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1. OBJECTIVE OF THE STUDY 
Ageing makes faster progress in Korean than any other countries, which has resulted in social problems 

including decrease in economic population and such phenomenon is not what happened in Korea alone. 

Japan where the ageing reaches a certain level has suffered social conflict and problem such as a 

generational conflict and the measure to deal with such problems has been sought (Moon (2015)).  

Such a social problem in ageing society is not limited to humanities and social sector. Generally the 

facilities and the standard in our society have been designed and built for the ordinary person (young 

adults) and thus the aged complains of the inconvenience when using the facilities which however are 

convenient and safe for the ordinary person. According to KICT (2017), most of the aged feels the 

physical inconvenience when using the stair, pedestrian overpass and ramp, pointing out particularly too 

many steps and a high kick plate (step height)  

According to the study on walking pattern of the aged on flat surface by Roh (2015), those who have a 

good physical condition or walking ability among the aged who can walk alone (without  walking 

assistance device) accounts for 82% when comparing to the ordinary person. Among the aged who do 

not use the stick or walking assistance device, those who feel the inconvenience with walking is only 

54% of the walking ability of the ordinary person. Falling accident is attributable to such poor walking 

ability (particularly dynamic balance ability and physical strength.  

 The aged would surely feel more physical inconvenience when walking the stair or ramp than walking 

the flat surface and this study thus is intended to measure the walking pattern and physical conditions 

while the aged is walking the ramp and then develop the design factors and criteria for walking facilities 

based on data from the measurement, which would help prevent the falling or slipping  by the aged while 

walking, thereby making commitment to reducing the resultant social and economic cost. 

 

2. METHODOLOGY 

2.1. Measuring the walking pattern of the aged: Motion analysis system 
In this study, Motion Analysis' Motion capture system was used to analyze the motion of dynamic factor 

analysis which are necessary to review the variation of the aged's walking pattern on ramp. In this study, 

4 Raptor-E (Figure 1) and 8 Eagle-4 infrared cameras ware used for the purpose of analyzing the walking 

motion. Shooting speed was set at 120frames/sec and shutter speed was set at 1/1000sec. 2 BER- TEC 

products (800m×600mm) were used as force plate (Figure 2) and acquisition factor was set as 1200Hz. 
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Start point of visual equipment and force plate was synchronized using electrical sync. Coordinates data 

obtained from the image (Figure 3) was smoothened using the 2nd Butterworth low pass filter and cutoff 

frequency used was 6 Hz. 

  
Figur 1: Raptor-E 

 
Figur 2: Force Plate 

 
Figur 3: Data Proceesing 

2.2. Test procedure and analysis method 
Before starting the test, the test procedure was explained in writing to the subject who submitted the 

consent. The subject wore the sleeveless shirts and the tights without shoes to monitor the motion of  

ankles. And for acquiring the coordinates of the joints and segmental axis for image analysis, total 29 

markers were attached to the body according to Helen- Hayes marker set method and after static 

photographing to estimate the body segment index while maintaining the standing posture, markers 

inside the knee and angle were removed and the test was conducted while 25 markers were attached. 

 

2.3. Angle of inclined pathway 
In this study, the gradient of the ramp was set in order of 3° and -3°, 5° and -5°, 7° and -7°, 10° and -

10°. When walking  up the incline,  it's designed that the subject step with one foot on force plate 3 m 

away from the start point and when walking down the incline, the subject also step on with one foot on 

force plate. A 30-second interval was set between the measurements and when reaching to the top of the 

ramp, the subject stayed for 20 seconds before waking down. 

 

2.4. Data processing 
Image analysis was conducted to compare and analyze the motion of the aged between walking up, 

walking down and the noise was removed through editing process using Cortex 6.0 software from the 

image taken and the date for a cycle was converted to the coordinates and all kinematics and kinematic 

factors were estimated using marker position data extracted by analysis program, Orothotrack 5.0 from 

3D data. In addition, statistical analysis to compare the space-time factors and knee joint kinematics 

while walking the incline by gradient was conducted using SPSS (ver.21.0) 

 

2.5. Measurement of Motion Analysis 
In case of slope walking, walking pattern variables were measured at 4 different angles such as 3°, 5°, 

7° and 10°. According to previous studies, the ordinary person lost the balance on slope at 10°, but the 

test with the aged has yet to be conducted. Given the aged has more difficulty in maintaining the balance, 

it would be impossible to apply such angles. So, slope walking test was conducted with the aged who 

showed a superior performance on flat surface walking and the measurement was conducted while 

changing the angle from the low to the high angle. When the subject lost the balance at low angle or 

refused to continue the test, the test was stopped at that angle. The values presented in Table 1 were 

obtained from the aged who could walk while maintaining the balance at relevant angle. 
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Tablel 1: Walking pattern of the aged at different angles 

Classification 
Walking Up Walking down 

3° 5° 7° 10° 3° 5° 7° 10° 

COM  (m) 
Fullbody 0.28 0.27 0.28 0.27 0.27 0.27 0. 27 0.27 

Pelvic 0.28 0.27 0.28 0.27 0.27 0.27 0.28 0.27 

FullBodyVelocity (cm/s) -867.90  -864.00  -825.51  -793.52  830.61  816.33  785.03  710.47  

COP  (m) pelvic -0.52  -0.05  0.54  1.05  -6.31  -5.91  -5.38  -5.69  

Angle (°) 

Pelvic.Tilt(Front) -14.10  -14.15  -16.20  -19.57  10.67  10.25  10.28  11.95  

R.Knee(Flexion) 68.99  67.71  70.28  71.15  73.20  74.80  76.60  78.42  

L.Knee(Flexion) 67.97  65.66  67.68  69.10  71.29  72.20  73.84  75.29  

R.Ankle(Plantal Flexion) 25.27  24.38  23.47  15.79  20.25  17.25  22.96  23.91  

L.Ankle(Plantal Flexion) 29.70  26.59  25.02  26.53  26.07  25.91  27.27  28.92  

Trunk.Tilt(Front) -14.95  -14.22  -13.75  -15.41  -16.92  -17.31  -16.85  -18.95  

R.Shoulder(Flexion) -19.48  -17.73  -14.05  -18.35  -24.72  -25.54  -26.63  -28.02  

L.Shoulder(Flexion) -21.89  -18.12  -11.52  -12.80  -26.18  -25.99  -26.94  -28.47  

Moments (nm) 
 

Pelvic.Tilt(Front) -13.75  8.63  -9.97  -46.23  7.78  14.90  -28.57  93.42  

R.Knee(Flexion) -47.68  -31.93  -59.74  -82.20  -49.13  -54.49  -58.95  -62.66  

L.Knee(Flexion) -49.30  -50.51  -56.69  -62.90  -36.97  -34.35  -40.24  -45.49  

R.Ankle(Plantal Flex) 35.67  69.64  58.38  55.27  49.84  50.45  49.65  56.66  

L.Ankle(Plantal Flex) 68.27  63.95  66.60  66.67  58.14  50.83  53.18  50.62  

R.Shoulder(Flexion) -0.44  -0.13  -0.88  -1.69  1.01  0.50  0.23  -0.27  

L.Shoulder(Flexion) -0.53  0.57  -1.45  -1.32  1.40  1.31  0.73  0.12  

Walking Factors 

Walking Speed (cm/sec) 87.17  87.69  82.83  78.34  84.11  83.72  79.49  72.26  

Step Length(cm) 50.75  51.77  50.19  49.59  45.79  47.04  43.29  38.75  

Stride Length(cm) 103.85  104.62  101.33  97.70  93.61  89.81  86.87  77.77  

Step Width(cm) 10.11  10.23  12.58  10.47  11.37  12.48  11.68  12.09  

Cadence(steps/min) 101.08  100.91  98.85  96.92  108.34  111.06  110.73  113.47  

Walk Ratio(cm/(steps/min)) 0.51  0.52  0.51  0.52  0.43  0.43  0.40  0.35  

3. RESULTS 
As a result of analyzing the walking pattern on slope, a significant variation in walking pattern was 

monitored when the slope angle was changed from 5° to 7°.  Change rate of walking factors is 

summarized in Table 2 to help identify them easily. Assuming 3° is the angle at which the balance could 

be maintained easily and similar with the flat surface, walking pattern at 5° was compared and 

consequently, variation was less than 2%. More power is used while walking up in consideration of the 

gradient and thus the factors relating to walking speed, step and stride length was increased by 1∼2%. 

When measuring after increasing the gradient from 5° to 7°, walking speed was rapidly decreased by 

6%. A spray-footed walking with increased step width to maintain the balance was used for uphill 

walking and as indicated from the walking pattern of the aged at same gradient, COP value was rapidly 

increased and unlike the walking on 5° slope, change to balancing factors was significant at 7°, which 

indicates the higher falling risk due to unbalanced body. The aged who performed the test on 10° slope 

was limited. Those who performed have answered they didn't have problem with the walking on 10° 

slope but analysis result indicated the change to balancing factors. Viewing the above comprehensively, 

upper limit of the slope for the aged was 7°. 

Table 2: Change rate of walking factors depending on slope angle 

Classification 
Walking Up Walking down 

3° → 5° 3° → 5° 3° → 5° 3° → 5° 3° → 5° 3° → 5° 

Walking Factors 

Walking Speed (cm/sec) 0.01  -0.06  -0.05  0.00  -0.05  -0.09  

Step Length(cm) 0.02  -0.03  -0.01  0.03  -0.08  -0.10  

Stride Length(cm) 0.01  -0.03  -0.04  -0.04  -0.03  -0.10  

Step Width(cm) 0.01  0.23  -0.17  0.10  -0.06  0.04  

Cadence(steps/min) 0.00  -0.02  -0.02  0.03  -0.00  0.02  

Walk Ratio(cm/(steps/min)) 0.02  -0.01  0.01  0.01  -0.07  -0.13  
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4. CONCLUSION 
The most critical factors causing the physical damage to the aged is falling or slipping . While the 

falling/slipping accounts for 21.1% of the total cause of physical damage to the ordinary male person, it 

reaches to 41.2% which almost doubles to the aged and when it comes to the female, it reaches to 

63.0%.(Korea Ministry of Health and Welfare, 2017)  

Frequent slipping accident to the aged is attributable to deteriorated walking and physical ability. 

Facility design and construction criteria is based on ordinary person and thus the inconvenience and risk 

are increased to the aged who has the lower walking and physical abilities.   

It's difficult for the aged to walk the stair and slope continuously from the entrance to the exit and it's 

necessary to take the rest in the middle of walking. While it's easier to make the balance on stair where 

stair landing and surface are horizontal by holding the guard rail, it's harder to maintain the balance on 

the slope where the surface is inclined. The less the gradient the longer the slope length and thus the 

inconvenience remains unchanged because of increase in total momentum. Thus, it's necessary to 

estimate the maximum gradient at which the aged could walk while maintaining the balance. From such 

a standpoint, slope angle estimated in this study is expected to minimize the inconvenience for the aged 

as well as make commitment to increasing the safety, when being applied to the facilities which the aged 

use frequently. 
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