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A 3D Foot Scanning System with a Sensor Head Guided around

the Foot*

Hideto Fuurtaf, Shinpei FukumoTof, Hiroaki YosHIDAT, Yumi WAKAsuGI and

Hiroshi Kanof

A 3D foot scanning system with a sensor head guided around the foot and a mirror settled below
the bottom of foot has been developed. This system measures all of the foot parts below the ankle
in 13 seconds. A 3-dimensional path for the sensor head is achieved by using a stereo camera above
the sensor head in an off-line process. The shape of the foot obtained from the sensor head and
the 3D path of the sensor head are merged, and the entire shape of the foot is re-constructed in an
on-line process. These processes make it possible to freely design the path of the sensor head and
the optimized path for the foot shape. The accuracy of the foot scanning system is +1.0 mm for the
foot length and £+1.5 mm for the foot perimeter.
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Fig. 1 External view of the foot scanning system
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Fig. 2 System construction
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Table 1 Specification of PC
CPU Celeron*633[MHz]
Main Memory | 128MB
0OS Windows98SE, 2000**

*Celeron 1%, K[E Intel 115 kg1
*Windows98SE, Windows2000 (&, K[E Microsoft
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3D sensor head centered 3D coordinate systems
(moving coordinate systems)

Fig. 5 Sensor head oriented coordination and world co-
ordination
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| Get step number n |

3D measurement of the sensor head R, ¢
by the steeo method
v

Flow of the calibration

Set R, 1, to the table

No

ndofalap 2> (only for manufacturing process)
~
™ Stereo camera is not required

>
>

from this step
y

Get step number n

lGet the sensor head R, from the tablel

I:jD measurement of the object shape Mc{

| Transform to the world coordinate Mwl

Flow of the measurement

Fig. 6 Modeling flow chart
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Fig. 7 Foot sole modeling using a mirror
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110mm
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(a) Jig (b) Jig on the scanner
Fig. 8 Jig for glass refraction compensation
* Compensated results from
— o the data through the glass
O sest o8 g J
8, . ;;M’
= 360 K i
2 &l | Slit light image |
&= without glass J /
g5 / 9/, 4
e ;
O 345 / B
g \\f
o / — ‘
a5 Slit light image i
Through the glass
330 _
2 0 5;] 1 0‘0 1 5‘0 20‘0 250
CCD coordinate u[pixel]
Fig. 9 Compensation of glass refraction
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Fig. 10 Mirror plane coordinate system
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3D sensor head

Fig. 12 Sensor head orbit and resulting data
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from oval orbit from side

Fig. 13 Comparison with conventional method
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Table 2 Accuracy for plane

Short
Side

Long

. Bottom
Side

Top

Standard
Deviation

0.174| 0.410 | 0.392 | 0.444
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Table 3 Accuracy for cubic object

220mm | 250mm | 280mm
Box Box Box
Measured Value[mm]| | 219.4 | 249.7 | 280.4
Error[mm] -0.6 -0.3 0.4
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R THRZBEL, DRW LIKEICHREL TV,
e L 2 2 AERORE L BRI, TR ORES
> CEHII L 72

Table 4 Accuracy for foot

Standard | Average| Standard | Error
Value Value Deviation
Foot 218.2mm | 217.93 | 0.75 -0.27
Small
Length
Foot 220.8mm | 221.31 | 0.41 0.51
Width
. Foot 253.0mm | 253.06 | 0.34 0.06
Mid
Length
Foot 247.2mm | 247.76 | 0.54 0.56
Width
L Foot 281.7mm | 282.06 | 0.31 0.36
arge
E Length
Foot 272.5mm | 273.72 | 0.36 1.22
Width
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