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 Abstract:  Images of the disk working surface are recorded during its revolution in order to forecast linear wear of 
PTFE-based composites. Particle agglomerates (enlarged 80×) of the investigated composite deposited on the 
disk working surface during the slide mating are seen in those images. Those agglomerates are commonly 
called the transfer film. The investigation capacities of a special tribotester equipped with video-stroboscope 
as well as the ways of image recording in a ‘bright’ and ‘dark’ field are presented in the paper. Photographs 
and schemes of subassemblies of the tribotester are given. The selected images of geometrical features of the 
transfer film recorded during revolutions of the disk are included. It was shown that images obtained in the 
‘dark’ field are easier to be processed and computer analysed compared to the images obtained in the ‘bright’ 
field. A conceptual approach to the application of the computer analysis results for forecasting the wear of the 
PTFE composites under testing is presented.

 Słowa kluczowe:  kompozyty PTFE, rejestrowanie obrazów podczas tarcia, wideostroboskop, stereologiczna analiza obrazów 
ślizgania.

 Streszczenie:  W pracy przedstawiono metodę szybkiego prognozowania intensywności zużywania liniowego kompozytów 
PTFE, poprzez rejestrowanie obrazów powierzchni roboczej tarczy pracującej jako przeciwpróbka, podczas 
jej ruchu obrotowego. Na tych obrazach, przy powiększeniu (80×), widoczne są skupiska cząstek badanego 
kompozytu pozostawiane na powierzchni roboczej tarczy podczas współpracy ślizgowej. W pracy przedsta-
wiono możliwości badawcze specjalnego tribotestera wyposażonego w wideostroboskop oraz sposoby reje-
stracji tych obrazów w „jasnym” polu i „ciemnym” polu. Omówiono fotografie i schematy podzespołów tego 
tribotestera. Zamieszczono wybrane obrazy zmian cech geometrycznych warstwy kompozytu osadzonej na 
tarczy, zarejestrowane podczas jej ruchu obrotowego. Wykazano, że obrazy uzyskane w „ciemnym” polu są 
łatwiejsze do przetwarzania i analizy komputerowej. Przedstawiono koncepcję wykorzystania wyników kom-
puterowej analizy zarejestrowanych obrazów do prognozowania zużywania badanych kompozytów PTFE.
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INTRODuCTION

PTFE-based composites are usually used in machine 
elements where friction nodes cannot be lubricated 
during their operation due to various reasons, e.g., in 
the food industry, medicine, the space industry, as well 
as in the machine industry using sealing rings in piston 

compressors of oxygen, etc. The knowledge of the 
friction-wear characteristics of these materials is poorly 
recognized, which often restricts their wider and rational 
application for machine parts [L. 20].

Determination of the wear intensity of the PTFE 
composites, especially the new kinds of composites, 
requires at least long term tests, when performed by 
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means of the traditional tribotesters. This situation 
complicates the introduction of new kinds of the  
PTFE-based composites for sliding elements of 
machines and equipment and creates a strong need of 
developing much a faster method for linear wear testing.

NEw  METHOD  OF  TESTING  THE  PTFE 
COMPOSITES 

The new, proposed method of PTFE composite 
tribological testing during sliding contact with a stainless 
steel disk is based on the observation of forming a thin 
polymeric transfer layer on the surface of steel counter 
samples. Researchers have noticed that, after several 
hours of experimentation, geometric features of that 
layer has been forming various images (long, short, 
narrow or wide bands, irregular small or large spots, 
etc.), which depends on the kind of a composite, as well 
as on test parameters [L. 1, 10, 18, 19]. 

On the basis of the reference data and the author’s 
own observations, the following was assumed: 
  – These changes occur with various intensities during 

the sliding process.
  – Selected features of layer images as well as the 

character of their changes during consecutive 
cycles carry information on the wear resistance of 
the PTFE composite at sliding contact.
One of the authors conceptually constructed and 

developed the special tribotester OSA-02, which is 
schematically presented in Fig. 2. The tribotester is 
equipped with a video-stroboscopic system that allowed 
recording enlarged images to study the changes of 
the polymer layer character transferred on the steel 
disk surface. Within a very short time, compared to 
other traditional tribotesters, the wear mechanism of 
the composite under testing could be determined. The 
images were recorded at some angle to rotating disc 
surface during sliding contact with the investigated PTFE 
composite. Changes of the deposited layer on the same 
selected area of the steel surface were observed at 80x 
magnification. Afterwards, the recorded images were 
processed by computer and analysed in order to reveal 
such geometrical changes that contain information on the 
composite wear resistance.

The wear results obtained from rather time-
consuming experiments performed using traditional 
tribotesters are necessary for the determination of 
functional dependencies between the computer analysis 
of images and the wear intensity of the PTFE composite. 
However, it is enough to perform those long-term 
measurements only once. 

A linear wear rate of the composite under testing 
under the given parameters can be forecasted quite 
quickly on the basis of the analysis of images obtained 
at the same parameters and the previously calculated 
mathematical equations. 

The most essential elements of the method are the 
recorded representative sequences of the deposited layer 
images. Each sequence consists of not more than 150 
images.

OBJECT  OF  INVESTIGATIONS

Traces of slide mating, which mean a layer formed on 
the working surface of the disk, were investigated. The 
disk was made of X46Cr13 stainless steel, and later 
heat treated to a hardness of 50 HRC. The surface of the 
steel disk was preliminarily ground and then the surface 
roughness was established by means of a corundum 
powder on a dry felt. Traces of grinding by a corundum 
powder were parallel to the predicted traces of the 
sliding of the investigated composite. 

Then samples were cut out from a semi-finished 
PTFE-based composite in such a way as to preserve 
the directions of the following parallelisms: of pressing 
a semi-finished product, of sample sliding, and eventually 
of the sliding of the sealing ring made from the same 
semi-finished product. The contacting surfaces of the disk 
and samples were degreased before each experiment.

TESTING  STAND 

The tribotester OSA-02 operates on the basis of a double 
friction pair. A photograph of “pin-on-disk” type 
tribotester is given in Fig. 1. During the experiment, it was 
possible to observe morphological changes in the surface 
of the disk by an industrial camera via a stereoscopic 
microscope. Furthermore, the instantaneous values 
of sixteen parameters characterizing the investigated 
friction process were simultaneously recorded. The 
following values were measured and recorded for each 
friction pair, after a single disk revolution:
  – Normal load FN-L (Fig. 2), 
  – The tangential component of friction force FT-L, 
  – The radial component of friction force F T-R, 
  – The temperature of each sample in the vicinity of 

friction area, 
  – The linear displacement of a sample holder towards 

the disk by means of contactless induction sensors 
of linear micro-displacements,

  – Temperature using contactless sensors,
  – The temperature of the working surface of the disk 

by means of a special contactless optical pyrometer, 
and

  – The ambient temperature in a chamber, etc.
The equipment made it possible to perform the 

tribological tests in the atmospheric air at reduced pressure 
(1330-270 Pa) or in any technical gas.

The tribotester scheme is shown in Fig. 2, with 
a general view in Fig. 1. The operational plan of the 
video-stroboscope is presented in Fig. 3.
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Due to the rotation of the observed object, which is 
a sector of the disc surface at 80× magnification, a very 
short exposition time of the industrial camera shutter is 
required, not longer than 1/800 000 s. 

Observations and recording images of the working 
surface can be performed both in a ‘bright’ and in ‘dark’ 
field. It depends on the angle of incidence of the light 
beam on the disk sector under observation. In the case 
when the light beam falls at a large angle or vertically, 
e.g., via the second ocular of the stereoscopic microscope 
– 11 in Fig. 1, we observe images in a ‘bright’ field. In 
this case, the impulse lighting with required intensity 
does not cause special problems. However, processing 
and analysing the images is highly troublesome, since, at 
this order of enlargement, the changes of placement of the 
observed disk sector in consecutive images in the given 
sequence occur, which means that the changes of frames 
commonly cause image vibrations [L. 4, 11–17]. 

Analysing and processing images recorded in 
a ‘dark’ field is much easier. Such images are obtained 
with askew lighting at an acute angle, and the measured 
value is experimentally determined by changing of 
transparent rod placement (Pos. 27 in Fig. 2 and Pos. 18 
in Fig. 3). The optical focusing attachment is placed at the 
end of the rod.

Fig. 1.  view of the head of the investigation stand OSA 02 1 – engine, 2 – vacuum conductor, 3 – head frame, 
4 – cut-off valve of a vacuum pump, 5 – hermetic chamber cover, 6 – support of an optical wave guide 
conduit, 7, 12 – armouring of the second optical wave guide, 8 – stereoscopic microscope MBS-10, 
9 – camera holder, 10 – industrial camera of JAI Company, type RS232C, 11 – right ocular of the 
microscope, 13 – sight-glass to the hermetic chamber (Pos. 5 in Fig. 3)

Rys. 1.  Widok głowicy stanowiska badawczego OSA 02; 1 – silnik, 2 – przewód próżniowy, 3 – kadłub głowicy,  
4 – zawór odcinający połączenie z pompą próżniową, 5 – pokrywa hermetycznej komory, 6 – wspornik pancerza 
wiązki światłowodów 7, 12 – pancerz drugiej wiązki światłowodów, 8 – mikroskop stereoskopowy MBS-10,  
9 – obsada kamery, 10 – kamera przemysłowa firmy JAI typ RS232C, 11 – prawy okular mikroskopu, 13 – wzier-
nik do hermetycznej komory (poz. 5 Rys. 3)

The focusing attachment (Pos. 19 in Fig. 3) 
concentrates the light beam, which exits from the 
transparent rod. Thus, the light intensity on the observed 
sector of the working surface of the disk increases. 
However, at askew lighting, a considerable part of the light 
beam is dissipated; therefore, lighting of a higher intensity 
than at vertical lighting is required. Due to this feature, 
a xenon lamp, BH-0647 PRC 2A type, produced by the 
Heimann Company, was installed in a special holder. This 
holder is built of two parabolic mirrors (Pos. 6 in Fig. 3), 
which focus and direct the light beam from the lamp onto 
the observed working surface of the disk via an optical 
wave guide, transparent rod, and focusing lens.

IMAGES  OF  THE  DISK  wORKING  
SuRFACE  RECORDED  IN  A  ‘BRIGHT’  
AND  ‘DARK’  FIElD 

The presented images (Figs. 4–7) were recorded by 
the special tribotester, OSA-02, equipped with a video-
stroboscope system (Fig. 3). The image of the disk 
working surface in a ‘bright’ field – after cleaning with 
corundum powder but before slide mating with SMK2G3 
composite in 60× magnification – is presented in Fig. 4. 
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A strip of PTFE thin foil approximately 80 µm thick 
was placed on the observed surface. Horizontal scratches 
after cleaning with corundum powder are clearly seen 
through the PTFE foil strip in the place where the foil 
adheres closely to the disk. A brighter, not sharp, irregular 

Fig. 2.  Schemes of the OSA-02 stand for the investigation of friction and its observation by means of the industrial 
camera.1 – flexible coupling, 2 – head spindle, 3 – disk, 4 – sample, 5 – sample holder, 6 – pressing lever, 7 – elastic 
beam of servo-motor dynamometer, 8 – press bolt, 9 – dynamometer F T-R10 – stand frame, 11 – ball-and-socket 
joint, 12 – dynamometer FT-L, (13, 15, 25) – support centre,14 – cylindrical joint, 16 – inductive sensor of linear 
micro-displacements, 17 – detector of angular orientation of the disk, 18 – observation point of the working surface, 
19 – servo-motor FN-L, 20 – engine,21 – vacuum sealing of a spindle, 22 – vacuum pass of measuring trajectories, 
23 – sight-glass, 24 – hermetic chamber cover, 26 – coupling of vacuum pump conductor, 27 – end of the transpired 
rod, S, u, V – lever axes of rotation

Rys. 2.  Schematy stanowiska OSA-02 do badania tarcia i podglądu za pomocą kamery przemysłowej; 1 – sprzęgło podatne,  
2 – wrzeciono głowicy, 3 – tarcza, 4 – próbka, 5 – obsada próbki, 6 – dźwignia dociskowa, 7 – belka sprężysta siłow-
nika-siłomierza, 8 – śruba dociskowa, 9 – siłomierz F T-R 10 – kadłub stanowiska, 11 – przegub kulisty, 12 – siłomierz 
FT-L, (13, 15, 25) – podparcie kłowe, 14 – przegub walcowy, 16 – indukcyjny czujnik mikroprzemieszczeń liniowych, 
17 – detektor położenia kątowego tarczy, 18 – miejsce obserwacji powierzchni roboczej, 19 – siłomierz FN-L, 20 – sil-
nik – próżniowe uszczelnienie wrzeciona, 22 – przepust próżniowy torów pomiarowych, 23 – wziernik, 24 – pokrywa 
hermetycznej komory, 26 – złączka przewodu pompy próżniowej, 27 – zakończenie przezroczystego pręta oświetlacza,  
S, U, V – osie obrotu dźwigni

fragment of the PTFE foil is seen in the left part of the 
photograph. In the lower part of the photograph, in the 
area where the foil was more strongly pressed to the 
disk, it is nearly invisible against the background of 
longitudinal scratches, which remained after the removal 
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of the previous layer by corundum powder of granulation 
24. On the basis of the similar images, the authors were 
convinced that the layer eventually deposited on the disk 
would not be seen in the applied lighting. It is generally 
known that thin layers of PTFE are transparent.

The image of the disk working surface in a ‘dark’ 
field at approximately 80x magnification, after cleaning 
with corundum powder and after slide mating with the 

Fig. 3.  Scheme of the video-stroboscope [3]: 1 – engine, 2 – hermetic chamber cover or microscope support, 3 – sample,  
4 – disk, 5 – sight-glass, 6 – flash lamp encased by parabolic mirrors, 7 – stereoscopic microscope MBS-10 or 
Olympus SZ51, 8 – industrial camera, 9 – flash lamp supplier, 10 – computer, 11 – monitor, 12 – servo-motor 
FT-R, 13 – vacuum sealing, 14 – servo-motor dynamometer FN-L, 15 – vacuum pass, 16 – optical wave guide beam,  
17 – spherical sealing element, 18 – transparent rod, 19 – optical focusing attachment, 20 – lighting of signal disk – 
signal disk, 22 – detector of an angular orientation of the disk

Rys. 3.  Schemat wideostroboskopu [3]; 1 – silnik, 2 – pokrywa hermetycznej komory lub wspornik mikroskopu, 3 – próbka,  
4 – tarcza, 5 – wziernik, 6 – lampa błyskowa obudowana parabolicznymi lustrami, 7 – mikroskop stereoskopowy MBS-
10 lub Olympus SZ51, 8 – kamera przemysłowa, 9 – zasilacz lampy błyskowej, 10 – komputer, 11 – monitor, 12 – si-
łomierz FT-R, 13 – uszczelnienie próżniowe, 14 – siłomierz siłownik FN-L, 15 – przepust próżniowy, 16 – obrazowód 
(wiązka światłowodów), 17 – kulisty element uszczelniający, 18 – przeźroczysty pręt, 19 – optyczna nasadka skupiająca,  
20 – oświetlacz tarczy sygnałowej – tarcza sygnałowa, 22 – detektor położenia kątowego tarczy

SMK2G3 composite, is presented in Fig. 5. The weight 
percentage of SMK2G3 composite is 58% PTFE, 40% 
bronze powder, and 2% graphite. The PTFE foil strip was 
placed on the observed surface. Scratches from grinding 
with corundum powder are not seen there, because they 
comprise the dark background. However, the PTFE foil 
strip and the deposited particles of the composite under 
testing in a form of strips and spots are well seen against 

Fig. 4.  Image of the working surface of the disk lighted by 
two optical wave guides at large angles of incidence 
(observed in a ‘bright’ field) 

Rys. 4.  Obraz powierzchni roboczej tarczy oświetlony dwo-
ma światłowodami pod dużymi kątami padania (ob-
serwowany w „jasnym” polu)

Fig. 5.  Image of the layer deposited by the SMK22G3 
composite and the PTFE foil of a thickness of 
approximately 80 µm observed in a ‘dark’ field 

Rys. 5.  Obraz warstwy kompozytu SMK22G3 oraz fo-
lia PTFE o grubości około 80 μm zaobserwowane 
w „ciemnym” polu
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this background. The thicker strip, the brighter is the area 
in the recorded image. Friction traces are also vertical, 
and they are seen as bright strips and spots. The PTFE 
foil in a lower part of the photograph is thicker than the 
deposited film and therefore brighter.

Due to the limited computer memory, a maximum 
of 150 photographs were recorded as one sequence. 
Since the process of layer deposition on the observed 
sector of the working surface was very slow, under the 
applied testing conditions, several image sequences 

were recorded without stopping the sliding. Images 
were recorded until the film images were stabilized or 
until the film coverage of the observed surface sector 
was diminishing. The consecutive image in the given 
sequence was usually recorded after 25 revolutions 
of the disk, which means after slide mating of the 
observed sector on the slide distance of approximately 
312 mm. The images of the same selected sector of the 
disk working surface were recorded throughout the 
process.

Fig. 6.  Images of the working surface of the disk during the slide mating with the SMB40G2 composite at a unit pressure 
p = 20 N/cm2 and the velocity of transportation v = 3 m/s. Images were recorded without stopping the disk: a) after 
250 slides, b) after 2750 slides, c) after 10 250 slides, d) after 17 750 slides 

Rys. 6.  Obrazy powierzchni roboczej tarczy w trakcie współpracy z kompozytem SMB40G2 przy nacisku jednostkowym  
p = 20 N/cm2 i prędkości unoszenia v = 3 m/s. Obrazy rejestrowano bez zatrzymywania tarczy: a) po 250 cyklach, b) po  
2750 cyklach, c) po 10 250 cyklach, d) po 17 750 cyklach

Fig. 7.  Images of the working surface of the disk during the slide mating with the pure PTFE at p = 20 N/cm2, v = 3 m/s. 
Images were recorded without stopping the disk: a) after 1250 slides, b) after 3750 slides, c) after 5625 slides, d) 
after 7500 slides

Rys. 7.  Obrazy powierzchni roboczej tarczy w trakcie współpracy z czystym PTFE przy p = 20 N/cm2 , v = 3 m/s. Obrazy reje-
strowano bez zatrzymywania tarczy: a) po 1250 cyklach, b) po 3750 cyklach, c) po 5625 cyklach, d) po 7500 cyklach

a) b)

d)c)

a) b)

d)c)
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After stopping of the sample, it remained pressed 
to the disk for about 10 minutes. Then the samples were 
removed and the changes of the deposited layer caused 
by 10 minutes of sliding were recorded. At the final stage 
of the experiment, 150 images of the working surface, 
at the same diameter of the disk as the previously 
observed sector, but this time randomly selected by the 
video-stroboscope system, were recorded. This image 
sequence was also suitable in the analysis. It allowed 
assessing whether the previously recorded images of the 
transfer film were representative. 

Figure 6 illustrates changes of the deposited layer 
of the wear resistant composite during the sliding. For 
comparison, Figure 7 illustrates changes of the film of 
the pure PTFE, which exhibits unsatisfactorily wear 
resistance in the given sliding conditions. Brighter strips 
and spots indicate the deposited layer. 

DISCuSSION  OF  RESEARCH  RESulTS

On each consecutive image (being a part of several image 
sequences), the ratio of the surface area of bright spots or 
strips to the total surface of the picture was analysed by 
means of the available simple software [L. 16, 17]. On 
the basis of the obtained results, graphs were prepared. 
Values of the quotient (PK) of the consecutive images 
were placed on the vertical axis, while the numbers of 
slides (Ls) of the sample on the observed disk surface 
(to the moment of taking photograph of the consecutive 
slide mating by means of the video-stroboscope) were 
marked on the horizontal axis (Fig. 8). 

After many attempts and experiments, one can 
concluded that all of the curves can be practically 
described by the following function consisting of  
two exponential elements with different time constants 
[L. 16, 17]:

Fig. 8.  Changes of the relative coverage (Pokr) of the photography of the disk surface by the transfer film as a function of 
the number of slides Ls as well as the function approximating this graph (Fun)

Rys. 8.  Wykres zmian wartości względnego porycia (Pokr) fotografii powierzchni tarczy warstwą kompozytu w funkcji liczby 
ślizgów Ls oraz funkcja aproksymująca ten wykres (Fun)

where
PK(Ls) – function approximating the changes of the 

relative coverage of the image field by the 
deposited layer (0 = no coverage, 1 = full 
coverage),

Ls – total number of revolutions of the disk, during 
the given experiment,

Pk0 – coverage level at the beginning – for a clean 
disk should be zero,

Ls1 – number of revolutions of the disk, after which 
the first exponential element starts,

Pk1 – fixed level of the first exponential element,
T1 – time constant of the first exponential element,
Ls2 – number of revolutions of the disk, after which 

the second exponential element starts,
Pk2 – fixed level of the second exponential element,
T2 – time constant of the second exponential element.

The graph taken from [L. 16, 17] is presented in 
Fig. 8 as an example.

The graph shows the results of the computer 
analysis of 600 consecutive images of the working 
surface of the disk, recorded every 25 revolutions, 

(1)



146 ISSN 0208-7774 T R I B O L O G I A  2/2017 

during sliding with SMB40G2 composite, at a unit 
pressure p = 60 N/cm2 and a sliding speed v = 1 m/s. 
Images were recorded in four sequences (150 images in 
each) marked as c, d, e, and f, without stopping the disk. 
The authors attempted to assign, in the simplest case, 
the representative parameters of the given regression 
curve (e.g., T1, Pk2, T2, etc. for SM-B40G2 composite 
– e.g., Fig. 8), calculated on the basis of short lasting 
investigations done by the OSA-02 tribotester to the 
linear wear of the PTFE composite, e.g., SM-B40G2, 
obtained from long lasting laboratory experiments 

performed by a traditional tribotester (on the sliding 
distance of 30 km). The results obtained at similar 
conditions of investigations using both tribotesters for 
the calculated changes of friction parameters, e.g., unit 
pressure and sliding velocity, were compared. They can 
be compared in a form of the set of equations. On their 
basis, one can calculate the following:
  – Wear coefficient W, and
  – Exponents: f, d, g, h, k, m, n, p, r,
for the following equation:

(2)

On the basis of the analysis of the images (Pk0i, 
Pk1i, Ls1i, T1i, Pk2i, Ls2i, T2i) obtained by means of 
the OSA-02 tribotester, at short-lasting tests, e.g., at 
parameters pi and vi under stabilised humidity and 
temperature in the measuring chamber, one can forecast 
– according to (2) – the linear wear Zi of the tested  
SM-B40G2 composite after friction at the distance of, 
e.g. 30 km, at a unit pressure pi N/cm2 and a velocity of 
drift vi m/s.

The changes in the character of the geometrical 
features of the transfer film can be analysed, e.g., the 
relative length of each band can be checked versus 
the image length or width (Fig. 9), in order to reveal 
dependencies between the results of the image analysis 
and the value of the wear intensity of the investigated 
PTFE composite.

For example, the curves of changes of the deposited 
layer bands of three ranges of the relative length are presented  
in Fig. 9. Bands of the length not exceeding 20% of the 
total length of sliding traces observed in the image are 
considered the short ones. Correspondingly, medium 
bands are of the length in the range of 20% to 50%, 
while long bands are of the length exceeding 50% of 
the total length of sliding traces in the given image  
[L. 16, 17].

However, in the case of the representative calculation 
of the wear coefficient and exponents for one kind of the 
composite, actions directed to the generalization of the 
method for other kinds of composites, which take into 
consideration (e.g., the chemical composition or selected 
features of individual composites) might be useful.

Fig. 9.  Curves of changes of the deposited layer bands of three ranges of the relative length – consecutively calculated for 
every image (450) recorded during the sliding of the SM-B40G2 composite at unit pressure p = 60 N/cm2 and the 
velocity of drift v = 1 m/s

Rys. 9.  Przebiegi zmian udziału pasm osadzonej warstwy o trzech zakresach długości względnej, obliczony kolejno dla każdego 
z liczby 450 obrazów zarejestrowanych podczas ślizgania kompozytu SM-B40G2 przy nacisku p = 60 N/cm2 i prędkości 
unoszenia v =1 m/s

CONCluSIONS

The observation and recording method of images 
of changes in the deposited layer performed by the  
OSA-02 tribotester presented in the paper meets the 

assumed requirements. The recorded image sequences 
for various kinds of the PTFE-based composites and the 
given values of friction parameters differ significantly. 
The intensity of changes as well the degree of coverage 
by the deposited layer was changing during tests. 
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The developed method significantly reduces the 
duration of the tests of PTFE composites compared to 
the tests performed by traditional tribotesters.

The recorded images can be further processed and 
analysed by a computer in order to extract geometrical 
features of the transfer film or trends in its changes 
occurring during the revolution of the disk that contain 
information on the wear resistance of the composite 
under testing. 

The next step to increase the accuracy of this 
quick method of composite testing can constitute the 
computer analysis of two dimensions of each band of 
the transfer film (e.g., the ratio of the length to the width 
or to other geometrical feature) of the same band on 
each recorded photograph followed by the segregation 
of those bands according to the determined ranges of 
the ratio values.
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