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CHAPTER 1: CURRENT TRENDS AND MOTION CAPTURE
TEHCNOLOGIES – LITERATURE REVIEW

This ch�pter presents the st�te of the �rt of motion c�pture technologies with focus on
we�r�ble systems �nd methods to c�pture hum�n motion. We�r�ble motion c�pture devices h�ve
been on the rise bec�use of their mobility �nd simplicity in use �nd h�ve � high recognition r�te of
hum�n gestures through fe�ture extr�ction �nd dimension�lity reduction. These �dv�ncements
h�ve � lot of imp�ct on the �utom�tion of industries �nd the v�lid�tion studies of the users.
However, problems like power supply constr�ints �nd sensor design issues �re still present �nd the
future work is devoted to the implement�tion of such systems into robotics �nd optimiz�tion of
the sensor designs for further enh�ncement of re�l-time inter�ctive systems �nd industri�l
�pplic�tions.

We�r�ble biom�rkers �re �lso presented �s effective me�ns of monitoring the �dv�ncement
of neurodegener�tive dise�ses. It is possible to use m�chine le�rning to �n�lyze the d�t� obt�ined
from the full-body motion c�pture suits to cre�te digit�l biom�rkers, which could potenti�lly
shorten the clinic�l tri�ls period for the dise�ses th�t develop slowly. But there �re still some issues,
n�mely in the development of more effective methods for monitoring biom�rkers �nd in the use
of we�r�ble biom�rkers in clinic�l tri�ls.

This ch�pter �lso includes the comp�r�tive studies th�t h�ve shown th�t we�r�ble sensor
systems c�n c�pture g�it cycle movements with high levels of �ccur�cy, indic�ting their
�pplic�bility for �ccur�te g�it �ssessment. However, issues like pl�cement of sensors �nd the
technologies which �re currently �v�il�ble rem�in �s some of the ch�llenges, though current
rese�rch focuses on the reduction of the number of sensors while trying to �chieve high �ccur�cy.

Besides the we�r�ble devices, the document �lso discusses �bout the non-we�r�ble sensor
systems �s well. New �ppro�ches h�ve been proposed to improve the �ccur�cy of motion c�pturing
such �s, �utom�tic methods using depth �nd RGB d�t� from Kinect sensors th�t c�n c�pture hum�n
movements even with occlusion. Optic�l motion c�pture h�s �lso been used to �ssess its
�pplic�bility in intuitive robot progr�mming �nd perform�nce �ssessment of industri�l t�sks.

The incorpor�tion of deep le�rning fr�meworks into motion c�pture systems h�s improved
the estim�tion of hum�n motion to � l�rge extent. Such fr�meworks tend to be more effective th�n
convention�l methods since they �pply prob�bilistic models th�t combine st�tistic�l inference �nd
knowledge. Low-cost m�rker-b�sed motion c�pture systems h�ve �lso been proved to be effective
in c�pturing hum�n body movements �nd there �re �lgorithms to reduce the imp�ct of soft tissue
�rtef�ct.

There �re some benefits of m�rker-less motion c�pture systems �s comp�red to tr�dition�l
m�rker-b�sed systems, these include the use of �lgorithms �nd deep le�rning for body position �nd
orient�tion estim�tion. Such systems h�ve been observed to provide �ccur�te estim�tion of joint
position �nd segment �ngles, thus being ide�l for clinic�l �nd rese�rch purposes.



In gener�l, the modern technologies of motion c�pture h�ve exp�nded the opportunities to
�n�lyze hum�n movements with higher �ccur�cy �nd with less time consumption. Nevertheless,
further studies �re required to t�ckle the existing problems, to find new possibilities of the
�pplic�tion of these systems, �nd to improve their st�bility �nd us�bility. The combin�tion of
motion c�pture technology with m�chine le�rning �nd �rtifici�l intelligence h�s � very promising
future where new opportunities for re�l-time inter�ctive systems, clinic�l tri�ls, �nd industri�l
�pplic�tions c�n be cre�ted.

CHAPTER 2: FOUNDATIONS AND METHODOLOGIES FOR GAIT
MOTION CAPTURE USING ACCELLEROMETRIC SENSORS

Ch�pter 2 focuses on the development, execution, �nd ev�lu�tion of � g�it motion c�pture
system. This system, therefore, employing �ccelerometric sensors �nd �n Arduino bo�rd, seeks to
provide � che�p, tr�nsport�ble, �nd �ccur�te �ppro�ch to g�it �ssessment, suit�ble for
biomech�nics, he�lthc�re, sports science, �nd reh�bilit�tion.

In the first section of the ch�pter, the �uthors describe the experiment�l setup �nd the
system integr�tion where the m�in objective w�s to cre�te � working �nd precise g�it c�pture
system. This system combines 6-�xis �ccelerometric sensors with �n Arduino bo�rd to c�pture
precise g�it inform�tion with emph�sis on f�ctors such �s stride length, stride time �nd the �ngles
of the joints involved. Some of the h�rdw�re components which �re incorpor�ted include the
Arduino Uno R3 bo�rd, � Seri�l Port Exp�nder, while softw�re components include MATLAB
Simulink for re�l-time d�t� processing �nd visu�liz�tion. Accelerometers were �tt�ched to the
pelvis, thighs, shins, �nd feet with the �im of obt�ining full motion d�t� of the lower limbs. In order
to me�sure the w�lking speed, p�rticip�nts w�lked �t � comfort�ble speed in � h�ll with no
distr�ctions, �nd tri�ls were t�ken sever�l times to ensure v�lidity of the results.

The h�rdw�re w�s constructed in � very ne�t m�nner; the sensors were firmly str�pped on
the body �nd connected to the Arduino bo�rd through the Seri�l Port Exp�nder. The Arduino bo�rd
w�s progr�mmed for the initi�l setup of the sensors, sensor re�ding �nd preprocessing of d�t� �nd
sending it to MATLAB Simulink for further processing �nd visu�liz�tion. St�tic �nd dyn�mic
c�libr�tion procedures were effectively performed to gu�r�ntee the reli�bility of the sensors. The
experiment proved th�t the system is �ccur�te, reli�ble, �nd e�sy to use by the p�rticip�nts
expressing comfort during the use of the system.

The ch�pter �lso expl�ins the h�rdw�re design where the �ccelerometric sensors �re used
for me�suring line�r �cceler�tion �s well �s the �ngul�r velocity. The sensors were mounted on the
body in � w�y th�t would �llow c�pturing of key g�it movements �nd the Seri�l Port Exp�nder w�s
import�nt in h�ndling d�t� from sever�l sensors. Correct wiring �nd connection were critic�l to
d�t� tr�nsmission �nd d�t� security while frequent c�libr�tion w�s import�nt for m�int�ining
�ccur�cy in the long run.

The IMU softw�re design is described in det�il including the integr�tion of the sensors,
d�t� �cquisition, processing �nd re�l-time �n�lysis. MATLAB Simulink w�s selected b�sed on the
f�ct th�t it supports re�l-time d�t� processing, is user-friendly �nd h�s numerous tools to help in
the project. The design of the softw�re ent�ils effective d�t� �cquisition, noise reduction,
c�libr�tion, �nd re�l time d�t� displ�y hence improving the system perform�nce.



The ch�pter is concluded with the discussion on the experiment�l setting, where the focus
is m�de on the integr�tion of modern sensor technology with microcontrollers, the cost �nd
port�bility of the system, �nd the potenti�l for further development of g�it �n�lysis. The experiment
proved th�t it is possible to use che�p �nd e�sily obt�in�ble technology for high-level g�it �n�lysis
with the future upgr�des of the �pplic�tion likely to include m�chine le�rning for the �utom�tic
recognition of g�it p�tterns. In conclusion, the system is � useful tool for the rese�rchers, clinici�ns
�nd other persons who �re interested in g�it �n�lysis due to the modul�rity �nd sc�l�bility of the
system �nd due to the possibility for further improvements.

CHAPTER 3: ADVANCED DATA MANIPULATION TECHNIQUES
FOR OPTIMIZING IMAGE DATASETS IN NEURAL NETWORK

TRAINING
Ch�pter 3 is the in-depth discussion of the im�ge d�t� m�nipul�tion methods focused on

the im�ge d�t� sets for neur�l network tr�ining. This ch�pter discusses the extr�ction of fr�mes
from the video files �ll the w�y to the resizing of the im�ges to � form�t th�t is suit�ble for tr�ining
of the complic�ted neur�l networks such �s ResNet-50 �nd GoogLeNet.

The ch�pter st�rts with the discussion of the f�ct th�t d�t� m�nipul�tion is cruci�l in the
tr�ining of � neur�l network. The m�in re�sons include d�t� h�rmonis�tion �nd st�nd�rdis�tion,
im�ge qu�lity, reduction in d�t� redund�ncy, �nd robotic �ppro�ches th�t e�se the process �nd
reduce hum�n interference.

The first process is fr�me extr�ction, which involves extr�cting different fr�mes from
video files using Python scripts th�t �re supported by OpenCV. These fr�mes �re stored �s PNG
files �nd the script provides inform�tion on the extr�ction process �nd gu�r�ntees th�t �ll moments
from the video �re covered.

After th�t, the ch�pter expl�ins color temper�ture �djustment, which is necess�ry for
bringing im�ges to � st�nd�rd temper�ture of 6500K, which is most suit�ble for CNN tr�ining. The
process includes working out the origin�l temper�ture of e�ch im�ge, convert Kelvin v�lues to
RGB �nd using these v�lues to correct the color b�l�nce.

Another technique expl�ined is b�ckground blurring where the b�ckground of the im�ge
is blurred to m�ke the foreground st�nd out or the hum�n subjects. In this process, Medi�pipe’s
segment�tion model is used to gener�te m�sks for the hum�n bodies �nd the b�ckground is blurred
using G�ussi�n blur while the foreground is kept sh�rp to provide focus on the fe�tures import�nt
for neur�l network tr�ining.

Skeleton dr�wing with inverted colors �nd fringes is one of the techniques th�t c�n be
�pplied to emph�size the outline of hum�n body. In this step, hum�n l�ndm�rks �re detected,
colour inversion is done on the skeleton �nd fringes �re �dded to m�ke the fe�tures more
distinguish�ble to the neur�l network. This technique employs Medi�pipe’s pose estim�tion for
the identific�tion of l�ndm�rks �nd �ppends white, bl�ck, �nd red fringes to the skeletons.

The ch�pter �lso involves resizing im�ges depending on object detection using YOLOv5,
� model th�t detects �nd crops im�ges �round people, on the content of interest. This helps in



preserving the relev�nt sections of the im�ges �nd removing the unnecess�ry b�ckground besides
�iding in the st�nd�rdiz�tion of the d�t�set for neur�l networks.

The l�st resizing is done with the help of the Pillow libr�ry, which brings im�ges to the
necess�ry dimensions for neur�l networks (for ex�mple, 400×400 pixels). This step is import�nt
to m�ke sure th�t the size of the inputs in the d�t�set is st�nd�rdized to m�ke tr�ining �nd ev�lu�tion
e�sy.

The l�st step is redund�ncy remov�l where the Structur�l Simil�rity Index (SSIM) is used
to comp�re im�ges within � directory �nd delete the simil�r im�ges b�sed on � simil�rity index.
This process helps to remove the simil�r im�ges from the d�t�set �nd thus m�ke the d�t�set more
efficient �nd diverse.

The ch�pter ends with the brief rec�p of the whole d�t� m�nipul�tion process st�rting from
the fr�me extr�ction up to the fin�l resizing �nd stressing on the role of e�ch st�ge in building �
solid d�t�set for the tr�ining of the neur�l network. It �lso points out the system�tic w�y to
gu�r�ntee th�t the im�ges �re of high qu�lity, unified �nd prep�red for more complex neur�l
network �rchitectures.

CHAPTER 4: COMPARATIVE ANALYSIS OF CURSIVE POSE
ESTIMATION MODELS

Ch�pter 4 of the thesis �ims �t giving � comp�r�tive study of different pose estim�tion
models with speci�l emph�sis on ResNet-50 �nd GoogLeNet. The first go�l is to ev�lu�te the
perform�nce of the given models in terms of the bin�ry cl�ssific�tion of poses �s “CORRECT” or
“INCORRECT”. The ch�pter �lso cont�ins inform�tion �bout the �ppro�ches �pplied for tr�ining
�nd testing of these models, the me�sures used for their comp�rison, �s well �s the conclusions
m�de.

The models were tr�ined in different configur�tions, n�mely single CPU, multiple CPUs,
single GPU �nd multiple GPUs. In e�ch of the configur�tions, the tr�ining process w�s observed
b�sed on �ccur�cy, loss �nd time t�ken. The ev�lu�tion me�sures used were �ccur�cy, precision,
rec�ll, F1 score �nd the confusion m�trix.

Single CPU tr�ining for the ResNet-50 model w�s done, �nd it took �bout 81 minutes,
with � high v�lid�tion �ccur�cy of 94. 53% with sm�ll overfitting. Multiple CPU tr�ining w�s
further c�rried out to 86 minutes with v�lid�tion �ccur�cy of 92. 58%. Tr�ining with single GPU
h�s further decre�sed the tr�ining time to 11 minutes with the v�lid�tion �ccur�cy of 97. 27%. The
tr�ining with multiple GPU took �bout 14 minutes to tr�in �nd the v�lid�tion �ccur�cy �chieved
w�s 96. 88%. The findings �lso pointed out th�t tr�ining with the GPU, p�rticul�rly with multiple
GPUs w�s the most efficient in terms of speed �nd �ccur�cy.

The specifics of the �n�lysis for ResNet-50 were presented by tr�ining curves, confusion
m�trices, �nd other metrics such �s rec�ll, precision, �nd F1 score. Single CPU tr�ining depicted
� progressive rise in the tr�ining �ccur�cy to 94. 53% with low �nd st�ble v�lid�tion loss. From
the confusion m�trix, it w�s observed th�t the model h�d � perfect �ccur�cy for the “CORRECT”
cl�ss �nd high rec�ll for the “INCORRECT” cl�ss. S�me trends were observed with multiple CPU
tr�ining, though it h�d slightly lower v�lid�tion �ccur�cy. The single GPU tr�ining provided the



best �nd f�stest le�rning r�tes with the highest v�lid�tion �ccur�cy �nd the best metrics consistency.
Both multiple GPU tr�ining yielded high �ccur�cy �nd f�st tr�ining time, thus showing the benefits
of p�r�llelism.

Single CPU tr�ining of the GoogLeNet model w�s �bout 94 minutes �nd the v�lid�tion
�ccur�cy w�s 92. 97%. Tr�ining on multiple CPU �lso did not differ much with st�ble tr�ining �nd
v�lid�tion metrics. With single GPU tr�ining, the time w�s brought down to 13 minutes with
v�lid�tion �ccur�cy of 93. 36%. Multiple GPU tr�ining �lso took �pproxim�tely 14 minutes while
the v�lid�tion �ccur�cy w�s 92. 97%. The model’s sc�l�bility w�s good �cross different
configur�tions, though GPU-b�sed tr�ining w�s much more time efficient.

The tr�ining process of GoogLeNet w�s illustr�ted by gr�phs of tr�ining process, confusion
m�trix, �nd perform�nce. Single CPU tr�ining w�s observed to incre�se in �ccur�cy �nd w�s
rel�tively st�ble �t 93-94%. The confusion m�trix �n�lysis showed high level of precision �nd
rec�ll especi�lly for the “INCORRECT” cl�ss. The multiple CPU tr�ining kept the �ccur�cy �nd
loss curves �t p�r with e�ch other suggesting proper le�rning. Single GPU tr�ining showed f�st
le�rning �nd high v�lid�tion �ccur�cy �nd �t the s�me time, multiple GPU tr�ining �llowed for
efficient tr�ining with high robustness.

In conclusion, Ch�pter 4 focuses on the necessity of comput�tion�l resources in tr�ining
the pose estim�tion models. The use of GPUs in tr�ining especi�lly with multiple GPUs results in
incre�sed tr�ining speed �nd better model perform�nce. It w�s �lso observed th�t both ResNet-50
�nd GoogLeNet models yielded high �ccur�cy �nd were less sensitive to ch�nges in the
hyperp�r�meters for bin�ry cl�ssific�tion t�sks in the pose estim�tion. The ch�pter is useful in
underst�nding how one c�n choose the right tr�ining methods depending on the resources �v�il�ble
�s well �s the project’s needs.

CHAPTER 5: CONCLUSIONS, CONTRIBUTIONS AND HILIGHTS
Ch�pter 5 is � summ�ry of the thesis, discussing the developments �nd uses in motion

c�pture technologies, �nd emph�sizing the incre�sed improvement in both we�r�ble �nd non-
we�r�ble devices. We�r�ble motion c�pture devices, which �re getting more �ppreci�tion for their
high level of �ccur�cy in hum�n gesture recognition, �re widely �pplic�ble in �re�s from user
verific�tion to industri�l �utom�tion. Some of the ch�llenges th�t h�ve been identified include;
power supply constr�ints �nd sensor design dr�wb�cks, but further rese�rch is �nticip�ted to
counter these problems especi�lly in the integr�tion of these systems with robotics �nd improving
their re�l-time inter�ctivity. The thesis �lso focuses on the possibility of using we�r�ble biom�rkers
for the di�gnosis of neurodegener�tive dise�ses, which will help to incre�se the �ccur�cy of
di�gnostics �nd shorten the time of clinic�l tri�ls.

Non-we�r�ble sensor systems h�ve �lso been developed to � signific�nt level especi�lly
with the incorpor�tion of depth �nd RGB d�t� from Kinect sensors �nd the emergence of deep
le�rning fr�meworks to predict hum�n �rm movements. These innov�tions offer better cover�ge
�nd precision of motion tr�cking, including c�ses in which occlusions occur. The combin�tion of
IMUs with motion c�pture systems h�s enh�nced the �ccur�cy of these systems �nd they �re used
in �re�s such �s robot te�ching �nd industri�l �n�lysis.



It h�s been est�blished th�t m�rker-b�sed motion c�pture systems �re �fford�ble substitutes
for commerci�l systems in c�pturing hum�n movements from distinguish�ble m�rkers �nd hum�n
body models. These systems �re especi�lly benefici�l in clinic�l �nd sports medicine settings
bec�use of �lgorithms th�t �re employed to reduce effects of soft tissue motion. On the other h�nd,
m�rkerless motion c�pture systems, which use sophistic�ted �lgorithms �nd deep le�rning
�lgorithms, h�ve the following �dv�nt�ges in terms of joint position �nd segment �ngles’
me�surement without using m�rkers.

This thesis focuses on the fusion of motion c�pture technologies with �rtifici�l intelligence
�nd m�chine le�rning; � field th�t h�s �llowed for further underst�nding of intric�te hum�n
movements with higher precision �nd in re�l-time. This integr�tion is expected to ch�nge
numerous fields such �s he�lthc�re, sports �nd entert�inment by offering better underst�nding of
hum�n biomech�nics �nd enh�ncing individu�lized �ppro�ches.

In industri�l �utom�tion, motion c�pture technologies �re poised to improve perform�nce
�nd s�fety by �llowing robots to interpret �nd mimic hum�n movements, which m�y decre�se the
time �nd skills needed for �utom�tion procedures. The use of these technologies in VR �nd AR is
�lso promising since they provide more eng�ging experiences th�t �re suit�ble especi�lly in
g�ming, tr�ining, �nd remote coll�bor�tion.

In the medic�l field, the motion c�pture technologies c�n provide �ccur�te �nd qu�ntit�tive
d�t� of hum�n motion, which c�n f�cilit�te the di�gnosis �nd tre�tment of musculoskelet�l dise�ses
�nd help the reh�bilit�tion process. They �re �lso useful in monitoring dise�se r�tes �nd the imp�ct
of interventions, which m�y help to shorten the dur�tion of clinic�l tri�ls �nd their expenses.

The thesis finishes with the c�ll for further rese�rch on the motion c�pture technologies �s
these innov�tions c�n be �pplied in numerous fields such �s m�nuf�cturing process �utom�tion,
he�lth c�re, etc. The use of motion c�pture system is expected to grow in the future bec�use of
�dv�ncement of sensor technologies th�t m�ke them che�per to use in future developments.

FUTURE ENHANCEMENTS
Future development of this technology is import�nt to overcome some of the ch�llenges

th�t �re f�cing the development of sensors tod�y including; the design of the sensors, the energy
source, �nd sensitivity. These ch�llenges c�n be solved by cre�ting more energy efficient sensors
�nd incorpor�ting more sensors to get more physiologic�l d�t�, exp�nding the us�ge in he�lth c�re,
sports �nd physic�l reh�bilit�tion. The motion c�pture systems c�n be enh�nced by extending the
use of m�chine le�rning, especi�lly through the use of RNNs �lgorithms for �ccur�te cl�ssific�tion
of different motion p�tterns. These models could be fine-tuned with new d�t� �nd would be more
effective in different environments if tr�ined continuously.

Applying motion c�pture technologies in AR/VR provides new opportunities for
inter�ction, while improvement possibilities �re �imed �t developing less inv�sive systems th�t
would incre�se the comfort of inter�ction. This could extend to the �re�s of entert�inment, tr�ining
�nd remote equipment oper�tion. Future �dv�ncements in the medic�l industry m�y integr�te
motion c�pture with we�r�ble biosensors to improve di�gnostics �nd tre�tment ev�lu�tion, which
m�y shorten the tri�ls �nd improve p�tient-t�ilored tre�tment. To c�pture these benefits, it is
necess�ry to st�nd�rdize d�t� �cquisition �nd processing since the �pplic�tion of � common



fr�mework for im�ge d�t� preprocessing, detection, �nd �n�lysis is benefici�l for the d�t� qu�lity
�nd homogeneity th�t is essenti�l for m�chine le�rning model development �nd use.
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