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Mole 271X Y
= Markerless

» Marker(or Sensor)
HIZ, B[O 7|8 S% 214 A0l oA e MM FAL O|F Q14
Of0| X| G O| Ef Ol A 2K 2t S

& HIOIHE ==
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O e | /A
/ // Tablet computer

4 1 w‘\\ Estimation of trajectories|
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Hori, K., Mao, Y., Ono, Y., Ora, H., Hirobe, Y., Sawada, H., ... & Miyake, Y. (2020)

otaf y Hetof 83 A SX|SHOoIE AT A



AL A2 oA HIOIE|7t Kl =71

Markerless / O|O|X|G|O|E{ 7|8t Al

185% cuncesnsanasss

AAARA S 44
RLARRRRR
;

ARARDS

O[O| x| G| O &1 7t
2y 229 2D =t

k=

O|O|X|H|O| E{ 7}
A|Ztof| IHE Ci|OlE ol HRH(RAKILL, &

b/ 2etiiE 3

ASX|

| =

o

HlO|E{ &+

ARO[ OfL[2} F&0]& A

=, FrEgk

& 4



Atz SEH2 o{=A| Hlo|E{7} BTk

Al 7|18t AFE H|H 7|= 7 4N =X (Object Tracking) 7|=

ZtH2r 2#EE SYHOIHMAM S50l 2ME R FHt= 7=
O 10| A=t M| E IMpttt= A -> HAREZF AR =43 20 A

Object detection: O|O|X|C|O|E{2] HA 0| A 2|0|R/= AHME FH5t= A

Object recognition: 2|0l U= Ax|7F FAAIX| Of= A

Input Image
N @ zuus

s oolx &F  VIEW XN

Image Classification £l smal o Sale s Iy
EUFR0I AU iiiﬂ?‘iit ick
_ojRLPE 2 \ B EayoR ';%,
Output: “DOG” " :
uuuuu yedoensis Matsum.

https://www.oreilly.com/library/view/neural-network-projects.xhtml https://blog.naver.com/naver_search/222294674884
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gmoiotl | AN SEH2 OfEA| HIO|E{7} BT
Al 7|8t HEE H|H 7|& / AR 32 =8 (Human Pose Estimation) 7| &
- AEE HIT 712 3 Ao 53 XY 5 AAE QAstE 7|
MO 2T 2t BEO| QIS 2FstD B FE (skeleton key point)

= 2D(X, Y) 3D(X, Y, 2) 2&F 3 Jts

= XY OpenPose, DeepCut, PoseNet, AlphaPose, Mediapipe S0| CHEM O Z AtE

Camera

o - -

https://s-core.co.kr/insight/view https://www.zivid.com/2d-vs-3d-machine-vision

Real-life object

https://khw11044.github.io/blog/papers/pose-
estimation/2021-05-03-HumanPoseEstimation_Survey/
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Sx}GlojE > AFZ S5 3 > 2
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"annotations™: [

=™ (Human Pose Estimation) 7| =

== > A|A <Y HAE HOH =

{
"frame": 0,
"box": {
"x": 276,
"y" 92,
"width": 70,
"height": 185
2
"keypoints": [
{
"data": {
X" 311,
"y": 108
|2
"category": "nose"

12

"data": {
"x": 316,
"y": 105

category": "left_eye"
"data": {

"x": 308,
"y": 104

l_

o

§|O|E{ ¢ R Al




st ] AR SRS O HOIE7L Sl TR
Al 7|18t AFE H|H 7|= 7 AFE &% % (Human Pose Estimation) 7|=
= S = O|0|X|G|O|E{ 2| EEH30 frame per sec = 120 30& 2| O|O|X|H|O|E])
= O|O|X|H|O|E 2 Epé*gl A& 7} (Skeleton key point)0] SHAOIAM A|AYE == -> OfEA T {07}
Cu metojE =
Hols el Helgt 55
D (Task, Activity) 4% £4, X210 T B}

- 7S Bt

g
- ﬂ

== H =2
- 305 =TT

4 l i ! M M
i ¥ ’V\/w\,\ ,\ f

d a4} v
{ ¥ '\"’Ww‘ o

https://manual.reallusion.com/Character_Creator/
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- 6min Walking speed test

- Time Up and GO test

- Functional Ambulation Category

Functional Gait Assessment
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=8 2l YO OlH Fa(Ed 7ls )5 82

SRR Bl =F 2 MEo|st ME2|7t FAC(Functional Ambulation Category) 7| &0 [
2} Mild/Moderate/SevereZ &5

XEgll-ﬁgoo E"E‘i o:PN3n| 7.§.|'7"FAC2 -c‘;_-lﬁ IOl E A-Ilogx_'
| == ?lol St FUFAOS Al =158 HIOIH f “Score Category True data

NS EES S 9ot €= HIAEs} 0

Nonfunctional ambulator

Ambulator, dependent on Severe
physical assistance - level |

1

Ambulator, dependent on
physical assistance - level Il

Moderate

Ambulator,
dependent on supervision
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HOIe =& -> A -> 7I&
Openpose & 112|F O|&St0] O|O|X|E|O|E 0| A AtE 214 (bounding box)

AMERQ| 177 28 ZHUS AAEE FZ(Skeleton Key point)
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pagoretfe | AR S Ol0|E|S BRE AITX|S B Y Y
-0 [=} J, ﬂi}

= HO|H =& -> EH -> 75

"keypoints": [ "annotations": [

r‘" ﬁ !1 "nose", bbox": [302,110,354,270],
"left_eye", "num_keypoints": 17,
"right_eye", "keypoints":
"left_ear", [ 325,128, 2,

4 é "right_ear", 328, 123, 2,
"left_shoulder", 320, 124, 2,
"right_shoulder", 330, 128, 2,
"left_elbow", 317, 129, 2,
"right_elbow", 339, 149, 2,
"left_wrist", 309, 150, 2,
"right_wrist", 349, 171, 2,
"left_hip", 307, 171, 2,
"right_hip", 350, 193, 2,
"left_knee", 307, 191, 2,
"right_knee", 338, 192, 2,
"left_ankle", 318, 192, 2,
"right_ankle" 338, 224, 2,

319, 224, 2,
338, 256, 2,
320257,2 ]
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2D pose estimation Coordinate data extract Extract of 471 feature e
Annotation Of each joint I r from joint coordinate dat Labeled Training set
T —T— = o observations R
Raw data e L “penon Machine learner
- 80%

Gait video data of

healthy and stroke

1 million pixels Preprocessing — | T P S
leting missing value) - Test set ' -

30 frame/sec ' Prediction

20% 1 model
FAC score 0-5 :

- 17X27X1 reshape with zero padding -

Output

m——————

Pooling Pooling Pooling  Pooling

. SoftMax
Input Convolution Convolution  Convolution  Convolution Activation
Function
- Feature Maps J
Feature Extraction Classification Probabilistic
Distribution
MECHstn xjgelstut / HetojE @ A S X|SHO|E{ AT A 16



a;gi%%' i = = = —
== = = 3 Sk X=x =
1. Al_k|EF Fojele| 2l M o|EE &8¢t TS =F 2
= LHEF A EY STE 27 Al ZE Vot s
- 23 g4 T|ut H|ZF Fojolnt Yhtelo| 25 1o : .
_ — -
L ™S (Accuracy): 95.09% i el
0.8 1 -7
- Area Under the Curve(AUC): 0.94 w o
N X T -7
= 2 Fo VI8 K| ES FoHeIe| Hd Vs =7 R v 06 o
= -~
e = ”
2t (Accuracy): 90.33% 3 g
v 04 -7
- Area Under the Curve(AUC): 0.95 = o
PR severe (AUC = 0.96)
0.2 ,/’ —— moderate (AUC = 0.95)
e —— mild (AUC = 0.93)
P —— normal (AUC = 0.99)
00 ¥ ] Ll ] L
0.0 0.2 0.4 0.6 0.8 10

False Positive Rate

Kim, J. H., Hong, H., Lee, K., Jeong, Y., Ryu, H., Kim, H., ... & Lee, S. U. (2025). Al in evaluating ambulation of stroke patients:
severity classification with video and functional ambulation category scale. Topics in Stroke Rehabilitation, 32(1), 34-42.
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¥ RBOR A 42 (3T 28 < [BETECPEEEEEE - BT 7

THE 2l Al 2™ 2H(HES) FAC=5 WE olst Al B EY(HES) FAC=3 Mg ost Al 28 2M(xI1ES) FAC=1
vi.0 v1.0 vi.0

Stepl. BA A8 M8 TR  D:/proj_PoseData/2l & #/Full_body_gait_data/patient1E001_10024LKAK_2.mp4 [l | Stepl. A 1A & M8 FM R D:/proj_PoseData/2} % # /Full_body_gait_data/patient/1H022_10015WXXX (1).mp¢ [ | Stept. 4 CIA S S5 FAG Gl £5 52 AH0_severe/15042_10027WLJE.mp4
Step2. F4 8 2 ¥ FMR Step2. A4 8 AW FMR {2 A FHR Analysis
Result Result

Normal |0.00 Normal |0.0181 Normal |0.00

Mild |0.00 Mild |0.2783 Mild |0.00 ‘
Moderate | 0.00 Moderate |0.4738 Moderate |0.00
Severe |0.00 Severe |0.2297 Severe |0.00
o .
> 1l
msg: generate the skeleton json file. wait ..) msg: generate the skeleton json file. wait... msg: generate the skeleton json file. wait
MECHstn xEo|stat / HetofEH ASX|SH O A & 18



www.BANDICAM.com

www.BANDICAM.com

Xl

Measured disease Reacy ST

[ Stroke 1 I I }

Save  Open
B &

HlOJE{ &

www.BANDICAM.com
ART

Prameters

Gait cycle(sec)
VELOCITY (m/s)
CADENCE (steps/min)

STRIDE LENGTH(cm)
STEP LENGTH (cm)
STANCE PHASE (%)
SWING PHASE (%)

SINGLE SUPPORT (%)

DOUBLE SUPPORT (%)

Normative Range

1.03~1.21
1.02~1.47
99.54 ~ 115.62

132.08 ~ 157.48
66.04 ~ 78.74
60.45 ~ 65.36
34.63 ~ 39.54
29.16 ~ 45.02
14.34 ~ 38.84

Result
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siamoerf] AR ST ofA HlO|E7} ElE TR
Marker / MA| 7|8t Al

. A S OIAZ 98 O EE MAjo] 3R

—

Passive Marker : £ ¢t mHEko| &l
2 Active Marker : Ot AAZ HI(F

- IMU(Inertial Measurement Unit) :

https://sketchfab.com/3d-models/59-marker-setup-vicon

https://3dcoil.grupopremo.com/blog/motion- Olinski, M., Gronowicz, A., Ceccarelli, M., & Cafolla, D. (2017)
tracking-mobile/
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pagoretfe | AR S Ol0|E|S BRE AITX|S B Y Y
-0 [=] (A

= 587 X2 RES EFoH= HA|
= SYM 22 HM3r: 75% Random Forest &1 2|E MatE 85-95%

T
= DNN 22 7|8t 25 $slo| ¥t & 2= : Validation acc. 0.97, Test acc. 0.92

J

’ All Data ‘ =) 00 000043 000085 000043 000043 0.0 0.00043 00 00
| Train]ng data ‘ ‘ Test data ‘ - 00013 0.00043 00 00 0.00085 00 00 0.0013
o~ 00 00 00 00 0.0 0.0 00 00 008
’ FOIdl H F0|d2 H FOId3 H Fo|d4 H FOIds ‘\ ) 0.0038 0.00043 0.00085 00 00 00 0.0026 00 00
- 0.0043 0.00043 00 0.0013 0.00043 0.00085 0.0021 00 00 006
spit1 | Fold1 || Fold2 || Fold3 | Fold4 || Folds |
0 0.00043 00 0.00085 0.00043 0.0 00 0.00043 0.00085
spiit2 | Fold1 || Fold2 || Fold3 | Fold4 | Folds |
Finding Parameters © 000043 00 00 00 00 00 000043 000043 oo
SpIItB | Fold 1 H Fold 2 H Fold 3 H Fold 4 H Fold 5 ‘ ~ 0.00043 0.0 00 00 0.00043 00 00
spiit4 | Foid1 || Fold2 || Fold3 || Fold4 || Foids | ol as e w5 el &
- 002
spiit5 | Fold1 || Fold2 || Fold3 || Fold4 || Fold5 | / » 0003 @0 00 a0 0o 00 000085
Final evaluation ‘ Test data e 0.0 0.0 0.0 0.0 00 00 0.00043 0.0
0 1 2 3 & 5 6 7 8 9 10 =58

Lee, K, Kim, J. H., Hong, H., Jeong, Y., Ryu, H., Kim, H., & Lee, S. U. (2024). Deep learning model for classifying
shoulder pain rehabilitation exercises using IMU sensor. Journal of neuroengineering and rehabilitation, 21(1), 42.
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Stepl. BAMCIA & M43 FMR  D:/proj_PoseData/2) 2 8 /Full_body_gait_data/patient/1H022_10015WXXX (1).mp« i
Step2. A 8 AW FMR

Normal ’W

mild 02783
Moderate |0.4738
Severe ’W
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Characteristics Total OCIT S o
(N=47) (N*=35) (N>=12)
Age (Mean£SD) 66.41£12.0 67.2+£10.0 63.9+16.9
Gender (Male/Female) 30/17 22/13 8/4
Height (Mean+SD) 163.0+7.6 162.7+8.4 163.9+5.0
Weight (Mean+SD) 64.0£11.7 65.4+119 60.1+10.4
Diagnosis
(Infarction/Hemorrhage/Other) I A s
Affected side (Right/Left/Both)  28/16/3 21/11/3 7/5
Duration of stroke
81.0+£79.6 93.5+84.5 44.8+49.7
(month)(Mean£SD)
FAC (1/2/3/4/5) Uwgwlmmm 0/4/3/2/3
Number of training days
(Mean5D) 13.5t7.4 16.9+£5.0 3.4+1.6
Pre (Mean+SD) Post (MeantSD) p
K-MBI 75.0+£16.5 77.3+£17.0 .005*
G I
(xfgs) SFBBS  18.9+4.6 21.0+53  .005*
K-MMSE 26.1+3.6 26.7£4.0 .068
K-MBI 73.7+16.4 78.8+13.0 .089
Group II
+ +
(N=12) SFBBS 16.3+£5.8 21.3+3.8 .015
K-MMSE 25.3+3.9 25.9+4.1 .165
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- 7| wHo| et ABX|S0| St HEGHS) 2 The Evolution of Al
Seeing, Speaking, and Understanding Biosignals Like Humans
. A7Ee] X538t M (If-then)
) Z1ABtS, ol ARHE B, ofsysi) 0 @ ©
Vision Al Text-based LLM SensorLM
. ddd AL AR 2= =1, 0|55, &S| y
- Ay i = m i
IV. OfO]HE Al AIEO| ELf= CHyet *._'§% Sff 4 Wg& / — V@]
Clni=" 5P7| MCP, SensorLM, Xt2& H|A] : ' - <) = B
@ Vision Al Text-based LLM ©) SensorLM
Al can recgnize objects and Al can understand, generate, and Al can interpret diverse biosignals
images as a human does respond to human language like heart rate, movement,

physiological data

-\~ SensorLM

Q Vision
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