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ABSTRACT

Simple camera-based system for evaluation of lower limb alignment as a part of an automated cycling fitting system was
developed and verified in this study. Developed imaging system can evaluate lower limb alignment quantitatively during pedaling
using a general camcorder and single marker attached on the knee. Threshold-based marker detection algorithm was proposed in this
study. Experiment was carried out to compare the trajectory data from marker detection algorithm of the developed imaging system
with the trajectory data from 3-D motion capture system. Results showed that average error between trajectories was 2.33 mm (0.92
%) in the vertical direction and 0.62 mm (1.86 %) in the medio-lateral direction. There existed significant correlation between two
measured values (r=0.9996 in the vertical direction and r=0.9975 in the medio-lateral direction). It can be concluded that developed
imaging system be applied to evaluate lower limb alignment which is an important factor for dynamic bicycle fitting.
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Figure 1. Construction of camera-based system
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Figure 3. Image processing
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Table 1. Subjects’ characteristics
Subjects Height Weight Tnseam Forearm (cm) Tibia (cm) Foot size (mm) VR or VG (degree)
(cm) (k2 (cm) L R L R L R L R

S1 171.5 80.0 84.0 36.8 36.7 54.1 539 275 274 VR 4 VR 6
S2 179.5 86.0 81.7 352 350 52.6 53.0 278 279 VR 1 VR 3
S3 1720 71.0 78.6 353 359 50.6 50.5 262 263 VG 5 VR §
S4 181.5 73.0 829 353 353 525 520 257 259 VG 3 VG 3
S5 179.0 103.0 79.7 375 372 525 53.0 265 269 VG 3 VG 3
So6 182.0 78.0 835 379 379 54.0 54.1 259 260 VG 3 VG 4
S7 174.3 64.0 80.0 352 350 52.0 525 257 257 VG 2 VR 2
Mean 178.0 79.3 815 362 36.1 52.6 527 264.7 2659 VG 16 VR 09
STD 37 12.6 21 12 11 12 12 8.6 83

Note. Inseam is the length from ischium to floor during upright standing
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Table 2. Error and correlation between motion capture system and
camera-based system

medio-lateral vertical medio-lateral vertical
error(%) error(%) correlation correlation

A 193 1.25 0.9968 * 0.9997 *
B 243 1.59 0.9949 * 0.9990 *
C 1.79 0.75 0.9980 * 0.9997 *
D 1.00 058 0.9993 * 0.9999 *
E 1.56 058 0.9976 * 0.9999 *
F 1.57 093 0.9980 * 0.9997 *
G 2.75 0.75 0.9976 * 0.9997 *

M 1.86 092 0.9975 0.9996

SD 058 038 0.0013 0.0002

Note. * significance between motion capture system and camera-based
system at p<.0l.
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Table 3. Mean error and correlation between motion capture system and camera-based system

condition medio-lateral vertical medio—la?eral verticill
error(%) error(%) correlation correlation
low saddle height 1.86 * 0.58 092 £ 038 0.9974 £ 0.0013 * 0.9997 + 0.0003 *
low saddle height(wedge) 1.64 * 0.66 090 + 036 0.9983 + 0.0018 * 0.9996 + 0.0003 *
high saddle height 2.83 + 207 1.06 £ 035 09938 + 0.0099 * 0.9994 + 0.0005 *
high saddle height(wedge) 272 £209 1.01 £ 036 09920 + 0.0150 * 0.9995 + 0.0004 *

Note. * significance between motion capture system and camera-based system at p<.01.
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Figure 4. Typical trajectory of knee marker
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