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Task 0Θ 
Reaching 

Lifting 
Box Position (m=19.8 Kg) 

Y (Horizontal) Z (Height) 

1  *0 R 15 71.98 

2  *0 R 16.7 53.47 

3  *0 R 25.07 17.93 

4   *0 L 25 107.6 

5   *0 L 55 123.7 

6   *0 L 14.2 44.14 

7 **30 R 15 71.98 

8 **30 R 16.7 53.47 

9 **30 R 25.07 17.93 

10 **30 L 25 107.6 

11 **30 L 55 123.7 

12 **60 R 15 71.98 

13 **60 R 16.7 53.47 

14 **60 R 25.07 17.93 

15 **60 L 25 107.6 

16 **60 L 55 123.7 

* Symmetric 
** Asymmetric 

 







Table 6. Mean errors of the spinal forces estimated from the ANN body postures compared to the forces resulted from the marker-based motion 

capture method for tasks 1,3,4 and 5 (these 4 tasks are the same as the tasks modeled in [12]) in Table 2 to Table 5 

 

𝑪𝑳𝟓−𝑺𝟏 = 𝒃𝟎 + 𝒃𝟏𝑻 + 𝒃𝟐𝑴+ 𝒃𝟑𝑫𝒙 + 𝒃𝟒𝑫𝒚
+ 𝒃𝟓𝑻

𝟐 + 𝒃𝟔𝑴
𝟐 + 𝒃𝟕(𝑫𝒙)

𝟐

+ 𝒃𝟖(𝑫𝒚)
𝟐 + 𝒃𝟗𝑻 ∗ 𝑴 + 𝒃𝟏𝟎𝑻

∗ 𝑫𝒙 + 𝒃𝟏𝟏𝑻 ∗ 𝑫𝒚 + 𝒃𝟏𝟐𝑴 ∗ 𝑫𝒙
+ 𝒃𝟏𝟑𝑴 ∗ 𝑫𝒚 + 𝒃𝟏𝟒𝑫𝒙 ∗ 𝑫

𝑪𝑳𝟓−𝑺𝟏 = 𝟗. 𝟖𝟏 × {𝟎. 𝟎𝟏𝟔𝟕(𝑩𝑾)(𝑯) 𝐬𝐢𝐧 𝜽

+ 𝟎. 𝟏𝟒𝟓(𝑳)(𝑯𝑩)

+ 𝟎. 𝟖 (
𝑩𝑾

𝟐
+ 𝑳) + 𝟐𝟑}

𝐶𝐿5−𝑆1

𝜃

𝑪𝑳𝟒−𝑳𝟓 = 𝟏𝟎𝟔𝟕. 𝟔 + 𝟏. 𝟐𝟏𝟗𝑭 + 𝟎. 𝟎𝟖𝟑𝑭𝟐

− 𝟎. 𝟎𝟎𝟎𝟏𝑭𝟑 + 𝟑. 𝟐𝟐𝟗𝑩
+ 𝟎. 𝟏𝟏𝟗𝑩𝟐 − 𝟎. 𝟎𝟎𝟎𝟏𝑩𝟑

+ 𝟎. 𝟖𝟔𝟐𝑻 + 𝟎. 𝟑𝟗𝟑𝑻𝟐

− 𝟎. 𝟎𝟎𝟎𝟏𝑻𝟑

𝑪𝑳𝟓−𝑺𝟏 =
𝑴𝑳𝟓−𝑺𝟏

𝟎. 𝟎𝟔
+ 𝐬𝐢𝐧⁡(𝑻𝑨)

× (𝑾𝒕𝑳𝑫
+𝑾𝒕𝒄𝒎)

𝑊𝑡𝐿𝐷
𝑊𝑡𝑐𝑚

𝑀𝐿5−𝑆1
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