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Abstract 

In order to harness the full potential of X-ray diffraction methods, such as the high precision KOSSEL and X-ray 
Rotation Tilt (XRT) technique, a fast and automatic detection and evaluation process for digital recordings or 
digitized film is required. The presented method facilitates, through the implementation of largely automated 
processes, rapid access to a diverse evaluable database of many X-ray diffraction images. The method used for 
the detection of conic shaped diffraction reflection lines is composed of two parts: the rough detection of the 
desired image objects followed by the subsequent sub-pixel modeling of reflection lines. On the one hand the 
resulting database can as a whole be used for the quantitative analysis of material science-based basic 
phenomena with the aim of associating reflection abnormalities to crystallographic defects. On the other hand, 
due to the registration of the reflection fine structure, the individual data set is especially suitable for the direct 
calculation and output of precision residual stress tensors. For this application it is necessary to know the 
complete recording geometry. In this contribution we examine the focal curves for this purpose. These can also 
be used to evaluate electron backscatter diffraction pattern. 
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1. Introduction 

Over the past several years the quality of digital X-ray recordings has improved enormously. Currently, further 
research is being undertaken in this direction as well as inevitably in the field of automated procedures and 
programs to interpret the available digital image information. In our group such procedures are of great interest 
for the analysis of diffraction patterns generated during the investigation of material’s crystallographic structure, 
especially for the KOSSEL and the X-ray Rotation Tilt technique (XRT) (Bauch, 2002). For these techniques it is 
necessary to very accurately detect and evaluate the diffraction information, which comes in the form of conic 
sections. Up to now, a suitable process derived from a combination of different techniques has been developed 
and used (Bauch et al., 2011). It consists of two main parts: the detection of the generated objects followed by a 
sub-pixel modeling of the reflection lines. Firstly a three-dimensional HOUGH transform is used from which 
many initial imprecise object parameters are determined. On the basis of this approximate description a second 
subsequent step is undertaken in which the real and exact object parameters are calculated and fit into a 
geometric model. With these results, other image and lattice parameters respectively can be determined. The data 
obtained with this method from a single recording are well suited for the calculation of the precision strain tensor 
that can be transferred using the elastic constants in the residual stress tensor. This method is particularly well 
suited to the high accuracy of the KOSSEL technique. In addition, due to this new quantitative evaluation there is 
the potential to make systematic analysis of material science based basic phenomena, such as smeared or double 
reflection maxima and local maxima along a reflection, and to assign it to crystallographic effects. 

2. Method 

For the described application based exemplary on the two mentioned micro-diffraction methods: the KOSSEL- 
and XRT-technique, a multifunction KOSSEL–EBSD–SEM system and a self-development of the X-ray Rotation 
Tilt system (XRT) was used. For the mapping of KOSSEL lines a focused electron beam or collimated X-ray 
beam (diameter < 5 μm or < 100 µm) generate within the interaction volume from a single grain of the sample, 
characteristic or fluorescence X-rays. Parts of the characteristic radiation and the total bremsstrahlung leave the 
crystal un-diffracted. This leads to undesirable film blackening. Only a small part of the characteristic X-rays are 
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Figure 4. a

 

From the 
crystallogr
technique 
stresses of
common p
important 
This togeth
recording. 
center and
different d
recording 
necessary 
wire grid 
assembly (
by elemen
(exterior o
two-level t
the spatial
to their im
pattern itse
many circu
with a sing
to the com
the project
In this ana
another w
exists a fam
focal-hype
the foci of
intersect a
Consequen

et.org/ijc 

a) Profile along
(tone c

data other 
raphic orientat
is suitable for 

f the 3rd kind. 
point, to deter
point in the re
her with the d
In a recordin

d already marke
dimensions and
distances large
complete orien
at two differe
(wire grid) to 
ntary mathema
orientation). A
target and the 
 resection (Bo

mage point. Ho
elf. There are 
ular diffraction
gle plane (imag

mmon apex all m
tion center (the
alysis, the dista
ay without the
mily of cones 
erbola and vice
f one are the v
at one point: t
ntly, all the ape

g the diffractio
orrected HSV 

important pa
tion, lattice par
r these comput
In a first step 
rmine the stra
ecord data, wh
istance of the 

ng made using
ed on the detec
d is always fitt
er variations o
ntation of this
ent depth leve
the detector p

atics (intercept
As a result of o

exact installati
onitz, 2009). T
owever, it ma
several ways f
n cones with d
ge plane). Sinc
major axis reg
e apex; restric
ance from the 
e use of any s
with their ape

e versa: for a h
vertexes of the
the apex from
ertures are kno

International

on line (202) o
color space) (

arameters can
rameters and th
tations, due to 
particular dist

ain tensor from
hich is suitable
detector to the

g the XRT tec
ctor. But usual
ted different in
ccur in the det
 perspective. A

els was built i
plane the interi
t theorem), as
our work we h
ion cannot be 

This can be rea
akes more sen
for this new ap
different axial d
ce there are no

gardless of the 
ted sample are
image plane t

scaling factor 
x on a special 

hyperbola a foc
e other (Figure

m the all KOSS

own as well as

l Journal of Che

50 

of CuMn4 with
above); b) Sin

n be derived
he strain (stres
its very high p

tances must be
m the geometr
e for this, is the
e sample (foca
hnique the pr
lly these param
n the sample c
tector plane. T
At first an add
into the beam 
ior orientation 
s well as the r
have determin
guaranteed. So

alized by an ad
se to determin
pproach: The i
directions and
o special cases
conic type inte

ea) to the detec
to the sample 
only from the
curve: the foc

cal-ellipse. The
e 5). In additio
SEL-cones, the
the diffraction

emistry

h visible intens
ngle transverse 

: the high p
ss) tensor. The
precision. This
e measured be
ry of the reco
e principal poi

al distance) for
incipal point i

meters are not k
hamber of the

There are sever
ditional constru

path (Figure 
can be calcul

relative positio
ned the necess
o that a more c
djustment of th
ne the overall 
individual refle

d different aper
s, these section
ersect at one p
ctor plane: the
is still require

e reflection lin
cal curve (Albr
ey lie in perpe
on, all focal cu
e investigated 
n angles (BRAG

sity variation g
profile (below

precision dete
e data generate
s permits the a
tween the refl
ording (Bauch
int (gnomonic 
rms the interio
is always iden
known becaus

e KOSSEL syste
ral different wa
uction formed 

3). By using 
ated from the 
on of the ima

sary required a
complex calcu
he fit of the sp

orientation fr
ection lines ar
rtures but com
ns are hyperbol
point. This is th
e definition of t
ed. This can be
nes. For every 
recht, 1994). F
ndicular plane
urves from the
point of the s

GG’s law). 

Vol. 5, No. 2; 

globally and lo
w) 

ermination of
d from the KO

analysis of res
ection lines or

h et al., 2004)
projection cen

or orientation o
ntical to the im
e every sampl

em too. With l
ays to calculat
from a rectang
a defined par
shadow proje

aging sample p
accuracy of su
lation is neces
atial control p
rom the diffra
re all created e

mmon apex inte
las or ellipses.
he perpendicul
the principal p
e determined u
single conic 

For an ellipse i
es to each other
e diffraction im
sample (Figur

2013 

cally 

f the 
OSSEL 
idual 
r to a 
). An 
nter). 
of the 
mage 
e has 
arger 
te the 
gular 
rallel 
ction 
point 
uch a 
ssary: 
points 
action 
qual: 

ersect 
. Due 
lar of 
point. 
using 
there 
it is a 
r and 
mage 
re 6). 



www.ccsen

 

Figure 5.
an examp

 

Figure 6
respectiv

the proj

 

et.org/ijc 

 Ellipse and hy
le of two right

6. Three examp
ve focal curves
jection center, 

yperbola in pe
t circular cones

mples of differen
s (same color, l

which is the a
b

International

rpendicular pl
s with their ap

nt diffraction r
lighter). The m
apex of all diffr
below the leve

l Journal of Che

51 

anes where ea
ex on the plott

reflections in t
major axes inter
fraction cones–
el the generatin

emistry

ch form the fo
ted hyperbola.

the detector pla
rsect at the pri

–the sample (on
ng cones) 

 

ocal curve of th
 These create t

 

ane (gray–with
incipal point an
n both sides of

Vol. 5, No. 2; 

he other. Show
the original ell

h holes) with th
nd focal curve
f detector plan

2013 

wn is 
lipse 

he 
s in 

ne, 



www.ccsen

 

This analy
existing 

2 2ax by 
then amon
(intersectio
curves of 
focal curve
no longer 
that all dif

Figure 7. 
shows t
image p

The fact t
faster (orie
crystallize
sample wo

et.org/ijc 

ysis shows tha
approach a
2 2cxy dx  

ng others the p
on) computatio
the above-men
es however off
to be limited 

ffraction cones

With use of fo
the real diffrac
plane Σ with th

that all these p
entation, preci
s in the orthor

ould be simply

at the record a
a few step
2 0ey f    a

principal axis 
onally, the prin
ntioned metho

ffers a complete
to individual c
 have the same

ocal curves, the
ction cones of 
he principal po

Fi

procedures are
ision lattice p
rhombic system

y because of th

International

alone gives th
ps are ne
are known aft
transformation

ncipal point ca
od, the results 
ely new possib
curves. It can 
e apex. As an e

e complete ori
the four reflec

oint H, see Figu
gure 6, the foc

e computation
arameters etc.
m (Figure 8). A
e unknown wa

l Journal of Che

52 

he full imaging
ecessary. If 
ter the detecti
n can be follo
an be obtained
must be avera

bility to increa
be applied glo

example see F

ientation can b
ction lines with
ure 3: Synchro
cal curves are n

 

nally realizable
.) such as in t
An extensive 
avelength very

emistry

g geometry. In
the conic

on process de
owed. By imp
d. Even at the h
aged over a re

ase the accurac
obally to the r
igure 7. 

be derived from
h indices (0-22
otron KOSSEL i
not marked 

e, recordings c
the XRT-recor
analysis from 

y difficult. 

n fact for the 
c equations 
escribed by Ba
lementing oth
highest precisi
emaining unce
cy. The adjustm
recording geom

 

m the recording
2), (022), (20-2
images of CuM

can be evalua
rding of a CaC
a LAUE expos

Vol. 5, No. 2; 

calculation o
in the 

auch et al. (2
her geometric 
ion in detectin
ertainty. The u
ment calculus n
metry with the

g itself. The fig
2), (202) and th
Mn4. Contrary 

ated automated
Cu2O3-sample,
sure from the s

2013 

of the 
form 
011), 
tasks 

ng the 
use of 
needs 
e fact 

gure 
he 
to 

d and 
, that 
same 



www.ccsenet.org/ijc International Journal of Chemistry Vol. 5, No. 2; 2013 

53 
 

 

Figure 8. The same diffraction image as Figure 1 with marked principal point, Miller Indices and orientation 

 

4. Discussion 

The focus of this work was initially the very precise detection of 2nd order curves in diffraction lines generated 
for example from the KOSSEL or XRT technique. From the outset it was important to make the method easy to 
use and mostly automated. As the accuracy of the KOSSEL technique is very suitable for the calculation of the 
strain tensor and residual stresses of the 3rd kind, it is useful to optimize further for a good usability of analysis. 
There is no longer an extra object in the beam path necessary due to the imaging geometry with 
specimen-to-screen distance, principal point or pattern center can only be determined over the diffraction pattern 
themselves. In addition, the accuracy can be further increased as the measurement data are not optimized for 
individual curves, but for the entire recording geometry. That is useful for other diffraction imaging techniques 
such as EBSD, which are based on conic shaped diffraction pattern. In conclusion the presented method 
demonstrates a further step in the development of a high resolution “Residual stress microscope” and facilitates, 
through the implementation of largely automated procedures, a fast detection from diffraction lines and provides 
the complete recording geometry. 
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