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Abstract: The HAZ fracture behavior of the weld-
ments of HSLA steel for pressure vessels has been investi-
gated. Having in mind the purpose of such a structure, the
welded joint should possess sufficient resistance towards crack
occurrence as well its propagation. The analysis encompassed
impact toughness testing the Charpy specimens and fracture
toughness determination of SENB specimens of base metal
and simulated microstructures of HAZ, and finally fracture
toughness testing the welded specimens with the crack located
in the very narrow HAZ regions. The analysis revealed the
effect of the crack tip (electro eroded or fatigued) on the onset
of the stabile crack growth for the different microstructures.
The comparative analysis between the testings showed the
influence of the mismatch towards the fracture behavior of
real welded joint in respect of simulated microstructures.

Key words: impact energy, HAZ, crack, stabile crack growth,
fracture, mismatch.

1. INTRODUCTION

Most of the general industrial facilities which
are utilised in various sectors such as the transpor-
tation industry, power generation, liquid and gas
storage facilities, offshore structures etc., comprise
welded structures i.e. welded joints, too, which are
very sensitive parts of the structure due to the fact
that the welded joints are being produced and op-
erate in complex metallurgical and stress condi-

tions. In the beginning of the previous century, the
design of structures was based on tensile strength
and ductility. The development of high strength
micro-alloyed and low alloy steels as well as new
fabrication technologies, changed the approach of
the design engineers to design structures on the
basis of yield strength and fracture toughness in-
stead of tensile strength [1].

In this article the fracture resistance of typical
HAZ microstructures, revealed by impact testing
and standard fracture toughness testing, as well as
fracture behavior of welded joints with the crack in
HAZ, is investigated taking into account the type
of the crack and the influence of the neighboring
microstructural regions on the crack propagation.

It refers to the steel quality T StE 420 with in-
creased strength, strengthened through a grain re-
finement mechanism due to the micro-alloying
process, with the following main mechanical prop-
erties: R,y = 420 MPa, R, 604 MPa and
As=125%. The content of carbon and titanium is
typical, as shown in Table 1, the content of C
(0.2%) is relatively high for such a steel grade,
contributing to the strength increase, whereas the
grain refinement and achieving a good correlation
between the strength and plasticity are achieved by
the titanium content of 0.12%.

Table 1
Chemical Composition of the Steel
C% Si% Mn% P% S% Ti% Cr% Al% Cu% Ni% V% Mo% Nb%
0.2 0.44 1.35 0.012 0.01 0.12 0.15 0.06  0.05 0.1 0.008 0.015 0.001
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2. EXPERIMENTAL

For the purposes of this investigation, the fol-
lowing specimen types were machined:

a) V-notched standard Charpy specimens, for
the scope of impact toughness testing on simulated
microstructures of HAZ,

b) standard small SENB specimens (8x14.8x70
mm) for determination of fracture toughness on
simulated HAZ microstructures (Fig. 1),

¢) standard SENB specimens for determina-
tion of fracture toughness of HAZ cracked welded
joints (Fig. 2).

The simulation of the welding thermal cycles
by controlled heating and cooling has been con-
ducted on the thermal simulating device type
SMITWELD (Thermal cycle simulator) TCS 1405,
equivalent to the real process of welding. After the
first cycle of 1305 °C, a double simulation is done,
up to 780 °C and 960 °C, which produced two typi-

a) fatigue crack

1<y

b) electroeroded crack

~245, 55 |

~211 55 |

cal microstructural regions of HAZ of a multilayer
welded joint, containing the cracks in HAZ. The
simulated specimens are preheated at 200 °C, sub-
sequently heated at the assigned temperature and
cooled with Afgs = 15 s for fine-grained HAZ
1350/960 °C, respectively cooled with Atg;s ~ 60 s
for 1350/780 °C for the coarse-grained HAZ. Two
types of crack tip are produced one by fatigue pre-
cracking and anotherr one by electro erosion in
order to determine the influence of the crack tip
type (Fig. 1).

The welded SENB (24x24x110 mm) speci-
mens are made according to Fig. 2, with cracks
produced by electro erosion and located in the fine-
grained HAZ and coarse-grained HAZ near the
fusion line. The determination of mechanical prop-
erties of the weldment microstructural regions is
encompassed by utilisation of microhardness
measurement and application of the Ramberg-
Osgood law, Table 2.

Fig. 1. Shape and dimensions of small SENB specimens

.
a) crack tip in coarse-grained
HAZ

b
M b) crack tip in fine-grained HAZ

Fig. 2. Standard SENB specimen

Mech. Eng. Sci. J., 27 (2), 51-57 (2008)
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Table 2

Microhardness measurement and mismatch determination

a) Measuring lines of microhardness

b) Mismatch coefficients

material HVI Ry R, As M, mismatch
MPa MPa %

BM 185 4207 604" 25D -
WMgy 205 478 669 169 1.14

root 212 500 692  16.2 1.19
WMeover 215 509 702 159 1.21
CGHAZ 281 605 1170 8.4 0.79
FG HAZ 221 461 904 11.6 1.04

LL 1 experimentally obtained value

The method used for fracture toughness test-
ing, evaluation and interpretation of the results, is
done according to ASTM E 1820/ E 1152/ E 1290/
E 1737, [2-5].

3. RESULTS AND DISCUSSIONS

3.1. Investigation of impact toughness
on simulated specimens

The investigation has been performed at the
temperature of —40 °C (only the base metal), —20
and +20 °C.

The base material reveals good toughness
having in mind its ferritic-perlitic structure. One

should notice that both components of the total
energy are approximately at the same level at
+20 °C, which means high capability of plastic de-
formation, but at the same time indicates stable
propagation of the initial crack, i.e. high resistance
towards total failure. The decrease of the tempera-
ture obviously leads to toughness decreasing, as a
result of the reduced plasticity but still both com-
ponents of the energy are of approximate level. At
—40 °C, the unstable fracture occurs at the exact
same moment when a crack is initiated, as a result
of meaning reduction of the energy used for the
crack growth in the correlation with the one used
for initiation, Fig. 3.

—40 °C -20°C +20 °C
35 195 35 195 35 195
30 1 r 175 30 175 30 1 [ 175
| 155 155 L 155
25 | 25 4 l
I 135 135 2 | 135
Ezof L11s _ EZOf 15 _ 520’ 115 _
= 151 o5 =2 = 15 1 Fos = = 15 1 95 =2
* 104 F75 “ 10 [ “ 10 L 75
L 55 55 r 55
51 l
5 ‘|l " J ll.ll_ 35 | 35 5 L 35
0 ‘“'I.i, F,‘nr. 115 01 15 01 115
-5 - - -5 5 T -5 -5 . 5
0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5
t [ms] t [ms] t[ms]

Fig. 3. F' vs. t curve for impact toughness testing of the base metal

The double cycled fine-grained structure
1350/960 °C reveals satisfactory impact toughness
which could be regarded as expected, since such
microstructure has experienced partial or full nor-
malization. Nevertheless, at —720 °C the energy
share used for the crack growth is almost zero, and

Mauw. uninc. nayu. ciuc., 27 (2), 51-57 (2008)

besides the fact that the total energy is on a satis-
factory level over 27 J, meaning that there is still
ability for absorption of the plastic strain, immedi-
ately after the crack initiation the collapse occurs
through brittle fracture, Fig. 4.
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_20°C +20 °C
35 135 35 135
30 + k115 30 4 115
25 | L 95 25 1 L o5
20 1 20
z 7% z L75 =
=, 154 o = 15 4 "
w 10 | - 55 w 10 1 + 55
5 1 M35 5 | L 35
01 15 0l L 15
-5 ; ; ; ‘ -5 -5 j ; ‘ ‘ -5
0 1 2 3 4 5 0 1 2 3 4 5
t [ms] t [msg]

Fig. 4. F vs. t curve for impact toughness testing the double cycled fine-grained structure (1350/960°C)

In the case of a double cycled 1350/780 °C energy, hence the energy share for the crack
structure of which certain presence of smaller or growth is practically zero (Fig. 5).
higher amount of beinit and even martenzit is typi- The Figure 6, gives the synopsis on the im-
cal, the impact toughness is very low even at pact energy shares distribution

+20 °C, the total energy is used for the deformation

-20°C +20 °C
35 135 35 135
30 1 L 115 30 1 L 115
25 4 | 95 25 1 I 95
20 20
= L5 = = L75
)
= 151 Y =, 15 1 |
™ 10 | + 55 ™ 10 | + 55
5 ] | 35 5] L 35
0 4 —h!;_ h, M F15 0 wARatng 15
-5 T T T T -5 -5 T T T T -5
0 1 2 3 4 5 0 1 2 3 4 5
t [ms] t [ms]

Fig. 5. F vs. t curve for impact toughness testing the double cycled coarse-grained structure (1350/780°C)

120
A-total impact energy OABM S
100 1 Aj-energy share for initiation ® AiBM
Ac-energy share for fracture * AtBM
OA FG HAZ 1350/960 (@)

® Ai FG HAZ 1350/960
* At FG HAZ 1350/960
AA CG HAZ 1350/780
A Ai CG HAZ 1350/780
+ At CG HAZ 1350/780

[
(=]
I

impact energy, J
2

L
<
o ?
40 - M
<> *
A
20 + P * .
2 A
0 T T = T . . .
-50 -40 -30 -20 -10 0 10 20 30

testing temperature, °C

Fig. 6. Distribution of impact energy for the investigated materials
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3.2. Fracture toughness determination
on simulated SENB specimens

The investigation is conducted on specimens
made of basic metal as well as on specimens with
simulated HAZ microstructures. For each kind of
microstructure, two types of specimens are pre-
pared: fatigue precracked and electroeroded, in
order to obtain the effect of the crack tip type, con-
sidering the fact that the cracks in the welded
specimens are produced and accurately located in
HAZ by electroerosion, whereas the real cracks in
welds are of greater sharpness.

In the case of base metal, all specimens exhibit
crack initiation and its stabile propagation, one
should notice in the case of electroeroded initial
crack, the stabile crack propagation occurred at
higher value of CTOD i.e. 9;. = 0.57 mm, whereas in
the case of fatigue precracked specimens the corre-
sponding value of CTOD is .~ 0.31 mm. The rea-
son for such behavior could be explained by the
effect of the greater size of the tip in case of electro-
eroded crack, thus causing the plastic strain to be dis-
tributed in larger volume enabling higher values of
tip opening before the plasticity of the material is
being exceeded. Respectively, in the case of fa-
tigue precracked specimens, due to the smaller size
of the tip, the strain was distributed in a volume of
smaller size, thus exceeding the plasticity of the

material at lower value of tip opening. This con-
firms the effect of the crack tip radius, and such
effect could be expressed by the following term for
correlative ratio: A0 = O fatigue / Oc.erosive = 0.544
(Fig. 7).

Likewise, the simulated specimens with double
cycled fine-grained microstructure of 1350/960 °C
exhibit behavior of which the same establishments
can be utilized, with smaller differences on the
magnitude of CTOD at the beginning of the stable
growth. The specimens with electroeroded crack
have a value ofd,. = 0.266 mm and the fatigued
precracked have J;. = 0.160 mm, thus resulting in a
correlative ratio of Ao = 0.6 (Fig. 7).

The last set of specimens, the simulated dou-
ble cycled 1350/780 °C coarse-grained microstruc-
ture exhibited no stable crack growth, meaning that
Aa = 0. However, the unstable failure occurred at
- = 0.05 mm and . = 0.04 mm, respectively for
electroeroded specimens and for fatigue pre-
cracked. The formerly established correlative ratio
for this case is Ao = 0.8 (Fig. 7). This value shows
that, although there is no stable crack growth in the
coarse-grained microstructure, there has been
slightly higher plastic deformation around the tip
of the electroeroded crack compared with almost
zero around fatigue precracked specimen leading
to unstable failure.

(ICCG HAZ

toughness ———

base metal (BM)

finegrained HAZ (FG HAZ)

intercritical coarsegrained HAZ

coarsegrained HAZ (CG HAZ)

0.4 0.5 0.6 0.7

0.8 0.9 1 1.1

correlative ratio

Fig. 7. Correlation between fatigued and electroeroded crack

3.3. Fracture toughness investigation on SENB
welded specimens with crack in HAZ

The base metal specimens reveal likewise be-
haviour, i.e. resulting with higher value of CTOD

Mauw. uninc. nayu. ciuc., 27 (2), 51-57 (2008)

at the beginning of the crack propagation for the
electroeroded specimens compared with fatigued
precracked ones [6]. One can say, this coincides
with the analysis of the simulated specimens in the
previous chapter. Nevertheless, after the beginning
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of the stable crack growth the influence of the tip
disappears and the resistance curve in the case of
fatigue or erosive cracks obtains equal slope [7].
The value of CTOD in the beginning of the stable
crack growth, for electroeroded specimens is
.= 0.544 mm, and for fatigue precracked ones is
O = 0.3 mm. This gives a value of correlative ratio
AS=0.552 which is almost identical with the one
determined for the small non-standard specimens

a) crack tip in FG HAZ

b) crack tip in CG HAZ

and this indicates that the effect of the specimen
size does not affect the fracture behaviour signifi-
cantly.

It is worth-like to note that for the case of
welded specimens, after the crack initiates in the
domain microstructure, it always propagates to-
wards the base metal, i.e. microstructure with
higher ductility, hence protecting the welded joint
from brittle fracture (Fig. 8).

¢) crack shifting

Fig. 8. Crack shifting and propagation towards base metal

The value of CTOD at the beginning of the
stable crack growth in case of welded specimens
with a crack in a fine-grained HAZ is &= 0.289 mm,
respectively CTOD in case of a crack in a coarse-
grained HAZ is ¢ = 0.152 mm.

By taking into consideration the previously
established correlative ratio, one could implement
the values of Ad determined for the simulated mi-
crostructures into the values determined for the
welded specimens with electroeroded cracks lo-
cated with accuracy in the narrow regions of the
HAZ, i.e. A6= 0.6 for FG HAZ, and A6= 0.80 for
CG HAZ. The values of the fracture toughness
with implemented correction are as follows:
0,=0.173 mm for FG HAZ and ;.= 0.122 mm
for CG HAZ.

4. CONCLUSION

One can say, the values of the correlative ra-
tio for the micro-alloyed highstrength fine-grained
steel T StE 420 are as follows: 0.55 for the ductile
base material, 0.60 for double cycled (1350/960
°C) normalized fine-grained microstructure, 0.8 for
double cycled (1350/780 °C) critical coarse-
grained microstructure and 1.0 for one-cycled
(1350 °C) coarse-grained microstructure. This

means that the effect of crack tip type is as mean-
ingful as the ductility or toughness of the investi-
gated material is higher. The obtained correlation
is very significant for determination of the real
fracture resistance of welded joint containing crack
in HAZ. The real cracks in materials are character-
ized with tips of very high sharpness. Since the
experimental research of the fracture behavior of
weldment's HAZ require production of cracks lo-
cated in the specific region of HAZ, with very
small dimensions and volume as well as irregular
geometry, the production of electroeroded instead
of standardized fatigue cracks is necessary.

In case of welded specimens, the small over-
match of the weld has played a protective role in
such way that inhibited the crack growth towards
the brittle structure, CG HZT or the weld metal. In
both cases the crack has shifted towards the base
metal with higher ductility thus decreasing the
speed of propagation.

Furthermore, one can say that the influence of
the size of the microstructural region containing
the crack, 1.e. the difference between the initiation
of the stable crack growth in case when the crack is
located in rather big volume compared with the
case when it is located in a very narrow region,
comes in the first place. When the crack is in FG
HAZ of a real welded joint the mismatch effect on

Mech. Eng. Sci. J., 27 (2), 51-57 (2008)
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the toughness fracture is less consequentive (0.266
mm vs. 0.289 mm). However, this minor distinc-
tion can be explained by the fact that in a true
welded joint, the FG HAZ is surrounded by the
ductile base metal on one side, and by the harder
CG HAZ and the weld metal with lower ductility
on the other side [8]. These last ones inhibit the
free evolution of the strain, the stress state in-
creases around the tip and pushes the plastic zone
towards the more ductile base metal, so minor
stress relief occurs thus resulting with small in-
crease of the fracture toughness, in respect when
this effect is not present. The effect of the mis-
match in a case of a crack in CG HAZ becomes
more significant (0.05 mm vs. 0.152 mm), since
the crack is located in a harder and less ductile CG
HAZ, but it is surrounded by weaker and more
ductile regions of weld metal, FG HAZ and base
metal, that absorb the deformation developing
around the tip of the crack and, thus decreasing the
stress level much significantly. This is more suit-
able than the one when the influence does not ex-
ist, meaning that there are no surrounding regions,
and this is the case of the simulated specimens.
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Knyunn 360poBu: ynapHa exepruja, 3BT, npcHatuHa, cTabuiieH nopact Ha IpcHaTHHA, JIOM, mismatch

HcrpaxyBaHU ce KapaKTEPUCTHKHTE Ha OTHOPHOCTA Na
JOM BO 30HaTa Moy BiujaHue Ha TomiamHara (3BT), Ha
3aBapeHa BPCKa Ha MHUKpPOJIETUpPaH YeJIMK CO 3roJIEeMEHa LBPC-
THHA, KOj C& KOPUCTH 3a U3pabOTKa Ha CaJJOBH MO/ IPUTHUCOK.
Cnope HameHaTa, 3aBapeHaTa Bpcka Tpeba Jja uma rojiema
OTHOPHOCT Ha M0jaBa ¥ Mupeme Ha npcHaTtiHU. OBaa aHaIM3a
omncaka ogpenyBame Ha JKIJIABOCTA HA yAap HAa CHMYNUpPaHU
MHKpOCTpyKTypH Ha 3BT, onpenyBame Ha KHIaBOCTa Ha JIOM
Ha CUMYJIMPAaHU MUKPOCTPYKTYpH KapakTepuctuanu 3a 3BT n
KOHEYHO Ofpe/lyBale Ha JKMJIABOCTAa HA JIOM Ha 3aBapeHa

Mauw. uninc. nayu. ciuc., 27 (2), 51-57 (2008)

Bpcka co npcHatuHa Bo 3BT. Ananuszara mokaxka jgexka THIIOT
Ha IIpCHaTHMHATa (epo3uMaTHa U 3aMOpPHA) BO MOYETOKOT Ha
CTabHJIHMOT IOPACT Ha NPCHATUHATA UM MOTOJIEMO BJMjaHHE
Kaj IYKTHJIHUTE MHUKPOCTPYKTYPH, a MOMAaj0 WJIH PEUHUCH
HHUKAaKBO Kaj kprure. Mcro Taka, cnopembeHara aHanm3a Ha
CHMYJIMPAaHHATE ¥ 3aBapeHUTE NMPHUMEPONN I'o MOKaXka BIIHja-
HHMETO Ha OJHOCOT M TOJEMHMHATa Ha MUKPOCTPYKTYPHHUTE
nozapadja Bo 3BT u Bo 3aBapeHara Bpcka Bp3 HOpacToT Ha
IMyKHaTHUHATA, T.€. BIMjaHHETO Ha mismatch-0T Ha OTIIOpHOCTA
Ha JIOM.
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A bstr act: Nowadays, in the rhythm of modern ex-
istence, the disability problem becomes more frequent restric-
tive cause for normal living of the man with disabilities. The
development of technology and electronics enables everyday
improvement of the living and working conditions of the men
with disabilities. This work emphasizes the sophisticated tech-
niques and technologies in orthopedics, the achievements in
this area and the future developments. It focuses on the 3D
digitalization with particular emphasis on the following items:
3D digitalization and modernization in the procedures and
identification, and production of the orthopedic aids.

Key words: digitalization; orthopedic aids; CAD technology

1. INTRODUCTION

Since the beginning of the history of man-
kind, people have been using different types of
artificial devices as a replacement of the lost ex-
tremities.

Archaeological findings and written documents
confirm that the ancient people used to make am-
putations of extremities as a result of many wars
and the law enforcement in that period.

There are written historical data that were
found a 300 years BC, which describe rough pros-
thesis made as a replacement of the missing lower
extremities. They were made from metal plates
nailed on a piece of wood.

In the beginning prosthesis were produced by
the blacksmiths and weapon manufacturers.

The earliest scientific data about prosthesis
made and applied by a physician were published in
France in 1579 in a book written by the French

surgeon Ambroise Paré (1510-1590) (Fig. 1) where
he describes prosthesis applied to a person on
whom he had made amputation as a military sur-
geon.

Fig.1. Ambroise Paré

The greatest development was accomplished
during and after the Second Word War. Then new
and light materials, for that period of time (such as
aluminum and plastic), were used for the produc-
tion of prosthesis for the first time (Fig. 2).

75% of the causes for amputations are ill-
nesses such as cancer, circulation disorder related
to diabetes, while 25% are accidents and a very
small part is congenital.
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2. ABOUT 3D DIGITALIZATION

3D Digitalization’s first usage was for the
needs of the military, or to be more precise, this
type of technology was developed in NASA labo-
ratories. The first thing that had been made was
digitalization of objects into the space as a research
for their characteristics in a virtual environment.

The result of the digitalization is classical
data which actually represents "cloud of points",
that can be further processed depending on the re-
quirements. Basic resources (for digitalization) are
scanners and cameras which are optical, with lasers
OT Sensors.

3. USAGE OF 3D DIGITALIZATION

The implementation of 3D Digitalization into
the modern world solves more than the possible
and the fields of its usages are unlimited.

3D Digitalization in the field of mechanical
engineering and medicine is very important, as
well as in the other fields and aspects of human life.

The development in the medicine has brought
important results and relieving circumstances in
diagnostics. Nowadays, diagnoses are not con-
cluded only by the physicians, but are also based
on objective photos produced by the modern

equipment. Visual effects are so explicit that all of
the organs are shown with the original shape, color
and texture and the hotbed or the infected areas is
shown in a different color.

Orthopedics is a particular part of surgery
where the technologies of 3D digitalization and 3D
modeling find their usage.

CAD/CAM technology is based on 3D pro-
grams, where the possibility of a human error is
minimized.

Today the reconstructive and corrective
medicine is based on virtual reality. This actually
is a computer modulated displayed solution, where
the patient rejects or approves the solution of the
experts in medicine (Fig. 3). Crime Scene Investi-
gators (CSI) also uses the latest technology in 3D
digitalization.

Fig. 3. Examples of reconstructive medicine

In art, archeology and architecture these tech-
niques are used for making copies of existing mod-
els as a result of removing or restoration.

The examples of making copies are the stone
plates from churches, family graves, archeological
findings, fountains, historical and cultural monu-
ments etc.

4. CHARACTERISTICS OF ATOS 11

The camera ATOS 1I is a leading product in
this field and is used for 3D scanning surfaces. It’s
produced by the German company GOM mbH,
which was founded in 1990. The basic activity,
expressed in the name of the company (GOM mbH
- Gesellschaft fiir Optische Messtechnik), is pro-
duction of the optical measuring technique such as
3D scaners (digitalization), and also 3D coordinat-
ing measuring machines.

Fig. 4. ATOS II

Mech. Eng. Sci. J., 27 (2), 59-65 (2008)
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As you can see on Figure 4, this system is
consisted of a source of a light-projector (position
2) and 2 photosensible devices-cameras (position 1
and 3). With two cameras ATOS II is one of the
best scanning devices on the market.

On Figure 5 it is shown that the lightened area
is larger than the sight area of one of the cameras.

Fig. 5. Sight area of ATOS 11

The first camera films one part of the light-
ened area and the second camera the other part of
the lightened area. The common area that both
cameras are filming is useful data and on the pic-
ture is the area in the middle.

Solid Works 2007 is ultimate applicative
software for construction and modeling in Win-
dows surrounding. Solid Works is easy to learn
and use.

Except for modeling separate parts and their
assembly elements in 3D, with Solid Works 2D
drawing can be automatically done.

5. ORTHOPEDIC PROSTHESIS
The process of applying prostheses or or-

thoses is very complex and needs team work be-
tween the physician (orthopedic surgeon or phys-

iatrist), physiotherapist, prosthetic engineer and
orthopedic technician.

Prostheses are apparatuses which functionally
and esthetically replace the amputated extremity
(Fig. 6).

-
|

Fig. 6. Two examples of lower limb prosthesis

These diseases can result amputation:
%+ Arteriosclerosis;
«» Diabetes;
«»+ Cancer;
¢ Infections;
+« Traumatic injures

— Industrial accidents;
— Traffic accidents;

— Elementary accidents;
— War;

— Fire;

— Frost;

— Animal bite.

Different parts of prosthesis are made of
wood, plastic, leather, steel, carbon, aluminum,
silicon etc. (Fig. 7).

Fig. 7. Examples of different prosthesis

Mauwt. unc. nayu. ciuc., 27 (2), 59-63 (2008)
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6. CREATING CAD MODEL

The creating of a CAD model is the last stage
in the technology of reversible engineering. This
stage is longer and more complex than the whole
process of reversible engineering.

The main purpose is to analyze, research and
to do simulations with the model.

The creating of a CAD model could be made
with any applicative software that works with
“points of cloud” and surfaces.

The best module to work with surfaces is on
the software pack CATIA. But it can also be done
with similar software like GeoMagic, DELLCAM
and Copy CAD.

Fig. 8. Examples of created CAD model

There is no written procedure that tells how to
create a CAD model from “points of cloud”, so
everything depends on the software, because every
software works on a different point of generating
surfaces.

The procedure of creating a CAD model with
Solid Works is by using the tool "Scan to 3D" (Fig.
9). The final result is a created surface or solid
model that can later be used for different purposes.
When the Scan is opened (points of cloud), there is
an option to revert it as a new document or as an
existing document.

Fig. 9. The procedure of creating a CAD model

7. REFERENCE POINTS

Reference points are transformed multiple
points, calculated from the summary of different
measures in one coordinate system.

In the measuring picture, the diameter of the
reference points has to be with dimension from 6
to 10 pixels.

Table 1 shows the needed dimensions of the
points for the related measured area. The type of
ATOS sensor is very important for the choice of
objects.

Table 1
ATOS 11
Volume Diameter of reference points
IIll’Il3 mm
35%28%28 0.6
45%36%36 0.6
50x40x40 0.6
65%x52x52 0.6
100x80%80 1.5
135%108%108 1.5
175%140%140 2
200%160%160 2
250%200%200 2
350x280%280 3
550%x440%440 5
800x640%x640 8
1200%x960%960 12

8. THE SCANNING OF THE PROSTHESIS

The first idea was to try the possibilities of
ATOS II camera in medicine.

The human osteoarticular system makes the
human body to stand up straight, something similar
to steel construction.

The scan has been made on already made
model of human calf, given form made in Ortho-
pedic and Prosthetic Center SLAVEJ 1td. Skopje.

Before the start of the scanning process, small
points were marked on the model that gives all the
attributes like depressions, humps, roundings etc.

The 17 scans are made from different angles
with moving the model to the position because the
camera is very precise and it is static (Fig. 10).

Mech. Eng. Sci. J., 27 (2), 59-65 (2008)
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Fig. 10. Preparing of the process of scanning

The measured volume of the part is
200%x200%x270 mm. The closest dimension of the
reference point that is used is 350x280x280 mm.
The diameter of the reference point is 3 mm. The
measuring distance is 750 mm. Camera Lens are
17 mm and the projector is 12 mm.

The scanned parts from ATOS II camera are
saved as a text document (*txt). With that exten-
sion those parts can be imported in Solid Works
2007 and that part in "cloud of points " can be
viewed (Fig. 11). Using the “scan to 3D” tool the
time for making a more complex 3D model is re-
duced.

Fig. 11. Part of cloud of points

Mauwt. unc. nayu. ciuc., 27 (2), 59-63 (2008)

Main commands used for making the 3D
model are: Mesh Prep Wizard and Surface Wizard.

The final result is a created surface or solid
model that later can be used for different purposes.
We are making a polygon from the model and all
of the points have to be calculated in triangles with
different density depending on the rounding of the
model (Fig. 12).

Fig. 12. Part made of triangles polygon

Then we use the tools "Spline", "Loft" and we
concluded the layer drawing made on the "cloud of
points" so we can get a surface model (Fig. 13).

Fig. 13. Surface model

And finally with the tool “knite” we get the
solid model (Fig. 14).



64 J. Caloska, D. Karakasev, A. Kocov, B. Stojkov

Fig. 14. Solid model

9. MODEL ANALYSIS

The making of the prosthesis starts with tak-
ing a plaster cast model. Then we a have the nega-
tive of the prosthesis and it is the base for further
making of positive. With the positive we will make
prosthesis from adequate material. This method is
very difficult for the patient because the whole
process, measuring and corrections are made on
the patient.

The purpose of this is to use 3D digitalization
and ATOS II camera to take measurements on the
patient so there wouldn't be any need to make a
plaster cast model on the patient, any physical con-
tact with the patient can be avoided and every
modification can be done with computer software.
While making a 3D model of the prosthesis the
time of making one can be reduced, because the
3D model can easily be transformed to a CNC ma-
chine that will make the model (Fig. 15).

The time for scanning is approximately 1 h 20
min and the making of a solid model takes several
days. The time of making one prosthesis is 72 h
(from taking measure to the first probe) and it
gives the engineers a challenge to make faster and
more efficient software that will reduce the time
and give an optimal solution.

The software Solid Works is a very sophisti-
cated program and it is an answer to this challenge.
However, there are still some problems in the
process of making a solid model.

Fig.15. Production of CAD model

For a successful realization of this project the
engineers need a software pack, technological so-
lutions and experiences that will answer the re-
quirements and the principles in orthopedics.

10. CONCLUSION

Team work is the key to the gate called a
'successful project'. For successful implementation
of all new technologies and knowledge we cannot
escape from the collaboration between medical and
engineering experts, because the medical experts
know what the engineers need in medicine and the
engineers know how that could be done. The de-
velopment of new technologies and the achieve-
ments make the dreams come true. The most medi-
cally developed countries are those countries that
invest in knowledge, education and new equip-
ment.

Nowadays the people with amputation are
competing in races, drive bicycles, climb moun-
tains etc. Further development of production and
applying of prosthesis reduce the gap between the
functionality of prosthesis and human extremities.

A hundred years ago the crutch was revolu-
tion; today it is the microprocessor controlled pros-
thesis (Fig. 16). What about tomorrow?

Mech. Eng. Sci. J., 27 (2), 59-65 (2008)
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Fig. 16. Modern prosthesis
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3D IUTUTAIN3AIINIA BO OPTOIIEIUJATA

Jacmmna Yanocka', [laeop Kapakames', Aranac Kowos', Bopue Ctojkos’
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JleHec, BO pUTaMOT Ha COBPEMEHOTO KHBEEHE, MPO-
61eMOT Ha MHBAJIUJUTET CTaHyBa CE& MOYECT OTpaHUYy-
Baykyu (PaKTOp 32 HOPMATHO (PYHKIMOHHMpame Ha 4YOBe-
KoT. HampepokoT Ha TexHOJOrmjaTa M eJeKTpOHMKaTa
OBO3MOXYBa CEKOjIHEBHO MOA00pYyBame Ha yCIOBUTE 3a
paboTa 1 XHUBOT Ha JUIaTa CO XeHAUKEI.
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Bo 0Boj Tpyn cTanyBa 360p 3a mpuMeHaTa Ha COBpe-
MEHHUTE TEXHUKH M TEXHOJIOTUHM BO OpTOIENHjaTa, Kako U
3a JOCTHTHYBamaTa BO OBaa OOJACT W HACOKUTE BO KO
Taa ce pa3suBa. [locebGen ocBpT e pgameH Ha 3]1 nuru-
Tanu3anyja Bo ciegHuBe Hacokw: 3]1 murmTanm3anuja u
MOJIepHH3alHja BO N3paboTKa Ha OPTOMNEJCKU IoMaraina.
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A bstract: This paper discusses the relationship be-
tween the internal company context, setup, the project man-
agement and the dialogue of the process of Manufacturing
Vision Development (MVD), a process that enables compa-
nies to develop their future manufacturing concept. The pre-
sented research is a part of a broader research project, aiming
to understand the process of devel oping manufacturing visions
and strategies, looking from a dialogue perspective. The paper
elaborates how the main process elements affect each other
and the outcome, and draws implications for future planning
and facilitation of such processes.

K ey words: manufacturing vision devel opment; process,
dialogue; participants

1. INTRODUCTION AND BACKGROUND

In the redity of dynamic changes and com-
plex environments, industrial companies need to
undertake initiatives in order to survive and to
achieve success. Many studies have argued that
manufacturing plays an important role in the com-
pany dealing with its market and competitive envi-
ronment [1], [2], [3]. The potential of manufactur-
ing becomes even larger if we see manufacturing
as part of an extended enterprise, continuously in-
teracting with the other functions.

Having in mind such a scenery companies,
more than ever, need to have a manufacturing vi-
sion — a concept of how their manufacturing will
look like in the future 5 years [3]. Building such a
concept has to consider the current and the future
environmental, technologica and market chal-
lenges. Moreover, its successful implementation
will be more likely if the process of manufacturing
vision development (MVD) involves the actors
who will implement the vision, triggers their crea-

tivity, and leads to an integrated solution, which
inspires the actors to implement it [3]. The actors
will most likely come from each of the company
functions and from different hierarchica levels.
However, getting people to work together can be
difficult because they bring along their functional
knowledge, cultures and assumptions. Schein [4]
explains that to create alignment among subcul-
turesis not a matter of deciding which one has the
right viewpoint, but of creating enough mutual un-
derstanding among them to develop solutions that
are understood and will be implemented. This view
coincides with the idea of dialogue as a flow of
meaning in the whole group, out of which may
emerge a new understanding which may not have
existed at the starting point [5]. Conseguently, by
nurturing dialogue, the group can build a shared
vison, based on mutual understanding and crestivity.

The previous research on the manufacturing
vision and strategy development hasn’t considered
the participants perspective. Because of the obvi-
ous importance of the participants and their dia-
logue in this process, as briefly explained above,
we devoted our research on the participants and
dialogue perspective of the MVD process[9].

2. THEORETICAL MODEL

At this point, it is clear that our research isfo-
cusing on the process (or the ,,how") and the par-
ticipants aspects of the MV D. As a starting point of
this research, we explored the process models and
process aspects in the existing strategy develop-
ment literature (for example, [7], [11], [15]). This
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explorative research enabled us to create a model
of the overadl MVD process (Fig. 1) [6]. Such a
model is used later in the observations and analy-
ses of MV D processes in the case companies.

The main process elements identified from
the literature are the context, the setup, the project
management, the vision development (dialogue)
process, and the outcomes (Fig. 1). The literature
offers different operationaizations of these ee-
ments [7]. For example, the context is seen as the
structura, cultural and political situation of the
company. However, most of the context € ements
pinpointed in the literature do not refer explicitly to
the formulation/development process but rather to
the overall strategy process. Furthermore, activities
of the process itself that have been identified in the
literature are generating information, analyzing
information, identifying improvements. The par-
ticipants in the process have only been observed
through the lens of being internal or external to the
company, and the function to which they belong.
The existing operationalizations of these elements
are at a higher, organizational level, and do not
help much understanding the dynamics of the
process at the participant level, and do not offer
suggestions for facilitating MV D processes. There-
fore, we see the need to operationalize these ee-
ments in the context of MV D (briefly described in
Section 1) and at participant level. Some more spe-
cific context elements appeared to influence the

set-up and the project management of the MVD
process, such as interdepartmental relations, com-
pany culture, strategy development practices, dif-
fering orientations, company communication and
collaboration culture, as well as the learning cul-
ture [6]. Furthermore, the setup and the project
management need to be considered through the
trigger of the process, the initiator, the focus/scope
of the project, the project manager and task groups.
The development process itself needs to be ob-
served through the main activities at the workshops
(presentations, idea gathering discussons, group
work) as well as dialogic activities of the participants
(advocating, judging, inquiring, reflecting, listening).

Furthermore, based on the work and assump-
tions of Pettigrew [8], the processua anaysis
should consider the what, why and how of the links
between context, process and outcomes. In addi-
tion, Pettigrew [8] notes that in processes, the in-
terchange between actors and contexts occurs over
time and is cumulative. To our knowledge, thereis
no research done on the what, why and how of the
relationship between the process elements in the
MVD context. Therefore we decide to explore
what are the elements of the process, why they oc-
cur, and how they interact with each other. The
current paper focuses on the interrelation between
the context, the setup, the project management and
the dialogue, as the key elements of the process of
MVD.

TIME
External
/ context
—
Internal CONTEXT
context Emergent
strategizing

MANUFACTURING VISION DEVELOPMENT PROCESS

Project
management

DIALOGUE
PROCESS

\

External
/v context
Outcomes 5 : CONTEX

Internal
Emergent
strategizing

/

Fig. 1. A mode of the overall MV D process

3. RESEARCH METHODOLOGY

The research involved case studies of three
companies, two Danish and one Balkan company
(Tab. 1), and focused on the initial phases of the
MVD process. We used the following methods for
data collection and analysis:

o Direct observations of the meetings and
workshops in connection to MVD.

o Video-recording of the workshops.

. Identification, transcription and, in the case
of the Danish companies, trandation of im-
portant segments.

o Interviews with the company participants.

Mech. Eng. Sai. J., 27 (2), 6775 (2008)
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Table 1
Manufacturing vision devel opment in the three case companies
Alpha Beta Gamma

Workshop 1 Identifying future trends and Creating acommon understanding of  Identifying future trends and chal-

challenges. the current way of working. lenges.

Identifying elements of the Identifying current problemsin the Qutlining problemsin the current

vision. order fulfillment process. way of working.

Outline elements of the vision.

Workshop 2 Developing scenariosfor the  Creating common understanding of Identifying elements of the future

future vision

trends and future challenges.
Identifying core competences.

vision and developing general ideas
for their implementation.

Developing scenarios for the future

vision.

4. ANALYSISAND FINDINGS

4.1. The relationship between the internal context
of the company with the set-up and project
management of the MVD process

General context elements for manufacturing
strategy development have been pointed out in the
literature [6], [7]. However, some more specific
context elements appeared to influence the set-up
and the project management of the MV D process,
such as interdepartmental relations, company cul-
ture, strategy development practices, differing ori-
entations, company communication and collabora-
tion culture, as well as learning culture [6]. Now,
the relationships between the context, the process
set-up and project management across the case
studies will be elaborated in this section.

The concept of ‘system paradigms by David
Kantor [10] appears appropriate to explain the dif-
ferent contexts observed in the cases and therefore
it is further applied in the cross-case analysis. Sys-
tem paradigms represent different ways of setting
boundaries to the externa parties, governing, and
organizing power and decision making in the com-
panies. Since the MVD processin al three compa-
nies was initiated in collaboration with a party ex-
ternal to the company, the behavior of the com-
pany participants towards the external party as well
as inside the company can be explained by the sys-
tem paradigms concept.

The Alpha company, can be seen more as a
closed system. One of the characteristics of a
closed-system paradigm is to refine and defend the
history, to place community and history first and
the individual second [10]. A closed system regu-
lates the life of its members, particularly the time
and space within which people work. In the case of

Mauu. unnc. nayu. ciuc., 27 (2), 67-75 (2008)

Alpha ‘history’ was expressed through stressing a
common platform that old-timer managers shared
about the company and about how the things are
done in the company. They stressed severa times
at the workshops that the newcomer managers first
had to understand the well-established ways of
working and values, and refused to accept the
emergent possibilities that were coming from the
initiators of the MVD project (the newcomers).
The managing director tended to control most of
the decisions in the company, and he was involved
in discussing problems on different levels with
each of the departments separately. He did not ini-
tiate collaborative cross-functiona activities, such
as joint management meetings or joint strategy de-
velopment. He could be seen playing the roles of a
‘commander’ or a ‘boss [7] in the company strat-
egy process. On the other hand, the production
manager (a newcomer in the company) behaved in
a sort of closed-system paradigm as well. He was
guided by a previous success in MVD in another
company and was convinced that it is the right way
to initiate change in Alpha, without being open
enough to share his background and the idea for
the process with the old-timer managers. He aso
paired with the other newcomer manager (the mar-
keting manager). This separation (differing orienta-
tions) between the newcomers and old-timers as a
contextual situation in the company resulted in a
lack of a common view on the need for changesin
the company. Furthermore, the company culture
regarding induction of new employees as well as
the communication culture made the newcomers
setup the MVD process by themselves, without
consulting the old-timer managers. They were also
supposed to carry the project leader role during the
whole process. This resulted in low common un-
derstanding and agreement about the process of
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MVD, aswell aslow commitment by the old-timer
managers, i.e. the elements of the set-up (or Point
of entry [11]) were not fulfilled.

In the companies with a more open-system
paradigm (Beta and Gamma) the work gets done
through open deliberation and exploration of each
individual’s needs. The expectation of an open-
system approach is that it shall respect the indi-
viduals and the challenges they face. An open sys-
tem values learning and adaptation through partici-
pation. In the case of Beta there was already, be-
fore the MV D project, plenty of team work on dif-
ferent projects. Furthermore, there was a common
understanding in the company about the need to
grow, and therefore to change. The strategy used to
be developed previoudly by the joint work of all
the managers. The managing director’'s role was
more as a ‘coach’ [7] who was often sharing the
corporate vision and mission with all the employ-
ees. The monthly meetings which involved al the
employees created an atmosphere of an open sys-
tem where everyone could understand and take
part in the current developments in the company.
The company’ s members were also open and help-
ful towards the external party that was involved in
setting up and managing the MVD process. Such
situation created a certain level of trust and com-
mitment to the MVD project. The external repre-
sentatives were accepted and welcomed to organ-
ize and guide the project. The managing director
was involved in the preparatory activities to a cer-
tain extent, but he did not have a need to dominate,
to steer or to control the process, its set-up or pro-
ject management. Therefore, the project leader’s
role was clearly allocated to the external researcher
that was involved in the company. In the case of
Gamma the researchers also faced a more open-
system paradigm. The strategy mode in the com-
pany could be seen as entrepreneurial [12] because
one of the roles of the owner and the managing
director was to provide direction for the company.
Nevertheless, he aso played the roles of a‘coach’
and ‘facilitator’ [7]. The employees have been
practicing widely the team work and joint solving
of problems. Sharing knowledge has been one of
the main characteristics of the culture. Joint discus-
sion of the problems and openness by the top man-
agement enabled common understanding of the
current situation of the company and common un-
derstanding of the need to change. Such situation
resulted in commitment for the MVD project by
the management and the operations group. Since
the employees previously had been working with
one of the persons from the external party, they

accepted the external party as being the project
leader and facilitator of the process.

Conclusions

By adopting the systems paradigm view to
describe the overall internal company context, sev-
era conclusions can be made regarding the relation
of the context with the set-up and the project man-
agement of the MV D process.

e In the companies with more open-systems
paradigm, the context already enables a cer-
tain level of common understanding of the
current chalenges, a culture of team work
about strategy development and company de-
velopment. (F1.1). (Fdenotes ,finding”. Nota-
tions Fx.x will be used later in the Implica-
tions section).

e  The open-system paradigm context enables a
smoother acceptance of the roles of the initia-
tor, project leader and facilitator by the other
participants in the project. In the case of a
more closed-systems paradigm these roles
may not be much acknowledged by the other
participants, which may be also a result of a
lack of commitment to the MV D project. This
situation may be intensified by the initiator’s,
facilitator’ s and production manager’s closed-
system approach in setting-up the MVD pro-
ject without consulting the rest of the man-
agement group (F1.2).

e Inthe closed-system case there is afirm refer-
ence to emergent strategizing ideas, which
makes it more difficult to agree to initiate an
MVD project with a scope wider than the one
of the emergent strategizing. In the open-
system companies, the broader approach and
scope of the MVD project is more easily ac-
cepted, and there is no strong hold to the
emergent strategizing ideas (F1.3).

e The clear acceptance and the firm support of
the MVD project by the managing director
can influence the acceptance and commitment
for the MV D project by the rest of the partici-
pants. If the role of the top management in the
strategy process and in the company is more
of a‘commander’ or a‘boss’, it could be more
difficult to get his’her open commitment to a
widely participative MVD project on a strate-
gic level. Conversdly, if the top manager plays
arole of a ‘coach’ and/or ‘facilitator’ in the
strategy process and in the company, then it is

Mech. Eng. Sai. J., 27 (2), 6775 (2008)



Considering the context, setup, project management and dialogue in manufacturing vision development processes 71

easier to get her/his open commitment for the
widely participative MV D project (F1.4).

e  Some recent events can hinder the set-up and
the project management of the MV D process
to a certain degree. The presence of the new-
comer and old-timer managers may delay or
prevent from acquiring the common under-
standing, agreement and commitment about
an MVD project. Unforeseen events may pre-
vent the attendance to already planned work-
shops by certain participants. Recent business
contracts may limit the scope of the project.
However, in the companies characterized by a
more closed-system paradigm, such recent
events may persist, while in the companies
with more open-system paradigm the facilita-
tor may guide the process so that he/she over-
comes the effects of the recent events (F1.5).

It has been stated at the beginning of this sec-
tion that the concept of system paradigms may ex-
plain the context of the company in relation to the
MV D process. The analysis made in this section as
well as the conclusions drawn, validates the appro-
priateness of the concept. Therefore the concept of
system paradigms should be added in the model of
the overall MVD process as a specific feature of
theinternal company context.

4.2. Relationships between the context,
he set-up and the project management,
and the conversational dialogue process

It could be observed that the dialogue differed
in al three cases, as well as between the two dif-
ferent workshops in one case. It has been recog-
nized in the literature [10], [13] that every diaogue
takes place in the context of and is steered by the
formal, interpersonal, and cultural structures. Since
the dialogue has been identified to play an impor-
tant role in the MVD process, this section focuses
on the relationship between the context, the set-up
and the project management on the one hand, and
the dialogue on the other hand. It has been ob-
served that the least constructive dialogue process
was featured in the first workshops of the Alpha
and Beta cases. The rest of the workshops showed
higher quality of the dialogue process. How can
these differences be explained from a perspective
of organizational context, the MVD set-up and the
project management?

A dialogue at a level of debate was mostly
evident during the first workshop of the Alpha
case, and partly at the first workshop of the Beta
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case. In the Alpha case the conflicts emerged and
pertained during the whole workshop between the
newcomer and the old-timer managers of the com-
pany. The newcomers tried to propose some new
directions for the future production of the com-
pany, while the old-timers tried to defend the cur-
rent situation. During the dialogue there was no
reflection on what people said, there was mostly
judgment on each others ideas. The inquiry was
conducted not in order to understand better the
others perspective, but to judge it and advocate
one's own perspective. The newcomers and the
old-timers between themselves interchanged the
roles of a mover and an opposer, while inside their
‘codlitions’ the roles of a mover and a follower.
Some of the causes for these situations can be
found in the set-up of the MVD project, but those
causes were amplified by the organization’s con-
text. The relationship of the context with the set up
was already elaborated in the previous section and
will not be repeated here. The initiator of the pro-
ject in Alpha (one of the newcomers), during the
planning of the workshop, discussed the ideas and
the directions for the new production only with the
other newcomer. At the workshop they openly
voiced their prior agreement on the issues, and
they tried to advocate those issues through the
whole workshop. This upset the old-timers, and
they believed that the newcomers should learn bet-
ter the current way of working in the company be-
fore making conclusions about it and proposing
ideas about how to improve it. The next cause for
the conflicting atmosphere at the workshop can be
seen in the level of understanding, agreement and
commitment of the managing group with the MVD
project. Except for the managing director, none of
the other functional managers was involved in
building agreement and common understanding
about the need for MVD. It can be said that the
problems in the production were evident to every-
body in the company. Nevertheless that did not
bring people to a common view of the need to
change. The old-timers saw the solution in building
new capacities, while the newcomers saw it in
changing some practices in the current way of
working. It was evident that the managing group
needed more time to create a common understand-
ing about the MV D project, and therefore, the dia-
logue at the first workshop suffered. However, dur-
ing this workshop the management group realized
that they had to work on improving their mutual
relationships and on acquiring a common under-
standing of the current trends, the company chal-
lenges and the need to change. The workshop, in
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fact, initiated joint management meetings to be
held regularly in the future, as well as a socializing
event that will improve the collaboration and the
dialogue between the newcomers and the old-
timers.

In the Beta case the conflict emerged between
the sales and the engineering managers, and it was
harmonized but not resolved. Both sides advocated
their perspectives and did not reflect much nor in-
quired into each others perspective. A negative
influence of the set-up on the dialogue in the first
workshop of Beta has not been found. The initiator
of the project was an external party, but he worked
closely with the other managers and especialy
with the managing director. In fact there was no
debate that could prevent the MVD project itself.
The same was the case in the other workshops. In
the case of Gamma the external party created a
common understanding about the project with the
company owner who shared his enthusiasm for the
project with the rest of the participants. Therefore,
the participants in the Gamma case focused more
on reflecting on the proposed issues as well as in-
quiring into the perspectives, which led to creating
new meanings and a more constructive dialogue.

Furthermore, some causes for the low-quality
dialogue can be rooted in the project management.
The role of the facilitator in Alpha was overtaken
by the initiator of the project. Also, external par-
ticipants were involved to help the facilitation, but
the initiator had the dominant role. Since the facili-
tator strongly held on to his initial ideas about the
direction of the workshop, it resulted in him judg-
ing other participants ways of thinking, if they did
not comply with his perspective. This resulted in
him either opposing participants’ views or moving
the dialogue in the direction he wanted. The other
two facilitators did not play a big role during the
workshop and their initiatives were also not much
accepted by the old-timers. In the case of Beta the
role of the facilitator was clearly played by the ex-
ternal participants and it was accepted by the com-
pany participants. During the period of debate the
facilitator tried to bystand and to propose a differ-
ent view that could bring the conflicting sides to
see beyond the conflict. Nevertheless, they did not
reflect at all on what had been proposed. This can
be explained to a certain degree by the internal
context of the company. Although Beta has been
seen as an open-system paradigm company, there
is still some closed-system behavior between the
departments, especially between the sales depart-
ment and the rest of the departments. During the

other workshops, the facilitator role was clearly
played by an external person and it was accepted
by all participants. In those situations the facilitator
played the role of abystander, or amover, trying to
guide the diadogue in the direction of achieving the
aims of the workshop. He was also the one who
inquired in order to guide the dialogue.

One of the context factors that influenced the
dialogue in Alpha directly was the closed-system
paradigm of the company and of the newcomers.
Furthermore, the managing director’s prior deci-
sion of building a new plant and his orientation
towards discussing more operationa level issues
prevented most of the discussons at a strategic
level. This explains why the role that the managing
director played at the workshop was one of a pas-
sive observer, one of praising or advocating the
current way of working. The more open-system
paradigm in the other companies enabled a higher
quality dialogue at the workshops. First, it enabled
participants to have a better common understand-
ing of the need to change and to accept easily the
MVD project. Second, the managing director (or
the owner in Gamma) was very open and suppor-
tive during the workshops. He genuinely shared
some general principles and visions about the
company, and did not try to limit the discussion.

Conclusions

The previous elaborations imply the follow-
ing generic conclusions.

e Existing conflicting perspectives in the com-
pany (cross-functional or between newcomers
and old-timers) may be a source for debate
during the MVD process. In the case of the
closed-system paradigm such a debate may
block the whole workshop and dominate the
whole dialogue. However, in the case of the
open-system paradigm the debate may be by-
passed and a more constructive dialogue may
be initiated on different issues. In both cases
this debate may be a stimulus for a group (or
organizational) learning that may evolve after
the workshop (F2.1).

e |f the managing director (or the highest au-
thority) in the company does not show explicit
support and understanding for the process of
manufacturing vision development, or if
she/he is inclined too much toward the opera-
tiona and day-to-day improvements, it will
cause problems in the development of the dia-
logue on a strategic level (F2.2).
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If the initiation of the MV D project is done by
a narrow participation from the management
group, not representing different orientations
existing in the company, then a debate is
likely to occur between the initiators and the
invitees, thereby preventing the building of
common understanding of the need to change
and of the MV D process (F2.3).

If the facilitator (internal or external) favors
certain solutions, and if hefshe initiated the
MVD process without consulting the whole
management group, then the facilitator may
be largely perceived as a dominant person.
This increases the probability that the others
will not reflect on the initiatives, but only
make judgments and advocate other perspec-
tives (F2.4).

If in an MVD process the facilitator role is
played by an external participant, then it can
lead to a constructive dialogue on the strategic
issues of MV. In a company with newcomers
In a management position, an external facilita-
tor may be a better choice instead of facilita-
tion by the newcomers, especially in a context
of aclosed system paradigm (F2.5)

5. IMPLICATIONS

In relation to the findings in the previous two

sub-sections (4.1 and 4.2) the following implica-
tions for the future design of an MV D project have
been drawn, having in mind the relationship be-
tween the context, the set-up and the project man-
agement, and the dialogue. NB: Each implication
iswritten in a paragraph that is marked by the find-
ing to which the implication refers to.

(F1.2, F1.3) To a certain degree, the closed
system paradigm presents a hindering context
for the MVD process. The top manager, who
usually plays the role of the ‘commander’ or
‘boss’, may not easily agree on a widely par-
ticipative process at a strategic level. In addi-
tion, a commitment about the MVD process
with a wider scope may be more difficult to
achieve. The roles of the initiator, facilitator
and project manager may not be well ac-
knowledged in such a context. The first thing
to do is to identify if the company operates
under a closed-system paradigm. An impor-
tant thing is not to try to change the com-
pany’s way of thinking and not to try to make
them conform to the facilitator’s (initiator’s)
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way of thinking, but to spend more time on
trying to understand how they are working
and why they are working in that way. In this
situation the initiator (facilitator) of the pro-
ject needs to have a more listening attitude.
He/she may practice behaviours which may
enable active listening. One such behaviour is
‘reflecting the implications — going beyond
the content expressed by somebody and build-
ing on or extending the ideas [14]. Reflection
of the implications should be used to help the
speaker understand his/her thinking, and at the
same time leaves the speaker in control of the
conversation, instead of showing to him/her as
being more clever by changing the direction
of thinking. This method seems appropriate to
extend the ideas of the top management (or
company representative). It will hopefully
lead to the company opening itself and par-
ticipating in a dialogue about MV D. After this
approach, if the top management (or company
participant(s)) refuses to be open and partici-
pate, as a result of mistrust, then the initiator
may choose to leave the MVD project. How-
ever, one should also be aware that it makes
very little sense to encourage a closed-system
manager to adopt wholeheartedly an open-
system approach [10]. But the person’s para-
digm can be respected and understood, and
this can enable a very different way of think-
ing together [10].

(F1.3) It can aso happen that the emergent
strategizing may be a dominating view of the
participants. In fact, the emergent strategizing
issues need to be considered during the set-up
phase since they reflect the current strategic
issues, emergent aspirations and taken-for-
granted beliefsin the company [15]. However,
this can be an undesirable situation if the
emergent strategizing leads to a narrow scope
or narrow approach to the existing problem or
to the current situation. In that case it can pre-
vent the initiation of a dialogue aimed at ex-
ploring some other possibilities or approaches
to the problem. It seems that a special point-
of-entry should be initiated, through which, a
dialogue is developed between the facilitator
(the initiator), and the management group in
order to explore jointly other possibilities for
development in the company. The strategic
concerns of each manager need to be consid-
ered either through individual interviews or at
a joint meeting, and should be included in
planning the scope and the initial ideas about
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the MV. In this situation the set-up has to in-
corporate some tools to broaden the view of
the participants. The use of strategic frame-
works such as Hill’s order winner and order
qualifier criteria, and Fine's 3-D Concurrent
Engineering framework may enable partici-
pants to open their mind and include new di-
mensions and new solutions [16]. The partici-
pants should be guided towards divergent
conversation by inquiring more at a strategic
level, for example by asking: ‘How may you
sustain or improve the advantage in the high
end (or other) segment of the market?, ‘What
ideas do you have on how you might go after
other segments?, etc. The atmosphere or be-
lief of having the right answer needs to be re-
placed with an atmosphere of reflection [17]
where the participants may have an opportu-
nity to relate new information to what is al-
ready known and thus possibly acquire a new
perception.

(FL1.5) Part of the set-up phase should be used
to discover the recent events that may impact
the MVD project. It should be anticipated in
which way these events may influence the
project, i.e. its content, its dialogue, its par-
ticipation. Some of these events may be used
as an opportunity for group (or organizational)
learning and specia preparation may be un-
dertaken to develop the learning. For example,
if the company faces a new business agree-
ment and consequently it needs to develop its
production in order to respond appropriately,
the new development may be directed not
solely to the new requirements but to the
overall trends and challenges in the area
Thus, an intervention for broadening the
scope needs to be planned at the set-up of the
workshop. The guidelines given in the previ-
ous paragraph may well apply in this situa-
tion.

(F2.4, F2.5) The project management needs to
carefully consider the choice and the role of
the facilitator. If an internal facilitator is being
considered, then a care should be taken so that
he or she does not favour only his/hers per-
sonal views/ideas. A phase in the MVD proc-
ess has to be involved where the views and
the ideas of other managers about company’s
strategic development are considered. The last
suggestion is probably a task which appears
more necessary to the external facilitator, but
the internal facilitator as well needs to under-

take it explicitly. The dialogic roles that the
facilitator needs to play mostly are the one of
bystander, in order to offer an overview of
what is happening in the dialogue, as well as
the one of mover (through inquiry and reflec-
tion), in order to guide the dialogue and the
work in the workshop. In order for the facili-
tator not to be perceived as a dominant person
he/she needs to call for open participation, be
an active listener to what participants are say-
ing, show interest, and tackle issues that are of
key interest for the company and the partici-
pants.

(F2.1, F2.3) Differing orientations (or con-
flicting perspectives) aready existing in the
company have been seen as points for debate
and conflicts during MV D process. Therefore,
representatives from all parties should be in-
cluded in the planning stage of the MVD
process in order to prevent difficulties in
building common understanding about the
need for MV D. Furthermore, the set-up has to
consider developing an understanding about
the different perspectives by inquiring into the
main assumptions. This will possibly prevent
unproductive discussions that may arise espe-
cialy in a closed-system paradigm company.
On the other hand, the conflicting perspec-
tives may be used as an opportunity for learn-
ing and creativity if a diadogue is developed.
Ellinor and Gerard [17] propose two tactics
that can support the development of a dia-
logue. Firstly, the focus needs to be placed on
the role rather than on a specific individual. In
that way it becomes safer for people to talk
about what is important. If the conflict is per-
sonalized, it is more difficult to speak openly.
Secondly, the polarities can be used to gain
clarity, flash a larger picture, and discover al-
ternatives. To achieve this aim, the first thing
to be done is to identify the polarities. After-
ward, participants need to be encouraged to
speak from both roles, i.e. each person will
take both sides. The result of this could be an
enhanced understanding as well as creative al-
ternative ways of working with an issue.

The organizational context can not be ex-
pected to be changed in such a short time
frame. However, the possible influences from
the context may be included in the set-up, the
project management and the design of the
MVD process. Furthermore, it may be ex-
pected that the initiad phases of the MVD
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process may influence the context to a certain
degree thereby enabling a better dialogue and
better process later in the MV D consequently
leading to an organizationa (as well as group
and individua) learning.
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KOHTEKCT, IOAIOTOBKA, IPOEKTEH MEHAIIMEHT, 1 TUJAJIOT BO ITPOLHECOT
HA PA3BOJ HA ITPOU3BOJACTBEHA BU3UJA
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Kny4ynu 300poBu: Npon3BOJICTBEHA BU3H]ja; IPOLEC; IUjaslor; KOHTEKCT

Bo 0BOj Tpyx ce auckyTupa MefyceGHOTO BilUjaHHE
nomMel’y BHATPEIIHUOT KOHTEKCT Ha KOMIIaHHWjaTa, IOfro-
TOBKAaTa, IPOEKTHUOT MEHAIIMEHT U [UjaloroT BO Ipolie-
COT Ha pa3BOj Ha MPOM3BOJACTBEHA BU3Wja — MPOIEC KOj
O0BO3MOXYBa KpeHpame Ha KOHIIENT 332 HIHOTO IIPOU3BOJI-
CTBO Ha KommnaHujaTa. McTpaxyBamwaTa ce e Off IOUIU-
POK HCTpaxKyBauky IPOEKT, KOj UMa 3a IIeJ ia To pazbepe
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MPOLECOT Ha Pa3BOj Ha MPOM3BOJCTBEHA BU3Hja M CTpATe-
rHja, rIefajKku ro off MepcnekTHBa Ha YUYSCHUINTE BO MPO-
LECOT ¥ HUBHUOT fiujasior. Tpygot enabopupa Kako riias-
HHUTE eJIeMEHTH Ha NPOLECOT BIMjaaT efeH Ha APYyT U u3-
BIIEKYBa HACOKW 3a HJIHO IUIAHUPAe U MOJIepUpame Ha
TaKBH MPOIECH.
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A bstract: In the last few decades there has been a
considerable growth in the development of scientific method-
ologies for investigating complex issues, such as aircraft acci-
dents, in order to establish a set of priorities for significant
improvement that are possible and desired. The essence of
these methodologies is providing the optimal decision with
respect to these priorities, which is based on information
available, the strategic objectives and prediction of the future
condition of issues to be considered. An interdisciplinary ap-
proach and intuition have shown to be vital elements in devel-
oping contemporary methods for creating strategic decisions.
A number of intuitive methods have been developed over the
past few decades. One of the most successful among these
methods is the Delphi technique. This paper points out the
Delphi conclusions with respect to improvement of aircraft
accident investigation. That is to say, the paper points out the
spots and stages of aircraft accident investigation where sig-
nificant improvements can be made by employment of con-
temporary technology and science. Moreover, this paper pro-
vides a qualitative and quantitative analysis of influential fac-
tors that have an impact on investigation outcomes. Further-
more, this paper addresses the need for a tool, which will be
able to include and contain specific knowledge, and the ana-
lytical skills of a large number of experts. Finally, this paper
discusses and concludes that aircraft accident investigation
could be improved with the application of a global expert sys-
tem as a tool for storing and analysing the forensic data of
aircraft accidents worldwide.

Key words: expert systems; Delphi method; aircraft accident
investigation

1. INTRODUCTION

The investigation of aircraft accidents is fo-
cused on the circumstances of the accident includ-
ing gathering, recording and analysis of all avail-
able information, and the drawing of conclusions,
including the determination of accident causes [5].

Furthermore, since the sole objective of the inves-
tigation of an accident is the enhancement of air
traffic safety, the investigative team, when appro-
priate, based on information derived from the in-
vestigation, can introduce recommendations with
the intention of preventing future accidents (and
incidents).

The investigation of a massive aircraft acci-
dent engages a number of different staff, special-
ists, experts, legal authorities, accredited represen-
tatives, representatives originating from the state of
design, manufacture, operator, and so on, conducting
a certain portion of aircraft accident investigation.

Thus, in order to determine the causes for the
accident, investigators need to pursue comprehen-
sive examinations of the accident site, wreckage,
witness information, recorded media, component
examinations, tests, simulations, and so on. This
indicates that an aircraft accident investigation is a
complex issue affected by many factors of differ-
ent natures. As a result, these questions, how the
aircraft accident investigation can be suitably con-
sidered and what methods can be applied to further
improve the aircraft accident investigation process,
emerged.

2. THEORY OF MAKING STRATEGIC
DECISIONS AND FORECASTING — THEORY
OF INTUITIVE METHODS

According to Dobrov [2] there are more than
130 different methods for creating scientific deci-
sions. He divided these methods into three basic
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groups: research forecasts, program forecasts and
organizational forecasts that distinguish each other
and provide their application in different fields of
science. On the other hand, according to the proce-
dure for creating strategic decisions, the methods
can be divided into three classes:

A) Trend interpolation methods

These methods provide a picture about the fu-
ture condition of a system based on interpolation of
the trends from the past.

B) Methods of simulations

These methods include creating a model
whereby the future behaviour of a system is simu-
lated by applying variables with different magni-
tudes.

C) Methods of convergent concordance

They are based on deliberating and creating a
consensus of respondents being chosen to express
their opinions about the issue.

The first two methods are not applicable in
each situation and they do not provide satisfactory
outcomes for all systems with respect to creating
set priorities. Thus, the need of further develop-
ment of a system has introduced the interdiscipli-
nary approach to the issue and intuition to be vital
elements of contemporary methods known as intui-
tive methods. The name itself ‘intuitive’ literally
means a directly gained sense, which is not a result
of experience and deliberation that actually ex-
cludes any options of its application. Yet in reality
intuitive methods used as means for creating stra-
tegic decisions include a qualitative analysis, well
organized scientific opinions, as well as social as-
pects of the issue.

There have been a number of different types
of intuitive methods developed so far. Among
them the most successful are the following:

1) Forecasting by expert — individual

This method is based on the confidence and
the capability of forecasting by a person — an ex-
pert. The person chosen has knowledge in the field
in which the forecast is carried out as well as skills
in forecasting.

2) Group forecasting — panel discussion, brain-
storming
All variants of ‘brainstorming’ can be charac-

terized as methods based on intuitive reflection
that lead to the appearance of new ideas and rea-

sonable concordance among experts. This method
is based on the idea that the most appropriate solu-
tion for a particular system must emerge from an
accumulation of many different solutions within a
scientifically approved process, where experts cre-
ate a consensus.

3) Group forecasting in which experts individually
give their opinions

At this type of methods for creating a set of
priorities for improvement of an issue, experts
convey their opinion individually regarding the
issue considered, and after that the researcher de-
liberates the outcomes and provides feedback to-
wards experts. After that the researcher calculates
the mean of the expert opinions and when a con-
sensus is reached, he defines the final conclusions.

To date the most developed intuitive methods
are the following: the Delphi technique, the
Method of strategic games, the Scenario, the Uto-
pia method and others. Considering the Aircraft
Accident Investigation as an issue to be developed,
it has been deduced that the Delphi method (well
known as the Delphi technique) is the most appro-
priate tool for creating a set of priorities regarding
improvement of the aircraft accident investigation.
Therefore the following part of this paper is de-
voted to Delphi technique, its definition, proce-
dure, features, including its application to aircraft
accident investigation.

3. THE DELPHI METHOD

The Delphi method is named in deference to
the legend of the Greek Delphi oracle (Gontenrose
1959, quoted in [7] and presents one of the most
useful methods for establishing a set of priorities to
further develop and improve a complex system [4].

The basis of the Delphi technique is through a
systematic use of expert knowledge from different
fields to determine the ongoing condition of the
system considered, then to simulate its future in
order to bring out decisions for its progress. Fur-
thermore, the Delphi technique, as a scientific tool
for doing research, introduces a combination of
quantitative and judgmental processes. Namely,
the Delphi exercise uses interviews and question-
naires to extract estimates or prognostication on a
specific issue from a valid sample of expert. Hence,
the Delphi method provides an opportunity for ex-
perts to communicate their opinions and knowl-
edge, to see how their evaluation of the issue aligns
with others, and to change their opinions, after re-
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considerations of the findings of the group’s work
[1]. The work continues over a series of iterative
rounds until consensus or stability is reached about
the issue, where all participants contribute to gain-
ing knowledge.

The Delphi technique was established in
1950’s and primarily used in the framework of a
study undertaken by the RAND Corporation for
needs of the American air forces. According to
Trocki (quoted in [9]), the basis of the Delphi
technique was set up in the RAND Corporation.
From the United States, Delphi in the 1960’s
spread to Western Europe, Eastern Europe, and the
Far East gaining extensive popularity across many
scientific disciplines as a method of inquiry [3].
For instance in Japan in 1969 the Science and
Technology Agency applied the Delphi Technique
for forecasting the development of the science and
technology by the year 2000, surveying around
4,000 individuals.

In the first period, the Delphi technique was
mainly used for forecasting the future international
situations and forecasting the scientific-techno-
logical development. Nowadays in practical terms,
the Delphi technique is not only a method for fore-
casting. It is rather a method of a systematic gath-
ering of opinions given by experts, which may be
used to foresee developments in technology and
other areas. Therefore an adequate name would be
the *method for creating group estimation’ [20].

However, regardless of the primary applica-
tion of the Delphi technique, today its usage is ex-
tensive in the areas of economics, engineering,
medicine, science and so on for technological fore-
seeing and creating a set of priorities. As a result of
this, the Delphi technique has taken the first place
as the most important method among all methods
available for preparation and creating strategic de-
cisions with respect to future technological innova-
tions, development and changes [14].

The results from the implementation of the
Delphi technique are not supposed to be valid for-
ever. They express the expert opinion and estimate
at current conditions, which have to be periodically
reviewed and developed.

4. THE PROCEDURE OF THE DELPHI
METHOD
The Delphi technique is formalized through

the procedure of carrying out research activities.
The procedure of the Delphi exercise is composed
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of the following steps: establishing the working
group for coordination, identification of an expert
team, creating and delivery of the questionnaire,
filling out the questionnaire, results analysis and
attaining the concordance of experts’ opinions.

The duty of the working group for coordina-
tion is to introduce the research issue, then to carry
out a survey procedure and finally to work out and
present the final results. The working group is
composed of experienced and skilled persons in
the particular area and specialists for forecasting.
The working group establishes a team of experts,
which are later surveyed. After that the working
group establishes a questionnaire composed of a
list of questions or factors relevant to the issue
considered, whereby the answers will contribute to
establishing a set of priorities for further growth of
the issue. Within the Delphi exercise all questions
are asked in a way that answers must be given nu-
merically (scale rate), although there is great free-
dom in choosing the type and scale size for ranking
the factors.

When the questionnaire has been finalized, a
sample of it is delivered to every single expert. The
questionnaire contains all information needed with
respect to the goal of the research, the role of the
expert and the way of giving the answers. After
that experts express their own opinion about every
question individually. The Delphi procedure does
not allow interaction among experts themselves.
Forecasting and expression of opinions is com-
pletely given to experts; the working group only
appropriately operates the data.

The Delphi exercise is carried out in more
rounds or iterations. When experts have given their
answers supported with appropriate evidence, the
questionnaires are delivered to the working group
and the first round concludes. After that the work-
ing group calculates the mean of experts’ numeri-
cal answers for every question and identifies the
extreme answers. Respondents then give an expla-
nation for their answers that were deflected signifi-
cantly from the group mean. After identifying ar-
eas of agreement and discord as items requiring
clarification, the working group prepares and dis-
tributes a second questionnaire. This questionnaire
includes statistical and qualitative summaries of
the group responses to the first questionnaire along
with additional information or explanations re-
quested by participants. Answers given from the
second round are treated in the same way as an-
swers after the first iteration. The means of the an-
swers are calculated, extreme answers are identi-
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fied, additional explanation from the experts is re-
quested, and this information is represented to the
experts. This poll process with feedback finishes at
the moment when the working group evaluates that
there is a reasonable consensus of experts’ answers
with respect to every single question. The practice
shows that after the third round of the Delphi exer-
cise almost all answers needed are obtained. The

1. Defining of research area
2 |

2. Determination of the research goal

9. Correction of the previous
phases according to

i g expert recommendations
3. Defining of the task P

* |

4. Creation of the questionnaire

11. Establishing the expert team

final report offers a summary of the goals, the
process, and results of the Delphi exercise. The
working group along with other interested parties
may use these results in various ways, including
improvement of the systems, long-range strategic
planning and forecasting. The process of a Delphi
enquiry graphically is presented in Figure 1.
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Fig. 1. The Delphi technique. Identification of the Expert Opinions

The whole process of the Delphi method is
distinguished by three main characteristics [16]:

— Anonymity;

— Presence of an iterative process and feed-
back;

— Conclusions present a collective experts’
opinion.

Namely, within the Delphi exercise there is
no communication among respondents. The inter-
action between members of the expert team is pre-
cluded and therefore absolutely independent an-
swers (opinions) are assured. The results of the
Delphi exercise are presented in a statistical form

as an average experts’ opinion so that the anonym-
ity of the answers is assured until the end of the
procedure.

The Delphi procedure is repeated several
times and through the feedback all respondents are
informed with the group results from the previous
round. Thus, at each successive interrogation, the
participants are given new and refined information
in order to achieve a mutual consensus. This proc-
ess of iterations continues until a satisfactory con-
sensus of respondents’ opinions is achieved.

It is common for the calculation of the expert
opinions, which are given numerically, to be car-
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ried out by the working group (or researcher) in
two phases, as following:
— determination of experts’ competency;

— determination of the coefficient of concor-
dance of expert opinions.

The Spearmen Rho (p;) rank correlation coef-
ficient test (Spearman estimator) is used as a crite-
rion to calculate the experts’ competencies,
whereas the expert consensus is attained through
calculation of the coefficient of concordance C,.

The coefficient of concordance C, and the
Spearmen Rho (p;) rank correlation coefficient are
statistical functions and their non-randomness is
tested against ° and student’s f-criteria, respec-
tively.

After reaching consensus among expert opin-
ions, which is proved by statistical testing of the
non-randomness of expert competency and opin-
ions, the stage of drawing final conclusions can
start. It includes identification of significant factors
that have great impact on the issue considered,
presentation of findings and other analysis.

5. AIRCRAFT ACCIDENT INVESTIGATION
AND THE DELPHI TECHNIQUE

The Delphi method has been considered to be
one of the most truthful techniques of data derived
from many sources [7]. Therefore by applying the
Delphi exercise this is a great opportunity for look-
ing into the process of aircraft accident investiga-
tion. All propositions for a successful Delphi exer-
cise exist. Namely, the issue to be considered has
been established and it is an aircraft accident inves-
tigation. The issue presents a well known process
of gathering, recording and analysing information
and determining the causes for the accident. It is
clear that the issue is associated with the air traffic
safety therefore enhancement of the safety has to
be included within this study. Furthermore there is
a lot of information available regarding the aircraft
accident occurrences as well as the investigation
carried out, so that conclusions originating from
statistics are known. Moreover, the strategic objec-
tives of the issue are clear, which in turn produces
a more efficient and economical process of getting
at the causes of accidents as well as enhancing the
air traffic safety.

It is clear that the prospective conclusions
will reflect the whole procedure carried out of the
Delphi exercise. Obviously the quality of the work
done by the working group in preparation of the
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questionnaire and selection the expert team will
significantly impact the credibility of the final re-
sults. It is most likely that a well established work-
ing group and well prepared questionnaire will
provide credible and accurate results.

6. APPLICATION OF THE DELPHI METHOD
TO AIRCRAFT ACCIDENT INVESTIGATION

The Delphi enquiry was conducted in the pe-
riod April — June 2007 although the preparation for
implementing this research had started a long time
ago.

First of all, the working group created six
groups of factors, in total 98 factors, which may
affect the outcomes of the process of aircraft acci-
dent investigation. The factors of every group pre-
sent a collection of important elements reflecting
the investigation from one particular aspect so that
the six groups created consider comprehensively
the process of aircraft accident investigation.

Thus, the first group includes 10 factors relat-
ing to investigation principles such as the principle
of objectivity, coordination and cooperation, eco-
nomical procedure and so on. The second group
comprises the factors 11-17 relating to general
investigation questions (where, when, what, why
and so on). The third group is composed of the fac-
tors 18-27 presenting the different portions of the
investigation. The next group includes the factors
28-53 relating to examination of causal factors of
accidents. The fifth group (factors 54—74) includes
the factors relating to common problems that may
lead to accident. The last group (factors 75-98)
presents a list of statements prepared for this pur-
pose.

After that a questionnaire was designed,
which asked respondents to rank the factors within
their groups. Experts were allowed to rank addi-
tional factors with the same ranks. The respondents
ranked the factors according to 9 questions posed
within the questionnaire, as follows:

1) ‘How much are the below mentioned prin-
ciples met within an aircraft accident investiga-
tion?’ referring to the first group of factors.

2) ‘What are the odds of determining the an-
swers of the questions below within an aircraft ac-
cident investigation?’ associated with second
group of factors.

3) ‘In reference to obtaining a better investi-
gation outcome, how important is [the given item]
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within the process of aircraft accident investiga-
tion?” related to the third group.

4) ‘How complex is [the given item] within
the investigation process as to the requirement of
special skills and technique by the examination
team?’ related to the third group.

5) ‘Is there potential for further improvement
of [the given item] within the aircraft accident in-
vestigation by applying the new methods and con-
temporary technology?’ related to the third group

6) ‘How complex is the examination of [the
given item] as to the requirement of special skills
and technique by the examination team?’ associ-
ated with the fourth group of factors.

7) ‘Is there potential for further improvement
of examination of [the given item] within the air-
craft accident investigation by applying new meth-
ods and contemporary technology?’ associated
with the fourth group of factors.

8) ‘What are the odds of proving within the
process of an aircraft accident investigation that
[the given item] is one of the major causes for an
accident?’ related to the fifth group.

9) ‘Do you agree with the statements below?’
related to the sixth group of factors.

Experts expressed their opinions about the
questions numerically ranking the factors from 1 to
10 for all questions except question 5 and 7 that
were ranked from 1 to 5. The ranks available refer
to one of the following preferences: unfeasible —
definitely feasible, unimportant — very important,
small — large, not at all — complicated, unreliable —
certain, strong disagreement — strongly agree, con-
sistently to the question posed.

The next stage of the Delphi procedure was
the selection of respondents that was done while
the questionnaire was being created. Thus, taking
all circumstances and features of the Delphi proce-
dure into account, it was decided that 10 respon-
dents would provide sufficient response for draw-
ing credible conclusions. Respondents were chosen
experts, members of aircraft accident investigation
teams, who were recommended by their colleagues
as very knowledgeable and experienced investiga-
tors. On the respondent list were investigators from
ATSB (Australian Transport Safety Bureau),
DSTS (Defense Science Technology Science),
Qantas, and other international services.

The Delphi survey started with the well
known ‘zero’ round in order to provide feedback
about the quality of questionnaire in terms of its
structure and content. In the ‘zero’ round few ex-

perts were surveyed, who responded that question-
naire was composed of clearly defined questions
(factors) and that every factor included was impor-
tant for the purpose of this research.

After finishing the ‘zero’ round, the question-
naire was sent to the respondents and the first
round of the Delphi survey started. In accordance
with the Delhi procedure, after the questionnaires
were returned, the working group summarized the
responses and, based upon the results, developed a
new questionnaire for the respondent group. The
respondents were asked to re-evaluate their origi-
nal answers based upon examinations of the group
response from the first round so that they, accord-
ing to their consideration, could have changed their
original answers from the first round. Thus, com-
plying with the procedure of checking the expert
opinions and asking for argumentative explanation
for answers differing significantly from the group
average opinion, the whole Delphi procedure fin-
ished for two rounds. After the second round, there
was an impression that experts quite surely ranked
the factors in the first and second round so that the
additional third round would not have enhanced
the Delphi results. Now, when the survey proce-
dure finished and expert responses were available,
the working group started with data analysis. The
analysis included determination the expert group
opinion about every single factor from the ques-
tionnaire and working out the expert competency
and the coefficient of concordance of expert opin-
ions.

Thus, after reaching consensus among expert
opinions, which was proved by statistical testing
the coefficient of concordance C; and the Spear-
men Rho () rank correlation coefficient of all ex-
pert opinions, drawing of conclusions related to
answers of all questions could have started.

7. DATA ANALYSIS OF APPLICATION
THE DELPHI TECHNIQUE TO AIRCRAFT
ACCIDENT INVESTIGATION

As mentioned, the Delphi survey was com-
pleted in two rounds. Experts provided their opin-
ions for every single factor in the first round, and
through the feedback in the second round they up-
graded their original answers. The final opinions,
which present numerical answers or ranks, were
transferred into excel tables created for this pur-
pose. After that the average group ranks were cal-
culated for every single factor followed by work-
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ing out the coefficient of competency and coeffi-
cient of concordance.

Question 1

With respect to the question 1 (‘How much
are the below mentioned principles met within an
aircraft accident investigation?’) the experts pro-
vided the following group opinion shown in Table 1.

Hence, using the data from Table 1, the Fig-
ure 2 was created.

Figure 2 points out that all principles from
Table 1 are met considerably within an aircraft ac-
cident investigation. In particular the process of
investigation satisfies the criteria with respect to
the principle of objectivity, the principle of critical
approach of the procedure and the principle of
solitary governance of investigation, which are the
factors 6, 3, 7 highly ranked with 8.7, 8.3, and 8.3
respectively.

Table 1

Expert group opinion with respect to question 1

A B M c

—_—

. Principle of technical — tactical
liberty of conducting the
investigation and principle of
adequacy

2. Principle of methodical approach
and planning

3. Principle of critical approach of
the procedure

4. Principle of operational approach 5 10 74 1.6

5. Principle of profundity and
persistence

6. Principle of objectivity 8 10 87 0.8

7. Principle of solitary governance
of investigation

8. Principle of coordination and
cooperation

9. Principle of economical
procedure

10. Principle of secrecy 6 9 73 12

A, B — Minimum/Maximum rank given by experts
M — Group expert opinion; Mean
o — Dispersion of expert responses
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Fig. 2. Expert group opinion relating to meeting the general
investigation principles within aircraft accident investigation

On the other hand, the principle of economi-
cal procedure, which is factor 9, has a rank of only
6.8, which obviously indicates that it is not met
completely within an aircraft accident investiga-
tion. Here, it can also be addressed the principle of
operational approach (4) with rank of 7.4 and asso-
ciated with a high dispersion of 1.6. The results
also reveal that within an investigation the princi-
ples of: secrecy, coordination and cooperation as
well as methodical approach and planning (factors
10, 8, 2), which were ranked with 7.3, 7.6, and 7.7,
respectively, are not met entirely.

Question 2

With respect to question 2 (‘What are the
odds of determining the answers of the questions
below within an aircraft accident investigation?’),
the experts provided the following group opinion
presented in Table 2, whereby Figure 3 was cre-
ated.

Table 2

Expert group opinion with respect to question 2

A B M G
11. When did the accident happen? 8 10 9.1 0.54
12. Where did the accident happen? 9 10 93 046

5 7 63 078

13. How did the accident happen?

14. How has the plane been

maintained? 7 10 82 1.08

15. Who were the occupants of the
aircraft?
16. Why did the accident happen? 5 8 6.8 0.98

17. What may have prevented the
accident?

8 10 9.1 0.70

6 9 7.2 0098
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Figure 3 illustrates that an investigation of
aircraft accident occurrence will most likely reveal
the answers of questions regarding to where/when
the accident happened and identify the identity of
the occupants of the aircraft that refers to factors
12, 11 and 15 ranked with 9.3, 9.1, and 9.1, respec-
tively.

0}

Group Expert Opinions

I:I 1 1 1 1 1
11 12 13 14 13 16 17

Factors [Guestions)
Fig. 3. Expert group opinion with respect to possibility of
revealing the answers of the general investigation questions

As expected, the experts ranked significantly
lower factors 13, 16, and 17 with ranks of 6.3, 6.8,
and 7.2, respectively. This means that within an
investigation the most difficult task is determining
the answers of questions how/why the accident
happened and what may prevented the accident.

The relatively low ranks of those factors indi-
cate that the investigation is obviously not a perfect
procedure. Moreover, the results of question 2
suggest that investigation enhancement can be
achieved by improving the stages directly related
to determination of causes of accident.

In terms of maintenance of aircraft, experts
ranked factor 14 with rank 8.2, which means that
investigators do not have a big problem discover-
ing the maintenance history of an aircraft involved
in an accident.

Question 3

Questions 3, 4, and 5 refer to the factors 18—
27 and examine them from different aspects in the
framework of an investigation, which provides
comprehensive outcomes about their condition.
Thus, with respect to the question 3 (‘In reference
to obtaining a better investigation outcome, how
important is [the given item ] within the process of
aircraft accident investigation?’) the experts pro-
vided the group opinion presented in the Table 3
and Figure 4.

Table 3

Expert group opinion with respect to question 3

A B M c

18. Managing the investigation

(Plan, Report, Monitor) 710086 102

19. Notification and arriving at the
scene of the accident

o]

10 8.6 0.80

20. Examination of the scene of the 9 10 93 046

accident
21. Wreckage analysis 9 10 95 0.0
22. Flpdlng and interviewing the 7 9 82 087
witnesses
23.Investigation of Air Traffic
Control records & Radar Data 10 88 087
24. Laboratory examination 8 9 87 046
25. Reconstruction 7 9 79 0.0
26. Repo.rt writing (Structure & 7 9 82 075
Quality)
27. Data management 7 10 85 1.12
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Fig. 4. Expert group opinion relating to the importance
of the stages of an accident investigation

Figure 4 show that experts highly ranked fac-
tors 18-27 with respect to their importance within
an investigation. Namely in the framework of an
aircraft investigation process, experts said that all
factors from the list were very important. Yet, ex-
perts emphasised the importance of wreckage
analysis (21)" and examination of the scene of ac-
cident (20) allocating them ranks of 9.5 and 9.3,
respectively. A less ranked factor within the list
provided was the reconstruction of an aircraft ac-
cident (25) with a still high rank of 7.9 followed by
the report writing (26) and finding and interview-
ing the witnesses (22) ranked with 8.2 each.

1 Refers to the Factor 21
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The analysis of Figure 4 points out that in
terms of better investigation outcomes all factors
from the list above are important. Moreover it un-
derlines the importance of direct examination of
wreckage and scene of the accident, which were
also emphasized through the answers of question 2.

Question 4

In terms of question 4 (‘How complex is [the
given item] within the investigation process as to
the requirement of special skills and technique by
the examination team?’) the experts provided the
group opinion shown in table 4.

If experts said that all factors from 18 to 27
were very important within an investigation in ref-
erence to obtaining better outcomes, they ranked
their complexity significantly different. Thus, in
the expert group opinion the most complicated
phases of investigation are reconstruction (25),
wreckage analysis (21), and laboratory examina-
tion (24), ranked with 8.9, 8.3, and 8.1, respec-
tively. On the other hand, the notification and ar-
riving at the scene of accident (19), as expected,
was ranked as less complicated with the rank of 4.8
followed by the report writing (26) and finding and
interviewing the witnesses (22) with ranks of 6.4
and 6.5, respectively. Other factors of the list were
ranked with ranks 7.

Table 4

Expert group opinion with respect to question 4

A B M o

18. Managing the investigation

(Plan, Report, Monitor) 59 72 1.33

19. Notification and arriving at

the scene of the accident 27 48 1.66

20. Examination of the scene of

the accident 6 9 77 110

21. Wreckage analysis 7 9 83 0.78

22.F 1pd1ng and interviewing the 5 g 65 1.02
witnesses

23. Investigation of Air Traffic ] 7 118
Control records & Radar Data ’

24. Laboratory examination 7 9 8.1 0.70

25. Reconstruction 8§ 10 89 0.70

26. Repo'rt writing (Structure & 4 8 64 150
Quality)

27. Data management 6 8 7 0.89
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Group Expert Opinions

18 20 22 24 26
Factors

Fig. 5. Expert group opinion about complexity of the phases
of an aircraft accident investigation

In terms of ranking of the factors 18, 19 and
26 (managing the investigation, notification and
arriving at the scene of the accident and report
writing), Table 4 shows that dispersion of those
answers has relatively high values of 1.33, 1.66,
and 1.5, respectively. This refers to the need of
additional consideration of these factors with re-
spect to the question associated. On the other hand,
experts ranked these factors (individually) very
stable in the first and the second round providing
supportive arguments for these answers. Because
of this and the fact of non-randomness of expert
concordance and competency, the working group
decided to finish the survey procedure after the
second round to draw conclusions.

Question 5

On the question 5 (‘Is there potential for fur-
ther improvement of [the given item] within the
aircraft accident investigation by applying the new
methods and contemporary technology?’) the ex-
perts provided the group opinions presented in Ta-
ble 5 and Figure 6.

Figure 6 shows that experts ranked all factors
higher than 2.5, which is 50% of the rank span
given. With other words this means that experts
consider that all factors from 18 to 27 have poten-
tial of further significant improvement by applying
contemporary technology. In this regard, experts
ranked the managing of investigation (18), wreck-
age analysis (21) and data management (27) with
very high ranks of 3.8, 3.8, and 3.6, respectively.
After that, the factors laboratory examination (24)
and reconstruction (25) with ranks of 3.4 follow.
As expected, the factors finding and interviewing
the witnesses (22) and notification and arriving at



86 G. Milosovski, C. Bil, M. Cosevski

the scene of accident (19) were ranked with the
lowest ranks, but still high of 2.55 and 2.9, respec-
tively.

Table 5

Expert group opinion with respect to question 5

A B M c

18. Managing the investigation

(Plan, Report, Monitor) 3 45 3.8 0.6

19. Notification and arriving at the

scene of the accident 2 4 29 0.70

20. Exa'rmnatlon of the scene of the 25 4 33051
accident

21. Wreckage analysis 3 45 38 0.56

22. Finding and interviewing the

. 1.5 3 2.55 0.61
witnesses

23. Investigation of Air Traffic

Control records & Radar Data 23 4 3.2 0.36
24. Laboratory examination 3 4 34 049
25. Reconstruction 2.5 4 34 054

26. Report writing (Structure &
Quality)

27. Data management 3 4 3.6 044

2 4 3077

Group Expert Opinions

18 20 22 24 26
Factors

Fig. 6. Expert group opinion relating to the potential for
improving the phases of an aircraft accident investigation

Answers of questions 3, 4 and 5 provide use-
ful information about the investigation phases pre-
sented individually in figures 4-6. As those an-
swers are related to the same factors 18-27, they
can also be plotted in a 3-D space with respect to
importance (x-axis), complexity (y-axis) and im-
provement (z-axis).

Hence, using the data from the tables 3-5, the
Figure 7 was created and additionally Figure 8§,
which provide better outlook of data derived.

o

FE KT VNS ST ?—!3..!1;.3...\
£ : 22
L s T :
i e R SR e S
E

1 -

0

0 2 4 [ g 10 Complexity

Importance

Fig. 7. Location of ranks of the phases of an aircraft accident
investigation in 3-D space created of their importance,
complexity and potential of their further improvement

Overall the Figure 7 indicates that all factors
18-27 are located in the space with high ranks of
the x, y, and z axis. In order to provide a better
view of those ranks, those results were additionally
resolved into three planes (‘xy’, ‘xz’, and ‘yz’ ele-
vation) shown in Figure 8.

Figure 8 clearly illustrates the position of ex-
pert group opinions of questions 3, 4, and 5, related
to the factors 18—27. It can be seen that the factor
wreckage analysis (21), with the coordinates/ranks
of (9.5, 8.3, and 3.8) has most dominant position
among all factors followed by laboratory examina-
tion (24) and reconstruction (25), also with high
ranks of (8.7, 8.1, 3.4) and (7.9, 8.9, 3.4), respec-
tively.

Moreover, the Figure 8 shows that the factors
managing the investigation (18), data management
(27), examination of the scene of the accident (20)
also have high ranks, but are a little lower than the
above mentioned factors 21, 24, 25. From the Fig-
ure 8 it can be seen that the factors notification and
arriving at the scene of the accident (19), finding
and interviewing the witnesses (22), and report
writing (26) were ranked the lowest among all fac-
tors with (8.6, 4.8, 2.9), (8.2, 6.5, 2.5), (8.2, 6.4, 3),
respectively.

The results of questions 3, 4, 5, as a whole,
point out that in order to obtain significant en-
hancement of the process of aircraft accident in-
vestigation, interested parties must focus their ef-
forts towards development of the three general fac-
tors wreckage analysis (21), laboratory examina-
tion (24) and reconstruction (25).

Mech. Eng. Sci. J., 27 (2), 77-95 (2008)
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Fig. 8. Expert group opinion with respect to questions 3, 4, 5

Question 6

With respect to the question 6 (‘How complex
is the examination of [the given item] as to the re-
quirement of special skills and technique by the
examination team?’) the experts provided the
group opinions presented in Table 6 and Figure 9.

According to Figure 9, the examination of all
factors 28-53 is complex and requires special
skills by the examination team. Experts allocated
maximum ranks to the factors in-flight explosion
(41), in-flight failure (42), psychological human
factors (52), human error and omission (51), and
design inadequacy (53), with ranks of 9.2, 9, 8.9,
8.8, and 8.6, respectively.

On the other hand the factors landing gear
systems and brake systems (32), fuel (34), and air-
craft loading (39) were considered as less complex
among all factors from the list, with ranks of 6.3,
6.3, and 6.4, respectively. The ranks of other fac-
tors were between 6.3 and 9.2.

From the Table 6 high values of dispersion &
for the factors landing gear and brake systems
(32), de-icing and anti-icing systems (33), fuel
(34), aircraft loading (39), in-flight fire (43), light-
ning (44), and mid-air collision (45) can be seen.
This indicates that there is a considerable differ-
ence in expert opinions for those factors, which
deserve a special attention. Considering this situa-

Maw. unnc. nayu. ciuc., 27 (2), 77-95 (2008)

tion, the working group deduced that experts did
not alter their original answers significantly from
the first into the second round providing a suppor-
tive argument for these ranks.

Yet, the positive tests of non-randomness of
expert concordance and competency for all ques-
tions were a sufficient argument working group in
these circumstances to accept those ranks as final.
It should be clarified that current extreme answers
did not significantly affect the mean of answers
presented in the Table 6.

Group Expert Cpinions

30 35 40 45 a0
Factars

Fig. 9. Expert group opinion about the complexity
of wreckage examination and other factors within
an investigation
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Table 6

Expert group opinion with respect to question 6

A B M o

28. Operations, The Flight Path 7 9 79 083
29. Cockpit 7 10 84 1.20
30. Engine and accessories 7 10 83 1.10

31. Mechanical, electrical, hydraulic,

pneumatic systems 710084 L

32. Landing gear systems and brake

systems 4 8 63 149
33. De-icing and anti-icing systems 4 9 67 1.85
34. Fuel (quality and amount) 39 63 219
35. Foreign Object Damage (FOD) 5 9 7 1.61
36. Cockpit Voice Recorder (CVR) 7 9 79 083
37. Cockpit Sound Recorder (CSR) 7 9 81 0.70
38. Flight Data Recorder (FDR) 7 9 81 0.70
39. Aircraft loading 39 64 220
40. Hydroplaning 6 9 75 120
41. In-flight explosion 8 10 92 0.75
42. ;E;ifigifgt failure (Structural failure— 8 10 9 089
43. In-flight fire 6 10 82 1.54
44. Lightning 5 9 176 150
45. Mid-air collision 39 72 218
46. Crime activities 6 9 77 1.10
47. Weather conditions 7 9 178 0.5
48. E;;ﬁ;:%h and wing tip vortex 7 9 8 077
49. Microburst, wind gust, wind shear 7 9 8 0.77

50. Stability and control of an airplane 7 10 8.1 1.22
51. Human error or omission 8 9 88 040

52. Psychological factors (fatigue,
illusion, etc.)

53. Design inadequacy 8 10 8.6 0.66

&8 10 89 0.70

Question 7

Table 7 shows the expert opinions about
question 7 (‘Is there potential for further improve-
ment of examination of [the given item] within the
aircraft accident investigation by applying new
methods and contemporary technology?’) within
the Delphi enquiry. Accordingly Figure 10 was
created.

Figure 10 presents the expert opinions about
the potential of further improvement of the exami-

nation of the factors 28—53. Overall experts ranked
all factors (except the factor fuel examination)
greater than 2.5, which is 50% of the rank span
given. Differently than the results from Table 6,
here, experts ranked all factors very stable creating
small values of dispersion o.

Table 7

Expert group opinion with respect to question 7

A B M G
28. Operations, The Flight Path 3 4 34 049
29. Cockpit 2 4 325 0.68
30. Engine and accessories 2 4 33 0.78
31. Mechanical, electrical, 4 365 055

hydraulic, pneumatic systems

32. Landing gear systems and

brake systems 2 4 29 083

33. Deicing and anti-icing ’ 4 29 0.83

systems
34. Fuel (quality and amount) 1 35 22 095
35. Foreign Object Damage 2 4 3 0.63
36. Cockpit Voice Recorder 3 5 39 0.70
37. Cockpit Sound Recorder 2.5 5 3.75 0.81
38. Flight Data Recorder 3 5 3.8 0.75
39. Aircraft loading 25 45 33 071
40. Hydroplaning 2 4 3.1 0.83
41. In-flight explosion 2.5 5 38 095

42. In-flight failure (Structural

failure—fatigue) 2.5 5 3.7 0.87

43. In-flight fire 3 5 3.5 0.67
44. Lightning 2 4 3 059
45. Mid-air collision 2 4 32 075
46. Crime activities 2.5 5 3.6 0.89
47. Weather conditions 25 45 36 0.62

48. Downwash and wing tip

vortex hazards 3 5 3.6 0.80

49. Microburst, wind gust, wind

3 4 34 049
shear

50. Stability and control of an

. 2 45 325 0.78
airplane
51. Human error or omission 2.5 5 395 0.85

52. Psychological factors (fatigue,

illusion, etc) 3 5 4 077

53. Design inadequacy 3 45 345 057

Mech. Eng. Sci. J., 27 (2), 77-95 (2008)
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Group Expert Opinions

30 35 40 45 50
Factars

Fig. 10. Expert group opinion about the potential
of improvement of wreckage examination and other factors
within an investigation

The maximum ranks of 4, 3.9, 3.9, 3.8, 3.8,
3.8, and 3.7 were allocated to the examination of
the following factors: psychological factors (52),
human error or omission (51), cockpit voice re-
corder (36), flight data recorder (38), in—flight
explosion (41), cockpit sound recorder (37), in-
flight failure (42), respectively.

In contrast, experts ranked the factors fuel
(34), landing gear and brake systems (32), de-icing
and anti-icing systems (33), foreign object damage
(35), and lightning (44) with significantly lower
ranks 0f 2.2, 2.9, 2.9, 3, and 3, respectively.

In addition Figure 11 is discussed which
combines the answers from the question 6 and the
question 7 referring to factors 28-53. Figure 11
illustrates the mutual correlation of complexity
(‘complexity’) and the potential of improvement of
examination (‘improvement’) of factors 28-53,
disposing them into ‘xy’ area, where ‘X’ axis is
‘complexity’ and ‘y’ axis is ‘improvement’.

According to the location of factors in Figure
11, two different groups of factors with different
features can be created. The first group is located
in the right upper corner of the chart and those fac-
tors have both high ranks of ‘complexity’ and ‘im-
provement’, whereas the second group is com-
posed of factors with significantly smaller values
of ‘complexity’ and slightly lower ranks of ‘im-
provement’. Hence, most of factors 28-53 are lo-
cated in the first group and among them the most
distinguished are the following ones: in-flight ex-
plosion (41), in-flight failure 42, psychological
factors (52), and human error or omission (51)
with coordinates/ranks of (9.2, 3.8), (9, 3.7), (8.9,
4), (8.8, 3.9), respectively.
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Fig. 11. Complexity and potential of improvement
of examination of the given factors within an aircraft accident
investigation

The second group is composed of the factors:
fuel (34), landing gear systems and brake systems
(32), de-icing and anti-icing systems (33), foreign
object damage (35), mid-air collision (45), aircraft
loading (39), ranked as follows: (6.3, 2.2), (6.3,
2.9), (6.7, 2.9), (7, 3), (7.2, 3.2), (6.4, 3.3), respec-
tively.

The presented distribution from Figure 11
may indicate the direction of improvement of the
process of the aircraft accident investigation. This
analysis refers to factors with the highest ranks
such as in-flight explosion (41), in-flight failure 42,
psychological factors (52), and human error or
omission (51).

Question 8

According to the expert opinions of question
8 (‘What are the odds of proving within the proc-
ess of an aircraft accident investigation that [the
given item] is one of the major causes for an acci-
dent?’), Table 8 and Figure 12 were created.

Figure 12 illustrates very tangible data reveal-
ing the items which are likely to be determined
during the investigation as major causes of acci-
dent, or otherwise, items that are very difficult to
determine although they have a significant contri-
bution to an accident occurrence.

Thus, experts ranked the factors mid-air colli-
sion (74), landing gear systems malfunction (56),
brake system malfunction (55), with very high
ranks 0f 9.2, 8.9, and 8.5, respectively, which show
that those events are most likely to be recognized
during an investigation and examined properly.
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After that a group of few factors follows such as in
flight failure (67), engine malfunction (54), in
flight fire (68), still highly ranked with 8.3, 8.1,
and 8.1, respectively.

Table 8

Expert group opinion with respect to question 8

A B M c

54. Engine malfunction 7 10 8.1 1.14
55. Brake systems malfunction 8 9 85 0.50
56. Landing gear systems ] 10 89 083
malfunction
57. Icing 4 8 59 145
58. Foreign Object Damage
(FOD) 6 8 73 0.78
59. Inappropriate fuel 6 10 7.6 1.43
60. Inappropriate aircraft loading 5 8 6.6 120
61. Hydroplaning 6 8§ 69 0.70
62. Downwash and wing tip 3 753 142
vortex
63. Severe weather conditions 6 9 74 1.02
64. Microburst, wind gust, wind 6 8 71 083
shear
65. Lightning 6 9 72 117
66. In-flight explosion 7 9 78 0.5
67. In.-ﬂlght failure (Structural 7 10 83 110
failure)
68. In-flight fire 7 10 81 1.14
69. Crime activities 5 7 6.1 0.54
70. Human error or omission 6 6.6 0.80
71. Psychological factors 4 7 54 0.80
72. Stability problems and lost
the control of the airplane 8 66 102
73. Design inadequacy 6 8 6.8 087
74. Mid air collision 9 10 92 040

Group Expert Opinions

55 B0 BS 70
Factors

Fig. 12. Expert group opinions relating to the likelihood of
proving the causes of accident

In the lowest ranked group are the factors:
downwash and wing tip vortex (62), psychological
factors (71), and crime activities (69), with ranks
of 5.3, 5.4, and 6.1, respectively. According to
those results, the examination of those factors is
complex and proving that those factors are major
causes for accident it is a significantly difficult
task.

The ranks provided of questions 6, 7 and 8
can be combined and presented in 3-D distribution.
Hence, in Figure 13 distribution of factors from 54
to 74 (except 55) is shown in the 3-D coordinate
system of ‘improvement’, ‘complexity’, and ‘prov-

Co? 9,0 50

ing’ as ‘x’,’y’, ’z’ axes.

Figure 13 points out that all factors are lo-
cated in the space with high values of x, y, and z
coordinates/ranks. In order to provide a better out-
look of factors, these results were resolved into
three planes (‘xy’, ‘xz’, and ‘yz’ elevation) shown
in figure 14.
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Fig. 13. The 3-D presentation of expert group opinions about
the examination of factors related to the wreckage and aircraft
systems, then human and environmental factors

Figure 14 clearly illustrates the position of
expert group opinions related to factors 54-74.

According to the location of these factors,
several different groups of factors can be created
with similar ranks as follows:

— Complex factors having potential of further
improvement of their examination, currently very
difficult to be proved during the examination. In
this group are the factors downwash and wing tip
vortex (62), psychological factors (71), crime ac-
tivities (69) and human error or omission (70)
ranked with (3.6, 8, 5.3), (4, 8.9, 5.4), (3.6, 7.7,
6.1), and (3.9, 8.8, 6.6) , respectively.

— Complex factors with high ranks of im-
provement and proving. In this group are factors

Mech. Eng. Sci. J., 27 (2), 77-95 (2008)
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such as in-flight failure (67), in-flight explosion
(66), in-flight fire (68), engine malfunction (54),
with ranks (3.7, 9, 8.3), (3.8, 9.2, 7.8), (3.5, 8.2,
8.1) and (3.3, 8.3, 8.1), respectively.

— Factors with moderately high ranks of im-
provement, complexity and proving. In this group
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there are a number of factors such as foreign object
damage (58), inappropriate aircraft loading (60),
hydroplaning (61) and so on with ranks of (3, 7,
7.3),(3.3,6.4,6.6), (3.1, 7.5, 6.9), respectively.

Proving

8.5 B 6.5 7 75 g 8.5 9 9.5 10

Proving
[hy]
o

Complexity

Improvernent

Fig. 14. Expert group opinion with respect to questions 6, 7, 8

The above analysis shows that experts with
their answers again indicate a general potential of
significant improvement of the process of aircraft
accident investigation. Accordingly, the prospec-
tive improvement of investigation can be expected
particularly in the examination of human factors
followed by the examination of aircraft systems.

Question 9

With respect to the last question (‘Do you
agree with the statements below?’) experts pro-
vided the following group opinions presented in
Table 9 and Figure 15.

The first impression is that experts did not al-
locate extremely high ranks to any of those state-
ments so that most factors were moderately ranked
between 6 and 7.

Another remark is that dispersion of expert
opinions about several questions reached very high
value. Experts firmly kept their opinions after the
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second round of the survey so that the high values
of dispersion could not have been reduced through
the feedback. The results remain scientifically ac-
cepted, because the statistical tests of expert com-
petency and concordance justified the non-
randomness of expert opinions. According to the
results, several groups of factors were created, as
follows:

a) Highest ranks were allocated to the factors
79 and 90 with 8.1 and 8, respectively. Namely,
experts said that excellent knowledge of theory can
significantly improve the investigation outcomes
(79) as well as determining that the weather condi-
tion during an accident is not a very tough task
(90).

b) Experts granted several factors with ranks
between 7 and 8. These factors are (76), (91), (75),
(89), (97) which state that:

v" Waiting for a couple of months for releasing the
accident investigation report is justifiable (rank
7.6).
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v Human factors are involved somehow in every

single aircraft accident (rank 7.2).

v The process of investigation meets the high

standards of quality assurance and quality con-
trol procedures (7.2).

Table 9

v" The downwash and wing tip vortex are serious
hazards for the aircraft (7.2).

v The process of investigation as a whole can be

improved significantly by applying new meth-

ods and advanced technology (7)

Expert group opinion with respect to question 9

A B M o A M c
75. The process of investigation meets 87. The aircraft is equipped with
the procedures regarding the 5 8 72 098 appropriate accessories, which 6 134
quality assurance (QA) and quality ' ' provides ice protection during the ’
control (QC) whole flight
76. It is justifiable waiting for a couple . .
of months for releasing the accident 6 9 7.6 0.92 88. The stall is a serious hazard for the 4 6 1.34
) L aircrafts
mvestigation report
77. Reports of investigation carried out 5 8 65 120 89. The (.10wnwash and wing 'tlp vortexis 72 087
are always accurate and well done a serious hazard for the aircrafts
78. Investigators have appropriate and 90. Investigators have enough resources
sufficient skills to handle aircraft 5 8 67 1.10 available to find out the weather 5 8 1.18
accident investigation conditions during the accident
e
comp L & 7 9 81 0.83 somehow in every single aircraft 4 72 125
improves significantly the .
. L accident that has ever occurred
investigation outcomes
80. Ef:;?;f::?:giggg&ge igebllleen?f 92. It is possible to answer the question
o P 5 9 7 1.41 if the pilot should have been ableto 5 63 1.10
within the process of aircraft . .. B
. . S cope with the critical situation
accident investigations
81. The presence of landmarks on the
scene of the accident provides 93. There are always problems with
sufficient information for carrying 5 7 59 070 airfield papers analysis 4 54  1.11
out accurate mathematical (documentation)
calculations
82. It is likely at times inconsistent .
material has been sent for lab 5 7 57 078 94. The ha}ndbook is good composed 5 6.2 1.08
. material
analysis
. . 95. There is a great possibility for
83. Investigators should believe 36 48 125 increasing the survivability ofan 4 64 150
witnesses of aircraft accident . .
aircraft accident
. 96. Determining the cause of the
84. The cockpit recorde'r s (FDR, CVR, 2 8 55 211 accidents is a very tough task if 3 6.2 1.89
CDR) record sufficient parameters X
there is not data recorded
97. The process of investigation as a
85. We never have a real accident with > 5 41 122 vs./ho'le can be 1mpr0ve('i 5 7 134
enough readable data significantly, by applying new
methods and advanced technology
98. The experience of the land traffic
86. The severe aircraft maneuvers can be 4 9 69 170 accident investigation can contribute 62 125

revealed during the investigation

to considerable increase of air traffic
safety
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Group Expert O pinions

75 a0 a5 =] a5
Factars

Fig. 15. Expert group opinions about the statements 75-98

¢) The lowest ranks were allocated to factors
83, 85, 84, 93, 82 that state:

v' Investigators should believe witnesses of the
aircraft accident (rank 4.8).

v' We never have a real accident with enough
readable data (4.1).

v" The cockpit recorders record sufficient parame-
ters (5.5).

v' There are always problems with airfield papers
analysis (5.4).

v’ It is likely at times for inconsistent material to
be sent for the lab analysis (5.7).

In addition the expert group opinions about
several other factors can be mentioned. For in-
stance, experts ranked with 6.7 the statement that
investigators have sufficient skills to conduct in-
vestigation (factor 78). Furthermore, they ranked
factor 92 with 6.3, which states that during the ex-
amination it is possible to answer the question if
the pilot was able to cope with the critical situa-
tion. Moreover, experts ranked the factor 96 with
rank of 6.2, which states that determining the cause
of the accidents is a very tough task if there are not
data recorded. At the end the rank of 6.2 of the fac-
tor 98 can be addressed, which states that the ex-
perience of the land traffic accident investigation
can contribute to considerable increase of air traf-
fic safety.

The last section of the Delphi questionnaire
provided a space where respondents discussed an-
other three issues that along with other questions
reflected the whole procedure of aircraft accident
investigation, as follows:

v" Potential hazards for investigators within the
process of investigation.

v" The new definition and approach to the aircraft
accidents and investigations, which has been
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widely accepted and which introduces more
causes for an accident or assumes existing ma-
jor and contributing factors, and

v" Prospective actions that could significantly im-
prove the process of investigation.

Discussing the accident site safety precau-
tions, investigators emphasized the risks of adverse
terrain, adverse climatic conditions, biohazards,
and airborne hazards. In particular, respondents
said, that the personnel involved in the recovery
and examination of wreckage may be exposed to
physical hazards including hazardous cargo, flam-
mable or toxic materials, sharp or heavy objects,
pressurized equipment and disease. Experts also
addressed the risk of blood-borne pathogens in-
cluding viruses, bacteria and parasites that are pre-
sent in the blood, tissue of infected persons at the
accident site. Eventually, they mentioned the hepa-
titis B and C virus and the human immunodefi-
ciency virus (HIV), which causes AIDS. Respon-
dents assessed those risks in a massive aircraft ac-
cident with ranks from 5 to 7 out of 10.

In terms of the new definition of accident,
which introduces more causes for an accident, be-
low is stated one of the respondents’ comment that
incorporates the expert group opinion with respect
to this question.

‘The acceptance that multiple factors are in-
volved in causing accidents has been a positive
move in reducing the accident rate. Prior to the
‘multi-causal factor’ approach, it was common to
focus on one particular factor and declare it as
‘the cause’. This is a short-sighted approach as it
ignores significant antecedent factors that led up
to ‘the cause’ In practice, we conclude that the
accident occurred because of the factor X, but that
factors A, B, C, and D, allowed factor X to exist
and hence we suggest remedial actions to deal with
all factors, in the hope that adoption of the reme-
dial actions will lead to a more robust system.’

Lastly, but not the least, respondents provided
a list of the actions that may significantly enhance
the outcome of aircraft accident investigation. On
this list the following items were addressed: ad-
vanced application of simulators, more cameras
installed in the aircrafts, using massive accident
files, using more external experts and so on. How-
ever, experts said that the most significant im-
provement of investigation would be achieved by:

1) Creating and using the advance databases
of an aircraft components, structure, and systems,
so that the wreckage pieces can be readily identi-
fied
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2) Creating and using massive databases for
storing and analyzing the data of aircraft accidents.

3) Video camera recording various functions
and aircraft zones and data transmitted to the
ground stations and continually recorded.

Overall by applying those actions (measures),
experts ranked the prospective improvement of an
aircraft accident investigation between 5 and 7 out
of 10.

8. CONCLUSION

The Delphi exercise managed to look into the
process of aircraft accident investigation. Experts
discussed 98 questions from different aspects and
ranked their impact on investigation outcomes.
Expert opinions through the feedback were re-
evaluated and up-grated leading to the following
conclusions:

Overall, there is a great potential of further
improvement of an aircraft accident investigation,
particularly the portions of managing the investiga-
tion, wreckage analysis, and data management
(Table 5).

First of all, the procedure of dispatching in-
vestigators on the scene of the accident and the
process of coordination and cooperation between
investigators within an investigation could be im-
proved (Table 1). Next, there is a great potential of
further improvement of investigation of human
error and omission and psychological human fac-
tors, as well as investigation of data recorders, and
in-flight occurrences such as aircraft system fail-
ure, explosion and so on (Table 7). In addition, the
Delphi enquiry addresses the need of seeking new
approaches and methods for analyzing the crime
activities as a possible cause for accidents (Table
7, factor 46). Finally, managing the amount of time
and money spent within investigations could be
improved (Table 1).

In terms of prospective solutions for im-
provement of aircraft accident outcomes, first of
all, experts said that excellent investigators’
knowledge of theory can significantly enhance the
investigation results (Table 9, factor 79). In addi-
tion they address that determining the cause of the
accident is a very difficult task without data re-
corded. Therefore experts propose creating and
using the advance database for easily identification
of aircraft’s components as well as creating and
using massive databases for storing and analyzing
the data of aircraft accidents. Moreover, they sug-

gest implementing of common video recording of
various functions and aircraft zones and transmit-
ting the data to the ground stations for storing.

Finally, taking all results above into account
the Delphi outcomes address the need for a tool,
which will be able to:

— Include and contain specific knowledge and
the analytical skills of a large number of experts.

— Communicate the impact of a huge number
of causal factors on air traffic safety.

As a result of this, the conclusion emerges
that aircraft accidents investigation could be im-
proved with the application of a global expert sys-
tem as a tool for storing and analysing the forensic
data of aircraft accidents worldwide with the op-
tion to learn from aircraft accidents using an infer-
ence engine to propose possible causes based on
forensic data provided. Such a system will ensure
that valuable data is not lost and is used to its full
potential.
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Bo MHHATHOT MMa MOCTOM 3HAYMTENIEH Pa3BOj Ha
HAYYHUTE METONU 33 aHaJn3a Ha KOMIUICKCHH MPOLECH 1
Kpeupame Ha JIMCTa IPUOPUTETH 32 HUBHO MOHATAMOIITHO
yHampeqyBame. [N1aBHa Ieq Off MpUMEHaTa Ha THE Me-
TOMIOJIOTHH € JlepUHUpakhe Ha ONTUMAIIHO pellieHue, Koe
ce 0a3upa Ha PACMONOXKINBUTE WH(OPMAIMH, CTpATEIl-
KUTE IIeNN U TPOoIieHaTa 3a MAHATa cOCToj0a Ha MPOLECOT
KOj ce aHanu3upa. VIHTepAUCUMIUIMHAPHAOT TPHUCTAN |
MHTYHUIHjaTa ce TOKaXkaa KaKO [JIABHU EJIEMEHTH BO
Pa3BHBAKETO HAa COBPEMEHUTE METOMM 32 AHANM3UPAE
Ha KOMIUIEKCHU mpolecu. Kako pe3ynrar, BO MUHATUTE
HEKOJIKY JICICHUN CEe Pa3BUECHU MOTOJIEM OpOj MHTYUTHB-
HU METOaW, Off Kon MmeTofoT [encdun e HajuecTo m HAaj-
edexTuBHO npuMenyBaH. OBOj Tpyj MpHUKaxKyBa pe3ynra-
TH Off KOPUCTEHETO Ha MeTonoT [endu 3apagu nogobpy-
Bame Ha WCTpara Ha aBUOHCHKHU He3ropuu. VIMeHo, TpyaoT
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T'M WAEHTU(UKYBA JEIOBUTE O IPOLECOT HA HMCTparara
Kajie IITO 3HAYUTEIHO MOTOOPYBamke MOKE Jla Ce MOCTHT-
He cOo IPUMEHa Ha COBpeMeHa TexHonoruja u Meronw. Ilo-
TOa ce MPUKAasKaHW Pe3yNTaTUTE Off M3BPIICHATAa KBAHTH-
TaTHBHA W KBajJWTaTUBHA aHalu3a Ha (PaKTOPHTE KOHU
AMaaT BIIMjaHUE HA KPajHUTE Pe3yJTaTH Off WcTparaTa.
Bo 3akiydykoT OBOj TpyA yKaXyBa feKa ucTparata Ha
aBHOHCKA HE3rofa MOXe Jia ce Mofo0pH co ynmorpeda Ha
KOMIjyTepcKa ajaTKa, Koja Ke COApPXKH CHEeHu(UIHO
3Haeke W BEIITHHA Off TOJeM OpOj eKCIepTH, OJHOCHO
JeKa WcTparaTa Ha aBHOHCKA HE3roja 3HAUMTEIIHO MOXeE
a ce mogo0pH CO MPUMEHa Ha TI100aJieH eKCIIePTCKU CUC-
TeM Kako IITO € KOMIjyTepcKa mporpama 3a CKIauparme
7 aHATW3Upame Ha MOAATOLH Off MPETXOTHO W3BPIICHU
aBHOHCKH HE3TOfIH.
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Abstract. Research is being conducted at the RMIT
University on the ‘ Improvement of Aircraft Accident Investiga-
tion through Expert Systems. The outcome of this research
presented in this paper is a novel investigation tool in the form
of a data mining method designed towards giving aircraft acci-
dent investigators improved utilization of forensic data. The
tool, named GP1020, is primarily a data sorting tool that sifts
through a huge amount of data, namely those regarding aircraft
accidents/incidents and investigations conducted including a
number of causal factors for accidents/incidents associated with
their consistent evidence. The GP1020 program interface asks
the user a tree-based set of questions related to the conditions
of wreckage, accident site and other circumstances relevant to
accidents/incidents. Given enough information, the program is
capable of narrowing down all known possibilities to indicate
the most probable cause(s) of the accident/incident.

Key words: expert systems; aircraft accident investigation

1. INTRODUCTION

The research project ‘ Improvement of Aircraft
Accident Investigation through Expert Systems
aims to analyse the current accident investigation
process and to review some of the off-the-shelf
tools that support these investigations. An anaysis
of the process and tools will provide a possible ave-
nue for updating the investigation process and im-
plementing mitigation measures to enhance air traf-
fic safety. The research framework is presented be-
low in Figure 1.

The work starts with discussing the procedure
of the aircraft accident investigation, which is de-
fined as a process conducted for the purpose of ac-
cident prevention and focused on the circumstances
of the accident including gathering, recording and
analysis of all available information, the drawing of

conclusions, including the determination of acci-
dent causes [3].

The work starts with discussing the procedure
of the aircraft accident investigation, which is de-
fined as a process conducted for the purpose of ac-
cident prevention and focused on the circumstances
of the accident including gathering, recording and
analysis of all available information, the drawing of
conclusions, including the determination of acci-
dent causes [3].

Despite the attitude and commitments to
achieve the above purpose, accident investigations
may become a cumbersome work associated with
significant costs and uncertainty. This can poten-
tially contribute to some accidents being assigned
an unknown cause as described in the global air-
craft accident statistics for the past 50 years. There-
fore, the investigation process has been subjected to
a constant review in order to improve its outcomes
and to help enhance air traffic safety.

The work concludes that an intuitive and in-
terdisciplinary approach must be vital elements of
any contemporary methods used for establishing a
set of priorities for further improvement of the air-
craft accident investigation process. Hence interpo-
lations methods including an analysis of accident
statistics and the Delphi enquire are appropriate
tools in analysing and drawing conclusions for fur-
ther improving the investigation process. The statis-
tical data examined contained the number of acci-
dents which occurred between 1950 and 2004 in-
cluding the accident distribution over the past,
causal factors, and casualty count.
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: Analysis of the process of "
Aircraft Accident
Investigation

Intuitive Methods, Expert Systems |L|

Searching for appropriate
methods and research tools
for further development of

Aircraft Accident Investigation

Global Expert System -
Tool for storing and
analyzing the forensic data

T

v

Trend Interpolation Methods
Aircraft Accident Statistics

‘ Delphi Enquiry

E

Fig. 1. The design and development process for expert systems applied to the aircraft accident investigation

In addition a Delphi enquiry, which is formal-
ized regarding the procedure for carrying out re-
search activities, has provided a comprehensive
analysis of the whole procedure of investigation. A
team of experts created for this purpose has con-
ducted a qualitative and quantitative analysis of the
influential factors having an impact on investiga-
tion outcomes. The Delphi study has indicated that
there is a great potentia for further improvement
of the aircraft accident investigation process. It has
pointed out the sections where significant im-
provements of the aircraft accident investigation
process could be achieved.

Overall, the current results of this research
have addressed the importance of several points
with respect to air accident outcomes as follows:

— Every accident occurs as a result of a chain
of errors, omissions, or malfunctions.

— Although all aircraft accidents are different,
there are certain common elements in accident
causes, and there are a number of causes which
frequently result in accidents.

— Accident investigation could be facilitated if
its distinguishing features could be quickly identi-

fied from large amounts of data in order to help
predict possible causes of the accident.

— Improving the aircraft accident investiga-
tion could be achieved by creating and using ad-
vanced databases for storing and analysing the data
of aircraft accidents.

These points address the need of creating a
tool, in the form of a computer program, which can
use stored expert knowledge coupled with an in-
ference engine to process this knowledge and pro-
vide a saf ety event analysis to users of the program
(Thisentirely refers to the definition of Expert Sys-
tems).

To summarize, this research has shown that
investigation could be significantly improved with
the application of a global expert system as a tool
for storing and analyzing the forensic data of air-
craft accidents worldwide.

As a consequence the computer program
‘GP1020" has been created in order to demonstrate
how expert systems could contribute to facilitating
and enhancing the investigation results. This paper
is focused on the GP1020 computer tool, its design
and features.

Mech. Eng. Sci. J., 27 (2), 97-105 (2008)
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2. EXPERT SYSTEMS TOOL ‘GP1020’

2.1. Expert Systems — Outline

The most common form of an expert system
is an interactive computer program that examines
data stored and provides a problem solution fol-
lowing a set of predefined rules. An expert system
involves two principal components: a problem de-
pendent set of data stored known as knowledge
data and problem independent program known as
the inference engine. The interaction between the
user and the inference engine is performed via the
user interface, which asks questions and supplies
the user’s replies to the engine. However, the pos-
session of expert knowledge is vital for the suc-
cessful application of expert systems.

Users of the program usually see an expert
system through an interactive dialog. The dialog is
composed of a set of questions whereby conclu-
sions are drawn through complex feedbacks. Dia-
logs are created from the current information and
the content of knowledge base.

In general, the knowledge basis of an expert
system contains a large number of ‘if then’ type of
clauses that gives the expert systems the ability to
use them together to draw conclusions. The knowl-
edge that is stored in the expert systems appearsin
the rulebase, which is composed of four different
types of objects such as classes, parameters, proce-
dures and rule nodes [7].

Among the many different approaches avail-
able to classify a huge amount of datais the widely
used method of classification by decision tree in-
duction. It constructs atree in which internal nodes
are split as aresult of yes/no decisions (Fig. 2).

Qm1l? Qm2? Qm3? Qm..? Qmn?
Yes; iNo Yes; iNo Yes; iNo Yes; iNo Yes; iNo

Fig. 2. Classification by decision tree induction [7]

Mau. unnc. nayu. ciuc., 27 (2), 97-105 (2008)

2.2. Expert Systems to Aircraft Accident
Investigation — GP1020

Using the positive practices of expert systems
applications in many fields of science, the com-
puter program GP1020, designed for assisting air-
craft accident investigation, was created.

Determination of Causes for Aircraft Accidents / Incidents

EMIT rivarsety, Tha Sir Lisrence Wachatt Cantrs for Rasoepace Dasian Tachaology, Moo 2906

Fig. 3. Introduction page of the application GP1020

The user of this program is asked a number of
different questions that initialy look at the wreck-
age and accident site followed by examining the
human, aircraft, and weather causa factors. Ac-
cording to the answers given, the program will
choose the set of most appropriate questions in
order to determine the cause(s) of acci-
dent/incident. Finally when GP1020 assesses that
there is a significant amount of evidence derived it
will release the probable cause(s) of this particular
safety event.

GP1020 includes two major features:

— A forensic approach to the procedure of an
aircraft accident investigation, so that the flow of
information, procedures, and the rise of knowledge
about the occurrence during a real investigation is
aso followed by GP1020.

— Being a simple and efficient IT solution in
determining the probable cause(s) of an aircraft
accident occurrence.

2.2.1. Forensic Approach to an Aircraft
Accident/Incident Occurrence within GP1020

The procedure of the GP1020 accident en-
quiry follows the steps of areal investigation of an
accident/incident occurrence. GP1020 asks a broad
range of questions relating to the factual informa-
tion and analysis undertaken of a safety event.
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At the initial stages of the data collection the
GP1020 program intends to learn general informa-
tion about an accident/incident event such as: event
type, aircraft type and category, type of flying, and
so forth. In addition there are questions which in-
tend to ascertain whether the aircraft was flown in
visual or instrument meteorological conditions
or/and experienced any problems during the flight.

After collecting the genera information of a
safety event, the GP1020 will strive to learn about
aircraft damage, wreckage distribution, witness
location, probable flight path, and occurrence of
fire or explosion occurred. The GP1020 might ask
for information about the person injury category,
and cause(s) of death.

The GP1020 using a number of questions ex-
amines the human, aircraft, and weather induced
causal factors. Thus, GP1020 learns if the crew
undertook voluntary acts that are poorly per-
formed, failed to act when particular actions were
appropriate, or failed to take an immediate action,
follow air traffic control instructions, use check-
lists, maintain direction control, monitor weather,
and/or monitor instrumentation. There are also
guestions that assess potentialy inadequate prepa-
ration or supervision, poor judgment, improper use
of eqguipment, alcohol or other drug use, improper
maintenance, improper aircraft modifications, and
inadequate procedures.

Another set of questions examines the aircraft
systems condition and assesses the involvement of
those factors as possible cause(s) for the acci-
dent/incident. Among them are the questions relat-
ing to: wreckage and its systems condition, possi-
ble breaking of aircraft limits, readings of instru-
ments, data recorders, and emergency procedures
carried out.

Next, the GP1020 will ask several more ques-
tions designed to consider the weather conditions
during the accident. It learns the event temperature,
dew point, sky condition and whether the aircraft
experienced events like air turbulence, birds strike,
volcanic ash, and dust.

2.2.2. Classification of the Causes of Aircraft
Accidents within GP1020

The causal factors and their consistent evi-
dence within GP1020 are stored and available to
the program in severa different ways. First of all,
the contributory factors are sorted within the three
well-known causal factors: human, design and
manufacturing, and environmental factors [2].

Secondly, the causes of accidents are additionally
sorted in accordance with the nature of accidents:
taxiing accidents, takeoff accidents, collisions, tail
spins, fires while midair, forced landings, landing,
and other accidents [1]. Findly, the list of all pos-
sible causes of accidents is classified according to
problems that may be experienced during the acci-
dent as follows: lift, thrust, flight control, and
weather and environmenta induced problems, as
well as smoke, fire and fumes, explosion, and other
problems.

This approach of multiple classifications of
causes of accidents within GP1020 allows the crea-
tion of a huge and flexible database appropriate for
aquick across search. Thus, within GP1020 alarge
‘m,n’ matrix has been created, where ‘m’ represents
the number of al possible causes of accident (rows)
and ‘n’ represents the number of different portions
of evidence that may be recovered during an inves-
tigation (columns).

Table 1

A list of possible causes of accident versus their
distinguishing features

Listof al  Distinguishing features
possible Evidence
CQUSS 123 45 6 .

Causel X X X

Human factors Cause2 X X X
X X

Design and Causel X X X
manufacturing Cause 2 X
factors X X
Environmental Causel x

Cause2 x X

factors

The matrix above has been converted into an-
other format, shown below in Figure 4, which is
appropriate to the needs of the GP1020 program
[4, p. 238}.

Each column of the matrix, which represents
a different portion of evidence, must be associated
with a question. This means that GP1020 is com-
posed of alarge number of questions similar to the
number of distinguishing features of all possible
causes of accidents.

The second table of Figure 4 shows how
GP1020 may ask the user questions in order to de-
termine the cause(s) of accident/incident. For in-

Mech. Eng. Sci. J., 27 (2), 97-105 (2008)
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stance (in the case presented in Figure 4) if
GP1020 asks the question associated with E5 (or
QE5) then a positive answer provided by user will
automatically finish the procedure as only the
‘Cause 4’ includes evidence E5. On the other hand
if GP1020 asks the QE1 and the user provides a
positive answer to it then the program will generate
further questions related to C4, C8, C2, C1, and C7
that include this evidence, and so on.

El E2 E3 E4 E5 E6

C1 X X X
Cc2 X X X

C3 X X
C4 X X X

C5 X

C6 X X

C7 X

Cc8 X X

E5 E3 El1 E4 E6 E2
C4 X X
C8 X
Cc2 X
C1
c7
C3 X
C6 X
C5

X X X X X
x

X

X X X X X

X

Fig. 4. Conversion of the original matrix into the GP1020
format C1, C2 ... C8—an assumed list of 8 possible causes
of accident. E1, E2 ...E6 — consistent portions of evidence
(accidentally chosen) to the above causes.

2.2.3. Expert knowledge stored in the GP1020

The first condition for the successful applica-
tion of an expert system in any scientific field is
the amount of specific expert knowledge stored.
While the authors of this paper were attempting to
solve this task, the conclusion emerged that creat-
ing a comprehensive database of causes for acci-
dents and their distinguishing features is far be-
yond an individua or a small group capacity.
Therefore, authors decided that the NTSB aviation
accident database as stored expert knowledge is an
excdlent resource available for accomplishing the

Mau. unnc. nayu. ciuc., 27 (2), 97-105 (2008)

task of creating an expert system for the aircraft
accident investigation (suggested in [6, p-p. 8,
168]).

The NTSB aviation accident database is
available on the NTSB’s web site (ftp://www.ntsb.
gov/avdatal), which contains highly classified and
downloadable datasets of more than 140,000 avia-
tion accidents. The computerized findings are iden-
tified in a sequence of events as occurrences,
phases, causes, factors, and/or events. The existing
code system includes 51 phase codes, 54 occur-
rence codes, 1593 probable cause subject codes,
422 probable cause modifier codes, 52 probable
cause person codes. This code system indicates
how thoroughly the accidents are classified thus
making the resource a potentially great base of ex-
pert knowledge for the GP1020 program.

2.3.4. GP1020 Prototype

The GP1020 is a program that can effectively
compare and analyze the causes and factors of an
immense number of previous aviation incidents
and accidents in order to predict and prevent future
accidents or to hasten air crash investigation ef-
forts. It is assumed that the amount of historical
data stored regarding aviation incidents and acci-
dentsis sufficient to provide such an analysis.

The current version of the GP1020 software
was to act as a prototype purely to test some of the
fundamental mechanisms required by components
of the expert system methodology. Thus, a basic
version of a knowledge base, inference engine and
user interface had to be developed in order to fur-
ther understand the required interaction between
each component of the program.

Programming Software. The use of Excel to
develop this software turned out to be the most
appropriate choice for the GP1020. It had been
built in commands for data mining, sorting, statis-
tical analysis and linguistics analysis. It aso has
numerous accuracy checks to ensure that any cell
formulae and scripts are as correct as possible. Es-
sentiadly it allowed focus on the development of
the fundamental logic over any of the program
code required for allowing application execution in
any specific operating system. It also avoided the
entire issue regarding how to insert the historical
data into the program as Excel is aready capable
of handling numerous table data formats. About the
only thing it may, and apparently did, lack is effi-
ciency in terms of computation speed. Throghout the
development of the GP1020 prototype this rela-
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tively high level of inefficiency was the most preva-
lent limiting factor to the prototype capabilities.

Knowledge Base. Originaly it was hoped to
develop a program that could interface with raw
historical data and be ready for questions moments
after the integration. However, it was apparent
early that a separate program would be needed to
alter the historical data records into a form that the
inference engine could use.

The simplest, and therefore currently ideal,
form for the knowledge base to suit the comparative
programming that the GP1020 uses would be as a
table where each investigation or caseis represented
by a single row, with consistently occurring types of
information represented by various columns.

As this prototype is fairly basic, the only his-
torical data that was really needed to create a fun-
damental program was some generic information
to eadily identify the case as well as the causes and
factors pertaining to the case (sequence of events,
occurrences, flight phases, subjects and modifiers).

In future, when the program operating envi-
ronment is known, the inefficiencies given by Ex-
cel should be largely reduced when the fundamen-
tal logic in the knowledge base preprocessing is
transferred or atered to suit the environment cho-
sen operating system or program. At the very least,
the data limitations of the knowledge base and its
preprocessor should grow paralel to the increase
in computing power that will probably become
available to it. Given that the program was com-
puted on a personal computer, increasing the
knowledge base to include al forms of relevant
recorded data should be fairly feasible.

User Interface. The creation of the user inter-
face was the last to be initiated. As a fundamental
program, only the basics were required; the ability
to ask questions, the ability to receive questions
and the ability to display cases that bear the most
resemblance to the case currently being investi-
gated. It would have been a very large task had not
the NTSB database already made numerical desig-
nations for occurrences, flight phases, subjects and
their modifiers. Also, all the important decisions
regarding the relative positions of al the cases and
al possible questions were determined by the in-
ference engine, so the user interface only had to
interact with the inference engine in terms of input-
ting answers and displaying results.

The decision to show multiple smilar cases
as opposed to showing only the most similar case
was a product of practicality from two perspectives
the user and the program developer. As a program

developer, there is a need to see how the displayed
result evolves, or is calculated, to ensure that the
appropriate functions are occurring. Constant
checking of the top 20 results has heavily assisted
in making sure formulae and cal culations were per-
forming accurately. From the user's perspective
there was an obvious requirement, that one lone
case record could hardly be expected to meet the
user’s information needs. While the most similar
case to the user’s investigation could well be en-
tirely useful to the user’s investigation, unlessit is
exactly the same, the most similar case could not
fully assist the user in understanding his or her in-
vestigation. It would be more likely that the se-
quence of events that the user is trying to establish
in his or her investigation could be derived from
the combination of events from two or more differ-
ent historical records. Essentially, the more rele-
vant historical records are available to the user, the
better off the user should be.

The details shown in the 20 most similar
cases are its event ID (a unique numeric code des-
ignation for the incident/accident), date, aircraft
make, operator’s name, departure location and des-
tination location. These details effectively tell who
was flying what where when and where to. The only
other detail shown is the “Level of Reevancy”
which indicates the proportionate number of ques-
tions (and therefore answers) that positively match
the case shown against the total number of questions
asked.

Inference Engine. When discussing the in-
ference engine, the entire capability of the program
is dependant on its ability to use causes and factors
determined in previous investigations to predict
future investigations. So essentially a likely se-
quence of events for the user’s investigation is cre-
ated from a) the user’s answers, and b) the prob-
abilities those answersimply.

Basically the main concept to be used in the
program isthat causes and factors have relationships
that can be defined by verifiable statistics.

The current method used in the program util-
izes exact match data mining. Given a partia se-
quence of event data (question answers), the en-
gine calculates a score for each historical case in-
dicating the number of exact matches between its
events and the events contained within the partia
data. Positive matches increase the case's score,
negative matches decrease it.

Cases are then ranked according to this score
and the events from cases above a certain rank are
collected and their frequency in that collection de-
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termined. The next question that is asked by the
user asks whether or not the event with the highest
frequency had occurred. From here, further ques-
tions are asked regarding other highly frequent
possibilities.

Questioning ceases when a significant amount
of variations occurs between the levels of rele-
vancy between the cases displayed.

The next level of computation to be imple-
mented, given more processing power, is more rep-
resentative of the work done in the previous sec-
tion of this paper (refer to Table 1 and Figure 4). It
improves the case score calculation by also consid-
ering matches with events statigtically related to
the partial data, and not just the events within the
partia data alone. It would effectively increase the
rate of relevancy variation significantly.

2.2.5. GP1020 Prototype — User Instructions

User instructions are given on the introduc-
tion page of the program. By clicking on the

spreadsheet titled “Query Page” the process be-
gins.

On the sheet titled "Query Page", two distinct
sections will appear; the one at the top shows the
top 20 cases most likely to resemble, and thus be
used as a reference in understanding, the case that
the user is currently investigating. The one at the
bottom shows the questions that the software
would ask depending on the data given.

To begin using the software, answers of the
two questions already shown in the bottom must be
provided. It is done by clicking the yellow box
next to each question and choosing an appropriate
answer from the drop down menu.

Soon &fter, a third question should appear.
Similarly, it isanswered by clicking the yellow cell
next to the question and choosing an answer from
the drop down menu. Consequently the top 20
most similar cases will be displayed on the top box
and a fourth guestion should appear in the bottom
box (Fig. 7).
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Software user continues answering questions
till the Relevancy column (the one in green) begins
to show different values. From here, two choices
become available; either start to use the top 20
cases to gain understanding on your case, or answer
more guestions to increase the Relevancy or to
cause further differences in Relevancy. Idedly,
with an increasing amount of variation in Rele-
vancy, the 20 cases shown should become more
suited to assist understanding of the case being ana-
lyzed.

3. CONCLUSION

The research results presented in this paper
have shown that expert systems methodology is an
appropriate approach in analyzing the aircraft acci-
dent investigation process. Thus the novel GP1020
investigation tool has been a successful demonstra-
tion of applying an expert system concept to the
aircraft accident investigation. The GP1020 has
been designed to give aircraft accident investigators
improved use of forensic data by sifting through a
considerable amount of data related to accidents
and to indicate the most probable accident cause(s).

Results obtained during the testing of the
GP1020 program encourage the application of a

global expert system, or in other words, increase the
program’ s knowledge pool to include historical data
from many other sources other than those currently
being used. In terms of computer power limitation,
either changing code to suit a particular operating
system or utilizing hardware with greater comput-
ing power would overwhelm this problem.
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KJ'[y‘ll-[H 360p0BM: €KCIICPTCKU CUCTEMU; UCTPAara Ha aBUOHCKa HE3TOo1a

Pesynrat on mpoektor ‘[logobpyBame Ha mcTpa-
rata Ha aBHOHCKa He3rojia’ CIpoBeficH Ha MalnHCKUOT
dakyarer npu Royal Melbourne Institute of Technology Bo
Men6ypH, ABcrpanuja, BO copaboTka co MamMHCKHOT
¢akynrer npu YHusepsureror ,Cs. Kupun u Meropu;j”
Bo Ckomje, € OpurmHalIHA WCTpa’kKyBayka ajaTKa Hape-
gena GP1020. ITporpamata GP1020 co mpuMeHa Ha METO-
not data mining e au3ajaupana eeKTUBHO 1a TH KOPUCTH
CKJIaIMPAaHUTE MOAATOLYU Off IPETXOJHUTE aBHOHCKU HE3-
rogu 3a NOTpeOuTe Ofi TEKOBHM HMCTparu Ha aBUOHCKU
nesrogn. Kommjyrepckara amatka GP1020 e cnoco6Ha 3a
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KpaTKO BpeMe jia ' npebapa UCTOPUCKUTE MOAATOLH Off
ABHOHCKY HE3TOfiM BO MOTIJIE[ Ha MPUUYMHCKHUTE (PaKTOPH
U COOABETHO WM3BefeHWTe AoKasu. IIporpamarta GP1020
MmocTaByBa IMoroyieM O6poj Mpaliama KOU ce OIHECyBaaT Ha
cocrojbara Ha JIETAIOTO, MECTOTO Ha HE3rojaTa u ApPyra
MOCTENIY PEJICBAHTHH 3a HE3rofjata Koja ce aHaJu3upa.
OproBapajku Ha mpalamara, Iporpamara e crocodHa aa
ja HaAManW NHUCTaTa Ha MOXKHUTE MPUYMHU 3a HE3rofa u
KOHEYHO JIa ja MprKaskKe HajBepojaTHATA MPUYMHA 3a aHa-
JMU3UpaHaTa aBUOHCKA HE3rofia.
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A bstract: When athermal engineer needsto control,
rather than merely moderate humidity, he must focus on the
moisture level as a separate variable — not simply an addition
of temperature control. Controlling humidity generally de-
mands a correct psychrometric approach dedicated to that
purpose [1].

Analysis of the humidity level in psychrometric thermal
processes leads to relevant data for theory and practice [2].

This paper presents: (1) the summer climatic curve for
the Skopje region, (2) selected results of investigation on farm
dryers made outside laboratories.

The first purpose of such activity was to examine rela
tions between weather conditions and drying conditions. The
estimation of weather condition for the warmest season of the
year was realized by a summer climatic curve. In the science
of drying, basic drying conditions are temperature, relative
humidity and velocity of air, thickness of dried product and
dryer construction.

The second purpose was to realize correct prediction of
drying rates for various psychrometrics drying processes and
local products.

Test runs with the dryer were carried out over a period
of 24 h, using fruits and vegetables as experimental material.
Air flow rate through the dryer of 150 m¥h, overal drying
rate of 0.04 kg/h and air temperature of 65 °C were reached.

Three types of solar dryers, were exploited in the re-
search.

Key words: psychrometric processes; climatic curve; natural
air convection; farm dryer, tomato; raspberry

1. INTRODUCTION

For thermal engineers two fluids are basic, air
and water.

In thermodynamics the term air is used as at-
mospheric air, dry air and moist air.

Psychrometrics is a science dealing with the
properties and processes of moist air.

Moist air is a binary mixture of dry air and
water vapor. By definition dry air exists when all
water vapor and contaminants have been removed
from atmospheric air. Extensive measurements
have shown that the composition of dry air isrela-
tively constant but small variations do occur with
time, geographical location and altitude [3]. In
psychrometric processes dry air is treated as a sin-
gle entity.

The amount of water vapor in moist ar is
variable, ranging from nearly zero (dry air) to a
maximum (characteristically from 0.0000363 to
0.00907 kg of water vapor per kg of dry air under
surface atmospheric conditions) depending upon
temperature and pressure.

Therefore, to estimate the change of water
vapor amount in moist air, or the humidity level,
means to estimate the moist air psychrometric
state.

The psychrometric state of a mixture of dry
air and water vapor is fixed when the values of
three independent properties are known, (1) baro-
metric pressure or atitude, (2) dry-bulb tempera-
ture, and either (3a) wet-bulb temperature, (3b)
relative humidity, or (3c) dew-point temperature.

A psychrometric process happens when air at
an initial state undergoes atransformation and ends
up a afina state. The transformation involves the
transfer to or from the air of: (1) heat, (2) mass
(mostly water vapor).

The four basic psychrometric processes are:
sensible heating, sensible cooling, humidification,
dehumidification.

On a psychrometric shirt, the sensible heating
process advances horizontally to the right along a
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line of constant humidity ratio. The fina state
point has higher dry-bulb temperature, higher wet-
bulb temperature, lower relative humidity, and
constant humidity ratio.

The transfer of heat into air using a hot water
coil isan example of this process.

On a psychometric shirt, the sensible cooling
process advances horizontally to the left along a
line of constant humidity ratio. The final state
point has lower dry-bulb temperature, a lower wet-
bulb temperature, higher relative humidity, and
constant humidity ratio.

The transfer of heat from air using chilled wa-
ter or refrigerant cooling coil is an example of this
process.

A large number of psychrometric processesin
the practice can be represented by the four basic
processes or by their modifications with simulta-
neous heat and mass transfer.

One of them, drying of agricultural products
is becoming more and more an alternative to mar-
keting fresh fruits and vegetables, since the de-
mand for high quality dried food is permanently
increasing all over the world.

In Macedonia, inadequate conservation and
storage facilities and lacking marketing structure
lead to the spoilage of large quantities of agricul-
tural produce. To overcome the existing preserva-
tion problem, the introduction of solar dryers
seems to be a promising solution. Furthermore, all
criterions for rea success in solar farm dryer use,
are satisfied: (1) high solar radiation, (2) low quan-
titiesto be dried, (3) lack of energy.

The design and continuous operation of the
solar dryer as the design of the energy system for
any thermal device has a direct impact on the cost
of operating a plant and an indirect impact on the
environment.

Although the procedures for calculating en-
ergy requirements vary considerably in their de-
gree of complexity, they all depend on local cli-
matic conditions.

The first step in every method for estimating
energy use isto insure correct climatic information.

This information, which includes climatic
curves, dry-bulb temperature, wet-bulb tempera-
ture, typica weather year, wind speed, is influ-
enced by the state in atmosphere.

In recent years, more and more attention has
been paid to the systematic study of the fine struc-
ture of the atmospheric processes and especialy to

the detailed study of phenomena which occur in
the layers of the air nearest the ground.

Climatic curves represent the behavior of the
atmospheric air [4]. At least two properties of
moist air must be known to determine the remain-
ing characteristics. The air temperature and relative
humidity are the needed properties for estimation
of moist air states by climatic curves.

Atmospheric air states in the Skopje region
for the period of one year or only summer period
are estimated by a dirct analysis of hourly air rela-
tive humidity and temperature long term observa-
tions [5]. The summer climatic curve, for the
Skopje region, indicates the change of temperature
between 20 and 40°C, humidity ratio between 8
and 10 g/kg, relative humidity between 20 and
60 % (Fig. 1).

2. PSYCHROMETRIC APPROACH
IN AGRICULTURAL ENGINEERING

Most agricultural products must be dried to,
and maintained at a suitable, moisture content, by
using natura or forced air convection.

A particular dryer and product may dictate a
specific relative humidity, a required range of rela-
tive humidity, or certain limiting maximum or
minimum values.

Three types of dryers were under investiga-
tion [5]:

1. Farm dryer with rock-bed heat storage, FD-
SA (Fig. 2).

2. Farm dryer with water-bed heat storage,
FD-WA (Fig. 3).

3. Farm dryer with an auxiliary heating sys-
tem, FD-99 (Fig. 4).

The dryer FD-SA, without chimneys has di-
mensions length x width x height = 3770 x 6400 x
2720 mm, one air inlet a level 420 mm, four air
outlets at level 5000 mm. The floor is constructed
as heat storage reservoir of 20 m® blocks of stone.
Capacity of the working surfaceis 15 m*

The dryer FD-WA, without chimney has di-
mensions length x width x height = 3000 x 2000 x
1850 mm, one air inlet a level 100 mm, one air
outlet at level 3900 mm. The dryer has a modular
heat exchanger. Eight metallic elements contain
1m® water. Capacity of the working surface is
4mP,

The dryer FD-99 has dimensions length x
width x height = 3500 x 1000 x 3350 mm, one air
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inlet a level 100 mm, one air outlet at level

3300 mm. Capaci

ty of the working surfaceis 1 n.

The dryer FD-99 is designed and produced in

Skopje, as a prototype version [6], and two im-

Dryers FD-SA and FD-WA are imported, proved versions[5].
with small reconstructions made in the stage of
montage.
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Fig. 2. Farm dryer with rock-bed storage, FD-SA

Fig. 3. Far dryer with water-bed heat storage, FD-WA
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3. FIELDWORK WITH FARM DRYERS

During the last decade research in solar dry-
ing of fruits and vegetables has gained consider-
able activity in Macedonia.

Team of researchers from two faculties, Fac-
ulty of Mechanical Engineering and Faculty of Ag-
ricultural Sciences and Food, have been involved
in drying of vegetables since 2000, and drying of
fruits since 2005.

Vegetable representatives were: tomato, pa-
prika, carrot, potato, parsley, onion, garlic.

Fruit representatives were: apple, apricot, fig,
plum, pear, banana, raspberry...

With donations from Germany and Holland,
most of the effort was put on the hardware parts of
the dryers.

Garman investment contained three steps: (1)
Visit to seven faculties of agriculture in Germany,
(2) Purchase of dryers, (3) Seminar for tomato dry-
ing. Those activities were arranged by GTZ (Ger-
man Technical Cooperation).

In 2000, by investment in prototype series of
seven dryers, Dutch obtained a good start of their
project for solar drying of tomatoes.

Up to now, eight years field measurements at
seven locations across M acedonia were carried out.

The collected results and the proposed im-
provement for dryer functioning are partialy pub-
lished [7].

Applied drying conditions were based on
mathematical modeling of the drying process by
natural convection, own experience in fieldwork
with dryers and continuous improvement of dryers
construction.

The auxiliary heating system operated with
rock-bed heat storage, water-bed heat storage and
gas.

The drying progress was recorded by measur-
ing th product weight every 30 min.

Temperature, relative humidity and air veloc-
ity were recorded during the whole drying cycle.

The level of the humidity reached in the field-
work with solar dryersisrepresented in Table 1.

Mauu. umnc. nayu. ciiuc., 27 (2), 107-112 (2008)

Table 1
Drying of tomatoes and raspberry — humidity level

Tomatoes Raspberry

Initial moisture content, wet basis, % 85—95 60—-70
Final moisture content, wet basis, % 8-10 10-15

Initial air temperature, °C 40-50 40-50

Final air temperature, °C 60— 70 55— 65

State, 1 — peace, 2 —whole product 1 2
From [5]

4. CONCLUSIONS

4.1. Summer climatic curve for the Skopje re-
gion, prepared with hourly observations for period
of fifteen years has been published.

4.2. Humidity level data for drying of toma-
toes and raspberry, obtained from own fieldwork,
have been proposed.

4.3. Data from climatic curve (Fig. 1), humid-
ity level (Tab. 1) and equilibrium moisture content
curves for dried product provide correct represen-
tation of drying process in the psychrometric shirt.
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HUNBO HA BJIATATA BO IICUXPOMETPUCKHA ITPOLIECHU
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Knyynn 300poBu: IcuxpoMeTpUCKH ITPOLIECH; KIMMAaTCcKa KpUBa; IPUPOIHA KOHBEKIINja; Majla CYIIMITHULA;

AOMAaTH; MaJTuHU

Kora tepmMumuapor mma morpeba NpenusHO fa ja
KOHTpOJIMpa BlaraTa, Toj Tpeba HEj3MHUTO HUBO fia TO
cMeTa 3a nocebHa MPOMEHIINBA, & He KaKO ONOJHUTENECH
pesyaTaT o KOHTpolaTa Ha Temmneparyparta. Omnmro
KasKaHo, fla ce KOHTPOJIMpa BlIaraTa 3Ha4yu ia ce IpUMEHU
IIPaBUJIEH NICUXPOMETPUCKH Ipuox [1].

ButHu moparonm 3a TeopuwjaTa W NpaKTHKaTa ce
moOuBaaT NpeKy aHalM3a Ha HUBOTO Ha Biarata BO IICH-
XPOMETPUCKHU TEPMHUYKHU ITpouecH [2].

CratujaBa nynu: (1) knmumaTcka Kpusa Ha CKomje 3a
JIETHUOT mepuof, (2) ogOpaHu MOAATOLH Of TEPMUIKUTE
UCTPaKyBamba Ha Malli CYLIHJIHUIIN.

HajBaskHo Gerie f1a ce ucnuTa OJHOCOT MOMeTy KIu-
MaTCKHUTE YCJIOBH U YCIOBUTE Ha cyuewe. [Ipeky Kiu-
MaTcKaTa KpuBa 3a JETHHOT Nepuoy 6ea NpoueHeTH KITU-

MaTCKUTE ycIoBU. Bo HaykaTa 3a cyliewe, MojI YCIOBH Ha
cyleme ce Iofpa30oupaaT: TeMIeparypara, pellaTuBHaTa
BIIAXKHOCT M Op3MHATa Ha CTPYEHETO Ha BO3MYXOT, Aebe-
JIMHATa Ha CJIOjOT O MaTEpHjajioT IITO CE CyIId W KOH-
CTPYKTHBHUTE KApPAKTEPUCTUKY Ha CYIIMITHHUIATA.

CnenHa 3ajga4da Oere fa c€ pc€anus3upa IIpaBAITHO
NMPETCKaXKyBambe Ha MOCTUTHATOTO CYHICHEC, 3a pa3jindHU
TICUXPOMETPUCKHU ITPOLECH 1 JIOKATTHUA IIPOU3BOIU.

HcnuryBamaTa ce OfjBUBaa KOHTHHYUPAHO, HAa OBOIILje
u 3eneHuyK. [TocTuraaro Geire cTpyewme Ha BO3AYXOT Off
150 m3/h, BKynmHO on3eMeHa Biara 0,04 kg/h u temnepa-
Typa Ha BO31yXoT 65 °C.

Hcrpaxysamara O6ea CIIpOBE[]eHH Ha TPU KOHCTPYK-
LMK Ha CyLIIMJIHUAIM IITO KopHucTaT eHepruja of CoHuero.

Mech. Eng. Sci. J., 27 (2), 107-112 (2008)



Mechanical Engineering — Scientific Journal, Vol. 27, No. 2, pp. 113-121 (2008)

CODEN: MINSC5 - 399
Received: May 23, 2008
Accepted: June 26, 2008

ISSN 1857-5293
UDK: 004.93

Original scientific paper

METAL LABEL CHARACTER RECOGNITION

Chang-Hou Lu?, Guo-Liang Lu®, Zhu-Yan Xu?, Huai-Bo Song', Zoran Pandilov?

School of Mechanical Engineering, Shandong University,
Jinan, 250061, P. R. China
Faculty of Mechanical Engineering, “ SS. Cyril and Methodius” University,
P. O. Box 464, MK-1001 Skopje, Republic of Macedonia
panzo@mf.edu.mk

A bstr act: The meta label character recognition
(MLCR) system aims to redlize the recognition of characters
printed on the metal label. Due to the capturing conditions and
characteristics of the metal label, as well as the existing simi-
lar characters such as ‘1’and ‘/’, ‘O’ and ‘D’, the meta label
characters are hard to be recognized. This paper presents a
method of illumination compensation to improve the quality
of metal label characters and multiple classifiers based on
improved circumference projection by artificial neura net-
work to achieve a high recognition rate. Experiments show
this method has a high recognition rate and needs less time,
which isfeasible for a practical application.

Key words: metal label characters; circumference projection;
radical moments; similar character recognition

1. INTRODUCTION

The metal label is an indispensable and im-
portant symbol in the steel products. It represents
the information, such as the performance, the spe-
cification, the type, the weight, the nationa stan-
dard and the date of production [1]. This informa-
tion can be divided into two parts: the changeless
part and dynamic part as shown in Fig. 3(b).

The recognition of the dynamic part isimpor-
tant for the information-based management of in-
dustry. The subject has been receiving consider-
able attention in recent years due to the increased
demand on digital data and the construction of the
Enterprise information system. Several methods
for recognition of numbers, letters, Chinese, Latin
and other characters have been proposed [2-5].
This research area is still hot and demanding.
Metal label characters are consisted of all the num-
bers from 0-9, some uppercase and some special

signs. And what’s more is, other character recogni-
tion researches focus on the high-quality digit im-
age in which the character and the background are
of different colors or a great chromatism, while the
characters pressed on the metal label have distinct
features:

(1) The characters are protruded and the char-
acter and the background are of the same material,
so the color of them are almost the same.

(2) The image is formed by the difference of
reflectance, so the character itself has a great gray
scale difference.

(3) After the step of binarization in pre-
processing, some binary characters deform gresatly,
sometimes misshappen.

Researches concerned with metal label char-
acters recognition have been described in literature
[6-20]. These techniques are applied for the MLCR
system. Despite of so many different approaches
proposed, their performance still needs to be im-
proved, such as the large capture-implement and
low recognition rate. So, it is necessary to research
further on how to capture the high-quality metal
label image, image pre-processing, feature extrac-
tion and recognition of metal label characters.

In this paper we propose a MLCR combining
statistical and structural method. The outline of this
paper is organized as it follows: the next section
introduces the flow of our metal label character
recognition. Section 3 introduces the image-
capture implement briefly. Section 4 introduces the
Image pre-processing method. Section 5 explores
the improved radical moments and similar charac-
ters recognition. Section 6 describes performance
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of our MLCR system. Section 7 concludes the pa-
per and gives some future work.

2. OVERVIEW OF THE MLCR SYSTEM

In a MLCR system, each step plays an impor-
tant role for a high-performance system. This paper

analyzes the characteristic of metal label characters
and expatiates the preprocessing and recognition
steps. Fig. 1 gives the flow of our meta label char-
acter. It recognizes metal label characters by mul-
tiple classifiers. In the step of similar characters
recognition, we use branch-classifiers which can
recognize the similar metal label characters in one
set as shown in Table 1.

Not similar set

Metal label
image capture

Image
Pre-processing

— —

Radical moments
extraction

Recognition
by ANN

- L Output

Similar set

Structural features
extraction

l

Similar charecters
classifiers

I

Fig. 1. Flow of our metal label character recognition

Table 1

Sets of similar characters

Sets of similar metal label characters

Setl 11—/ Set5 7LJ
Set 2 69 Set 6 0DQ
Set 3 8B Set7 WM
Set 4 X x

3. IMAGE-CAPTURE DEVICE

Usually, the image of the OCR system is cap-
tured by CCD directly. But for the characteristic of
the metal label discussed in the introduction, it is
necessary to find an appropriate way to capture the
metal label image. The CCS light source, the in-
strument which is based on the principle of optics,

(b)

is specid for application of machine vision, and it
can improve the quality of images captured in the
machine vision systems. Our image-capture device
is based on the CCS ring-shaped light source. Ar-
chitecture of this implement is shown in Fig. 2.
Fig. 3 shows the result image captured by CCD
directly and our implement.

CCDl |

CCS light-source

Iuletal Label

Hood

Computer
=
7=y

Fig. 2. Flow of our image-capture implement

Printed part

Dynamic part

Fig. 3. Image captured: (a) captured by CCD directly, (b) captured by our implement

Mech. Eng. Si. J., 27 (2), 113-121 (2008)
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4. PRE-PROCESSING

Because the meta label is captured under
practical condition, natural lighting affects the
quality of the image. Therefore the characters seg-
mented vary in brightness, and this problem affects
the recognition rate. So it is necessary to process
the character before feature extraction.

4.1. Segment characters
from the metal label image

The incised label characters are pressed by a
printer. In the process of pressing, the location of
characters is according to the format of the metal
label. So we can segment the incised characters
with mask matching. Fig. 4 shows this method.

@
(b)

Fig. 4. (a) Segment incised characters with mask matching,
(b) Junior-segmented characters

4.2. [llumination compensation
4.2.1. Character Area Segmentation

As Fig. 5 (al), (a2), (a3) shows, there are
three character images that have different illumina-
tion. (bl), (b2), (b3) are the edge binary images by
the Canny detector. It indicates that the complete
edge can be detected by the Canny detector only
from the high-quality image. The detected edges
form the low-quality image are unsteady, therefore
feature extraction based on the edge is unreliable.
But it can be seen that the Canny detector has a
good ability of area-location, and we can segment
the character area with the edge binary image by
the Canny detector. (cl), (c2), (c3) show the result
images.

Mauu. umync. nayu. ciuc., 27 (2),113-121 (2008)

(al) (a2 (a3)

(b1) (b2) (03

(c1) (c2) (c3)

Fig. 5. (al)—(a3): Junior-segmented characters.
(b1)—(b3): Binary image detected by the Canny detector.
(c1)—(c3): Result images

4.2.2. Subsection non-linear gray transformation

The general gray transformation can be di-
vided into three classes: linear transformation, sub-
section linear transformation and non-linear trans-
formation (see Fig. 6: The horizontal coordinate
expresses the input gray and the vertical coordinate
expresses the output gray).

1

|| =3

(a) Linear transformation

(b) Subsection transformation

I
() Non-linear transformation

Fig. 6. Three classes of gray transformation
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In this paper, we propose a subsection non-
linear gray transformation that combines the non-
linear transformation with the subsection transfor-
mation.

4.2.2.1. Decision of cut-off points

Seeing Fig. 5. (c1)—c3), although the charac-
ter area is segmented, there are still some noises
and some noises are too bright, some noises are too
dark. If we don’t check and wipe off these noises,
these will affect the visual effect of the image
processed greatly.

Say the brightness value of one image pixel
isf(X,y), the total pixelsis N and the grayscale

is L (L= 256 in this paper). The brightness value
of thekth grayscaleisr, , and n, denotes the total

pixels whose brightness value isr, . So the prob-
ability of the Kth grayscaleisp, (r,):

p,(r)=n/N,1<k<255. Q)
The gray value of the background is 0, so it
needs not to be counted.
Set
K K
S=2, P (r),m=>n. 2)
i=1 i=1

When s, <5%, §,1 > 5% and m > Q, the

Kth grayscale A isthe 1st cut-off point. Q is a
statistical value that is set according to the size of
the character area.

When s, <95%, S,,; >95%and m >Q, the

Kth grayscale B is the 2nd cut-off point. Figure
7 shows the sample of decision of the cut-off point.

40

35 B

30 - B

ol M M] |

o0 | i n _ i
The Znd cut—off point

ol Un[r" |

The 1st cut—off point

L L L
o 50 100 150 200 250 =00

Fig. 7. The sample of decision of the cut-off point

4.2.2.2. Non-linear gray transformation

According to the two cut-off points, the char-
acter gray histogram can be divided into three sec-
tions: dark section, middle section and light section.

To the dark section, set the gray value in this
section to the maximum gray valueG, .

To the light section, set the gray value in this
section to the minimum gray valueGg, .

To the middle section, based on the human
eye response curve, we the select the Log-Function
as the non-linear transformation model. The spe-
cific transformation is as following:

G -G

g% y)=————=-[In f(x,y)-Inm]+ G, .. (3)
In nm

n—|
In the above equalization 3, g(X,Y)is the
output image, f(X,Y)istheinputimage, mand n
are the min and max gray values of the input image,
and G, G, are the max and min gray values of the
output image.
Above dl, the following shows us the con-
crete transformation in our approach, and the fig-

ure shows the result image after the illumination
compensation.

Q% j1nf(xy) I+ G, A<F(x ) <B
Inn—Inm

g Y)=1G, F(xy)<A (4)
G, f(xy)>B

= I

Fig. 8. Subsection non-linear transformation

Fig. 9. The result image

4.3. Character Binarization

After the illumination compensation, the
character images have similar illumination inten-
sity. There are many approaches for character bi-
narization. In this paper, we select Otsu binariza-
tion based on the Maximum Variance Theory.

Mech. Eng. Sci. J., 27 (2), 113-121 (2008)
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_WF'"1F'"1

_Jt'Jl"

(b) (©
Fig. 10. The binary character by the Otsu binarization

5. IMPROVED CIRCUMFERENCE
PROJECTION AND FEATURE EXTRACTION

The original circumference projection uses
the center of mass (abbreviated to ‘m-c’) as a pro-
jection center for the rotation invariance. But ac-
cording to the metal label characters' characteris-
tics indicated before, the projection center based on
m-c is not reliable in origina circumference. So,
we propose the improved circumference projection
as the following:

5.1. Normalization of processed characters

5.1.1. Sze normalization

Characters segmented from the different
metal label have different sizes. A linear normali-
zation algorithm is applied to the input image to
adjust to a uniform size (in our implementation,
45x32). Assume the horizontal and vertical projec-
tions of the origina image be H andV , respec-
tively. The normalization position(m,n) of (i, j)is
obtained by:

m=> HK)x ——— 5)
Z Zk lH(k)

n=Y V(K)x —— (6)
Z Zk lV(k)

Where M, Nis the height and width of the
normalized image.

5.1.2. Coordinate normalization

Ali Broumandnia [5] proposed a normaliza-
tion method, using this method, the binary charac-
ter image Cartesian coordinate is converted into
polar coordinates.

As the coordinate normalization method
shown in Fig.11, the original projection can be im-
proved to be the following:
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R

e=g(=)

i=0 |

[ 2 2

TN YY)
.—ﬂi_i y.—_£j+i
TN J2' 7N 2

-1, %
8; = cos(-1),N = max(R,C)

N
O
N

f(r; cosé;,rjsing;)  (7)

j

I
o

where

(@ (b)
Fig. 11. The coordinate normalization schemes
for the circumference projection: (a) discrete metal abel
character image coordinate space of size (RxC);
(b) image coordinate normalization using the mapping

((0,max(R,C) —1) — (-1/4/2,+1/4/2))

Following above equations, we used the cir-
cumference projection based on the center of form
(abbreviated to ‘F-C’) as the radica moment. As
Fig. 12 shows, the characters that have gapsinside,
using a new circumference projection can decrease
the effect of the gap-interference. But to the edge-
deformed label characters, the F-C may deviate in
processing of embossing, as aresult, the projection
curve changes, which decreases the recognition.
Next steps solve this problem:

FAEIrr3
i)

Fig. 12. Changes of F-C of edge-deformed label characters

5.2. Radical moment based on the neighborhood
of the center of form

The above indicates that the center of formis
not reliable to the edge-deformed label characters.
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To solve this, we propose an improved circumfer-
ence projection based on the neighborhood of the
center of form.

E|A[H
A= E
5515645
Fig. 13. Neighborhood (3x3) of F-C (Ry)
Table2
Improved circumference projection
and construction by LF of DWT
Coordinate Circumference LF of DWT
normalization projection for projection curve
I ‘ 1
nap WA A 05
N D o
G ]
o~ osf o)\
& s
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' R
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35 )
o |

B
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As Fig. 13 shows, we gain the neighborhood
(in this paper, the size is(3x3)) of F-C. Then each

of pixels in the neighborhood shown in Fig. 13 is
regarded as a center of projection, the character
image is a processed circumference projection
whose coordinate normalization is similar with the
one shown in Fig. 11. Table 2 shows the normali-
zation method of every point in the neighborhood.
Each center of projection produces a feature vec-
tore , as there are nine centers of projection, so

they produce nine feature vectors. Nine features
make up afeature vector groupv :

V ={e;,e;,€3,8,65,6,€7,6,8

5.3. Dimension reducing of features

According to the above improved circumfer-
ence projection based on the neighborhood of F-C,
we can gain the feature-group which contains nine
feature vectors, in other words, we cdl it radica
moments (FM). Inevitably, there are some redun-
dancies in RM and the dimension is large to the
next classier. To resolve these problems, we should
analyze the RM data to remove redundancy and
reduce its dimension.

The wavelet analysis is a kind of variable
window technology, which uses a shorter time in-
terval to anayze the high frequency components of
a signal and a longer time interval to analyze the
low frequency components of a signa. The wave-
let transformation (WT) includes continuous wave-
let transformation (CWT) and discrete wavelet
transformation (DWT). For our discrete character
image, WT should be DWT.

Mother wavelet is db4, each reconstruct radi-
ca moment (RM) with 1-order wavelet low fre-
guency coefficients. Equation 8 shows this process.

Fig.15 shows reconstructed RM.
§ =LF(e) (8)

1 i

08 Illl I\'i

06 / \

04 .f"/ '\.I‘.n-"'r \

0z ;.f |
[JDII 20 : 40 B0

(ay Binary itmage of a character

1
08
06
0.4

02}, /

(b Circumnference projection

01

0.0s

oosf YV

oI\ ) fi’" |

0 - 01
a 10 20 30 0 10 20 0

(c)LF of DWT (dy HF of DWT

Fig. 14. Construction of RM with 1-order DWT
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After reducing dimension, the feature vector
group is converted to be:

V =60 0 8 6 |
5.4. Label character recognition

5.4.1. Recognizing label characters
by Radical moment [5]

Once the feature vector group has been ob-
tained, the next step is to design a classifier for the
metal label character recognition. In this paper we
design a classifier, which is based on the BP neural
network. The characters are classified based on
radical moments feature vectors by means of artifi-
cia neura networks (ANN) [21]. A neurd net-
works topology, multi-layer perception or a MLP,
is used for the first step classification. A MLPisa
feed-forward neural network with one or more lay-
ers of nodes between the input and output nodes.
These in-between layers are caled hidden layers.
In this study MLPs with one hidden layer are used.
A MLP is trained with a back propagation algo-
rithm. The training equivalent to find proper
weightsis generated for al the connection so that a
desired output is generated for a corresponding
input. Using the MLP in the context of a classifier
requires all output nodes to be set to zero except
for the node that is marked to correspond to the
class the input is formed. That desired output is
one. The designed structure of the MLP for the
first step has nineteen nodes in the output layer and
anumber of input nodes equal to the size of feature
vector.

5.4.2. Recognizing similar characters
by the structural method

To recognize similar characters in our metal
label character recognition system, it is important
to extract stable and representative structure fea
tures. Fortunatdly, different similar sets have dif-
ferent structural features. In this section we discuss
structural features to distinguish most frequently
occurring similarities by left-right contour features
[2].

In this paper, similar metal label characters
are recognized by left-right contour features. The
contour features can be obtained as it follows: in

K, row, scan the character image from the left to

the right boundary. Whenever the pixd turns to be
white, compute the width LB, which is the width

Mauu. umync. nayu. ciuc., 27 (2),113-121 (2008)

between the pixel and left boundary and the width
RB, which is the width between the pixel and the
right boundary:

Vi = {LB,,LB,,...,LB;,RB,,RB,,...,RB. }

Figure 15 shows the left-right contour fea
tures. Because the size of the normalized |abel
character is 45x32, 90-dimension left-right contour

features there exist.

Fig. 15. The left-right contour features

After the left-right contour features are
gained, the extracted | eft-right features are input to
the classifier, which is also based on the BP neural
network like the first classifier.

Especialy pointing out, in this step only
needing to recognize similar label characters, so
the output of BP neural network aren’t al charac-
ters but only contains similar charactersin one set.

6. EXPERIMENTAL RESULTS
6.1. The metal label character image database

For our experiment, we have built a metal la-
bel character image database with the images taken
from different locations, types of metal label, illu-
minations and production conditions. It has 34
types of characters, included 20 uppercases, 10
numbers and 3 special signs, which are showed in
Table 1.

6.2. Recognition result

To test performance of our method, we com-
pared the results from our method with only origi-
nal circumference projection recognition (OCPR),
structural features recognition (SFR), our improved
circumference projection recognition and our sub-
classifier recognition combines improved circum-
ference projection and structural features.
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Table 3

The recognition rates of our method compared
with other methods

Method Recognition Failed
% %"
SR 82.7% 17.3%
OCPR 90.2% 9.8%
Our method 97.5% 2.5%

“Failed recognition contains rejected characters and wrong
recognition.

It can be seen from Table 3 that our method
has small improvement on the recognition rate
over other methods. However, our method shows
more stability.

6.3. The computational cost analysis

We selected random 100 metal label images
of 256 gray levels with characters captured by a
CCS lamp-house and tested our recognition system
for this experimental samples on a PC of Pentium

4-1.5 and memory 256 MB.
=
7
5 2|
E
ﬁ =
| =
1 2 3 4 5 B T <] g fe] Lk

 Tiraes Dfu:u:nnsumed(é}

Fig. 16. The distribution of time consumption
for recognition for the samples

The time consumption is recorded and shown
in Fig. 16. It can be observed that the minimum
time to recognize a meta label is 3s and the maxi-
mum time is 11 s. For most samples, times for rec-
ognition are 4-7 s, which satisfy the rea-time need
in the industry and is feasible for a practical appli-
cation.

7. CONCLUSION AND FUTURE WORK

In this paper we propose ameta label charac-
ter recognition system. The main contribution of
our work includestto:

(1) Anayze the characteristic of metal label
characters and to indicate the difference from char-
actersin other recognition system.

(2) Compensate the illumination of images
captured by the CCS light source with a method of
combined local features and all image statistic in-
formation.

(3) Improve the origina circumference pro-
jection and extract the radica moment with the
new projection.

We tested our recognition system with alarge
number of metal label images captured in different
conditions from real applications. The system
shows good performance in experiments. Com-
pared with other methods, our method shows more
stability. Meanwhile, the time-cost is acceptable
whichisfeasible for a practical application.

Our current work is focussed on improving
the recognition performance to make the system
work well for high recognition-speed application.
Our future work includes how to segment the char-
acters presented in different kinds of metal label.
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NMPEINIO3HABAILE HA 3HAIIA (KAPAKTEPH) BTUCHATHU BO METAJI

Chang-Hou Lu*, Guo-Liang Lu?, Zhu-Yan Hu?, Huai-Bo Song’, 3opan Ianxuios’

!Mawuncrku axyaitieiti, Ynueepsuitieiti 6o lllandonz,
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2Yuueepsuitieiti ,, Ce. Kupua u Meitioouj", Mawuncku gpaxyaitieid,
. gpax 464, MK-1001 Ckoiije, Peitybauxa MakeOoruja
panzo@mf.edu.mk

Knyunn 36opoBn: 3Ha1u (KapakTepy) BTUCHATH BO METaJ; IPOEKIMja Ha TPaHINYHA JIMHIja; IPEN03HaBamkhe

Ha CJIMYHY 3HANM (KapakTepH)

I'maBHaTa 3ajjauya Ha CUCTEMOT 3a MPETNO3HaBabe Ha
3HalM (KapakTepu) BTHCHATH BO METall € fla Ce M3BPIIH
Ipeno3HaBambe Ha 3HAIMTe (KapaKTepHUTe) OTHeYaTCHU
Ha MeTasHa moasiora. ITopagy ancopnioHnTe YCIOBH U
KapaKTEepPUCTHKH HA METalHATa MOJJIora, a UCTO TakKa U
MOPajM MMOCTOCHETO HA CIMYHY 3HAIM (KapaKTepH) KaKo
mro ce ‘1’ u‘l’, ‘0’ u ‘D’, Temko e 3HanuTe (KapakTep-
UTe) BTHCHATH Ha METallHa MOJJIOTa Jla OUjaT Mpero3Hae-
Hu. OBOj TpyA HpHKakyBa METOJ Ha KOMIIEH3alja Ha

Mauu. umync. nayu. ciuc., 27 (2),113-121 (2008)

OCBETIIYBalbETO 3a fla ce MOA00pU KBAJIUTETOT HA 3HAllU-
Te (KapakTepuTe) BTHCHATH Ha METaJHA MOJJIOra H
noseke KinacuuxkaTopu 6a3UpaHH Ha NOAOOPYBame Ha
rpaHMYHATA JIMHHWjA CO BEIITAYKU HEBPOHCKM MPEXH 3a
la ce NOCTUTHE NMOAOOPO HUBO Ha Ipeno3HaBame. Excre-
pUMETHUTE NMOKaXKaa Jieka OBOj METOJ] UMa BUCOKO HUBO Ha
Ipeno3HaBakbe U 0apa IOMAJKy BpeMe, IITO IO IpaBU

IIOTOJICH 3a NpaKTU4YHa MpUMCHa.
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