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(Abstract)

As technology advances, there is increasing need for research in different fields
where this technology is applied. On of the most researched topic in computer vision
is Human activity recognition (HAR), which has widely been implemented in various
fields which include healthcare, video surveillance and education. We therefore present
in this paper a human activity recognition system based on scale and rotation while
employing the Kinect depth sensors to obtain the human skeleton joints. In contrast
to previous approaches that use joint angles, in this paper we propose that each limb
has an angle with the X, Y, Z axes which we employ as feature vectors. The use of
the joint angles makes our system scale invariant. We further calculate the body
relative direction in the egocentric coordinates in order to provide the rotation
invariance. For the system parameters, we employ 8 limbs with their corresponding
angles each having the X, Y, Z axes from the coordinate system as feature vectors.
The extracted features are finally trained and tested with the Long short term memory
(LSTM) Network which gives us an average accuracy of 98.3%.
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1. Introduction

One of the most researched topic in
computer vision is Human activity recognition
(HAR),
various fields which include but not limited
to healthcare[l], video surveillance[2] and
HAR tackles the problem of
both
complex actions performed in the real world
environment in the presence
variables. The most used HAR method is the

implementation of high precision sensors[4]

and it is widely implemented in

education(3].

activity  detection  for simple and

of many

for inferring captured action observations. in
this paper, we employed the Kinect depth
sensors[5] to obtain human skeleton joints
known as key points. For each limb on the
human skeleton, we obtain the X, Y, Z axes
from the coordinate system and these angles
are used as the feature vectors.

(RNNs)  are
famous for modeling long sequence data as a

Recurrent neural networks
result of their memory state which displays
dynamic behavior. their
RNNs  still
vanishing gradient and for this reason, we
implement the Long short term memory
(LSTM) network for activity recognition. LSTM

is a recurrent neural network capable of

temporal Despite

success, face a problem of

handling long sequence data and can model
wide-range temporal dependencies, and most
importantly, LSTM avoids the problem of
vanishing gradient faced by the RNNs[6]. We
implement the LSTM to recognize 5 human
walking,  punching,

activities  namely;

clapping, lifting and standing. We obtain a
98.3% accuracy from the confusion matrix
used to evaluate the model.

The the
egocentric coordinate system with which we
limbs of the
human skeleton. We further elaborate the

following  chapters  describe

extract joint points from

implementation of the LSTM network for the
HAR task and results from the experiment,
conclude with what we

and hope to

accomplish in the future.

2. Methodology

2.1 Egocentric Coordinate System

Let « be a unit vector denoted as:

u=uu

and

ﬁ:umf+u”j+uzl;

where

i=(1,0,0) is the unit vector on the X axis,
7=1(0,1,0) is the unit vector on the y axis
and k=(0,0,1) is the unit vector on the z
axis.

For two known vectors u and v the third
vector orthogonal to both vectors is found by
calculating their cross product as:

SN
|u>< v|:uvsin9



KSAU(C

Human Activity Recognition with LSTM Using the Egocentric Coordinate System Key Points

where
# is the angle between w and v.

X, Y, Z) also
normalizes the limb vectors shown in Fig. 1.

Normalizing the axes

which makes it easy to get the angles
between the three axes X, Y, Z separately
and each limb vector. Finally, we get the
angle between the two vectors in a range of
[0,7] by applying the arccosine to the dot
product.

the
coordinate system that is relative to the

For us to construct egocentric
direction of the human body, we assume
that:

between the left and right hips, and also, the

the x axis is a normalized vector
y axis is the vertical unit vector of the
general coordinate system. The depth axis z
the
product of the known vectors on the x and

is constructed by calculating Cross

y axes.

L Vixy2)

i )
Origin 0 -)\’e:\\ - X

8;
Vz

z

Fig. 1 Limb vector and X, Y, Z axes angles in
the egocentric system

2.2 RNNs and LSTM

RNNs can be described as a class of
artificial neural networks where connections
between nodes form a directed graph along a
it to

temporal sequence, and this allows

exhibit temporal dynamic behavior[7]. Using
loops, RNNs can keep information across
time with their design also enabling them to
process variable length sequences of input
data. However, as the sequence grows longer,
it becomes harder for RNN to recognize the
interrelationship between the components of
the same sequence which are far apart from
each other.

The challenge facing the RNNs architecture
is the
because the gradients tend to explode or
the

problem”[8,9]. To solve this problem, LSTM is

problem of short-term memory

vanish known  ass “vanish  gradient
a mechanism that is popularly implemented
as it was specifically designed to answer the
issue of long-term dependencies remembering
information for a long time as its default
state[10,11]. The LSTM network built on the
basis of the cell state which runs across the
network in a straight line with minimal linear
interaction, hence allowing easy information
flow.

As seen in Fig. 2, while a regular RNN
node contains only simple calculation (e.g.
tanh operation) which consists of a single
neural network layer, the LSTM cell carries 4
neural network layers. These additional neural
network layers and linear operators together
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Fig. 2 simple RNN node (a) and an LSTM cell (b)

form structures called gates (.e.; input gate,
forget gate, output gate)[12]. Therefore, the
LSTM the network is able to handle longer
sequences of sentences better compared to
the standard RNN network.

The illustration shows the RNN node that
contains a single neural network layer, in
the LSTM cell
interacting uniquely. The LSTM is elevated by

contrast, carries 4 layers

recurrent gates known as forget gates.

3. Implementation and Results

The extracted from the
egocentric coordinate system are used as
input to the LSTM network. In Table 1. we

summarize the parameters we selected for

limb vectors

the training and testing process.

The input data includes ground truth for
five different activities (standing, walking,
punching, lifting and clapping) shown in Fig.
3. The data was split into 70:30 for training
and testing respectively.

The accuracy graph is shown in Fig. 4.
while For evaluating the LSTM model for the
recognised activities, we used the confusion

matrix shown in Fig. 5. where we obtained

Table 1. Spedification and libraries used in this paper

Category Hyper-Parameters Value
Time Step 10
Data Window Size 100
Preprocessing Batch Size 64
Epochs 75
Network Hidden Layers 2
Architecture | Number of Neurons 30
Activation Function | Softmax
Training Bias Weight constant=1.0
Initialization
Optimizer Adam
Learning Learning Rate 0.0025
Loss Rate 0.0015
Activity type

400

350 A

300 4

250

200 A

150 4

100 A

50 1

clapping

walking punching

Fig. 3 HAR data set distribution

Training session's progress over iterations

lifting

standing

Fig. 4 Training (blue) and testing (red) accuracy
and loss
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Fig. 5 Confusion matrix.

Fig. 6 Inference on the activity labeled standing

an average accuracy of 98.3% which we
believe can be improved upon with more
focus put on the activity recognition network.

An example of inference performed using
the kinect camera is shown below in Fig. 6.

4. Conclusion

Human activity recognition has diverse
this  paper
implemented an egocentric coordinate system

applications and in we
for extracting X, Y, Z axes for every limb in
the human skeleton represented as feature
vectors, using the Kinect depth sensor. The

use of the joint angles made our system scale

invariant. We further calculated the body
relative direction in the egocentric coordinates
in order to provide the rotation invariance.
For the system parameters, we employed 8
limbs with their corresponding angles each
having the X, Y, Z axes from the coordinate
system as feature vectors. The features were
implemented in the Long Short Term Memory
network, a recurrent neural network capable
of handling long-term sequence data, for the
task of activity recognition. We obtained a
98.3 accuracy from the LSTM evaluation for
five different activities (walking, punching,
lifting, standing, clapping).

In future, we and
the

using

plan on testing

implementing system in real time

scenarios the CCTV  surveillance

cameras.

Acknowledgement

This the
Kyungsung University Research Grants in
2021 and Brain Busan 21+ 2021.

research was supported by

References

[1] M. Tentori and J. Favela, “Activity-aware
computing for healthcare”, Pervasive Computing
IEEE, vol. 7, pp. 51-57, 2008.

[2] K K. Htike, O. O. Khalifa, H. A. Mohd Ramli
and M. A. M. Abushariah, “Human activity
recognition for video surveillance using sequences

697



K(S(
698

C

Y B == A24E A=

of postures,” The Third International Conference
on  eTechnologies and  Networks  for
Development (ICeND2014), pp. 79-82, 2014.

[3] A. Jalal and M. A. Zeb, Security Enhancement
for E-learning portal, Int. J. Comput. Sci. Netw.
Security 8 (2008), no. 3, 41— 45.

[4] J. Wang, Y. Chen, S. Hao, X. Peng, & L. Hu,
“Deep learning for sensor-based activity
recognition: a survey. Pattern Recogn”. Lett. 119,
3-11 (2019).

[5] LF. Yeung, Z. Yang, K.C.C. Cheng, D. Du. and
RKY. Tong, Effects of camera viewing angles
on tracking kinematic gait patterns using Azure
Kinect, Kinect v2 and Orbbec Astra Pro v2. Gait
& Posture, 87, pp. 19-26. 2021.

[6] Y. Zhao,” Deep Residual Bidir-LSTM for Human
Activity Recognition Using Wearable Sensors,”
1-5, 2018.

[71 J. Guo, K. Tian, K. Ye and C. -Z. Xu,
“MA-LSTM: A Multi-Attention Based LSTM for
Complex Pattern  Extraction,” 2020 25th
International Conference on Pattern Recognition
(ICPR), pp. 3605-3611, 2021.

[8] J. F. Kolen; S. C. Kremer, “Gradient Flow in
Recurrent Nets: The Difficulty of Learning
LongTerm Dependencies,” in A Field Guide to
Dynamical Recurrent Networks, IEEE, pp.
237-243, 2001.

[9] Y. Bengio, P. Simard and P. Frasconi, ‘“Learning
long-term dependencies with gradient descent is
difficult,” in IEEE Transactions on Neural
Networks, vol. 5, no. 2, pp. 157-166, March
1994.

[10] H. Sepp & S. Jirgen. Long Short-term Memory.

Neural computation. 9. 1997.

[11] Y. Zhao, Deep Residual Bidir-LSTM for Human
Activity Recognition Using Wearable Sensors.
Math. Probl. Eng. 2018, 2018.

[12] FJ, Ordéiiez, D. Roggen Deep Convolutional
and LSTM Recurrent Neural Networks for
Multimodal Wearable Activity ~Recognition.
Sensors. 2016

[13] J. Wang, Y. Chen, S. Hao, X. Peng, L. Hu,
Deep leamning for sensor-based — activity
recognition: A survey, Pattern Recognition
Letters, Volume 119, Pages 3-1 2019.

[14] S. Qiu, H. Zhao, N. Jiang, Z. Wang, L. Liu, Y.
An, H. Zhao, X. Miao, R. Liu, G. Fortino,
Multi-sensor  information fusion based on
machine learning for real applications in human
activity recognition: State-of-the-art and research
challenges, Information Fusion, Volume 80.

(Manuscript received November 08, 2021;
revised December 03, 2021; accepted December 03, 2021)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


