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ABSTRACT

ADAPTIVE EXPOSURE FOR DYNAMIC LIGHT VARIATIONS IN AGRICULTURAL
APPLICATIONS

by

García Ruiz, Francisco

frangr83@gmail.com

July 2008

Autonomous vehicles that can carry out the different agricultural operations during
the season is one of the aims in modern precision agriculture. Safety and reliability
should be considered as important points to pay attention to. Stereo vision is being
introduced in the perception systems for autonomous vehicles in the last years. When
working in outdoor applications sun light changes and the perception system should
be aware of this situation and correct the light parameters to get always the best
interpretation of the scene possible. The development of an algorithm capable to
propose a new exposure parameter for the camera setting depending on the light
variation was the objective of this research. Static tests using a stereo camera were
carried out in an orchard to detect the changes in the 2D image histogram properties
and the 3D reconstruction depending on the exposure variation. The algorithm created
worked properly in different orchard and light conditions.

Key words: Autonomous vehicle, exposure, light variation, perception system,
precision agriculture, stereo vision.
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1.INTRODUCTION:

Incommercialagriculture, the net benefit earned by the producer at the end of the

process depends to some degree on the placement, amount and timing of the

applications that are carried out. Knowledge of the environment and the product

conditionand its variabilityisan importantstep to achieve an adequate application.

Several technologies have been explored during the last years to measure and map the

soil and cropconditions in real timeinvolvingspatial sampling methods, laser sensors,

ultrasonic sensors, 2D and 3D images, etc.(Sanz et al., 2005;Solanelles et al., 2006;

Wulfsohn et al., 2006;Arnó et al., 2007;Gil et al., 2007).

In themainresearchproject,the efforts are focusedon using stereo image pairs and

image analysis(along with e.g. lasers or other distance range sensors)to identify trees

and other relevant objects in orchardsfor perception system of advanced machinery.

Using two 2D images taken of the same scene, at the same moment but from different

positions, one canbuild a 3D model of the scene. This is the main difference between

2D image sensors and stereo cameras. There are several advantages of using stereo

cameras. Eachstereo paircan be represented as a 3D point cloud, andthe key objects

in the machine’s environment indentified and located (Trucco and Verri, 1998).These

objects can bethe tree stems,fruits,branches, or other objectslocatedin the tree

canopy. Accuraterecognitionalong with locating of objectscould make automatic and

safe machinery movement possible through the orchardas well as be useful for

mapping for precision farming purposes.Furthermore, crop characteristics (LAI, hole’s

percentage, crop density, etc.) can beestimatedby means of 3D density grids and

other mathematical, statistical-geometric (stereological)expressions.Occlusions

introduce biases (sometimes significant) in the estimates. Using stereo imaging can

reduceto some degreethe problem of occlusions of features of interest (e.g. fruitby

leaves and branches).Knowing thecharacteristics of the orchard, it is possible to

adjust application of inputs to the real demand, and savean important amount of

PPP’s, fertilizers or water.

One of the most important stepsto success in a 3D reconstructionis to have the best

2D images possible. It is not possibleto control theilluminationin outdoor
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applications,but we can to some extentadjustcamera settings to get the bestpossible

quality in the 2D images depending on our objectives.Even so, setting thevariable

parameters once maynotbeenough due to thecontinuous variation of light

conditionseven ona sunny clearday (e.g. driving in both directions alongthe tree

rowsin a pesticide application).In this work an algorithm for on-the golight conditions

checking based onthe previous 2D image quality is proposed, adjusting the exposure

and gain values before taking the new image.
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2.OBJECTIVES

The objective in this research is toacquireadequate 2D images from thestereo

camera tomeetthe requirements for havinga high quality3Dorchardscene

reconstruction.This is a compulsory step in order to be able toextract the most

informationpossibleout of the3D point cloud.Toreach thismain objective,specific

objectivesare going to be:

 Analyze how do the 2D imagestaken in different outdoor light conditions

change with camera settings.

 Develop an algorithm for adaptive exposure and/or gain value.

 Evaluate the algorithm performance on another set ofoutdoor orchardscenes.
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3.LITERATURE REVIEW

3.1.Autonomous vehicles in agriculture:

Agricultural operations vary considerably depending on the period of the season or the

growth stageof the crop. Some of those operations should be done repetitively over

the season. Long hoursand repetition of the tasks can cause operatorfatigue and

produce safety issues and decrease operation efficiency. Autonomous vehicles will not

fatigue providing a reduction in operator’s work intensity, enhancing safety and

efficiency in the operation (Zhang et al.,1999).

Automatic guidance has as a main objectiveto direct the vehiclefollowing the desired

path automatically depending on the operation. The guidance system hasto be able to

recognize the actual position of the vehicle, create a proper path to reach the

objective, and steer the vehicle following the signal created (Zhang et al. 1999). As well

as the position, the guidance system has to recognize theorientation of the vehicle.

Thesetwo termstogetherare described as a“posture”(Kanayama and Hartman,

1989).

Precision agriculture and automation coincide in many of the technologies used,

although they use them in different ways. GPS provides a highly accurate location

signal, vision systemscan provide relative location of the crop as well as crop condition

information. Together, precision agriculture and automation make possible a more

accuratecrop management according to the conditions (Benson et al.,2001), provided

the data collected can be converted into useful information foroperational and for

management decisions (Fountas et al., 2006).

In a recentMScresearch project, aHAKOtractor  was successfully controlled by a

software system(Mejnertsen and Reske-Nielsen, 2006). This software replaced the

existing navigation system by anautomaticsystem able to execute predefined

missions. Thissystem was integrated by an RTK-GPS and local odometry. The GPS gives

a very accurate absolute bounded position and on the other hand odometry gives an

unbounded continuous relative position.The vehiclenowadays is deterministic in its

behavior and has noreactive components. Integrate sensors is the only possibility for

giving reactive behaviorto the tractor and it isafundamental requirement for reliable
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and safeoperations.The authors proposeusingultrasonic sensors and infra-red

rangefinders in order to get an accurate image of theobstacles in thescene.But, as

explained in next paragraphs it is proved the good performance of stereo image for

object detection, and the combination with the proposed sensors can be consideredas

an alternative to work in.

Zhang et al.(1999) demonstrated the capability of multi-sensor guidance system of

performing satisfactory agricultural tractor automated guidance in following desired

paths. The fusion of sensors compensatedforthe large errorsfrom individual sensors.

The tests were carried out using aCCD camera, aFOG system (Fiber optic gyroscope)

and a real time kinematics(RTK)-DGPS.

The guidance system does not necessarilyhavethe objective of recognizing obstacles

in the desired path, just makesthe vehicle follow the correct way. For increasing the

safetyof the vehicle, people and environment, object detection system must be

implemented in the vehicle to detect unexpectedstatic or mobile obstacles. The most

common sensors used to detect such obstacles are laser sensors, sonar and machine

vision. However, as mentioned before, the possible combination of all those sensors

are innumerable (Rovira-Mas et al., 2006).

3.2.Sensors andautomaticoperations:

Laser rangefinders(as well as sonic sensors),sometimescombinedwith stereovision,

have became one of the most used sensors for object detection in autonomous

vehicles,even thoughthey havelimitations in outdoor environments.Onelimitationis

the fact that the laser range finders are not able to detect in more than one plane

(Rovira-Mas et al., 2006). Sanz et al. (2005) used LIDAR sensor for crop

characterization, where 2D vertical information from the orchard were matched

building a 3D point cloud model from the row of trees in a apple orchard, vineyard and

citrus plantation. In the same way, implementing more than one sensor and reading in

both vertical and horizontal planes, object detection could be done.

It is necessary to distinguish between machine vision and stereoscopic vision to avoid

the misunderstanding. The firstrefersto conventional monocular vision and the

second oneto stereo vision.Stereo vision refers to the ability of deduce information
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on the 3D structure and distance of a scene from at least two images taken from

different points (Trucco and Verri, 1998). The principal advantage of stereo vision over

conventional monocular vision is the possibility of the third dimension or range images

(Rovira-Mas et al., 2007). Conventional monocular cameras have been used since

about 30years ago, butstereo vision became popular about a decade ago when

compact binocular camerasbecame available.

Vision systems seem to be excellent candidates for mapping for map planning

purposes.One of the main problems interrainmapping techniques isthat is necessary

to know the vehicle’s global coordinate position before the object position can be

mapped(Rovira-Mas et al., 2007).In a review paper Blackmore et al. (2007) cite

different uses of machine vision for weed mapping.One of the methods is torecord

the increased leaf are found in the weedyareas, and identify them as weeds because

the crops areusually planted in rows (Pedersen, 2001).Active shape recognition is

used in the second proposed method, where the weeds are classified by the shape of

their outline (Søggard and Heisel, 2002). The final result of both methods is a weed

map that can be interpreted as a treatment map. Other methods create mapsfrom

continuous set of frames (3D scenes), which are matched forming the 3D

reconstruction of the whole scene(Rovira-Mas et al.,2007).Some processes are

required before mapping; camera coordinates are not the most convenient when aset

of images have to be matched. Transformation of coordinates from the camera to the

ground system is the firststep to accomplish, as well as camera degree rotation

respect the ground parallel.For 3D terrain mapping,Rovira-Mas et al. (2007)usedan

algorithmforcamera coordinate and angle transformation based on the camera

coordinates, the height measured at the optical centre of the lens from the ground and

the camera inclination angle.

3.3.Stereo vision:

Stereoscopic vision is becoming one of the fashionable systems for object detection

and recognition and many research groups are working to implement them in

agricultural vehicles.The main benefit of stereoscopic vision over conventional

monocular vision is the capability of detecting distances between scene objects and
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the camera. Monocular cameras create planar images where every pixel is the result of

the two-dimensionalprojection of the3D world. Stereovision adds the third

coordinate, or range, that completes the full localization of any point in a 3D Cartesian

frame (Rovira-Maset al., 2006).The knowledge of this third dimension permits,

together with image analysis and processing, the creation of a 3D point cloud that can

be interpreted point by point as an information source, where global coordinates

(X,Y,Z) and RGB pixel value are referenced.Rovira-Mas et al., (2006a)createdan

algorithm based on the d3D concept (3D density grid) and testing it in and off-road

vehicle. By means of density maps(density of points in a certain region), unexpected

objects can be found out of the 3D point cloud and such information can be sent to the

guidance system in order to vary thepath reaching the final objective after this

correction.The application could not be done in real time due to the difficulty in terms

of size of information that supposes the manipulation of 3D point cloud.

Stereo vision techniqueis based on stereo geometry, that means thatat leasttwo

images of the same object are taken from different viewpoints, and by means of

triangulation, the position of the objectcan be estimated(figure1).Two problems

must be solved with stereo vision, first determine which item in the left lens

corresponds towhich item in the right lens(correspondence), and second problem

that stereo vision must solve is reconstruction (Trucco and Verri, 1998).One can

distinguish also the two different coordinate systems used for the image and for the

camera, and it should be added the global coordinate system usedto relate objects to

the tractor.The following image and formulas1-2are extracted from Kise and Zhang

(2006).
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In terms of the difference between the location of an object in the two projections

(Left and Right), the distance from this object to the centre of the stereo camera lens

(Zc)canbe estimated using the next equation, wherexi
Land xi

R are image pixel

distances:

where,dis described as the disparity of a stereo image(difference between location of

an object in the two projections), f is the lens focal length, and zCis the distance from

the camera to the objectandris a size of the pixel(mm2),As mentioned, knowing the

disparity, place an object respect the camera(xc, yc, zc)can be done as follows:

Figure1:Graphic definition of disparity. The camera coordinate origin is placed at the centre of the
left lens, b is the baseline (distance between the centres of the lenses), f is the focal length, zcis
distance from the camera to the object, xLand xRare the differences between the centre of the
image and the position of the same point (xi, yi)_in both images, left and right. (Kise andZhang,
2006).

(1)
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where,P=b/ris an intrinsic parameter of the camera.

Other thanthecoordinate conversion isastep before integrating stereo data in an

autonomous vehicle, the 3D cloud usedneeds to be filtered to remove invalid or noisy

points. Rovira-Maset al.2006, proposed as aspects to take into account, and that can

produce noise in the images: Stereo mismatches between the right and the left

images, correctable adapting each gatheringdata to the crop characteristics and

discarding extremevalues. Weakly defined texture is another cause of noise, and is

produced by uniform and static structures, nevertheless is notconsidered asa problem

in outdoor agricultural applications. Changes in illumination affect 3D image

reconstruction, because the 3D image relies upon details observable in 2D images. The

sufficient control is needed to “recognize” the same point in two stereo images.

Illumination conditions seems to be a problem in its analysis, since shadows or bright

background can affect the color distinctionor contrast. Finally, above all in real-time

applications, the massive 3D cloud size becomes a real problem to make the process

faster.Many algorithmsusing sequences of image pairsfocus on searching in regions

of images near topointsidentifiedonprevious sets of images(Hartley and Zisserman,

2003, chapter 18). Therecould beotherpossible solutionsthat consists on

representation the images by a set ofcruder points from matching points with similar

characteristicsbased on the use ofsampling techniques to reduce the amountof

points in the 3D point cloud (Pers. Com.D. Wulfsohn, Department of Agricultural

Sciences, University of Copenhagen).

Stereo imaging in orchards:

Manyrobot pickers in development (Vision Robotics Corporation, San Diego,

California, USA,www.visionrobotics.com) willuse machine vision to sense the color

(2)
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shape and location of the product beforesending a robotic arm topick the product

(Blackmore et al., 2007).

Stereo vision is being used in fruit detection and reference, and also for vehicle

navigation trough an orchard. Takahashiet al.(2002), demonstrated the efficacy of

using stereo vision systems to locate fruits in an orchard. The equipment used were

two CCD color video cameras, 768x494 pixels of resolution. There were used three

methods to discriminate fruits from the tree;the two first methods consisted on set of

values of a narrow searching range andthe central composition of the same-half sides

of the common area. The experiment showed that the methodswere effective to

discriminate distances, but comparison of the amount of color featured on the same-

half sides was not always effective due to the influence of background color.The rate

of fruit discrimination was about 90% or higher in the images with 20 to 30 red fruits,

andonlyfrom 65% to 70% in images dense with red fruit(due to occlusions)and in the

images of yellow-green apples(due to poorcontrast with foliage). The errors of

distance measurement were about ±5%at a distance range of 1.7 and 5.2 m.

Regarding researchesaimedin using stereo vision to obtain navigation information for

an autonomous vehicle in an orchard, it has seen that errors about-10% and 5 %

within a distance of 20 mcan bewhen the width of an object image is not too wide

(regardless of the object’s shape), and when color feature and variance of color density

in the object differ from those of the surroundings (Takahashiet al.,2002). This study

exposed the necessity to improve the calculation of average variance of color density

and the speed of image processing.

3.4.Outdoor imaging andadaptive exposure:

Picture an orchard where an autonomous tractor with perception system based on a

stereo camera is doing a certain operation. This tractor is bathed by the sun, and the

camera is set for this light parameters. A cloud suddenly appears and blocksthe sun,

changing completely the light conditions. This joined with sun translation, can be one

of the most common problems in outdoor imaging. This requires a perception system

with the capability to adapt thecamera image captureparametersto the dynamical

light changes.

www.visionrobotics.com
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The images we take or perceive in our daily life corresponds to the reflected light from

the objects. This reflected light depends on the amount of lightincident on the surface

and reflected to the lens, and the reflectance of such object (Pattanaik and Yee, 2002).

One of the main problems affecting the image quality is the improper exposure to

light. There is not a correct definition about what the correct exposure value should

be, and even less in agricultural applications, but we can generalize and define the best

exposure value as the one that enables us to reproduce the most important regions

with a level of gray, or brightness, more or less in the middle of the range (Battiato et

al.,2003).This important regions depend greatly on the agricultural application we are

carrying on (i.e. in obstacle recognitionthe objects would be attached to the ground,

our important region, then the sky is not an important part to look at).

Messina et al. (2003) proposed an exposure correction method which adjusted the

exposure level according to asimulated“cameraresponse”like function, after feature

identification (i.e. skin).Even though this method is in indoor light characteristics,

could be adapted for outdoor applications.
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4.METHODS

4.1.Equipment used

4.1.1.Camera and software system

The model of the stereo camera used isSTH-DCSG-VARX/-C Stereo Headfrom VIDERE

DESIGN(Menlo Park,CA, USA), with variable baseline from 5 to 60 cm, pixel resolution

of 640H by 480V pixels, and images in color (RGB) or grayscale. Thecaptureratecan be

set to3.75, 7.5, 15 or 30 frames per second. The system is equipped with a global

shutter, which means that all the pixels are exposed at exactly same time, and

controlled by VIDERE DESIGN’s Small Vision System (SVS) software. This kind of camera

is suitable for environments with fast movement.The camera is going to be used by

theautonomoustractor under development at the Department of Agricultural

Sciences(Faculty of Life Sciences, University of Copenhagen)in collaboration with the

Danish Technical University(http://old.agsci.kvl.dk/agrotechres/projects/ams/).We

used a baseline of 30cm.Keeping a short baseline should minimize error carried by

vibration and moving of the vehicle.There is expected a lower vibration influence

working in short baselines against baselines higher than 40 cm (STH-DCSG-VARX/-C

user’s manual, 2005,http://www.videredesign.com/vision/stereo_manuals.htm).Also

most of the literatureon stereo cameras in agricultureusedbaselines from10to 30

cm (Takahashiet al.,2002;Kise and Zhang, 2006;Rovira-Maset al., 2006).

4.1.2.Mounting and connections:

The connection with thestereocamera is done though the Firewireport in the laptop

and cables IEEE 13946-pin male-male. Those are connected to theIEEE 1394 hub with

power port, where power is supplied by a 12 V battery. The hub-laptopconnectionis

done by a IEEE 1394 cable which converts from 6-pin to 4-pin style (STH-DCSG-VARX/-C

user’s manual, 2005). The figure below shows the mounting used in the field

experiments (figure2).

http://old.agsci.kvl.dk/agrotechres/projects/ams/
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4.2.Software:

4.1.3.Small Vision System (SVS):

Small vision system(SVS)from Videre Designis the software that controls the camera

and processes the imagesgiving at the end the disparity or 3D image. It consists of a

clear interface from where the user can display the two images taken from left and

right lenses,or alternatively the left image along with either thedisparity imageor the

3D point cloud from the scene. From SVS interface it is also possible to control some

parameterssuchas filters or imagecharacteristics(figure3).

Figure2:Connections and power supply used in this studyfor staticstereoimage acquisition in
the field.
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The general process of the algorithmused in SVSto compute disparity between a pair

of  stereo images using area correlation is (Videre Design,2007 ) (figure4):

 Rectification:  Lens distortion removed and epipolar lines aligned along scan

lines.

 Feature extraction: Compute the Laplacian or Gaussian for each image to

produce the disparity image.

 Correlation: compute disparities bymatchingpoints on the two images.

 Filtering:Filtering by texture filters;only high-quality matches remain.

 3D reconstruction: Convert disparities to 3D pointsin camera coordinates

(origin at left lens).

Figure3:SVS software interface showing the left color image and the disparity image (on the right).
Bright colors in the disparity image mean close distance to the object, dark colors represent long
distances.
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The SVS output data can be a color or gray scale stereo pair images, a video buffer

(sequence of frames), a text file with an array of pixel valuesas well asother options.

Figure4:a, Original image. b, Rectified. c, Feature extraction. d, Correlation. e, Filtered image. f, 3D
reconstruction. (Source: SVS stereo engine technical description,
www.ai.sri.com/~konolige/svs/technical.htm)

a b

c d

f


