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Abstract: In this study, an automatic surface-strain measurement system called “ASIAS-bio” has been
developed. This system can be used even in cases in which it is very difficult to apply a regular grid pattern
necessary for measuring surface-strain, such as curved or uneven surfaces; surfaces damaged by corrosion or
contamination; or soft materials such as rubber, foam, and biological tissues. This system works independently
of the measurement conditions including the material and its surface condition, grid pattern and size, grid
marking method, and degree of deformation. A comparison between the strain distributions of the sheet metal
parts measured by using this system and those obtained by a commercial system showed that this system was
sufficiently reliable. In addition, the deformation of the swine joint capsule and human knee skin was
measured by using this system to demonstrate its usefulness.
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(a) Human skin (c) Latex foam
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Fig. 3 Procedure of the image processing and mesh
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(a) Left image (b) Right image

Fig. 4 Image correspondence from two views
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Post-Processing

» Geometry Assembling
» Display Strain Contour

3-Dim Measurement

> Camera Calibration
> Calculate 3D Coordinates
» Map into 2D Geometry

Image Processing » Compute Surface Strain

> Find Centroid of Grid Point
» Generate Meshes
> Eatablish Correspondence

Image Acquisition

»Mark Grid Point
» Capture Tow Images before Deformation
» Deform Specimen

» Capture Tow Images after Deformation

Fig. 7 Surface strain measuring procedure
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Table 1 Comparison of major strains measured by
ASIAS-bio with those measured by ARGUS

Location Major Strain (True) Relative
ARGUS ASIAS-bio Error (%)
Point 1 0.525 0.537 23
Point 2 0.605 0.637 53
Point 3 0.595 0.617 3.7
Point 4 0.575 0.587 2.1
Average 33
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Fig. 8 Major strain of a stretch-formed Mg alloy
sheet measured by ARGUS and ASIAS-bio
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(a) ARGUS (b) ASIAS-bio

Fig. 9 Major strain of a deep-drawn steel part
measured by ARGUS and ASIAS-bio
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Table 2 Information of the swine carrion

Age 12 months
Sex female
Weight 94 kgf
Diagnosis none

(a) Shoulder joint anatomy (b) Grid marking

Fig. 10 Photographs of a swine test specimen and
grid marking
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Fig. 13 Deformation of skin due to knee bending

0.40
0.35
0.30
0.25
0.20
0.15
0.10
0.05 (a) 0° (b) 45° (c) 90° (d) 135°
0.00 00 01 02 03 04 05 06 07 08

Fig. 12 Major strain distribution on the swine joint

capsule measured by ASIAS-bio Fig. 14 Distribution of major strain on knee skin
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