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Video resizing, normalization
(Tmages)

Assess Form based on
exercise-specific conditions

I Condition 1: true

YOLOv®
for Pose Estimation

S
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Detent ke points
for 24 L,OJ Joints

Por Action Recognition

Tdentify 1 of the
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Posture Evaluation
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Generate rea!-timg corrective
feedback and suggestions
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- GitHub - TensorFlow
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- Google Colab e LSTM (Long Short-Term Memory)

o ELEs=FEFASANAE L =XUO0IH

—



e (B3
YOLOvS 22
YOLOv8 &

L

o

2y 221}

Cl|ofE] AMR|LI0JE

Al HUB H|O|E{All Zte|
GlojE] Hxj2| mo|Zael P&

EfT0]2 CzfQ!
UI/UX CJRtQI & ZHet
Gradio 22 MY L Z=EEFY I

AEHSE
Al A BH(LSTM)
e LSTMEZ g 4 25}
AIAIE Hlo[Ef 2] mo|Zatel 1%
23 I 4 Yo=Y

gul
S AN B2t €215 7HE
.l

o
o SEWEHIY W} IFENY
[ ]
[ ]

ok
z
T

guels dAH LN

gotgie|s HAY

(=]
dea
S A|AE AIZ|L| 0
o A AAEH O |EHA HA L ST
e Notion, Github & Z1I=2 E& 2te|
o OOy 2t 2



[10/17-10/24]
D2ME HE HE

2 Oole =&

[10/25-10/31]
HIOIH &2l &
Yolov8 2 & I| L QI

[11/1-11/7]
JIEOIE 2 X

LSTME2E 2

M=
oS
=
e =

:“U 00||

[11/8-11/13]
ou NS B}
(0]

2 I HOIAH

1 0x
o

[I|> H|

=
=



G| O] & 54

AlHUBZ I|ELIA XAl OI0IXl CIOIE &4

o [HSSH M XSS It AHE=2 EEdI01E AI @Hub
010l Xl
o I=E=X o) (#ame) (#smay) (rozusoy) (125 dd
o RIIXAC AIZXS AMA LSS B “F~.  OEL|A XA O]O| K]
O ELIAOOIH #5. sot | wArol | g¥ | olojx]
o 5G j| [jl_|. %%Féd/é' 9._"@5 g_c| %2! i|§ FEEE:2020 AMEE:2022-02 Z=3]$:10717 LCR=E:2835 82:1.04TB
ATHI= JHZ 01 101 7% I8 9 X2 HlojEf2
e GOIEHS E8: S5 SRA 2 Clip X T e
o ZILZHENAMN= A2t 2= RtAl EOt 200000 2 Clip (5
3059 S=(57He] 48, Ad¥, 7137 7§ Multiview= €0Cco 17 RN, Q7 KA
L HotE SHZ . 25 4) S chosst e 400002 Clip%: Skeletonkeypoint | = 78101 3IS

=)



G| O] & 54

leftear  right ear
|

= EX I
EII OI El 9 - o etear @ @ righteye
nose ®
o009 .an *—00
DA Z & 2409 I EQIE e S ]| L
o
50 CHE 2z E#HE &5 0|0/ X
. 11111 i)
XAl GIOIEH ot SHIZ2X 22 g Lgre
\enk’\ee. ‘mmkw
left ankie . right ank

2 230l et gtE
XAl GIOIEl &M
SOREYAN=EH

A
=

Jo

AbALCIOTEA

O




YOLOv8= &2 ol Keypoint Detection

2

e YOLOvV8-pose: YOLO J|2H 2| & L S A0 & Al2H XHA

e YOLO: 8t 812 =dIItZ O|0IXIE KWef delEZ Lis1,
2 12lE B0A HA2 SH A4 SHASE HSEL
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S SA0 =20t & AlIZH &0l A
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e X&:Yolov8-pose= Al &= 1 AtAll
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YOLOv8= &2 ol Keypoint Detection

g e " Ull'rCIIyl'ICS

YOLO

XFA Pose - Ultralytics YOLOv8 Docs

o Pose Estimation: 0|0 X2 E&H X & AXGIEQIE) Al
J|EOIE: AF }MEQIQ L= J|El SSES SN 22
(2D [x, y] £= 3D [x, y, visible] &t HE & &)

o EO EH UM 2 HH S JIEAES LIEIHE 20
ot ZHOUA M2 S8 F20AM A= AKX 2HE A EGH0


https://docs.ultralytics.com/tasks/pose/

YOLOv8= &8st Keypoint Detection

Keypoint detection 1 &

s 0l0IKNE EAZE 0I0IXIE 2D18 286t
He 2 S LICL

0|0l Xl §& =Z > PANet(Pyramid Attention Network)Z2 S & 1|2l0|& #*4
>HEBE S E2 2 M > Al2] & (confidence)2t ZHE H2(x, y)E 0=



YOLOV8

Backbone
YOLOv8
Backbone

(P5)

640x640x3
0
P1
320x320x64xw
Conv 1
k=3, 5=2, p=1 P2
160x160x128xw
c2f 2
shortcut=True, n=3xd
160160128
Conv 3
k=3, 5=2, p=1 P3

80x80x256x

~

c2f
shortcut=True, n=6xd
80x80x256xw

5
P4

40x40x512xw
c2f 6

shortcut=True, n=6xd
40x40x512xw

Conv Z
k=3,5=2, p=1 ps

20%20x512xwxr

8
shortcut=True, n=3xd

| 20x20x512xwxr
SPPF

Note:
heightxwidthxchannel

Backbone

Head voLovgHead

80x80x256xw
Stride=8

40x40x512xw
Stride=16

20%20x512xwxr
Stride=32

Details

hewscin

Conv
k=1,5=1,p=0,
_out

hewsxc_out
hxwx0.5¢_out T
s split
hxw=0.5¢_out
hxwx0.5¢_out

Bottleneck
shortcut=?

hew-05c_out

hw=05c_out

L hxwx05c out

Bottleneck

shortcut=?
hxwx<0.5¢_out

- Concat

hew<05(n+2)c_out

Conv
k=1,5=1,p=0,
czf c=c_out
shortcut =2, n | hewc_out
15
shortcut=False, n=3xd P3
| 80x80x768x1
- Concat 14
i 80x80x512xw
Upsample 13
| 40x40x512xw

L 40x40x512x

shortcut=False, n=3xd
| 40x40x512xwx(1+1)

- Concat 1
40x40%512xwxr

Upsample 10
|

20%20x512xwxr

20x20x512xwx

® Rangeking

CloU
4xreg max +DFL

Detect
Detect
Detect BCE
Loss
model d (depth_multiple} w (width_mult r (ratio)
n 03 025 20
s 03 050 20
m (X 015 15
i 100 100 10
x 100 125 10
Bottleneck SPPF
shortcut=True 7 Conv
r hawee Conv ks, p.c
o k=1,5=1,p=0
k=3,5=1,p=1 i L
Lhwse MaxPool2d Convad
Conv k,s,p,c
k=3,5=1,p=1 |
e e MaxPool2d
T !
Bottleneck MaxPool2d BatchNorm2d
shortcut=False | hxwxc
on .
k=3,5=1,p=1 Concat "
| hewsc . "
Conv Conv SiLU
k=3,5=1,p=1 k=1,5=1,p=0
Lhawee ¥
Deetect ( anchorsres ) Assgner:TaL
J Conv Conv Conv2d Bbox.
k=3,5=1,p=1 e drbiia, Loss
Conv Conv J Conv2d [ cs.
k=3,5=1,p=1 k=3,5=1,p=1 S Loss
80x80x256xw
1 Detect
80xB0x256xw
Conv 16
k=3, 5=2, p=1 P3
40x40x256x
Concat 17
40x40x 768w
c2f 18| 40x40x512xw Detect
shortcut=False, n=3xd P4 E=C
40x40x512xw
Conv 19
k=3, 5=2, p=1
20x20x512xw
Concat 20
20x20x512xwx(1+1)
21| 20x20x512xwxr
y Detect

shortcut=False, n=3xd PS5

Head




YOLOv8= &2 ol Keypoint Detection

fitness.yaml e tuner.py

ultralytics import YOLO

if __name__ ==
model = YOLO(

model.train(

fitness.yaml e tuner.py

../fitness/train/images/
../fitness/valid/images/

[24, 3] Keypoints
:[0,2 1, 4 3, 6, 5,8, 7,10, 9, 12, 11,

. person

19, 18, 20, 21, 23,

22]




YOLOv8= &2 ol Keypoint Detection

output text =
xs =[]
ys =[]
for keypoint in pts.values():
X, y = keypoint['x"], keypoint['y']
xs .append(x)
ys.append(y)

0.0000]], device='cuda:@') # xyxy, conf

) #.€ex, \Cy5 Wy h
>="cuda:0') # n : St
relative x = x / image_width # x1, y1, x2, y2

relative y = y / image height

xyxyn: tensor([[0.2139, ©

keypoints

output text += f' {relative x} {relative y} 2'
w = (max(xs) - min(xs)) / image width : ;z:tgfiwAﬁfigg';
h = (max(ys) - min(ys)) / image_ height ZHE
cx = min(xs) / image width + w/2
cy = min(ys) / image height + h/2
output_text = f'0 {cx} {cy} {w} {h}"' + output text

has_visible: True

with open(labels dst, 'w', encoding='utf-8') as f:
f.write(output text)




YOLOv8= &2 ol Keypoint Detection

Keypoint detection 1 &

e & & HH(Non-Maximum Suppression, NMS)2 AtE5t0 ZXl= 0l= 20 E & 2lot,
NEES0| =2 I EAESE U

o JIEQIE=E et &l HE=Z UL IH=0l, 012 20 MHE=Z HEot) 0l0] X
10 SEAH = F

| —
—




YOLOv8= &8st Keypoint Detection

Keypoint detection 1 &

e NMS

Selected Boxes Selected Boxes
0.0 0.0
Score: 0.82 Score: 082
0.2 4 Score: 0.80 0.2 1
Score: 0.60 Score: 0.60
Score: 0.73 Score: 0.73
0.4 1 0.4 1

0.6 1 0.6
0.8 1 0.8
l-o T T T T 1-0 T T T T

0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0



Keypoint detection 1 &

. 6O 20 I8t 25 29 - 2HH

o 1. &J| 2 &4 (Long-Term Dependencies) = Al

T Q20| KAl O A2 BIEGIA| REH AL, GIE RO

LT o= T

ANEA FSOZ U ERE>>LSTM 2E &=

1018 22 M=

PIRGE=

HelJl (A S dl=set Al &M

o 2. =X SHO e H2tet L0l HdAS
=St = SH0L HEE S /gt =8 C
ChE =00t of B Jl= 2 2h e #E L
S=et HOoIE &2 Al stg 42 AlI2ESI =H &4
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YOLOv8= &8st Keypoint Detection

Yolov8 Augment

2 X012 Ol O Kl(4& == om0l 0l0IXE
%+ Flip(p=0.5), 2| &l (degrees=3), Perspective(0.0001)

StLESl 2Xt013 Ol0IKIZ 2 &)

train_batch




metrics/recall(P)

p=0.0001

p=0.0001
yName: SGD d=3

= displayName: NAdam d=3,
= displz

metrics/precision(P)

T

— ame: NAdam d=3,p=0.0001 = d
0.8 —
——
e
0.8
0.78
/
0.76 0.7
0.74
0.6
0.72
/
Step Ste
I 0.5 P
5 10 15 5 10 15
metrics/mAP50(P) metrics/mAP50-95(P)
— displayName: NAdam d .0001 = displayh damw d=3 ( = displayName: NAdam d=3, p=0.0001 = d N larr (
= displayName: SGD d=3, fisplay [
. 0.6
.—/_'_J’
0.5
/
0.4 /

0.65 5
/
Step
0.2

/
10

Weights & Biases

Step
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LSTM Cell

RNNS| &J| 2|&4H 2 Xl (long-term
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Data Extraction + Normalization




CIOIE 8 Xcl(2) - THE Xel

Padding &2l

o M2l LH: QS T 4(16)0f
CEolkl e 8%, s FIIot:
e e

o OlAI:OIOIH ZellZ 2 2010t 2REF
2010l DIXIA 2 22, U0 X
222022 M=

Sequence =&

o OIOIH ZdYUAMx=,y= OIOIHE
ZZE510] (16,48) AJ|2| AIRAAZ
M4

e NumPytiEx Hat
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o IJHE ARAACIOIEHE olLIS 2 HIOIH ME=Z 28
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Model ! "sequential _4"

Run history:

Laver (type) Output Shape Param #

Istn_16 (LSTH) (None, 16, 64) 8908 epoch/categorical_accuracy

e : x " epoch/epoch
layver_normalization_8 (Lay (None, 16, B4)

erNormal ization) epoch/learning_rate

epoch/loss [ | | P—
epoch/val_categorical_accuracy _ i
Istm_18 (LSTH) (None, 16, 128) 31584 epoch/val_loss [ —— |

layer_normal ization_9 (Lay (None,
erbormal ization)

Istm_17 (LSTH) {None,

|stm_19 (LSTH) {(Mone, 64) 49408 Run summ ary:

dense_12 (Dense) {None, B64) 4160

epoch/categorical_accurac 0.9802

dense_13 (Dense) {None, 32) 2080 P / 9 = y
epoch/epoch 19

dense_14 (Dense) (None, B) 198 epoch/learning_rate 0.001

epoch/loss 0.07741

Total params: 315238 (1.20 MB) epoch/val_categorical_accuracy 1.0

Trainable params: 315238 (1.
Non-trainable params: 0 [D.DD Byte) epoch/val_loss 0.01677







True

burpee_test -

pull_up

cross_lunge

side_lateral_raise

barbell_squat

push_up

burpee_test

pull_up

Confusion Matrix

ge

cross_lun,

Predicted

9
L
e
T
£
2
o
]

barbell_squat

push_up

epoch/categorical_accuracy
noble-donkey-5 = bright-spaceship-4 = dashing-spaceship-3 = distinctive-sun-2 a
= leafy-shape-1 v

0.8
0.6
0.4

0.2

epoch/epoch
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np.random.uniform
np.array([[np.squeeze(np.array([[pt(0, 1), pt(®, 1)] for _ in range(24)])) for _ in range(16)]])
data.tolist()

- cal _angle(A, B, C):
TERAT— or C ==
return 180
A, B, C = map(np.array, (A, B, C))
angle = degrees(arccos(min(max(dot(A - B, C - B) / (norm(B - A) * norm(C - B))
return angle

cal distance(A, B):
distance = ((A[@] - B[©@]) ** 2 + (A[1] - B[1]) ** 2) ** 0.5
return distance

f past_current(past, current, error_message: set, message: str, threshold: float, mode=False):
if past:
if mode:
if abs(current - past) < threshold:
error_message.add(message)
elif abs(current - past) > threshold:
error_message.add(message)
return current




Foot_L, Foot R = pts[22], pts[23]

if ((Eye_L[1] + Eye R[1]) / 2 + Nose[1]) / 2 > (Ear_L[1] + Ear_R[1]) / 2 + 0.011:
error_message.add("Don't bend your upper body too much.™)

if Knee L[1] < Knee R[1]:
Knee mL = min(Knee_mL, cal distance(Hip L, Knee L))
if (Foot_L[@] - ©.04 < Knee_L[0®] < Foot_L[@] + 0.04):
error_message.add("Make sure your knees and legs are straight.™)

else:

Knee mR = min(knee mR, cal_distance(Hip_R, Knee R))
if (Foot_R[0©] - ©.04 < Knee R[@] < Foot_R[@] + 0.04):
error_message.add("Make sure your knees and legs are straight.")

if Back[1] - (Shoulder L[1] + Shoulder R[1]) / 2 < 0.05:
error_message.add("Please face your upper body straight ahead.™)

if Knee_mL > 0.115 Knee_mR > 0.115:
error_message.add("Bend your knees more.")

if len(error_message):
result.append(error_message)
else:
result.append({"Doing well."})

return result




f count cross lunge(pts, flag):
Hip L, Hip R = pts[11], pts[12]
Knee L, Knee R = pts[13], pts[14]

if Knee L[1] < Knee R[1]:
Knee dL = cal distance(Hip L, Knee L)
if Knee dL > ©.16:
flag = Tr
if Knee dL < 0.125 and flag:
return 1, ]

else:
Knee dR = cal distance(Hip R, Knee R)
if Knee dR > ©.16:
flag =
if Knee dR < ©.125 and flag:
return 1, 1s

return 0, flag
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https://docs.google.com/file/d/1e8tS-0Ghet5iYrPEpPHok_fdBlGFIiNb/preview
https://docs.google.com/file/d/1lQr40PxhUfjA0UPR6Gl2IqlXDjdUCNV8/preview
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DETECTING
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REAL-TIME

ASSESSING
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FEEDBACKS

DETECTING
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