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AHoTauin. BvkopuctaHHsa TexHonorii 6iomexaHi4HOro BiAeOKOMM'IOTEPHOrO aHanidy € eeKkTUBHUM y AiarHoCTuLi

nopyLUeHb pyxoBoT oyHKLUiT NMoguHu. BinbLuicTb KOMN'OTEPHUX NpOrpam, siki BUKOPUCTOBYOTLCS Y i3nyHil peabini-

Tauii, e 3acobamu aBTomaTmn3sauii 064ncneHb NokasHKkiB i3MYHOro CTaHy, BogHoYac npobnema po3pobkun npuknaa-

HOro NporpamHoro 3abe3neyeHHs KOMM'IOTEPU30BaHNX BUMIpIOBaNbHUX CUCTEM Af1si ONepPaTUBHOIO M 00’ €KTUBHOIO

aHani3y pyxoBuWX il MoaVHN 3annWaeTbcs akTyanbHow. Mema. Po3apobuTn nporpamHe 3abesneveHHs GiomexaHiy-
HOTO BiJEOKOMIT IOTEPHOIO aHanidy pyxoBoi pyHKLUii toanHM y doisnyHi peabinitauii.

Memodu. BiomexaHiyHMI Bi4eOKOMM IOTEPHUIA aHani3 KIHEMaTUYHNX XapakTEPUCTUK PYXOBUX il NIIOANHW.
Pesynbmamu. Po3pobneHo npuknagHe nporpamHe 3abesneyeHHs «bioBigeoy, Wo BkYae Yotmpy moayni: 1) KoH-
CTPYIOBaHHSA Mofernen OrMopHO-PYXOBOro anapary NIOAUHKW; 2) BU3HAYEHHS KOOPAMHAT TOYOK BiJHOCHO COMaTUYHOI
cucTeMu Bianiky; 3) po3paxyHok GioMexaHiYHUX XapaKTEPUCTMK PyXOBOI Aii (MporpamHi MOXNMBOCTI Moy st A03BOMS-
t0Tb pO3paxoByBaTK rokarisaLito LeHTpiB Mac bionaHok i 3aranbHoro LeHTpy Mac Tina noguHn); 4) nobynosa GiokiHe-
MaTUYHOI CXeMU Tina MoaMHY 3a BifeorpamMoro pyXoBuUX Aili 3 BUSHAYEHHAM TPAEKTOPIN pyxy LIeHTpIiB cyrnobis, LieH-
TpiB Mac GionaHokK i 3aranbHOro LEHTPY Mac Tina noguHu. Y nokagpoBoMy Ta ha3oBOMy aHanidax BU3Ha4akTbCs Taki
BGioMexaHiuHi XxapaKTepUCTUKK: ToOpu3oHTarbHa, BepTMKanbHa Ta pe3ynbTytoda NiHiiHI LWBWAKOCTI 3aranibHOro LEHTPY
Mac i LeHTpiB Mac cyrnobiB Tina niognHv; amnnityaa KyTiB cyrnobiB Ta KyToBa LUBMAKICTb BionaHoK Tina cnoptcmeHa;
YacoBi XxapaKTePUCTMKMW; NOTEHLNHA, KIHETUYHA, NOBHA eHeprii okpemux GionaHok i BCboro Tina noauHun. MNporpamHe
3abesneveHHs «bioBigeo» npusHaveHe AnA OTPMMaHHSA SKICHOT i KiNbKICHOT iIHdopMaLii Npo pyxoBy YHKLIO MHOANHK,
sika CNy>XMTb OCHOBOO ANt po3pobku peabinitauiiHnx nporpam. EdekTuBHICTL po3pobrneHoro nporpamMmHoro 3abesne-

yeHHs «bioBigeo» y giarHocTuui pyxoBoi dyHKLUiT MIOANMHY NigTBEPMIKEHA KNIHIYHUMW OOCHIMKEHHAMN.
KnioyoBi cnoBa: 6iomexaHi4HWI aHanis, KiHeMaTUYHi XxapakTepucTuKK, pyxoBa Ais, peabinitauis, nporpamHe 3a-
6esneyveHHs.

Gennadii Lisenchuk, Irene Khmelnitska,
Liudmyla Adyrkhaeva, Svitlana Krupenya, Sergii Lysenchuk

Abstract. The use ofbiomechanical video computer analysis technology is effective for diagnosing human motor

disorders. Most computer programs used in physical rehabilitation are the means of automating the calculation of

physical indices, while the problem of developing application software for computerized measurement systems for

rapid and objective analysis of human motor actions remains relevant. Objective. Develop software for biomechani-
cal video-computer analysis of human motor function in physical rehabilitation.

Methods. Biomechanical video-computer analysis of kinematic characteristics of human motor actions.
Results. The «BioVideo» application software, which includes four modules has been developed: 1) designing mod-
els of human locomotorium; 2) determining the coordinates of points relative to the somatic frame of reference; 3)
calculation of biomechanical characteristics of motor action (software capabilities of the module allow to calculate
the localization of the centers of mass of biolinks and the total center of mass of the human body); 4) construction of
a biokinematic scheme of the human body according to the videogram of motor actions with determination of trajec-
tories of the centers of joints, centers of masses of biolinks and the general center of masses of a human body. The
following biomechanical characteristics are determined in frame-by-frame and phase analyzes: horizontal, vertical
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and resulting linear velocities of the general center of mass and centers of mass of joints of the human body; the
amplitude of the angles of the joints and the angular velocity of the biolinks of the athlete’s body; time characteristics;
potential, kinetic, total energy of individual biolinks and the whole human body. The «BioVideo» software is designed
to obtain qualitative and quantitative information about human motor function, which is the basis for the development
of rehabilitation programs. The effectiveness of the developed software «BioVideo» in the diagnosis of human motor
function has been confirmed by clinical studies
Keywords: biomechanical analysis, kinematic characteristics, motor action, rehabilitation, software.

Introduction. Among the non-contact control
methods of human motion actions, biomechani-
cal analysis technology with motion capture which
based on video is one of the most promising methods
for recording human motion function [2, 6, 19]. The
analysis of scientific and methodological sources and
summarization of the best practical experience make
it possible to conclude that objective data on human
motor actions, obtained with the help of biomechan-
ical video-computer technology, can be effectively
used for the diagnosis of disorders of human motor
function in physical rehabilitation [5, 13, 17].

The technology of biomechanical video-computer
analysis includes two main stages: shooting with
a camcorder and processing of the received video-
grams with the help of specialized software. The er-
ror in determining the temporal characteristics of
the movement does not exceed the duration of the
time interval between frames. For example, when
shooting with an amateur camera at 25 frames per
second, this error would be 1,25 s = 40 ms. Two
or three-dimensional images of human movement are
created using the captured images. After that, each
moment of motion (with a sample rate of 40 ms) can
be viewed at any angle. With the advancement of
video technology, measurement accuracy is steadi-
ly increasing [7, 10, 11]. Video systems have now
allowed both high resolution and high frequency
shooting (up to 500,000 frames per second).

Most computer programs that used in physical
rehabilitation are means of automating the calcula-
tion of physical condition indices and maintaining
databases [3, 18]. There are very few computerized
measurement systems that are tools for objective
analysis of a person’s motor function in a short time
[8, 9, 12].

The purpose of the research is to develop soft-
ware for biomechanical video-computer analysis of
human movements in physical rehabilitation.

Material and methods: biomechanical video-
computer analysis of kinematic characteristics of hu-
man motor actions.

Motion of a patient with knee injury was record-
ed using a Sony Handicam DCR-VX2100E digital
camera (25 frames per second) in the sagittal plane.
The optical axis of the camera lens coincided with
the corresponding axis of patient rotation. As a mod-
el of the human musculoskeletal system the 14-seg-
mented, branched kinematic chain was used, the co-
ordinates of its links correspond to the coordinates
of the bio-links position of the human body in the
space by geometric characteristics, and the reference
points — to the coordinates of the centers of the main

joints (20 points were selected: 1 — CM of the head,;
2 — jugular notch; 3 — center of the right shoulder;
4 — center of the left shoulder; 5 — center of the
right elbow joint; 6 — center of the left elbow joint;
7 — center of the right radial wrist; 8 — center of left
radial wrist; 9 — end of right wrist; 10 — end of left
wrist; 11 — center of right hip joint; 12 — center of
left hip joint; 13 — center of right knee; 14 — center
of left knee; 15 — center of the right ankle; 16 —
center of the left ankle; 17 — end of the right heel,
18 — end of the left heel; 19 — end of the right toe;
20 — end of the left toe. The general center of mass
of the human body is determined by the position of
the bio-link’s CM. The CM of human body bio-links
is determined with the coefficients Bernstein [1].

Results. The Department of Biomechanics and
Sports Metrology of the National University of
Ukraine on Physical Education and Sports has been
working on the development of biomechanical video-
computer analysis systems since the 1980s [2, 4].
As a result of the research, application software for
biomechanical video-computer analysis «BioVideo»
was developed, which was intended for obtaining
kinematic and dynamic characteristics of human mo-
tion by video [14, 15]. The “BioVideo” hardware
consists of a video recording device (digital or ana-
log camcorder, digital photo camera with video re-
cording mode) and a personal computer.

The development of the specialized “BioVideo”
software used the integrated environment of Object-
based and Event-driven Microsoft Visual Basic pro-
gramming language with a graphical interface. Pro-
gramming in Visual Basic 6.0 is a combination of
visually arranging components or controls on a form,
specifying attributes and actions for those compo-
nents, and writing additional lines of code for more
functionality. The source data for the “BioVideo”
application are files of single-plane human motion
in .BMP, .DIB, .WMF, .EMF, .GIF, .JPG, .JPEG
formats. “BioVideo” allows obtaining biomechani-
cal characteristics of both individual bio-links and
the total human body in each frame and in separate
phases of the motor action. The “BioVideo” software
includes four modules:

e module for designing models of the human mus-
culoskeletal system (MSS); the module allows you
to create multi-link MSS models with up to 100 re-
ference points;

e module for determining the coordinates of
points relative to the somatic system of reference;

e module for calculating the biomechanical cha-
racteristics of locomotor actions according to the co-
ordinates of the human MSS model; the software
capabilities of the module allow you to calculate
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the localization of the bio-link’s CM and the human
body’s GCM;

e module for constructing the bio-kinematic
scheme (BKS) of the human body according to a
motion videogram with the definition of the trajec-
tory of the joint center’s motion, of the bio-link’s
CM and of the human body’s GCM.

You can analyze the motion action by video
frames with “BioVideo” software under any speed
acceptable for the hardware, since the user is able to
set this speed programmatically (it is taken into ac-
count in «BioVideo» when determining every quan-
titative characteristic).

The “BioVideo” software is used to determine
the following biomechanical characteristics: hori-
zontal, vertical and resulting linear velocity of the
GCM and of the CM of the joint; the amplitude of
angles and angular velocity of human body’s bio-
link; the potential, kinetic, and total energy of sep-
arate bio-link and the total human body. The rea-
ding of coordinates of a human body’s point is made
by stop-frame of video shooting with “BioVideo”
software.

In Figure 1, a gait bio-kinematic scheme of pa-
tient with a left knee trauma is presented. This one
is built with «BioVideo» software.

The kinematic characteristics of the phase struc-
ture of the patient’s gait with left knee injury are
showed in the Table 1. Those were obtained by
“BioVideo” module for biomechanical characteris-
tics calculation.

In Figure 2, the goniogram of the patient’s right
and left knee joint is presented.

Discussion. The optical tracking technology,
also known as optical motion capture, makes it
possible to measure patient’s motion for the purpose
of diagnosis, treatment assessments, or monitoring.
Optical marker-based tracking is the most accurate
method today [7, 10, 16]. One of the most advanced
modern video computer systems «Qualisys», Swe-
den (https:/ /www.qualisys.com) is used today
in the National University of Ukraine on Physical
Education and Sports. In the “Qualisys” system,
reflective markers are placed on the measurement
object, which are illuminated by infrared rays (up
to 1000 Hz). The reflected light from the markers
hits the ProReflex MCU camera, which is connected
to the computer. Shooting speed: 1-240 Hz (MCU
240) and 1-1000 Hz (MCU 1000). The software al-
lows analyzing the movement in detail (in 2 and 3
coordinate space). Quantitative biomechanical cha-
racteristics: kinematic and dynamic, as well as pos-
ture and balance are calculated.

The “BioVideo” system can be used to find and
prevent injuries by measuring on patient’s motion.
Along with simplicity and markerless, the advantage
of the “BioVideo” software is that human movement
is recorded by any video or photo camera directly
at any location — hospital or home, while those sys-
tems as “Qualisys” can only be used in laboratory
conditions [17, 18, 20]. Also, the disadvantage of
imported video analyzer systems is their relatively
high price (and not only for Ukraine).
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Table 1 — Kinematic characteristics of patient’s gait with trauma of the left knee joint

Temp,
steps/
min

Lmb

Cycle
length,
m

Phase

Dura-
tion, s

Phase

Dura-
tion, s

Instant in
time

Frame
Num-
ber

Step
length,
m

GCM’s
speed,
m/s

Angle of right knee,

degree

Angle of left knee,

degree

Hip Knee Foot Hip Knee Foot

Double
stance

Contact
with the
left heel

Stance | 0,88 0,24

00 | 0,49 176,9 | 165,5| 83,8 | 147,6 | 171,0 | 99,6

Ipsilateral
right toe-
off

06 0,81|177,4(127,5|116,5|164,8 | 166,9| 95,8

Swing left
leg ap-
proaches

vertical

93,75 | 1,02

09 0,80 | 150,2 | 102,3 | 98,3 | 172,0 | 173,4| 95,2

Double
stance

0,24 | Contact
with the

right heel

16 | 0,51 0,78 |139,3|158,8|101,3|172,4|173,7| 85,2

Swing | 0,40 Ipsilateral

left toe-off

22 0,91|156,3 [ 154,7| 97,1 |174,0|124,2| 1121

Swing
right leg
approach-
es vertical

25 0,86 |170,2|163,9| 95,0 | 157,3|110,6 | 99,1

Left leg

Double
stance

Contact
with the
left heel

Stance | 0,88 0,20

32 |10,49|0,84|161,8|173,7| 84,2 |159,6|174,2| 91,0

Ipsilateral
right toe-
off

37 0,92 |166,4|136,2|101,4|172,2|164,6 | 93,5

Swing left
leg ap-
proaches

93,75 vertical

0,93

40 0,76 (171,4|114,2|100,3| 0,1 |[169,0

Double
stance

0,24 | Contact
with the

right heel

48 | 0,46 | 0,71 | 150,1 97,6 | 164,7 |174,2| 82,2

Swing | 0,40 Ipsilateral

left toe-off

54 0,78 | 167,7 94,7 | 178,41 131,6 | 116,0

Contact
with the
left heel

64 | 0,46 |0,73|174,3 166,2|174,5| 95,2 | 157,8

Conclusions:

1. Analysis of scientific and methodological refe-
rences, synthesis of best practices of leading experts
and own pedagogical observations had to conclude
that biomechanical analysis is one of the main ele-
ments that can be used to diagnose human motor
function in physical rehabilitation for the develop-
ment of correction programs, and individual and
group (age) programs of motor rehabilitation in the
system of medical and physical-health institutions.

2. The research resulted in the development of

automated “BioVideo” system with application soft-
ware for the measurement and analysis of human
movements.

3. The effectiveness of “BioVideo” software in
the diagnosis of human motor function has been con-
firmed by practical studies.

Prospects for further research include the de-
velopment of software for determining the power and
mass-inertial characteristics of humanmotion.

Conflict of interest. The authors declare that
there is no conflict of interest.
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