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Description

Image-processing device and method

The present invention relates to the field of image processing with a view to recognition, 

especially of biometric data, for example to the ends of authentication or identification of 5

an individual or verification of the right of the individual to access a given place or given 

information.

Technological background

Conventionally, an image-processing device contains an image-acquiring system, compris-

ing at least one image sensor, and usually a lighting system, for example comprising an in-10

frared light source and/or a white light-emitting diode (LED). The adjustment of the image 

sensor, for example in terms of exposure time and gain, and of the lighting system, for ex-

ample in terms of the intensity of the LEDs, must be constantly controlled to tune it to the 

lighting conditions of the environment. This dynamic control is called automatic gain con-

trol (AGC).15

Certain image-processing devices also comprise a motorized camera, especially to acquire 

biometric characteristics such as the iris of an individual.

The aim of AGC is especially to control, in real time, adjustment data of the image-acquir-

ing system and especially of the lighting system in order to optimize certain brightness val-

ues in the images, by virtue of analysis of the brightness of images acquired beforehand.20

The AGC algorithm typically analyses statistics of the acquired image, i.e. statistics such as 

average brightness in one or more regions of interest/zones, and histograms of brightness 

in said image, in light of the adjustment data at the moment of acquisition of said image, 

that is the exact configuration of the image-acquiring system and especially of the lighting 

system at the moment when this particular image was acquired. By virtue of this analysis, 25

the AGC algorithm computes a new configuration that better targets the objective. The al-

gorithm controls these parameters iteratively, until parameter stability is achieved.

Generally, a delay, for example a delay of 2 images, exists before the new configuration is 

adopted by the image-acquiring system and/or lighting system, this especially being due to 

the internal architecture of the image-acquiring system and/or lighting system. The AGC 30

algorithm must therefore take this delay into account if the analysis of the image is to be 

correct.

If the synchronization between the parameters and the images is poor, the resulting AGC 

analysis will therefore be poor, this potentially leading to flashes or to over-adjustment of 

the brightness of the image, degrading convergence and potentially causing inconvenience 35

in the case where an individual is the object that is the subject of the image.

In the field of image-processing devices, especially biometric image-processing devices, 

the objective is to optimize the statistics of the image, in particular in certain portions of 

the image (such as a face in the case of a facial recognition device) in the shortest possible 

time, in order to recognize the individual as rapidly as possible.40
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Normally, the image-acquiring system is adjusted by an image-signal processor (ISP) that 

modifies hardware characteristics in real time to apply the parameters computed by the 

AGC algorithm. However, in certain specific use cases, this operating mode is unsuitable, 

for example when optimizing the image of a particular object such as a face and/or a QR 

code, and is also unsuitable in the case of a non-standard image-acquiring system, for ex-5

ample when a non-standard light sensor requiring a specific dedicated adjustment, such as 

an RGB-IR sensor such as described in patent application FR1911695, is used.

When the parameters computed by the AGC algorithm cannot be implemented by a stand-

ard ISP, then they are generally applied via non-real-time software (such as a Linux operat-

ing system), because this type of operating system offers the device many other functional-10

ities. However, in this case, it is not possible to know exactly what the configuration pa-

rameters of an input frame are, because the time when the non-real-time software sends the 

configuration is not known exactly, for example because of possible pre-emption by higher 

priority tasks in the operating system, but also because the acquired images are potentially 

buffered in a first-in, first-out buffer memory containing a plurality of images.15

In this case, the easiest solution is to add a delay of a few frames in the non-real-time soft-

ware between the time at which the new configuration is sent to the sensor and the first im-

age to be analysed, in order to be sure that the configuration has been applied by the image 

sensor and/or light source. Specifically, it is necessary in this case to let a plurality of 

frames, i.e. images, pass before it is possible to perform the computation, this generating a 20

latency of a plurality of time intervals. The consequence is that the AGC loop is much 

slower, this leading to a longer convergence time and to a poor device response time. Fur-

thermore, in the case of an algorithm used to point a high-resolution camera at a moving 

object, this latency leads to a decrease in tracking performance and to an absence of deter-

minism, and to an inability to track a rapidly moving individual.25

To avoid this long convergence time, one solution would be to activate a metadatum func-

tionality of the image-acquiring sensor, the metadatum containing the exposure/gain pa-

rameters of one particular image and allowing these parameters to be known for each im-

age, including without real-time synchronization; however, not all sensors have this func-

tionality and it does not allow the need to know the lighting applied in an image to be met -30

metadata alone therefore are not enough to meet this need.

Furthermore, in the case of devices requiring not only adjustment of the image sensor, for 

example in terms of exposure time and/or gain, but also adjustment of a lighting system, 

i.e. of a light source, especially in terms of the intensity of the infrared light and/or white 

light generated, it is necessary to know when the new parameters specific to control on the 35

one hand of the image sensor and on the other hand of the light source are applied for the 

first time so as to know what these configuration parameters of the image sensor and of the 

light source are at the moment of acquisition of the image, or of processing with a non-

real-time processor, and this is problematic because such light sources do not have a 

metadatum functionality and adding delays considerably slows convergence and, in the 40

end, decreases the performance of the device.

Lastly, a synchronization error (and therefore a timing error) leads, in the case of a moving 
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object, to a position error. A system that estimates a 3D position based on an unsynchro-

nized image will therefore incorrectly position its high-resolution camera. Synchronization 

errors therefore prevent moving objects from being tracked because they make it impossi-

ble to exactly synchronize three-dimensional positions acquired by a context-capturing 

camera and a positional configuration of the image-acquiring system, such as a high-reso-5

lution-camera position, in the context for example of acquisition of irises of moving indi-

viduals. 

Object of the invention

One of the aims of the invention is to remedy at least some of the aforementioned draw-

backs by providing a high-performance image-processing device allowing moving objects 10

to be recognized, while limiting its manufacturing cost.

Brief summary of the invention

To this end, provision is made, according to the invention, for an image-processing device 

comprising:

- an image-acquiring system;15

- a synchronous data-processing system that receives at least two setpoints including at 

least one image-acquisition setpoint, and that determines, depending on at least some of 

said setpoints, adjustment data of the image-acquiring system, said synchronous system 

comprising a synchronous time-stamping means that time stamps, at the moment of acqui-

sition of the image, at least one of the adjustment data of the image-acquiring system;20

- a means for associating the time-stamped at least one of the adjustment data of the image-

acquiring system with said image acquired at the moment of acquisition of the image by 

adding metadata to said acquired image;

- an asynchronous system for processing said acquired image with associated metadata, 

said asynchronous data-processing system generating and sending to the synchronous data-25

processing system the at least two setpoints, at least the image-acquisition setpoint of 

which is determined based on at least one of the acquired images with associated metadata 

and especially on the time-stamped at least one of the adjustment data of the image-acquir-

ing system associated with said at least one acquired image.

This device allows image-processing latency to be avoided while not being entirely real-30

time and while guaranteeing robustness to image loss, and allows image processing to be 

freed of the constraint of needing to be synchronous. 

Advantageously, the device comprises another system, different from the image-acquiring 

system, and at least one of the two setpoints is a setpoint intended for the other system, the 

synchronous data-processing system determining, depending on at least some of said set-35

points, adjustment data of the other system, said synchronous time-stamping means time 

stamping, at the moment of acquisition of the image, at least one of the adjustment data of 

the other system;

- the means associating at least one of the time-stamped adjustment data of the other sys-

tem with said image acquired at the moment of acquisition of the image, by adding 40

metadata to said acquired image;

- the asynchronous system for processing said acquired image with associated metadata 
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generating and sending to the synchronous data-processing system the at least two set-

points, the setpoint intended for the other system being determined based on at least one of 

the acquired images and on the time-stamped at least one of the adjustment data of the 

other system and/or of the image-acquiring system associated with said at least one ac-

quired image, so as to allow the acquisition to be synchronized with another independent 5

system and kept adjusted, especially but not exclusively based on the last acquired image. 

Advantageously, the other system is a lighting system and the setpoint intended for the 

other system is a lighting setpoint, this especially making it possible, with the same time-

stamping means, to be able to synchronize and keep adjusted the acquiring system and the 

lighting system. Thus the device comprises a lighting system and at least one of the two 10

setpoints is a lighting setpoint, the synchronous data-processing system determining, de-

pending on at least some of said setpoints, adjustment data of the lighting system, said syn-

chronous time-stamping means time stamping, at the moment of acquisition of the image, 

at least one of the adjustment data of the lighting system;

- the associating means associating at least one of the time-stamped adjustment data of the 15

lighting system with said image acquired at the moment of acquisition of the image, by 

adding metadata to said acquired image;

- the asynchronous system for processing said acquired image with associated metadata 

generating and sending to the synchronous data-processing system the at least two set-

points, at least the lighting setpoint of which is determined based on at least one of the ac-20

quired images and on the time-stamped at least one of the adjustment data of the lighting 

system and/or of the image-acquiring system associated with said at least one acquired im-

age.

Advantageously, the lighting system comprises a source of infrared radiation and the light-

ing or image-acquiring system comprises a sensor sensitive in the infrared, this allowing 25

detection of targets to be improved independently of surrounding light conditions and/or 

the device to be made more robust against fraud and/or the purposes of biometric recogni-

tion to be served, while optimizing and securing emission in the infrared.

Advantageously, the image-acquiring system comprises at least one motorized mechanism 

for adjusting line of sight and at least one image sensor, the at least one image sensor pref-30

erably including an iris-recognition camera, this making it possible to adequately adjust not 

only adjustment data such as gain and intensity, but also the positions of one or more (es-

pecially panoramic/inclination) motors, so as to ensure the paths of moving targets are 

tracked, and thus to rapidly orient the one or more cameras toward the target and thus espe-

cially to allow biometric acquisition to be done on the fly.35

Advantageously, the image-acquiring system comprises at least two image sensors and es-

pecially a multiplexer, this for example allowing a panoramic image to be obtained/ac-

quired using a plurality of cameras of smaller field, the multiplexer allowing a single coun-

ter (or clock) to be integrated into it with a view to performing the time stamping, rather 

than there being one per image sensor.40

Advantageously, the synchronous data-processing system is a real-time coprocessor and 

the asynchronous data-processing system is a non-real-time processor, this allowing a non-
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real-time processor to be used as main processor without penalizing the latency of the sys-

tem, this architecture increasing the performance of the device and making it more eco-

nomical.

Advantageously, the real-time coprocessor receives the images acquired by the image-ac-

quiring system and transmits them, each with the associated time-stamped at least one of 5

the adjustment data of the image-acquiring system, in the form of metadata added to each 

of said acquired images, to the non-real-time processor, the real-time coprocessor compris-

ing the associating means, the synchronous time-stamping means especially being a soft-

ware counter of the real-time coprocessor, this allowing the acquiring system and the other 

system to be adjusted in a synchronized manner, with a view to tracking a target, especially 10

by evaluating its path based on the images and on information on configuration at the mo-

ment of acquisition of each image, which information is associated by metadata with said 

image, the time stamping in the real-time processor, combined with the other time base in 

the non-real-time processor, allowing the association to be made between the time-stamped 

data of the real-time processor and the acquired image.15

Advantageously, the non-real-time processor receives the images acquired by the image-

acquiring system, the synchronous time-stamping means especially comprising:

- a physical counter shared between the real-time coprocessor and the non-real-time pro-

cessor;

or20

- a software counter within the non-real-time processor and a software counter within the 

real-time coprocessor, the timestamp of the acquired image being associated with said ac-

quired image by the non-real-time processor, this making it possible to provide a device in 

which the real-time coprocessor then does not receive the acquired images, while using, for 

the time stamping, either a shared means such as a single dual-access counter, optimizing 25

the architecture, or a means duplicated in the processor and coprocessor with two time ba-

ses and a means for associating the time-stamped data of the real-time processor and the 

acquired image. 

Advantageously, starting with the second image and for each following image received by 

the non-real-time processor, the non-real-time processor retrieves the timestamp TS of the 30

associated metadata-containing image, and computes an image number p by rounding (TS 

- TS of the preceding image) divided by the set period T with which images are captured, 

this pairwise timestamp comparison through readout of the metadata allowing the images 

to be numbered and thus making the process insensitive to drift and to the loss of one or 

more images (poor transmission, transmission error). 35

Furthermore, another subject of the invention is a biometric system comprising an image-

processing device according to the invention, the acquired image being an image of a face 

and/or iris, this allowing biometric recognition, especially on the fly with moving individu-

als tracked.

Furthermore, another subject of the invention is an image-processing method comprising 40

steps of:

- acquiring an image;
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- performing synchronous time stamping to time stamp, at the moment of acquisition of the 

image, at least one adjustment datum of an image-acquiring system;

- associating the at least one time-stamped adjustment datum of the image-acquiring sys-

tem with said image acquired at the moment of acquisition of the image by adding a 

metadatum to said acquired image;5

- performing asynchronous processing on said image with associated metadatum to gener-

ate as output at least two setpoints, including at least one image-acquisition setpoint, which 

is determined based on the acquired image and on the time-stamped at least one adjustment 

datum of the image-acquiring system associated with said acquired image;

- performing synchronous data processing, input data of the synchronous processing com-10

prising the at least two setpoints including the image-acquisition setpoint, and generating 

as output, based on at least some of said setpoints, new adjustment data of the image-ac-

quiring system that adjust said image-acquiring system with a view to acquisition of a new 

image, having the same advantages as the image-processing device according to the inven-

tion.15

Advantageously, 

- one of the two setpoints is a lighting setpoint comprising a luminous-intensity setpoint, 

which especially comprises an infrared-lighting setpoint; and:

- the synchronous data processing generates as output, based on at least some of said set-

points, adjustment data of the lighting system, to adjust said lighting system;20

this allowing separate systems, such as the acquiring system and the lighting system, to be 

kept adjusted based on exploitation of their specific adjustment data, which are fused with 

the image that transports them by means of metadata.

Advantageously, the image-acquisition setpoint comprises an estimated path of an object 

present in an optical field of image acquisition, the object especially being a biometric 25

characteristic of an individual such as an iris and/or a face, this allowing an object or an 

individual to be tracked and recognized, especially biometrically, on the fly.

Advantageously, the adjustment data of the image-acquiring system are determined so as to 

follow said estimated path of the object, this especially allowing a motorized panoramic/in-

clination mechanism to be adjusted.30

Advantageously, in the step of performing synchronous data processing, a table containing 

the time-stamped adjustment data of at least a last acquired image is created, this allowing 

the information of the adjustment data to be linked with their timestamp in a time base 

common to the entire device or associable with another time base of the device, robustly.

Advantageously, the step of performing asynchronous processing comprises executing an 35

algorithm that is different from one frame to the following frame, and especially one algo-

rithm for even frames and another algorithm for odd frames, this allowing two cameras to 

be created artificially with a single one. One may for example process images of objects 

and other images of faces of individuals.

Other features and advantages of the invention will become apparent on reading the fol-40

lowing description of non-limiting particular modes of implementation of the invention.

Brief description of the drawings
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[Fig. 1] Figure 1 illustrates one example of an architecture of an image-processing device 

according to one embodiment of the invention;

[Fig. 2] Figure 2 illustrates a first embodiment of the image-processing device according to 

the invention;

[Fig. 3] Figure 3 illustrates a second embodiment of the image-processing device accord-5

ing to the invention;

[Fig. 4] Figure 4 illustrates one example of an image-processing device according to a first 

alternative of the second embodiment;

[Fig. 5] Figure 5 illustrates the architecture and the exchanges between the various compo-

nents of an image-processing device according to a first alternative of the second embodi-10

ment;

[Fig. 6] Figure 6 is one example of a timing diagram of the method according to the inven-

tion in its application to an image-processing device according to a first alternative of the 

second embodiment;

[Fig. 7] Figure 7 illustrates one example of an image-processing device according to a sec-15

ond alternative of the second embodiment;

[Fig. 8] Figure 8 illustrates a mechanism of synchronization of an image-processing device 

according to a second alternative of the second embodiment;

[Fig. 9] Figure 9 illustrates a mechanism of synchronization of an image-processing device 

according to a second alternative of the second embodiment and comprising a multiplexer.20

Detailed description

With reference to Figure 1, the architecture of the image-processing device 1 comprises:

- a lighting system SE;

- an image-acquiring system SA, especially comprising two sub-systems, the first being an 

image sensor SA1, such as a (or more than one) camera(s), especially a context-capturing 25

camera (or a plurality thereof especially for stereoscopy) and a high-resolution camera 

such as an iris-recognition camera, and the second a motorized mechanism SA4 of the 

high-resolution camera of the image sensor;

- a synchronous data-processing system SSY;

- an asynchronous data-processing system ASY.30

It will be noted that the associating means has not been shown here for the sake of illustra-

tion legibility, and the associating step E_ASS has therefore been shown in Figures 2 and 3 

under the synchronous system SSY.

In terms of the method of operation of said system, the image-processing method:

- performs, in frame N, a first step of acquiring an image IMG by means of the acquiring 35

system SA, for example according to adjustment data PIL, especially a specific default 

configuration adopted on initialization, and sends said image IMG to the synchronous sys-

tem SSY, the image stream preferably being written via the physical transport layer directly 

into a volatile memory that is read by the processor of the image-processing system;

- in the same frame N of the acquisition (of the image IMG), performs synchronous time 40

stamping, by means of the synchronous system SSY, on at least one of the adjustment data 

PIL of the image-acquiring system SA applied at the moment of acquisition of said image, 
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for example the gain and/or exposure time of the image sensor SA1 and/or the position, 

and preferably the speed of movement, of the one or more motors of the motorized mecha-

nism SA4; and preferably here synchronous time stamping of at least one of the adjustment 

data (also called parameters) PIL of the lighting system SE applied at the moment of acqui-

sition of said image, for example the intensity of the infrared and/or white light;  5

- associates, by means of said synchronous system SSY, said time-stamped certain adjust-

ment data PIL applied at the moment of acquisition of said image IMG with said acquired 

image IMG by adding metadata, comprising these adjustment data PIL, to said acquired 

image, this association of the data PIL of the image IMG acquired in frame N (i.e. at the 

time n), with the image IMG generated in frame N (i.e. at the time n) possibly being car-10

ried out subsequently, and sends the image IMG_M with associated metadata to the asyn-

chronous system SAS;

- at a time equal or subsequent to receipt of the image IMG_M with associated metadata by 

the asynchronous system SAS, performs asynchronous processing, by means of the asyn-

chronous system SAS, on said image IMG_M with associated metadata, generating as out-15

put setpoints CONS that are sent to the synchronous data-processing system SSY, namely 

at least one image-acquisition setpoint CONS (for example exposure and/or gain and/or 

position or path) determined based on the image IMG_M with associated metadata, i.e. 

based on said acquired image IMG and on the time-stamped adjustment data of the image-

acquiring system SA associated with said image IMG acquired in frame N, and here addi-20

tionally a lighting setpoint CONS that is also determined based on the image IMG_M with 

associated metadata, the setpoints especially being determined based on the image and on 

the datum/data associated therewith by means of the metadatum;

- in the following or subsequent frame N+1, performs synchronous processing, by means 

of said synchronous system SSY, on the input data of the synchronous processing opera-25

tion, these here comprising said two setpoints CONS, and generating as output, based on at 

least some of said setpoints, new adjustment data PIL of the image-acquiring system SA, 

these adjusting said image-acquiring system with a view to acquisition of a new image. 

Thus, the adjustment data PIL used for a subsequent acquisition (as soon as possible, the 

delay depending on the design of the device, as explained below) are determined depend-30

ing on the acquisition configurations applied during acquisition of the preceding image. 

There is no need to wait for a delay equal to a number of images to have passed to be sure 

that a configuration is applied, since configuration data are associated with an image by 

adding a metadatum to said image, the metadatum comprising adjustment data PIL, the 

link between the image and the adjustment data PIL of the metadatum corresponding to 35

said image being generated by virtue of the time-stamping process. 

Part of the metadatum may already exist and be inherent to the image-acquiring system 

SA, this part of the metadatum possibly being a datum different from the mentioned adjust-

ment data PIL, for example the serial number of the camera SA1 or an indicator of the con-

dition or health of the image sensor SA1; in this case, this metadatum is integrated directly 40

into the image IMG acquired by the acquiring system, depending on the image sensor SA1. 
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To perform the time-stamping process, the synchronous system SSY includes a synchro-

nous time-stamping means and the synchronous system SSY triggers the image sensor SA1 

- thus the synchronous system SSY knows the moment of exposure and the exposure time 

exactly. Alternatively, the image sensor SA1 triggers itself and sends a synchronization sig-

nal to the synchronous system. Triggering may or may not occur at set intervals when the 5

synchronous system SSY generates the trigger, but preferably occurs at set intervals in the 

case where the image sensor SA1 triggers itself. 

In the embodiment described here, the synchronous system SSY sends the configuration 

parameters, these also being called adjustment data, of the image-acquiring system SA to 

the (or the more than one) camera(s) SA1, and keeps a record in memory of these parame-10

ters for each acquired image. Preferably, the memory used here is volatile (i.e. a random-

access memory or RAM), storage being short-term, the stored data especially expiring after 

a time equivalent to a few frames.

Likewise, the synchronous system SSY adjusts the lighting system SE and keeps a record 

in memory of these adjustment data for each acquired image, and especially of the light in-15

tensity at the moment of exposure of the (each) camera SA1. Likewise, preferably the 

memory used here is a volatile RAM, storage being short-term, the stored data especially 

expiring after a time equivalent to a few frames.

Advantageously, the synchronous system SSY adjusts the motorized mechanism SA4 of 

the image sensor SA1 so as to place it at the expected position at the moment required ac-20

cording to the path setpoint CONS delivered and computed by the asynchronous system 

SAS.

The synchronous system SSY may especially record in memory the following adjustment 

data PIL for each frame:

- exposure and/or gain of the acquiring system SA1;25

- light intensity during exposure of the lighting system SE;

- position (x,y,z or tip/tilt/focus) of the motorized mechanism SA4, its speed at the time of 

the shot.

Advantageously, the synchronous system SSY may trigger the high-resolution camera of 

the image sensor SA1 only when its motorized mechanism SA4 has positioned it on the 30

path CONS, i.e. when it has reached the path, so that only relevant images are acquired by 

the high-resolution camera.

The synchronous system SSY associates all the adjustment data PIL with the correspond-

ing image by adding a metadatum, potentially a metadatum already included in said image, 

and does so for each image of the acquired image stream, so that synchronization can no 35

longer be lost.

Thus, the asynchronous system SAS receives the acquired images IMG with associated

metadatum containing the adjustment data PIL of the acquisition system SA specific to the 

moment of acquisition of said image.

The asynchronous system SAS may then process the received data under no real-time con-40

straints:

- the intensity analysis is executed by the AGC algorithm, especially on a region of interest 
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(ROI) such as the portion of the image containing the face of the user. The result generated 

as output from the AGC algorithm is a new set of adjustment setpoints CONS from which 

will be derived a set of new adjustment data PIL (at the time of application, which is cho-

sen by the synchronous system SSY), especially taking the form of configuration parame-

ters of the image sensor SA1 (such as a new exposure time and/or gain) and of the lighting 5

system SE;

- detection of the eyes is executed by an eye-detection algorithm based on a plurality of, 

and preferably at least two, consecutive images, preferably the most recent images, and 

generates as output a local tracking path setpoint CONS for the motorized mechanism SA4 

of the image sensor SA1.10

As soon as these setpoints CONS have been generated, they are transmitted by the asyn-

chronous system SAS to the synchronous system SSY.

Two alternative examples of physical embodiments of system architectures will be de-

scribed here:

either the coprocessor is able to receive the acquired images IMG directly, the coprocessor 15

then associating adjustment data PIL taking the form of a metadatum with each image and 

transmitting to the processor said images IMG_M with associated metadatum;

or the coprocessor is not able to receive the acquired images IMG, especially as a result of 

limitations due to its architecture, the acquired images IMG then being transmitted by the 

acquiring system SA to the processor directly. In this case, the association between the new 20

acquired image and the adjustment data PIL of the metadatum may be achieved by means 

of the processor using the timestamp recorded by the processor at the moment when the 

acquired image IMG reaches the processor. Specifically, even with a non-real-time proces-

sor, also called a platform, a very high priority may be attributed to the task of recording 

the timestamp, so that the timestamp is recorded as soon as the image IMG acquired by the 25

processor is received; the timestamp is then saved via a very short, high-priority task on 

receipt of a call-back interrupt, this interrupt serving to notify the processor that the image 

has been copied to memory and is available for processing. 

The first embodiment, in which the coprocessor receives the acquired images IMG and re-

transmits them, is illustrated in Figure 2. 30

By processor and coprocessor here no indication is given as to the dependence of one on 

the other, these two terms merely being used for differentiation purposes. In the embodi-

ment illustrated in this figure the synchronous system SSY is a real-time processor 

PROC_TR, also called the coprocessor, and the asynchronous system SAS is a non-real-

time processor PROC_NTR, also called the processor here. In this embodiment, the real-35

time coprocessor PROC_TR comprises the associating means. 

All the steps of the synchronous system SSY are in this first embodiment performed by the 

real-time processor, the latter receiving adjustment CONS, and:

- in an adjusting step E_PIL, it PROC_TR generates adjustment data PIL in accordance 

with the setpoints CONS and synchronously adjusts the acquiring system SA (image sensor 40

SA1 and motorized mechanism SA4) and the lighting system SE according to the setpoints 

by applying thereto adjustment data PIL in accordance with the setpoints CONS, an image 
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IMG then being acquired by the acquiring system SA and transmitted to the real-time pro-

cessor PROC_TR;

- then, in a step E_HOR, the real-time processor PROC_TR creates a table of time-stamped 

adjustment data for the acquired image IMG received;

- and, in step E_ASS, the real-time processor PROC_TR adds the time-stamped data in the 5

form of metadata to said image IMG, thus generating the image IMG_M with associated 

metadata.

All the steps of the asynchronous system SA have been framed with dashed lines and are, 

in this first embodiment, performed by the non-real-time processor PROC_NTR, the latter 

PROC_NTR receiving said image IMG_M with associated metadatum, and:10

- in a step E_TRA the non-real-time processor PROC_NTR processes the received datum, 

i.e. the image IMG_M with associated metadatum by analysing it, and more particularly by 

performing a statistical analysis of the intensity and/or position of the eyes in said image 

IMG_M with associated metadatum; and

- in step E_CON, determines new setpoint parameters CONS taking the form of parameters 15

regarding exposure and/or lighting and/or creation/update of the path of the eyes, with a 

view to the following image acquisition.

A second embodiment, in which the coprocessor PROC_TR does not receive the acquired 

images IMG, is illustrated in Figure 3, the images IMG being delivered directly to the non-

real-time processor PROC_NTR, thus:20

- as in the preceding embodiment, in an adjusting step E_PIL, it PROC_TR generates ad-

justment data PIL in accordance with the setpoints CONS and synchronously adjusts the 

acquiring system SA (image sensor SA1 and motorized mechanism SA4) and the lighting 

system SE according to the setpoints by applying thereto adjustment data PIL in accord-

ance with the setpoints CONS;25

- then, as in the preceding embodiment, in the step E_HOR, the real-time processor 

PROC_TR creates a table of time-stamped adjustment data for the acquired image IMG 

received.

In this second embodiment, the image IMG is then acquired by the acquiring system SA 

and transmitted to the non-real-time processor PROC_NTR, the non-real-time processor 30

PROC_NTR executing the steps framed with dashed lines, i.e.: steps of the synchronous 

system SSY (the associating step having been shown under the synchronous system SSY) 

and of the asynchronous system SAS, all the steps of the asynchronous system SAS being 

framed with dashed lines:

- in the step E_ASS the non-real-time processor PROC_NTR associates the image IMG 35

with the right metadata by virtue of the timestamp TS, thus generating the image IMG_M 

with associated metadatum;

- as in the preceding embodiment, in step E_TRA, the non-real-time processor 

PROC_NTR processes the received datum, i.e. the image IMG_M with associated metada-

tum by analysing it, and more particularly by performing a statistical analysis of the bright-40

ness and/or position of the eyes in said image IMG_M with associated metadatum; and

- in step E_CON, determines new setpoint parameters CONS taking the form of parameters 
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regarding exposure and/or lighting and/or creation/update of the path of the eyes, with a 

view to the following image acquisition.

For this second embodiment, two different alternatives are described here, thus:

- a first alternative consists in a physical counter shared between the real-time coprocessor 

PROC_TR and the non-real-time processor PROC_NTR, the timestamp TS then being sent 5

to both processors PROC_TR and PROC_NTR at the same time, the non-real-time proces-

sor PROC_NTR then asking the real-time coprocessor PROC_TR for the adjustment data 

corresponding to the received timestamp TS;

- a second alternative does not comprise a shared physical counter, but consists in a soft-

ware counter within the non-real-time processor PROC_NTR and another software coun-10

ter, independent of the first counter, within the real-time coprocessor PROC_TR, the 

timestamp TS of the acquired image IMG being associated with said acquired image by the 

non-real-time processor PROC_NTR. The non-real-time processor PROC_NTR must then 

know the offset between the two independent timestamps TS. This offset may be measured 

on receipt of the first image IMG, by comparing the timestamp TS of the non-real-time 15

processor PROC_NTR and timestamp TS of the real-time coprocessor PROC_TR, which 

is recorded in the form of a metadatum in said first image. Specifically, it is possible for 

there to be an offset between the two timestamps TS, especially a drift with time, and this 

mode of determination allows, on the first image acquisition after the device is turned on, 

this offset to be determined so that it may be known for the entire series of acquisitions, it 20

preferably being considered to remain constant throughout each working session. Further-

more, this drift may be compensated for by applying a filter so as to continuously adapt the 

offset based on the latest measured offsets.

Figure 4 illustrates an image-processing device according to the invention, and more par-

ticularly according to the first alternative of the second embodiment, and comprising the 25

following components:

- a non-real-time processor PROC_NTR, here a main processor, running an operating sys-

tem not designed for real-time processing, for example an ARM Cortex A53 running 

Linux;

- a real-time coprocessor PROC_TR running an operating system designed for real-time 30

data processing, for example a Cortex M7 + FreeRTOS;

- a common time-stamping counter shared between the non-real-time processor 

PROC_NTR and the real-time coprocessor PROC_TR;

- a communication channel between the non-real-time processor PROC_NTR and the real-

time coprocessor PROC_TR;35

- a communication channel between the real-time coprocessor PROC_TR and the image-

acquiring system SA.

The coprocessor PROC_TR is connected directly to the image sensor of the image-acquir-

ing system SA and to the lighting system SE, and more precisely to the light-emitting di-

odes (LEDs) of the lighting system SE. 40

The coprocessor PROC_TR controls:

- the exact moment at which the image-acquiring system is triggered (thus the exact time at 
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which the image is acquired/captured); 

- the exact time at which the adjustment data PIL (for example exposure and gain) are ap-

plied, and potentially their duration of application;

- the exact time at which the intensities of the LEDs of the lighting system SE are updated, 

potentially on each frame.5

In this example, an IMX8MPLUS chip is used and inside the chip there is: a main non-

real-time processor PROC_NTR: an A53, and a real-time coprocessor PROC_TR: a Cortex 

M7, and the single physical clock, or counter, HW_TS is inside the chip, and shared be-

cause it is accessible both to the A53 processor PROC_NTR and to the M7 coprocessor 

PROC_TR.10

Figure 5 partially illustrates operation of this architecture; for the sake of clarity, all the 

steps have not been shown; components or steps executed by the non-real-time processor 

PROC_NTR have been framed with dashed lines and components or steps executed by the 

real-time processor PROC_TR have been framed with solid lines and physical components 

have been represented by hatched regions. 15

The component BIO initializes, then will subsequently halt, by means of initialization and 

stop signals, the program P_SA used to adjust the camera of the image-acquiring system -

the program P_SA communicates setpoints to P_I2C of M7. The program P_I2C com-

municates with the image sensor of the image-acquiring system SA, especially by means of 

an I2C protocol. Next, the first acquired image IMG, and more generally the stream of im-20

ages IMG, transits through the receiving component MIPI before being sent to the non-

real-time processor PROC_NTR, and in parallel, the real-time coprocessor PROC_TR 

samples, i.e. retrieves the current value of, the shared counter HW_TS at the moment when 

the image is acquired, then the processor PROC_NTR samples the shared counter HW_TS 

a short time later, as soon as it receives the image, via the call-back interrupt, and it is thus 25

that the timestamp corresponding to the moment of acquisition of said image and of its re-

ceipt is attributed, which timestamp the processor records in a local memory in the form of 

a table TAB, which especially contains, for an infrared sensor of the acquiring system, the 

adjustment data, or configuration parameters, at the moment of acquisition of each image 

IMG: timestamp TS of the moment of acquisition of said image, exposure time of said im-30

age IMG, gain of said image IMG, pulse width modulation of the infrared light source at 

the moment of acquisition of said image IMG, and for an red-green-blue (RGB) light sen-

sor of the acquiring system, the adjustment data, or configuration parameters, at the mo-

ment of acquisition of each image IMG: timestamp TS of the moment of acquisition of 

said image IMG, exposure time of said image IMG, gain of said image IMG, pulse width 35

modulation of the white light source at the moment of acquisition of said image IMG, this 

table TAB of the M7 real-time coprocessor PROC_TR thus providing the data required by 

the associating step E_ASS executed by the non-real-time processor PROC_NTR, which 

may then synchronize the received image IMG acquired at the time TS with the adjustment 

data applied at said timestamped time TS by adding metadata to the IMG, thereby creating 40

the image IMG_M with associated metadata. For each image and for each image sensor, 

the associated metadata are then here: exposure time, gain, the pulse width modulation of 



14

the infrared light source, the pulse width modulation of the white light source, and the dis-

tance to the object captured in the image (determined by 3D analysis and/or on the basis of 

interpupillary distance, inter alia).  

The non-real-time processor PROC_NTR then, in step E_TRA, processes this image 

IMG_M (or a plurality of images, such as the last two) with associated metadatum, using 5

the AGC algorithm.

Next, the processor PROC_NTR sends, to the coprocessor PROC_TR, setpoints CONS for 

the future acquisition, especially comprising: exposure time, gain, the pulse width modula-

tion of the infrared light source, and the pulse width modulation of the white light source. 

As a variant, the setpoints CONS may consist in the same parameters (exposure, gain) for a 10

future even acquisition frame and for a future odd acquisition frame.

Next, in step E_PIL, future triggering of the sensors of the acquiring system SA and of an 

LED light source of the lighting system SE is controlled by the coprocessor PROC_TR de-

pending on the new synchronized adjustment data PIL, these data here being the same as 

the setpoints CONS and not requiring additional processing. In parallel, the coprocessor 15

PROC_TR records these new data with their timestamp of the clock HW_TS in the local 

memory of the coprocessor PROC_TR as explained above. 

Next, the process continues iteratively. 

For each captured image (image frame number N), the coprocessor PROC_TR executes 

the following steps:20

1- configuring the gain and exposure of each sensor, taking into consideration the exact 

delay required by the sensor to apply the new set of adjustment data exactly to frame num-

ber N;

2- adjusting the LEDs of the lighting system SE according to the adjustment datum PIL 

corresponding to the required intensity exactly throughout the acquisition time of frame 25

number N, the moment of acquisition of the latter being known exactly. In the case of an 

infrared LED source (light not visible), the source is turned off when the exposure time 

ends, and in the case of a white light source, the latter may continue to emit so as to pre-

vent any discomfort from being felt as a result of an abruptly varying light level;

3- recording in memory, preferably local memory, the following data in a table:30

- timestamp TS, i.e. the timestamped value of the clock (counter) time at the moment of 

acquisition of the image of frame number N;

- the adjustment data (gain, exposure) applied at the moment of acquisition of frame num-

ber N;

- the intensities of the (infrared and/or white) LEDs;35

4- triggering (signal transmission) the acquiring system SA with a view to capturing the 

next image: image frame number N+1. 

The timing diagram of Figure 6 illustrates in its various rows the distribution over time of 

the signals:

- SA_t: camera of the acquiring system SA triggered;40

- COMM1_t:  message (setpoint CONS) communicated from the processor PROC_NTR to 

the coprocessor PROC_TR;
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- COMM2_t:  message (adjustment data PIL) communicated from the processor 

PROC_NTR to the acquiring system SA;

- SE_t: light intensity generated by the lighting system SE;

- Exp_t: acquiring system SA exposed;

- IMG_t: image IMG received by the processor PROC_NTR;5

- HW_TS_t: time stamp by the clock (counter).

Thus, in first five rows are reproduced the Dirac functions present in row Sa_t that repre-

sent the frame transitions of the acquiring system SA.

In row COMM1_t, the hatched region represents the permitted time range of message re-

ceipt specific to frame number N and the thick vertical line represents the moment at which 10

the message containing the gain and exposure, and the intensity of the LEDs to be applied, 

i.e. CONS, is sent, from which line two dotted arrows point, one designating the resulting 

transmission of the adjustment data PIL (represented by a thick vertical line in row 

COMM2_t at the time corresponding to the end of the hatched region because, to be taken 

into account, COMM1_t must absolutely arrive at the very latest at the start of COMM2_t, 15

and especially in the same frame) and the other designating, in the row Se_t application of 

the new light-intensity adjustment data by the lighting system SE, knowing that the delay 

before application of a new configuration is here set and known (length of two frames) and 

hence that the new intensity and new exposure (arrow pointing from the thick vertical line 

in row COMM2_t) will be applied two frames later: during frame N. 20

In row Se_t, box N illustrates the time range during which the new intensity will be ap-

plied, and in row Exp_t for each frame is shown one time range N-2, N-1, N representing 

the period of exposure specific to each frame and one time range O_N-2,O_N-1,O_N rep-

resenting the period of transfer of the image to the coprocessor PROC_NTR.

It may be seen here that it is the command COMM2_t that is sent to the acquiring system 25

SA and that will be taken into account for frame N, because the acquiring system SA does 

not receive COMM1_t directly, whereas the lighting system SE is adjusted directly by 

PROC_TR, and hence the command concerning it is that received in COMM1_t directly.

In row IMG_t, the vertical line illustrates transmission of the interrupt signal allowing re-

ceipt of image n by the processor PROC_NTR.30

In row HT_TS_t, a vertical arrow pointing from the transmission of the adjustment data 

PIL, which is represented by a thick vertical line in row COMM2_t, designates a first verti-

cal line corresponding to the timestamp generated by the coprocessor PROC_TR. A second 

vertical line is designated by a vertical arrow pointing downward from the interrupt signal 

and corresponding to the timestamp generated by the processor PROC_NTR at the moment 35

of receipt of image n by the processor PROC_NTR, and knowledge of these two frames 

allows the image N to be associated with the configuration parameters specific to the ad-

justment of the acquiring system SA and lighting system SE at the time of acquisition of 

image N. The length of time Δ between the two timestamps is constant, known and defined 

by the design of the image-acquiring device.40

Thus, when the acquired image is received by the processor PROC_NTR, the time incre-

ment of the clock (physical counter) is read and associated with the acquired image. These 
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two pieces of information are transmitted to the AGC algorithm executed on the processor 

PROC_NTR, then the algorithm sends a message to the coprocessor PROC_TR with a 

view to obtaining the data table. By referring to the column of the table containing the 

timestamp, the AGC algorithm can associate the acquired image with the configuration pa-

rameters defined by the adjustment data PIL applied to the sensor at the moment of acqui-5

sition of the image. There are thus no real-time constraints on the AGC algorithm - even if 

the software moves on and CPU load increases, the AGC is still able to remain functional 

and avoid the risk of error. As the objective of the AGC is to change the parameters of ex-

posure and/or gain and/or LED intensity depending on the preceding images with a view to 

optimizing the image, given the latency (for example 2 or 3 frames) between an analysed 10

image and the next image that will take into account the new setpoints CONS, there is no 

point in changing the parameters of intermediate images, nevertheless it is possible for the 

AGC to change exposure and/or gain and/or LED intensity for each frame in two cases in 

which it is advantageous:

- implementation of two AGCs operating in parallel, one processing even frames, the other 15

odd frames, the two AGC algorithms being completely independent and making possible 

adaptation of the shot taken by the acquiring system SA to two different types of objects. 

For example, one AGC optimized to detect and read Quick Response or QR codes, espe-

cially QR codes that are printed or displayed on a screen, and that allow access to be 

granted to buildings or information, and another optimized to detect a user’s face, this thus 20

allowing two virtual cameras to be created artificially while employing only a single physi-

cal camera: for example, one ACG takes a bright photo and the other a dark photo through 

adjustment of exposure time (preferably, the bright photo is intended for facial acquisition 

and the darker one for acquisition of QR codes because QR codes are usually lighter);  

- implementation of an exposure-scan AGC strategy whereby the parameters of expo-25

sure/gain/LED intensity may be changed for each frame, especially until a face is “se-

cured”, for example by increasing exposure, so as to detect the face or another object what-

ever the light level, from complete darkness to full sun. This type of AGC algorithm allows 

a face to be detected even under very difficult conditions, for example when very brightly 

backlit, or when a small face is framed by a very dark background. 30

  Figure 7 illustrates one example of an image-processing device according to the inven-

tion, and more particularly according to the second alternative of the second embodiment, 

its architecture comprising:

a processor PROC_NTR on which is executed the main application and the image pro-

cessing, this processor being orchestrated by a non-real-time (Linux) operating system;35

a “context-capturing camera” system SA1 allowing the user to be located in 3D space, for 

example via a stereo-vision system (or equivalently a time-of-flight camera, or a struc-

tured-light 3D vision system) and here comprising two cameras, the image stream thus 

generated is referenced ENV;

a high-resolution iris-recognition camera system SA2 generating a stream of iris images 40

IMG;

a system SA3 for focusing the iris-recognition camera allowing the position of the focal 
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plan of this camera to be modified;

a motorized mechanism SA4 for adjusting line of sight, here making panoramic/inclination 

adjustments, i.e. what is also called a pan/tilt motor, allowing the iris-recognition camera to 

be directed in any X/Y direction of the capture volume with a view to targeting the eyes of 

the user;5

a lighting system SE or illuminator allowing the irises to be illuminated during the shot; 

and

a real-time processor PROC_TR.

The processor PROC_TR, here also called the coprocessor, is responsible for real-time 

tasks and, in this respect, sends adjustment data PIL (especially based on the received set-10

points CONS), thus:

- it triggers capture of the images of the context-capturing cameras SA1 at regular intervals 

(for example at a frequency of 15 Hz)

- it adjusts the movements of the pan/tilt motors SA4 (for example with servo-control of 

position and/or speed)15

- it adjusts the movements of the focus motor of the system SA3 for focusing the iris-

recognition camera

- it triggers image capture by the iris-recognition camera SA2 at the correct time

- it activates the illuminator SE to achieve iris illumination synchronously with the shot.

The processor PROC_NTR, here the main processor, receives a stream of context images. 20

In these images it detects the presence of a potential face and in this case it locates in 3 di-

mensions the eyes of the individual in the field of view of the “context-capturing camera” 

system SA1 of the device. 

On the basis of these three-dimensional coordinates, the main processor PROC_NTR esti-

mates the path of the eyes, then sends the description of this path to the coprocessor.25

The coprocessor PROC_TR servo-controls the position and speed of the pan/tilt motors 

SA4 so as to reach as quickly as possible the setpoint path CONS that was sent thereto by 

the main processor PROC_NTR.

When the pan/tilt motors SA4 have “secured” the ideal path, the coprocessor PROC_TR 

triggers iris image capture periodically.30

The more often the coprocessor PROC_TR receives path updates, the closer it will ap-

proach to the actual path of the eyes.

The advantage of the illustrated synchronization mechanism detailed with reference to Fig-

ure 8 is that transmission of commands by the main processor PROC_NTR is not subject 

to real-time constraints, this allowing a multi-task non-real-time operating system to be 35

used.

For example, the estimated path of the eyes becomes a command for adjusting the motors, 

but it is also possible for, between the path estimation and the command of the motors, 

there to be an additional filtering step or the like and for the two pieces of information to 

not necessarily be identical.40

Real-time synchronization is ensured in the following way:

- the coprocessor PROC_TR triggers image capture by the two context-capturing cameras 
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SA1. Each time it increments its software frame counter SW_FC, and stores locally espe-

cially the following pair of data: Tlast = current frame-counter value and TSlast = 

timestamp TS of the trigger signal DECL;

- each context-capturing camera SA1 generates, as output, one and only one image for each 

trigger signal DECL, said context-capturing cameras SA1 being configured to operate in 5

slave mode;

- each context-capturing camera SA1 possesses a hardware counter HW_TS allowing each 

image to be time stamped with a timestamp TS;

- this timestamp TS is associated with each image by way of metadatum by each context-

capturing camera SA1, thus transmitting the images IMG_M with their associated 10

metadata to the main processor PROC_NTR;

- the main processor PROC_NTR possesses one image software counter SW_FC1, 

SW_FC2 for context-capturing camera SA1.

Initialization happens in the following way:

- the streams from the context-capturing cameras SA1 are initially stopped, and the copro-15

cessor PROC_TR does not generate any trigger signals DECL;

- the main processor PROC_NTR asks the coprocessor PROC_TR to set its frame software 

counter SW_FC to 0;

- the main processor sets its own counters to zero;

- the main processor PROC_NTR sends a command to the coprocessor PROC_TR with a 20

view to initiating generation of the trigger signal DECL triggering the images with a set 

period T (in seconds, for example 1/15 s);

- when the first image IMG_M of each context stream is delivered to the main processor 

PROC_NTR, the latter stores the timestamp TS contained in the image IMG_M and it as-

sociates image number 0 with this first image IMG_M, by way of new additional metada-25

tum.

Starting with the second image and for each following image received by the main proces-

sor PROC_NTR:

- the main processor PROC_NTR retrieves the timestamp TS of the image IMG_M, and 

computes p = result of rounding ((TS - TS of the preceding image) / T), and this pairwise 30

(last two images) timestamp comparison with a view to numbering the images thus makes 

the process insensitive to drift and to loss of one or more images (poor transmission, trans-

mission error);

- it increments its frame counter SW_FC1, SW_FC2 associated with the camera SA1 from 

which the image IMG_M of value p came.35

The advantage of the method is that, in case of high load on the processor PROC_NTR, 

which would potentially result in loss of images IMG_M, by virtue of the timestamp TS 

contained in the images IMG_M, the synchronization of the frame counters SW_FC1, 

SW_FC2 is not lost.

The synchronization is therefore never called into question, whatever the load on the main 40

processor PROC_NTR.
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The same synchronization is also applied in the case where more than two context-captur-

ing cameras SA1 are used, it then sufficing to duplicate the counters HW_TS and SW_FC.

With reference to Figure 9, it should be noted that the principle does not change in the case 

where 2 (or more) context-capturing cameras SA1 are multiplexed. The multiplexer MULT 

(for example an MIPI CSI multiplexer) here triggers image capture by both context-captur-5

ing cameras SA1 at the same time, on receipt of a trigger signal DECL (comparable to an 

adjustment datum PIL) by the coprocessor PROC_TR.

In this case it is the multiplexer MULT that inserts the timestamp TS into the metadata of 

the images IMG_M.

The nub of the invention resides in use of a real-time processor PROC_TR to accurately 10

keep an association between the captured, i.e. acquired, image IMG, EV and the adjust-

ment data PIL, i.e. the acquisition parameters, i.e. the parameters of capture, of this image, 

i.e. parameters such as the configuration parameters of the sensors, illuminance, the me-

chanical positions and speeds of the motors directing the cameras, etc., at the time at which 

acquisition/capture of said image is triggered. The complexity of the system may be rela-15

tively high or low (for example it may or may not comprise a lighting system, or a motor-

ized camera-pointing mechanism) and likewise the number of data in question may be rela-

tively high or low, these data for example being the exposure time/gain and the illumi-

nance, or for example only path-management positioning data, or even a mixture of all or 

some of these data to which other data may be added as required and depending on the ap-20

plication.
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Claims
[Claim 1] Image-processing device (1) comprising:

- an image-acquiring system (SA);

- a synchronous data-processing system (SSY) that receives at least two setpoints 

(CONS) including at least one image-acquisition setpoint, and that determines, 5

depending on at least some of said setpoints, adjustment data (PIL) of the image-

acquiring system, said synchronous system comprising a synchronous time-

stamping means (HW_TS, SW_FC) that time stamps, at the moment of 

acquisition of the image, at least one of the adjustment data of the image-

acquiring system;10

- a means for associating the time-stamped at least one of the adjustment data of 

the image-acquiring system with said image (IMG) acquired at the moment of 

acquisition of the image by adding metadata to said acquired image;

- an asynchronous system (SAS) for processing said acquired image (IMG_M) 

with associated metadata, said asynchronous data-processing system (SAS) 15

generating and sending to the synchronous data-processing system (SSY) the at 

least two setpoints (CONS), at least the image-acquisition setpoint of which is 

determined based on at least one of the acquired images (IMG_M) with 

associated metadata and especially on the time-stamped at least one of the 

adjustment data (PIL) of the image-acquiring system associated with said at least 20

one acquired image (IMG). 

[Claim 2] Image-processing device (1) according to the preceding claim, characterized in 

that it comprises another system (SE), different from the image-acquiring system 

(SA), and at least one of the two setpoints (CONS) is a setpoint intended for the 

other system (SE), the synchronous data-processing system (SSY) determining, 25

depending on at least some of said setpoints (CONS), adjustment data (PIL) of 

the other system (SE), said synchronous time-stamping means (HW_TS, 

SW_FC) time stamping, at the moment of acquisition of the image (IMG), at 

least one of the adjustment data (PIL) of the other system (SE);

- the associating means associating at least one of the time-stamped adjustment 30

data of the other system (SE) with said image acquired at the moment of 

acquisition of the image, by adding metadata to said acquired image;

- the asynchronous system (SAS) for processing said acquired image (IMG_M) 

with associated metadata generating and sending to the synchronous data-

processing system the at least two setpoints (CONS), the setpoint intended for 35

the other system (SE) being determined based on at least one of the acquired 

images and on the time-stamped at least one of the adjustment data of the other 

system and/or of the image-acquiring system associated with said at least one 

acquired image.
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[Claim 3] Image-processing device (1) according to the preceding claim, characterized in 

that the other system is a lighting system (SE) and the setpoint (CONS) intended 

for the other system is a lighting setpoint.

[Claim 4] Image-processing device (1) according to Claim 3, characterized in that the 

lighting system (SE) comprises a source of infrared radiation and in that the 5

lighting system (SE) or image-acquiring system (SA) comprises a sensor 

sensitive in the infrared.

[Claim 5] Image-processing device (1) according to any one of the preceding claims, 

characterized in that the image-acquiring system (SA) comprises at least one 

motorized mechanism for adjusting line of sight (SA4) and at least one image 10

sensor, the at least one image sensor preferably including an iris-recognition 

camera (SA2).

[Claim 6] Image-processing device (1) according to any one of the preceding claims, 

characterized in that the synchronous data-processing system (SSY) is a real-

time coprocessor (PROC_TR) and the asynchronous data-processing system 15

(SAS) is a non-real-time processor (PROC_NTR).

[Claim 7] Image-processing device (1) according to the preceding claim, characterized in 

that the real-time coprocessor (PROC_TR) receives the images acquired by the 

image-acquiring system (SA) and transmits them, each with the associated time-

stamped at least one of the adjustment data (PIL) of the image-acquiring system, 20

in the form of metadata added to each of said acquired images, to the non-real-

time processor (PROC_NTR), the real-time coprocessor (PROC_TR) comprising 

the associating means, the synchronous time-stamping means (HW_TS) 

especially being a software counter of the real-time coprocessor (PROC_TR).

[Claim 8] Image-processing device (1) according to Claim 6, characterized in that the non-25

real-time processor (PROC_NTR) receives the images (IMG) acquired by the 

image-acquiring system, the synchronous time-stamping means (HW_TS, 

SW_FC) especially comprising:

- a physical counter (HW_TS) shared between the real-time coprocessor 

(PROC_TR) and the non-real-time processor (PROC_NTR);30

or

- a software counter (SW_FC) within the non-real-time processor (PROC_NTR) 

and a software counter (SW_FC) within the real-time coprocessor 

(PROC_NTR), the timestamp of the acquired image being associated with said 

acquired image by the non-real-time processor (PROC_NTR).35

[Claim 9] Biometric system comprising an image-processing device (1) according to any 

one of the preceding claims, the acquired image (IMG) being an image of a face 

and/or iris.

[Claim 10] Image-processing method comprising steps of:
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- acquiring an image (IMG);

- performing synchronous time stamping (E_HOR) to time stamp, at the moment 

of acquisition of the image, at least one adjustment datum (PIL) of an image-

acquiring system (SA);

- associating (E_ASS) the at least one time-stamped adjustment datum of the 5

image-acquiring system with said image acquired at the moment of acquisition 

of the image by adding a metadatum to said acquired image;

- performing asynchronous processing (E_TRA) on said image (IMG_M) with 

associated metadatum to generate as output at least two setpoints (CONS), 

including at least one image-acquisition setpoint, which is determined based on 10

the acquired image and on the time-stamped at least one adjustment datum of the 

image-acquiring system associated with said acquired image;

- performing synchronous data processing (E_PIL), input data of the 

synchronous processing comprising the at least two setpoints including the 

image-acquisition setpoint, and generating as output, based on at least some of 15

said setpoints (CONS), new adjustment data (PIL) of the image-acquiring system 

(SA) that adjust said image-acquiring system with a view to acquisition of a new 

image (IMG). 

[Claim 11] Image-processing method according to the preceding claim, characterized in that:

- one of the two setpoints (CONS) is a lighting setpoint comprising a light-20

intensity setpoint, which especially comprises an infrared-lighting setpoint; and 

in that:

- the synchronous data processing (E_PIL) generates as output, based on at least 

some of said setpoints, adjustment data (PIL) of the lighting system, to adjust 

said lighting system (SE).25

[Claim 12] Image-processing method according to either one of Claims 10 and 11, 

characterized in that the image-acquisition setpoint (CONS) comprises an 

estimated path of an object present in an optical field of image acquisition, the 

object especially being a biometric characteristic of an individual such as an iris 

and/or a face.30

[Claim 13] Image-processing method according to the preceding claim, characterized in that 

the adjustment data (PIL) of the image-acquiring system (SA) are determined so 

as to follow said estimated path of the object.

[Claim 14] Image-processing method according to any one of Claims 10 to 13, characterized 

in that, in the step of performing synchronous data processing (E_PIL), a table 35

(TAB) containing the time-stamped adjustment data (PIL) of at least a last 

acquired image (IMG) is created.

[Claim 15] Image-processing method according to any one of Claims 10 to 14, characterized 

in that the step of performing asynchronous processing (E_TRA) comprises 
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executing an algorithm that is different from one frame to the following frame, 

and especially one algorithm for even frames and another algorithm for odd 

frames.




