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1 Averaged over all knees and cycles

Femur Tibia

IMUs on harness IMUs on skin IMUs on harness IMUs on skin
Rx 0.0 0.0 11.1 12.7
Ry 8.0 15.6 8.2 16.4
Rz 19.8 25.1 25.8 31.0

Table S1: Absolute maximum (in degrees) of the rotational transformations (Rx: Rota-
tion around X, Ry: Rotation around Y, Rz: Rotation around Z) applied to the femoral
and tibial segment frames as part of REFRAMEIMU−>OMC , calculated across all knees
and cycles.

Femur Tibia

OMC on harness IMUs on harness IMUs on skin OMC on harness IMUs on harness IMUs on skin
Rx 0.0 0.0 0.0 18.4 21.1 20.6
Ry 16.0 14.7 32.7 13.0 14.2 31.9
Rz 22.7 15.3 26.8 23.1 16.8 24.4

Table S2: Absolute maximum (in degrees) of the rotational transformations (Rx: Rota-
tion around X, Ry: Rotation around Y, Rz: Rotation around Z) applied to the femoral
and tibial segment frames as part of REFRAMERMS, calculated across all knees and
cycles.

Raw REFRAMEIMU−>OMC REFRAMERMS

IMUs on harness IMUs on skin IMUs on harness IMUs on skin IMUs on harness IMUs on skin

flexion/extension 11.3 12.7 3.1 3.9 3.5 6.5
abduction/adduction 11.7 10.5 1.6 3.3 1.9 3.9

external/internal rotation 11.6 13.9 2.1 7.4 2.1 7.3

Table S3: Maximum (in degrees) root-mean-square errors between tibio-femoral joint
rotations estimated by the IMU-based systems and the optical reference on harness, cal-
culated across all knees and cycles.
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2 Averaged plots for individual knees

2.1 Averaged plots for individual knee 1

Figure S1: Mean tibio-femoral joint angles (solid lines) ± standard deviation (shaded
areas), in degrees, as estimated by inertial measurement units (IMUs) on harness (purple),
IMUs on skin (green), and optical motion capture (OMC) on harness (blue), averaged over
all cycles for knee 1. Angles are shown as a percentage of the gait cycle under three con-
ditions: 1) raw, i.e. in the absence of post-processing methods to correct reference frame
orientation differences (left), 2) after implementation of REFRAMEIMU−>OMC (middle),
and 3) after implementation of REFRAMERMS (right).
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Femur Tibia

IMUs on harness IMUs on skin IMUs on harness IMUs on skin
Rx 0.0 ± 0.0 0.0 ± 0.0 4.0 ± 0.1 -0.5 ± 0.2
Ry -3.4 ± 0.2 -13.4 ± 1.1 -4.2 ± 0.2 -13.9 ± 1.2
Rz 1.7 ± 0.1 4.1 ± 0.8 -2.1 ± 0.1 3.2 ± 0.3

Table S4: Mean ± standard deviation (in degrees) of the rotational transformations
(Rx: Rotation around X, Ry: Rotation around Y, Rz: Rotation around Z) applied to the
femoral and tibial segment frames as part of REFRAMEIMU−>OMC , calculated across all
cycles of knee 1.

Femur Tibia

OMC on harness IMUs on harness IMUs on skin OMC on harness IMUs on harness IMUs on skin
Rx 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 10.1 ± 1.5 14.4 ± 1.6 5.6 ± 2.0
Ry -5.5 ± 0.9 -9.3 ± 0.9 -12.6 ± 1.6 -7.3 ± 1.0 -12.2 ± 1.0 -14.0 ± 1.6
Rz -2.9 ± 0.8 -1.1 ± 0.7 -1.4 ± 1.1 -3.0 ± 1.0 -4.2 ± 0.9 0.0 ± 0.9

Table S5: Mean ± standard deviation (in degrees) of the rotational transformations
(Rx: Rotation around X, Ry: Rotation around Y, Rz: Rotation around Z) applied to the
femoral and tibial segment frames as part of REFRAMERMS, calculated across all cycles
of knee 1.

Raw REFRAMEIMU−>OMC REFRAMERMS

IMUs on harness IMUs on skin IMUs on harness IMUs on skin IMUs on harness IMUs on skin

flexion/extension 4.2 ± 0.1 4.8 ± 0.2 0.6 ± 0.1 3.0 ± 0.3 0.8 ± 0.1 5.6 ± 0.5
abduction/adduction 0.5 ± 0.0 1.0 ± 0.2 0.4 ± 0.0 0.6 ± 0.1 0.4 ± 0.0 0.6 ± 0.1

external/internal rotation 3.0 ± 0.1 5.4 ± 0.4 0.4 ± 0.0 3.2 ± 0.3 0.4 ± 0.0 3.2 ± 0.2

Table S6: Mean ± standard deviation (in degrees) root-mean-square errors between
tibio-femoral joint rotations estimated by the IMU-based systems and the optical reference
on harness, calculated across all trials of knee 1.
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2.2 Averaged plots for individual knee 2

Figure S2: Mean tibio-femoral joint angles (solid lines) ± standard deviation (shaded
areas), in degrees, as estimated by inertial measurement units (IMUs) on harness (purple),
IMUs on skin (green), and optical motion capture (OMC) on harness (blue), averaged over
all cycles for knee 2. Angles are shown as a percentage of the gait cycle under three con-
ditions: 1) raw, i.e. in the absence of post-processing methods to correct reference frame
orientation differences (left), 2) after implementation of REFRAMEIMU−>OMC (middle),
and 3) after implementation of REFRAMERMS (right).
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Femur Tibia

IMUs on harness IMUs on skin IMUs on harness IMUs on skin
Rx 0.0 ± 0.0 0.0 ± 0.0 5.7 ± 0.1 8.9 ± 0.6
Ry 0.1 ± 0.3 -3.7 ± 1.0 -1.1 ± 0.3 -7.8 ± 1.1
Rz 0.5 ± 0.2 -0.3 ± 1.0 3.4 ± 0.2 -4.2 ± 1.1

Table S7: Mean ± standard deviation (in degrees) of the rotational transformations
(Rx: Rotation around X, Ry: Rotation around Y, Rz: Rotation around Z) applied to the
femoral and tibial segment frames as part of REFRAMEIMU−>OMC , calculated across all
cycles of knee 2.

Femur Tibia

OMC on harness IMUs on harness IMUs on skin OMC on harness IMUs on harness IMUs on skin
Rx 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 -3.8 ± 1.0 2.6 ± 0.9 3.7 ± 0.8
Ry -3.2 ± 1.6 -3.5 ± 1.8 -3.4 ± 1.4 -0.6 ± 1.6 -2.4 ± 1.7 -4.5 ± 1.3
Rz -0.1 ± 0.4 0.5 ± 0.4 -1.3 ± 0.8 0.7 ± 1.1 4.0 ± 1.3 -4.3 ± 2.0

Table S8: Mean ± standard deviation (in degrees) of the rotational transformations
(Rx: Rotation around X, Ry: Rotation around Y, Rz: Rotation around Z) applied to the
femoral and tibial segment frames as part of REFRAMERMS, calculated across all cycles
of knee 2.

Raw REFRAMEIMU−>OMC REFRAMERMS

IMUs on harness IMUs on skin IMUs on harness IMUs on skin IMUs on harness IMUs on skin

flexion/extension 5.6 ± 0.1 9.6 ± 0.5 0.5 ± 0.0 1.4 ± 0.2 0.8 ± 0.1 2.5 ± 0.7
abduction/adduction 1.6 ± 0.1 3.9 ± 0.3 0.4 ± 0.0 1.4 ± 0.1 0.4 ± 0.0 1.0 ± 0.1

external/internal rotation 3.0 ± 0.2 5.3 ± 0.3 0.9 ± 0.1 4.0 ± 0.2 0.9 ± 0.1 4.0 ± 0.2

Table S9: Mean ± standard deviation (in degrees) root-mean-square errors between
tibio-femoral joint rotations estimated by the IMU-based systems and the optical reference
on harness, calculated across all trials of knee 2.

5



2.3 Averaged plots for individual knee 3

Figure S3: Mean tibio-femoral joint angles (solid lines) ± standard deviation (shaded
areas), in degrees, as estimated by inertial measurement units (IMUs) on harness (purple),
IMUs on skin (green), and optical motion capture (OMC) on harness (blue), averaged over
all cycles for knee 3. Angles are shown as a percentage of the gait cycle under three con-
ditions: 1) raw, i.e. in the absence of post-processing methods to correct reference frame
orientation differences (left), 2) after implementation of REFRAMEIMU−>OMC (middle),
and 3) after implementation of REFRAMERMS (right).
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Femur Tibia

IMUs on harness IMUs on skin IMUs on harness IMUs on skin
Rx 0.0 ± 0.0 0.0 ± 0.0 1.9 ± 0.1 -0.0 ± 0.2
Ry -2.2 ± 0.2 -2.1 ± 0.9 -3.3 ± 0.2 -4.9 ± 0.9
Rz -0.5 ± 0.3 6.7 ± 0.9 4.3 ± 0.2 7.8 ± 0.5

Table S10: Mean ± standard deviation (in degrees) of the rotational transformations
(Rx: Rotation around X, Ry: Rotation around Y, Rz: Rotation around Z) applied to the
femoral and tibial segment frames as part of REFRAMEIMU−>OMC , calculated across all
cycles of knee 3.

Femur Tibia

OMC on harness IMUs on harness IMUs on skin OMC on harness IMUs on harness IMUs on skin
Rx 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 3.9 ± 1.6 6.6 ± 1.5 2.7 ± 1.8
Ry -5.6 ± 1.8 -6.8 ± 1.8 -2.7 ± 2.3 -3.8 ± 1.8 -5.7 ± 1.8 -3.3 ± 2.5
Rz 5.1 ± 1.1 4.4 ± 1.2 10.2 ± 1.8 3.2 ± 1.0 7.9 ± 1.0 11.1 ± 1.2

Table S11: Mean ± standard deviation (in degrees) of the rotational transformations
(Rx: Rotation around X, Ry: Rotation around Y, Rz: Rotation around Z) applied to the
femoral and tibial segment frames as part of REFRAMERMS, calculated across all cycles
of knee 3.

Raw REFRAMEIMU−>OMC REFRAMERMS

IMUs on harness IMUs on skin IMUs on harness IMUs on skin IMUs on harness IMUs on skin

flexion/extension 2.2 ± 0.1 2.8 ± 0.3 1.3 ± 0.2 2.4 ± 0.4 1.4 ± 0.2 3.0 ± 0.5
abduction/adduction 1.8 ± 0.1 2.4 ± 0.3 0.6 ± 0.1 1.6 ± 0.2 0.7 ± 0.1 1.6 ± 0.2

external/internal rotation 5.7 ± 0.2 4.5 ± 0.4 1.3 ± 0.1 3.9 ± 0.4 1.3 ± 0.1 3.9 ± 0.4

Table S12: Mean ± standard deviation (in degrees) root-mean-square errors between
tibio-femoral joint rotations estimated by the IMU-based systems and the optical reference
on harness, calculated across all trials of knee 3.
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2.4 Averaged plots for individual knee 4

Figure S4: Mean tibio-femoral joint angles (solid lines) ± standard deviation (shaded
areas), in degrees, as estimated by inertial measurement units (IMUs) on harness (purple),
IMUs on skin (green), and optical motion capture (OMC) on harness (blue), averaged over
all cycles for knee 4. Angles are shown as a percentage of the gait cycle under three con-
ditions: 1) raw, i.e. in the absence of post-processing methods to correct reference frame
orientation differences (left), 2) after implementation of REFRAMEIMU−>OMC (middle),
and 3) after implementation of REFRAMERMS (right).
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Femur Tibia

IMUs on harness IMUs on skin IMUs on harness IMUs on skin
Rx 0.0 ± 0.0 0.0 ± 0.0 2.6 ± 0.1 -5.4 ± 0.2
Ry 7.7 ± 0.2 -2.4 ± 0.8 0.4 ± 0.2 -7.1 ± 1.0
Rz -12.6 ± 0.2 -1.6 ± 1.0 -12.4 ± 0.2 2.2 ± 0.6

Table S13: Mean ± standard deviation (in degrees) of the rotational transformations
(Rx: Rotation around X, Ry: Rotation around Y, Rz: Rotation around Z) applied to the
femoral and tibial segment frames as part of REFRAMEIMU−>OMC , calculated across all
cycles of knee 4.

Femur Tibia

OMC on harness IMUs on harness IMUs on skin OMC on harness IMUs on harness IMUs on skin
Rx 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 5.2 ± 1.2 9.9 ± 1.1 1.1 ± 1.1
Ry -7.4 ± 1.7 0.4 ± 1.5 -7.6 ± 1.9 -1.7 ± 1.7 -2.6 ± 1.6 -6.5 ± 1.9
Rz 13.5 ± 0.8 1.0 ± 0.9 12.0 ± 1.2 10.8 ± 0.8 -1.6 ± 0.9 14.6 ± 0.8

Table S14: Mean ± standard deviation (in degrees) of the rotational transformations
(Rx: Rotation around X, Ry: Rotation around Y, Rz: Rotation around Z) applied to the
femoral and tibial segment frames as part of REFRAMERMS, calculated across all cycles
of knee 4.

Raw REFRAMEIMU−>OMC REFRAMERMS

IMUs on harness IMUs on skin IMUs on harness IMUs on skin IMUs on harness IMUs on skin

flexion/extension 3.9 ± 0.1 6.9 ± 0.1 1.3 ± 0.0 3.6 ± 0.2 1.7 ± 0.2 3.5 ± 0.2
abduction/adduction 11.5 ± 0.1 5.4 ± 0.2 1.6 ± 0.1 1.8 ± 0.1 1.7 ± 0.1 2.5 ± 0.1

external/internal rotation 7.7 ± 0.2 5.6 ± 0.3 1.4 ± 0.2 3.7 ± 0.4 1.3 ± 0.1 4.0 ± 0.4

Table S15: Mean ± standard deviation (in degrees) root-mean-square errors between
tibio-femoral joint rotations estimated by the IMU-based systems and the optical reference
on harness, calculated across all trials of knee 4.
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2.5 Averaged plots for individual knee 5

Figure S5: Mean tibio-femoral joint angles (solid lines) ± standard deviation (shaded
areas), in degrees, as estimated by inertial measurement units (IMUs) on harness (purple),
IMUs on skin (green), and optical motion capture (OMC) on harness (blue), averaged over
all cycles for knee 5. Angles are shown as a percentage of the gait cycle under three con-
ditions: 1) raw, i.e. in the absence of post-processing methods to correct reference frame
orientation differences (left), 2) after implementation of REFRAMEIMU−>OMC (middle),
and 3) after implementation of REFRAMERMS (right).
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Femur Tibia

IMUs on harness IMUs on skin IMUs on harness IMUs on skin
Rx 0.0 ± 0.0 0.0 ± 0.0 1.2 ± 0.1 1.3 ± 0.3
Ry 2.7 ± 0.3 9.9 ± 1.2 -0.3 ± 0.3 5.2 ± 1.2
Rz -8.5 ± 0.2 6.7 ± 0.9 -4.4 ± 0.1 3.9 ± 0.4

Table S16: Mean ± standard deviation (in degrees) of the rotational transformations
(Rx: Rotation around X, Ry: Rotation around Y, Rz: Rotation around Z) applied to the
femoral and tibial segment frames as part of REFRAMEIMU−>OMC , calculated across all
cycles of knee 5.

Femur Tibia

OMC on harness IMUs on harness IMUs on skin OMC on harness IMUs on harness IMUs on skin
Rx 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 -0.7 ± 0.5 3.2 ± 0.6 -0.3 ± 0.8
Ry -14.3 ± 0.9 -11.8 ± 0.9 -2.2 ± 1.5 -9.2 ± 0.9 -9.5 ± 1.0 -1.7 ± 1.4
Rz 3.8 ± 0.5 -4.3 ± 0.6 8.9 ± 1.0 4.1 ± 0.6 0.2 ± 0.5 7.6 ± 0.7

Table S17: Mean ± standard deviation (in degrees) of the rotational transformations
(Rx: Rotation around X, Ry: Rotation around Y, Rz: Rotation around Z) applied to the
femoral and tibial segment frames as part of REFRAMERMS, calculated across all cycles
of knee 5.

Raw REFRAMEIMU−>OMC REFRAMERMS

IMUs on harness IMUs on skin IMUs on harness IMUs on skin IMUs on harness IMUs on skin

flexion/extension 1.9 ± 0.1 1.7 ± 0.2 0.9 ± 0.2 2.1 ± 0.3 1.7 ± 0.2 1.9 ± 0.4
abduction/adduction 6.0 ± 0.1 4.3 ± 0.2 0.4 ± 0.1 1.2 ± 0.1 0.4 ± 0.1 1.4 ± 0.1

external/internal rotation 3.4 ± 0.2 7.4 ± 0.3 0.9 ± 0.2 4.6 ± 0.2 0.8 ± 0.1 4.8 ± 0.2

Table S18: Mean ± standard deviation (in degrees) root-mean-square errors between
tibio-femoral joint rotations estimated by the IMU-based systems and the optical reference
on harness, calculated across all trials of knee 5.
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2.6 Averaged plots for individual knee 6

Figure S6: Mean tibio-femoral joint angles (solid lines) ± standard deviation (shaded
areas), in degrees, as estimated by inertial measurement units (IMUs) on harness (purple),
IMUs on skin (green), and optical motion capture (OMC) on harness (blue), averaged over
all cycles for knee 6. Angles are shown as a percentage of the gait cycle under three con-
ditions: 1) raw, i.e. in the absence of post-processing methods to correct reference frame
orientation differences (left), 2) after implementation of REFRAMEIMU−>OMC (middle),
and 3) after implementation of REFRAMERMS (right).
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Femur Tibia

IMUs on harness IMUs on skin IMUs on harness IMUs on skin
Rx 0.0 ± 0.0 0.0 ± 0.0 3.0 ± 0.1 -0.3 ± 0.3
Ry 3.1 ± 0.2 -6.5 ± 1.0 -0.7 ± 0.2 -9.6 ± 1.1
Rz 1.0 ± 0.1 11.4 ± 0.4 -5.0 ± 0.1 11.5 ± 0.3

Table S19: Mean ± standard deviation (in degrees) of the rotational transformations
(Rx: Rotation around X, Ry: Rotation around Y, Rz: Rotation around Z) applied to the
femoral and tibial segment frames as part of REFRAMEIMU−>OMC , calculated across all
cycles of knee 6.

Femur Tibia

OMC on harness IMUs on harness IMUs on skin OMC on harness IMUs on harness IMUs on skin
Rx 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 4.3 ± 1.1 7.7 ± 1.0 4.2 ± 1.2
Ry -8.7 ± 0.6 -5.8 ± 0.7 -14.1 ± 1.8 -7.0 ± 0.6 -8.3 ± 0.7 -14.6 ± 1.8
Rz 1.1 ± 0.5 2.4 ± 0.4 12.1 ± 0.8 -0.2 ± 0.5 -4.8 ± 0.4 12.1 ± 0.5

Table S20: Mean ± standard deviation (in degrees) of the rotational transformations
(Rx: Rotation around X, Ry: Rotation around Y, Rz: Rotation around Z) applied to the
femoral and tibial segment frames as part of REFRAMERMS, calculated across all cycles
of knee 6.

Raw REFRAMEIMU−>OMC REFRAMERMS

IMUs on harness IMUs on skin IMUs on harness IMUs on skin IMUs on harness IMUs on skin

flexion/extension 3.3 ± 0.1 2.7 ± 0.4 1.1 ± 0.2 1.7 ± 0.3 1.7 ± 0.5 1.6 ± 0.3
abduction/adduction 3.0 ± 0.1 3.1 ± 0.1 1.0 ± 0.0 1.7 ± 0.1 1.0 ± 0.0 1.8 ± 0.1

external/internal rotation 7.1 ± 0.1 6.4 ± 0.3 0.9 ± 0.1 4.5 ± 0.3 1.0 ± 0.1 4.5 ± 0.3

Table S21: Mean ± standard deviation (in degrees) root-mean-square errors between
tibio-femoral joint rotations estimated by the IMU-based systems and the optical reference
on harness, calculated across all trials of knee 6.
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2.7 Averaged plots for individual knee 7

Figure S7: Mean tibio-femoral joint angles (solid lines) ± standard deviation (shaded
areas), in degrees, as estimated by inertial measurement units (IMUs) on harness (purple),
IMUs on skin (green), and optical motion capture (OMC) on harness (blue), averaged over
all cycles for knee 7. Angles are shown as a percentage of the gait cycle under three con-
ditions: 1) raw, i.e. in the absence of post-processing methods to correct reference frame
orientation differences (left), 2) after implementation of REFRAMEIMU−>OMC (middle),
and 3) after implementation of REFRAMERMS (right).
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Femur Tibia

IMUs on harness IMUs on skin IMUs on harness IMUs on skin
Rx 0.0 ± 0.0 0.0 ± 0.0 3.5 ± 0.2 0.5 ± 0.1
Ry -1.3 ± 0.5 0.7 ± 1.0 -1.0 ± 0.5 1.3 ± 1.0
Rz 2.6 ± 0.2 17.6 ± 0.5 6.7 ± 0.3 15.6 ± 0.4

Table S22: Mean ± standard deviation (in degrees) of the rotational transformations
(Rx: Rotation around X, Ry: Rotation around Y, Rz: Rotation around Z) applied to the
femoral and tibial segment frames as part of REFRAMEIMU−>OMC , calculated across all
cycles of knee 7.

Femur Tibia

OMC on harness IMUs on harness IMUs on skin OMC on harness IMUs on harness IMUs on skin
Rx 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 5.8 ± 0.7 11.0 ± 0.9 3.9 ± 0.9
Ry -3.0 ± 0.7 -3.9 ± 0.9 0.5 ± 1.5 -4.7 ± 0.7 -4.5 ± 0.9 0.3 ± 1.4
Rz -0.2 ± 0.4 2.2 ± 0.4 16.1 ± 0.8 -1.7 ± 0.5 5.1 ± 0.5 13.2 ± 0.7

Table S23: Mean ± standard deviation (in degrees) of the rotational transformations
(Rx: Rotation around X, Ry: Rotation around Y, Rz: Rotation around Z) applied to the
femoral and tibial segment frames as part of REFRAMERMS, calculated across all cycles
of knee 7.

Raw REFRAMEIMU−>OMC REFRAMERMS

IMUs on harness IMUs on skin IMUs on harness IMUs on skin IMUs on harness IMUs on skin

flexion/extension 4.5 ± 0.1 3.0 ± 0.1 2.8 ± 0.1 2.9 ± 0.2 3.2 ± 0.2 4.1 ± 0.3
abduction/adduction 1.2 ± 0.1 8.6 ± 0.3 0.7 ± 0.1 1.0 ± 0.1 0.7 ± 0.1 1.1 ± 0.1

external/internal rotation 5.0 ± 0.2 3.5 ± 0.2 1.1 ± 0.2 2.6 ± 0.2 1.1 ± 0.2 2.7 ± 0.2

Table S24: Mean ± standard deviation (in degrees) root-mean-square errors between
tibio-femoral joint rotations estimated by the IMU-based systems and the optical reference
on harness, calculated across all trials of knee 7.
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2.8 Averaged plots for individual knee 8

Figure S8: Mean tibio-femoral joint angles (solid lines) ± standard deviation (shaded
areas), in degrees, as estimated by inertial measurement units (IMUs) on harness (purple),
IMUs on skin (green), and optical motion capture (OMC) on harness (blue), averaged over
all cycles for knee 8. Angles are shown as a percentage of the gait cycle under three con-
ditions: 1) raw, i.e. in the absence of post-processing methods to correct reference frame
orientation differences (left), 2) after implementation of REFRAMEIMU−>OMC (middle),
and 3) after implementation of REFRAMERMS (right).

16



Femur Tibia

IMUs on harness IMUs on skin IMUs on harness IMUs on skin
Rx 0.0 ± 0.0 0.0 ± 0.0 5.8 ± 0.1 1.3 ± 0.2
Ry 2.8 ± 0.2 -10.6 ± 0.9 0.4 ± 0.2 -10.7 ± 1.0
Rz 0.9 ± 0.3 17.5 ± 0.6 -4.7 ± 0.2 12.1 ± 0.5

Table S25: Mean ± standard deviation (in degrees) of the rotational transformations
(Rx: Rotation around X, Ry: Rotation around Y, Rz: Rotation around Z) applied to the
femoral and tibial segment frames as part of REFRAMEIMU−>OMC , calculated across all
cycles of knee 8.

Femur Tibia

OMC on harness IMUs on harness IMUs on skin OMC on harness IMUs on harness IMUs on skin
Rx 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 4.0 ± 1.2 10.6 ± 1.1 6.0 ± 1.0
Ry -0.0 ± 1.0 2.9 ± 1.1 -9.2 ± 2.1 0.6 ± 0.9 0.7 ± 1.0 -7.6 ± 1.8
Rz 7.8 ± 0.9 8.7 ± 0.9 24.9 ± 1.3 3.9 ± 1.0 -0.7 ± 1.1 17.0 ± 1.3

Table S26: Mean ± standard deviation (in degrees) of the rotational transformations
(Rx: Rotation around X, Ry: Rotation around Y, Rz: Rotation around Z) applied to the
femoral and tibial segment frames as part of REFRAMERMS, calculated across all cycles
of knee 8.

Raw REFRAMEIMU−>OMC REFRAMERMS

IMUs on harness IMUs on skin IMUs on harness IMUs on skin IMUs on harness IMUs on skin

flexion/extension 5.6 ± 0.1 3.0 ± 0.2 0.9 ± 0.1 1.6 ± 0.2 1.2 ± 0.2 1.7 ± 0.3
abduction/adduction 1.5 ± 0.1 6.1 ± 0.2 1.2 ± 0.1 1.8 ± 0.1 1.3 ± 0.1 2.2 ± 0.1

external/internal rotation 6.3 ± 0.3 7.2 ± 0.3 0.8 ± 0.1 4.6 ± 0.2 0.8 ± 0.1 4.5 ± 0.2

Table S27: Mean ± standard deviation (in degrees) root-mean-square errors between
tibio-femoral joint rotations estimated by the IMU-based systems and the optical reference
on harness, calculated across all trials of knee 8.
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2.9 Averaged plots for individual knee 9

Figure S9: Mean tibio-femoral joint angles (solid lines) ± standard deviation (shaded
areas), in degrees, as estimated by inertial measurement units (IMUs) on harness (purple),
IMUs on skin (green), and optical motion capture (OMC) on harness (blue), averaged over
all cycles for knee 9. Angles are shown as a percentage of the gait cycle under three con-
ditions: 1) raw, i.e. in the absence of post-processing methods to correct reference frame
orientation differences (left), 2) after implementation of REFRAMEIMU−>OMC (middle),
and 3) after implementation of REFRAMERMS (right).
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Femur Tibia

IMUs on harness IMUs on skin IMUs on harness IMUs on skin
Rx 0.0 ± 0.0 0.0 ± 0.0 1.8 ± 0.1 -0.8 ± 0.2
Ry -1.7 ± 0.2 -6.3 ± 0.7 5.7 ± 0.2 0.5 ± 0.7
Rz -6.6 ± 0.2 -1.9 ± 0.6 1.7 ± 0.2 1.9 ± 0.6

Table S28: Mean ± standard deviation (in degrees) of the rotational transformations
(Rx: Rotation around X, Ry: Rotation around Y, Rz: Rotation around Z) applied to the
femoral and tibial segment frames as part of REFRAMEIMU−>OMC , calculated across all
cycles of knee 9.

Femur Tibia

OMC on harness IMUs on harness IMUs on skin OMC on harness IMUs on harness IMUs on skin
Rx 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 14.8 ± 2.1 17.8 ± 2.0 14.7 ± 2.1
Ry -4.2 ± 1.7 -6.3 ± 1.6 -10.3 ± 1.6 -10.3 ± 1.7 -4.6 ± 1.5 -9.1 ± 1.5
Rz 16.1 ± 0.8 9.6 ± 0.8 14.3 ± 1.1 15.3 ± 0.7 15.6 ± 0.7 17.2 ± 0.9

Table S29: Mean ± standard deviation (in degrees) of the rotational transformations
(Rx: Rotation around X, Ry: Rotation around Y, Rz: Rotation around Z) applied to the
femoral and tibial segment frames as part of REFRAMERMS, calculated across all cycles
of knee 9.

Raw REFRAMEIMU−>OMC REFRAMERMS

IMUs on harness IMUs on skin IMUs on harness IMUs on skin IMUs on harness IMUs on skin

flexion/extension 2.3 ± 0.1 1.6 ± 0.2 0.7 ± 0.1 1.3 ± 0.1 1.1 ± 0.1 1.1 ± 0.2
abduction/adduction 4.5 ± 0.1 5.6 ± 0.1 0.5 ± 0.0 1.6 ± 0.1 0.6 ± 0.0 2.2 ± 0.1

external/internal rotation 8.3 ± 0.1 7.0 ± 0.3 1.1 ± 0.1 3.2 ± 0.1 1.0 ± 0.2 2.9 ± 0.1

Table S30: Mean ± standard deviation (in degrees) root-mean-square errors between
tibio-femoral joint rotations estimated by the IMU-based systems and the optical reference
on harness, calculated across all trials of knee 9.
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2.10 Averaged plots for individual knee 10

Figure S10: Mean tibio-femoral joint angles (solid lines) ± standard deviation (shaded
areas), in degrees, as estimated by inertial measurement units (IMUs) on harness (purple),
IMUs on skin (green), and optical motion capture (OMC) on harness (blue), averaged over
all cycles for knee 10. Angles are shown as a percentage of the gait cycle under three con-
ditions: 1) raw, i.e. in the absence of post-processing methods to correct reference frame
orientation differences (left), 2) after implementation of REFRAMEIMU−>OMC (middle),
and 3) after implementation of REFRAMERMS (right).
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Femur Tibia

IMUs on harness IMUs on skin IMUs on harness IMUs on skin
Rx 0.0 ± 0.0 0.0 ± 0.0 -1.9 ± 0.1 -4.8 ± 0.2
Ry 6.8 ± 0.4 -0.7 ± 1.2 7.6 ± 0.3 -0.9 ± 1.2
Rz -6.1 ± 0.4 -7.4 ± 0.7 -10.1 ± 0.3 -8.5 ± 0.3

Table S31: Mean ± standard deviation (in degrees) of the rotational transformations
(Rx: Rotation around X, Ry: Rotation around Y, Rz: Rotation around Z) applied to the
femoral and tibial segment frames as part of REFRAMEIMU−>OMC , calculated across all
cycles of knee 10.

Femur Tibia

OMC on harness IMUs on harness IMUs on skin OMC on harness IMUs on harness IMUs on skin
Rx 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 11.1 ± 3.2 9.9 ± 3.4 5.4 ± 3.4
Ry -5.5 ± 1.5 1.2 ± 1.6 -5.7 ± 1.7 -4.7 ± 1.6 0.7 ± 1.5 -6.9 ± 1.7
Rz 19.0 ± 1.0 13.4 ± 1.1 11.5 ± 1.2 20.5 ± 1.0 9.6 ± 0.9 12.2 ± 1.2

Table S32: Mean ± standard deviation (in degrees) of the rotational transformations
(Rx: Rotation around X, Ry: Rotation around Y, Rz: Rotation around Z) applied to the
femoral and tibial segment frames as part of REFRAMERMS, calculated across all cycles
of knee 10.

Raw REFRAMEIMU−>OMC REFRAMERMS

IMUs on harness IMUs on skin IMUs on harness IMUs on skin IMUs on harness IMUs on skin

flexion/extension 2.5 ± 0.1 4.9 ± 0.2 1.6 ± 0.1 1.7 ± 0.2 2.0 ± 0.2 1.9 ± 0.3
abduction/adduction 1.4 ± 0.1 3.5 ± 0.2 1.0 ± 0.1 0.9 ± 0.1 0.8 ± 0.0 1.3 ± 0.2

external/internal rotation 8.0 ± 0.3 3.9 ± 0.3 1.0 ± 0.1 3.2 ± 0.3 1.1 ± 0.1 3.1 ± 0.3

Table S33: Mean ± standard deviation (in degrees) root-mean-square errors between
tibio-femoral joint rotations estimated by the IMU-based systems and the optical reference
on harness, calculated across all trials of knee 10.
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2.11 Averaged plots for individual knee 11

Figure S11: Mean tibio-femoral joint angles (solid lines) ± standard deviation (shaded
areas), in degrees, as estimated by inertial measurement units (IMUs) on harness (purple),
IMUs on skin (green), and optical motion capture (OMC) on harness (blue), averaged over
all cycles for knee 11. Angles are shown as a percentage of the gait cycle under three con-
ditions: 1) raw, i.e. in the absence of post-processing methods to correct reference frame
orientation differences (left), 2) after implementation of REFRAMEIMU−>OMC (middle),
and 3) after implementation of REFRAMERMS (right).
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Femur Tibia

IMUs on harness IMUs on skin IMUs on harness IMUs on skin
Rx 0.0 ± 0.0 0.0 ± 0.0 2.9 ± 0.1 2.5 ± 0.1
Ry 1.5 ± 0.2 -2.4 ± 0.5 1.2 ± 0.2 -2.2 ± 0.5
Rz 1.2 ± 0.1 8.1 ± 0.6 2.7 ± 0.1 12.9 ± 0.2

Table S34: Mean ± standard deviation (in degrees) of the rotational transformations
(Rx: Rotation around X, Ry: Rotation around Y, Rz: Rotation around Z) applied to the
femoral and tibial segment frames as part of REFRAMEIMU−>OMC , calculated across all
cycles of knee 11.

Femur Tibia

OMC on harness IMUs on harness IMUs on skin OMC on harness IMUs on harness IMUs on skin
Rx 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 3.5 ± 0.5 6.9 ± 0.4 1.6 ± 0.8
Ry -0.6 ± 0.8 1.1 ± 0.7 3.0 ± 1.1 -1.2 ± 0.9 0.4 ± 0.8 3.0 ± 1.1
Rz -3.6 ± 0.3 -2.4 ± 0.5 2.4 ± 0.9 -4.0 ± 0.3 -1.2 ± 0.3 8.9 ± 0.3

Table S35: Mean ± standard deviation (in degrees) of the rotational transformations
(Rx: Rotation around X, Ry: Rotation around Y, Rz: Rotation around Z) applied to the
femoral and tibial segment frames as part of REFRAMERMS, calculated across all cycles
of knee 11.

Raw REFRAMEIMU−>OMC REFRAMERMS

IMUs on harness IMUs on skin IMUs on harness IMUs on skin IMUs on harness IMUs on skin

flexion/extension 3.0 ± 0.1 3.6 ± 0.1 0.7 ± 0.1 2.3 ± 0.1 0.9 ± 0.1 5.1 ± 0.4
abduction/adduction 0.9 ± 0.1 3.4 ± 0.2 0.6 ± 0.0 1.6 ± 0.1 0.6 ± 0.0 1.3 ± 0.1

external/internal rotation 1.3 ± 0.1 7.8 ± 0.3 0.5 ± 0.1 4.4 ± 0.2 0.6 ± 0.1 4.1 ± 0.2

Table S36: Mean ± standard deviation (in degrees) root-mean-square errors between
tibio-femoral joint rotations estimated by the IMU-based systems and the optical reference
on harness, calculated across all trials of knee 11.
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2.12 Averaged plots for individual knee 12

Figure S12: Mean tibio-femoral joint angles (solid lines) ± standard deviation (shaded
areas), in degrees, as estimated by inertial measurement units (IMUs) on harness (purple),
IMUs on skin (green), and optical motion capture (OMC) on harness (blue), averaged over
all cycles for knee 12. Angles are shown as a percentage of the gait cycle under three con-
ditions: 1) raw, i.e. in the absence of post-processing methods to correct reference frame
orientation differences (left), 2) after implementation of REFRAMEIMU−>OMC (middle),
and 3) after implementation of REFRAMERMS (right).
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Femur Tibia

IMUs on harness IMUs on skin IMUs on harness IMUs on skin
Rx 0.0 ± 0.0 0.0 ± 0.0 6.5 ± 0.1 7.5 ± 0.2
Ry 2.6 ± 0.2 -3.8 ± 1.1 -1.1 ± 0.2 -6.7 ± 1.4
Rz -10.0 ± 0.1 3.9 ± 1.0 -16.5 ± 0.1 2.6 ± 0.4

Table S37: Mean ± standard deviation (in degrees) of the rotational transformations
(Rx: Rotation around X, Ry: Rotation around Y, Rz: Rotation around Z) applied to the
femoral and tibial segment frames as part of REFRAMEIMU−>OMC , calculated across all
cycles of knee 12.

Femur Tibia

OMC on harness IMUs on harness IMUs on skin OMC on harness IMUs on harness IMUs on skin
Rx 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 4.6 ± 1.3 11.9 ± 1.1 10.0 ± 1.2
Ry -1.3 ± 1.3 1.9 ± 1.3 3.3 ± 1.9 0.9 ± 1.2 -1.3 ± 1.3 3.0 ± 2.1
Rz 2.3 ± 0.5 -7.6 ± 0.6 3.2 ± 1.3 2.9 ± 0.6 -13.1 ± 0.6 5.3 ± 0.5

Table S38: Mean ± standard deviation (in degrees) of the rotational transformations
(Rx: Rotation around X, Ry: Rotation around Y, Rz: Rotation around Z) applied to the
femoral and tibial segment frames as part of REFRAMERMS, calculated across all cycles
of knee 12.

Raw REFRAMEIMU−>OMC REFRAMERMS

IMUs on harness IMUs on skin IMUs on harness IMUs on skin IMUs on harness IMUs on skin

flexion/extension 7.1 ± 0.1 8.0 ± 0.2 1.3 ± 0.2 2.1 ± 0.2 1.4 ± 0.2 3.8 ± 0.4
abduction/adduction 6.2 ± 0.1 2.3 ± 0.1 0.4 ± 0.0 1.7 ± 0.0 0.4 ± 0.0 1.9 ± 0.1

external/internal rotation 9.0 ± 0.1 4.5 ± 0.2 0.7 ± 0.1 4.9 ± 0.3 0.7 ± 0.1 4.6 ± 0.2

Table S39: Mean ± standard deviation (in degrees) root-mean-square errors between
tibio-femoral joint rotations estimated by the IMU-based systems and the optical reference
on harness, calculated across all trials of knee 12.
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2.13 Averaged plots for individual knee 13

Figure S13: Mean tibio-femoral joint angles (solid lines) ± standard deviation (shaded
areas), in degrees, as estimated by inertial measurement units (IMUs) on harness (purple),
IMUs on skin (green), and optical motion capture (OMC) on harness (blue), averaged over
all cycles for knee 13. Angles are shown as a percentage of the gait cycle under three con-
ditions: 1) raw, i.e. in the absence of post-processing methods to correct reference frame
orientation differences (left), 2) after implementation of REFRAMEIMU−>OMC (middle),
and 3) after implementation of REFRAMERMS (right).
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Femur Tibia

IMUs on harness IMUs on skin IMUs on harness IMUs on skin
Rx 0.0 ± 0.0 0.0 ± 0.0 0.4 ± 0.1 -2.0 ± 0.2
Ry -2.1 ± 0.2 -7.8 ± 1.0 0.1 ± 0.2 -4.6 ± 0.7
Rz 6.4 ± 0.1 11.0 ± 0.5 1.1 ± 0.2 9.1 ± 0.4

Table S40: Mean ± standard deviation (in degrees) of the rotational transformations
(Rx: Rotation around X, Ry: Rotation around Y, Rz: Rotation around Z) applied to the
femoral and tibial segment frames as part of REFRAMEIMU−>OMC , calculated across all
cycles of knee 13.

Femur Tibia

OMC on harness IMUs on harness IMUs on skin OMC on harness IMUs on harness IMUs on skin
Rx 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 1.0 ± 0.8 3.8 ± 0.8 2.8 ± 0.5
Ry 4.5 ± 0.9 2.7 ± 0.8 -1.8 ± 1.1 0.9 ± 0.9 1.2 ± 0.8 -1.5 ± 1.1
Rz -3.2 ± 0.5 3.3 ± 0.5 7.4 ± 0.7 -2.1 ± 0.4 -0.7 ± 0.4 7.4 ± 0.6

Table S41: Mean ± standard deviation (in degrees) of the rotational transformations
(Rx: Rotation around X, Ry: Rotation around Y, Rz: Rotation around Z) applied to the
femoral and tibial segment frames as part of REFRAMERMS, calculated across all cycles
of knee 13.

Raw REFRAMEIMU−>OMC REFRAMERMS

IMUs on harness IMUs on skin IMUs on harness IMUs on skin IMUs on harness IMUs on skin

flexion/extension 1.5 ± 0.1 2.5 ± 0.1 1.3 ± 0.2 1.8 ± 0.1 2.2 ± 0.6 3.5 ± 0.6
abduction/adduction 4.7 ± 0.1 7.3 ± 0.3 1.3 ± 0.1 2.8 ± 0.1 1.4 ± 0.1 3.2 ± 0.1

external/internal rotation 4.2 ± 0.1 5.6 ± 0.2 1.0 ± 0.1 3.3 ± 0.2 1.0 ± 0.1 3.1 ± 0.2

Table S42: Mean ± standard deviation (in degrees) root-mean-square errors between
tibio-femoral joint rotations estimated by the IMU-based systems and the optical reference
on harness, calculated across all trials of knee 13.
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2.14 Averaged plots for individual knee 14

Figure S14: Mean tibio-femoral joint angles (solid lines) ± standard deviation (shaded
areas), in degrees, as estimated by inertial measurement units (IMUs) on harness (purple),
IMUs on skin (green), and optical motion capture (OMC) on harness (blue), averaged over
all cycles for knee 14. Angles are shown as a percentage of the gait cycle under three con-
ditions: 1) raw, i.e. in the absence of post-processing methods to correct reference frame
orientation differences (left), 2) after implementation of REFRAMEIMU−>OMC (middle),
and 3) after implementation of REFRAMERMS (right).
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Femur Tibia

IMUs on harness IMUs on skin IMUs on harness IMUs on skin
Rx 0.0 ± 0.0 0.0 ± 0.0 2.8 ± 0.1 -0.3 ± 0.1
Ry -4.5 ± 0.2 -11.3 ± 0.5 -0.8 ± 0.2 -8.0 ± 0.5
Rz 3.5 ± 0.4 5.7 ± 0.7 12.2 ± 0.1 4.6 ± 0.2

Table S43: Mean ± standard deviation (in degrees) of the rotational transformations
(Rx: Rotation around X, Ry: Rotation around Y, Rz: Rotation around Z) applied to the
femoral and tibial segment frames as part of REFRAMEIMU−>OMC , calculated across all
cycles of knee 14.

Femur Tibia

OMC on harness IMUs on harness IMUs on skin OMC on harness IMUs on harness IMUs on skin
Rx 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 1.8 ± 0.6 6.0 ± 0.5 2.4 ± 0.5
Ry 4.6 ± 0.6 0.2 ± 0.7 -4.4 ± 0.9 0.3 ± 0.6 0.3 ± 0.6 -5.0 ± 0.9
Rz 6.8 ± 0.5 10.2 ± 0.6 11.1 ± 0.7 3.3 ± 0.7 15.5 ± 0.7 7.9 ± 0.6

Table S44: Mean ± standard deviation (in degrees) of the rotational transformations
(Rx: Rotation around X, Ry: Rotation around Y, Rz: Rotation around Z) applied to the
femoral and tibial segment frames as part of REFRAMERMS, calculated across all cycles
of knee 14.

Raw REFRAMEIMU−>OMC REFRAMERMS

IMUs on harness IMUs on skin IMUs on harness IMUs on skin IMUs on harness IMUs on skin

flexion/extension 3.1 ± 0.1 2.3 ± 0.1 0.9 ± 0.1 1.7 ± 0.1 1.6 ± 0.4 1.8 ± 0.1
abduction/adduction 4.0 ± 0.1 4.3 ± 0.1 0.5 ± 0.1 1.6 ± 0.1 0.6 ± 0.1 1.8 ± 0.1

external/internal rotation 11.2 ± 0.3 6.4 ± 0.1 1.0 ± 0.0 3.7 ± 0.2 1.0 ± 0.0 3.6 ± 0.2

Table S45: Mean ± standard deviation (in degrees) root-mean-square errors between
tibio-femoral joint rotations estimated by the IMU-based systems and the optical reference
on harness, calculated across all trials of knee 14.

29



2.15 Averaged plots for individual knee 15

Figure S15: Mean tibio-femoral joint angles (solid lines) ± standard deviation (shaded
areas), in degrees, as estimated by inertial measurement units (IMUs) on harness (purple),
IMUs on skin (green), and optical motion capture (OMC) on harness (blue), averaged over
all cycles for knee 15. Angles are shown as a percentage of the gait cycle under three con-
ditions: 1) raw, i.e. in the absence of post-processing methods to correct reference frame
orientation differences (left), 2) after implementation of REFRAMEIMU−>OMC (middle),
and 3) after implementation of REFRAMERMS (right).
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Femur Tibia

IMUs on harness IMUs on skin IMUs on harness IMUs on skin
Rx 0.0 ± 0.0 0.0 ± 0.0 0.4 ± 0.1 -2.9 ± 0.2
Ry 1.9 ± 0.3 -11.3 ± 1.2 5.1 ± 0.3 -7.3 ± 1.5
Rz 1.8 ± 0.6 5.1 ± 1.2 11.3 ± 0.3 6.1 ± 0.5

Table S46: Mean ± standard deviation (in degrees) of the rotational transformations
(Rx: Rotation around X, Ry: Rotation around Y, Rz: Rotation around Z) applied to the
femoral and tibial segment frames as part of REFRAMEIMU−>OMC , calculated across all
cycles of knee 15.

Femur Tibia

OMC on harness IMUs on harness IMUs on skin OMC on harness IMUs on harness IMUs on skin
Rx 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 5.3 ± 0.8 6.0 ± 0.9 5.3 ± 0.9
Ry 10.2 ± 0.8 12.4 ± 0.9 -4.8 ± 1.2 6.0 ± 0.7 12.6 ± 0.8 -4.1 ± 1.3
Rz 4.6 ± 0.4 6.9 ± 0.6 11.4 ± 1.2 4.8 ± 0.4 16.0 ± 0.4 12.0 ± 0.7

Table S47: Mean ± standard deviation (in degrees) of the rotational transformations
(Rx: Rotation around X, Ry: Rotation around Y, Rz: Rotation around Z) applied to the
femoral and tibial segment frames as part of REFRAMERMS, calculated across all cycles
of knee 15.

Raw REFRAMEIMU−>OMC REFRAMERMS

IMUs on harness IMUs on skin IMUs on harness IMUs on skin IMUs on harness IMUs on skin

flexion/extension 3.2 ± 0.2 3.0 ± 0.2 2.7 ± 0.2 2.5 ± 0.4 3.1 ± 0.2 3.4 ± 0.5
abduction/adduction 4.3 ± 0.1 4.9 ± 0.1 0.5 ± 0.1 1.0 ± 0.2 0.5 ± 0.1 1.7 ± 0.1

external/internal rotation 9.1 ± 0.4 10.0 ± 0.5 1.7 ± 0.2 5.9 ± 0.2 1.6 ± 0.2 5.8 ± 0.2

Table S48: Mean ± standard deviation (in degrees) root-mean-square errors between
tibio-femoral joint rotations estimated by the IMU-based systems and the optical reference
on harness, calculated across all trials of knee 15.
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2.16 Averaged plots for individual knee 16

Figure S16: Mean tibio-femoral joint angles (solid lines) ± standard deviation (shaded
areas), in degrees, as estimated by inertial measurement units (IMUs) on harness (purple),
IMUs on skin (green), and optical motion capture (OMC) on harness (blue), averaged over
all cycles for knee 16. Angles are shown as a percentage of the gait cycle under three con-
ditions: 1) raw, i.e. in the absence of post-processing methods to correct reference frame
orientation differences (left), 2) after implementation of REFRAMEIMU−>OMC (middle),
and 3) after implementation of REFRAMERMS (right).
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Femur Tibia

IMUs on harness IMUs on skin IMUs on harness IMUs on skin
Rx 0.0 ± 0.0 0.0 ± 0.0 3.5 ± 0.1 -2.1 ± 0.2
Ry 2.6 ± 0.2 -7.2 ± 1.0 3.8 ± 0.2 -4.1 ± 1.1
Rz -13.3 ± 0.2 3.1 ± 0.7 -12.6 ± 0.2 8.2 ± 0.4

Table S49: Mean ± standard deviation (in degrees) of the rotational transformations
(Rx: Rotation around X, Ry: Rotation around Y, Rz: Rotation around Z) applied to the
femoral and tibial segment frames as part of REFRAMEIMU−>OMC , calculated across all
cycles of knee 16.

Femur Tibia

OMC on harness IMUs on harness IMUs on skin OMC on harness IMUs on harness IMUs on skin
Rx 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 7.7 ± 0.7 10.9 ± 0.7 6.9 ± 0.6
Ry 0.2 ± 0.9 2.7 ± 1.0 -5.1 ± 1.4 -3.6 ± 0.9 -1.5 ± 0.9 -4.2 ± 1.5
Rz 10.8 ± 0.5 -2.6 ± 0.5 13.0 ± 1.1 8.5 ± 0.6 -4.5 ± 0.5 17.1 ± 0.7

Table S50: Mean ± standard deviation (in degrees) of the rotational transformations
(Rx: Rotation around X, Ry: Rotation around Y, Rz: Rotation around Z) applied to the
femoral and tibial segment frames as part of REFRAMERMS, calculated across all cycles
of knee 16.

Raw REFRAMEIMU−>OMC REFRAMERMS

IMUs on harness IMUs on skin IMUs on harness IMUs on skin IMUs on harness IMUs on skin

flexion/extension 3.0 ± 0.1 2.9 ± 0.1 1.0 ± 0.2 1.7 ± 0.2 1.3 ± 0.2 1.8 ± 0.2
abduction/adduction 5.1 ± 0.1 4.0 ± 0.1 0.6 ± 0.1 1.4 ± 0.1 0.5 ± 0.1 2.1 ± 0.1

external/internal rotation 4.6 ± 0.2 10.3 ± 0.3 0.8 ± 0.1 5.2 ± 0.2 0.7 ± 0.1 5.0 ± 0.2

Table S51: Mean ± standard deviation (in degrees) root-mean-square errors between
tibio-femoral joint rotations estimated by the IMU-based systems and the optical reference
on harness, calculated across all trials of knee 16.
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2.17 Averaged plots for individual knee 18

Figure S17: Mean tibio-femoral joint angles (solid lines) ± standard deviation (shaded
areas), in degrees, as estimated by inertial measurement units (IMUs) on harness (purple),
IMUs on skin (green), and optical motion capture (OMC) on harness (blue), averaged over
all cycles for knee 18. Angles are shown as a percentage of the gait cycle under three con-
ditions: 1) raw, i.e. in the absence of post-processing methods to correct reference frame
orientation differences (left), 2) after implementation of REFRAMEIMU−>OMC (middle),
and 3) after implementation of REFRAMERMS (right).
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Femur Tibia

IMUs on harness IMUs on skin IMUs on harness IMUs on skin
Rx 0.0 ± 0.0 0.0 ± 0.0 -1.2 ± 0.1 -1.5 ± 0.2
Ry 0.0 ± 0.1 -4.2 ± 0.8 0.5 ± 0.1 -3.8 ± 0.8
Rz 7.5 ± 0.1 24.1 ± 0.6 6.9 ± 0.1 30.3 ± 0.4

Table S52: Mean ± standard deviation (in degrees) of the rotational transformations
(Rx: Rotation around X, Ry: Rotation around Y, Rz: Rotation around Z) applied to the
femoral and tibial segment frames as part of REFRAMEIMU−>OMC , calculated across all
cycles of knee 18.

Femur Tibia

OMC on harness IMUs on harness IMUs on skin OMC on harness IMUs on harness IMUs on skin
Rx 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.3 ± 0.6 0.1 ± 0.4 -3.5 ± 0.4
Ry -0.2 ± 1.0 -0.4 ± 0.9 0.1 ± 0.6 -1.9 ± 1.0 -1.5 ± 0.9 -1.8 ± 0.6
Rz -3.2 ± 0.4 4.3 ± 0.4 18.9 ± 0.7 -5.6 ± 0.3 1.3 ± 0.3 23.9 ± 0.3

Table S53: Mean ± standard deviation (in degrees) of the rotational transformations
(Rx: Rotation around X, Ry: Rotation around Y, Rz: Rotation around Z) applied to the
femoral and tibial segment frames as part of REFRAMERMS, calculated across all cycles
of knee 18.

Raw REFRAMEIMU−>OMC REFRAMERMS

IMUs on harness IMUs on skin IMUs on harness IMUs on skin IMUs on harness IMUs on skin

flexion/extension 1.5 ± 0.1 2.5 ± 0.2 1.0 ± 0.1 1.2 ± 0.2 1.3 ± 0.1 3.3 ± 0.6
abduction/adduction 3.5 ± 0.1 10.1 ± 0.2 0.5 ± 0.0 1.8 ± 0.1 0.5 ± 0.0 1.6 ± 0.1

external/internal rotation 1.5 ± 0.1 12.1 ± 0.4 0.7 ± 0.1 5.9 ± 0.2 0.7 ± 0.1 5.8 ± 0.2

Table S54: Mean ± standard deviation (in degrees) root-mean-square errors between
tibio-femoral joint rotations estimated by the IMU-based systems and the optical reference
on harness, calculated across all trials of knee 18.
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2.18 Averaged plots for individual knee 19

Figure S18: Mean tibio-femoral joint angles (solid lines) ± standard deviation (shaded
areas), in degrees, as estimated by inertial measurement units (IMUs) on harness (purple),
IMUs on skin (green), and optical motion capture (OMC) on harness (blue), averaged over
all cycles for knee 19. Angles are shown as a percentage of the gait cycle under three con-
ditions: 1) raw, i.e. in the absence of post-processing methods to correct reference frame
orientation differences (left), 2) after implementation of REFRAMEIMU−>OMC (middle),
and 3) after implementation of REFRAMERMS (right).
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Femur Tibia

IMUs on harness IMUs on skin IMUs on harness IMUs on skin
Rx 0.0 ± 0.0 0.0 ± 0.0 1.0 ± 0.1 -3.2 ± 0.2
Ry -0.2 ± 0.1 -9.5 ± 1.3 1.0 ± 0.1 -8.2 ± 1.4
Rz -0.1 ± 0.1 5.6 ± 0.7 0.7 ± 0.1 0.6 ± 0.5

Table S55: Mean ± standard deviation (in degrees) of the rotational transformations
(Rx: Rotation around X, Ry: Rotation around Y, Rz: Rotation around Z) applied to the
femoral and tibial segment frames as part of REFRAMEIMU−>OMC , calculated across all
cycles of knee 19.

Femur Tibia

OMC on harness IMUs on harness IMUs on skin OMC on harness IMUs on harness IMUs on skin
Rx 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 1.4 ± 1.2 3.2 ± 1.0 -3.3 ± 0.8
Ry 5.0 ± 0.6 4.9 ± 0.6 -1.1 ± 1.0 2.3 ± 0.6 3.5 ± 0.6 -2.1 ± 0.9
Rz 2.4 ± 0.4 2.2 ± 0.3 5.9 ± 0.7 0.8 ± 0.3 1.4 ± 0.3 0.8 ± 0.9

Table S56: Mean ± standard deviation (in degrees) of the rotational transformations
(Rx: Rotation around X, Ry: Rotation around Y, Rz: Rotation around Z) applied to the
femoral and tibial segment frames as part of REFRAMERMS, calculated across all cycles
of knee 19.

Raw REFRAMEIMU−>OMC REFRAMERMS

IMUs on harness IMUs on skin IMUs on harness IMUs on skin IMUs on harness IMUs on skin

flexion/extension 1.3 ± 0.1 3.1 ± 0.2 0.9 ± 0.2 1.7 ± 0.1 1.3 ± 0.4 3.2 ± 0.5
abduction/adduction 1.3 ± 0.0 3.0 ± 0.1 0.7 ± 0.0 2.1 ± 0.0 0.7 ± 0.0 2.1 ± 0.1

external/internal rotation 1.2 ± 0.1 6.5 ± 0.5 0.8 ± 0.1 6.0 ± 0.4 0.7 ± 0.1 5.8 ± 0.4

Table S57: Mean ± standard deviation (in degrees) root-mean-square errors between
tibio-femoral joint rotations estimated by the IMU-based systems and the optical reference
on harness, calculated across all trials of knee 19.
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2.19 Averaged plots for individual knee 20

Figure S19: Mean tibio-femoral joint angles (solid lines) ± standard deviation (shaded
areas), in degrees, as estimated by inertial measurement units (IMUs) on harness (purple),
IMUs on skin (green), and optical motion capture (OMC) on harness (blue), averaged over
all cycles for knee 20. Angles are shown as a percentage of the gait cycle under three con-
ditions: 1) raw, i.e. in the absence of post-processing methods to correct reference frame
orientation differences (left), 2) after implementation of REFRAMEIMU−>OMC (middle),
and 3) after implementation of REFRAMERMS (right).
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Femur Tibia

IMUs on harness IMUs on skin IMUs on harness IMUs on skin
Rx 0.0 ± 0.0 0.0 ± 0.0 8.5 ± 0.1 8.4 ± 0.1
Ry -1.2 ± 0.2 -5.9 ± 0.7 -3.0 ± 0.2 -6.0 ± 0.7
Rz 1.5 ± 0.1 10.7 ± 0.3 0.5 ± 0.1 11.8 ± 0.3

Table S58: Mean ± standard deviation (in degrees) of the rotational transformations
(Rx: Rotation around X, Ry: Rotation around Y, Rz: Rotation around Z) applied to the
femoral and tibial segment frames as part of REFRAMEIMU−>OMC , calculated across all
cycles of knee 20.

Femur Tibia

OMC on harness IMUs on harness IMUs on skin OMC on harness IMUs on harness IMUs on skin
Rx 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 -3.2 ± 0.4 6.6 ± 0.6 3.8 ± 0.5
Ry -0.5 ± 0.8 -2.0 ± 0.9 -2.8 ± 1.3 -1.2 ± 0.8 -4.6 ± 0.9 -4.0 ± 1.2
Rz -3.9 ± 0.5 -2.5 ± 0.5 4.8 ± 0.5 -4.1 ± 0.6 -3.9 ± 0.7 6.7 ± 0.9

Table S59: Mean ± standard deviation (in degrees) of the rotational transformations
(Rx: Rotation around X, Ry: Rotation around Y, Rz: Rotation around Z) applied to the
femoral and tibial segment frames as part of REFRAMERMS, calculated across all cycles
of knee 20.

Raw REFRAMEIMU−>OMC REFRAMERMS

IMUs on harness IMUs on skin IMUs on harness IMUs on skin IMUs on harness IMUs on skin

flexion/extension 8.7 ± 0.1 8.7 ± 0.2 1.1 ± 0.2 1.6 ± 0.1 1.7 ± 0.2 2.5 ± 0.2
abduction/adduction 1.5 ± 0.1 3.3 ± 0.1 0.7 ± 0.1 2.3 ± 0.1 0.8 ± 0.1 1.9 ± 0.1

external/internal rotation 1.3 ± 0.1 7.4 ± 0.2 0.7 ± 0.1 5.6 ± 0.2 0.8 ± 0.1 5.6 ± 0.2

Table S60: Mean ± standard deviation (in degrees) root-mean-square errors between
tibio-femoral joint rotations estimated by the IMU-based systems and the optical reference
on harness, calculated across all trials of knee 20.
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2.20 Averaged plots for individual knee 21

Figure S20: Mean tibio-femoral joint angles (solid lines) ± standard deviation (shaded
areas), in degrees, as estimated by inertial measurement units (IMUs) on harness (purple),
IMUs on skin (green), and optical motion capture (OMC) on harness (blue), averaged over
all cycles for knee 21. Angles are shown as a percentage of the gait cycle under three con-
ditions: 1) raw, i.e. in the absence of post-processing methods to correct reference frame
orientation differences (left), 2) after implementation of REFRAMEIMU−>OMC (middle),
and 3) after implementation of REFRAMERMS (right).
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Femur Tibia

IMUs on harness IMUs on skin IMUs on harness IMUs on skin
Rx 0.0 ± 0.0 0.0 ± 0.0 -3.0 ± 0.1 -5.4 ± 0.3
Ry 1.8 ± 0.2 -8.8 ± 1.1 3.3 ± 0.2 -10.0 ± 1.3
Rz 1.6 ± 0.2 14.9 ± 0.9 1.1 ± 0.2 13.3 ± 0.7

Table S61: Mean ± standard deviation (in degrees) of the rotational transformations
(Rx: Rotation around X, Ry: Rotation around Y, Rz: Rotation around Z) applied to the
femoral and tibial segment frames as part of REFRAMEIMU−>OMC , calculated across all
cycles of knee 21.

Femur Tibia

OMC on harness IMUs on harness IMUs on skin OMC on harness IMUs on harness IMUs on skin
Rx 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 7.3 ± 1.4 5.0 ± 1.3 1.3 ± 1.1
Ry -3.2 ± 3.0 -1.2 ± 2.9 -6.2 ± 4.5 -4.8 ± 3.1 -1.2 ± 3.1 -7.1 ± 4.6
Rz 3.1 ± 1.9 4.7 ± 1.7 15.8 ± 2.4 0.8 ± 0.8 1.6 ± 0.7 14.5 ± 0.9

Table S62: Mean ± standard deviation (in degrees) of the rotational transformations
(Rx: Rotation around X, Ry: Rotation around Y, Rz: Rotation around Z) applied to the
femoral and tibial segment frames as part of REFRAMERMS, calculated across all cycles
of knee 21.

Raw REFRAMEIMU−>OMC REFRAMERMS

IMUs on harness IMUs on skin IMUs on harness IMUs on skin IMUs on harness IMUs on skin

flexion/extension 3.2 ± 0.1 5.9 ± 0.3 0.7 ± 0.1 2.0 ± 0.2 1.1 ± 0.3 2.7 ± 0.7
abduction/adduction 2.3 ± 0.1 5.4 ± 0.2 0.4 ± 0.0 1.8 ± 0.2 0.4 ± 0.0 2.5 ± 0.2

external/internal rotation 1.3 ± 0.1 6.8 ± 0.5 0.8 ± 0.1 5.9 ± 0.5 0.7 ± 0.1 5.5 ± 0.4

Table S63: Mean ± standard deviation (in degrees) root-mean-square errors between
tibio-femoral joint rotations estimated by the IMU-based systems and the optical reference
on harness, calculated across all trials of knee 21.
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2.21 Averaged plots for individual knee 22

Figure S21: Mean tibio-femoral joint angles (solid lines) ± standard deviation (shaded
areas), in degrees, as estimated by inertial measurement units (IMUs) on harness (purple),
IMUs on skin (green), and optical motion capture (OMC) on harness (blue), averaged over
all cycles for knee 22. Angles are shown as a percentage of the gait cycle under three con-
ditions: 1) raw, i.e. in the absence of post-processing methods to correct reference frame
orientation differences (left), 2) after implementation of REFRAMEIMU−>OMC (middle),
and 3) after implementation of REFRAMERMS (right).
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Femur Tibia

IMUs on harness IMUs on skin IMUs on harness IMUs on skin
Rx 0.0 ± 0.0 0.0 ± 0.0 -7.3 ± 0.1 -9.4 ± 0.4
Ry 5.9 ± 0.7 -5.1 ± 2.0 1.5 ± 0.6 -8.1 ± 2.0
Rz 2.5 ± 0.4 7.4 ± 0.8 10.5 ± 0.3 5.4 ± 0.6

Table S64: Mean ± standard deviation (in degrees) of the rotational transformations
(Rx: Rotation around X, Ry: Rotation around Y, Rz: Rotation around Z) applied to the
femoral and tibial segment frames as part of REFRAMEIMU−>OMC , calculated across all
cycles of knee 22.

Femur Tibia

OMC on harness IMUs on harness IMUs on skin OMC on harness IMUs on harness IMUs on skin
Rx 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 4.7 ± 0.8 -2.6 ± 0.7 -5.9 ± 0.8
Ry 0.7 ± 2.3 7.6 ± 2.7 0.8 ± 3.3 2.4 ± 2.5 5.6 ± 3.0 0.2 ± 3.5
Rz 1.0 ± 1.1 3.3 ± 1.2 6.0 ± 1.6 -0.3 ± 1.2 10.1 ± 1.2 5.0 ± 1.6

Table S65: Mean ± standard deviation (in degrees) of the rotational transformations
(Rx: Rotation around X, Ry: Rotation around Y, Rz: Rotation around Z) applied to the
femoral and tibial segment frames as part of REFRAMERMS, calculated across all cycles
of knee 22.

Raw REFRAMEIMU−>OMC REFRAMERMS

IMUs on harness IMUs on skin IMUs on harness IMUs on skin IMUs on harness IMUs on skin

flexion/extension 7.5 ± 0.1 9.5 ± 0.2 1.7 ± 0.1 1.6 ± 0.2 1.8 ± 0.1 2.5 ± 0.4
abduction/adduction 2.8 ± 0.1 3.4 ± 0.2 0.7 ± 0.1 2.1 ± 0.2 0.7 ± 0.1 2.2 ± 0.1

external/internal rotation 6.4 ± 0.3 3.5 ± 0.5 1.1 ± 0.1 3.4 ± 0.5 1.1 ± 0.1 3.3 ± 0.5

Table S66: Mean ± standard deviation (in degrees) root-mean-square errors between
tibio-femoral joint rotations estimated by the IMU-based systems and the optical reference
on harness, calculated across all trials of knee 22.
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2.22 Averaged plots for individual knee 23

Figure S22: Mean tibio-femoral joint angles (solid lines) ± standard deviation (shaded
areas), in degrees, as estimated by inertial measurement units (IMUs) on harness (purple),
IMUs on skin (green), and optical motion capture (OMC) on harness (blue), averaged over
all cycles for knee 23. Angles are shown as a percentage of the gait cycle under three con-
ditions: 1) raw, i.e. in the absence of post-processing methods to correct reference frame
orientation differences (left), 2) after implementation of REFRAMEIMU−>OMC (middle),
and 3) after implementation of REFRAMERMS (right).
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Femur Tibia

IMUs on harness IMUs on skin IMUs on harness IMUs on skin
Rx 0.0 ± 0.0 0.0 ± 0.0 2.4 ± 0.1 0.5 ± 0.1
Ry -1.2 ± 0.3 -3.8 ± 1.3 -0.0 ± 0.3 -3.8 ± 1.3
Rz -0.5 ± 0.2 1.8 ± 0.3 0.0 ± 0.2 0.7 ± 0.6

Table S67: Mean ± standard deviation (in degrees) of the rotational transformations
(Rx: Rotation around X, Ry: Rotation around Y, Rz: Rotation around Z) applied to the
femoral and tibial segment frames as part of REFRAMEIMU−>OMC , calculated across all
cycles of knee 23.

Femur Tibia

OMC on harness IMUs on harness IMUs on skin OMC on harness IMUs on harness IMUs on skin
Rx 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 4.9 ± 1.6 8.5 ± 1.4 6.0 ± 1.3
Ry -4.6 ± 2.3 -5.6 ± 2.2 -6.4 ± 2.4 -4.7 ± 2.3 -4.3 ± 2.2 -6.2 ± 2.3
Rz 9.8 ± 0.9 9.3 ± 0.9 10.4 ± 1.0 10.5 ± 0.8 10.7 ± 1.0 11.0 ± 0.9

Table S68: Mean ± standard deviation (in degrees) of the rotational transformations
(Rx: Rotation around X, Ry: Rotation around Y, Rz: Rotation around Z) applied to the
femoral and tibial segment frames as part of REFRAMERMS, calculated across all cycles
of knee 23.

Raw REFRAMEIMU−>OMC REFRAMERMS

IMUs on harness IMUs on skin IMUs on harness IMUs on skin IMUs on harness IMUs on skin

flexion/extension 2.7 ± 0.1 2.7 ± 0.2 1.0 ± 0.2 2.3 ± 0.2 1.5 ± 0.2 2.3 ± 0.2
abduction/adduction 1.2 ± 0.0 0.9 ± 0.1 0.9 ± 0.0 0.8 ± 0.0 1.0 ± 0.0 1.1 ± 0.1

external/internal rotation 1.4 ± 0.1 3.1 ± 0.1 0.9 ± 0.1 3.1 ± 0.1 0.8 ± 0.1 3.2 ± 0.1

Table S69: Mean ± standard deviation (in degrees) root-mean-square errors between
tibio-femoral joint rotations estimated by the IMU-based systems and the optical reference
on harness, calculated across all trials of knee 23.
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2.23 Averaged plots for individual knee 24

Figure S23: Mean tibio-femoral joint angles (solid lines) ± standard deviation (shaded
areas), in degrees, as estimated by inertial measurement units (IMUs) on harness (purple),
IMUs on skin (green), and optical motion capture (OMC) on harness (blue), averaged over
all cycles for knee 24. Angles are shown as a percentage of the gait cycle under three con-
ditions: 1) raw, i.e. in the absence of post-processing methods to correct reference frame
orientation differences (left), 2) after implementation of REFRAMEIMU−>OMC (middle),
and 3) after implementation of REFRAMERMS (right).
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Femur Tibia

IMUs on harness IMUs on skin IMUs on harness IMUs on skin
Rx 0.0 ± 0.0 0.0 ± 0.0 4.1 ± 0.1 1.4 ± 0.2
Ry 0.5 ± 0.3 -0.6 ± 0.4 2.0 ± 0.3 2.3 ± 0.5
Rz 1.1 ± 0.1 -5.4 ± 0.4 -5.2 ± 0.2 -0.8 ± 0.3

Table S70: Mean ± standard deviation (in degrees) of the rotational transformations
(Rx: Rotation around X, Ry: Rotation around Y, Rz: Rotation around Z) applied to the
femoral and tibial segment frames as part of REFRAMEIMU−>OMC , calculated across all
cycles of knee 24.

Femur Tibia

OMC on harness IMUs on harness IMUs on skin OMC on harness IMUs on harness IMUs on skin
Rx 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 4.5 ± 1.3 8.7 ± 1.0 5.7 ± 1.1
Ry 1.2 ± 1.1 1.0 ± 1.0 0.6 ± 1.2 0.1 ± 1.2 1.0 ± 1.1 2.4 ± 1.3
Rz 11.2 ± 0.7 12.4 ± 0.7 5.8 ± 0.7 12.2 ± 0.5 6.8 ± 0.5 11.3 ± 0.6

Table S71: Mean ± standard deviation (in degrees) of the rotational transformations
(Rx: Rotation around X, Ry: Rotation around Y, Rz: Rotation around Z) applied to the
femoral and tibial segment frames as part of REFRAMERMS, calculated across all cycles
of knee 24.

Raw REFRAMEIMU−>OMC REFRAMERMS

IMUs on harness IMUs on skin IMUs on harness IMUs on skin IMUs on harness IMUs on skin

flexion/extension 4.2 ± 0.1 2.1 ± 0.2 1.4 ± 0.2 1.2 ± 0.1 1.6 ± 0.2 1.3 ± 0.2
abduction/adduction 2.4 ± 0.0 2.3 ± 0.1 1.2 ± 0.1 1.4 ± 0.1 1.1 ± 0.1 1.5 ± 0.1

external/internal rotation 6.2 ± 0.1 4.9 ± 0.3 1.0 ± 0.1 2.2 ± 0.2 0.9 ± 0.1 2.2 ± 0.2

Table S72: Mean ± standard deviation (in degrees) root-mean-square errors between
tibio-femoral joint rotations estimated by the IMU-based systems and the optical reference
on harness, calculated across all trials of knee 24.
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2.24 Averaged plots for individual knee 25

Figure S24: Mean tibio-femoral joint angles (solid lines) ± standard deviation (shaded
areas), in degrees, as estimated by inertial measurement units (IMUs) on harness (purple),
IMUs on skin (green), and optical motion capture (OMC) on harness (blue), averaged over
all cycles for knee 25. Angles are shown as a percentage of the gait cycle under three con-
ditions: 1) raw, i.e. in the absence of post-processing methods to correct reference frame
orientation differences (left), 2) after implementation of REFRAMEIMU−>OMC (middle),
and 3) after implementation of REFRAMERMS (right).
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Femur Tibia

IMUs on harness IMUs on skin IMUs on harness IMUs on skin
Rx 0.0 ± 0.0 0.0 ± 0.0 0.9 ± 0.1 -3.7 ± 0.3
Ry -0.5 ± 0.2 -11.2 ± 0.9 0.7 ± 0.1 -10.2 ± 0.9
Rz -7.2 ± 0.2 18.8 ± 0.4 -9.9 ± 0.2 16.3 ± 0.6

Table S73: Mean ± standard deviation (in degrees) of the rotational transformations
(Rx: Rotation around X, Ry: Rotation around Y, Rz: Rotation around Z) applied to the
femoral and tibial segment frames as part of REFRAMEIMU−>OMC , calculated across all
cycles of knee 25.

Femur Tibia

OMC on harness IMUs on harness IMUs on skin OMC on harness IMUs on harness IMUs on skin
Rx 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 6.2 ± 1.3 7.2 ± 1.3 2.5 ± 1.3
Ry -1.6 ± 0.8 -2.5 ± 0.9 -9.2 ± 2.3 -3.6 ± 0.8 -4.4 ± 1.0 -8.3 ± 2.2
Rz 4.7 ± 0.4 -2.4 ± 0.4 22.3 ± 0.9 3.1 ± 0.4 -6.8 ± 0.4 20.2 ± 0.4

Table S74: Mean ± standard deviation (in degrees) of the rotational transformations
(Rx: Rotation around X, Ry: Rotation around Y, Rz: Rotation around Z) applied to the
femoral and tibial segment frames as part of REFRAMERMS, calculated across all cycles
of knee 25.

Raw REFRAMEIMU−>OMC REFRAMERMS

IMUs on harness IMUs on skin IMUs on harness IMUs on skin IMUs on harness IMUs on skin

flexion/extension 1.1 ± 0.1 4.6 ± 0.2 0.9 ± 0.1 1.7 ± 0.2 1.2 ± 0.2 1.9 ± 0.4
abduction/adduction 2.6 ± 0.1 8.8 ± 0.1 0.8 ± 0.0 3.2 ± 0.1 0.9 ± 0.1 3.8 ± 0.1

external/internal rotation 3.7 ± 0.1 7.6 ± 0.3 0.8 ± 0.0 5.8 ± 0.2 0.8 ± 0.0 5.3 ± 0.2

Table S75: Mean ± standard deviation (in degrees) root-mean-square errors between
tibio-femoral joint rotations estimated by the IMU-based systems and the optical reference
on harness, calculated across all trials of knee 25.
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2.25 Averaged plots for individual knee 26

Figure S25: Mean tibio-femoral joint angles (solid lines) ± standard deviation (shaded
areas), in degrees, as estimated by inertial measurement units (IMUs) on harness (purple),
IMUs on skin (green), and optical motion capture (OMC) on harness (blue), averaged over
all cycles for knee 26. Angles are shown as a percentage of the gait cycle under three con-
ditions: 1) raw, i.e. in the absence of post-processing methods to correct reference frame
orientation differences (left), 2) after implementation of REFRAMEIMU−>OMC (middle),
and 3) after implementation of REFRAMERMS (right).
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Femur Tibia

IMUs on harness IMUs on skin IMUs on harness IMUs on skin
Rx 0.0 ± 0.0 0.0 ± 0.0 11.0 ± 0.1 7.1 ± 0.5
Ry -2.6 ± 0.4 -13.6 ± 0.6 -0.0 ± 0.4 -12.8 ± 0.7
Rz 2.0 ± 0.2 8.0 ± 0.7 6.3 ± 0.2 6.8 ± 0.6

Table S76: Mean ± standard deviation (in degrees) of the rotational transformations
(Rx: Rotation around X, Ry: Rotation around Y, Rz: Rotation around Z) applied to the
femoral and tibial segment frames as part of REFRAMEIMU−>OMC , calculated across all
cycles of knee 26.

Femur Tibia

OMC on harness IMUs on harness IMUs on skin OMC on harness IMUs on harness IMUs on skin
Rx 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 5.0 ± 2.0 17.2 ± 1.9 16.9 ± 2.3
Ry -9.4 ± 1.5 -13.3 ± 1.2 -30.3 ± 2.0 -10.3 ± 1.5 -11.0 ± 1.2 -29.3 ± 1.9
Rz 1.2 ± 0.7 3.5 ± 0.9 11.7 ± 1.0 -0.8 ± 0.8 5.7 ± 1.1 10.3 ± 1.4

Table S77: Mean ± standard deviation (in degrees) of the rotational transformations
(Rx: Rotation around X, Ry: Rotation around Y, Rz: Rotation around Z) applied to the
femoral and tibial segment frames as part of REFRAMERMS, calculated across all cycles
of knee 26.

Raw REFRAMEIMU−>OMC REFRAMERMS

IMUs on harness IMUs on skin IMUs on harness IMUs on skin IMUs on harness IMUs on skin

flexion/extension 11.2 ± 0.1 7.4 ± 0.3 1.6 ± 0.2 1.3 ± 0.2 1.8 ± 0.2 5.3 ± 0.8
abduction/adduction 2.1 ± 0.0 2.7 ± 0.1 1.3 ± 0.1 2.8 ± 0.1 1.4 ± 0.1 3.2 ± 0.2

external/internal rotation 5.7 ± 0.2 9.6 ± 0.3 1.2 ± 0.1 6.7 ± 0.3 1.0 ± 0.1 6.3 ± 0.3

Table S78: Mean ± standard deviation (in degrees) root-mean-square errors between
tibio-femoral joint rotations estimated by the IMU-based systems and the optical reference
on harness, calculated across all trials of knee 26.
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2.26 Averaged plots for individual knee 27

Figure S26: Mean tibio-femoral joint angles (solid lines) ± standard deviation (shaded
areas), in degrees, as estimated by inertial measurement units (IMUs) on harness (purple),
IMUs on skin (green), and optical motion capture (OMC) on harness (blue), averaged over
all cycles for knee 27. Angles are shown as a percentage of the gait cycle under three con-
ditions: 1) raw, i.e. in the absence of post-processing methods to correct reference frame
orientation differences (left), 2) after implementation of REFRAMEIMU−>OMC (middle),
and 3) after implementation of REFRAMERMS (right).
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Femur Tibia

IMUs on harness IMUs on skin IMUs on harness IMUs on skin
Rx 0.0 ± 0.0 0.0 ± 0.0 -1.4 ± 0.1 -3.4 ± 0.2
Ry 0.3 ± 0.2 -0.2 ± 0.6 -0.1 ± 0.2 -1.2 ± 0.6
Rz -5.0 ± 0.1 -2.4 ± 0.3 -8.2 ± 0.1 -8.6 ± 0.4

Table S79: Mean ± standard deviation (in degrees) of the rotational transformations
(Rx: Rotation around X, Ry: Rotation around Y, Rz: Rotation around Z) applied to the
femoral and tibial segment frames as part of REFRAMEIMU−>OMC , calculated across all
cycles of knee 27.

Femur Tibia

OMC on harness IMUs on harness IMUs on skin OMC on harness IMUs on harness IMUs on skin
Rx 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.5 ± 0.8 0.1 ± 0.7 -3.8 ± 0.7
Ry 4.8 ± 0.7 4.7 ± 0.8 5.2 ± 0.8 4.5 ± 0.7 3.8 ± 0.8 3.9 ± 0.8
Rz 2.9 ± 0.4 -2.0 ± 0.4 0.1 ± 0.5 6.4 ± 0.4 -1.9 ± 0.4 -2.2 ± 0.4

Table S80: Mean ± standard deviation (in degrees) of the rotational transformations
(Rx: Rotation around X, Ry: Rotation around Y, Rz: Rotation around Z) applied to the
femoral and tibial segment frames as part of REFRAMERMS, calculated across all cycles
of knee 27.

Raw REFRAMEIMU−>OMC REFRAMERMS

IMUs on harness IMUs on skin IMUs on harness IMUs on skin IMUs on harness IMUs on skin

flexion/extension 1.9 ± 0.1 3.5 ± 0.1 1.3 ± 0.1 1.5 ± 0.1 1.6 ± 0.1 2.1 ± 0.2
abduction/adduction 2.6 ± 0.1 2.5 ± 0.1 0.4 ± 0.0 1.0 ± 0.1 0.4 ± 0.0 1.0 ± 0.1

external/internal rotation 4.0 ± 0.1 6.8 ± 0.3 0.5 ± 0.0 2.4 ± 0.4 0.5 ± 0.0 2.4 ± 0.4

Table S81: Mean ± standard deviation (in degrees) root-mean-square errors between
tibio-femoral joint rotations estimated by the IMU-based systems and the optical reference
on harness, calculated across all trials of knee 27.
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2.27 Averaged plots for individual knee 28

Figure S27: Mean tibio-femoral joint angles (solid lines) ± standard deviation (shaded
areas), in degrees, as estimated by inertial measurement units (IMUs) on harness (purple),
IMUs on skin (green), and optical motion capture (OMC) on harness (blue), averaged over
all cycles for knee 28. Angles are shown as a percentage of the gait cycle under three con-
ditions: 1) raw, i.e. in the absence of post-processing methods to correct reference frame
orientation differences (left), 2) after implementation of REFRAMEIMU−>OMC (middle),
and 3) after implementation of REFRAMERMS (right).
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Femur Tibia

IMUs on harness IMUs on skin IMUs on harness IMUs on skin
Rx 0.0 ± 0.0 0.0 ± 0.0 -0.6 ± 0.1 -0.6 ± 0.1
Ry -1.3 ± 0.2 -3.0 ± 0.6 -1.4 ± 0.2 -4.3 ± 0.5
Rz -3.4 ± 0.2 -3.1 ± 0.6 -1.8 ± 0.1 9.2 ± 0.3

Table S82: Mean ± standard deviation (in degrees) of the rotational transformations
(Rx: Rotation around X, Ry: Rotation around Y, Rz: Rotation around Z) applied to the
femoral and tibial segment frames as part of REFRAMEIMU−>OMC , calculated across all
cycles of knee 28.

Femur Tibia

OMC on harness IMUs on harness IMUs on skin OMC on harness IMUs on harness IMUs on skin
Rx 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 1.5 ± 0.8 1.6 ± 0.6 -0.9 ± 0.5
Ry 0.8 ± 0.5 -0.1 ± 0.4 -0.2 ± 0.6 0.4 ± 0.5 -0.6 ± 0.5 -1.9 ± 0.6
Rz 4.3 ± 0.3 0.9 ± 0.4 0.6 ± 0.6 3.3 ± 0.4 1.7 ± 0.4 12.7 ± 0.5

Table S83: Mean ± standard deviation (in degrees) of the rotational transformations
(Rx: Rotation around X, Ry: Rotation around Y, Rz: Rotation around Z) applied to the
femoral and tibial segment frames as part of REFRAMERMS, calculated across all cycles
of knee 28.

Raw REFRAMEIMU−>OMC REFRAMERMS

IMUs on harness IMUs on skin IMUs on harness IMUs on skin IMUs on harness IMUs on skin

flexion/extension 1.5 ± 0.2 2.9 ± 0.2 1.3 ± 0.2 2.1 ± 0.2 1.5 ± 0.4 2.7 ± 0.2
abduction/adduction 1.9 ± 0.1 2.9 ± 0.2 0.3 ± 0.1 1.0 ± 0.1 0.4 ± 0.1 0.9 ± 0.1

external/internal rotation 1.8 ± 0.1 13.2 ± 0.4 0.9 ± 0.1 2.9 ± 0.2 0.9 ± 0.1 2.9 ± 0.2

Table S84: Mean ± standard deviation (in degrees) root-mean-square errors between
tibio-femoral joint rotations estimated by the IMU-based systems and the optical reference
on harness, calculated across all trials of knee 28.
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2.28 Averaged plots for individual knee 29

Figure S28: Mean tibio-femoral joint angles (solid lines) ± standard deviation (shaded
areas), in degrees, as estimated by inertial measurement units (IMUs) on harness (purple),
IMUs on skin (green), and optical motion capture (OMC) on harness (blue), averaged over
all cycles for knee 29. Angles are shown as a percentage of the gait cycle under three con-
ditions: 1) raw, i.e. in the absence of post-processing methods to correct reference frame
orientation differences (left), 2) after implementation of REFRAMEIMU−>OMC (middle),
and 3) after implementation of REFRAMERMS (right).
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Femur Tibia

IMUs on harness IMUs on skin IMUs on harness IMUs on skin
Rx 0.0 ± 0.0 0.0 ± 0.0 -5.1 ± 0.0 -8.6 ± 0.2
Ry 1.1 ± 0.3 -10.1 ± 1.7 7.4 ± 0.3 -3.5 ± 1.8
Rz -19.5 ± 0.2 -17.0 ± 0.7 -25.6 ± 0.1 -17.1 ± 0.7

Table S85: Mean ± standard deviation (in degrees) of the rotational transformations
(Rx: Rotation around X, Ry: Rotation around Y, Rz: Rotation around Z) applied to the
femoral and tibial segment frames as part of REFRAMEIMU−>OMC , calculated across all
cycles of knee 29.

Femur Tibia

OMC on harness IMUs on harness IMUs on skin OMC on harness IMUs on harness IMUs on skin
Rx 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 12.2 ± 0.8 6.0 ± 0.6 1.4 ± 0.7
Ry 9.5 ± 1.7 10.1 ± 1.5 0.4 ± 1.7 5.8 ± 1.7 7.7 ± 1.5 0.2 ± 1.6
Rz 20.8 ± 1.0 1.5 ± 0.9 3.0 ± 1.0 21.1 ± 1.1 -5.3 ± 1.0 4.5 ± 1.1

Table S86: Mean ± standard deviation (in degrees) of the rotational transformations
(Rx: Rotation around X, Ry: Rotation around Y, Rz: Rotation around Z) applied to the
femoral and tibial segment frames as part of REFRAMERMS, calculated across all cycles
of knee 29.

Raw REFRAMEIMU−>OMC REFRAMERMS

IMUs on harness IMUs on skin IMUs on harness IMUs on skin IMUs on harness IMUs on skin

flexion/extension 7.1 ± 0.1 9.4 ± 0.2 0.8 ± 0.1 1.3 ± 0.2 1.0 ± 0.2 1.4 ± 0.3
abduction/adduction 5.5 ± 0.2 6.3 ± 0.3 0.4 ± 0.0 1.4 ± 0.1 0.4 ± 0.0 2.0 ± 0.1

external/internal rotation 10.0 ± 0.2 4.1 ± 0.3 0.7 ± 0.0 3.7 ± 0.2 0.7 ± 0.1 3.4 ± 0.2

Table S87: Mean ± standard deviation (in degrees) root-mean-square errors between
tibio-femoral joint rotations estimated by the IMU-based systems and the optical reference
on harness, calculated across all trials of knee 29.
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2.29 Averaged plots for individual knee 30

Figure S29: Mean tibio-femoral joint angles (solid lines) ± standard deviation (shaded
areas), in degrees, as estimated by inertial measurement units (IMUs) on harness (purple),
IMUs on skin (green), and optical motion capture (OMC) on harness (blue), averaged over
all cycles for knee 30. Angles are shown as a percentage of the gait cycle under three con-
ditions: 1) raw, i.e. in the absence of post-processing methods to correct reference frame
orientation differences (left), 2) after implementation of REFRAMEIMU−>OMC (middle),
and 3) after implementation of REFRAMERMS (right).
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Femur Tibia

IMUs on harness IMUs on skin IMUs on harness IMUs on skin
Rx 0.0 ± 0.0 0.0 ± 0.0 0.5 ± 0.1 -1.1 ± 0.2
Ry -0.1 ± 0.2 3.6 ± 0.8 4.3 ± 0.2 6.6 ± 0.9
Rz -15.9 ± 0.1 -6.4 ± 0.4 -7.6 ± 0.1 -2.3 ± 0.4

Table S88: Mean ± standard deviation (in degrees) of the rotational transformations
(Rx: Rotation around X, Ry: Rotation around Y, Rz: Rotation around Z) applied to the
femoral and tibial segment frames as part of REFRAMEIMU−>OMC , calculated across all
cycles of knee 30.

Femur Tibia

OMC on harness IMUs on harness IMUs on skin OMC on harness IMUs on harness IMUs on skin
Rx 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 6.9 ± 1.0 7.3 ± 0.8 4.5 ± 1.1
Ry 3.0 ± 1.0 3.3 ± 1.1 10.0 ± 1.0 1.6 ± 1.1 5.4 ± 1.0 11.4 ± 1.0
Rz 12.2 ± 0.6 -3.8 ± 0.6 4.2 ± 0.7 10.2 ± 0.6 2.2 ± 0.7 6.8 ± 0.9

Table S89: Mean ± standard deviation (in degrees) of the rotational transformations
(Rx: Rotation around X, Ry: Rotation around Y, Rz: Rotation around Z) applied to the
femoral and tibial segment frames as part of REFRAMERMS, calculated across all cycles
of knee 30.

Raw REFRAMEIMU−>OMC REFRAMERMS

IMUs on harness IMUs on skin IMUs on harness IMUs on skin IMUs on harness IMUs on skin

flexion/extension 1.3 ± 0.2 2.0 ± 0.2 1.0 ± 0.2 2.0 ± 0.3 1.3 ± 0.3 2.7 ± 0.3
abduction/adduction 4.3 ± 0.1 2.0 ± 0.1 0.7 ± 0.1 1.1 ± 0.2 0.5 ± 0.0 0.8 ± 0.1

external/internal rotation 7.0 ± 0.2 4.9 ± 0.3 0.8 ± 0.1 3.7 ± 0.4 0.8 ± 0.1 3.6 ± 0.3

Table S90: Mean ± standard deviation (in degrees) root-mean-square errors between
tibio-femoral joint rotations estimated by the IMU-based systems and the optical reference
on harness, calculated across all trials of knee 30.
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2.30 Averaged plots for individual knee 31

Figure S30: Mean tibio-femoral joint angles (solid lines) ± standard deviation (shaded
areas), in degrees, as estimated by inertial measurement units (IMUs) on harness (purple),
IMUs on skin (green), and optical motion capture (OMC) on harness (blue), averaged over
all cycles for knee 31. Angles are shown as a percentage of the gait cycle under three con-
ditions: 1) raw, i.e. in the absence of post-processing methods to correct reference frame
orientation differences (left), 2) after implementation of REFRAMEIMU−>OMC (middle),
and 3) after implementation of REFRAMERMS (right).
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Femur Tibia

IMUs on harness IMUs on skin IMUs on harness IMUs on skin
Rx 0.0 ± 0.0 0.0 ± 0.0 3.1 ± 0.1 -1.0 ± 0.3
Ry 0.6 ± 0.4 -4.9 ± 1.1 3.8 ± 0.4 -3.5 ± 1.1
Rz -4.8 ± 0.4 10.5 ± 1.1 -0.9 ± 0.2 9.0 ± 0.9

Table S91: Mean ± standard deviation (in degrees) of the rotational transformations
(Rx: Rotation around X, Ry: Rotation around Y, Rz: Rotation around Z) applied to the
femoral and tibial segment frames as part of REFRAMEIMU−>OMC , calculated across all
cycles of knee 31.

Femur Tibia

OMC on harness IMUs on harness IMUs on skin OMC on harness IMUs on harness IMUs on skin
Rx 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 -1.6 ± 2.1 2.5 ± 2.0 -0.6 ± 1.8
Ry 2.9 ± 2.0 3.4 ± 2.2 -2.0 ± 2.2 0.3 ± 2.3 4.3 ± 2.5 -2.7 ± 2.5
Rz 11.0 ± 1.1 6.1 ± 1.2 21.2 ± 1.2 11.3 ± 1.0 10.5 ± 0.9 20.1 ± 1.2

Table S92: Mean ± standard deviation (in degrees) of the rotational transformations
(Rx: Rotation around X, Ry: Rotation around Y, Rz: Rotation around Z) applied to the
femoral and tibial segment frames as part of REFRAMERMS, calculated across all cycles
of knee 31.

Raw REFRAMEIMU−>OMC REFRAMERMS

IMUs on harness IMUs on skin IMUs on harness IMUs on skin IMUs on harness IMUs on skin

flexion/extension 3.6 ± 0.1 2.4 ± 0.2 1.0 ± 0.1 1.7 ± 0.2 1.6 ± 0.3 2.3 ± 0.5
abduction/adduction 2.0 ± 0.1 5.3 ± 0.4 0.4 ± 0.1 1.6 ± 0.2 0.4 ± 0.0 1.8 ± 0.1

external/internal rotation 3.5 ± 0.4 4.9 ± 0.4 0.7 ± 0.1 3.5 ± 0.4 0.7 ± 0.1 3.5 ± 0.3

Table S93: Mean ± standard deviation (in degrees) root-mean-square errors between
tibio-femoral joint rotations estimated by the IMU-based systems and the optical reference
on harness, calculated across all trials of knee 31.
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2.31 Averaged plots for individual knee 32

Figure S31: Mean tibio-femoral joint angles (solid lines) ± standard deviation (shaded
areas), in degrees, as estimated by inertial measurement units (IMUs) on harness (purple),
IMUs on skin (green), and optical motion capture (OMC) on harness (blue), averaged over
all cycles for knee 32. Angles are shown as a percentage of the gait cycle under three con-
ditions: 1) raw, i.e. in the absence of post-processing methods to correct reference frame
orientation differences (left), 2) after implementation of REFRAMEIMU−>OMC (middle),
and 3) after implementation of REFRAMERMS (right).
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Femur Tibia

IMUs on harness IMUs on skin IMUs on harness IMUs on skin
Rx 0.0 ± 0.0 0.0 ± 0.0 -0.4 ± 0.1 -5.7 ± 0.3
Ry 1.2 ± 0.2 -6.4 ± 1.2 3.1 ± 0.2 -3.3 ± 1.4
Rz -12.1 ± 0.3 -2.2 ± 1.1 -18.7 ± 0.2 0.1 ± 0.6

Table S94: Mean ± standard deviation (in degrees) of the rotational transformations
(Rx: Rotation around X, Ry: Rotation around Y, Rz: Rotation around Z) applied to the
femoral and tibial segment frames as part of REFRAMEIMU−>OMC , calculated across all
cycles of knee 32.

Femur Tibia

OMC on harness IMUs on harness IMUs on skin OMC on harness IMUs on harness IMUs on skin
Rx 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 5.8 ± 1.4 5.7 ± 1.4 0.6 ± 1.1
Ry 5.1 ± 1.5 6.0 ± 1.4 -1.6 ± 2.1 1.6 ± 1.5 2.5 ± 1.4 -1.9 ± 2.2
Rz 14.9 ± 0.6 3.1 ± 0.7 13.0 ± 1.2 13.4 ± 0.6 -5.4 ± 0.6 14.0 ± 0.7

Table S95: Mean ± standard deviation (in degrees) of the rotational transformations
(Rx: Rotation around X, Ry: Rotation around Y, Rz: Rotation around Z) applied to the
femoral and tibial segment frames as part of REFRAMERMS, calculated across all cycles
of knee 32.

Raw REFRAMEIMU−>OMC REFRAMERMS

IMUs on harness IMUs on skin IMUs on harness IMUs on skin IMUs on harness IMUs on skin

flexion/extension 1.8 ± 0.3 6.1 ± 0.3 1.4 ± 0.3 2.7 ± 0.2 1.8 ± 0.4 2.6 ± 0.4
abduction/adduction 4.4 ± 0.2 2.5 ± 0.2 0.4 ± 0.1 1.2 ± 0.1 0.5 ± 0.1 1.7 ± 0.1

external/internal rotation 9.5 ± 0.2 5.3 ± 0.4 0.7 ± 0.1 3.0 ± 0.3 0.7 ± 0.1 3.0 ± 0.3

Table S96: Mean ± standard deviation (in degrees) root-mean-square errors between
tibio-femoral joint rotations estimated by the IMU-based systems and the optical reference
on harness, calculated across all trials of knee 32.

63



2.32 Averaged plots for individual knee 33

Figure S32: Mean tibio-femoral joint angles (solid lines) ± standard deviation (shaded
areas), in degrees, as estimated by inertial measurement units (IMUs) on harness (purple),
IMUs on skin (green), and optical motion capture (OMC) on harness (blue), averaged over
all cycles for knee 33. Angles are shown as a percentage of the gait cycle under three con-
ditions: 1) raw, i.e. in the absence of post-processing methods to correct reference frame
orientation differences (left), 2) after implementation of REFRAMEIMU−>OMC (middle),
and 3) after implementation of REFRAMERMS (right).
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Femur Tibia

IMUs on harness IMUs on skin IMUs on harness IMUs on skin
Rx 0.0 ± 0.0 0.0 ± 0.0 -5.5 ± 0.1 -4.1 ± 1.3
Ry -3.1 ± 0.2 -5.0 ± 1.0 -2.8 ± 0.3 -2.2 ± 0.9
Rz 2.4 ± 0.2 -0.3 ± 0.6 -2.3 ± 0.1 5.7 ± 0.8

Table S97: Mean ± standard deviation (in degrees) of the rotational transformations
(Rx: Rotation around X, Ry: Rotation around Y, Rz: Rotation around Z) applied to the
femoral and tibial segment frames as part of REFRAMEIMU−>OMC , calculated across all
cycles of knee 33.

Femur Tibia

OMC on harness IMUs on harness IMUs on skin OMC on harness IMUs on harness IMUs on skin
Rx 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.9 ± 2.0 -5.0 ± 2.0 -3.2 ± 2.5
Ry -3.6 ± 0.8 -6.7 ± 1.0 -8.4 ± 1.4 -7.3 ± 0.7 -10.1 ± 0.8 -9.2 ± 1.2
Rz -3.3 ± 0.4 -1.1 ± 0.5 -3.9 ± 0.5 -8.3 ± 0.6 -10.7 ± 0.7 -2.8 ± 1.3

Table S98: Mean ± standard deviation (in degrees) of the rotational transformations
(Rx: Rotation around X, Ry: Rotation around Y, Rz: Rotation around Z) applied to the
femoral and tibial segment frames as part of REFRAMERMS, calculated across all cycles
of knee 33.

Raw REFRAMEIMU−>OMC REFRAMERMS

IMUs on harness IMUs on skin IMUs on harness IMUs on skin IMUs on harness IMUs on skin

flexion/extension 5.2 ± 0.1 4.5 ± 1.3 1.1 ± 0.1 1.1 ± 0.3 1.2 ± 0.2 1.6 ± 0.3
abduction/adduction 0.5 ± 0.1 3.0 ± 0.3 0.3 ± 0.0 1.4 ± 0.1 0.3 ± 0.0 1.5 ± 0.2

external/internal rotation 3.1 ± 0.2 10.7 ± 0.6 0.6 ± 0.1 6.9 ± 0.3 0.6 ± 0.1 6.8 ± 0.2

Table S99: Mean ± standard deviation (in degrees) root-mean-square errors between
tibio-femoral joint rotations estimated by the IMU-based systems and the optical reference
on harness, calculated across all trials of knee 33.
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2.33 Averaged plots for individual knee 34

Figure S33: Mean tibio-femoral joint angles (solid lines) ± standard deviation (shaded
areas), in degrees, as estimated by inertial measurement units (IMUs) on harness (purple),
IMUs on skin (green), and optical motion capture (OMC) on harness (blue), averaged over
all cycles for knee 34. Angles are shown as a percentage of the gait cycle under three con-
ditions: 1) raw, i.e. in the absence of post-processing methods to correct reference frame
orientation differences (left), 2) after implementation of REFRAMEIMU−>OMC (middle),
and 3) after implementation of REFRAMERMS (right).
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Femur Tibia

IMUs on harness IMUs on skin IMUs on harness IMUs on skin
Rx 0.0 ± 0.0 0.0 ± 0.0 0.2 ± 0.1 -2.2 ± 0.3
Ry -0.4 ± 0.3 -11.4 ± 1.4 -1.7 ± 0.3 -13.0 ± 1.3
Rz 2.0 ± 0.3 4.1 ± 0.6 4.7 ± 0.1 11.0 ± 0.8

Table S100: Mean ± standard deviation (in degrees) of the rotational transformations
(Rx: Rotation around X, Ry: Rotation around Y, Rz: Rotation around Z) applied to the
femoral and tibial segment frames as part of REFRAMEIMU−>OMC , calculated across all
cycles of knee 34.

Femur Tibia

OMC on harness IMUs on harness IMUs on skin OMC on harness IMUs on harness IMUs on skin
Rx 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 3.8 ± 1.3 5.2 ± 1.2 1.1 ± 1.6
Ry -6.1 ± 0.9 -6.7 ± 1.0 -16.2 ± 2.0 -5.2 ± 0.9 -6.9 ± 1.0 -16.1 ± 2.0
Rz 1.0 ± 0.5 3.1 ± 0.5 4.3 ± 0.9 -2.7 ± 0.5 2.3 ± 0.5 8.6 ± 1.0

Table S101: Mean ± standard deviation (in degrees) of the rotational transformations
(Rx: Rotation around X, Ry: Rotation around Y, Rz: Rotation around Z) applied to the
femoral and tibial segment frames as part of REFRAMERMS, calculated across all cycles
of knee 34.

Raw REFRAMEIMU−>OMC REFRAMERMS

IMUs on harness IMUs on skin IMUs on harness IMUs on skin IMUs on harness IMUs on skin

flexion/extension 0.6 ± 0.0 4.4 ± 0.1 0.6 ± 0.0 1.2 ± 0.1 1.1 ± 0.1 1.4 ± 0.2
abduction/adduction 1.0 ± 0.1 1.1 ± 0.2 0.3 ± 0.0 1.0 ± 0.1 0.4 ± 0.0 0.9 ± 0.1

external/internal rotation 3.1 ± 0.2 11.4 ± 0.3 0.5 ± 0.1 3.0 ± 0.3 0.5 ± 0.1 3.1 ± 0.3

Table S102: Mean ± standard deviation (in degrees) root-mean-square errors between
tibio-femoral joint rotations estimated by the IMU-based systems and the optical reference
on harness, calculated across all trials of knee 34.
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2.34 Averaged plots for individual knee 35

Figure S34: Mean tibio-femoral joint angles (solid lines) ± standard deviation (shaded
areas), in degrees, as estimated by inertial measurement units (IMUs) on harness (purple),
IMUs on skin (green), and optical motion capture (OMC) on harness (blue), averaged over
all cycles for knee 35. Angles are shown as a percentage of the gait cycle under three con-
ditions: 1) raw, i.e. in the absence of post-processing methods to correct reference frame
orientation differences (left), 2) after implementation of REFRAMEIMU−>OMC (middle),
and 3) after implementation of REFRAMERMS (right).
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Femur Tibia

IMUs on harness IMUs on skin IMUs on harness IMUs on skin
Rx 0.0 ± 0.0 0.0 ± 0.0 -3.7 ± 0.1 -6.4 ± 0.3
Ry -5.1 ± 0.2 -12.5 ± 0.8 -6.2 ± 0.1 -14.6 ± 0.9
Rz -0.5 ± 0.2 5.4 ± 0.8 -0.0 ± 0.2 -1.8 ± 0.8

Table S103: Mean ± standard deviation (in degrees) of the rotational transformations
(Rx: Rotation around X, Ry: Rotation around Y, Rz: Rotation around Z) applied to the
femoral and tibial segment frames as part of REFRAMEIMU−>OMC , calculated across all
cycles of knee 35.

Femur Tibia

OMC on harness IMUs on harness IMUs on skin OMC on harness IMUs on harness IMUs on skin
Rx 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 8.5 ± 2.9 5.3 ± 2.7 1.7 ± 2.9
Ry -1.6 ± 2.2 -6.8 ± 2.1 -13.3 ± 2.4 -0.7 ± 2.2 -6.8 ± 2.1 -14.5 ± 2.4
Rz 3.2 ± 1.3 2.8 ± 1.4 8.2 ± 1.9 3.3 ± 1.4 4.3 ± 1.5 3.3 ± 2.1

Table S104: Mean ± standard deviation (in degrees) of the rotational transformations
(Rx: Rotation around X, Ry: Rotation around Y, Rz: Rotation around Z) applied to the
femoral and tibial segment frames as part of REFRAMERMS, calculated across all cycles
of knee 35.

Raw REFRAMEIMU−>OMC REFRAMERMS

IMUs on harness IMUs on skin IMUs on harness IMUs on skin IMUs on harness IMUs on skin

flexion/extension 3.9 ± 0.1 5.7 ± 0.2 0.6 ± 0.1 0.9 ± 0.2 0.8 ± 0.2 1.1 ± 0.4
abduction/adduction 1.8 ± 0.2 2.3 ± 0.2 0.4 ± 0.0 1.1 ± 0.1 0.4 ± 0.0 1.4 ± 0.1

external/internal rotation 2.4 ± 0.1 5.5 ± 0.4 0.5 ± 0.1 3.1 ± 0.4 0.5 ± 0.1 3.0 ± 0.4

Table S105: Mean ± standard deviation (in degrees) root-mean-square errors between
tibio-femoral joint rotations estimated by the IMU-based systems and the optical reference
on harness, calculated across all trials of knee 35.
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2.35 Averaged plots for individual knee 36

Figure S35: Mean tibio-femoral joint angles (solid lines) ± standard deviation (shaded
areas), in degrees, as estimated by inertial measurement units (IMUs) on harness (purple),
IMUs on skin (green), and optical motion capture (OMC) on harness (blue), averaged over
all cycles for knee 36. Angles are shown as a percentage of the gait cycle under three con-
ditions: 1) raw, i.e. in the absence of post-processing methods to correct reference frame
orientation differences (left), 2) after implementation of REFRAMEIMU−>OMC (middle),
and 3) after implementation of REFRAMERMS (right).
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Femur Tibia

IMUs on harness IMUs on skin IMUs on harness IMUs on skin
Rx 0.0 ± 0.0 0.0 ± 0.0 -8.7 ± 0.1 -10.8 ± 0.2
Ry 1.4 ± 0.2 -9.5 ± 1.5 2.2 ± 0.2 -10.8 ± 1.5
Rz -5.0 ± 0.1 8.4 ± 0.5 -12.1 ± 0.1 4.5 ± 0.6

Table S106: Mean ± standard deviation (in degrees) of the rotational transformations
(Rx: Rotation around X, Ry: Rotation around Y, Rz: Rotation around Z) applied to the
femoral and tibial segment frames as part of REFRAMEIMU−>OMC , calculated across all
cycles of knee 36.

Femur Tibia

OMC on harness IMUs on harness IMUs on skin OMC on harness IMUs on harness IMUs on skin
Rx 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 4.3 ± 1.3 -4.4 ± 1.1 -6.9 ± 0.7
Ry -1.5 ± 1.4 -0.3 ± 1.5 -9.2 ± 2.0 -2.6 ± 1.5 -1.5 ± 1.5 -11.3 ± 2.1
Rz 4.7 ± 0.5 -0.3 ± 0.5 12.4 ± 0.8 7.3 ± 0.6 -5.0 ± 0.6 12.3 ± 0.8

Table S107: Mean ± standard deviation (in degrees) of the rotational transformations
(Rx: Rotation around X, Ry: Rotation around Y, Rz: Rotation around Z) applied to the
femoral and tibial segment frames as part of REFRAMERMS, calculated across all cycles
of knee 36.

Raw REFRAMEIMU−>OMC REFRAMERMS

IMUs on harness IMUs on skin IMUs on harness IMUs on skin IMUs on harness IMUs on skin

flexion/extension 9.0 ± 0.1 11.0 ± 0.1 0.7 ± 0.1 1.1 ± 0.1 0.9 ± 0.2 1.4 ± 0.4
abduction/adduction 1.9 ± 0.1 2.7 ± 0.2 0.5 ± 0.0 1.1 ± 0.1 0.6 ± 0.0 1.3 ± 0.1

external/internal rotation 7.9 ± 0.1 4.9 ± 0.5 0.7 ± 0.1 4.1 ± 0.4 0.7 ± 0.1 4.1 ± 0.4

Table S108: Mean ± standard deviation (in degrees) root-mean-square errors between
tibio-femoral joint rotations estimated by the IMU-based systems and the optical reference
on harness, calculated across all trials of knee 36.
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2.36 Averaged plots for individual knee 37

Figure S36: Mean tibio-femoral joint angles (solid lines) ± standard deviation (shaded
areas), in degrees, as estimated by inertial measurement units (IMUs) on harness (purple),
IMUs on skin (green), and optical motion capture (OMC) on harness (blue), averaged over
all cycles for knee 37. Angles are shown as a percentage of the gait cycle under three con-
ditions: 1) raw, i.e. in the absence of post-processing methods to correct reference frame
orientation differences (left), 2) after implementation of REFRAMEIMU−>OMC (middle),
and 3) after implementation of REFRAMERMS (right).
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Femur Tibia

IMUs on harness IMUs on skin IMUs on harness IMUs on skin
Rx 0.0 ± 0.0 0.0 ± 0.0 -9.8 ± 0.1 -12.5 ± 0.2
Ry -1.9 ± 0.2 -5.9 ± 0.9 -0.4 ± 0.1 -6.3 ± 0.9
Rz -11.3 ± 0.2 2.4 ± 0.8 -7.7 ± 0.2 0.0 ± 0.7

Table S109: Mean ± standard deviation (in degrees) of the rotational transformations
(Rx: Rotation around X, Ry: Rotation around Y, Rz: Rotation around Z) applied to the
femoral and tibial segment frames as part of REFRAMEIMU−>OMC , calculated across all
cycles of knee 37.

Femur Tibia

OMC on harness IMUs on harness IMUs on skin OMC on harness IMUs on harness IMUs on skin
Rx 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 9.0 ± 0.4 -1.6 ± 0.4 -7.3 ± 0.4
Ry 5.2 ± 0.9 3.0 ± 1.0 1.5 ± 0.9 3.5 ± 0.9 1.7 ± 1.0 -1.4 ± 0.9
Rz 10.1 ± 0.4 -1.4 ± 0.4 12.0 ± 0.8 10.3 ± 0.6 2.7 ± 0.5 11.4 ± 0.8

Table S110: Mean ± standard deviation (in degrees) of the rotational transformations
(Rx: Rotation around X, Ry: Rotation around Y, Rz: Rotation around Z) applied to the
femoral and tibial segment frames as part of REFRAMERMS, calculated across all cycles
of knee 37.

Raw REFRAMEIMU−>OMC REFRAMERMS

IMUs on harness IMUs on skin IMUs on harness IMUs on skin IMUs on harness IMUs on skin

flexion/extension 10.1 ± 0.1 12.4 ± 0.2 1.0 ± 0.1 2.3 ± 0.1 1.0 ± 0.1 5.0 ± 0.2
abduction/adduction 4.7 ± 0.1 1.5 ± 0.1 0.3 ± 0.0 1.1 ± 0.1 0.3 ± 0.0 1.4 ± 0.1

external/internal rotation 3.6 ± 0.2 4.5 ± 0.3 0.7 ± 0.1 4.3 ± 0.3 0.7 ± 0.1 4.1 ± 0.3

Table S111: Mean ± standard deviation (in degrees) root-mean-square errors between
tibio-femoral joint rotations estimated by the IMU-based systems and the optical reference
on harness, calculated across all trials of knee 37.
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2.37 Averaged plots for individual knee 38

Figure S37: Mean tibio-femoral joint angles (solid lines) ± standard deviation (shaded
areas), in degrees, as estimated by inertial measurement units (IMUs) on harness (purple),
IMUs on skin (green), and optical motion capture (OMC) on harness (blue), averaged over
all cycles for knee 38. Angles are shown as a percentage of the gait cycle under three con-
ditions: 1) raw, i.e. in the absence of post-processing methods to correct reference frame
orientation differences (left), 2) after implementation of REFRAMEIMU−>OMC (middle),
and 3) after implementation of REFRAMERMS (right).
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Femur Tibia

IMUs on harness IMUs on skin IMUs on harness IMUs on skin
Rx 0.0 ± 0.0 0.0 ± 0.0 -0.7 ± 0.1 -2.4 ± 0.3
Ry -0.3 ± 0.3 -4.9 ± 1.0 4.6 ± 0.3 -3.5 ± 0.9
Rz 0.1 ± 0.2 9.4 ± 1.2 6.4 ± 0.2 8.6 ± 0.8

Table S112: Mean ± standard deviation (in degrees) of the rotational transformations
(Rx: Rotation around X, Ry: Rotation around Y, Rz: Rotation around Z) applied to the
femoral and tibial segment frames as part of REFRAMEIMU−>OMC , calculated across all
cycles of knee 38.

Femur Tibia

OMC on harness IMUs on harness IMUs on skin OMC on harness IMUs on harness IMUs on skin
Rx 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 3.4 ± 0.9 3.1 ± 0.8 0.2 ± 1.2
Ry 5.1 ± 0.7 4.3 ± 0.6 1.7 ± 0.6 1.3 ± 0.7 5.9 ± 0.6 -0.4 ± 0.7
Rz 6.9 ± 0.6 7.2 ± 0.4 15.4 ± 1.5 8.8 ± 0.5 15.0 ± 0.4 17.2 ± 0.7

Table S113: Mean ± standard deviation (in degrees) of the rotational transformations
(Rx: Rotation around X, Ry: Rotation around Y, Rz: Rotation around Z) applied to the
femoral and tibial segment frames as part of REFRAMERMS, calculated across all cycles
of knee 38.

Raw REFRAMEIMU−>OMC REFRAMERMS

IMUs on harness IMUs on skin IMUs on harness IMUs on skin IMUs on harness IMUs on skin

flexion/extension 1.2 ± 0.1 2.7 ± 0.3 1.0 ± 0.1 1.5 ± 0.1 1.2 ± 0.3 2.3 ± 0.4
abduction/adduction 5.0 ± 0.1 5.1 ± 0.5 0.5 ± 0.1 1.2 ± 0.2 0.5 ± 0.1 1.2 ± 0.2

external/internal rotation 6.6 ± 0.2 5.6 ± 0.3 1.4 ± 0.1 4.3 ± 0.3 1.4 ± 0.1 4.2 ± 0.3

Table S114: Mean ± standard deviation (in degrees) root-mean-square errors between
tibio-femoral joint rotations estimated by the IMU-based systems and the optical reference
on harness, calculated across all trials of knee 38.
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2.38 Averaged plots for individual knee 39

Figure S38: Mean tibio-femoral joint angles (solid lines) ± standard deviation (shaded
areas), in degrees, as estimated by inertial measurement units (IMUs) on harness (purple),
IMUs on skin (green), and optical motion capture (OMC) on harness (blue), averaged over
all cycles for knee 39. Angles are shown as a percentage of the gait cycle under three con-
ditions: 1) raw, i.e. in the absence of post-processing methods to correct reference frame
orientation differences (left), 2) after implementation of REFRAMEIMU−>OMC (middle),
and 3) after implementation of REFRAMERMS (right).
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Femur Tibia

IMUs on harness IMUs on skin IMUs on harness IMUs on skin
Rx 0.0 ± 0.0 0.0 ± 0.0 -0.2 ± 0.1 -2.6 ± 0.2
Ry -4.7 ± 0.3 -12.2 ± 1.2 -2.3 ± 0.2 -11.2 ± 1.2
Rz 7.7 ± 0.1 6.3 ± 0.6 10.7 ± 0.1 1.9 ± 0.6

Table S115: Mean ± standard deviation (in degrees) of the rotational transformations
(Rx: Rotation around X, Ry: Rotation around Y, Rz: Rotation around Z) applied to the
femoral and tibial segment frames as part of REFRAMEIMU−>OMC , calculated across all
cycles of knee 39.

Femur Tibia

OMC on harness IMUs on harness IMUs on skin OMC on harness IMUs on harness IMUs on skin
Rx 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.6 ± 0.6 1.5 ± 0.5 -2.7 ± 0.5
Ry 10.4 ± 1.5 6.1 ± 1.5 4.5 ± 1.5 8.2 ± 1.5 6.7 ± 1.5 3.7 ± 1.5
Rz -4.5 ± 0.4 3.1 ± 0.4 -0.9 ± 0.6 -2.6 ± 0.5 8.1 ± 0.6 -1.0 ± 1.0

Table S116: Mean ± standard deviation (in degrees) of the rotational transformations
(Rx: Rotation around X, Ry: Rotation around Y, Rz: Rotation around Z) applied to the
femoral and tibial segment frames as part of REFRAMERMS, calculated across all cycles
of knee 39.

Raw REFRAMEIMU−>OMC REFRAMERMS

IMUs on harness IMUs on skin IMUs on harness IMUs on skin IMUs on harness IMUs on skin

flexion/extension 1.0 ± 0.2 3.8 ± 0.2 1.0 ± 0.2 2.5 ± 0.3 1.6 ± 0.2 3.9 ± 0.2
abduction/adduction 4.5 ± 0.1 2.0 ± 0.1 0.4 ± 0.1 0.8 ± 0.1 0.6 ± 0.1 0.7 ± 0.1

external/internal rotation 5.5 ± 0.1 5.0 ± 0.3 0.9 ± 0.1 4.3 ± 0.3 0.8 ± 0.1 3.7 ± 0.3

Table S117: Mean ± standard deviation (in degrees) root-mean-square errors between
tibio-femoral joint rotations estimated by the IMU-based systems and the optical reference
on harness, calculated across all trials of knee 39.
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2.39 Averaged plots for individual knee 40

Figure S39: Mean tibio-femoral joint angles (solid lines) ± standard deviation (shaded
areas), in degrees, as estimated by inertial measurement units (IMUs) on harness (purple),
IMUs on skin (green), and optical motion capture (OMC) on harness (blue), averaged over
all cycles for knee 40. Angles are shown as a percentage of the gait cycle under three con-
ditions: 1) raw, i.e. in the absence of post-processing methods to correct reference frame
orientation differences (left), 2) after implementation of REFRAMEIMU−>OMC (middle),
and 3) after implementation of REFRAMERMS (right).
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Femur Tibia

IMUs on harness IMUs on skin IMUs on harness IMUs on skin
Rx 0.0 ± 0.0 0.0 ± 0.0 -2.7 ± 0.1 -4.1 ± 0.1
Ry -0.7 ± 0.3 -2.8 ± 0.7 -1.7 ± 0.3 -3.0 ± 0.8
Rz 3.6 ± 0.3 -3.0 ± 0.6 -2.5 ± 0.1 -1.0 ± 0.3

Table S118: Mean ± standard deviation (in degrees) of the rotational transformations
(Rx: Rotation around X, Ry: Rotation around Y, Rz: Rotation around Z) applied to the
femoral and tibial segment frames as part of REFRAMEIMU−>OMC , calculated across all
cycles of knee 40.

Femur Tibia

OMC on harness IMUs on harness IMUs on skin OMC on harness IMUs on harness IMUs on skin
Rx 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 3.0 ± 0.8 1.3 ± 0.7 2.1 ± 0.9
Ry -0.1 ± 1.1 -1.2 ± 1.3 -4.9 ± 2.2 -0.3 ± 1.0 -2.5 ± 1.3 -5.3 ± 2.3
Rz 3.0 ± 0.5 6.6 ± 0.7 1.0 ± 1.4 6.0 ± 0.6 3.6 ± 0.6 5.7 ± 0.7

Table S119: Mean ± standard deviation (in degrees) of the rotational transformations
(Rx: Rotation around X, Ry: Rotation around Y, Rz: Rotation around Z) applied to the
femoral and tibial segment frames as part of REFRAMERMS, calculated across all cycles
of knee 40.

Raw REFRAMEIMU−>OMC REFRAMERMS

IMUs on harness IMUs on skin IMUs on harness IMUs on skin IMUs on harness IMUs on skin

flexion/extension 2.8 ± 0.1 4.4 ± 0.1 1.0 ± 0.1 1.2 ± 0.1 1.5 ± 0.3 3.3 ± 0.4
abduction/adduction 1.2 ± 0.0 2.6 ± 0.1 0.7 ± 0.1 1.6 ± 0.0 0.7 ± 0.1 1.9 ± 0.1

external/internal rotation 5.5 ± 0.3 3.9 ± 0.2 0.8 ± 0.1 2.7 ± 0.4 0.8 ± 0.1 2.6 ± 0.3

Table S120: Mean ± standard deviation (in degrees) root-mean-square errors between
tibio-femoral joint rotations estimated by the IMU-based systems and the optical reference
on harness, calculated across all trials of knee 40.
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3 Statistical Analysis

Raw vs. REFRAMEIMU−>OMC Raw vs. REFRAMERMS

flexion/extension 1.3 ∗ 10−7 2.9 ∗ 10−6

abduction/adduction 9.0 ∗ 10−9 1.0 ∗ 10−9

external/internal rotation 1.5 ∗ 10−12 1.4 ∗ 10−12

Table S121: p-values associated with a two-tailed paired t-test performed on the mean
RMSEs between tibiofemoral joint rotations estimated by the IMUs on harness and the
OMC on harness.

Raw vs. REFRAMEIMU−>OMC Raw vs. REFRAMERMS

flexion/extension 1.2 ∗ 10−7 4.4 ∗ 10−5

abduction/adduction 1.7 ∗ 10−9 7.6 ∗ 10−9

external/internal rotation 6.7 ∗ 10−8 2.0 ∗ 10−8

Table S122: p-values associated with a two-tailed paired t-test performed on the mean
RMSEs between tibiofemoral joint rotations estimated by the IMUs on skin and the OMC
on harness.
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