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Abstract

In Korea, the number of elderly has been increasing rapidly. So it is also expected that the

economic activity and the trip frequency of the elderly will increase. On the other hand, elderly
related accidents such as falls during walking are steadily increasing and the satisfaction about
pedestrian environment of elderly is very low. In this paper, we found one of the reasons for
these dissatisfaction in pedestrian facility, which is not considering the walking ability (about
75% of non-elderly person) of the elderly. So, we analyze the kinematic walking characteristics
of the elderly with the motion analysis system, when the elderly use stairs.
As aresult of analysis of various walking variables, the current standard for stairway height in
Korean law (18cm) requires excessive force to elderly so it was difficult for elderly to keep the
balance of the body in ascending and descending walk of stairs. In this paper, we propose the
stair design criteria through the cluster analysis of walking parameters reflecting the gait
characteristics of the elderly. This change is not a big for non-elderly person, but it can promote
more socioeconomic activities for the elderly.

keywords: elderly, motion analysis, pedestrian facility (stairs), walking factor, walking variable,
walking characteristic
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Table 1. Discomfort reasons when using stairs

Discomfort score

Rank Discomfort reasons

Row Converted
1 Step height 566 1.00
2 Step count 561 0.99
3 Handrail (None/Cpld) 511 0.90
4 Narrow staircase width 425 0.75
5 Narrow passage width 382 0.67

source: KICT (2016)
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Table 2. Design criteria of stairs

Sort Effective width (cm) Height (cm) Width (cm)
Common stairs > 120 < 18 > 26
Exterior stair > 90 < 20 > 24

source: MOLIT (2017)
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Table 3. Pedestrian response variables for walking variables

Variable Definition
Balance (m) Center of Mass (COM) Full body The point where all th mass of a body is concentrated
Pelvic the point about which a body would balance without a tendency
to rotate
Center of Pressure (COP) Pelvic The point where the resultant of all ground reaction force act
Angle (©) Pelvic Frontal Tilt Pelvic Angle of the pelvic moves during walking
Trunk Angle of the trunk moves during walking
Knee Flexion Right Knee angle of the right foot
Left Knee angle of the left foot
Plantal Flexion Right Plantal angle of the Right foot at Flexion
Left Plantal angle of the Left foot at Flexion
Shoulder Flexion Right Shoulder angle of the Right arm at Flexion
Left Shoulder angle of the left arm at Flexion
Moments (Nm) Pelvic Frontal Tilt The maximum strength of the pelvic tilt
Knee Flexion Right The maximum strength of the right leg when the knee bends
Left The maximum strength of the left leg when the knee bends
Ankle Plantal Flexion Right The maximum strength of the right foot when the ankle bends
Left The maximum strength of the left foot when the ankle bends
Shoulder Flexion Right The maximum strength of the right arm when the shoulder bends
Left The maximum strength of the left arm when the shoulder bends
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Figure 2. Variable stair walkway
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Table 4. Measurement equipment and analysis program

Instrument Model Manufacturing country
Hardware CCD camera Raptor-E USA
Eagle-4
VCR Gopro Korea
Force plate 9260AA6 USA
Software Cortex ver. 6.0 USA
Othotrack ver. 5.0 USA
SPSS ver, 21.0 USA
B AT E HAEA 54 B4 919 4 A2 oo Raptor-E B 87H] Eagle—4 49141 711215 AHg

s19lct. Zhlete] 24 120frames/sec. 0 & 5191.0H, A& 1/1000sec 2 51E}. AARHT -2 KISTLER
A] @& (Force plate, Type 9260AA6) 2t](600m X 500mm X 50mm)E AlThe] 37 Y 4T0] FeFFof 7]
sto] S7otglon, 552 1200Hz2 A4 otgiet. g7dnlet Awnrelr] o] Fx= 714 52 (electrical
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Figure 4. Helen Hayes marker (source: motion analysis user guidebook)

402

Journal of Korean Society of Transportation Vol.35 No.5 October 2017



ROH, Chang-Gyun + PARK, Bum Jin Article

DR HYEN wS 2H Y 24
1. YA MY & 0P BE H|W

N BHPAEE T AD A=l Hiet A4 AAVIE e Aol 154 APAE AEsH

ot Al Ha S d@dzol 27 Ashd A= 9

7o) 27FsstE R SH A A LfetdlH. olet 22

A & 54 B 2F 240 283 1A HlolH = 395 e & st
Table 5& A9l oot A A Aedatof A1, A5-o] Bt at= g2t Holot. I PAF Wt gho = A A E

BAZZFA 20168 129 LXHRE 2015 FHAZFEA A AAEE 604 o] 4 %

ot 2 Aol Fofet aFA SRt A EA L ALFA B2 HH LA 5.4% ollelH, E3] A2

0.3%°] L&, A2k 7|EA ek FASIth AL mehe

Table 5. Standard contrast error

Sort Average (Measurement) Average (Standard) Error rate

Male Height 166.0 cm 166.5cm - 0.3%
Weight 63.9kg 67.1kg - 5.0%

Female Height 154.0 cm 154.4cm - 0.3%
Weight 55.4 kg 58.4 kg - 5.4%
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Table 6. Characteristics of elderly walking by stairway

Sort Walk up Walk down
10cm 15cm 18cm 10cm 15cm 18cm
Balance (m Fullbody 0.18 0.17 0.17 0.18 0.17 0.17
' Center of Mass (COM) Pelvic 0.18 0.17 0.17 0.18 0.17 0.17
Center of Pressure (COP) pelvic 0.17 0.12 0.13 0.14 0.19 0.23
Angle ) Pelvic Frontal Tilt Pelvic 8.25 931 1045 624 625 7.52
Trunk 12.62 13.37 12.55 15.52 17.19 16.90
Knee Flexion Right 89.59 94.66 99.37 92.17 99.90 105.11
Left 91.70 97.71 103.73 95.95 103.10 107.85
Plantal Flexion Right 27.07 30.23 33.43 38.16 40.30 41.83
Left 27.89 28.79 32.17 37.07 37.48 37.85
Shoulder Flexion Right 16.13 15.94 16.55 21.61 24.38 26.04
Left 16.61 16.58 17.20 21.89 23.40 24.28
Moments (nm) Pelvic Frontal Tilt 30.05 29.83 29.79 25.29 30.43 36.55
Knee Flexion Right 69.58 83.22 86.32 47.48 59.38 64.70
Left 60.51 72.68 77.04 42.774 53.95 60.15
Ankle Plantal Flexion  Right 5534 6076 6081 6390 7384 7558
Left 61.72 64.79 64.84 69.39 72.06 83.94
Shoulder Flexion Right 322 358 421 323 376 410
Left 3.95 3.88 4.71 2.57 3.07 3.10
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Figure 5. Trend analysis of right knee angle when walk up Figure 6. Trend analysis of right knee moments when walk up
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Figure 7. Trend analysis of COP when walk up (Subject A) Figure 8. Trend analysis of right knee angle when walk down
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Figure 9. Trend analysis of right knee moments when walk Figure 10. Trend analysis of COP when walk down (Subject A)

down (Subject A)
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Figure 11. Trend analysis of right knee angle when walk up Figure 12. Trend analysis of right knee moments when walk
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Table 7. Standard body size by age

Sort Average (Standard) Gap
Age 19-29 Male Height 174.4 cm
Weight 73.0 kg _
Female Height 161.6 cm
Weight 56.1 kg
Age 60-69 Male Height 166.5 cm 7.9
Weight 67.1 kg 5.9
Female Height 154.4 cm 7.2
Weight 58.4 kg +23
Age 70+ Male Height 164.2 cm -10.2
Weight 63.9 kg 9.1
Female Height 150.2 cm -11.4
Weight 55.4 kg 0.7
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