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Abstract: Improper posture during exercise can lead to injuries, and the use of visual feedback has been demonstrated to positively
affect exercise efficacy and injury prevention. Individuals who exercise independently often follow instructional videos for guidance.

To improve exercise effectiveness and minimize the risk of injury, we

propose a system that provides real-time visual feedback. This

system utilizes MediaPipe for movement estimation and incorporates ArUco markers to compensate for occlusions caused by exercise
equipment. Furthermore, electromyography (EMG) is employed to assess whether the appropriate muscles are being activated. In
instances where correct posture and muscle activation are not achieved, the system prevents further progress in the exercise repetitions
and notifies the user of a failure to meet the required conditions. The experimental results demonstrated that the proposed compensation
algorithm reduced the mean absolute error of posture estimation from 9.010° to 2.270°, a reduction of approximately 74.8%.

Consequently, the exercise success rate significantly improved from
enhancing exercise performance while preventing injuries.

62.7% to 87.3%, confirming that the system is effective in
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Table 1. Summary of recent studies.

Studies Year Technology Ref.
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Methods
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Fig. 8. Result of the angle estimation accuracy test.
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Table 3. Result of angle estimation accuracy test (raw data).

With ArUco Marker Only MediaPipe
Reference ArUco Reference MediaPipe
Angle Angle Angle Angle

(Open) (Obscured) (Open) (Obscured)
723 729 787 81
71.8 732 69.5 785
74.3 76.2 484 55.8
78.6 76.5 100.7 82.8
919 89.5 1409 1325
54.6 555 90.2 93
522 50.1 356 44.8
120.8 122.1 30.7 213
116.8 116.7 4715 39.8
44.6 432 111 105.7
363 347 101.6 107
36.7 346 103 112.7
85.6 844 378 302
97.8 944 102 1024
1212 1242 146.1 143.1
959 96.8 594 683
1124 113.8 131.7 1282
633 64.8 27.8 213
81.8 852 378 477
119.1 131.8 87.1 133

i 4 4= —’F@ Zé‘+ A Axe] Hdt A

S 2HMAE)

Table 4. Mean Absolute Error (MAE) and standard deviation of angle
estimation accuracy results.

Difference between Reference Difference between Reference

and ArUco Angle and non-ArUco Angle
2.270°+2.603° 9.010°+9.474°
A HE A Holuh B9 4= Q) o]2lgh
Erlze] ¥4I 2 2w 34 ool A9 29
o] Hrk & AF2 o]l F&elM ArlUco "HE ©l&3F

XS Ao R YEhll ﬁlﬂ, 3 32 2t 203]9] S0l
A 712l rﬂa ArUco 27373k} MediaPipe W5 S %S
e $HE 3 4% o] A A it Aol ok BF
HAARE Hola lrk o]F A8 A7 ArUco WHAE HA
AR AY 2AEA DY Hy Al Q4= 22709 SD =
2.603°)%ick o]e} U4 22, MediaPipe Yale]ET AME-S
% 2A4GEH 2)9] Hit Ao 9= 9.010°( SD = 9474%) &
SAEAE 7 24 ke H A b zelo] digt ois
¥ 73 (paired-samples ttest)y 2}, SAXHOZE Fofn|gh
zpo) 7} FR1H AT} (t=4.113, p=0.0006). °)= Tdo] 7}H
o] ¥hAIst Al ArUco PIAE HE ARZ FEsh= & Al
Ho] 17 7]HHo] MediaPipe T A2 E9HgAS a3
o7 wisln Zte FAo AES dds] ATIvh=
A =3}
2. ArlUco 071 2 EMGE O|Est A2t m|=8 R8M FIt
7 34 710 AEAAE gR1% 5, 71 A FA
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Fig. 9. Comparison of exercise success rates with and without real-
time visual feedback.
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Table 5. Comparison of biceps curl exercise success rate according to
the application of the proposed system.

Subjet |A B C DEF G H I J K| Aw

Normal (9 6 2 7 3 4 10 5 8 8 7] 6273

Feedback {9 9 7 8 9 7 10 8 10 10 9| 8727

%7]‘% Lt-} 1EA] ;g]i_g. %—%?_ }\]/‘\Eﬂ_/] /\1}\]7]- /\]71—
H—h‘ < Hrlelick & 500 vebd viel
ol F 1199 Pt ol A $2e FsloH,
J)=mwo] Q1= 7d-${Feedback)®l $1E 74-F(Normal)®] X35
= 22F SRS W Aol Ve 2] Zhe60° v
hHek EMG A1EMVCe] 70% Z2hell sl vl AHod <
AfEs FAlOl T3k 3 o= 313Gt
o] 7|eell wht B % Ad, 19 95 HH, FEue] ¢l
= 20 FAAELE Hit 62.7%(SD = 25.3%)2] AEES
HAATE Zeuh AARE A2 dsdo] AlgEE ZelA
= i ATE] 873%(SD = 11.0%)% A 718tk A
£ ztold] digk bl xR A4 A, olefg 2 A
Ao R Fofnlgk Ao LERITHE = 4368, p = 0.0014). ©]=
Alz=glo] Al gshE AARE A2 gl=do] ZHANRH <
Aol o|2774H] FHLIe AMgAES] &5 FELe} A}
Al S A7l D] 7]t Al AARL
°l& *%LOM 71E &F Bx 71ed Ajb AlzHle] &
A& vk F 69F Atk 71| vl 7Iek Al 7]
Tl oF 7k wA Al 4 23257} %OW«E SHAI7E A
om, o= 3 49 APANNAE FRIHATE H3h A
FARNT oEshe WAS 25 GRS ot Qlo] &
o A4 Hrpt Erbssiths]. v, AkelE AlAES
ArUco WIAE &3l 7Fd Aol xe] M 43ns $ns)
i, EMG €3S F8l 24242 &5 AN BEUEES 79
gouy 7E 71eEe] i % 71ed dHlE el
2 B & A

of Tt

J

6 ARKRE Al=E 7IE 5 B 7] 7] 54 vl
Table 6. Comparison of characteristics between the proposed system
and existing exercise assistance Systems.

Feature MediaPipe MediaPipe + EMG Proposed
oC Low High High

MAM Impossible High High
ES Low Medium High

OC : Occlusion Handling, MAM : Muscle Activity Monitoring, ES : Exercise Safety

VIL 1U&

FH ZHAA Fode A9s A7) g% A &
st Alge] ) LopllAe= Ad A T FIHAR] B
ofWslr] 918l Fxte] AeE JE8s] Hristar, dagh He
oA 58 Agkshs 3lo] IeHolt}. mEpr] AREALe
+AAE FAL AlAA R Rl ofHe &5 84
L ARE AARRe R 74 4l vslse AlRRS Jhdst
Ak o5 FE &% 7 T NG F e A 2F{E
S4F o7 wAsaL SHE I8 ARRS fFEgo s B
g del] 71998 4= Q= 71NES ST

AQFet A|2~E2 ArUco WHAE 283 B4 dueSs
A g-3to] MediaPipe T ARE- tiH] Z}A] Q12]9] 3 A
QA= 9.010°0014] 2270°= °F 74.8% ZHAAZAL Ol H3 2

2b 2 F MediaPiped] 54 Aol 7AE 24 S
ArUco PFA7F a3¥og Hshy] wiEoltl MediaPipe
Held 7|uke] AAl F4S 913 3D QA mds E-8s 9
2 dlolE e} F7daugmentation) 71'HS F3l EhFdich = o
Abo] QEE se] slatoma, AA AAA] ThE Ao
7Hx el s =2 719 B Kinference-based interpolation)
S 58 5 "k vbE ArUco PHAE 7)ol A4
Ad] FHFAAE AT MediaPipe2] F2 79k 23F 3hs
AA| 718kt A= giAE, 1 Ay Het Hd) eah
st B3 e ApdAol =Rk MediaPipe] & 7]
H B7te] vls] vjad 22 BARS HolFo2H] B HA

I Zasisih

LR AARE AJZEE o] AlgEl 7oA ARSAR
& ATES 627%1H 873%=2 frojvlatAl At
oj#ft ARFE EMG AS ¥ FEFomM A
v obe} o AL SAlel e AARE v =)
ais deHew 743—%}0314 ol AP vEwe] fg
AGE Pt B ool BF 7198 5 Qo 2AE
A Z-ght.

Ty g 7R Al SR8} 3A), MediaPipe, ArUco
w71, EMG A58 EA10) Azlslof s B4 w8 it
selo] 7w} mujel Aol e A8 Fpso] A
= Atk =4, MediaPipet™ A 558 Al 7]k Z19)1=
24, AF8AE) I S4ol} &5 B7do] me 9E
A3}7h ofef - AIZE ek AR, 2 AT dgtol T
A 28 W o)lE FELoRE = 54 5 (biceps curl)ol]
gate] HEHAT AA &5 7 Aol v 5o
B3P0 g 497k Berw, FF A7 E(squanth
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