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            Comparative Study of Segmentation Methods for Tree Leaves Extraction * Manuel Grand-Brochier LIRIS UMR5205 CNRS, Univ. Lumière Lyon 2 5 av. Pierres Mendès France 69676 Bron, FRANCE manuel.grand- [email protected] Antoine Vacavant ISIT UMR6284 CNRS, Univ. d’Auvergne 28 pl. Henri Dunant 63001 Clermont-Fd, FRANCE antoine.vacavant@ udamail.fr Guillaume Cerutti LIRIS UMR5205 CNRS, Univ. Lumière Lyon 2 5 av. Pierres Mendès France 69676 Bron, FRANCE guillaume.cerutti@liris- cnrs.fr Kevin Bianchi ISIT UMR6284 CNRS and Keosys Company 1 imp. Augustin Fresnel 44815 Saint-Herbain, FRANCE [email protected] Laure Tougne LIRIS UMR5205 CNRS, Univ. Lumière Lyon 2 5 av. Pierres Mendès France 69676 Bron, FRANCE laure.tougne@univ- lyon2.fr ABSTRACT In this paper, we present a comparative study of segmenta- tion methods, tested for an issue of tree leaves extraction. Approaches implemented include processes using threshold- ing, clustering, or even active contours. The observation criteria, such as the Dice index, Hamming measure or SSIM for example, allow us to highlight the performance obtained by the guided active contour algorithm that is specially ded- icated to tree leaf segmentation (G. Cerutti et al., Guiding Active Contours for Tree Leaf Segmentation and Identiﬁca- tion. ImageCLEF2011). We currently oﬀer a dedicated seg- mentation tree leaf benchmark, comparing fourteen segmen- tation methods (ten automatic and four semi-automatic) fol- lowing twenty evaluation criteria. Categories and Subject Descriptors I.4[Image processing and computer vision]: Segmenta- tion; H.5.2 [Information interfaces and presentation]: User interfaces—benchmarking, evaluation Keywords Tree Leaves Segmentation, Guided Active Contour, Com- parative Study, Benchmark. * This work has been supported by the French National Agency for Research with the reference ANR-10-CORD-005 (REVES project). Permission to make digital or hard copies of all or part of this work for personal or classroom use is granted without fee provided that copies are not made or distributed for proﬁt or commercial advantage and that copies bear this notice and the full citation on the ﬁrst page. To copy otherwise, to republish, to post on servers or to redistribute to lists, requires prior speciﬁc permission and/or a fee. Copyright 20XX ACM X-XXXXX-XX-X/XX/XX ...$15.00. 1. INTRODUCTION For several decades, image processing has been used in many ﬁelds such as computer vision, robotics, biology and many others. More recently, using new technologies (such as smartphones, tablets, ...), and being mindful of the envi- ronment, a number of projects related to the study of plants (especially tree leaves on natural background) have emerged. Through these projects, various research groups were cre- ated as the plant part of ImageCLEF [Go¨ ea11] for exam- ple, as well as smartphone applications such as Leafsnap 1 , Pl@ntNet 2 and Folia 3 . Unlike approaches limited to leaf im- age retrieval, the applications mentioned also oﬀer their de- scription and identiﬁcation of their species. The ﬁrst step is based on segmentation tools and takes an important part in the performance of the application. Indeed, the quantity and quality of information extracted directly aﬀect the descrip- tion and consequently identiﬁcation. In the context of the application Folia 3 , the authors present an approach based on active contour (named guided active contour) [Ceru11], dedicated to tree leaves extraction. The literature references many segmentation methods, it is therefore essential to test the performance for the problem of tree leaves on natural background. We propose in this paper a comparative study of fourteen segmentation methods (ten automatic and four semi-automatic). After a brief state of the art (Section 2), we detail the database and tools developed for this study in Section 3. Section 4 contains all the results and their interpretations in order to conclude on the performance and advantages of the guided active contour. 2. STATE OF THE ART The problems of image segmentation represent great chal- lenges for computer vision. Many researchers have created 1 http://leafsnap.com/ 2 http://www.plantnet-project.org/papyrus.php 3 https://itunes.apple.com/fr/app/folia/id547650203?mt=8 
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 lyon2.fr
 ABSTRACT
 In this paper, we present a comparative study of segmenta-tion methods, tested for an issue of tree leaves extraction.Approaches implemented include processes using threshold-ing, clustering, or even active contours. The observationcriteria, such as the Dice index, Hamming measure or SSIMfor example, allow us to highlight the performance obtainedby the guided active contour algorithm that is specially ded-icated to tree leaf segmentation (G. Cerutti et al., GuidingActive Contours for Tree Leaf Segmentation and Identifica-tion. ImageCLEF2011). We currently offer a dedicated seg-mentation tree leaf benchmark, comparing fourteen segmen-tation methods (ten automatic and four semi-automatic) fol-lowing twenty evaluation criteria.
 Categories and Subject Descriptors
 I.4 [Image processing and computer vision]: Segmenta-tion; H.5.2 [Information interfaces and presentation]:User interfaces—benchmarking, evaluation
 Keywords
 Tree Leaves Segmentation, Guided Active Contour, Com-parative Study, Benchmark.
 ∗This work has been supported by the French NationalAgency for Research with the reference ANR-10-CORD-005(REVES project).
 Permission to make digital or hard copies of all or part of this work forpersonal or classroom use is granted without fee provided that copies arenot made or distributed for profit or commercial advantage and that copiesbear this notice and the full citation on the first page. To copy otherwise, torepublish, to post on servers or to redistribute to lists, requires prior specificpermission and/or a fee.Copyright 20XX ACM X-XXXXX-XX-X/XX/XX ...$15.00.
 1. INTRODUCTIONFor several decades, image processing has been used in
 many fields such as computer vision, robotics, biology andmany others. More recently, using new technologies (suchas smartphones, tablets, ...), and being mindful of the envi-ronment, a number of projects related to the study of plants(especially tree leaves on natural background) have emerged.Through these projects, various research groups were cre-ated as the plant part of ImageCLEF [Goea11] for exam-ple, as well as smartphone applications such as Leafsnap1,Pl@ntNet2 and Folia3. Unlike approaches limited to leaf im-age retrieval, the applications mentioned also offer their de-scription and identification of their species. The first step isbased on segmentation tools and takes an important part inthe performance of the application. Indeed, the quantity andquality of information extracted directly affect the descrip-tion and consequently identification. In the context of theapplication Folia3, the authors present an approach basedon active contour (named guided active contour) [Ceru11],dedicated to tree leaves extraction. The literature referencesmany segmentation methods, it is therefore essential to testthe performance for the problem of tree leaves on naturalbackground. We propose in this paper a comparative studyof fourteen segmentation methods (ten automatic and foursemi-automatic).After a brief state of the art (Section 2), we detail the
 database and tools developed for this study in Section 3.Section 4 contains all the results and their interpretationsin order to conclude on the performance and advantages ofthe guided active contour.
 2. STATE OF THE ARTThe problems of image segmentation represent great chal-
 lenges for computer vision. Many researchers have created
 1http://leafsnap.com/2http://www.plantnet-project.org/papyrus.php3https://itunes.apple.com/fr/app/folia/id547650203?mt=8
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Figure 1: Details of the various steps of our guided active contour method.
 various methods based on thresholds, non-linear modelingtools or iterative deformations for example.The first edge segmentation methods have appeared in
 the 70s and they were based on thresholding gradients orhistograms [Otsu79, Marr80, Wang84, Cann86]. Thresholdscan be selected manually according to a priori knowledgeor automatically through image information. Subsequently,Kass et al. [Kass87] introduced in 1987 the active contour(or snakes), aimed to deform an initial contour in orderto better define the edge of the object to segment. Then,variations have been proposed, based on parametric models[Zimm02, Chan01] or coupled with tools such as B-splines[Brig00] for example.Other methods are based on clustering of regions, in or-
 der to isolate each object in the image. We can cite Split &Merge and MeanShift approaches [Horo74, Chen95]. One ofthe main cons lies in their sensitivity to noise. More recently,optimizations have been proposed [Lync06, Horv06, Kurt10]to limit this problem. In 1989, Greig and al. [Grei89] publisha method of image analysis based on the theory of graph-cuts. This algorithm was subsequently modified [Boyk01,Roth04, Felz04] in view of producing a segmentation basedregion growing. These approaches are summarized in itera-tive grouping pixels with an average weight based on a sim-ilarity coefficient. Based on the analogy between image andtopographic relief Beucher and al. [Beuc79], and more re-cently Salman [Beuc93, Salm06], have proposed approachesbased on watershed.Concerning the segmentation of tree leaves, research is
 emerging from the past fifteen years. The existing methodsare based either on analysis on white background [Kuma12,Vall12], or on the use of pairs of images in order to applyan extraction process background [Neto06, Teng11]. Thereis therefore, to our knowledge, no method of segmentationtree leaves, offering analysis on natural background basedon a single image. In order to propose an original method,Cerutti and al. introduced in [Ceru11] the Guided ActiveContour method (denoted by GAC), dedicated to the seg-mentation of tree leaves on natural background. This latter,presented in Figure 1, is based on a first initialization step(automatic, or manual: semi-automatic), then the use of adistance map colors. As detailed in [Ceru11], active contoursare initialized by an estimated iteratively polygon that re-trieves the general shape of the leaf. It is then guided by ageneral energy term (denoted E), for a contour Γ delineatinga region Ω(Γ), which can be expressed as:
 E(Γ) = αELeaf (Γ) + βEShape(Γ) + γEGradient(Γ)
 +δESmooth(Γ)− ωEBalloon(Γ),
 with ELeaf the dissimilarity energy based on the dissimilar-ity map, EShape the shape energy using a ’stencil’ function,EGradient the gradient energy to fit the actual leaf border,ESmooth the smoothing energy, EBalloon the balloon energyand α, β, γ, δ, ω are weighting values ∈ R.
 3. BENCHMARKOur comparative study is based on the tree leaves database
 and a set of observation criteria extracted from the litera-ture, such as the mean absolute distance or Jaccard index.The database, illustrated in Figure 2, has been established
 in our project and it is composed of 232 images of tree leaves.Our database is the entire ImageCLEF 2011 database, whichwe have established the ground truth in order to analyze theperformance of the methods studied. They are photographsof simple or palmately lobed leaves on plain or natural back-ground.
 Figure 2: Sample images from the database of ourproject.
 To study the tested segmentations and to determine theirquality, we use eight observation criteria: the Precision todetermine the similarity rate of the segmented area; the Dice
 index (or F-measure) to represent the quality of the segmen-tation; moreover the study of the entire image is based onJaccard (or Tanimoto) index and Manhattan (or Matching)index. The first gives the mutual recovery rate of the twosegmentations, and the second characterizes the similarity

Page 3
						

Table 1: Average Precision, Dice index, Manhattan index (Man.), Jaccard index (Jac.), Hamming measure
 (Ham.), Hausdorff distance (Haus.), MAD and SSIM of 232 images. Ten methods of automatic segmentationand four semi-automatic are presented.
 ref. Precision Dice P<50 Man. Jac. Ham. Haus. MAD SSIM
 Thresholding [Otsu79] 71.72% 0.751 35 81.27% 63.54% 12969.5 80.15 6.69 0.67MeanShift [Chen95] 71.88% 0.759 37 81.23% 64.53% 12624.8 76.57 6.31 0.70
 Pyr. MeanShift [Chen95] 72.29% 0.763 33 81.05% 65.06% 13021.5 67.38 5.77 0.73Graphcut [Boyk01] 69.78% 0.727 42 78.91% 60.69% 14435.8 81.29 6.81 0.63Watershed [Beuc93] 70.31% 0.749 40 80.14% 63.59% 13594.8 74.93 6.13 0.70Snakes [Chan01] 70.81% 0.735 36 80.43% 61.08% 13060.2 80.31 5.98 0.66
 B-splines Snake [Brig00] 76.26% 0.809 11 86.70% 69.28% 8692 34.3 4.20 0.77Grabcut [Roth04] 83.66% 0.876 11 90.78% 79.68% 6425.6 41.56 7.16 0.77
 Felzenszwalb [Felz04] 80.21% 0.686 31 81.80% 58.46% 12474.4 38.6 4.37 0.77GAC [Ceru11] 94.56% 0.903 2 94.06% 83.39% 3780.9 11.56 1.56 0.86
 Snakes sup. [Chan01] 73.72% 0.752 35 81.99% 61.48% 12666.9 77.46 5.61 0.67B-splines Snake sup. [Brig00] 78.96% 0.818 10 87.72% 70.64% 7983.6 29.4 3.79 0.79
 Grabcut sup. [Roth04] 87.87% 0.898 7 92.46% 83.02% 4931.5 35.55 6.44 0.85GAC sup. [Ceru11] 95.16% 0.927 1 95.45% 86.99% 2872.7 10.82 1.06 0.87
 rate of the entire image; the Hamming measure that cal-culates the number of disparities between two images; theHausdorff distance which can be defined by the maximumgap (in pixels) between two segmentations; the two last cri-teria are the mean absolute distance (denoted MAD) thatanalyzes contour points therefore the shape of the segmenta-tion, and the structural similarity (denoted SSIM [Wang04])for the information in the segmented area.We tested different approaches, some of which are based
 on too many parameters to be used, characterized by agreatly decreasing for the performance and the repeatabil-ity on the whole of the database. Therefore, in this paperwe have chosen nine conventional methods of segmentation(referenced in Table 1) and one approach dedicated to ex-traction of tree leaves. To compare leaf segmentation tech-niques, our study is based on: a method by Thresholding,a Watershed, two Snakes including one using B-splines, twoversions of MeanShift, a Graphcut, a Grabcut, the Felzen-szwalb’s algorithm, and the Guided Active Contour method.The Snake and Felzenszwalb methods are provided by therespective authors. The others are either from the OpenCVlibrary, or were coded as the B-splines Snake approach forexample. All of these methods also need to adapt in or-der to integrate them into our benchmark. For all methodsthat require initial parameters, we have optimized them toproduce the best results in the case of segmentation of treeleaves. Aimed for smartphone use, a first interactivity (aninput stroke on the leaf) with the user is possible. Thereforefor methods permitting it, we also propose to add an initial-ization (denoted sup. after the name of approach), with aninput stroke.The number of results is quite substantial, so we opt for a
 comparative analysis based on the mean and standard devi-ation values obtained by each approach on the 232 images.For methods using thresholds or adjustable parameters, wepresent in this paper the best results obtained after opti-mization of these approaches with a collection of images thatare hard to segment.
 4. RESULTSResults presented in this section, allow us to observe per-
 formance of each approach and to extract pros and cons ofthe guided active contour method. Some observation crite-ria, set out above, are based on the statistical tests of trueor false positives (respectivily denoted by TP and FP) andtrue or false negatives (respectivily denoted by TN and FN).Precision and Recall can be defined by:
 Precision =TP
 TP + TNand Recall =
 TP
 TP + FN.
 The quality of the segmentation is defined by the Dice index :
 Dice = 2.0×Precision× Recall
 Precision+ Recall.
 Jaccard and Manhattan indexes are described by:
 Jaccard index =TP
 TP + FN + TN,
 and Manhattan index =TP + FP
 TP + FP + TN + FN.
 In Table 1, we first study Precision, Dice index and thenumber of segmentations with a Precision lower than 50%(denoted by P<50) for automatic methods. For these firstresults, we can see that the segmentation of guided activecontour gives the best results for all observation critera.More precisely the average similarity rate (given by the Pre-cision) is increased by nearly 20% compared to the conven-tional methods. The quality coefficient (given by the Dice
 index ) is increased by 14%, so this segmentation approachconsiderably improves the extraction of tree leaves in images.The guided active contour is also more robust to contrastproblems, which explains a number of segmentation with aPrecision lower than 50% decreasing significantly. We pro-pose in Figure 3 an illustration of this contrast problems forthree segmentation results.The second comparative results, given in the second part
 of Table 1, are composed of Jaccard andManhattan indexes,Hamming measure and Hausdorff distance for automatic ap-proaches. It allows us to analyze the entire image as wellas the dispersion of the segmented region (sub- or over-segmentation). The observation for these second results con-firm those previously announced. In fact, the guided active

Page 4
						

Ground truth Pyr. MeanShift
 Watershed Guided active contour
 Figure 3: Example of contrast problem for threesegmentation methods.
 contour gives the best results for these latter criteria. Wecan note an increase of nearly 11% for the Manhattan index
 and 16% for the Jaccard index. These improvements aremainly due to a reduction in problems of over-segmentation(illustrated in Figure 4) and sub-segmentation.
 Ground truth Snakes
 MeanShift Guided active contour
 Figure 4: Example of over-segmentation problem forthree segmentation methods.
 The Hamming measure confirms the previous observation,since the average number of dissimilarity is divided by 3.6.The Hausdorff distance provides precision on dispersion of
 the segmented regions. Indeed, guided active contour showsan average value equal to 11.56 pixels while the conventionalmethods get much higher values.The third comparative results, given by the two last columns,
 are composed of mean absolute distance (MAD) and struc-tural similarity (SSIM ) for automatic methods. These twocriteria are used to study the shape of the segmentation,as well as the quantity of information extracted relative theground truth, through structural analysis. GAC approachimproves the shape of the segmentation by a factor 4, andthe structural aspect is increased by 12% compared to theconventional method.The last four lines of the Table 1, corresponding meth-
 ods with manual initialization, show improvement in scoresfor all observation criteria, compared with their automaticversion. In analyzing the performance of GAC approach, forexample the average number of disparities is reduced by 25%and the MAD is reduced by 32%, thus bringing forward theinterest of interactivity preliminary to segmentation. An-other advantage is the reduction of problems of shape andsub-segmentation, as shown in Figure 5.
 Figure 5: Examples of (top) shape and sub-segmentation problems, for guided active contour,and (bottom) improvement by guided active con-tour semi-automatic (with input stroke).
 The last part of this section presents two synthetic graphs(in Figures 6 and 7) with average score for three observa-tion criteria (the Dice index, the Manhattan index, and theSSIM ), and the standard deviation. These parameters anal-ysis provide us additional precision for each method on therobustness and reliability in term of repeatability for the232 images. Indeed, we can observe that the guided activecontour (without and with input stroke) shows an averagedecrease in the standard deviation with a factor 1.6 (respec-tively 2) for the Dice index, with a factor 2.8 (respectively4.7) in the case of the Manhattan index, and with a factor2.5 (respectively 2.9) for the SSIM.A sample of results is presented in Figure 8 and highlight-
 ing the performance of Guided active contour compared tothree other semi-automatic methods.
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Figure 6: Synthetic graph with average scores and standard deviations of observation criteria for automaticapproaches.
 Figure 7: Synthetic graph with average scores and standard deviations of observation criteria for semi-automatic approaches.
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Ground truth Snakes B-splines Snake Grabcut Guided active contour
 Ground truth Snakes B-splines Snake Grabcut Guided active contour
 Ground truth Snakes B-splines Snake Grabcut Guided active contour
 Ground truth Snakes B-splines Snake Grabcut Guided active contour
 Ground truth Snakes B-splines Snake Grabcut Guided active contour
 Figure 8: Sample from semi-automatic segmentation methods: Snakes, B-splines Snake, Grabcut and Guidedactive contour.
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Finally, in terms of computation time the guided activecontour has a higher cost than conventional methods (exceptB-splines Snake), which usually require fast calculation andfew or no iteration. However, in view of its performanceand its use of interactive smartphone, we remain in quiteacceptable values (around 3.5sec per segmentation against0.09sec for Thresholding, 1.5sec for Snakes and 60sec forB-spline snake).
 5. CONCLUSIONWe have presented in this paper a comparative study of
 segmentation methods for the challenging problems of ex-tracting tree leaves on natural background. We comparednine conventional approaches with the guided active contourmethod, developped in the application Folia, which allowsclassification of tree leaves, and dedicated to this problem.We also proposed adding a manual initialization for threeof them. In conclusion, the performance offered by guidedactive contour are significantly better than those traditionalmethods. This shows that this segmentation is more accu-rate, more robust, with better repeatability rate and withquality, in term of information extracted. However, therestill remain few problems with the extracted shape and sub-segmentation. Further research is therefore being made toovercome these problems and continue to increase the per-formance of GAC approach. Regarding other prospects, wewish to study the impact of the guided active contour onprocesses of description and/or classification. We are alsoconsidering the implementation of an application bringingtogether all the tools of this comparative study, in order touse it on any kind of segmentation (medical imaging, objecttracking, or any other).
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