... Yll., respectively, row Y11 being servied. directly by the 

DP and CO signals without any delay arriving from unit 

15. 

All circuits .l\, r 2 , ••• r 1, may be built up ~y a 

5 delay line w:tt.h sixteen output~, the delay imposed by a:ny 

section thereof between two succe~sive outputs being 

con~tant and equal to TP. 

The rate control unit 19 controls th.e scanning of 

the entire L x M frame matrix over the (21 + 1) (2m + 1) 

1.0 matrix :n., in ·rotation for succes~ive rows of succe~sive 

frames making u~e of the row ~equence ~ignalB SL, using 

the following procedure. 

The circular displacement of pixels in a · row of 

the frame matrix on the 17 x 17 matrix, for exampl~ from 

15 X0 to Xll.6 on row Y0, is done by a ca~cade of eixteen shift 

register~ d on each of the 17 row~ from Y0 to Y1 $ (giving 

a·total of ~6 x 17 .~ 272 ~hift register~) placed in ~ach 

row between two successive pixel positions, namely t.he 

register do1 bet.ween positionB Pim::· and PI@1 , register do~ 

21© between positions PI01 and ll?I:>2 , etc. Each register 

impo~es a delay TS equal to the time difference between 

two successive pix~ls in a row or lin~, using the column 

sequence signals SC. 

Note that, due to the fact that rows 11 , 12 •••• 111 

25 in a frame '!'R.1 (figure 1}, for S {PI) and for lDP and CO, 

reach. unit 18 ~h:i.fted by TP (complete duration of a row) 

one after the other and that unit 18 distributes them 

·with gradu©J.lly i:nereasing delays of TP onto rows Ye, 

Y1 ••• Y11 these row~ dil'Jplay the DP and CO ~ignals at a 

3 O given t iree for rows 11 , 1-:J., ••• 111 in the mime frame 

portion .. 

Similarly in a given row such a~ 11 , successive 

pixel signals a 1 . 1 , a 1 •2 ••• arrive shifted by TS and the 

shift regi~ters .d impose a delay also equal to TS; 
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th~ref ore, the result j,B that the DP and CO ~ignal~ for 

pixels in a given row Y0 to Y:u; in miill.trix 21, pixels 

.available- on th.i~ row, are contemporary, in other words 

they corre~pond to the ~ame frame portion. 

5 Therefore, both for the line~ and for the pixelB 

in these lines within a portion of the fram.e, the 

objective is to carry out a purely Bpatial proce~:min.g 

~ince matrix 21 contains in it~ 17 x 17 pixel positions, 

the values of DP and CO for the 17 pixels in each of the 

10 17 rows in th~ matrix of the same digital video signal S 

O?I}, although th~~e pixels such as a 1 . 1 arrive 

~u~cessively line by line and pixel by pixel in each of 
the ~uceeBsive rows· (figure 1) in ·unit 18, with the 

corre~ponding DP and CO signals that are di~played. 
15 The signals representing the contemporary cos and 

DPs of matrix 21 are available at a given inatant on the 

16 x 17 "" 272 outputs of the ~hift regi~ters, .as well as 

.up~trarn of the · 1 7 registers ahead of the 17 rows, i.e. 

regi~t.ers do.:v d:i..:i. • ••• d:u;.v which makes a total of 16 :x 

2t} 17 + 17 "" : 7 x 17 outputs for the 17 x 17 positions lP@.ui 

p 11. lo • • • p l'J. 9 • • • pl~ .16 • 

Inside matrix 21, around the cent~r e thereof 

having coordinates x ~ a, y "" a (which is why the nuwher 

of rows and the :number of colu.Ets in matrix 21 is 
~5 preferably odd, :21 +l. and 2m+1. re~pectively) , w~ may 

30 

eo:n~ider in particular a amall matrix containing 3 row~ 

©l.nd 3 columns where the· central element rif the 9 elements 

thereof is effectively the pixel fi. with cmordinates x ,,., 

~, y"" 8. Let this small matrix M3 be: 

a b c 

d JI!. :f (M3) 

g h i 

in which the central element e has been 

und~rlined. 



To thi6 3 x 3 element matrix, containing s 
· po~ition.s a, b, c, d, f, g, h, i around the central 

elemer..t or position e, correspond eight oriented 

directions, each starting from the central position e up 

5 to one of the other eight positionB. 

Fo::- thi~ purpose, the eight direction~ may be 

·identified mdng the Freemtill.n code illustrated in figure 

6, tte directions being coded O to 1 ~tarting from the x 
In the Freeman cod~, the eight 

1l0l po~~ible oriented directiolm, numbered O to ? , can be 
repre~ented by a 3-bit number since 23 

§ 6, giving eight 
po~~ibilitie~. 

Con~idering the small matrix M3 mentioned above, 

the s directions, according to th~ Freeman code, starting 

15 from the central po~ition ~ are aB followB: 

5 

as ~hown on figure 6. 

1 

a 
7 

20 Returning to matrix 21 in figure 4 with 11 x 17 

image points or pix~ls, we will now describe how to 

identify an area in relative movement with respect to an 
approxiDately motionless ~nvironment in t.he scene 
observed by video camera :tJ and therefore represented in 

25 the video digital signal S composed of pixelfJ PI1~t' and 
how to determine the speed and ori~nted direction of an 

effective ditilplacament with re~pect . to an approximately 
motionless environm~nt. 

Between two ~m.ccessive frames, such as TR:i. and 
30 TR~ (figu.re 5}, the PI:1.::1 pixelra in t.lh.e signal S will be 

cha:!'"aeterized, cc:meern.ing their variation bet.ween instant 

t 1 (first frame) and instant t~ {Beeo:nd frame), by the 

two signal~ DP1j and co:i.:D {distributed by scanning in 
matrix 2!.. 
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There is a significant variation of th.e pixel 

value at a point. :i.:n this matrix if DP "" 1 for this point. 

Therefore·, an area effectively movi:ng is identified by 

the matrix area within which DP ~ 1 at each point. 

In fact a calculation unit 1'1a is used for 

examining at the ~ame time th~ variou~ neBted square 

matrices centered on <e., with. dimrensioni§I 15 x 15, 13 x l.3, 

11 x 11, 9 x 9, 7 x 7, 5 x 5 and 3 x 3, within the 17 x 

17 po~ition matrix 21, the 3 x 3 matrix being the M3 

10 m@ltrix mentioned above. The device determines which of 

the~e matrices is the 8mallest in which DPs ""' 1 and are 

·aligned along a 8traight line which determines the 

direction of movement of the area in· which DPs "" 1 and 

which det~rmin~~ a variation of +1 and -1 around CO. For 

15 a variation of +l and -1 around CO, DP mu~t be equal to 1 

at each value if the test. is to :be m~.tisfied. Th.e 

~mallest matrix participating in the test is chosen 

{principal line) . 

Then, within th.is moving area in one of the 

20 ne~ted matrices, for e:xamp1e in the ~mall matrix MJ with 

J x 3 elements, the device determine~ if CO varies on 

each ~ide of the central position in a given direction, 

from +1 in an oriented directio:r1 and -1 along in the 

oppo~ite oriented direction. For example, if we have "-l, 

25 o, +l in the (oriented) direction 1, in oth~r words in 

po!3!itions g, e, c :respectively in the ~mall matrix M3, 

th.en the displacement exists-in this matrix from right to 

left in· the (oriented) direction 1 in the Freeman. code 

{figure 6). Obviously, at the same time in thi~ direction 

30 in the ~mall matrix : DP "" 1. The displae~ment speed is 

higher when the matrix, among t.he 3 x 3 to 15 x 15 n.e~ted 

rn@l.t~ice~, in which CO varie~ from +1 o~ -1 between two 

adjacent. position~ along a direction is larger. For 

example, if we have -1, O, +1 in oriented direction 1, in 

35 other word~ g, e, c in the 9 x 9 matrix denoted ~' the 



displacement will be faster than if we lb.ave ~1, O, +1 in 

the 3 x 3 matrix denoted M3 (figure 7} . 

Since CO is a power of 2 and ifj :repreBent.ed by 

this power in the pref erred embodiment~, an exte:nded 

5 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 chom'lln by increa:sing the variation 

or margin for the test, for example -2, O, +2 in 

positions g, e, c in the 3 x 3 matrix M3 would indicate a 

10 speed half as fast as the speed corresponding to -1, o, 
+1 for the same positions in matrix M3). 

Two tests should also be foreseen to remove 

u.neertainties: 
., a first test choose~ the largest variation., in other 

15 words the highest time constant, if there ar~ 

variations of CO along ~everal directions in one of the 

nested ma.trice~, for example in the small 3 x 3 element 

m.atrix· M3; 

- a s~cond te~t arbitrarily chooses.one of two (or more) 

20 direction~ along wlb.ich the . variation of CO is 

identical, for example by choosing the ~mallest value 

of the Freeman code; this ca~~ usually arises when the 

rea: (oriented) direction of displacement i~ 

apprmdmately bet.ween two sm:::cessi ve coded directions 

25 in the !''r~em~n code, for example between directions 1 

and 2 corresponding to an (oriented) direction that can 

be denoted 1.5 (figure 6} forming about 67.5@ with the 

x a.xis direction (direction O in the Freeman coc;!e} . 

Determination of the oriented direction and ~peed 

30 of an area in effective movement a~ described above is 

.done by calculation unit 17a (figure 4} as$ociated with 

u.nit. 17 and which rec~ives the above-mentioned 17 x 17 

outputs of matrix 21, both for CO @nd for lDP (two output~ 

from 21, namely So.11. and s©.:u; are shown) . Unit 17a 

35 proce~~e~ the value~ of 00 and Dll? for the successive 

ne~ted ma.trice~ and tU3eB these values to determine the 
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oriented direction (in the Freeman code) and the 

di!Splacement speed (depending on which of the nested 

matrices ·is to be selected} , possibly by applying the 

te~t~ mentioned above. 

The ~canning. of an entire frame of the digital 

·video i:J:tgnal through matrix 21 take~ place : 

- fir~t.ly for the group of the fi:r~t 17 row~ or lines, 

rows 1 to J.7, in the frame : from the left of the frame 

to the :right considering relative movement, as shown 

110 fer frame TR2 in figure 5, i.e. from portion TM1 at the 

extreme left, then TM2 offset by one column with 

resipeet to TM1 , until TMM (where M i~ the number of 

pixel:a per fram~ line or row} at the· e~trem~ right; 
= then :aimilarly, from the left to the right, column by 

1~ column, for line~ or rows 2 to 18 ·in the frame; and 

= ~o on, ea.eh time going down by one line; line 3 to 

190 .. until th~ last group at the bottom of the frame, 

namely lines I] - 16 ... L (where L i~ the nuiliher of· 

l.ineB per frame) . 

20 Considering figures 2 and 4, it can be seen that 

·the signal~ delivered by units 17, · 18 ·and 19, in other 

words the ~patial procemd:ng at'.mernbly, are as followB: 

- a signal V repre~enting the displacement liJpeed, based 

on the amplitude of th~ maximum variation of CO in the 

~s identified area, the value of which may he for example 

represented by a scale of eight integer~ from O to ? if 

the speed i~ in th~ form of powers of ~, and therefore 

con.ta.ins. 3 bits; 

= a signal DI representing the direction of thi~ 

JD di~placement, deduced from the direction of this 

maximum variation, the value of DI being alflo possibly 
repre~ented by one of the eight values o to ? in the 

Freeman code, and therefor~ contain~ 3 bit~; 

a validation signal VL ~pecifyin.g that the result for 

J!S the speed a:nd (oriented) direction is valid, in order 

to be ~ble to ditJtinguish a valid output with. V "" o and 



DI ~ o, from the lack of an output due to an incident, 
this signal being eith~r ·1 (valid output) or O {:no 

output}1 therefore, only one bit is necessary for VL; 

- advantageously, a time constant signa~ CO, for exa~ple 
5 containing 3 bits; 

- (the 3 or 4 signals V, DI, VIJ, and po~si:bly also CO, 

delivered by the spatial procei:;ming unit 17 and it~ 

as~ociated electronics); 
- a delayed video signal SR compoBed of the input video 

10 ~ignal S delayed in the del~y unit 18 by 16 consecutive 
line durations TR and therefore by the duration of the 
distribution of the signal S in the 17 x 17 matrix 21, 
in order ~o obtain a digital video Bignal contemporary 

of the matrix repre~entation in matrix 21, the content$ 
15 of thi~ signal pO~$ibly being di~played in clear on a 

television set or monitor screen; 
,~ all th~ee fllignalo delivered by unit 19, namely clock 

HP / . line _sequence SI~ and column sequence SC signals.· 
Ne~ted hexagonal matriceB (figure 8) or an 

~Cl inverted L'"'.'shaped matrix (figure 9} may b~ substituted 

for the nested rectangular matrice~ in figure~ 4 and 7. 
In the ca~e shown in figure 8, the nested 

matrices (in which only the mo~t central matrices MRl and 

MR2 have been shown) are all e~ntered on point MRO which 
25 .corre~ponds to the central point (in which the binary 

~ignal is aa 0 ir} of ma.trices · M3, M9 in figure 7. The 

advantage of a hexagonal matrix ~ystem i~ that it allows 

firstly to use oblique coordinate axe~ Xa 1 yfi and 

secon;.dly a breakdown into triangle~ with identical sides, 
30 to carry out an isotropic speed calculation. 

The matrix in figure 9 is compo6led of a ~ingle 

row (Lu) and a f,;ingle colmr:n {Cu) starting from the 
central position MRu in which th~ two ~ignal~ DP and co 
respectiv~ly are equal to 00 1°0 for lDP and increase or 

35 d~creas~ by one unit for CO, if a movement occurs. 
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It is t:hu~ determined if the direction of 

(relative) displacement is: 

- in the direction of the x coordinate: the CO signal is 

identical in all po~itions (boxe~} in colu!lfin. CU, and 

.5 the binary ~ignal J)p is equal to 1 in all po~ition:s in 

row Itu, from the origin ~1 , with the value COu, up to 

the position in which co is equal to co\lll +1 or ·~1 

inelu~ive; 

- in the direction of the y coordinate: the CO signal is 

1~ identical in all positions (box~s} in row Lu, and the 

binary ~igna.l DP iB equal to 1 in all position.~ in 

column Cu, from the origin MR.u, with the value CO.,_~, up 

to the position in which co is equal to co\lll +l or -1 

inclu~ive; 

15 - or finally oblique relative to x and y : the binary 

signal DP is equal to 1 and CO is equal to COua in 

position~ {boxes) of l.1u and in po:!'Jition~ {:boxes) of Cuo 

the slope being determined by the perpendicular to the 

line passing through the two positions in which the 

2\0· signal COu changeB by the value of one unit, the DP 

~ignal always being equal to 1. 

Fi~~re 9 show~ the case in which DP ~ 1 and COu 

change~ value by one unit in the two ~pecif ic po~itions 

Lu:; and Cus and indicates the corresponding slope Pp. 

~5 In all cc::i.~e~, the displacement speed i~ a 

function of the position in which CO changes value by one 

unit. 

lf CO changes by one unit in ~ or Cy only, it 

corre~ponds to the value of th~ CO variation position. 

!f co changes 

in a position in c'!.l' 

dist©l.nce between ~ 

by one unit in a position in Lu and 

the speed is proportional to the 

and Ex (intersection of th~ line 

perpendicular to <;-Lu pam~ing through M'Ru). 
The system described up to now with reference to 

3~ figures l to 9 i~ advantageou6ly complem~n.ted by a 

~upplementary ~ystem which will be described with 



reference to figures 11 to 16 to eon~titute a global 

sy~tem 22 .illustrated in ·figure 10 which representg 

firstly t·he a~sembly lla in figure 2 indicating the v / 
·niu V:L, C and SR and composite F (HP, SL, SC) sig~al~ 

.S tran.~ferred by assembly 11 {which receives the incoming 

digital video ~ignal S) to a~sewbly 22a (which delivera a 

composite outgoing signal ZEO . 
The connection line Z~·Z1 between asi~ernblies 11.a 

and 22a is shown in figures; 2, 10 and 11, the outputs 

10 from assembly lla being connected to the inputs of 

a~sembly 22a along Z-Z1 to transfer the above mentioned 

Bignals. 

~rhe output delivered by unit· 22a an.d therefore 

from global device 22 is compo~ed of a compoBite signal 

15 ZH ~upplying 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 l.la i~ illuf.itrated in figure 11 in the 

20 form of functional blocks, remembering that this figure 

i~ ccm.nect.ed along line z- Z;i. (in t.h.e u.pper part) to 

figure 2 along line z- Z1 (in tlhe lower part of figure: 

2 > . 

The unit :i.n figure 11 is composed e~mentially of 

25 a hi~togram formation and utilization device, and 

eompri~e~: 

- a miero··bu~ line 23 that transports a number of digital 

~ignal~ described in detail_below; 
- ~ix histogram formation and. proeemd:ng blocks or units 

JO referenced ~4, 25, 26, 27, 28, 29, for the hi~tograms 

of the signals : delayed digital video SR, speeds v, 
o~.:i.ented directions (in Freeman code} Dl, t.ime 

eon~tants CO, fir~t axes x(.m) and second axe~ y(m}, 

respectively; 

35 ., ~ix linear combination blocks or units 30, 31, 32, 33, 

34, 35 combining their inputs from bua 23 each to form 



45 

a validation ~ignal V11 V"J, V], V4 , v~, V" for the six 

blocks 21, 25, 26, 27, 28, 29 respectively, 30 being 

associated with 24, 31 being a:s:Bociated with 25, 32 

being associated with 26, 33 being associated with 27, 

·5 34 being associated with 28 and 35 b~ing associated 

with 29; 

- a moving area block or unit 36 coordinating outputs 

from blocks 28 and 29 for the x{m} and y(m) axes; and 

= a datum line change block or unit 37 receiving 

10 orientation rJignals x {m} i> and y {.m) i> for the x {ml and 

y {m) axe~ 1 as well as pixel clock signals HP, line 

sequence signals SL and column sequence signals SC 

(these three ~ignals being grouped tog~th~r in F bundle 

in figures 2, 4, 10 and 11) originating from unit 19 in 

15 figure~ 2 and 4, and forming the x (.m) 1 and y (.m) 1 

~ignal~ sent t.e u,n:U:~ 28 and 29 r®ap~etiv~ly. 

Units -24,. 25,. 26 and 27 each send their SSR, SV, 

SDI, SDO outgoing signal~ to bu~ 23, whereas units 28 and 

29 each deliver a signal x(.m) 2 , y(m>i to the two input~ 

20 of the moving area unit 36, which combineB th~~e two 

signals from units 28 and 29 and delivers a composite 

.Bignal xy(m) onto bu~ 23. 

Operation of each of the histogram formation and 
pro4:::e:Sif;1.ing unit~ ~4 to 29, which receive fir~tly a 

25 validation signal V1 , V-;;,, V3 , V4 , V5 or v~. from the 

as~oc.i.at:ed linear combination 1tm.it 30 t.o 35, and secondly 

an SR, V, :DI, · CO, x {m} 1 or y {.m} 1 Bignal to be processed 

as inputa is the same, ~nd this is why only the operation 

of one of these unit.s6 namely unit. 25 for the formatiori 

3 01 and processing of speed histograms V, taken a~ an 

example, is described ; the only difference for the other 

analog units 24, 26, 27, 28 and 29 is the variable that 
i~ proces~ed, noting that the different incoming signals 

for the ~ix units 24 to 29 are all digital signals, which 
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enable~ a similar structure and operation of these six 

units. 

Fi.gure 12 diagrammatically represents the 

envelopes of histograms 38 and 39, re~pectively in x and 

5 y { eartesian coordinate axe~ of the 1 7 x 1 7 element 

matrix ~l in figure 4), of the speedm V of th~ area in 

displacement {in figure 14, elements ~uch a~ C1 , C~ of 

the histogram envelope 38 are shown}; ~ and YM 
represent the x and y coordinate~ of the maxima of the 

10 two envelopes 36 and 39 respectiv~ly, whereas la and le 

for the x axis and le and ld for the y axis represent the 

limit~ of the range of aignif icant or interesting speeds, 

J.a and lb being the lower limita and li@ and ld being tlh.e 

upper limits of the significant portions of t.he 

15 hi~togra.ms. 

"l'he v~rtical lines La and ~ of abscim:iias l<A and 

lb and the ·hori~ontal line~ Le and L~ of.ordinate~ lc and 

ld form a rectangle that surroundB the cross hatched area 

40 of significant speeds (for all x and y direct.ion~), a 

2~ few microareas 41 with lower ~peeds, and which will be 

ignored, exist close to the main area 40. 

Therefore, all that ialJ n~ces~ary to characterize 

the area with t.he largest variation of t.he parameter 

~hown in the histogram, the apeed V in this particular 

2~ ca~e, i~ to identify the coordinat~~ of the fou.r limits 

laa, lb, le an.d ld and the two· maxima Xiie and y,.. Block 25 

continuou~ly deliver~ this information concerning V onto 

the micro~bus 23. 

Similar blocks 24, 26 ©l.nd 27 continuously deliver 

30 infox:nation concerning the a:r~a of the maximum value for 

SR§ DI and CO, respectively, ont.o this micro-bus 23 in 

the same way. 

Finally, ~imilar blocks 28 and 29 continuously 

deliver information concerning the area of the maxim.um 
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value of x (.m) 1 and. y {m) 1 respectively to u.:nit 36, which 

combines thi~ absei~sa and ordinate information 

referencec x(m) 2 and y(m) 2 respectively into a composite 

~ignal xy(m) that is tjent through the output of u.nit 36 

5 onto bu~ 23 . 

Eventually, bus 23 tran~fer~ information 

concerning the area containing the maximum valueB of SR, 

Vu DI, CO and ic_y (m) , in other word.s x (m) ,_ and. :x (:m) 2 , to 

determin~ if there i~ a moving area in the acene observed 
1~ by the video camera 13, to localize this area and to 

determine the displacement speed and Corient~d) 

direction. 

In figure 11, the compo~ite outgoing ~ignal 

ava:tlable on bu~ 23 i~ denoted ZH. The above me:rn.tioned 

15 components of this signal ZH, particularly for V and DI, 
·in other words the ~peed and orhmted direction. of th~ 

moving areaa may be diBplayed in digital or analog form, 
may p:t·oduce a light signal and/or a buzzer, particularly 
if the ~peed V exceeds a limit, or they may be 

20 trair:.~mitted, by cable, optical fiber or radio relay for 

remote application~, to a control unit, ~uch a~ unit 10a 

in figure 1, located close to or remote from device 11 

according to the invention. 
The portion of the units in f igurc 12 above bus 

25 23 i~ used, following the point by point proceafiling of .an 
enti~e frame and the association of points in a frame, to 

deduce an external global value, to determine if there i~ 
an area in the observed. scene in relative movement, and 
if so to localize it, and furthermore, if this area is 

JO actually moving, to determine the speed and oriented 
·direction of this displacement. This area in relat.i ve 

moveffient is identified in the obBervation plane along two 

direction~ x, y which are not necesBarily orthogonal (for 

example in the application in figu.rea 15 and 16), and ia 



made by the portion of the units in figur~ 12 under bu~ 
. 23. 

We will now describe the ~tructure and operation 

of a histogra:m formation and proces~ing block, such as 

s 25 0 and of its as~ociated linear combination block, such 

.a~ 31, in more detail, with reference to figures 12, 13 

and 14. 

10 

Block 25 (figure 13) includes a portion :?.Sa 

forming the histogram and a portion 25b forming a 
1 . .; c. c~as~ ...... J.er for the histogram, thefle two port.ion~ 

operating under the control of ~oftware materialized as a 

portion of the integrated circuit 25c which. extracts the 

limit~ la, 101 le, la of the hif!Jtogram {figure 11) . 

The classifier 25b, a~ well as cla~sifiers of 

15 other hi~togram formation and proeeEJsing blocks 24, 26, 

27, :2~ 0 29 (for the latter two th.rough. the x(m) and y(m) 

corobinati.on unit .36) , delivers its output information to 

bus 23, and, via said buso to the ·linear combinatior.. unit 

31 0 which therefore receives information in parallel from 

2t0 ©All elaBsifier~ in units 24, 25, 26, 2'1, 28, 29 an.d 

·whie~, a~ a function of this information, delivers or not 

the validation ~ignal V2 to unit. 2!5. 

Using soft.ware 25c, the classifier 25b determines 

the various classeG (each containing the same :rmmber of 
~5 ~peed values in the ca~~ con~idered) that will define the 

~m.velope such <&Ej 38 or 39 {figure 12) • 

Figure 14 show~ th.e 8U.ecesaive classes Cv 

C2 • • • Cn-11 Cv., along the :x ai.xis, together with their 

envelope 3 8 for the speed V, that are determined in 
30 cla3~ifier 25b. 

l''igure~ 15 and 16 illust:.tate the part. taken by 

histograms for x(m) and y(m} formed by unitB 28 and 29 

and combined in unit 36 in order to obtain a slope. 

For example, we have eon~idered the ca~e of 
3 5 ob~erving a road u.si.ng a video camera with digital output 
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located onboard a vehicle with itB as~oci~ted d~vice 

according to the invention. 

Figure 15 shows the two road ~ides Bg at the left 

and Ba at the right of the road R, as well as the ~lopes 

5 of the projection Px relative to x(m) done by u.nit 2~ and 

the projection Py relative to y(m} done by u.nit 29, 

~lopes numbered for example from O to 7 (using a 

convection other than the Freeman code) . 

In order to gi.ve the best preci~ion concerning 

10 .the right side Ba, in other words maximum sen~itivity of 

the indications (for example speed) concerning this ~ide, 

the projection Px ~hou.ld have a ~lope a~ clo~e a~ 

possible to the optimum slope P© which is perpendicular 

to Bell, and particularly slope 5 in the representation. 

15 shown i!r! figu.re 15. The maximum value of th~ speed 

histogram w.i11 therefore be obtained for the slope 5 

determined by unit 28 (figure 11). 
The ~ame reasoning is applicable to the left. side 

Bg concerning the slope of the projection Py and 

20 therefore the part. tak.en by of unit 2g. 

"l'he unit 36 combining th.e optimum two slopes 

supplie~ optimization information for th~ two ~ides Bei 

and Bg. 

Figure 16 illu~trate~ an application to determine 

~5 .the optimum slope P0 of the projection P:u takien for 

iexarnplc, for ~atisfactory driving of a veh.icl~ Vh in 

contin~ntal Europe when driving on the right side of the 

road (ca~e a), or in the United ·Kingdom when driving on 

the left side of t.he ro~d (case b} , and finally of an 

30 aircraft Va for correct landing in the middle of an 

airport runway {case c} . 

Consequently, in order to assist in driving a 

land v~hiele (ear# truck} on a road or in flying an 

aircraft {airplan~, space shuttle) close to an airport 

35 runway, the device according to the invention fu:rther 

include~ means of representing the right and left sides 
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Bd and Bg respectitrely of the road or the run.way, and 

me~ns of orienting at. least. one of the coordina.te axes, 

with variable slope, [JO that it remai:rm approximately 

orthogonal to the corre~ponding slde (position P1» . 
Up to now, we have concentr<flted on det}cribing 

means of determining an area in effective displacement in 
an approximately motionlesfi environment by means of 

detecting a region in which DP 20 1. In order to determi.ne 

an area ~ot moving in an environment in which the 

10 background is moving (for example a broken=down vehicle 

or a crash on a motorway), the oppo~ite Bituation occurs 

in which area§l wherein DP .,, O must be localized with 

respect. to the environment in which DP ,,,. 1. Obviously in 

this ea~e, speeds will be zero in one area and the 

15 ·concept of dir~ction will be meaningless. Therefore, the 

calculatio:r.u:~ in 1 7a will be different. 

The device according to the invention, if it is 
. . 

only to be used to determine an immobile area, can be 

sdmpl.ified with the elimination of .units or blocks 

20 procea~ing speeds and directions, particularly blocks 25, 

26, 31, 32 and the number of outputs from unit 11a and 

inputs to unit l.7 can be reduced. 

In the operation unit lOa of a device according 

to the invention, means of displaying hi~tograms and/or 
25 valueB of the DP or CO signal~ on a monitor screen may b~ 

provided. 

The SR signal, namely the delayed digit.al video 

~ignal, i~ usually applied. to a televiEflion or monitor 

screen 10 in. order to display th.is signal locally or 
JO ·remotely on the screen, at the same time as a relative 

movement is signaled in order to verify the nature of 
thi~ r~lative movement. Therefor~, it is only necessary 
to look at the television or monitor screen 10 when a 
area in relative d:i.splacement has been signaled, for 

35 example by a visual alarm and/or buzzer. 
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It is useful to facilitate identifying an area in 

relative mov~ment on the screen by imposing arbitrary 

colors on the d~layed digital video signal SR, each color 

or color grade repre~enting a movement ~peed and/or 

5 direction. 

The various unit~ that have been described with 

refer~nce to figures 2, 3 1 4, 11 and 13 are each 

con6tituted by a known type of electronic circuit, 

particularly with microproee~aors carrying out 

10 calct:.lations and/or compari~ons er using scanning 
~ignal~; memories; delay units; shift registers; units 

forming linear hiBtograms and associating this type of 

histogr©ims in the plane; and microbuses. 

The combination of these electronic circuits, in 

15 ~eparate units lla or 22a or in an aBsembly 22 compo$ed 

of lla and 22a, may be done u~ing two very small 

integrated circuits or a single very small integrated 

circuit, with a si~e of the order of 10 mm x-10 mm for 
.example using O. 7 µm technology, the ~et of the two 

20 interconnected integrated units or the single integrated 

circuit being connected through. it~ in.put to the digital 

video output of a video camera or other observation 

device and through th~ir outputs to one or s~veral local 

or remote utili~ation deviceB. In one va:idant., if the 

~5 simplified device in unit 11a only is us~d, this device, 
preferably in th~ form of a single integrated circuit, i~ 

placed between said digital output and. one or Beveral 
local or remote utili~at.ion devices. 

We will now give exampleB that are in no way 

30 restrictive of additional application~ of a device 

accord:lr..g to the invention, particularly the device 

according t.o figures 1 a.nd 10, in other words according 

to the assembly shown in figures 2 and 1.1 a.a connected 
along line z-z1

• 

35 A firBt additional application ~hown i:n figure 17 
i~ constituted by the automatic framing of a peraon 
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moving in a room, for example during a video conference. 

Automatic f rami:ng eliminates the movement.~ of the person 

moving a.round, which increases the definition of the 

image o!'. this person observed by a video camera with a 

5 digital output and al~o, if the digital video Bignal is 

compre~~ed, simplifies this compre~Bion. 

Figure 17 ~hows a. video camera 13 of the above~ 

mentioned· type that. obfJerves the person P who can move 

about. The digital video signal S from the video camera 

10 i~ tran~mitted by cable, optical fiber or radio relay to 

a televisi.on or monito:r m::reen 10b, but is al~o received 

by the device 11 according to the invention, and the ZH 

output of this devic~ act~ on a unit 42 which, in 

re~po:n~e to signa.ls received from device 11 concer:n:iing 

15 the po~ition and mov~ment of person P, controls the 

motors 43 of EJaid camera 13 to direct the optical axis of 

the camera towards the person and parti-cularly towards 
. . 

his · face· a~ a function of the location, ~peed and 

direction of his movement, poiudbly varying the zoom 

20 setting, the focal distance and/or the focusing of the 

camera if the person P moves forwfl:rda or backwards. 

It is also pos~ible to control movements of one 

or more spotlights on a per~on {actor, singer) on a 

~tage, the device according to the invention centering 

25 the person at the center of the image by varying the 

orientation of the video camera and eontroll~ng the 

direction of _the spot1ight, for example by one or two 

rotatable mirrors for each apotlight. 

Another example of ~pplication of th~ device 

30 according ~o the invent.ion is illustrated in figure 18, 

which shows the camera 13 or other observation device 

that output~ a digital video ~ignal S to a devic~ 11 

according to the inv~ntion. In this application, t.he 

c~mera 13 monitors part of a motorway {highway) in order 

35 to detect. an unexpected st.op of @ vehicle, particularly 
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on the hard shoulder, or if a car is stopped following a 

collision. 

Therefore~ the objective in this ease is to 

determine whether or not an object (the vehicle) is 

5 immobile in a moving environme~t {other v~hicles) , in 

other wo~ds to localize the area in which DP g O in th~ 

11 x l 7 element matrix 21. Normally, the camera 13 

observes a vehicle ~tream that produces DP ~ 1 re~ponse~, 

with speed and displacement direction value$. However, 

:10 if a vehich~ st.ops, it i~ identified by a DP §< O response 

in it~ observation area. 

A unit 44 receiving both ZH and SR detects the 

occurrence of a area in which DP ~ o in ZH and outputs an 

error ~igr..al NL which firstly trips a bu~zer and/or a 

15 vhmal ala::::-m in a device 45, and secondly controls a 

~witch 46 which applies the video signal S (or rather the 

delayed video t:lignal SR) on a television. or monitor 

i':ilereen 10 which. enables the supervisor, alerted by the 

bu~~er and/or visual alarm, to observe the motorway when 

20 a vehicle stop~ or a collision occurs in order to take 

the necessary measure~, for example depending on the 

reaction of the driv~!r of the vehicle which stopped. 

U~ing the invention, a superviBor in a monitoring · 

station can easily control a large number of segments on 

25 a motorway (or a main road} for each of which there is a 

camera 13 and. .a device 11 according to the invent.ion, the 

ZH and SR outputs from each device 11 being transmitted 

by cablea _optical fiber or radio relay to a single 

sup~rvisio:n station at which there is a common unit 44; 

30 the ob~erver only need~ to look at the screen in 10 if 

there i~ an incident or accident signaled by the alarm, 

and it is unusual that several incidentB and/or accident6 

oeeur simultaneously at different location~. 

In particular, unit 44 may include, at its input, 

35 a rotary type ~witch (not shown} sending the ZH (and SR) 

signal~ from the variou~ a~semblies 13-11 located along 
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the motorway ~uccessively and cyclically onto the portion 

of this unit 44 producing the Nm ~ignal. 

The s©l.me system allows to detect not only if a 

vehicle is stopped, or a collision causing vehicles to 

!:Ji ~top takes place, but also a reduction in the speed of 

the stream of vehicles {for very ~low traffic), due to 

the reduction of the 8pf.!ed in the variou~ aJ:"eas in which 

D g 1 and conversely a v~hicle traveling at very high 

~peed, the speed in the area observed then exceeding the 

1~ allowable speed limit. 

l''inally, figure 19 illu~trates another 

application of the invention, namely man=machine 

interaction, by movement of a hand M or more particularly 

fingers DG in~ide an area SF broken down into rectangle~ 

15 by a coordinateD ~yatem ex and c;,. 
A video camera 13 with a digital output, 

associated with a devic~ 11 according to the invention as 
·~hown :Ln figure· 1, c·an be used to recognize the movement 

of a hand M and fingers DG and can be used to control a 

~O computer {for example like a llmouae 11 } or to control some 

functions in a machine. For exampl~, the am;Jembly 13-11 

could be utilized by a deaf ~dumb person, using the 

~tandard deaf-dumb sign language ba~ed on hand movem~nts~ 

to in.put alphanumeric data and therefore a text into a 

25 cow.puter without needing to u~e the normal keyboard; 

this operation, which ca:n also obviou~ly be carried out. 

by a speaking person .who has learnt the deaf =dumb 
language, allow~ ~ntry of a text into a computer without 

needing to u~e the keyboard. Thi~ type of ay~tem is not 

30 sen!ldt.ive to time variations and does not require precise 

signaling of the start and. end of the gesture. 

Figures 20 and 21 di~grammatically illustrate 

·app1ica.tion of the invention to surveillance of a car 

driver to signal if he fallf3 a~leep. 



In this 6a~m, video camera 13 is placed adjac~nt 

to t.he bodywork inside the vehicle., for ex.ample above the 

rearview mirror, where it can ob~erve the driver. 

The first operation il6 to frame the driver, in 

5 the ~ame way as for the application in figure 17. Figure 

20 diagram~atically show$ the image lC of the driver on 

. the video screen. Firstly, the Ul'Jeless right and left 

portions are eliminated (as repre~ented by the horizontal 

cro~s-hatching of the image), thus restricting processing 

10 to the central pa.rt of the image between the~e two 

portion~. 

Then, within this central portion, it suffices to 

monitor the unhatched area AA of figur~ 21 framing the 

head. 

15 '!~he relevant di~placement~ that are detected by 

the device according to the invent.ion conflist of the 

driver blinking (~ignaled by vertical movement~ in area 

AA} , at a rate · that· changes ju.st before he falls to 

~leep. If his blinking rate or speed drop~ below a 

20 certain threshold, a buzzer sounds a:nd the driver fa~ 

woken up. 

Jr.'.igure 22 shows a means (Jf getting around the 

limited nu:r.ber of p bits repre~enting the time constant 

CO when it is :necessary to take into account a wideJI".' 

~5 range of displacement ~:r.~eed~. 

Mallat vs diagram will be u~ed for this purpose 

c~ee @rt.icle by s. Mallat 00 A Theory for multiresolution 

:sign©J.l decompo~ition ri in IEEE Tram::iactio:ns on Pattern 

Analy3i~ and Machine Intelligence, July 1989 p. 674-693~ 

30 which consi~ts of ~u.cces~ively breaking do'lf.1-n t.he entire 

vid~o image into successive halves, identified 1, 2, 3 1 · 

4 a 5, 6, 7. 'l'his creates a compresslon that only 

proce~ses portions of image~. Thus with p ~ 4, in other 

words 2P ~ 16, we can determine a ~peed within. a widier 

35 range. 
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If initiallya within the framework of the entire 

image 1 the device according t.o tlh.e invention indicates 

that the .speed of the~ mobile object (in t.he broad ~en~e 

of the term) exceeds the m~ximum ~peed deterw.inable with 

5 2P "" 16 for the time constant., all t.hat i~ necir.:msary i~ 

to u~e partial observed images 1, 2, 3, 4, .... until the 

speed of the mobile object doe~ not exceed ~aid maximum 

speed within the frame- of the partial image after 

compression. 

1~ All that is necessary for utilizing the Mallat 

eompo~ition by wavelet~ is to insert a unit 13A 

( ill·.rn:trated in f :tgure 22} in the diagram in f igu.re l, to 

pe~form this video signal .compression~ For example, this 

unit could be composed of the 11 DV 601 Low Cot:Jt 

15 Multiformat Video Cod.ec 10 component made by the ANALOG 

DEVICES, an American corporation, deacribed in the ioADv 

601 Preliminary Data Sheet. 11 , January 1996. Figure 2 

~how~ an optional compre~sion unit of thiEJ type 13a_. 
. . 

Finally, the number of bits {l, 3 (if p"" 3), 8, 

2 O 15} tran~ported on some microl:m~efl have been shown in 

figures .2 and 3, which demon~trates the possible size 

~aving~ for the various functional blocks as they proce~s 

a reduced number of bit~. 

It is quite clear that the invention is capabl~ 

25 of detecting a. rel~tive movement in a scene observed by 

an opto-elect.ronic device such a.~ a video cam.era which 

tran~nits the observe~ ~cene in th~ form of a digital 

video signal composed of a succes~ion of frames, 

t.h~mselves com.posed of ~ succeii:lsion of line·s compoaed ·of 

30 a ~ucces~ion of pixels, this digital signal being 

analy~ed in order to identify an area in relative 

di~placeme~t, with indication of the ~peed and (oriented) 

direction of thi~ displacement if the area is in 

effective movement with respect to an approximately 

35 motionle~~ environment. 
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Given that the device according to the invention 
determines the oriented direction and the displacement 

~peed of ·an obj~ct (in the broadest ~ense of the term}, 

means may be combined with it to use the~e two parameter~ 

5 to deduce a future position of the objects at a given 

inBtant, and to direct in advance the input video camera 

13 in direction of thi~ future position. 

Note t.ha.t the results obtained with. th.e device 

according to the .invention in no way require that the 

10 camera should be fixed, so that the camera and the 

a~~ociated device may be put onboard a land, air or sea 

vehicle (for example for embodiment of the proces~ 

illustrated in figure 16} . 

After a very short initialization period equal to 

15 N (of the order of 10 corresponding successive frames}, 

·the device according to the invention determines the 

~elative displacement parameter~ instantaneously after 

the end of each frame on which the temporal and spatial 

procesBlng Wern performed, due to the recursiveness of 

20 calculations ©\Ccording to the invention. 

We have described a preferred. embodiment. of the 

device according to the invention and a few of its 

applications. Obviously, this embodiment and these 

application~ have been given as non=restrictive examples, 

25 and ma:1y va::-iants and adaptations that will b~ obvious to 

t.he expert in the field may be f:m.vi~aged without going 

o-utside the Bcope of the invention as def in.ed in the 

following claims. 

For example, it wou.ld be pom:dble to implement. 

30 methodl§l of u~ing signals delivered in out.put by unit 11 

"in figure 2 other than those illustrated in figure 11 

without going outside the scope of the invention. 

A~ concernn th~ applicationf3 of a device 

according to the invention, they are in no way limited to 

35 those given a~ example8 in the description above. Thus, a 

circuit ~imilar to that in figure :t"'l may be asaociat~d 
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directly with a camescope or video camera to stabilize it 
for compensating for displacements caused by accidental 

movements of the user. 
It would also be possible to use one or 

5 .Preferably several devices according to the invention, 
as~ociated with one or preferably several camescope~ or 

video cameras with a digital video output placed in a 
room in a building, 
means of such a 

to create an i1 intelligent. ·room10 by 

system capable of detecting and 
10 localizing the presence and movement of one or several 

persons in the room, analy:l:ing this movement. for security 
or identification purposes @nd/or of helping in tasks to 

be ~ccompli~~ed, for example, or of watching children in 

~nother room or eu~tomer~ in a supermarket. 

15 It has been assumed especially that a video 
~ignal i~ used with pairs of suecemdve interlaced 

frame~, particularly during the discussion of the memory 
capacity u;", with processing of the two frames in a pair 

in the device according to the invention. However, it 

20 .would be po~~ible to use only on~ frame out of two {for 
ex~mple the odd frame) reducing the memory capacity, but 
a.lao reducing the speed at which the required inf o:::r:mation 
i~ obtained by a.bout half. It would al~o be possible to 
u~e a video eamer©J. or anoth~r ob~ervation device for 

25 which the digital output only ineludet!::! one frame per 
:tm©J.ge. 

In Borne applications, it is pos~ihle to associat@ 
~peciali~cd sensors with the device according· to th.e 
invention, for example o:ne or several acceleration 

30 ~en~or~, to he able to procesB additional displacement 
parameters. 

Obviously, the inve:ntion is not limited to th~ 

particuli:'ll.r embodiments or application.a described, but it 

includes all variants and modification~ included p~rt of 
35 the g-eneral definition of the invention. 
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fH~S SHE!Ef ~AS BEEff!J · 

REPLACED. 

BROLISB TRANSLATION OF TSE CLAIMS AS ORIGINALLY FILED 

1.. Proces~ operating in real time for identifying and 
loc&lizinq an area in relative movement in a scene 
obtU'H:ved lby ·an observation system with an output-. 
con~tituted by a digital video oignal of the t.ype 

comprising a succe1:u1ion of corresponding frmllles each 
co.posed of a succession of lineo, each composed of a 
•uecession of pixels, and for determining- the speed 
and oriented direction of the displacement, said 
process being characterized. ln that. it consists in 

10 carrying owt the foliowing nequence of operations on 
the digit.al video output signal: 
= ft omoothing processing on said digit.al video output 

signal uoing a digital time constant., the numerical 

value of which may be modified independently for 

15 oiu:h pixel of said output signal; 
a memorization, on the one hand, of a frwne of said 
output Biqnal aft.er smoothing and, CD the other 

band, of the smoothing time constant associated with 
&aid frame; 

20 = a temporal processing for each pixel position, 

coneisting in deternining firstly the existence and 
secondly the amplitude of a significant variation in 
the amplitude of the pixel signal between the 
current frame and the immediately previous smoothed 

25 and memorized frame, and generating two digital 
signals, the first signal being ft binary, or single 

bit, signal with two possible ·values, one of which 
represents the existence and the other represents 
the absence of a significant variation bet.ween two 

30 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 increaoe it if 
oaid signal does not represent such a variation, the 
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reduction or increase being done in a quantified 

manner, whereas the second digital signal, i.e. the 

aEplitude signal, is a multibit signal with a 

limited number cf bits quantifying the amplitude of 

this variation; a.nd 

~ a ~pati1tl processing consisting of the following 

fliteps fur each frame of the digital video input 

:!:'llignal : 

o distributing only the values of a fr:a.ction of the 

pixels in a frame at a given observation instant 

{a fraction which is scanned acroru1 said matrix 

throughout the duration of the fraino) firstly of 

6aid binary signal and tu~cond.ly of said digi ta.l 

amplitude signal, into a matrix with a number or 

rowB 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 

charB!cte:rize·the V':'llues of the pixels, 

a determining in this double !nstantaneou8 mat.rix 

representation, a particular area in which said 

binary signal has the searched value, representing 

the presence ·or absence of a oignif ieant 

variation, and 8aid digital a1m1plitude 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 s~me portion of the frame and therefore 

at the same observation instant, and 

o generating signals representing the existence and 

locali~~tion of the area in relative displacement 

and the relative inter~fram.e speed and the 

oriented. direction of t.hie displacement if any, 

relative to its enviromment, inferred from the 

instantaneous matrix distribution of these two 

binary and amplitude digital oiqnals. 
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28 Process according to claim 1 characterized in that it 
also eonsiots of: 

o f onning firstly histogramB 

diotributed in matrices, and 
the inclinations of two 
variable slope, in a plane, 

of the signal values 

secondly histograms of 
coord.inato .axes, with .. 

o identifying a domain in which there is ~ signif 1cant 

variation of the processed values in each histogram 
formed, and. 

lO 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. 

3.. Process according to claim 1 or 2, cha.racterized in 
thftt said matrix is a square matrix with the same odd 

15 number of rows and colmma (21 + 1), and nest.ed 

•~trices containing 3 x 3, 5 x 5, 7 x 7, .o.(21 + 1) x 
( 21 +. l) , elements, cont.ered on the center of this 

11Jquare matrix, are considered in order to determine 
the smallest nested matrix in which said digital 

20 Bignal varies alonq an oriented direct.icm starting 

from s~id. center 11 the value of sflid binary eignal 

showing that the threshold. a.long this direction has 
been exceeded. 

4.. Process according to claim 1 or 2, charncterized in 
25 that. said. matrix is a hexagonal matrix, and. nested 

hexagonal matrices of increasing size, centered on the 
center of_ this ·hexagonal matrix; are consid.ered, in 
order to determine the smallest nested aatrix in which 
scid digital signal varies along an oriented 

3C direction. 
So Procetui according to claim 1 or 2, characterized in 

that said matrix is an inverted L matrix with G single 
row andl a single colmmi, and. nested ma.trices 
containing l x 3 pixels, 5 x 5 p1xel9, 1 x 1 

35 pixeln, •••• (21 + 1) x (21 + 1) pixels are considered 
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for the single iine and the single column, in order to 
dot.ermine the smallest matrix in which the signal 

varle~ . along an oriented direction, namely the line 
with the ~teepeot slope and constant quantification. 

5 6 = Proeeaus according to any one of the previous · claim.a,·. 

chftracterized in that said time constant le of the 

form 2P, where p is a nwuber less than 15, ~nd which 
caan then be expressed in net more than 4 bi ts, t.he 
time constant being reduced or increased by 

10 subtracting or adding one unit to po 

1 .. Proce1:u1 according to claim 6, ch&r~eterized in that 
~uccessive decreasing portions of complete frames are 
con11id.ered. using the Mallat time-scale algorithm and 

tho l~rgest of these portions, which gives. 
15 dieplacement, speed and orientation indications 

compatible with the value of p, is selected .. 
8.. Device operating in real time for identifying and 

localizing lln area in relative· movement in. a ·scene 
observed by an observation system with an output 

20 constituted a digital video signal of the type 
comprising a succession of corresponding frames, 

Buccesoive lines in each corresponding frame and 

Buccel'HJive pixels in each line, aind for determining 
tho speed and oriented direction of this displacement, 

25 by using the process described above, said device 
roceiving said video output signal as input and being 
char~cterized in that it compriseg in combination: 
= neans(.15) for· smoothing said digital video out.pnt 

Bign~l making use of a digital time constant (CO), 
30 the numerical value of which may be modified 

independently for each of said ontput signal pixels; 

~ aeans (16) for memorizing firstly a frame of aaid 
output signal after smoothing (LI) and secondly the 
smoothing ti:me constant (CI) associated wi t.h said 

35 frmne, 

I 
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~. a temporal processing unit ( 15) for analyzing the 
variations with time of the amplitude of the pixel 
sign~l, for the same pixel posit.ion, between the 

current frame and the immediately preceding smoothed 
and memorized frame of said digit.111 signal, said .. 

unit comprising a memory unit (16) capable of 
rec@iving, storing and retrieving information about 
the corresponding previous smoothed frame, together 
with comparison IHHU'JIS ( 15a) to determine if the· 

10 aboolut.e value of the difference, between the 

current pixel signftl and. a represent.a ti ve value of 
the pixel signal for the awne pixel position in the 
previous frame stored in said memory unit, exceeds 

.or does not exceed a threshold, for each position of 
15 the pixel in the input video signal frame, by 

9enerating a binary, or single bit, signal (DP) with 
two values, one of these two valueu ehowing that the 

·threshold is exceeded and the other showing that i_t 
i~ not exceeded, and computing meane ( l5c) capable 

20 of dete:r:mining a ~ultibit digit.cl Wlllplitu.de signal 

with a small number of bits, the value of which 
depends on the amplitude of the variation in the 

value of the same pixel between the current frame 
and the immediately preceding, smoothed and 

25 memorized, frame of the digital video signal; and 
=a spatial processing unit (11), into which the 

outputs from said successive binary and digital 
amplitude siqnals . for the pixels in a griven frame 
produced by the tempora1·processing unit are input,· 

30 said spatial processing unit comprising means for 
cha.racterizinq the amplitude values of the pixels, 
these means diotributing only said binary and 
digital amplitude siqnalB relative to the 9ame 
instant, i.e. to a single frame, into a matrix (21) 

35 with fewer rows and colwrms than the number of lines 
and the number of pixels per line respectively in a 
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THm ~lEEl HAS lalElEN 
REPLAClEO 

frmme of said digital video signal,· the frm11te being 
scanned across said matrix throughou:t the duration 

of &_frame, spotting mean8 for determining an area 
of pixels :Within said matrix in which, at this 
instant, the b,inary signal ha~ t.he stu1rched. value, ·. 
and means of determining an area of pixels in said 
matrix, into which, at the same instant, the digital 
wnpli tude signal for adjacent. pixels varies by a 

significant quantity, and means which, in reaponse 
10 to the indications fro:m t.he two preceeding means,· 

gcuu~rat.e signals representing this area of pixels 

and therefore the existence and localization of an 
are& with relative movement within tho observed. 
ocene and t.he relative int.er~frwne speed. and 

15 oriented. direct.ion of t.hie area when it &~tu.ally 

moves :relative to its enviromui.ent@ 

9. Device according to claim '1, characterized in that. 

said spatial procesoing ~nit. includes first. ·delay 

men.m:r (r) in cascftde, each of which i•poses a delay 

20 equial to the time difference between two successive 
lines Bnd second delay means (d) in cascade, for each 
line, each import.in; a delay equal to the time 
difference between two succtHJaive pixels in a line, 
t~e outputs from all said second delay mean& (d) and 

2.5 the input to the cascade of · said second delay means 
(d) on each line delivering at a given instant the 

value~ of said bin&%'J' signal and said digital 

amplitude siqnal at the same instant, to said 
identification means· (17a) .. 

30 10.. Device according to claim 8 or 9, char&cterized in 

that it also comprises means {24-29) for forming 

hi~toqrams of the output values from said spatial 
processing unit, and histograms of the inclinations of 
two, variable slope, coordinateo axes within a plane, 

35 means for identifying a domain, in each histogram, in 
which there 1& a siqnif icant variation in the 
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proceBsed value, in order to validate this domain at 

the output, and to deduce, for all hiotogrmns, output 
signal~ that identify and localize an area of relative 

movement. in the observed scene /1 if any, and t_he speed 

5 and oriented direction of this movement if said area' 
is effectively moving with respect to its environmente 

11. Device according to claim a, 9 or 10, characterized 

in t.hat Bftid smoothing :means ( 15c, 15d) include an 

input receiving said digital video signal S(PI) o.nd 

10 derive, for each successive pixel in a frame of said 
video signal, a smoothed signal (LO) in which the 
temporal variations 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 
15 pixel position in a :frmne, the value of which is 

modified successively so that the smoothing maintains, 
although reduced, the trend in the variations of the 
incoming · digital _Video . Signal I . BB.id B&Oothing · means 

working in cooperation with said memory unit (16) that 
20 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 
pixel position, at least the succession of values of 
the updated time constant and. of the values of the 

25 binary signal that shows whether or not said threshold 

iB exceeded by the absolute value of· the d.if ference 

between the value of the pixel and its smoothed value. 

12 o Device accord.in9 to any one of claims 8 to 11, 
characterized in that said spatial processing unit 

30 (17, 18) that performs the matrix distribution, into a 
reduced number of rows and colwams, of the out.puts 

from said smoothing means, namely the successive 

values of the time constant (CO) and said. binary 

~ignal, comprises identification mEu1nli ( 1 "la) to 
35 identify in said matrix distribution, an area of 

pixell'I in which simultaneously either the value of 

-----·---···-----
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said binary signal corresponds to a threshold being 

exceeded and said time constant varies between 

adjace~t pixels by a sign!f icant value in one 

direction and for prod~cing output signale indicating 
the localization of said area a.nd · t.he &peed · and·· 

oriented direction of displacement in this Birea, or 

the value of said binary signal corresponds t.o a 

threflhold not being exceeded and said time constant 
does not vary between adjacent pixel~. 

10 13§ Application of the device according to claim 10, 11 
or 12 to aseist in driving B land vehicle on a road, 
or in flying an aircraft close to an airport runway, 

characterized in that the device $lso includes means 

for representing the right and left sides Bd and Bg of 
15 t.he road or res pee ti vely the rllllnway, and meann for 

orienting at least one of the coordinate axes at 
v~riable slope, so that it remains approximately 
orthogonal t.o the corresponding f.Bide (position P0 ) .. 


