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Abstract- We present a system for matching of 3 Dimensianabns using DTW. This system uses a
depth sensing device to generate a skeleton aigbe For the training part, any Expert can tram t
system for a specific action sequence. The Userpeasform a similar action and the system will
match the actions to calculate the percent matob.indénd to make the system independent of the
user size and position by matching the joint angisgead of joint coordinates. At the moment the
system is time variant. To further increase thertice of error in the user action, we use a rahge
actions performed by the expert and calculate imdagity of the intended action and user action
based on a user specified strictness level. Thagesywill calculate the accuracy of the user’'scandi
and help improve the action and stance if usedtoring software.

This will be a generalized system which can be wsedny action matching and action improving
engine. The recognition system is able match theidate pattern with that of the expert.

Keywords—DTW (Dynamic Time Warping), depth sensing, joingkes, time variant, similarity

1. Introduction produce numerical or symbolic informatiaeg.,
Computer vision is a field that includes methoddn the forms of decisions. Basically this field
for acquiring, processing, analysing, anddeals with the duplication of human vision by
understanding images and, in general, highelectronically perceiving and understanding an
dimensional data from the real world in order toimage. This image understanding can be done

using the symbolic information from image or
For Correspondence: the models constructed using different
onkar_borgATyahoo.com techniques. Computer vision is that enterprise
Received on: February 014 where the processes and representations are
Accepted after revision: February 014 collected together and processed for vision
Downloaded from: www.johronline.com perception. It has a wide range of applications

such as autonomous vehicles, face recognition,
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smart camera, object detection etc. sensors such as Kinect have been made
In machine learning, pattern recognition is theaccessible to all. In [1] this work represents an
assignment of a label to a given input value. Thigction recognition algorithm for matching dance
is a separate domain which can be merged isequences. [5] In order to align and evaluate
with many domains viz. computer vision, patterndance performances, Kinect depth maps from the
matching, digital signal processing, informationassociated grand challenge data set are
security, image processing etc. variousconsidered. [1] In this paper the point based and
technigues and algorithms are available in ordeangle-based skeleton model required for the
to apply pattern recognition in varied domains ofbody and joint angel trajectory matching
technology. The algorithms used in patterrrespectively.

recognition try to provide an answer to the giver8. Problem Discription

set of inputs with all possible matches of inputs. The proposed system is developed in order to
The system implemented in this paper is basedelp the user to improve his actions. We focus
on a low cost tutor or rather a mimicry engineon generating a set of the results for actions
which finds applications in general scenariosperformed by the user in comparison with the
The engine builds interactive environment withactions performed by an expert. We present an
its users to analyze and critique the actiongpproach for measuring the similarity between
performed. This could prove to be an intelligentthe two action sequences for any generalized
tutor provided we have an intelligent person ormpplications.

virtuoso to train the system. We are using DTWn this system we have concentrated not on one
in order to perform matching of the two actionfactor but it deals with many generalized actions.
sequences. We try to make a time variant systeifihis is a more generalized system which will
i.e. both the actions shall have to be performegrovide a helping and supporting hand in
in the same time frame for them to be matchedgearning any form of actions involved in day to
if not, then the similarity of the two action day life using skeletal information obtained from
sequences shall be affected. After matching thany depth sensor, and propose an easy to
two sequences the Accuracy Result will bemplement algorithm that can solve this problem
displayed at the end of the matching module. in real time

2. Related Work The main problems involved are to stabilize and
An interesting question to ponder upon is whanhormalize the anthropometric and temporal
the next generation computer application wouldvariations. Though such differences can't be
be like? To answer this, let's recall the firstavoided when acquiring human motion data, we
computers, with a command-line interface. Theriry to avoid and mitigate such differences while
came the GUI based computers. In whichrecognizing the sequence in following ways:
calculating, playing music, playing games, word- By using an angle based skeleton model that
processing and other operations were interactiveill reduce and avoid anthropometrical
using hardware devices. For the next generatiodependencies, while it reduces the obtained
computer interaction, we expect to use moreandidate dimensionality without any loss of
interactive methods. for e.g. can a computemmportant information of sequence.

identify me by looking at my face or even my-we introduce a sample similarity measure based
gait? Can a computer know where I’'m looking aton our system algorithm in order to overcome the
and what I'm doing? Can a computer tell what igemporal differences and transformations which
living and what is non-living? Can computersmay vary in speed and distance from the camera.
learn something by themselves? Can a computdihe similarity is bounded, even though the
summarize a video for me? length of the user action sequence may vary; as
While depth sensors are not conceptually newthe matching is performed only after the user had

A proceeding of

National Conferencefor Studentsin Electrical And Electronics Engineering (NCSEEE 2014)
www.johronline.com 10| Page




Borgaonkar O. et al., J. Harmoniz. Res. Eng. 2014, 2(1), 09-14

completed his action. Thus the user actiomrior to recognition.
sequence length is known before the matchintp the first phase of system training the engine is
process initiates. trained with the help of an expert. These actions
The proposed recognition system is a part operformed by expert are recorded thrice. All the
assessing whether the action sequence performgtee training sets of action sequences are stored
by users approaches the expert action sequende, point based and joint-angle based skeleton
which we pre-recorded with the help of an experformat.
during the training of the system. So we do noln the second phase which is user skeleton
adopt algorithms that involve statistical tracking we are going to track point based
recognition  methods, thereby eliminatingskeleton of candidate and will be stored in the
unnecessary set of data to be processed, so assi@tem in the form of angle-based skeleton
match two action sequences. The structure of thegjectory.
system is illustrated in the figure below: Here we are obtaining the user skeleton by using
the depth sensing device. The output of that
P depth sensing device will be point-based skeleton
T E;gﬁﬁ;ﬂgfﬁ trajectory. To eliminate the bottlenecks that are
Depth Sensing 1 caused due to point based skeleton trajectory, we
”“;“ T need to convert it into joint-angle based skeleton
p———— Reading point based trajectory. The conversion of the point based
o bk S“e'“"l”“”“‘°” skeleton trajectory to joint-angle based skeleton
SN trajectory is accomplished in the feature
e extraction phase. In this phase we are obtaining
' L 13 angles from user's skeleton, this overcomes

joint-angle based ‘ juint-angle based the problem of anthropometric differences.

skeleton trajectory skeleton trajectory

The problem that we are facing in getting a

sequence similarity measure, while comparing a
! 4 very large set of data, is to eliminate the delay
N factor involved while making the comparison.
% Mnmmminimmm \ We have provided user with the number of
\ accuracy 15 shown ) options from very strict to lenient matching in
which the tolerance level of the difference

Fig. Block Diagram of working of Mimicry Engine between frames (candidate and baseline) can be

The system consists of four modules: - i) Systengaried so as to give space for human error.
Training Phase by using a depth sensing devickhe sequence of the paper is that Section 4. will
for skeletal tracking. ii) User Skeleton trackinggive the description about the point based and
by acquiring the point based skeleton of thgoint angle based body trajectory. Section 5 will
actions performed. iii) Feature extraction modulgrovide the recognition algorithm strategy
where the body trajectory is converted from 3Dapplied and the angle based trajectory
point based skeleton to angle based skeletafbmparison, and Finally Section 6 describes the
which consist of the thirteen most important jointresults and conclusion.
angles. iv) An angel based skeleton trajectory. Action Recognition And Feature Extraction
module comparison. 4.1Point Based Skeleton:- The point based
An important feature of our contribution is that, skeleton is a set of 15 points obtained from depth

unlike the majority of sequence matching sensing device, which are depicted by ellipses
algorithms, ours does not need to segment &= {1, 2, and 15}.

candidate pattern in the incoming motion data

Performed User

Action <D

-
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model S. We have been able to create this vector
set without any loss of important information.
Here we have given the meaning of each angle
with the logical names left elbow roll and
similarly for the right part. The first letter cée
| (left), r (right), t (torso). The second lettesurc
be e (elbow), s (shoulder), h (hip), k (knee). The
last letter can be r (roll), y (yaw), p (pitch).&h
last letter to stands for torso and r stands ftbr ro
4.2 Joint Angle-Based Skeleton
Now we can define the joint angle based skeleton
trajectory (J) set for any form of action using the
Fig: Front view of 3D Skeleton of Human body features angles mentioned in the above equation.
The set of points that are obtained are in &he trajectory J= {v1, v2, v13}. The set of points
coordinate format. Each point from the set E cain joint angle based skeleton are free from
be represented as follows: anthropometric differences. Hence they provide
Suppose Xi is any point from set E then, Xi =a set of data which can be useful in comparing
{xi, yi, zi} where x, y, z are the three co- any set of actions performed by different people
ordinates of the point X. The skeleton set S cahaving varied physique. This is the main
be represented S={X1, X2......, X15}. Although function which will be used many times in order
this representation can describe every pose @b achieve the targeted aim in our project. One
human body, it is heavily dependent on the bodynore point that should be noted is that the angle
size and proportion of the user. Thesebased skeleton does not provide us with the
anthropometric differences can be eliminated byvhole relative information so we consider and
using the angle-based data instead of using thgescribe the whole global body displacement of

3D-point data. For this we define a function the skeleton to be located at the centre of mass in
— the 3d space i.e. at the torso.
fik, 1, m,n) = m-.;—t-us% (D 5. System Algorithm

This section describes the actual implementation
and technique used to reach the targeted aim of
where k, I, m, n are the points from skeleton.our project.

Using the above function we create a featureThe first part deals with the user tracking and

vector set containing 13 angles. recognizing the action performed by different
Blier ( f(x7, x6,%7,x8) \ users. This is done by providing namespaces to
[ Hh.}."‘l [(x6, x2,x7,x8) different users. Also the set of actions performed
Blsy 126, 10,86, 7) are saved in separate namespaces in the form of
Blsp 10, 211,26,x7) files. These files contain data related to joint
Srar flxd, x3, x4, x13) . . .
ridsed f(x3.x2, x4, 213) angle based skeleton which is generated using
v=| orer | =| F3x11,23.28) the vector set in a continuous stream of frame
Hrsp f(x11,x10,x3, x4) data containing position of skeleton joints.
flhp f(x14, x10,x2,x9) System is trained thrice for the same action. Now
::f_:f" [(x14, 10, ¥14,x15) we are having baseline pattern with us which can
i flx12,x11,x2,x9) be used for comparison.
\ Brkr flx12,x11, %12, x13)

Once the actions of the expert are recorded then
the actions of user are recorded from, which are
which is the reduction of the original skeletondisplayed on a canvas next to a canvas showing

\gtor/  \ f(x11, %10, x3, x6) /
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the actions that are performed by the expert. Thisieasure has a property that it is very useful for
is done so as to help user to imitate them at easgetermining the tolerance or the threshold value.
After the actions are done now begins théNe use this measure along with DTW to form a
matching technique where the similarity issequence similarity measure.

displayed based on mainly the tolerance adjustesi2 Angle Based Trajectory Comparison

with those of the strictness levels. Here weStrategy

scaled the similarity measure from lenient toNow that we have a sample similarity matrix, we
very strict. have to use this entity in order to compare the
We have provided a separate list for selection ofvo action sequences. We can use this to
appropriate action set of the expert with whichcompare whether the candidate (user) pattern C
the actions of the users are to be matched. is similar with the baseline (expert) pattern B. So
5.1 Action Pattern Recognition we introduce a sample similarity threshold value
As illustrated in the block diagram, the goal of T to decide the match capability value between
the system is to recognize a baseline skeletotihe two considered sequences. For this we have
trajectory B = {bl, b2, bM} in a candidate obtained the range from the baseline trajectory
skeleton trajectory C = {c1, c2, cN}, which is (the action sequence performed by the expert)
captured in real-time. The recognition implieswhich we use for comparing the action sequence
that both the corresponding joint-angles of theof the user (candidate) with the baseline
action sequences must match. To achieve thissajectory. Following are some of the conditions
we make the following assumptions about theéhose are going to consider while comparing the
baseline and candidate trajectories: action sequence:

— There is no priori knowledge about which part$.3 DTW Approach

of the candidate trajectory C contain importanfThe warping path that we have defined is under a
information. Also there is not one concentratedange of values between the smallest and the
section in the action from where one canlargest vector values. Now these values in the
inference that the actions are matching. range are compared with the candidate
52  Similarity Measure trajectory.

We try to define a sample similarity measureHere three conditions are possible:

before actually applying the DTW algorithm. 1. When the action sequence of candidate
This sample similarity measure is based upon the trajectory lies within the range of baseline
feature (positions/angles) vectors that define the trajectory, i.e. this is near to ideal action

skeleton. However to make space for removing
and normalizing the frame differences between
the two feature vector sets without much

sequence that the candidate has performed.
Hence the accuracy computed by the system
will be much higher but will depend on the

affecting the similarity measure, we calculate an chosen strictness level.

inner product of the two feature vector sets.

Next task is to compare baseline sequence arfi When the action sequence of candidate

candidate sequence. For this we created sample trajectory is above range values then in this

similarity matrix. case this sequence will be matched with the
il higher range values in the baseline trajectory.

Hence the result which is computed depends

upon the difference between the action

sequence of candidate and higher range values

of the baseline trajectory.

When the action sequence of candidate

trajectory is below range values then in this

W/ llw]- (2)
where, S= sample similarity matrix. And from
the sample similarity matrix we have calculated
optimal warping path that will lead to the nearest
correct solution. In the above equation we haveg,
used a 'inner product' of the two sequences i.e.
the candidate and the baseline sequence. This
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