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Abstract— Person re-identification could be essential operation for any multi-camera observation situation. Until
presently, it has been performed by misusing fundamentally appearance prompts, hypothesizing that the people cannot alter
their clothes. In this paper, we unwind this limitation by displaying a set of 3D soft-biometric signals, being uncaring to
appearance varities that are assembled utilizing RGB-D innovation. The point utilizes of these characteristics gives
empowering exhibitions on a benchmark of 79 individuals that have been captured in different days and with different
clothing. This advances a novel investigate heading for the re-identification community, backed moreover by the reality that
an unused of affordable of RGB-D cameras have as of late attacked the around the world advertise.
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I.
1.1

INTRODUCTION

What is People Re-identification?

Given an image /video of an individual taken from one camera, re-identification is the method of distinguishing the
individual from images/videos taken from a diverse camera with non-overlapping areas of views. Re-identification is vital in
setting up steady labeling over numerous cameras or indeed inside the same camera to re-establish disengaged or misplaced
tracks.
Person re-identification is partner pictures of the same individual taken from diverse cameras or from the same camera totally
different events. In other words allotting a steady ID to an individual in multi camera setting. More often than not the reidentification is obliged to a little time period and a little region secured by cameras. People are effectively able to Re-id
others by leveraging descriptors based on the person’s confront , stature and construct , clothing , hair fashion, strolling
design, etc. But this apparently simple issue is greatly troublesome for a machine to illuminate.

FIGURE 1: Re-identification procedure [3]
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Why is People Re-identification Significant?

Observation in open places is broadly utilized to screen different areas and the behavior of individuals in those ranges. Since
events such as terrorist attacks in different public places have occurred more frequently in recent years, a growing need for
video network systems to guarantee the safety of people has emerged. In expansion, in open transport airplane terminals,
prepare stations or indeed interior trains and airplanes), shrewdly observation has demonstrated to be a valuable instrument
for recognizing and anticipating possibly rough circumstances. Re-Identification can moreover play a portion in forms that’s
required for movement examination and occasion acknowledgement or scene examination. In a shrewdly video
reconnaissance framework, arrangement of real-time video outlines is snatched from their source, regularly closed circuit tv
(CCTV) and prepared to extract the important data. Creating procedures that can handle these outlines to extract the desired
information in a programmed and operator-independent way is significant for state –of-the-art application of observation
frameworks. Today, the growth in the computational capabilities of intelligent systems, along with vision techniques, has
provided new opportunities for the development of new approaches in video surveillance systems. This includes automatic
processing of video frames for surveillance purposes, such as segmentation, object detection, object recognition, tracking and
classifying. One of the most important aspects in this area is person re-identification. Therefore how does the system know
that the person seen in that camera was the same person seen earlier in another camera? This issue is known as a reidentification problem [4-5].
Person Re-ID Challenges: Main challenges are discussed below:
1. Prior to Re-ID the framework should identify an individual and characterize the bounding box of the individual in a
picture. As we know human body is very deformable. Detecting such deformable objects could be a challenge in itself.
2. A Re-ID framework may take a picture (called a single –shot) or a video (multi-shot) as input. In a video input we have to
be able to set up correspondence between identified subjects over outlines. This prepare is called tracking. Tracking
numerous people is additionally a challenging assignment.
3. Illumination Changes: Intensity of sunshine, shade, reflected light from colored surfaces, indoor lighting can cause the
same subject to seem in several shades and colors over cameras.
4. Low resolution. Many old CCTV systems are with cameras of low resolution. Due to the lack of information person ReID becomes even more difficult.
5. Occlusion:
If an object we are tracking is hidden by another object then occlusion occurs. Like two persons walking past each other, or a
car that drives under a bridge. In crowded environments partial or even complete occlusion of persons by others presents
challenge in extracting features.

FIGURE 2: Occlusion < http://www.eecs.qmul.ac.uk/~sgg/papers/LoyEtAl_CrowdAnalysisSpringer2013.pdf>
6. Uniform Clothing at schools and indeed a few working environments will confound Re-ID calculations which extract
data from clothing / appearance.
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7. Scalability. Public areas are covered by thousands of cameras and current technologies are only beginning to address
multi-camera surveillance problem.
8. Small sample size:
In common re-id module is required to coordinate single test pictures to single exhibition pictures. This implies from a
routine classification point of view, there’s likely to be insufficient information to memorize a great show of each person’s
intra-class inconstancy. One –shot learning may be required beneath which as it were a single combine of cases is accessible
for demonstrate learning. For this reason, numerous system treat re-id as a match shrewd twofold classification issue rather
than a customary multi-class classification issue.
9. Inter- and Intra-class variations: A essential challenge in building a re-id show is to overcome the inter-class disarray,
i.e distinctive people can see alike over camera sees and intra-class variety. The same person may see distinctive when
watched beneath diverse cameras sees. Such varieties between camera see are in common complex and multi-modal and thus
are necessarily non-trivial for a show to memorize.
In this paper we showing a new approach of individual re-id that employments delicate biometrics prompt as highlights. In
common, delicate biometrics prompts have been abused in different settings, either to help facial acknowledgement, utilized
as highlights in security reconnaissance arrangements or moreover for individual acknowledgement beneath a pack of words
arrangement. In delicate biometrics signals are the measure of appendages, which were physically measured [4].
The approaches in [5-7] are based on information coming from 2D cameras and extract delicate biometrics prompts such as
gender, ethnicity, clothing etc.
The cues are extracted from range data which are computed using RGB-D cameras. Our aim is to extract a set of highlights
computed specifically on the extend estimations given by the sensor. Such highlights are related to particular an-thropometric
estimations computed from the individual body. In more detail we present two unmistakable subsets of highlights. The
primary subset represent prompts computed from the fitted skelton to profundity information i.e. the Euclidean separate
between chosen body parts such as legs, arms and the general stature. The moment subset contains highlights computed on
the surface given by the range data. They come within the shape of geodesic separations computed from a predefined set of
joints (from torso to right hip). This most recent degree gives a sign of the curvature (and by guess of the estimate) of
particular districts of the body.
The remaining of the paper is organized as follows. Section 2 briefly presents the re-identification literature. Section 3 details
our approach followed by Section 4 that shows experimental results. Finally, Section 5 concludes the paper, envisaging some
future perspectives.

II.

STATE OF THE ART:

Most of the re-identification approaches construct on appearance based highlights [1,11,3] and this anticipates from centring
on re-id scenarios where the clothing may alter. Few approaches oblige the re-id agent conditions by rearranging the issue to
worldly thinking. They really utilize the information on the format dissemination of cameras and the worldly data in arrange
to prune absent a few candidates within the display set. [12]
The selection of 3D body data within the re-identification issue was to begin with presented by [13] where a coarse and
inflexible 3D body demonstrate was fitted to different people on foot. Given such 3D localization, the individual outline can
be related given the different introductions of the body as seen from different cameras. At that point the enlisted information
is utilized to perform appearance based re-identification. Differently, in our case we oversee honest goodness delicate
biometric prompts of a body which is genuinely non-rigid conjointly neglecting an appearance based approach. Such
plausibility is given by these days innovation that permits to extract dependable anatomic signals from profundity data given
by a sensor.
In common the methodological approach to re-identification can be partitioned into two bunches learning-based and
coordinate procedures. Learning based strategies part a re-id dataset into two sets preparing and test [1,3]. The preparing set
is utilized for learning highlights and techniques for combining highlights whereas the test dataset is utilized for approval.
Coordinate methodologies [11] are straightforward including extractors. More often than not learning based procedures are
unequivocally time-consuming but more effective than coordinate ones. Beneath this scientific categorization, our
proposition can be characterized as a learning-based technique.
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OUR APPROACH

Our re-identification approach has two unmistakable stages. To begin with, a specific signature is computed from the run
information of each subject. Such signature could be a composition of a few delicate biometric prompts extract from the
depth data acquired with a RGB-D sensor. Within the moment stage, these marks are coordinated against the test subjects
from the exhibition set. A learning organize, computed be-forehand, clarifies how each single include has got to be weighted
when combined with the others. A include with tall weight implies that it is valuable for getting great re-identification
exhibitions.
3.1

First Stage: Signature Extraction

The primary step forms the information procured from a RGB-D camera such as the kinect. In specific this sensor
employments an organized light based infrared patterns [8] that lights up the scene. In this way framework gets a profundity
outline of the scene by measuring the design twisting made by the 3D help of the protest. When RGB-D cameras are utilized
with the Open NI system [14], it is conceivable to utilize the obtained profundity outline to fragment & track human bodies,
gauge the human posture, and perform metric 3D scene recreation. In our case, the data utilized is given by the fragmented
point-cloud of an individual, the positions of the fifteen body joints and the estimation of the floor plane. In spite of the fact
that the individual profundity outline and posture are given by the Open NI program libraries, the division of the floor
required an introductory pre-processing utilizing RANSAC to fit a plane to the ground. Moreover, a work was produced from
the individual point cloud utilizing the “Greedy Projection” strategy [15].
Sometime recently centering on the signature extraction, a preparatory ponders has been per-formed by looking at a set of
121 highlights on a dataset of 79 people, each captured in 4 diﬀerent days (see more data on the dataset in Sec. 4). These
highlights can be apportioned in two bunches: the primary contains the skeleton-based highlights, i.e., those prompts which
are based on the comprehensive combination of separations among joints, separations between the floor plane and all the
conceivable joints. The moment bunch contains the Surface-based highlights, i.e., the geodesic separations on the work
surface computed from diﬀerent joints sets. In arrange to decide the foremost important highlights, a highlight determination
arranges assesses the execution on the re-identification assignment of each single signal, one at a time, in-dependently. In
specific, as a degree of the re-id precision, we assessed the normalized range beneath bend (nAUC) of the aggregate
coordinating bend (CMC) disposing of those highlights which come about proportionate to perform a random choice of the
right coordinate (see more data on these classification measures on Sec. 4).
The results after such pruning organizes were a set of 10 highlights:
Skeleton-based features:
• d1: Euclidean separate between floor and head
• d2: Proportion between middle and legs
• d3: Tallness estimate
• d4: Euclidean separate between floor and neck
• d5: Euclidean remove between neck and cleared out shoulder
• d6: Euclidean separate between neck and right shoulder
• d7: Euclidean remove between middle center and right shoulder
Surface-based features:
• d8: Geodesic distance between middle center and cleared out shoulder
• d9: Geodesic distance between middle center and cleared out hip
• d10: Geodesic distance between middle center and right hip
A few of the highlights based on the remove from the floor are outlined in Fig. 3 along with the joints localization on the
body. In specific, the moment include (proportion between middle and legs) is computed agreeing to the taking after
condition:
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The computation of the (approximated) geodesic separations, i.e., Torso to left shoulder, torso to left hip and torso to right
hip, is given by the following steps. To begin with, the chosen joints sets, which are ordinarily not lying onto the point cloud,
are anticipated towards the particular closest focuses in profundity. This produces a beginning and finishing point on the
surface where it is conceivable to initialize a calculation computing the least way over the point cloud (Fig. 4). Since the
middle is ordinarily recouped by the RGB-D sensor with higher accuracy, the computed geodesic highlights ought to be
moreover dependable.
As an assist check on the 10 chosen highlights, we confirmed the exactness by physically measuring the highlights on a
confined set of subjects. At the conclusion, we found out that higher exactness was captured particularly within the highlights
related to Fig. 3. Separations utilized for building the soft-biometric highlights (in dark), and a few of the delicate biometric
highlights (in green). It is imperative to take note that the joints are not localized within the outskirt of the point-cloud, but, in
most of the cases, within the proximities of the genuine verbalizations of the human body

FIGURE 3: The stature (d1, ..., d4)
Whereas other highlights were marginally more boisterous. In common, all these highlights are well-suited for an indoor
utilization, in which individuals don't wear overwhelming dress that might cover up the human body angles (Igor Barros
Barbosa, ECCV Workshops 2012).

FIGURE 4: Geodesic highlights: the ruddy line speaks to the way found by A between middle to clear out
bear, middle to clear out hip and middle to right hip. < https://lorisbaz.github.io>
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Second Stage: Signature Coordinating:

This segment outlines how the chosen highlights can be together utilized within the re-id issue. Within the writing, a re-id
procedure is more often than not assessed considering two sets of individual ID marks: a exhibition set A and a test set B.
The assessment comprises in partner each ID signature of the probe set B to a comparing ID signature within the display set
A. For the purpose of clarity, let us assume to have N diﬀerent ID signatures (each one speaking to a diﬀerent person, so N
diﬀerent people) within the test set and the same happens within the exhibition set. All the N subjects within the test are show
within the exhibition. For assessing the execution of a re-id procedure, the foremost utilized degree is the Aggregate
Coordinating Bend (CMC) [1], which models the cruel likelihood that anything test signature is accurately coordinated
within the to begin with T positioned exhibition people, where the positioning is given by assessing the separations between
ID marks in rising arrange.
In our case, each ID signature is composed by F highlights (in our case, F = 10), and each include incorporates a numerical
esteem. Let us at that point characterize the remove between comparing highlights as the squared diﬀerence between them.
For each highlight, we get a N × N remove lattice. In any case such lattice is one-sided towards highlights with higher
measured values driving to an issue of heterogeneity of the measures. In this way, in case such as the tallness is measured, it
would check more w.r.t. other highlights whose run of values is more compact (e.g. the separate between neck and cleared
out bear). To dodge this issue, we normalize all the highlights to a zero cruel and unitary change. We utilize the information
from the display set to compute the cruel esteem of each include as well as the highlight fluctuation.
Given the normalized N × N remove network, we presently have to be surrogating those separations into a single remove
lattice, getting hence a last CMC bend. The gullible way to coordinated them out would be to fair normal the networks.
Instep, we propose to utilize a weighted entirety of the remove lattices. Let us characterize the set of weight wi for i = 1,……
F that speaks to the significance of the ith highlight: the higher the weight, the more critical is the highlight. Since tuning
those weights is as a rule difficult, we propose a quasi-exhaustive learning procedure, i.e., we investigate the weight space
(from to 1 with step 0.01) in order to choose the weights that maximize the nAUC score. Within the tests, we report the
values of those weights and compare this technique with the normal standard.

IV.

EXPERIMENTS

In this area, we portray to begin with how we built the exploratory dataset and how we formalized the re-id convention. At
that point, a broad approval is carried forward over the test dataset in diﬀerent conditions.
4.1

Database Creation

Our dataset is composed by four diﬀerent bunches of information. The primary “Collaborative” bunch has been gotten by
recording 79 individuals with a frontal see, strolling gradually, maintaining a strategic distance from occlusions and with
extended arms. This happened in an indoor situation, where the individuals were at slightest 2 meters absent from the
camera. This situation speaks to a collaborative setting, the as it were one that we considered in these tests. The moment
(“Walking”) and third (“Walking2”) bunches of information are composed by frontal recordings of the same 79 individuals
strolling ordinarily whereas entering the lab where they regularly work. The fourth bunch (“Back-wards”) could be a back
see recording of the individuals strolling absent from the lab. Since all the acquisitions have been performed in diﬀerent days,
there's no ensure that visual viewpoints like clothing or embellishments will be kept consistent. Figure 5 appears the
computer networks from diﬀerent people during the recording of the four diﬀerent sessions, in conjunction with a few
measurements around the collected highlights.
From each securing, a single outline was naturally chosen for the computation of the biometric highlights. This choice
employment the outline with the most excellent certainty of followed skeleton joints1, which is closest to the camera and it
was not trimmed by the sensors areas of see. This speaks to the outline with the most noteworthy joints following certainty
which in most of the cases was around 2.5 meters absent from the camera. After that, the work for each subject was
computed and the 10 delicate biometric signals have been extricated utilizing both skeleton and geodesics information.
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FIGURE 5: Outline of the different bunches within the recorded information, columns from best to foot:
“Walking”, “Walking2”, “Backwards” and “Collaborative”. Note that individuals changed their clothing’s
amid the acquisitions in different days. On the correct, insights of the “Walking” dataset: for each include,
the histogram is appeared; within the bracket, its cruel esteem (in cm, but d2) and standard deviation.
4.2

Semi-cooperative re-id:

Given the four datasets, we have built a semi-collaborative situation, where the display set was composed by the ID marks of
the “Collaborative” setting, and the test information was the “Walking 2” set. The CMCs related to each include are depicted
in Fig. 6: they appear how each includes is able to capture discriminative data of the analyzed subjects. Fig. 5 appears the
normalized AUC of each highlights. Take note that the highlights related to the tallness of the individual are exceptionally
significant, as so the proportion between middle and legs. The comes about of Fig. 6 highlights that the nAUC over the
diﬀerent highlights ranges from 52.8% to 88.1%. Hence, all of them contribute to have way better re-identification such
certainty score may be a byproduct of the skeleton fitting algorithm.

FIGURE 6: Single-feature CMCs — “Collaborative” VS “Walking 2” (best seen in colors)
To explore how their combination makes a difference in re-id, we misuse the learning methodology proposed in Sec. 3.2.
Such weights wi are learned once using a diﬀerent dataset than the one utilized amid testing. The gotten weights are: w1 =
0.24, w2 = 0.17, w3 = 0.18, w4 = 0.09, w5 = 0.02, w6 = 0.02, w7 = 0.03, w8 = 0.05, w9 = 0.08, w10 = 0.12. The weights
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mirrors the nUAC obtained for each highlight freely (Fig. 7): the foremost important ones are d1 (Euclidean separate
between floor and head), d2 (Proportion between middle and legs), d3 (Stature gauge), and d10 (Geodesic separate between
middle center and right hip).

FIGURE 7: Range beneath the bend for each includes (the numbering here takes after the highlights
identification displayed in Sec. 3) —“Collaborative” VS “Walking 2”. The numbers over the bars show the
numerical nAUC values of the diﬀerent features.
In Fig. 8, we compare this procedure with a standard: the normal case where wi = 1/F for each i. It is evident that the learning
methodology gives superior comes about (nAUC= 88.88%) with regard to the baseline (nAUC= 76.19%) conjointly the
leading highlight (nAUC= 88.10%) that corresponds to d1 in Fig. 8. For the rest of the tests the learning methodology is
adopted.

FIGURE 8: Compilation of last CMC bends —“Collaborative” - “Walking 2”
4.3

Non-cooperative re-id

Non-cooperative scenarios comprise of the “walking”, “walking2” and “backwards” datasets. We create diﬀerent tests by
combining agreeable and non-cooperative scenarios as display and test sets. Table 1 reports the nAUC score given the trials
we carried out. The non-cooperative scenarios gave rise to higher exhibitions than the agreeable ones. The reason is that,
within the collaborative procurement, individuals tended to move in a really unnatural and obliged way, thus starting onesided estimations towards a particular pose. Within the non-cooperative setting this did not clearly happen.

TABLE 1
nAUC SCORES FOR THE DIFFERENT RE-ID SCENARIOS
Gallery
Collab.
Collab.
Collab.
Walking
Walking
Walking 2

Probe
Walking
Walking 2
Backwards
Walking 2
Backwards
Backwards

nAUC
90.11%
88.88%
85.64%
91.76%
88.72%
87.73%
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CONCLUSIONS

In this paper, we displayed a individual re-identification approach which abuses soft-biometrics highlights, extricated from
run information, examining collaborative and non-collaborative settings. Each highlight contains a specific discriminative
expressiveness with tallness and torso/legs proportion being the foremost informative signals. Re-identification by 3D
delicate biometric information appears to be an awfully productive investigate heading: other than the most advantage of a
delicate biometric arrangement, i.e., that of being to a few degree invariant to clothing, numerous are the other reasons: from
one side, the accessibility of exact however aﬀordable RGB-D sensors empower the ponder of vigorous computer program
arrangements toward the creation of genuine reconnaissance framework. On the other side, the classical appearance-based reid writing is characterized by effective learning approaches that can be effortlessly inserted within the 3D circumstance. Our
inquiry about will be centered on this final point, and on the creation of a bigger 3D non-collaborative dataset.

REFERENCES
[1] Mohammad Ali Saghafi, AiniHussain, HalimahBadiozeZaman,MohamadHanifMd.Saad:Review of person re-identification
techniques, Published in IET Computer Vision, Doi:10.1049/iet-cvi.2013.0180.
Available at:
https://medium.com/@niruhan/a-practical-guide-to-person-re-identification-using-alignedreid-7683222da644.
[2] JiaxuanZhuo,ZeyuChen,JianhuangLai,Guangcong Wang: Occluded person re-identification,978-1-5386-1737-3/18/$31.00 C2018
IEEE.
Available at: https://ieeexplore.ieee.org/stamp/stamp.jsp?arnumber=6969202
[3] Shaogang Gong, Marco Cristani, Chen Change Loy, and Timothy M. Hospedales: The Re-Identification Challenge,
Available at: https://pdfs.semanticscholar.org/109c/7a377a1160ff36874829e3d0a47e08d7ea5e.pdf
[4] Igor Barros Barbosa1,3, Marco Cristani1,2, Alessio Del Bue1, Loris Bazzani1, and Vittorio Murino1:Re-identification with RGB-D
Sensors .
[5] O. Hamdoun, F. Moutarde, B. Stanciulescu and B. Steux, "Person re-identification in multi-camera system by signature based on
interest point descriptors collected on short video sequences," 2008 Second ACM/IEEE International Conference on Distributed
Smart Cameras, Palo Alto, CA, USA, 2008, pp. 1-6, doi: 10.1109/ICDSC.2008.4635689.
[6] Rui Zhao, WanliOuyang, Xiaogang Wang; Proceedings of the IEEE Conference on Computer Vision and Pattern Recognition
(CVPR), 2013, pp. 3586-3593 : Unsupervised Salience Learning for Person Re-identification.
[7] Weihua Chen, Xiaotang Chen, Jianguo Zhang, Kaiqi Huang; Proceedings of the IEEE Conference on Computer Vision and Pattern
Recognition (CVPR), 2017, pp. 403-412 : Beyond Triplet Loss: A Deep Quadruplet Network for Person Re-Identification
[8] M. Farenzena, L. Bazzani, A. Perina, V. Murino and M. Cristani, "Person re-identification by symmetry-driven accumulation of local
features," 2010 IEEE Computer Society Conference on Computer Vision and Pattern Recognition, San Francisco, CA, USA, 2010,
pp. 2360-2367, doi: 10.1109/CVPR.2010.5539926.
[9] L. Bazzani, M. Cristani, A. Perina, M. Farenzena and V. Murino, "Multiple-Shot Person Re-identification by HPE Signature," 2010
20th International Conference on Pattern Recognition, Istanbul, Turkey, 2010, pp. 1413-1416, doi: 10.1109/ICPR.2010.349.
[10] Q. Leng, M. Ye and Q. Tian, "A Survey of Open-World Person Re-Identification," in IEEE Transactions on Circuits and Systems for
Video Technology, vol. 30, no. 4, pp. 1092-1108, April 2020, doi: 10.1109/TCSVT.2019.2898940.
[11] S. karanam, M. Gou, Z. Wu, A. Rates-Borras, O. Camps and R. J. Radke, "A Systematic Evaluation and Benchmark for Person ReIdentification: Features, Metrics, and Datasets," in IEEE Transactions on Pattern Analysis and Machine Intelligence, vol. 41, no. 3, pp.
523-536, 1 March 2019, doi: 10.1109/TPAMI.2018.2807450.
[12] L. Ren, J. Lu, J. Feng and J. Zhou, "Uniform and Variational Deep Learning for RGB-D Object Recognition and Person ReIdentification," in IEEE Transactions on Image Processing, vol. 28, no. 10, pp. 4970-4983, Oct. 2019,
doi: 10.1109/TIP.2019.2915655.
[13] A. R. Lejbølle, K. Nasrollahi, B. Krogh and T. B. Moeslund, "Person Re-Identification Using Spatial and Layer-Wise Attention," in
IEEE Transactions on Information Forensics and Security, vol. 15, pp. 1216-1231, 2020, doi: 10.1109/TIFS.2019.2938870.
[14] Baltieri, D., Vezzani, R., Cucchiara, R.: SARC3D: A New 3D Body Model for People Tracking and Re-identification. In: Maino, G.,
Foresti, G.L. (eds.) ICIAP 2011, Part I. LNCS, vol. 6978, pp. 197–206. Springer, Heidelberg (2011)
[15] OpenNI (February 2012) Openniframework@ONLINE, http://www.openni.org/ Marton, Z.C., Rusu, R.B., Beetz, M.: On Fast Surface
Reconstruction Methods for Large and Noisy Datasets. In: Proceedings of the IEEE International Conference on Robotics and
Automation (ICRA), Kobe, Japan, May 12-17 (2009).

Page | 17

