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Report Structure

•	 PDF reports (output as folders “_a” and “_b” representing 2 different computation methods)

	 Page 1	 Presents data on the stroke recording the top speed

	 Page 2	 Presents synthetic data on the stroke recording the top speed and the 4 strokes immediately prior

	 Page 3 onward	 Presents data for each stroke in order, starting with the 1st stroke

•	 speed_characteristic.csv

	 Output of the relationships between various characteristics and speed

•	 result.csv

	 Output of all internal computation results, including data used in creation of PDF reports

	 Use this data if you wish to perform your own original analysis.

	report_a

	report_b

	ID_0001_20210914_first_try_1round_A190063901.dat

	ID_0001_20210914_first_try_1round_A190063901.hdr

	ID_0001_20210914_first_try_1round_A190063901.json

	ID_0001_20210914_first_try_1round_A190063902.dat

	ID_0001_20210914_first_try_1round_A190063902.hdr

	ID_0001_20210914_first_try_1round_A190063902.json

	ability

	ID_0001_20210914_first_try_1round_b.pdf

	ID_0001_20210914_first_try_1round_b_result.csv

	ID_0001_20210914_first_try_1round_b_result.pickle

	ID_0001_20210914_first_try_1round _b_t-N_plots_202308071140.csv

	ID_0001_20210914_first_try_1round _b_vs_speed_characterstic_202308071140.csv

	2021-09-14

	2021-10-06

	2021-10-15

	2021-10-20

	2021-11-05

	2021-12-09

	2021-12-20

	2022-02-23

	first_try_1round

	full_power_1round

	full_power_1round_2

	full_power_1round_3

	second_try_1round

Date Test condition “a” and “b” computation results folders 
and source data for recomputations

Analysis results Ability index computation results

PDF report characteristic.csv

result.csv
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Understanding PDF Reports (Overall Layout) (1/2)

*Explanation of units
N: Newtons (10 N = approx. 1 kg)
deg: Degrees (right angle = 90 deg)
Nm: �Newton-meters (1 Nm is the torque resulting, 

for example, from the application of 1 N of 
force to the tip of a 1-meter-long wrench)

Relationship between tangential force 
magnitude and point (angle)* of force application
*Guide to force application points
• Top: 0 deg
• Horizontal in direction of travel: 90 deg
• Bottom: 180 deg

Date of measurement

ID number (or name)

Measurement condition (free-text entry)

Force vectors (3 directions)
• Tangential force (red)
• Radial force (blue)
• Axial force (green)

• Force vector time-series data
• Norm (force magnitude) time-series data

1 page for each stroke

Contact time

Speed at the start and end of the stroke

Torque about the axle (directly influences 
acceleration and deceleration)

Number of the cycle (stroke) since the start of 
the measurement

Distance traveled since the start of the 
measurement

Contact ratio as a proportion of cycle time 
(1 cycle)

Maximum and minimum torque (a negative 
value indicates braking)

Relationship between torque magnitude and 
point (angle)* of force application

Torque applied to rotate the wheel about the 
point of glove contact (included in torque about 
the axle)
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Speed at the start and end of the stroke

Torque about the axle (directly influences 
acceleration and deceleration)

Relationship between torque magnitude and 
point (angle)* of force application

Torque applied to rotate the wheel about the 
point of glove contact (included in torque about 
the axle)

Understanding PDF Reports (2/2)

Relationship between tangential force 
magnitude and point (angle)* of force application
*Guide to force application points
• Top: 0 deg
• Horizontal in direction of travel: 90 deg
• Bottom: 180 deg

1 page for each stroke

F F tangentialtangential

T T copzcopz

T T axleaxle

Glove contact area

Hand ring

Center point of glove contact
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Understanding Page 2 of PDF Reports 

*�To facilitate evaluation, page 2 provides a combined 
report on 5 cycles—the cycle achieving the top 
speed and the 4 immediately preceding cycles.

• �The solid lines are average waveforms 
representing time-series data of force vectors 
in 3 directions over 5 cycles.

• �The bands of light shading represent the 
variation over 5 cycles.

The relationship between tangential force 
magnitude and the point (angle) of force 
application is plotted for all 5 cycles.

Force vectors are not shown as a drawing of 
force vectors for all 5 cycles would be complex.

The relationship between torque and the point 
(angle) of force application is plotted for all 5 
cycles. 
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Understanding CSV Files (*_vs_speed_characteristic.csv)

Column name Meanings

cycle No Number of the cycle (stroke) since the start of the measurement

speed(max)_R[km/h] Maximum speed on the right-hand side

contact_angle_R[deg] Contact angle on the right-hand side

contact_ratio_R[%] Contact ratio on the right-hand side (contact time relative to the time of 1 cycle)

force_vector_norm(average)_R[N] Average magnitude of the force applied on the right-hand side (average during contact)

tangential_force(average)_R[N]
Average tangential force applied to the hand ring on the right-hand side* (average 
during contact)

push/press(average)_R[N]
Average proportion of tangential force applied to the hand ring relative to the press force 
(radial and axial directions) on the right-hand side* (average during contact)

torque(average)_R[Nm] Average torque applied on the right-hand side (average during contact)

power(average)_R[W]
Average power applied to the wheel on the right-hand side
(Note: This is the average for one entire cycle and includes sections of no contact)

speed(max)_L[km/h]

contact_angle_L[deg]

contact_ratio_L[%]

force_vector_norm(average)_L[N]

tangential_force(average)_L[N]

push/press(average)_L[N]

torque(average)_L[Nm]

power(average)_L[W]

‹Note›
“Push” = tangential force
Press=√(radial force^2+ axial force^2)
(press force applied to the hand ring)
“Push/press”:
This is the proportion of tangential force (force 
in the direction of acceleration) relative to the 
press force (force to prevent slipping). The value 
is approximately 0.0–1.0. A value closer to 0 
represents a smaller acceleration force and a larger 
press force to prevent slipping. A value closer to 
1.0 indicates good balance, but a propulsion style 
achieving close to 1.0 when the hand ring is wet due 
to sweat or rain may result in slipping.

Same descriptions as above, but for the left-hand side
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Procedure for Selecting Between “_a” and “_b” Computation Methods

Open files “***_a.pdf” and “***_b.pdf” and compare the force vectors and graphs on pages 1 and 2. Determine 
which file (“a” or “b”) shows waveforms closest to the ones envisaged.

• If both “_a” and “_b” waveforms are good, select “b” results.
• If the “b” waveform is distorted, select “a” results.

Do not examine the differences between “a” and “b” as the computation methods differ. To compare athlete form or 
make other comparisons, compare “a” results with “a” results, or “b” results with “b” results.

Caution:	 *Keep in mind that “_b” computation results tend to be better, particularly at low speeds.
	 *Please understand there are accuracy limitations in computing the point of force application as related research is still in progress.

Torque about the 
glove contact point is 
abnormally high

Angle of contact is not 
realistic

Torque about the contact 
point is valid—select “b”

Angle of contact range is 
valid—select “b”

Example

Example

“_a” waveform

“_a” waveform

“_b” waveform

“_b” waveform

Compare

Compare
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Analysis Examples

(1) Analysis Using PDF Reports
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Example: Confirming the Benefits of Training

Reference Date After Training

Top Direction of travel Bottom

Center of contact

Left side trough up approx. 20 N (2 kg)! 

Right side 2nd peak up approx. 20 N (2 kg)!

An improvement was observed in 
propulsion force waveforms.
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Example: Gain a Full Picture of Propulsion Force During Acceleration

2m，9㎞/h

4m，12㎞/h

5m，15㎞/h

7m，16㎞/h

9m，18㎞/h

12m，19㎞/h

19m，23㎞/h

29m，25㎞/h

38m，27㎞/h

45m，28㎞/h

55m，29㎞/h

63m，30㎞/h

71m，30㎞/h

79m，31㎞/h

95m，31㎞/h

100m，31㎞/h

108m，32㎞/h

116m，32㎞/h

121m，32㎞/h

Divergence of left and 
right sides was seen 
to increase as speed 

increased
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Example: Compare High-Cadence and Long-Stroke Propulsion

A braking component can be seen on the left side immediately after contact. This is likely because of 
the relatively busy style of high-cadence propulsion. One suggested reason for a braking component 
immediately after contact is hand speed not keeping pace with wheel rotation speed.

During high-cadence propulsion, a braking component was observed immediately after contact on the left side.
Otherwise, high reproducibility was achieved with both propulsion styles, indicating an ability to maintain consistent propulsion force.

High cadence
Contact ratio: 36%

Long stroke
Contact ratio: 28%
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Long stroke
Contact ratio: 28%

Force rises steadily to peak with no unevenness of force due to the up-down momentum of the upper body.
Conversely, there is a possibility that focusing on the up-down motion led to insufficient forward acceleration of the glove immediately before contact.

Example: Compare Performance With and Without Rocking Body Motion

Long-stroke propulsion 
with rocking

Contact ratio: 28%

Force is uneven The braking component is slightly more 
pronounced. Glove forward acceleration 
might be slightly insufficient due to 
preoccupation with up-down rocking of the 
upper body.

The peak is quickly reached as there is no 
unevenness of force, perhaps because of the 
momentum from rocking the upper body. 
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Torque is not as high in the narrow wheelchair when pushing through to 200 deg, perhaps because the sides of the athlete’s torso collide with the fenders.

Example: Compare Performance with Different Racing Wheelchairs

Good-fit wheelchair
Contact ratio: 28%

Close to 10 Nm torque is 
generated on the left side 
even at 200 deg

Torque generated at 200 deg 
is around 5 Nm

Narrow wheelchair
Contact ratio: 28%
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Analysis Examples

(2) Analysis Using CSV Files
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Example: Identify Athlete Types

Athlete 
A

Athlete 
B

Contact angle (deg) Contact ratio (%)

This athlete speeds up by 
increasing pitch without 
altering their form (high-
cadence propulsion 
style)

This athlete speeds up 
by increasing the contact 
angle (long-stroke 
propulsion style)

Consistent at any speed

Increases with speed

A similar ratio 
is maintained

The ratio 
falls quickly
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Example: Examine Force, Power, and Push/Press
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No divergence of force magnitude between left and right sides 
even as speed increases

But…power, which is directly linked to acceleration characteristics, 
falls on the left side.

One likely reason for this is that the balance between force 
directions (push/press) has worsened with speed.
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Notes
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Computation of Point of Force Application (Two Methods)

*Point of force application (COP) is a physical quantity used for ease of visualization. On uneven surfaces, it can be 

computed  using conditions for approximation.

• COP is assumed to be on the 
   plane passing through the 
   center of the hand ring
• Determine COP using the 
   force equilibrium of the 
   6-axis force sensor

Calculate using a Cartesian 
coordinate system:

Convert to a polar coordinate 
system:

＝
－x

＝ ＋ℓℓ x2 y2

h Fx

Fz

My

＝
－y h Fy

Fz

Mx

＝θ

θ

tan-1 y
x

Computation method “a”: Assumes the COP is along the center of the hand ring pipe 

*This method will produce valid results for some athletes.

Computation method “b”: Assumes the COP is on the plane passing 
through the hand ring 

*This method will produce valid results for most athletes.

sM

scop(sθcop)

sθcop

6-axis force sensor 
focal point
6-axis force sensor 
focal point

Propulsion force moment vector in the sensor 
coordinate system

sF Propulsion force vector in the sensor coordinate system

Determine the COP angle, it being the angle at which the difference 
between the cross product of the COP position vector and the force vector, 
and the moment vector is smallest

COP angular position in the sensor coordinate system

COP is assumed to be on this circle

scop(sθcop)min
sθcop

× －

COP position vector in the sensor coordinate system 
(function expressed as an angle)

( )sF sM


