






Name “ ”, No. 

















Table 4.2. The Alternative subjects’ data collection table.

Table 4.3. The objects’ alternative impact information for OpenPose GRF Estimation.

. The objects’ alternative impact information for smartphone GRF Estimation.



One Pilots fans bouncing to the beat at Ottawa’s Place 





shift has made dynamic football excitation a governing limit in today’s structure design. As a 
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𝐹(𝑡)𝐺 = 𝐾1 × 𝑡 + 𝐾2 × 𝑡2 + 𝐾3 × 𝑡3 + 𝐾4 × 𝑡4 + 𝐾5 × 𝑡5 + 𝐾6 × 𝑡6 + 𝐾7 × 𝑡7 + 𝐾8 × 𝑡8

𝑘1 𝑘8

𝐾1 = −8 × 𝑓𝑠 + 38
𝐾2 = 379 × 𝑓𝑠 − 844
𝐾3 = −2804 × 𝑓𝑠 + 6025
𝐾4 = 6308 × 𝑓𝑠 − 16573
𝐾5 = 1732 × 𝑓𝑠 + 13619
𝐾6 = −24648 × 𝑓𝑠 + 16045
𝐾7 = 31836 × 𝑓𝑠 − 33614
𝐾8 = −12948 × 𝑓𝑠 + 15532



𝐹𝑝(𝑡) = 𝐺[1 + ∑ 𝑎𝑛sin(𝑛2𝜋𝑓𝑝𝑡 + 𝜑𝑛)]𝑁𝑛=1
𝐹𝑝(𝑡) 𝑓𝑝𝜑𝑛 𝑎𝑛



𝐺𝑅𝐹𝑣(𝑡) =  𝑚𝑡𝑜𝑡𝑎𝑙 × (𝑔 + 𝑥𝑣,𝐶7̈ (𝑡))
𝑚𝑡𝑜𝑡𝑎𝑙 ’s 𝑔 𝑥𝑣,𝐶7̈ (𝑡)

Based on McDonald’s theory and empirical 

ng McDonald’s empirical formula by adding the scale 

model coefficient. This coefficient can be easily affected by the subject’s height, pacing frequency, 

γ:

𝛾(𝑡) =  (𝐺𝑅𝐹𝑣(𝑡) − 𝑚𝑡𝑜𝑡𝑎𝑙 × 𝑔)/(𝑚𝑡𝑜𝑡𝑎𝑙 × 𝑥𝑐,𝐶7̈ (𝑡))
They also evaluate the McDonald’s equation by adding γ:

𝐺𝑅𝐹𝑣(𝑡) =  𝑚𝑡𝑜𝑡𝑎𝑙 × (𝑔 + 𝑥𝑣,𝐶7̈ (𝑡) × 𝛾(𝑡))



(2010) used optical markers attached to the skin’s surface to build a 

𝐹𝐺𝑅 = ∑ 𝑚𝑖(𝑎𝑖 − 𝑔)𝑆𝑖=1
𝑚𝑖 𝑖 𝑎𝑖 𝑖𝑚/𝑠2

𝐺𝑅𝐹𝑣(𝑡) =  ∑ 𝑚𝑖 × 𝑥𝑣,𝑡𝑛𝑖=1 (𝑡)̈ + 𝑔



𝑚𝑖 𝑖 𝑥𝑣,𝑡(𝑡)̈
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the subject’s motion.

•

•

•

•



•

•

Newton’s second law. The GRF can then be calculated by multiplying the acceleration by 

•

•

•

https://docs.opencv.org/4.x/dc/dbb/tutorial_py_calibration.html




𝑥𝑑𝑖𝑠𝑡𝑜𝑟𝑡𝑒𝑑 = 𝑥(1 + 𝑘1𝑟2 + 𝑘2𝑟4 + 𝑘3𝑟6)
𝑦𝑑𝑖𝑠𝑡𝑜𝑟𝑡𝑒𝑑 = 𝑦(1 + 𝑘1𝑟2 + 𝑘2𝑟4 + 𝑘3𝑟6)
𝑥𝑑𝑖𝑠𝑡𝑜𝑟𝑡𝑒𝑑 = 𝑥 + [2𝑝1𝑥𝑦 + 𝑝2(𝑟2 + 2𝑥2)]𝑦𝑑𝑖𝑠𝑡𝑜𝑟𝑡𝑒𝑑 = 𝑦 + [𝑝1(𝑟2 + 2𝑦2) + 2𝑝2𝑥𝑦]

𝑘1, 𝑘2, 𝑘3 𝑝1 𝑝2𝑥𝑑𝑖𝑠𝑡𝑜𝑟𝑡𝑒𝑑 𝑦𝑑𝑖𝑠𝑡𝑜𝑟𝑡𝑒𝑑



for detecting the chessboard pattern in images and calculating the camera’s intrinsic and extrinsic 







𝐶𝑎𝑚𝑒𝑟𝑎𝑀𝑎𝑡𝑟𝑖𝑥 =  [303.116 0 318.4590 304.868 240.8350 0 1 ]
𝐷𝑖𝑠𝑡𝑜𝑟𝑡𝑖𝑜𝑛𝐶𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 =  [0.019 −0.032 0.001 0.000 0.025]





The output from tracking the key points of the subject’s walking is measured in vertical 

𝑊𝑖𝑑𝑡ℎ𝐶𝑜𝑛𝑣𝑒𝑟𝑠𝑖𝑜𝑛𝐹𝑎𝑐𝑡𝑜𝑟 = 𝑟𝑒𝑎𝑙𝑤𝑖𝑑𝑡ℎ ÷ 𝑤𝑖𝑑𝑡ℎ𝑖𝑛𝑝𝑖𝑥𝑒𝑙
𝐻𝑒𝑖𝑔ℎ𝐶𝑜𝑛𝑣𝑒𝑟𝑠𝑖𝑜𝑛𝐹𝑎𝑐𝑡𝑜𝑟 = 𝑟𝑒𝑎𝑙ℎ𝑒𝑖𝑔ℎ ÷ ℎ𝑒𝑖𝑔ℎ𝑖𝑛𝑝𝑖𝑥𝑒𝑙



•

•

•







perpendicular axes, labelled X, Y, and Z corresponding to the device’s orientation

the accelerometer to record acceleration that is not aligned with the subject’s movement in specific 

𝑌𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑒𝑑 = 𝑌 ×𝑐𝑜𝑠 (𝐴𝑛𝑔𝑙𝑒𝑌)  − 𝑋 ×𝑠𝑖𝑛 (𝐴𝑛𝑔𝑙𝑒𝑌)  − 𝑍 × 𝑠𝑖𝑛(𝐴𝑛𝑔𝑙𝑒𝑋)



𝑌𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑒𝑑



This process is repeated several times for both feet until Loadsol reflects the subject’s body weight 



frequency signals. In this experiment, the load collected from the subject’s waist is 





The velocity of the subject’s walking can be computed by taking the first derivative of the real





’s 







converted to GRF after applying Newton’s

𝐺𝑅𝐹(𝑡) =  𝑚𝑡𝑜𝑡𝑎𝑙 × (𝑔 + 𝑎𝑤𝑎𝑖𝑠𝑡(𝑡))





















acceleration collected from the subject’s waist and the 







constant period is caused by the subject’s reaction after hearing the start command. Therefore, this 





which corresponds to the subject’s comfortable walking frequency range. In this range, the 



h is the subject’s comfortable 









. The Alternative subjects’ data collection table.











. The objects’ alternative impact information

computed by OpenPose. This issue also surfaced in Chapter 3’s 

















. The objects’ alternative impact 
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method’s 
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