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Improving Image Quality by Camera Signal Adaptation to Lighting
Conditions

Mihai Negru and Sergiu Nedevschi
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Abstract—The quality of images in real time vision tends to be
of extreme importance. Without high quality images processing
of the outside world can introduce extreme errors. Image quality
is dependent on many environmental factors, such as weather and
lighting conditions (sun, rain, snow, fog, mist), entering and going
out of tunnels, shadows, cars headlights. This paper presents a
new approach for adapting the camera response with respect
to the environment’s lighting conditions. For this we model a
digital camera’s response as a function of its parameters. The
obtained mathematical model is vital for adapting the cameras
to the environment’s lighting conditions. The most widely used
camera parameters are the exposure time and amplification gain.
By adjusting these parameters the image acquisition system can
be less dependent on the environment’s lighting conditions and
can provide better quality images for further processing.

Keywords: camera model, radiometric calibration, camera

adaptation, lighting conditions, stereo vision

I. INTRODUCTION

In real world applications, when the processed environment

is rapidly changing it is very hard to obtain high quality

images. In order to improve the quality of the obtained images

we must modify some of the camera parameters (amplification

gain, exposure time, focus). In real time systems, the focal

distance and the camera aperture are chosen in accordance

to the domain of applications and are kept constant. Since

the environment is not a static one, we need to develop a

method of adapting the camera signal to the outside lighting

conditions, i.e. we must model the response of the digital

camera. This response must be a function of the camera

parameters and it can be modeled by a mathematical function

that relates the observed intensity (I) of a pixel to the intensity

of light (q) falling on the corresponding sensor, the current

exposure time (e) and the current gain (g) settings. Thus, a

camera model is a function of the type presented in equation

1. By adjusting these parameters in real time, the acquisition

system becomes less dependent on the lighting conditions.

I = f(q, e, g) (1)

In [1] we have modeled two mathematical camera response

functions: the ”linear camera model” and the ”square gain

camera model”. We have also proved that the square gain

camera model is more accurate than the linear one and that it

can be used to estimate the camera response with minimum

errors. In order to adapt the cameras to the outside lighting

conditions we have developed an algorithm that tries to model

the human visual system. The human eye has the ability to

adapt to light intensities in a wide dynamic range, making

people perceive information in almost any lighting conditions.

Our algorithm is designed to use only one metric, namely

image brightness or average intensity of an image.

A. Related Work

The output of an imaging system is a brightness (or in-

tensity) image. An image acquired by a camera consists of

measured intensity values which are related to scene radiance

by a function called the camera response function. Knowledge

of this response is necessary for computer vision algorithms

which depend on scene radiance. Brightness values of pixels

in an image are related to image irradiance by a non-linear

function, called the radiometric response function [2].

Several investigators have described methods for recovery

of the radiometric response from multiple exposures of the

same scene. The radiometric response function comes from

the correspondence of gray-levels between images of the same

static scene taken at different exposures.

In [3], Mitsunaga and Nayar approximated the function

by a low degree polynomial. They were then able to obtain

the coefficients of the polynomial and the exposure ratios,

from rough estimates of those ratios, by alternating between

recovering the response and the exposure ratios. At a sin-

gle point in the image, an intensity value is related to the

scene radiance by a nonlinear function. This camera response

function is assumed to be the same for each point in the

image. Moreover this function is monotonically increasing [4].

Nonparametric estimation of the function is performed in [5],

where the estimation process is constrained by assuming the

smoothness of the response function. Grossberg and Nayar [6]

estimated the parameters by projecting the response function to

a low dimensional space of response functions obtained from

a database of real world response functions. Using this model

they estimate the camera response from images of an arbitrary

scene taken using different exposures. In [7], a method to

estimate the radiometric response functions (of R, G and B

channels) of a color camera directly from the images of an

arbitrary scene taken under different illumination conditions

is presented. The illumination conditions are not assumed to

be known. The response function of a channel is modeled

as a gamma curve and is recovered by using a constrained

nonlinear minimization approach by exploiting the fact that

the material properties of the scene remain constant in all

the images. A unified framework for dealing with non-ideal

radiometric aspects, such as spatial non-uniformity, variations

due to automatic gain control (AGC), non linear response of

273978-1-4577-1481-8/11/$26.00 ©2011 IEEE



the sensor are presented in [8]. [9] and [10] present methods to

obtain high dynamic range images, from images of the same

scene captured using different exposures. They reconstruct

the original image from several images taken with different

exposures values and then interpolate them in order to obtain

a higher quality image. In [11] an algorithm for image quality

improvement by adaptive exposure correction techniques is

presented. Their approach is to analyze CCD/CMOS Bayer

data, identify relevant image features and adjust the exposure

level according to a camera response like function.

In consumer digital cameras, some of the primary tasks in

the image capture data path include automatic focus, automatic

exposure (AE) determination and auto-white balance (AWB).

The main objective of an automatic exposure system is to

compute the correct exposure necessary to record an accept-

able, good quality image in the camera [12]. The algorithm

that performs this analysis is a generalized color balancing, or

illumination adaptation. This illumination adaptation is done

gradually, after several frames have been acquired.

Advanced driving assistance systems based on cameras

are available on a wide category of vehicles. Theses sys-

tems are following different ways to handle different lighting

conditions. Some try avoid camera control at all but use a

higher bit depth and others are using a round robin process

with fixed camera control settings requiring several frames

in order to adapt the cameras to the environment’s lighting

condition. These long adaptation process is not good in real

traffic situations, when entering or leaving tunnels, going under

bridges, shadows from buildings or surrounding vehicle in

urban scenarios, etc. So a better approach is to try to obtain a

high quality image as fast as possible by acquiring only one

frame, perform the adaptation to lighting conditions, such that

next frame will be ready for further processing.

The quality of an image captured with a digital camera is

determined by many things: illumination conditions, lens and

camera parameters. The aim of this work is to build a robust

algorithm for adapting the cameras of a stereo system to the

outside lighting conditions. This algorithm should follow the

behavior of the human visual system, that is able to adapt

to lighting conditions in a very large spectrum. This large

variation is accomplished by changes in the overall sensitivity,

a phenomenon called brightness adaptation. At any situation

the visual system is adapted to a certain light intensity, which

is called the brightness-adaptation level, and is most sensitive

to intensities around that level, and totally insensitive to

intensities at some distance below it, which are all perceived

as black. Sensing much higher intensities will result in shifting

the adaptation level to a higher point. Hence, the visual system

is most sensitive to luminance changes around the adaptation

level.

We have investigated two types of digital cameras JAI A10

CL and JAI M4 CL. These two cameras have the ability to

use automatic exposure and automatic gain control in order

to control the quality of the acquired images. The problem is

that when using these two functions we require several frames

until the quality of the image is suitable for image processing.

The presented work is in the field of real time stereo vision,

so we need a fast method to adapt the camera signal to the

outside lighting conditions.

Our approach is to model the camera response as a function

of the two most important camera parameters: the amplifi-

cation gain and exposure time. Such a mathematical model

can be a described as a low degree polynomial. In order to

compute the parameters of this radiometric model we perform

a process called radiometric calibration. Thus, radiometric

calibration becomes the process of computing the values of

the parameters for this polynomial. During calibration the

illumination conditions are not known, but they are assumed

to be constant.

Our purpose is to build an accurate mathematical model

for estimating the camera response and to use this model in

order to perform real time adaptation of the camera signal

according to the environment’s lighting condition. This real

time algorithm is able to compute the necessary exposure and

gain values needed for acquiring the next frame, such that

the quality of the next acquired image is optimal for further

processing. The algorithm is based on one image metric, the

brightness of the image. Thus we need to acquire only one

image with the digital camera, to perform the adaptation to the

environment’s lighting conditions and the next frame acquired

will have an optimal quality for processing.

B. Paper Structure

Section II presents the Square gain camera model and how

this model can be used for adapting the cameras to the outside

lighting conditions. Section III describes the adaptation to

lighting conditions algorithm. The experimental results are

shown in section IV. Finally Section V presents the conclu-

sions of the paper and outlines some future work proposals.

II. SQUARE GAIN CAMERA MODEL

As we described in [1], the square gain camera model is a

second degree polynomial that relates the observed intensity I,

to the intensity of light (q), the current exposure time (e) and

the current gain (g). The formula of the squared gain model

is the following:

I(q, e, g) = e ∗ ((a ∗ q + m)g2 + q ∗ g + b ∗ q + n) + c (2)

The coefficients of the camera model, a, b, c, m and n, are

computed offline through a radiometric calibration procedure.

During calibration the illumination conditions are not known,

but they are assumed to be constant. This process is achieved

by placing the camera in a static environment (constant light

intensity and static scene) and taking a set of frames with

different exposure and gain values. Then, the camera model is

fitted, by performing a least squares methodology, to the set

of observed values.

Having this mathematical equation we can estimate the new

intensity of an image when an exposure and/or gain setting is

performed. First, we re-write the above equation factoring out

the unknown light intensity (q). Thus, we obtain the following:
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I = e ∗ (q ∗ ((a ∗ g + 1)g + b) + m ∗ g2 + n) + c (3)

We introduce two new functions LUT1(g) and LUT2(g).
⎧⎨
⎩

LUT1(g) = (a ∗ g + 1)g + b

LUT2(g) = m ∗ g2 + n
(4)

By replacing these functions in equation 3 we obtain:

I = e ∗ LUT1(g) ∗ q + e ∗ LUT2(g) + c (5)

If we know the current exposure and gain values (e1, g1),
the current image brightness (I1) and the next exposure and

gain values (e2, g2) we can estimate what the next image

brightness (I2) will be, taking into account that the light

intensity (q) is constant. In order to accomplish this, we

construct the following system of equations:

⎧⎨
⎩

I1 = e1 ∗ LUT1(g1) ∗ q + e1 ∗ LUT2(g1) + c

I2 = e2 ∗ LUT1(g2) ∗ q + e2 ∗ LUT2(g2) + c
(6)

Now we extract q from the first equation and we replace it

in the second equation.

q =
I1 − [e1 ∗ LUT2(g1) + c]

e1 ∗ LUT1(g1)
(7)

I2 =
e2 ∗ LUT1(g2)
e1 ∗ LUT1(g1)

∗ I1

− e2 ∗ LUT1(g2)[e1 ∗ LUT2(g1) + c]
e1 ∗ LUT1(g1)

(8)

+ e2 ∗ LUT2(g2) + c

We have obtained a formula that is able to estimate, with

minimum errors, the brightness of the next acquired image,

providing that the light intensity (q) does not change. By using

this formula we were able to design a robust algorithm for

adapting the cameras to the outside lighting conditions.

III. CAMERA ADAPTATION ALGORITHM

The algorithm for camera adaptation to lighting conditions

uses only one metric, namely image brightness. The image

brightness is computed as the average intensity level of the

pixels belonging in the region of interest used in the adap-

tation process. The algorithm must take into account some

constraints:

• reduce oscillations as much as possible

• if possible, exposure settings should be used more often

than gain settings, since high gain values introduce noise

in the images

Our current frame grabber is configured to use the pulse

width trigger mode. In this mode the trigger to acquire the

next image is equal (in time) to the value of the exposure

parameter, thus exposure settings are very fast. On the other

hand gain settings require several messages to be sent through

the serial communication channel on the camera link interface,

so they take longer.

Having these constraints in mind and knowing that the cost

of setting the exposure is lower then the cost of setting the

gain, the algorithm tries to adapt the cameras by using only

exposure. When this is no longer possible, or the exposure

has exceeded an admissible range, adjust the gain in such a

way as to obtain the desired intensity and, if possible, bring

the exposure back to the middle of the admissible range. By

using this strategy, a hysteresis is obtained, such that there is

no operating point at which slight changes in the luminosity

of the scene will cause repeated gain settings.

For simplicity reasons, we represent the exposure and gain

values as percentages. Using this approach and taking into

account the square gain camera model, we must try to find

suitable values for the gain and exposure such that the desired

brightness will be reached. The block diagram of the adap-

tation to lighting conditions algorithm is presented in figure

1.

The adaptation to lighting conditions algorithm starts by

computing the image histogram and the brightness of the input

image, called current brightness (CB). Because the algorithm

uses only one metric, the image brightness, we have to know

what the desired brightness (DB) of the image should be. If

the current brightness is lower than the desired brightness, we

must increase one or both of the camera parameters values in

order to reach the desired brightness; if the current brightness

is higher than the desired brightness, we must decrease the

values of the camera parameters and if the current brightness is

equal to the desired brightness then we do not need to change

the acquisition parameters so the algorithm stops.

The algorithm uses other two assumptions: high gain values

introduce a lot of noise in the image, making further process-

ing quite hard and introducing a lot of errors (especially stereo

reconstruction errors); while high exposure values increase the

acquisition time of the next image.

In the first case, the algorithm tries to use only the exposure

in order to reach the desired brightness, by increasing the

exposure up to a maximum exposure percent. If the exposure

reaches the maximum exposure percent, than the algorithm

will try to increase the gain until it reaches the maximum gain

percent. The algorithm stops whenever the current brightness

reaches the desired brightness. If the maximum exposure and

gain percents have been reached, but the current brightness

is still lower than the desired brightness, the algorithm will

further try to increase these values until they reach 100%;

In the second case, current brightness higher than desired

brightness, the algorithm will try to decrease the gain first until

it reaches a minimum gain value. If the desired brightness was

not met, the algorithm will try to decrease the exposure time

until it reaches the minimum exposure value. As presented in

the first case, if the desired brightness is still not reached, the

gain and exposure values will be decreased until they reach

0%.
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Fig. 1. The block diagram of the adaptation algorithm.

If both the gain and exposure time have reached their limits

(100% or 0%) and the desired brightness was not reached, the

algorithm stops by preserving these values. This means that

the algorithm was not able to find an (exposure, gain) pair such

that the acquired image is suitable for further processing, due

to several factors that are not related to the camera sistem:

very dark night with no lighting on the streets (100%) or the

sun is directly into the cameras (0%).

In order to reduce the oscillations, that can appear when the

algorithm performs in real time, we introduced an admissible

brightness range around the desired brightness, such that when

the current brightness is situated in this interval there are no

exposure and/or gain settings.

There are two approaches for finding a new exposure

and/or gain value. For example, when an exposure increase

is necessary for reaching the desired brightness, the algorithm

will try to find a suitable value for the exposure by using 1%

increments. When the desired brightness is above the predicted

brightness interval, the algorithm rewinds one step and, using

finer granularity (0.1%), it tries to find the point for which

the desired brightness is closest to the middle of the predicted

interval.

The second approach is to use a search problem. The idea

is to search along a line segment of constant gain, with limits

[E1, E2], the value of the exposure such that the desired

brightness is closest to the middle of the predicted intensity

range. For this we compute the distance (D1) between the

brightness we would obtain with exposure E1 and the desired

brightness, the distance (D2) between the brightness we

would obtain with exposure E2 and the desired brightness

and the distance (DM ) between the brightness we would

obtain with exposure EM and the desired brightness; where

EM = E1+E2
2 is the middle of the exposure interval. Figure

2 presents this searching methodology.

Fig. 2. Methodology for searching the desired brightness.

After computing these distances, the search for a new ex-

posure value is carried out recursively on the correct exposure

interval until the desired brightness is reached. If D1 < 0 and

DM > 0 or D1 > 0 and DM < 0 then the [E1, EM ] interval

is chosen, otherwise [EM, E2] is chosen.

The exposure decrease, gain increase and gain decrease

are computed using the same methodology. By using this

approach, the necessary exposure and/or gain values are found

much faster, thus decreasing the acquisition time between two

frames.

IV. EXPERIMENTAL RESULTS

In order to be able to adapt the cameras to the outside light-

ing conditions, we must first obtain the mathematical model of

the cameras. The process of estimating the camera response

functions is called radiometric calibration. This is achieved

by placing the camera in a static environment (constant light

intensity and static scene) and taking a set of frames with

different exposure and gain values. Then, the camera model

is fitted to the set of observed values such as to minimize

the error between the camera response and the intensity as

predicted by the mathematical model.

Radiometric calibration is performed only once, when the

system is set up and then the camera model is loaded every

time when the system is started.

We have evaluated the square gain camera model on two

types of digital stereo systems: one composed of two JAI A10

CL cameras and the other one with two JAI M4 CL cameras.

Table I presents the radiometric calibration results for each of

the two digital stereo systems. The left column in the table

represents the camera parameters for the square gain camera

model: a, b, c, m and n. The values presented in the table
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are the results obtained for each parameter, after radiometric

calibration, for each of the four digital sensors: left and right

camera of the first digital stereo system and left and right

camera of the second digital stereo system.

The square gain camera model average estimation errors,

for the the entire image, are below 5 pixels (4.59) [1],

which means that the estimation errors are below 2%, so we

can use this model for adapting the cameras to the outside

environment’s lighting conditions.

TABLE I
RADIOMETRIC CALIBRATION RESULTS

JAI A10 CL JAI M4 CL
Left Right Left Right

a 0.024 0.084 0.010 0.012
b 27.773 27.132 35.423 35.381
c 13.305 13.493 10.921 10.724
m 0.002 0.002 0.001 0.001
n 1.693 1.947 0.463 0.458

In order to increase the functionality of our algorithm and

because the stereo system is mounted inside a vehicle, close to

the windshield forward facing the road, we will not compute

the average brightness on the whole image, but rather on a

subset of the image, an adaptation region of interested. This

region of interest starts from the front of the vehicle, above the

vehicle’s hood, it covers the whole field of view of the cameras

and does not include the sky, thus avoiding large saturation

areas in the image. In this manner we focus on the area in

the image that contains relevant information and that will be

further processed.

With our current digital cameras it is not possible to set a

region of interested when using automatic exposure and gain

control. Thus the resulting images will take into consideration

the sky (which on sunny days can be very bright, saturated

areas in the image) and the vehicle’s front hood (very dark,

under exposed areas in the image), so the resulting images

will have a poor brightness over the region of interest.

Figure 3 presents the results of the camera adaptation to

lighting conditions algorithm. The image represents a real traf-

fic scenario. We first captured an under exposed image, having

an average brightness value, over the region of interest, of only

31. After performing the adaptation to lighting conditions and

changing the camera parameters, we obtain the second image.

It can be easily seen that the quality of the second image is

much higher than that of the first image; its average brightness

value is 101.

Figure 4 presents the results of applying the adaptation to

lighting conditions on a saturated image. The image represents

the same traffic scenario only this time the average brightness

was 218. After performing the adaptation to lighting conditions

the second image was captured. Its brightness value over the

region of interest is 102.

In order to reduce oscillations that may appear due to

repeated exposure and/or gain settings we use an admissible

brightness interval in order to reach the desired brightness.

Our adaptation to lighting conditions algorithm performs quite

(a) Under Exposed Scene, brightness = 31

(b) Same scene after adaptation, brightness = 101

Fig. 3. Camera auto adaptation to lighting conditions results

well. It proved to have no oscillations from repeated exposure

and/or gain settings. The parameters used for adapting the

cameras to the environment’s conditions are presented in table

II. These parameters were chosen after several experiments

performed in real traffic scenes. The minimum and maximum

brightness define the admissible brightness interval in which

we consider that there is no need for changing the camera

parameters. The maximum exposure considered was 80%, in

order to avoid motion blur, while the maximum gain cosidered

was 50%, in order to avoid the noise in the images.

TABLE II
CAMERA ADAPTATION PARAMETERS

Minimum Brightness 80
Desired Brightness 100
Maximum Brightness 120
Minimum Exposure 0%
Maximum Exposure 80%
Minimum Gain 0%
Maximum Gain 50%

Our cameras are able to provide 10-bit images, so an im-
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(a) Saturated scene, brightness = 218

(b) Same scene after adaptation, brightness = 102

Fig. 4. Camera auto adaptation to lighting conditions results

provement to the accuracy of the algorithm would be to exploit

the whole dynamic range provided by the digital cameras. This

is, currently, not possible since our frame grabber provides

only 8-bit images at the output. However, the frame grabber

has a look up table setting that relates a 10-bit pixel in the

acquired image to an 8-bit pixel that can be processed in

software. By using this functionality we can take advantage

of a subset of the camera’s dynamic range. The look up table

implements the functionality of a right shifter:

• S0 => Input bits D0...D9, output bits D0...D7

• S1 => Input bits D0...D9, output bits D1...D8

• S2 => Input bits D0...D9, output bits D2...D9

Using this settings, the input gray scale values from the 10

bit image are converted to 8-bit values, in the range [0, 255].
The values that are mapped by this look up table are presented

below:

• S0 => 0...255
• S1 => 2 ∗ (0...255) = 0, 2, 4, ..., 510
• S2 => 4 ∗ (0...255) = 0, 4, 8, ..., 1020

So, when the exposure and gain values reach their limits, we

can set this look up table and exploit the high dynamic range

provided by the cameras. For example, on a very sunny day

setting S2 should be used, while during the evening or at night

setting S0 should be used.

The main characteristic of a stereo vision system is the

number of 3D points that it can processes after the 3D

stereo reconstruction process. For this reason we took our

vehicle in real traffic scenario for two loops, one performing

the adaptation to lighting conditions and one with algorithm

turned off. We recording all the images in these two real

traffic scenarios and we compared the number of 3D points

obtained when using the adaptation to lighting conditions

algorithm and when our algorithm was stopped. Figure 5 plots

the obtained 3D points of our stereo system by using the

adaptation algorithm and without the adaptation algorithm.

As it can be seen, the number of 3D points is higher when

using the adaptation to lighting condition algorithm by a factor

between 7 and 12%. This is due to the fact that the quality

of the images is greatly improved, they are more sharp, thus

the 3D reconstruction algorithm is able to find more matching

points between the two stereo images. The more 3D points

we have for a pair of images the better the detection and

classification of the objects in the scene is.

Fig. 5. Number of 3D reconstructed points obtained by the system with and
without the adaptation to lighting conditions algorithm

V. CONCLUSIONS AND FUTURE WORKS

A. Conclusions

Although commercial digital cameras have the automatic

exposure and gain control functionality, we have come to the

conclusion that these solutions are not the best for real time

processing for stereo vision, because they require a lot of

frames until the quality of the image is improved and thus

they do not work well in real urban traffic scenes where

tunnels, shadows from buildings and trees are present. Another

drawback of these algorithm is the lack of ability to set

a region of interest on which to perform the adaptation to

lighting conditions algorithm, thus taking into account the sky

and the hood of the vehicle and not focusing on the scene

that is to be processed. For these reasons we have presented a

robust algorithm for adapting the signal of digital cameras to

the environment’s lighting conditions. We have used a math-

ematical model that estimates the camera’s response taking

into account two of the most important camera parameters:

the amplification gain and the exposure time. The camera

model, called square gain camera model, was designed for

CCD gray scale digital cameras, but can also be extended to
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CMOS sensors. It proves to be quite accurate and is able to

estimate the camera response with minimum errors.

Using the camera model we can estimate the average

intensity of the image in the next frame when changing the

exposure and/or gain value. The adaptation to lighting con-

ditions algorithm performs quite well in almost any lighting

conditions, we have tested it on both very sunny days, and

during the evening and at night time. When adaptation to

lighting conditions is no longer possible, we use the limited

capabilities of the frame grabber to set the look up table that

shifts the output bits of the image.

Adaptation to lighting conditions is a very important task

in a real time stereo vision system. When the adaptation to

lighting conditions is enabled, the quality of the images is

improved and thus the number of 3D reconstructed points

is higher, increasing the robustness of the other processing

modules: 3D points grouping, lane detection, object detection

and classification, and so on. Having better quality images

implies a significant increase in the detection and classification

rate.

The algorithm is very flexible, its initialization exposure

and gain values are not crucial. We have selected 0% for gain

and 20% for the exposure parameter. Our algorithm is very

robust, it does not suffer any drift problem and the adaptation

to lighting conditions is done over only one frame, i.e. it does

not require several frames to be captured until the desired

quality is reached as is the case for the automatic exposure and

gain control functionalities that are present in digital cameras.

B. Future Works

An improvement to the adaptation algorithm would be

the acquisition of the 10-bit images directly from the frame

grabber and perform high dynamic range compression in

software. This would increase the robustness of the whole

system. Another improvement would be to mount a light

sensor inside the vehicle, on the windshield below the cameras,

in order to obtain the value of the luminance of the ambient

light and use it to set the look up table in our current frame

grabber.

We are currently investigating other types of sensors as well,

both CCD and CMOS cameras having a high dynamic range

and able to capture 10, 12 or 14-bit images.

In the future we will focus on designing and implementing

a custom made camera link stereo frame grabber, in FPGA

technology, that will be able to process high dynamic range

images and that will provide other useful functions for the

adaptation of the sensor to the environment’s lighting con-

ditions. Then we will translate the implementations of the

radiometric calibration and adaptation to lighting conditions

algorithms in this new architecture. We intend to develop a

new stereo vision machine that will be able to perform several

preprocessing algorithms including: image rectification, 3D

reconstruction, optical flow, adaptation to lighting conditions;

and that will be able to provide very good images for further

processing.
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