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Abstract

A plantar pressure mat with visual notifications was developed to confirm
whether individuals can effectively balance themselves and correct imbalances.
The sensor-embedded mat was made with a commercial yoga mat, and was
tested on seven working women in their 30s to determine plantar pressure
distribution when standing and squatting, and if they could recognize and
correct imbalances with visual feedback. The study found that visual
notifications significantly changed the plantar pressure ratio of the forefoot and
hindfoot, as well as the left and right foot plantar pressure ratio. Without
notifications, the center of gravity was more concentrated in the rear foot than
the forefoot in both standing and squatting positions. Visual notifications
showed that the center of gravity, which was largely focused on the rear foot,
was distributed to the forefoot, resulting in a more evenly distributed center of
gravity throughout the sole. For the change in left and right plantar pressure,
the weight that was largely loaded on the left side was distributed to the right
foot through the visual notification mat, confirming a more balanced plantar
pressure.
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Table 1. Types and Comparison of Orthotics
Brand/ . .
Category Sources Image Price Advantage Disadvantage
-Real-time gait data storage
and analysis .
o -High-cost
Smart |-SOL/ ,l l::aiﬁral afc?[i/tit balgrr;c:, S;ﬁz -Uncomfortable to wear
Inc.gilon 220,000 9tn, "y ’ -Short battery life
Insole calorie analysis
; -Low user base product
-Unobtrusive wearable L .
) and Limited user reviews
(http://www.gilon.c device
0.kr) -App compatible
-Providing 2D and 3D
images
-Foot type classification
(flat,nomal, high)
-Peak pressure measurement
-Forefoot/rearfoot  pressure
Plantar distribution ratio  -High-cost
Pressure FnECElTifF; Fﬁ%' W5,450,000 measurement -Suitable  for use in
Machine : Gait timing and angle professional settings
; analysis
(https:/, /smarf[store_ -Plantar pressure distribution
naver.com/zzippudu .
nai measurement and analysis
9 -Body center of mass
(COM) and sway
measurement
-Knee and back impact
reduction -High-cost
. -Impact protection -Monotonous design
Smart Re5|||en§e/ 183,000  -Improved athletic  -Battery lifespan
Shoes Inc.worise . .
performance through  -Personal information
(https://worise.com) pressure distribution and  exposure risk

joint protection
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Table 2. Physical Characteristics

Variable MeanzSD

Age 32.43+2.74
Height (cm) 55.73+2.02
Weight (kg) 163.27+1.04
Foot-size (mm) 237.1442 .60

AR

Figure 2. Plantar Pressure Mat and Three Points for Measuring Plantar Pressure
(taken by authors)
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Figure 3. Circuit Diagram
(taken by authors)
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Figure 4. LED Visual Notification
(taken by authors)

Figure 5. Red Light
(Weight shifted to the left foot
[taken by authors])
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Figure 7. Red Light
(Weight shifted to the Right foot
[taken by authors])
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standing position without the alarm (Figure 10)

!

standing position with the alarm (Tminute)

!

standing position with the alarm (Tminute)

}

squats without the alarm (Figure 11)

}

rest (3minute)

!

squats with the alarm (1minute)

Figure 10. Experimental Sequence
(drawn by authors)
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Table 4. Forefoot and Hindfoot Balance Change

Before Alarm

After Alarm

Forefoot(%) Hindfoot(%) Forefoot(%) Hindfoot(%)
Left Foot 15.4 84.6 36.5 63.5
right Foot 23.6 76.4 40.8 59.2
[ |Before alarm
35+ % iggorr;::;rm 35 [ | After alarm
30 30
R 254 K254
g g
o =
é 20 -| é 20 A
a a
Q 154 o) 15
5 5
o [*]
é 10 4 é 10 4
54 54
0 0

HindFoot-Standing

Figure 11. HindFoot-Standing Absolute difference(%,)
(drawn by authors)
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Table 5. Left Foot and Right Foot Balance Plantar Pressure Balance Change

Variable Absolute Difference % t p-value
Before Alarm 9.19
14.27 .000***
After Alarm 5.20

***D<,OO1

Table 6. Left Foot and Right Foot Balance Change

Before Alarm After Alarm

Left Foot(%) Right Foot(%) Left Foot(%) Right Foot(%)

Balance Ratio
59.7 40.3 44 8 55.2

Table 7. Forefoot and Hindfoot Plantar Pressure Balance Change in Squat

Variable Absolute Difference % t p-value
Before Alarm 16.65
26.27 .000***

After Alarm 1.4
***D<,OO1
H AL golst 4= JrhTable 6). &, 3 ol 2% 2. A E ZAM|
A RAZHO] 2 #F A ek P B WHE
o] AFEe] Y FAFHe] BF, 5% 39 W A 5 Fueld Iy 479 BE Ao|E Hmsh] 4
Hioh ol AxANE, A7 dat BAZE o A Paired-T AARTAZFEZ AREsIolom glo] 26. 270151
g HHER ] | FAFH] dFor BAEW AF p-valueZ} 0.05HTH ZoB= T 72 {ou|gk Zjols
o] & AAle| 1A ¥ YA EAENECE AT 4 AcH(Table 7).
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Table 8. Forefoot and Hindfoot Balance Change in Squat

Before Alarm

After Alarm

Forefoot(%) Hindfoot(%) Forefoot(%) Hindfoot(%)
Left Foot 14.0 344 65.6
Right Foot 32.7 65.6 57.2
[ |Before alarm [ |Before alarm
35 - [ |Afteralarm 35— [ |After alarm
304 30
Ros Ros
8 8
§ 20 é 204
E 154 g 15 -
é 104 010
54 5
0 _ 0
HindFoot-Squat RightFoot-Squat

Figure 13. Hind Foot-Squat Absolute Difference(%)
(drawn by authors)
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Table 9. Left Foot and Right Foot Plantar Pressure Balance Change in Squat

Variable Absolute Difference % t p-value
Before Alarm 6.2
2.13 .000***
After Alarm 5.23

***D<,OO1

Table 10. Left Foot and Right Foot Balance Change in Squat

Before Alarm After Alarm
Left Foot(%) Right Foot(%) Left Foot(%) Right Foot(%)
Balance Ratio
56.2 438 448 55.2
52%% 92 AT 4= rtFigure 14). &, A1ZH & A HEE ARgSHH o] AlF2 44.8%(14.9% A,
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