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A B S T R A C T

Scratch detection and the location of the scratch on the surface is important in the quality control of multi-
layered, functional and polished surfaces. Visual examination in good lighting conditions has been previously
used to detect scratches, but interest to see finer scratches and their location should consider use of the optical
microscope, and compare it with other imaging methods at the same magnification. Stainless steel was polished,
scratched and then one specific location analyzed at the same magnification with all methods to determine the
level of scratch detection. Atomic force microscopy, as the technique with a higher resolution, was used to
determine the mean depth of every scratch as a reference. An image was then recorded with the different
techniques and the number of visible scratches counted. Profilometry did not clearly identify scratches due to
limitation of the 2 μm probe size. Light microscopy provided the fastest and most appropriate technique for
quality control, detecting 70% of the scratches. Scanning electron microscopy only showed 35% of the scratches
at the same magnification, but provided a good 2-D image of the scratch and the resulting metal pile-up.

1. Introduction

Quality control of polished surfaces is essential to maintain the
longevity and performance in a range of engineering applications.
Quality control presently relies on careful inspection in good lighting
conditions by the naked eye, but there is a limit to the detection of
defects seen by the naked eye [1], and so this initiates the inquiry of the
best scratch detection method at a higher magnification. This study will
use the highest magnification common to the selected imaging
methods, to determine the best quality control method.

Scratches are best detected against a highly polished surface. A high
surface finish can be attained by mechanical polishing [2], chemical
polishing [3,4] or high temperature treatment (vapour [5], laser [6]
and flame polishing [7]). Keeping scratch-free surfaces is important; for
image quality on films in the film industry [8], for file storage in
magnetic disk storage devices [9], and for maintaining low wear on
CoCr hip prostheses [10]. Scratches are the most common form of
surface degradation, but previous studies on scratches cannot be readily
found, and despite extensive reports on scratch resistance, a Web of
Science search – using search terms “surface imaging” and “scratch”,
“imaging” and “scratch”, “microscope” and “scratch” – does not provide

the requested information.
After knowing that a scratch is present, the size, location and or-

ientation of the scratch can offer further useful information. This is
important for understanding the damage to multilayered surfaces and
thin films covering underlying sensors, but also for surfaces where the
scratch orientation can influence the interaction with radiation, water
flow, air flow or movement over other surfaces. Methods such as in-
terferometry do not show scratches smaller than about 0.5 μm [11,12]
and so will not be considered. This investigation will address non-
contact methods (optical microscopy and scanning electron micro-
scopy) and contact methods (profilometry and atomic force micro-
scopy). Examination conditions that improve the level of detection, but
distort the scratch size and location of one scratch relative to another
scratch will not be used. This rules out placing the surface at an angle to
the incident electron beam in scanning electron microscopy, that
otherwise improves the quality of the image.

The best measurement method should assess large areas, be portable
and fast. Larger areas are more easily assessed by light microscopy and
profilometry. Other optical methods such as vertical scanning inter-
ferometry [13] and digital holography [14] are also available for de-
tecting scratches on large surfaces, but will not be considered since it is
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not as portable like optical microscopy and profilometry, Table 1. A fast
assessment of the surface is only provided by optical microscopy. This
then raises the question of how effective optical microscopy is for de-
tecting scratches. What is the level of scratch detection by optical mi-
croscopy?

Scratching could create pile-ups at the side of the scratch and so
assist in the detection of scratches by modifying the intensity of the
signal in light and electron microscopy. Scratches from a symmetrical
1 μm wide diamond probe have aided the detection of scratches due to
the light reflection from pile-ups, when viewed by the naked eye under
good lighting conditions [15]. There is a high likeliness of the pile-up
since symmetrical hard asperities only need to be tilted by 5° to create
pile-up [14], and the source of scratches such as grains of sand will
always be non-symmetrical, thus increasing the likelihood of metal pile-
up. Consequently, metal pile-up could be used to identify scratches in
images from light microscopy and electron microscopy.

Polished surfaces are being investigated to determine the effect of
scratches on the movement of polished metal over cold surfaces. For
this reason, a fast surface evaluation method is required for evaluating
small polished metal blocks in laboratory tests and larger objects in
field experiments. Since a fast assessment of each surface is required,
then optical microscopy is the obvious choice, and so a comparison to
other imaging techniques is required.

The objective of the investigation is to determine the ability of op-
tical microscopy to locate scratches, in comparison to other methods
used at the same magnification. Higher magnification methods such as
atomic force microscopy and scanning electron microscopy will be used
to collect additional information on the depth of the groove and the
presence of pile-ups. These features will be mentioned during the dis-
cussion on the limits of light microscopy.

2. Methods

2.1. Preparation of metallic surfaces

A sectioned austenitic stainless steel block (62% Fe, 16% Ni, 14%
Cr, 4.5% Mo, 1.4% Co, 1.25% Mn, 0.8% Cu) was hot mounted in a
MecaTech 334 hot press (Presi, Brié-et-Angonnes, France) to form a
30mm diameter disc. The mounted steel sample was then ground on a
Reflex Max 120 surface rotating at 250 rpm under a load of 40 N for
120 s, and then on a Reflex Max 220 surface with the same conditions.
Polishing was conducted with 9 μm, 3 μm and 1 μm diamond suspen-
sions (together with a Reflex Lub lubricant) on Reflex MedB, Reflex
Ram and Reflex NT surfaces, under loads of 40 N, 35 N and 30 N, for
5min, 4min and 2min, respectively. Reference scratches were in-
troduced, indentations made to frame the area of investigation and then

the surface was cleaned with ethanol before applying the different
scratch detection methods.

2.2. Visual examination

Three areas of investigation were marked on the polished surface
with indentations from a Vickers indenter. Indentation marks spaced
100 μm from each other helped to maintain sample orientation as well
as the same field of view for the different imaging methods. Images
were taken with a light microscope, a scanning electron microscope, an
atomic force microscope and a profilometer.

A Nikon LV150 Eclipse light microscope (Tokyo, Japan) collected an
image in darkfield imaging conditions of the surface through a 100×
objective lens (0.9 NA) to capture the scattered light from the scratches.
The contrast and brightness of the image was then adjusted on the
computer screen.

A Hitachi S-4800 scanning electron microscope (Tokyo, Japan) with
a field emission electron source was operated at 15 kV and 1 nA to view
the surface. An image at the highest resolution of 5120× 3840 pixels
was obtained at the same magnification as the optical microscope
image. The sample surface was kept at 90° to the electron beam to
prevent distortion of the image and maintain the same distance be-
tween scratches in the x and y directions.

A Smena NT-MDT atomic force microscope (NT-MDT Spectrum
Instruments, Moscow, Russia) with a 10 nm sized probe scanned the
surface along 1024 lines to obtain a 60 μm×60 μm view. To optimize
the resolution, a smaller total vertical movement was chosen by not
including the indent within the imaging area. Since AFM is the most
sensitive in detecting scratches, the total number of scratches, the po-
sition and depth of each scratch was determined from the AFM image as
a reference to see how effective other methods would reveal the
scratches.

A Talysurf Intra 50 (Taylor Hobson, UK) profilometer scanned the
surface with a 112/2009 stylus (4 μm tip diameter). Calibration was
conducted with a 112/2062-D-4148-04 ball (25 μm diameter). The
precision of the profilometer verified with a Taylor Hobson Reference
112/1534 (Ra= 6 µm and RSm= 0.133mm) and a surface roughness
standard comparator Flexbar Composite Pocket set No 16008 gave a
10% error in the recorded values. Data on the probe position was re-
corded for a total of 800 points by 800 points with an area outlined by a
1.8×1.8mm rame at a speed of 0.5mm/s. A 12 nm vertical resolution
and a 1 μm horizontal resolution were recorded from measurements on
the calibration ball.

The total number of scratches detected by each method, was ex-
pressed as a percentage of the total number of scratches, obtained from
the AFM image. Scratch profiles from the AFM traces were used to

Table 1
A comparison of scratch detection methods.

Light microscopy Electron micoscopy Profilometry Atomic force microscopy

Practical considerations
Portability ✓ ✓ ✓ x
Speed Fast Slow Slow Slow
Evaluate large areas ✓ x ✓ x

Advantages/disadvantages
Advantages Works in air and liquids, Posible to

differentiate chemical phases
High magnif.,
Large depth of field,
Elemental analysis

3D image,
Clear wave profile

3D image,
High magnif.,
High resoution

Disadvantages Lowest resolution,
2D image,
Lowest magnif.

2D image, Difficult to locate
scratch

Stylus wear,
Scratches surface,
Vertical features not
accurate

< 20 μm high features,
Small scan area,
Stylus wear, Difficult to locate
scratch
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determine the depth of scratches detected by each imaging method.

2.3. Data analysis

Scanning Probe Image Processor (SPIP) software was used to ensure
that the data obtained from the AFM and the profilometer is processed
in the same manner. This removed the error associated with data pro-
cessing from software provided by each equipment supplier. The image
was placed on a level background by removing the slope using the
Global Leveling function and was made flat by removing the curviness
with the Form Removal function.

The total number of scratches was determined by AFM. The number
of identifiable scratches were counted on the computer screen in images
from the light microscope, SEM, AFM and profilometer. A comparison
was then made to determine the number of scratches detected by the
contact and non-contact imaging methods.

For quantitative analysis, the scratch profile from the 3D image was
extracted along the length of the scratch with the Cross Section Profile
function in the SPIP software. For more statistically reliable data on the
scratch depth, the Average Profile function mathematically averaged the
scratch depth and determined the average scratch shape.

3. Results and discussion

3.1. Detection of minor scratches on a polished surface

Only three imaging methods detected scratches at a magnification
of 1000×, when the image was taken at the highest resolution. Both

non-contact methods (light microscopy and scanning electron micro-
scopy) and atomic force microscopy displayed scratches.

The 2 μm probe on the profilometer limited the measurement cap-
ability and so did not clearly show the small scratches, Fig. 1. A smaller
0.2 μm radius probe has been used for greater sensitivity in other stu-
dies [16], but the large step size of the measuring method further limits
the ability to detect scratches.

Image resolution and contrast are required for the best detection
ability. Atomic force microscopy has the highest resolution and showed
the most scratches. The SEM image had poor contrast and did not show
small scratches when imaged at the same 1000× magnification as the
optical microscope. The large vertical reference scratch, at the left side
of the image, was easily seen in the SEM due to the larger depth of the
scratch and the pileup on both sides of the scratch. Higher magnifica-
tion is required to detect scratches with the SEM, but the need to re-
focus, and the difficulty of finding scratches on the surface is not sui-
table for quality control in a timely manner, even in a more affordable
benchtop scanning electron microscope.

The smallest visible scratch size, imaged at a magnification of 1000x
was detected with the AFM; further analysis provided the depth of each
scratch. From a total of 24 scratches, 7 scratches (3 nm and deeper)
were easily detected by all three microscopy methods (AFM, SEM and
light microscopy), 13 scratches (1 nm to 3 nm deep) were visible, but
four scratches at a depth of 1 nm could not be seen. The ease of viewing
is appreciated by matching the scratches in Fig. 1 with the depth pro-
files in Fig. 2. The light microscope detected 70% of the scratches re-
corded by the AFM, but the SEM only showed 35% of the scratches seen
by the AFM.

Fig. 1. A comparison of contact methods (AFM and profilometry) and non-contact methods (dark-field light microscopy and SEM) for imaging minor scratches on polished metal. The
large scratch, labeled as 1, is made for reference. The three labels reference the scratch profiles shown in Fig. 2.
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Compared to previous studies, the optical microscope showed
500 times smaller scratches than the naked eye, as referenced to the
study of scratches made by a nanoindentor and viewed by the naked
eye [1]. This makes the optical microscope a powerful tool to inspect
larger objects, quickly examine the surface, and detect 10 nm deep
scratches on the polished steel surface. It would seem logical that a
1000× magnification will show 1000× smaller objects but this relies
on tilting the surface to provide the best angle of light reflection for
seeing the scratch. It is not possible to readily tilt polished steel objects
on the light microscope at higher magnifications.

3.2. Characterization of scratches

The polished steel abraded by the 3000 grade sandpaper contained
similar sized scratches on the surface, and showed that optical micro-
scopy is the most appropriate quality control method. The black line
arising from the pile-up next to the scratch showed the location of the
scratch; brighter areas in the AFM image arose from the difference in
height associated with the scratch, and the bright line in the SEM arose
from a greater electron emission, Fig. 3. So, pile-up next to the groove
provided easier scratch detection, Fig. 4. Absence of the pile-up makes
it difficult to identification scratches.

After detecting the scratch, complementary information can be

obtained from the pile-up with SEM and AFM. Preferred plastic de-
formation from an unsymmetrical sand grain led to a higher pile-up on
one side of the scratch, Fig. 3. Previous studies have also shown that the
pile-up in front of a scratch may be up to three times higher than the
pile-up on the sides of the scratch [9]. These pile-ups in front of the
scratch will not be easily seen, since the elevated peak will be more
difficult to detect than the line of pile-ups on the surface.

Atomic force microscopy together with scanning electron micro-
scopy can provide a more complete interpretation of the scratch and the
associated pile-up. The AFM probe shows shallower depths of narrow
scratches and peak rounding [17–19]. This occurs from “stylus
flanking” where the edge of the stylus cone makes contact with the
highest point [20]. Selection criteria for the tip radius have been pro-
posed to improve the reproduction of the surface topography [21].
Scanning electron microscopy is recommended for complementary in-
formation on the pile-up, providing a good 2-D map of the surface, as
well as retrieving elemental information. The true geometry of the pile-
up and the groove provides an insight into the process of scratching, the
groove depth, and the pile-up, Fig. 4.

Metal pushed out from the groove can offer information about the
applied load and damage to the surface. At low loads, only a groove is
formed, at intermediate loads a pile-up on the side of the groove will
appear, but at higher loads the plastically deformed metal pushed out of
the groove will chip and occasionally be released [22]. The absence of
pile-up on the side of the scratch makes it more difficult to identify
scratches. A pressure of 16 kPa on the 3000 grade sandpaper was suf-
ficient to cause chipping and loose debris on the abraded surface.

Lower yield point metals will scratch more easily and are likely to
have deeper scratches, making it easier to identify scratches. The ease
of scratch detection on plastics has been reported to depend on the size
of the scratch, the roughness of the scratch and the gloss of the back-
ground [23]. This study was focused on an austenitic stainless steel.
Further work could determine the ease of scratch detection from dif-
ferent types of particles and loading conditions. Additional work may
look at how the polished surfaces hardness influences the ease of
scratching.

This investigation addressed alterations to the surface, but it should
be noted that scratch formation could also change the subsurface.
Plastic deformation from scratching will change the number and ar-
rangement of subsurface dislocations [24], that will change the yield
strength or hardness.

This study has shown that polished surfaces can be quickly assessed
for scratches by light microscopy, firstly in the darkfield imaging mode
to identify the fine scratches on the polished steel, and then in the
brightfield imaging mode to show larger scratches. More detailed
characterization with AFM provides scratch depth, but further analysis
with the SEM will show metal pileup or chipping. Such an approach can
be used both for assessing a polished surface and for determining the
performance of smooth surfaces in different environments.

4. Conclusions

A comparison of different imaging methods showed that light mi-
croscopy is best suited for quality control. Light microscopy identified
70% of the scratches imaged by the atomic force microscope on the
same scratched area. The ability to detect scratches as shallow as 3 nm
in the light microscope is attributed to the pile-up next to the scratches.
When samples are small, the scratch depth and adjoining pile-up may
be obtained by atomic force microscopy, and a more detailed 2-D view
seen by scanning electron microscopy.

Fig. 2. The profile of three scratches as marked on the AFM image in Fig. 1.

K.A. Gross et al. Measurement 117 (2018) 397–402

400



Acknowledgements

The authors thank Klavs Stiprais and Pavels Gavrilovs for polishing.
Project “IMATEH: Innovative Materials and Smart Technologies for
Environmental Safety” from the Latvian State Research Programme

funded the project titled “Modification of metal surfaces for the re-
duction of friction and wear”.

References

[1] T. Puntous, S. Pavan, D. Delafosse, M. Jourlin, J. Rech, Ability of quality controllers
to detect standard scratches on polished surfaces, Precis. Eng. 37 (2013) 924–928.

[2] L.E. Samuels, Metallographic Polishing, ASM Inernational, Materials Park, Ohio,
2003.

[3] T. Hryniewicz, P. Konarski, K. Rokosz, R. Rokicki, SIMS analysis of hydrogen
content in near surface layers of AISI 316L SS after electrolytic polishing under
different conditions, Surf. Coat. Technol. 2015 (2011) 4228–4236.

[4] C.E. Johnson, Chemical polishing of diamond, Surf. Coat. Technol. 68 (1994)
374–377.

[5] Lee Ks, H.L.T. Le, R.J. Ram, Polymer waveguide backplanes for optical sensor in-
terfaces in microfluidics, Lab Chip 7 (2007) 1539–1545.

[6] F. Vega, N. Lupon, J.A. Cebrian, F. Laguarta, Laser application for optical glass
polishing, Opt. Eng. 37 (1998) 272–279.

[7] F.P. Mallinder, B.A. Proctor, The strengths of flame-polished sapphire crystals, Phil.
Mag. 13 (1966) 197–208.

[8] K. Kim, E.Y. Kim, Film line scratch detection using texture and shape information,
Pattern Recogn. Lett. 31 (2010) 250–258.

[9] Z. Liu, J. Sun, W. Shen, Study of plowing and friction at the surfaces of plastic
deformed metals, Tribol. Int. 35 (2002).

[10] D. de Villiers, A. Traynor, S.N. Collins, J.C. Shelton, The increase in cobalt release in
metal-on-polyethylene hip bearings in tests with third body abrasives, Proc. Inst.
Mech. Eng. H J. Eng. Med. 229 (2015) 611–618.

[11] H.W. Lippincott, Stark, Optical digital detection of dents and scratches on specular
metal surfaces, Appl. Opt. 21 (1982) 2875–2881.

[12] T.V. Vorburger, H.G. Rhee, T.B. Renegar, J.F. Song, A. Zheng, Comparison of optical
and stylus methods for measurement of surface texture, Int. J. Adv. Manufact.
Technol. 33 (2007) 110–118.

Fig. 4. Pile-up on the side of a scratch after abrasion with 3000 grade sandpaper. The
bottom scratch shows only pile-up on the upper side of the scratch and a trapped abrading
particle with a higher pile-up at the front.

Fig. 3. A 3000 grade sandpaper scratched metal surface as seen by contact imaging methods (AFM and profilometry) and non-contact imaging methods (light microscopy and SEM).

K.A. Gross et al. Measurement 117 (2018) 397–402

401

http://refhub.elsevier.com/S0263-2241(17)30793-5/h0005
http://refhub.elsevier.com/S0263-2241(17)30793-5/h0005
http://refhub.elsevier.com/S0263-2241(17)30793-5/h0010
http://refhub.elsevier.com/S0263-2241(17)30793-5/h0010
http://refhub.elsevier.com/S0263-2241(17)30793-5/h0015
http://refhub.elsevier.com/S0263-2241(17)30793-5/h0015
http://refhub.elsevier.com/S0263-2241(17)30793-5/h0015
http://refhub.elsevier.com/S0263-2241(17)30793-5/h0020
http://refhub.elsevier.com/S0263-2241(17)30793-5/h0020
http://refhub.elsevier.com/S0263-2241(17)30793-5/h0025
http://refhub.elsevier.com/S0263-2241(17)30793-5/h0025
http://refhub.elsevier.com/S0263-2241(17)30793-5/h0030
http://refhub.elsevier.com/S0263-2241(17)30793-5/h0030
http://refhub.elsevier.com/S0263-2241(17)30793-5/h0035
http://refhub.elsevier.com/S0263-2241(17)30793-5/h0035
http://refhub.elsevier.com/S0263-2241(17)30793-5/h0040
http://refhub.elsevier.com/S0263-2241(17)30793-5/h0040
http://refhub.elsevier.com/S0263-2241(17)30793-5/h0045
http://refhub.elsevier.com/S0263-2241(17)30793-5/h0045
http://refhub.elsevier.com/S0263-2241(17)30793-5/h0050
http://refhub.elsevier.com/S0263-2241(17)30793-5/h0050
http://refhub.elsevier.com/S0263-2241(17)30793-5/h0050
http://refhub.elsevier.com/S0263-2241(17)30793-5/h0055
http://refhub.elsevier.com/S0263-2241(17)30793-5/h0055
http://refhub.elsevier.com/S0263-2241(17)30793-5/h0060
http://refhub.elsevier.com/S0263-2241(17)30793-5/h0060
http://refhub.elsevier.com/S0263-2241(17)30793-5/h0060


[13] R.J. Hocken, N. Chakraborty, C. Brown, Optical metrology of surfaces, Cirp Ann. –
Manuf. Technol. 54 (2005) 705–719.

[14] K.B. Seo, B.M. Kim, E.S. Kim, Digital holographic microscopy based on a lateral
modified chearing interferometer for three-dimensional visual inspection of na-
noscale defects on transparent objects, Nanoscale Res. Lett. 9 (2014) 471.

[15] C. Shi, H. Zhao, H. Huang, S. Wan, Z. Ma, C. Geng, et al., Effects of probe tilt on
nanoscratch results: An investigation by finite element analysis, Tribol. Int. 60
(2013) 64–69.

[16] C. Poon, B. Bhushan, Comparison of surface roughness measurements by stylus
profiler, AFM and non-contact optical profiler, Wear 190 (1995) 76–88.

[17] J.I. McCool, Assessing the effect of stylus tip radius and flight on surface topography
measurements, J. Tribol. Trans. ASME 106 (1884).

[18] E.L. Church, P.Z. Takacs, Effects of non-vanishing tip size in mechanical profile
measurements, Proc. SPIE 1332 (1991) 504–514.

[19] K.H. Kwon, N.G. Cho, Assessing the effect of stylus tip radius on surface roughness
measurement by accumulation spectral analysis, Int. J. Prec. Eng. Manuf. 7 (2006)
9–12.

[20] Exploring Surface Texture: A Fundamental Guide to the Measurement of Surface
Finish, 7th ed. Taylor Hobson Ltd., 2011.

[21] D.H. Lee, Three dimensional profile distortion measured by stylus raw surface
profilometer, Measurement 46 (2013) 803–814.

[22] J.M. Wheeler, J. Wehrs, G. Favaro, J. Michler, In-situ optical oblique observation of
scratch testing, Surf. Coat. Technol. 258 (2014) 127–133.

[23] P. Rangarajan, M. Sinha, V. Watkins, K. Harding, J. Sparks, Scratch visibility of
polymers measured using optical imaging, Polym. Eng. Sci. 43 (2003) 749–758.

[24] F.A. Ponce, Q.Y. Wei, Z.H. Wu, H.D. Fonseca, C.M. Almeida, R. Prioli, D. Cherns,
Nanoscale dislocation patterning by scratching in an atomic force microscope, J.
Appl. Phys. 106 (2009) 076106.

K.A. Gross et al. Measurement 117 (2018) 397–402

402

http://refhub.elsevier.com/S0263-2241(17)30793-5/h0065
http://refhub.elsevier.com/S0263-2241(17)30793-5/h0065
http://refhub.elsevier.com/S0263-2241(17)30793-5/h0070
http://refhub.elsevier.com/S0263-2241(17)30793-5/h0070
http://refhub.elsevier.com/S0263-2241(17)30793-5/h0070
http://refhub.elsevier.com/S0263-2241(17)30793-5/h0075
http://refhub.elsevier.com/S0263-2241(17)30793-5/h0075
http://refhub.elsevier.com/S0263-2241(17)30793-5/h0075
http://refhub.elsevier.com/S0263-2241(17)30793-5/h0080
http://refhub.elsevier.com/S0263-2241(17)30793-5/h0080
http://refhub.elsevier.com/S0263-2241(17)30793-5/h0085
http://refhub.elsevier.com/S0263-2241(17)30793-5/h0085
http://refhub.elsevier.com/S0263-2241(17)30793-5/h0090
http://refhub.elsevier.com/S0263-2241(17)30793-5/h0090
http://refhub.elsevier.com/S0263-2241(17)30793-5/h0095
http://refhub.elsevier.com/S0263-2241(17)30793-5/h0095
http://refhub.elsevier.com/S0263-2241(17)30793-5/h0095
http://refhub.elsevier.com/S0263-2241(17)30793-5/h0105
http://refhub.elsevier.com/S0263-2241(17)30793-5/h0105
http://refhub.elsevier.com/S0263-2241(17)30793-5/h0110
http://refhub.elsevier.com/S0263-2241(17)30793-5/h0110
http://refhub.elsevier.com/S0263-2241(17)30793-5/h0115
http://refhub.elsevier.com/S0263-2241(17)30793-5/h0115
http://refhub.elsevier.com/S0263-2241(17)30793-5/h0120
http://refhub.elsevier.com/S0263-2241(17)30793-5/h0120
http://refhub.elsevier.com/S0263-2241(17)30793-5/h0120

	A comparison of quality control methods for scratch detection on polished metal surfaces
	Introduction
	Methods
	Preparation of metallic surfaces
	Visual examination
	Data analysis

	Results and discussion
	Detection of minor scratches on a polished surface
	Characterization of scratches

	Conclusions
	Acknowledgements
	References




