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Effects of the Selection of Deformation-related Variables on Accuracy
in Relative Position Estimation via Time-varying Segment-to-Joint Vectors

Chang June Lee' and Jung Keun Lee™*

Abstract

This study estimates the relative position between body segments using segment orientation and segment-to-joint center (S2J) vectors.
In many wearable motion tracking technologies, the S2J vector is treated as a constant based on the assumption that rigid body segments
are connected by a mechanical ball joint. However, human body segments are deformable non-rigid bodies, and they are connected via
ligaments and tendons; therefore, the S2J vector should be determined as a time-varying vector, instead of a constant. In this regard,
our previous study (2021) proposed a method for determining the time-varying S2J vector from the learning dataset using a regression
method. Because that method uses a deformation-related variable to consider the deformation of S2J vectors, the optimal variable must
be determined in terms of estimation accuracy by motion and segment. In this study, we investigated the effects of deformation-related
variables on the estimation accuracy of the relative position. The experimental results showed that the estimation accuracy was the high-
est when the flexion and adduction angles of the shoulder and the flexion angles of the shoulder and elbow were selected as deformation-

related variables for the sternum-to-upper arm and upper arm-to-forearm, respectively. Furthermore, the case with multiple deformation-

related variables was superior by an average of 2.19 mm compared to the case with a single variable.

Keywords: Relative position estimation, Segment-to-joint vector, Deformation-related variable, Non-rigidity.
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Effects of the Selection of Deformation-related Variables on Accuracy in Relative Position Estimation via Time-varying Segment-to-Joint Vectors

Table 1. Averaged RMSE (% of range) results of relative positions [mm]

Deformation-related variables

S:;‘;‘:rm;:r‘r’l Conv ShFI ShAd ShFI-ShAd ~ ShFL-EIFI  ShAd-EIFl  ShFLEIPr  ShAd-EIPr
gy SU1660 (1012) 881 (580) 1570 (866) 725 (464) 882 (603) 1873 (1045) 773 (21) 1167 (639)
S2 23.68 (11.62) 1440 (835) 1879 (13.86) 10.66 (721) 12.18 (7.37) 17.74 (13.73) 1244 (732) 14.88 (1091)
e, SI 128502500 487 (820) 591 (1046) 462 (108) 545 (920) 692 (1143) 486 (1.60) 578 (946)
S2 1102 (17.10) 1114 (1521) 10.60 (15.74) 7.13 (890)  9.15 (11.42) 11.08 (1641) 752 (9.31) 10.16 (14.59)
ey S1 277701695 693 428) 1521 015) 551 (338) 648 (406) 1339 (785) 634 G9N) 1482 873
S2 3656 (27.01) 975 (826) 2260 (1623) 690 (542) 1129 (9.72) 22.12 (15.86) 9.08 (7.55) 2099 (14.31)
gy 51 3QL) 670386 2308 (1375) 666 BTN 630 (363) 2192 (1334) 685 406) 1670 (991)

S2 3979 (23.82) 927 (6.19) 2746 (16.06) 686 (4.38) 979 (6.01) 25.64 (14.82) 11.62 (7.39) 23.16 (13.89)
Average 2546 (18.77) 898 (7.52) 1742 (12.99) 695 (5.60)  8.68 (7.18) 17.19 (12.99) 831 (6.55) 14.77 (11.02)

Upper arm-to-
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e SU 97269 T8 840 (512) 990 (618) 441 256) 1221 (757 58 GAD 776 (473)
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ey SU 217666 767 (66) 646 GO 478 254 468 (213) 436 226) 619 285) 646 (331)
S2 804 (532) 507 (2.58) 477 (295) 359 (1.92)  3.64 (1.88) 450 227)  5.03 (3.16)  4.71 (2.65)
ez SUO B3N 568293 696 (46) 56795 345 (173) 553 8 44213 715 (6)
S2 782 (6.15) 7.2 (5.62) 490 3.59) 537 (3.96) 603 (5.09) 688 (544) 274 (222) 544 (4.13)
g SU 1545856 761 @414) 922 (45) 596 (.06) 293 (144) 847 (45D 696 324) 878 (454)

S2 1099 (5.18) 739 (325) 814 3.92) 623 (291) 489 (234) 772 (3.53)  5.66 (2.89)  7.49 (3.63)
Average  10.68 (641) 7.57 (452) 665 (3.76) 568 (332) 430 (2.59)  7.09 (428) 497 (2.76)  6.56 (3.80)
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Fig. 4. Estimation results of Test 1 from Subject 1
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Fig. 5. Estimation results of Test 3 from Subject 1
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