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Introduction

• Image Texture and methods
• Open source software

– ImageJ
– The UMB texture toolkit
– Frost damage classification of brick walls



N
O

R
W

EG
IAN

 U
N

IVER
SITY O

F LIFE SCIEN
CES

3

12/07/10
©Knut Kvaal, UMB 3



N
O

R
W

EG
IAN

 U
N

IVER
SITY O

F LIFE SCIEN
CES

4

12/07/10
©Knut Kvaal, UMB 4



N
O

R
W

EG
IAN

 U
N

IVER
SITY O

F LIFE SCIEN
CES

5

Texture - A matter of scale..

Yann Arthus-BertrandYann Arthus-Bertrand
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Texture - A matter of scale..
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Texture - A matter of scale and illumination

©Knut Kvaal
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Texture - A matter of scale and illumination

©Knut Kvaal

Takes advantage of low 
illumination angle to enhance 
surface morphology (shadows)
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Image Texture and Methods

• Texture may be described as a pattern that is 
spatially repeated, either deterministically or 
stochastically.

• In the present context, texture is classified in 
a continuum – from completely isotropic 
(displaying no preferred orientation) to 
strongly anisotropic (images with strong 
structure).

• A facade stone (e.g. granite) could serve as 
an isotropic illustration while a texture 
comprised of brick layers (e.g. sandstone, 
schist) is strongly anisotropic.
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8

Selected images 
of four samples 
with different 
degree of 
”Sensory 
porosity”
(Ref: Dalman 
porosity table)
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”Feature detector”

• A mathematical method to describe 
properties hidden in images of the 
objects in scope
– A number, a vector

• Examples:
– Sensory porosity
– A baking process
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Angle Measure Technique

• The angle measure technique, AMT, is a powerful tool for analysis of 
one- and two-dimensional isotropic signals. Developed in 1994 by 
Robert Andrle for description of complex geomorphic lines, it was 
later introduced into chemometrics as a general approach for textural 
analysis of generic ‘measurement series.

• The most important AMT information is the mean angle spectrum 
(MA) (or median angle) that reflects signal complexity on all possible 
scales simultaneously

12/07/10
©Knut Kvaal, UMB 10
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Jacob Laugesen, IMAT

AMT – Angle Measure Technique – “Crash intro”
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Vectorise an image cont.

Jacob Laugesen, IMAT



N
O

R
W

EG
IAN

 U
N

IVER
SITY O

F LIFE SCIEN
CES

13

Vectorise an image cont

Jacob Laugesen, IMAT
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Vectorise an image cont

Jacob Laugesen, IMAT

The 2D image is unfolded to 
a 1D representation (vector)
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Vectorise an image cont

Jacob Laugesen, IMAT

The 2D image is unfolded to 
a 1D representation (vector)

This representation is now
a 1-dimensional SIGNAL 
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Angle Measure Technique (AMT)
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Angle Measure Technique (AMT)

ΔYi
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15

Sinus - 60 Hz
AMT

AMT spectrum of the sinus 
function
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12/07/10
16

AMT spectrum from a noisy sinus 
function

Sinus - 60 Hz + noise
AMTNoisy part
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AMT spektra for different textures

1 2

34

Scale (s)

M
ea

n 
an

gl
e



N
O

R
W

EG
IAN

 U
N

IVER
SITY O

F LIFE SCIEN
CES

18

AMT applied on the BRODATZ texture database
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AMT applied on the BRODATZ texture database



N
O

R
W

EG
IAN

 U
N

IVER
SITY O

F LIFE SCIEN
CES

19



N
O

R
W

EG
IAN

 U
N

IVER
SITY O

F LIFE SCIEN
CES

19



N
O

R
W

EG
IAN

 U
N

IVER
SITY O

F LIFE SCIEN
CES

19

MA (Mean Angle)
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MA (Mean Angle)

MDY
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Texture image PCA
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Texture image PCA
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Texture image PCA

Closed vs open
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Texture image PCA

Closed vs open
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Texture image PCA

Coarse vs Fine

Closed vs open
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Baguette database
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PCA based on AMT spectra
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PCA based on AMT spectra
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PCA based on AMT spectra

HAND 
MADE (1)
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PCA based on AMT spectra

HAND 
MADE (1)

MACHINE
 MADE (2)
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PC 1

PC 2

PCA based on AMT spectra
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PC 1

PC 2

PCA based on AMT spectra
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PC 1

PC 2

PCA based on AMT spectra
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HAND 
MADE

PC 1

PC 2

PCA based on AMT spectra
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HAND 
MADE

MACHINE
 MADE

PC 1

PC 2

PCA based on AMT spectra



N
O

R
W

EG
IAN

 U
N

IVER
SITY O

F LIFE SCIEN
CES

25

1

2

3

4

5

6

7

8

1 2 3 4 5 6 7
Målt

Prediktert

2

2

1 1

2

1

2
2

2 2

2
2

1

1

1

1

1

1

2

2

2
2

1

2

1

1

1
1

2

1

2

2
2

1

1

2

1

22

2

2

1

2

1

1

1

1 1

1

2

2

2 2

1

2

1
1

1
1

2

1

2
2

2

1

2

1

2
2

2

2

2

1

2

1

1

1

1

1

2
2

2

2

1

2

1

1

1
1

2

1

2

Prediksjon av sensorisk porøsitet (bakemetode)
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The Open Source project

• ImageJ is selected as a good 
candidate for the software toolkit

• ImageJ plugins
– AMT (Angle Measure Technique)
– GLCM (Gray Level Coocurence Matrix)
– SVD (Singular Value Decomposition)
– MIA (Multivariate Image Analysis in 

progress)

12/07/10
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Development environement

• ImageJ source
• Netbeans IDE
• Plugins are written by using IJ class 

frame and standard Java

12/07/10
©Knut Kvaal, UMB 29
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Plugin: Invert image
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Progress

• The plugins have been established and 
published globally
– http://arken.umb.no/~kkvaal/

eamtexplorer/imagej_plugins.html

• The plugin system is a part of the 
software toolkit for the research 
project A/CZ0046/2/

• Next: Matlab replacements

12/07/10
©Knut Kvaal, UMB 36
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A tentative toolbox for 
classification of frost 

damages on brick walls 

12/07/10
©Knut Kvaal, UMB 37
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Summary

• We describe two plugins (AMT and 
GLCM) for texture analysis in ImageJ. 

• We demonstrate one case:

1.A tool to monitor the frost damage of 
brick walls

12/07/10
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Materials and methods

• Images of bricks from a selected 
building

• The brick samples are from an 
apartment building in Oslo. 

12/07/10
©Knut Kvaal, UMB 40
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Algorithms

• AMT (Angle Measure Technique) was used as a 
preprocessing algorithm to model the degree of 
frost damage from complex textured images of 
brick walls. AMT transforms an image from 2-D 
domain into a 1-D texture complexity domain, 
suitable for further multivariate data analysis 
[Kvaal et al. 2008, Andrle 1994].

• AMT as a texture characterizing method produces 
feature vectors (AMT-spectra) that contain 
information of the hidden features in images.

12/07/10
©Knut Kvaal, UMB 41
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a: Shows the spiral unfolding of an image. 
b: The principle for angle measurement in 
the AMT algorithm. C: The AMT plugin 
GUI.

a

b

c
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Brick Wall

• Each brick in wall wall was extracted 
as a separate image and added to a 
ImageJ stack. The AMT and GLCM 
plugins were applied on the stack. 

• The resulting spectra were exported to 
Matlab and processed further using 
multivariate statistics in the  PLS 
toolbox. 

12/07/10
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Stavangergata 3

12/07/10
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Brick Samples as separate 
objects

12/07/10
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Bricks selection and AMT PCA 
scores

12/07/10
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Classification of damage

12/07/10
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Quick monitoring of damage

• Damaged bricks are located in the first 
quadrant. Bricks with a homogenous surface 
are located to the left, whereas bricks with a 
rough surface are located to the right. 

• Plots like this are of great value as a tool to 
monitor single bricks and see how they 
compare to each other. 

• Texture analysis combined with multivariate 
statistics (PCA MAP), is a possible method to 
classify frost damage. The method should be 
automated in a more elaborate study and 
research.

12/07/10
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