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Abstract

Advancements in sensor technology, particularly Inertial Measurement Units (IMU), are crucial in
modern pose estimation. IMUs typically consist of accelerometers and gyroscopes (6-axis), with
some models including magnetometers (9-axis). This study investigates the impact of sensor
frequency on pose estimation accuracy using data from a 256Hz IMU sensor. The data sets
analyzed include “spiralStairs,” “stairsAndCorridor,” and “straightLine,” with frequencies varied to
128Hz, 64Hz, and 32Hz, and conditions categorized as stationary or dynamic. The results indicate
that sensitivity remains high at lower frequencies under stationary conditions but declines in
dynamic conditions. Performance comparison, based on Root Mean Square Error (RMSE) values,
showed that lower frequencies lead to increased RMSE, thus diminishing model accuracy.
Additionally, the Extended Kalman Filter (EKF) was tested as an alternative to Madgwick's algorithm
but faced challenges due to insufficient sensor noise data.
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3.1. SpiralStairs data
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Table. 1. spiralStairs data®| & MEiQ} FaH FAL HIg Zn}

behavioral IMU 6-DOF 256Hz 256Hz 256Hz 128Hz 128Hz 64Hz
states & CVA vs 128Hz vs 64Hz vs 32Hz Vs 64Hz vs 32Hz vs 32Hz
accleration_x 99.74% 99.62% 99.52% 99.77% 99.65% 99.77%

accleration_y 99.70% 99.54% 99.33% 99.69% 99.45% 99.50%

. accleration_z 99.55% 99.29% 98.86% 99.48% 98.90% 99.19%
Staronary. accleration cva_ 97.0% 96.68% 96.26% 98.80% 98.40% 98.83%
gyroscope_x 98.05% 97.77% 97.08% 98.70% 97.36% 98.36%

gyroscope_y 98.46% 96.79% 94.26% 97.53% 94.72% 96.19%

gyroscope_z 99.12% 98.48% 97.48% 98.81% 97.77% 98.72%

accleration_x 93.79% 77.68% 61.16% 80.25% 63.26% 69.94%

accleration_y 95.86% 89.04% 73.42% 91.31% 75.16% 77.02%

. accleration_z 85.19% 67.68% 52.49% 71.85% 54.78% 65.42%
”;(t):t%“ accleration_cva  89.64% 78.20% 60.69% 81.90% 65.62% 70.03%
gyroscope_x 92.79% 84.71% 67.00% 86.11% 69.30% 71.43%

gYroscope_y 84.70% 67.48% 46.86% 71.43% 49.37% 57.50%

gyroscope_z 92.78% 83.80% 70.76% 85.80% 71.71% 75.32%
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behavioral IMU 6-DOF 256Hz 256Hz 256Hz 128Hz 128Hz 64Hz
states & CVA vs 128Hz vs 64Hz vs 32Hz vs 64Hz vs 32Hz vs 32Hz
accleration_x 99.59% 99.40% 99.13% 99.70% 99.33% 99.30%

accleration_y 99.77% 99.38% 98.96% 99.47% 99.40% 99.20%

) accleration_z 99.59% 99.18% 97.34% 99.37% 97.46% 98.03%
Stast;g?:ry accleration_cva  99.65% 99.24% 97.58% 99.40% 97.67% 98.20%
gyroscope_x 98.59% 97.58% 96.61% 98.07% 96.43% 96.85%

gyroscope_y 98.36% 96.81% 93.38% 97.43% 94.14% 95.73%

gyroscope_z 99.10% 98.79% 96.78% 99.17% 96.93% 97.17%

accleration_x 90.52% 77.14% 62.00% 83.31% 65.37% 73.90%

accleration_y 93.05% 87.59% 76.19% 91.79% 79.43% 79.64%

accleration_z 86.92% 76.25% 36.28% 84.50% 39.31% 43.88%

motion state accleration_cva 90.66% 86.15% 52.88% 76.08% 55.59% 65.95%
gyroscope_x 80.35% 63.54% 39.70% 67.30% 41.20% 49.92%

gyroscope_y 78.85% 60.24% 46.04% 63.78% 47.00% 49.24%

gyroscope_z 87.44% 75.95% 55.04% 78.49% 56.22% 61.71%
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behavioral IMU 6-DOF 256Hz 256Hz 256Hz 128Hz 128Hz 64Hz
states & CVA vs 128Hz vs 64Hz vs 32Hz Vs 64Hz vs 32Hz vs 32Hz
accleration_x 99.74% 99.65% 99.66% 99.70% 99.73% 99.87%
accleration_y 99.70% 99.54% 99.60% 99.73% 99.76% 99.86%
accleration_z 99.69% 99.41% 99.43% 99.61% 99.56% 99.82%
stationary state accleration_cva 99.69% 99.41% 99.42% 99.61% 99.55% 99.82%
gyroscope_x 98.97% 98.33% 98.30% 98.85% 98.35% 98.91%
gyroscope_y 99.09% 98.69% 98.68% 99.20% 99.03% 99.05%
gyroscope_z 99.35% 99.10% 98.59% 99.42% 98.81% 98.98%
accleration_x 86.13% 65.71% 61.10% 69.47% 60.22% 71.82%
accleration_y 92.95% 89.59% 86.78% 90.63% 83.41% 84.40%
accleration_z 90.02% 84.00% 76.68% 89.32% 81.07% 85.83%
motion state  accleration_cva 85.15% 80.99% 74.02% 85.58% 72.94% 78.89%
gyroscope_x 85.64% 73.55% 59.53% 76.84% 60.86% 67.41%
gyroscope_y 85.38% 68.98% 50.76% 73.04% 51.59% 55.04%
gyroscope_z 92.71% 82.29% 66.67% 84.21% 68.40% 73.64%
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