JIOJATOK A

['padiunnmii matepian kBanidikaiiiHoi poooTH
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SO e e
MEPEE

JliarsocTHER Pary MEPH, ResNet, MobileNet, Inception

EBurenerns IyXIHE Ha PaEms IIETHOCTHEE pary. CNN, ResNet, U-Net JIo 95% ToumoCcTL

perrresorpavax, KT, MPT s y
Apamis sofpakess 0IHOTO JEa it i CNN, VGG, EfficientNet 935

Amans exoxapmiorpans, ERT LSTM, CNN

BHfENCHER Ta CEMMERTANT OpramiE [hnTpmaa xipyprigssx erpysss  R-CNN, Mask B-CNN, Faster B-

Papmz misrmocTERa Ta MommopEET VGG, AlexNet . ResNet

TIEYEAHHA
i B OCTIE, EHPasoR YOLO, Faster R-CNN

51 U-Net, Faster E-CNN




Metoro  kBagidpikamiiinoi poborm €  JOCIUDKeHHS  edeKTHBHOCTL
3aCTOCYBaHHS CHCTEMH KOMII'FOTEPHOTO 30py Y IO€IHAHHI 13 eIeKTPOHHHMH
JaT4uKaMH y peaOuTiTamiiHIil opTomeii .

30BHIMIHI YMOBH

TIpaBH1a OUIHKH
eKCIIepHMeHTY

Bigeosanuc pyxis

Tila
PexomeHaamii a41g

peadimiTamii

Hani
aKcelIepoMeTpiB

P




Braue axocmi oceimIeHHA HA MOYHICHb DEMEKMYE6AHHA HOPYUIEHD HOCINAGLE
- rapumm oceiTienus e eix 300 moxcie abo 300 momenie Ha M2

- morase oceiTaeHHs € qo 100 mokcie abo 100 moMenie Ha M2

Braus ckaadnocmi gho ML EHHA

- OOHOTOHHHI (GOH € iJeaTEHOK VMOEOI ITA PODOTH 3 METOJAMH KOMIT IOTEPHOTO |-

30pY:

zamymaennii doH abo pPlHOKONBOPOEBHA (OH 3 BHCOKHM KOHTDPACTOM MOME |-

CTEOPHOEATH [IEPEMIKOTH IIPH BH3HAYEHH] KIHOY0BHX TOYOK TLIA.

Braue weudkocmi xodu, Ak 3MIHHOI YMOGU, AKG _MOXNCE HO-DIZHOMY 6RIUSAMU HA |

pesyabman:
-  moeuieHA, 40 50 KPOKIE Ha XEHIHHY ;

- mengka, eig 100 xpokie Ha xEHmHEY.
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JEMOHCTPAI TOCIIIDKYBAHUX CTAHIB
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Cromios

OTPHMAHI PE3YIBTATH OBPOBKH JIAHHX 3 AKCE/TEPOMETPIB
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OTPHMAHI PE3VIBTATH BE3MAPKEPHOI OBPOBKH
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OTPHAMAHI PE3YVIBTATH OBPOBKH JJAHHX 3 AKCETEPOMETPIB
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BOHTPOTHHHE ERCTIEPE0EHT . T PO eREMEgITIeHT
{ATEHE TEHEREHE a0 e ( ICQAATERE MONCOREHTEE KOPIYEY) 1.5%6 3%
(Eope EDpATRCY)
E.E-;'?mnysmm 41® £p m;:mmm{rw g2 13,55

Kanifipyeanns axcensposeTpin
Withlotion WT011DCL-BT50

msﬂmm 10 100 EPOESE HA XEHTHEY oM rpopiem a0 100 EPOKR B XBEIHHY
XBHITEEY
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OTPHMAHI PE3V/IBTATH KOMBIHOBAHOI OBPOBKH

I T I T
KOHTPOTRER eXCHepHMeET 404

ERCOSPHNSHT 3 BLIXHICHERAM 5%

SAPSTOSAT AN TSy RS

AHA.TI3 PE3YIILTATIB

He OoTpelye CHEHATEHOTO BEOOER 3ATEAHICTE BUT OCBITIEHHA T3 JIT4 DOSSTEOBOTO SHATISY B YMGBEX

A THAER, ety TAJIBOC0 OCRITIEHHA.
IIBHAKIETE AHLTIRY;
MR BEITPATH H
BOPOBATHEHHR,
BEKODHCTAHEA ARCEEpMeTpIE  BREOOES TOTRICTE BEMIpHOGIHE, He Mpaimoe B peaThHOY 25, e MGHETOPHETY PAUE ¥ CENIATHEN
HeaameadsieTs BT ocBiTleHEn Ta oy, CEIATHICTE ¥ BCTSHORMeHHL Ta yuosax (moraBg OCBITIEHHA,
Ty EaEHIL JAOIYNCIEHHE fom).
BonsfiiBosanml MeTol BEO0EA TOARICTE BHMIpHIEAHE, Hi Mpapoe B peaThiong S JnE  TOHHOMO  AHATEY  CECIATHHN
BBocoka  cTiideTs 00 soRRINEIN  CREATEICTE cHERpoHanil TaHE BHTEAIEIR. T CTBOPEHHA

Konmeexcimi apnTiz pryxie.



BHCHOBEKH

. ¥ specean ¥eaniddxauiftaol polorn Sylo OpoRelsE0 JOCIUTESHHA CHCTEM EOMO'KTERHOMD 300y A4 (NHEOTO 3ACTOCYEAHEA B
peadinmanifnifl opronesil. OcHOBHA VEAS S0CepelEVEATACE HA AHATIH MeTOIE BANONTEHEE PyXIE ARTPONOMETHHMHIN 0" ¢ETiE,
OUIED SPeETHRHGCT] DeaMApREPHEY METOAE ¥ OOPIBHIHE] 2 BHEDPHCTRHEEM JXCeTEPOMSTHE, B TARME XHEOMY ROMOIEYBAHMH] 118

TILIBHIIEHES TOUROCTL PEIyIETATIE.

. Axani: GeiMApRepHHX MeTOJE TA EHROPHCTAHHA ARceTepoMerpiE noxasan, mo Jensapsepsi Merodn salesmeuyiors
INEEOKCTE oOpolEn TaHm | TLINOIITE 108 IHPOKOTe CHSKTPA J4CTOCYBAHE, ATe IX TOMHICTh SATeEHTE Bl J0BHIMHE dakTopie, Ta
BHEDPHCTARAS ARCETSPOMETPIE JSMOHSTPYE BHCOKY TOMHICTE HeIATea s Bl ¥MOB, AT8 BHMATANTE MPABAIEHOCD EATGPYBAHEE T3
Siasnmi wac 53 odpodKy TAHHK.

. Eyao ERfRTEHD, MO OOXPRIOSHHA OCRITISHHA, EHROPHCTAHHA NPpOCTOro OIHOTOHHODO (BOHY Ta BOPOBATHEHHA JOIATROBEX
ATCOPATID 00poKe (PITETPAmS myMie, TOKPANISHES EONTPASTY ) BOGEYIOTE noxpdey Geasaprepaore Metory 1o 6%, horerpars
TAHIK OFCETEPOMETRHE ¥ BLIS0IHOMEGH J0JBOTETA J0CATTH KoalGIHOBAND ToXHGER B pise 5.05%, oo celTdaThE Tpo Ospesory
CYMICHOTO BHEOPHCTAHHA MeTOIIE.

ANTPOBAIIA OTPHMAHHX PE3V/ILTATIB

* Kopofko B.JO., bapropeska O.JO JlocmimkeHaA i
CHCTEMH KOMI'IOTEPHOID 30py 4as  peamzamii B £ @
peabiniTaniinii oproneui. 1 [pobnemu -
HpopMatHzamii : XII MiKHapogHa HayKOBO-TEXHITHA Advancel
koHdepenmia. - 21-22 mucromama 2024, —¢.72. doi: Informaticl
hitps://dot.org/10.32620/P1.24.12

Systems
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+ Olesia Barkovska. Driviro Oliinyk. Oleksand: Ruskikh, o 5

Volodymyr Korobko, Peter Sedlacek (2024). Study of cm’.;TEHlﬂ

methods for detecting optical markers in the system of ©
human gait and posture analysis. Advanced Information

S}'Stﬂm&, 9{4} m+ 7

Tom 1, Nl
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JIOJIATOK B

Kon nporpamu a1 BusiBiieHHS Kido3y

import cv2

import mediapipe as mp
import math

import time

import os

# Initialize MediaPipe Pose

mp pose = mp.solutions.pose

pose = mp pose.Pose(min detection confidence=0.5,
min tracking confidence=0.5)

mp draw = mp.solutions.drawing utils

def calculate angle(a, b, c):
"""Calculate angle between three points (a, b, c)."""

ax, ay, az-= (a["x"], a["y"], al["z"]) if isinstance(a,
dict) else (a.x, a.y, a.z)

b x, by, bz= (b["x"], b["y"], b["z"]) if isinstance (b,
dict) else (b.x, b.y, b.z)

c X, cy, cz= (c["x"], c["y"], c["z"]) if isinstance(c,

dict) else (c.x, c.y, C.Z)

radians = math.atan2(c y - b y, ¢ x - b x) - math.atanZ2(a_y
- by, ax - Db x)
angle = abs (math.degrees (radians))

return angle if angle <= 180 else 360 - angle

def calculate midpoint (pointl, point2):
"""Calculate the midpoint between two landmarks."""

return {
"x": (pointl.x + point2.x) / 2,
"y": (pointl.y + point2.y) / 2,
"z": (pointl.z + point2.z) / 2,
"visibility": (pointl.visibility + point2.visibility) /

}

def check side posture (landmarks) :
"""Improved detection for kyphosis with additional landmarks
and normalization."""
nose = landmarks[mp pose.PoselLandmark.NOSE.value]
left shoulder =
landmarks [mp pose.PoseLandmark.LEFT SHOULDER.value]
right shoulder =
landmarks [mp pose.PoseLandmark.RIGHT SHOULDER.value]
left hip = landmarks[mp pose.PoseLandmark.LEFT HIP.value]
right hip = landmarks[mp pose.PoselLandmark.RIGHT HIP.value]
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left knee = landmarks[mp pose.PoseLandmark.LEFT KNEE.value]
right knee =
landmarks [mp pose.PoseLandmark.RIGHT KNEE.value]

# Midpoints for shoulders and hips

mid shoulder = calculate midpoint (left shoulder,
right shoulder)

mid hip = calculate midpoint (left hip, right hip)

mid knee = calculate midpoint (left knee, right knee)

# Calculate kyphosis angle using spine deviation
kyphosis angle = calculate angle(mid hip, mid shoulder,
nose)

# Calculate normalized vertical alignment from hip to knee
vertical alignment = calculate angle(mid knee, mid hip,
mid shoulder)

# Detect kyphosis based on multiple criteria
kyphosis detected = not (kyphosis angle >= 151 and
vertical alignment >= 165) # Adjust thresholds as needed

return kyphosis detected, kyphosis angle, vertical alignment

# Open the video file
video path = "sample new.mp4" # Replace with your video path
cap = cv2.VideoCapture (video path)

if not cap.isOpened() :
print ("Error: Unable to open video file.")
exit ()

# Video writer setup

output path = os.path.join(os.getcwd(),
"output video clahe.avi") # Save in the same folder as the
script

fps = int (cap.get (cv2.CAP_ PROP FPS))

frame width = int (cap.get(cvZ2.CAP PROP FRAME WIDTH))

frame height = int (cap.get (cv2.CAP PROP FRAME HEIGHT))

fourcc = cv2Z.VideoWriter fourcc(*'XVID'")

out = cv2.VideoWriter (output path, fourcc, fps, (frame width,
frame height))

# Initialize counters
kyphosis frames = 0
detection frames = 0
body present = False

while cap.isOpened() :
ret, frame = cap.read()
if not ret:
print ("End of video reached.")
break



# Start timer for frame processing
start time = time.time ()

# Apply CLAHE

lab = cvZ2.cvtColor (frame, cv2.COLOR BGRZLAB)

1, a, b = cv2.split(lab)

clahe = cv2.createCLAHE (clipLimit=3.0, tileGridSize=(8, 8))
cl = clahe.apply(l)

lab = cv2.merge((cl, a, b))

frame = cv2.cvtColor (lab, cv2.COLOR LAB2BGR)

# Apply Gaussian Blur
frame = cv2.GaussianBlur (frame, (5, 5), 0)

# Convert the frame to RGB
rgb frame = cvZ.cvtColor (frame, cv2.COLOR BGR2RGB)
result = pose.process (rgb frame)

if result.pose landmarks:
# Body is detected
body present = True
detection frames += 1

# Draw landmarks
mp draw.draw landmarks (frame, result.pose landmarks,
mp pose.POSE CONNECTIONS)

# Get landmarks
landmarks = result.pose landmarks.landmark

# Check for side-view posture defects
kyphosis detected, kyphosis angle, vertical alignment =
check side posture (landmarks)
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# Increment kyphosis frame count if kyphosis is detected

if kyphosis detected:
kyphosis frames += 1

# Calculate percentage of kyphosis frames
kyphosis percentage = (kyphosis frames /
detection frames) * 100

# Visualize the results

cv2.putText (frame, f"Kyphosis Angle:
{kyphosis angle:.1f}", (50, 50), cvZ2.FONT HERSHEY SIMPLEX, 0.8,
(0, 255, 0), 2)

cv2.putText (frame, f"Vertical Alignment:
{vertical alignment:.1f}", (50, 80), cv2.FONT HERSHEY SIMPLEX,
0.8, (0, 255, 0), 2)

cv2.putText (frame, f"Kyphosis Frames:
{kyphosis frames}", (50, 110), cv2.FONT HERSHEY SIMPLEX, 0.8,
(0, 0, 255), 2)
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cv2.putText (frame, f"Detection Frames:
{detection frames}", (50, 140), cv2.FONT HERSHEY SIMPLEX, 0.8,
(0, 255, 255), 2)

cv2.putText (frame, f"Kyphosis %:
{kyphosis percentage:.2f}%", (50, 170),
cv2.FONT HERSHEY SIMPLEX, 0.8, (255, 255, 0), 2)

if kyphosis detected:
cv2.putText (frame, "Kyphosis Detected", (50, 200),
cv2.FONT HERSHEY SIMPLEX, 1, (0, 0, 255), 2)

else:
# Reset counters if body is not detected
body present = False
kyphosis frames = 0
detection frames = 0

# End timer for frame processing

end time = time.time ()

processing time = (end time - start time) * 1000 # Convert
to milliseconds

# Display the processing time on the frame
cv2.putText (frame, f"Processing Time: {processing time:.2f}
ms", (50, 230), cv2.FONT HERSHEY SIMPLEX, 0.8, (255, 255, 0), 2)

# Write the frame to the output video
out.write (frame)

# Display the frame
cv2.imshow ("Side-View Posture Analysis", frame)

# Exit on pressing 'q'
if cv2.waitKey(l) & OxXFF == ord('qg'):
break

cap.release|()
out.release ()

cv2.destroyAllWindows ()

print (f"Output video saved at {output path}")
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JIOJIATOK B

Ko nporpamu 17151 BUSBJICHHS CKOJII03Y

import cv2

import mediapipe as mp
import math

import time

import os

# Initialize MediaPipe Pose

mp pose = mp.solutions.pose

pose = mp pose.Pose(min detection confidence=0.5,
min tracking confidence=0.5)

mp draw = mp.solutions.drawing utils

def calculate midpoint (pointl, point2):
"""Calculate the midpoint between two landmarks."""

return {
"x": (pointl.x + point2.x) / 2,
"y": (pointl.y + point2.y) / 2,
"z": (pointl.z + point2.z) / 2,
"visibility": (pointl.visibility + point2.visibility) /

}

def detect scoliosis(landmarks):
"""Detect scoliosis based on lateral deviation of
midpoints."""
left shoulder =
landmarks [mp pose.PoseLandmark.LEFT SHOULDER.value]
right shoulder =
landmarks [mp pose.PoseLandmark.RIGHT SHOULDER.value]
left hip = landmarks[mp pose.PoseLandmark.LEFT HIP.value]
right hip = landmarks[mp pose.PoseLandmark.RIGHT HIP.value]

# Calculate midpoints for shoulders and hips

mid shoulder = calculate midpoint (left shoulder,
right shoulder)

mid hip = calculate midpoint (left hip, right hip)

# Calculate lateral deviation
lateral deviation = abs(mid_shoulder["x"] - mid hip["x"])

# Threshold for scoliosis detection (adjust based on data)
scoliosis detected = lateral deviation > 0.05 # Example

threshold for deviation

return scoliosis detected, lateral deviation
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# Open the video file
video path = "sample.mp4" # Replace with your video path
cap = cv2.VideoCapture (video path)

if not cap.isOpened() :
print ("Error: Unable to open video file.")
exit ()

# Video writer setup

output path = os.path.join(os.getcwd(),

"output video scoliosis.avi") # Save in the same folder as the
script

fps = int(cap.get (cv2.CAP PROP FPS))

frame width = int (cap.get(cv2.CAP PROP FRAME WIDTH))

frame height = int (cap.get (cv2.CAP_PROP FRAME HEIGHT))

fourcc = cv2.VideoWriter fourcc(*'XVID'")

out = cv2.VideoWriter (output path, fourcc, fps, (frame width,
frame height))

# Initialize counters
scoliosis frames = 0
detection frames = 0
body present = False

while cap.isOpened() :
ret, frame = cap.read()
if not ret:
print ("End of video reached.")
break

# Measure processing start time
start time = time.time ()

# Convert the frame to RGB
rgb frame = cv2.cvtColor (frame, cv2.COLOR BGRZRGB)
result = pose.process (rgb frame)

if result.pose landmarks:
# Body is detected
body present = True
detection frames += 1

# Draw landmarks
mp draw.draw landmarks (frame, result.pose landmarks,
mp pose.POSE CONNECTIONS)

# Get landmarks
landmarks = result.pose landmarks.landmark

# Check for scoliosis
scoliosis detected, lateral deviation =
detect scoliosis (landmarks)
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# Increment scoliosis frame count if scoliosis is
detected
if scoliosis detected:
scoliosis frames += 1

# Calculate percentage of scoliosis frames
scoliosis percentage = (scoliosis frames /
detection frames) * 100

# Visualize the results

cv2.putText (frame, f"Lateral Deviation:
{lateral deviation:.4f}", (50, 50), cv2.FONT HERSHEY SIMPLEX,
0.8, (0, 255, 0), 2)

cv2.putText (frame, f"Scoliosis Frames:
{scoliosis frames}", (50, 80), cv2.FONT HERSHEY SIMPLEX, 0.8,
(0, 0, 255), 2)

cv2.putText (frame, f"Detection Frames:
{detection frames}", (50, 110), cv2Z2.FONT HERSHEY SIMPLEX, 0.8,
(0, 255, 255), 2)

cv2.putText (frame, f"Scoliosis %:
{scoliosis percentage:.2f}%", (50, 140),
cv2.FONT HERSHEY SIMPLEX, 0.8, (255, 255, 0), 2)

1f scoliosis detected:
cv2.putText (frame, "Scoliosis Detected", (50, 170),
cv2.FONT HERSHEY SIMPLEX, 1, (0, 0, 255), 2)

else:
# Reset counters if body is not detected
body present = False
scoliosis frames = 0
detection frames 0

# Measure processing end time and calculate duration

end time = time.time ()

processing time = (end time - start time) * 1000 # Convert
to milliseconds

# Display the processing time on the frame
cv2.putText (frame, f"Processing Time: {processing time:.2f}
ms", (50, 200), cv2.FONT HERSHEY SIMPLEX, 0.8, (255, 255, 0), 2)

# Write the frame to the output video
out.write (frame)

# Display the frame
cv2.imshow ("Scoliosis Detection", frame)

# Exit on pressing 'q'
if cv2.waitKey(l) & OxXFF == ord('qg'):
break



cap.release ()
out.release ()
cv2.destroyAllWindows ()

print (f"Output video saved at {output path}")
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