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DETECTING STREAKS IN PRINTED DOCUMENTS USING BLOCKS

BACKGRQUND

(00011 Elecirophotographic printers are used to print documents onto print media.
For example, electrophotographic printers can use electrostatically charged toner

particles to print images onto the print media.

BRIEF DESCRIPTION OF THE DRAWINGS
[0002] Various fealures of the techniques of the present application will become

apparent from the following description of examples, given by way of example only, which
is made with reference to the accompanying drawings, of which:

100031 Fig. 1is a block diagram of an example system for delecting streaks using
blocks and classifying sireaks using exiracied features;

[0004] Fig. 2 is a graph depicling an example sharpness fealure calculation;

100058] Fig. 3 is a process flow diagram illustrating an exampile method for detecting
streaks using blocks;

10006] Fig. 4 is a process flow diagram illustrating an exampile method for classifying
streaks using exiracted features;

100071 Fig. bA is block diagram of an example computing device ¢ detect streaks
using blocks and classify detected streaks using extracted teatures;

10008] Fig. 5B is block diagram of another example computing device 1o detect
streaks using blocks;

10008] Fig. 6A is a drawing of an example machine-readable storage medium that
can be used o detect sireaks using blocks and classify detected sireaks using
extracted features; and

[0010] Fig. 6B is a drawing of another example maching-readable storage medium

that can be used 1o delect streaks using blocks.
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DETAILED DESCRIPTION

[0011] Electrophotographic printers are used {0 print documents onto print media.

For example, a drum of the electropholographic printer may be uniformly charged
across its surface. An image of the document is then projected onto and synchronized
with the moving drum surface. For example, in a laser or a light emitting diode (LED)
printer, modulaied light is projected onto the drum surface 1o create the latent image.
The modulaied light is used o create the positive image on the drum. The drum is then
presenied with toner that is electrostatically charged and atiracied io the image. The
print media is then passed between the drum and a transfer corona or a transfer roiler
wiih a polarity opposite of the charge of the toner. The foner image is then transferred
from the drum to the paper by a combination of pressure and electrostatic atiraction and
permanently fixed 1o the print medium using either heatl and pressure or a radiant fusing
technology 1o meit and bond the ioner into the medium. In some examples, the drum is
discharged by light after fixing or fusing of the toner. Remaining toner on the drum can
then be removed from the drum surface by a rotaling brush under suction, or a
sgueegee known as a cleaning blade.

10012] However, various issues may arise during this printing process resulling in
defects such as streaks that can dramatically affect print quality. For example, streaks
may be caused by a faulty organic photo conductor {OPC). In some examples, sireaks
may be caused by a faully intermediate transter belt (ITB). In further examples, the
streaks may be caused by a fauity developer.

10013] Described herein are techniques for detecting streaks using blocks. As used
herein, a block refers o a portion of a printed image. For example, an image printed
and scanned may be separated into a number of blocks. In some examples, the image
may be descreened belore being separated into blocks. In some examples, a smooth
area of the descreened image is selected based on an averaging of localized color
distance values of pixels in each of the blocks. A streak in a block of the smooth area is
detected in response io detecting that & magnitude of a color distance projection of the
block exceeds a threshold value. In particular, the techniques described herein can be
used {o test for vertical streaks caused by various root causes. In some examples, the

techniques can also be used (o identify a type of sireak and a root cause of the streak.
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in various examples, the detected root cause can be automatically repaired. Using
logistic regression {o remove false detections as described herein, the accuracy of the
resulting streak detections was experimenially found to be 99.35%.

[0014] Fig. 1 is a block diagram of an example system for detecting streaks using
blocks and classifying streaks using extracted featurgs. The system 100 can be
implemented using the methods 300 and 400 of Figs. 3 and 4, the computing device
502 of Figs. 5A and 5B, or the machine-readable storage medium 600 of Figs. 6A and
6B.

[06015] The system 100 includes a streak detector 102 communicatively coupled to a
streak classifier 104, The system 100 includes an inpui test image 106. For example,
the input test image 106 may be an image of a printed document. In some exampiles,
the document may have been scanned using a scanner, such as an inling scanner of g
printer. In some examples, the documeni may be scanned using a scanner of a mulii-
function printer (MFP). The streak detector 102 includes a preprocessor 112. The
streak detector 102 also includes a smooth area selector 114 communicatively coupled
to the preprocessor 112. The streak detector 102 further includes a block average delta
E (AE) streak detector 116 communicatively coupled to the smooth area selector 114.
The streak classifier 104 includes a feature vector extractor 118 communicalively
coupled o a logistic regression model consiructor 120.

100161  In the example system 100, an input test image 106 is received from a
scanner. For example, the input test image 106 may be received inrealtime as a
printer is printing out a document. In some examples, a streak defects detection
algorithm {not shown) may monitor print quality as the printer prints out documents. In
some examples, in response to detacting that print quality does not exceed a
predetermined threshold, the streak detecior 102 receives the input test image 106 for
detecting streaks thal may be causing the low print quality. The detection result 108
from the streak detector 102 may then be classified using the streak classifier 104 {o
classify the detected streak as a non-visible sireak or a visible streak 110. In some
exampies, the sireak classifier 104 also detecis a type of the visible streak 110 and 3
root cause of the visible streak 110. In various examples, this information can be

transmitied {0 8 remote computer for further analysis.
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00171  The streak detector 102 can detect sireaks in the input test image 106 using
blocks. In particular, the preprocessor 112 receives the inpul test image 106, In some
gxamples, the input test image 106 is in a sRGB color space and is gamma corrected.
in various examples, the preprocessor can perform gamma un-correction and covert the
color space from sRGB to CIE L"a*b*. The preprocessor 112 also descreens the input
test image 106 1o remove halftone patterns. For example, the preprocessor 112 can
use a Gaussian filter or any other suitable filier or algorithm as part of a descreening
algorithm o remove the halftone patterns. As used hersin, a Gaussian filter is a filter
whose impulse response is a Gaussian function or an approximation to the Gaussian
function. In some examples, the Gaussian filter size is 15 x 15 pixels and the standard
devigtion 0 = 2 pixels. As ong example, the preprocessor 112 can descreen the inpul

test image 106 using the equation:

flleye) =0 Xy flx+iy+jclgli)) Eqg. 1

where f{x,y,c) is the input image in the CIE L™a™b” color space, g{i,j} isthe 15 x 15
Gaussian filter, and Fx,y,c) is the descreenad result. The preprocessor 112 can then
separate the descreened image into a number of blocks of predetermined size. For
exampie, the blocks may have a predetermined size of 200 x 200 pixels.

100181 The smooth area selecior 114 receives descreenead blocks of the input test
image 106 and selects a smooth area on which {0 perform streak detection. For
gxample, the smooth area can be selecled such that streak defects are included in the
amooth area but content of the printed document are excluded from the smooth area.
For example, the content may be cusiom content including vertical lines that could be
mistaken for sireaks.

100191 In various examples, the smooth area selector 114 selects the smooth area of
the input test image 106 using an average delta & (AE) value of each block. AEisa
metric for measuring color difference as perceived by the human eye. For example, the
smogoth area selecior 114 can calculate AL of each pixel in one of the blocks using the

gguations:

AE(%]) = \{! (L(L_.j) Lave)z T ECa*(i,j) amze}" + (b(i,j) bave}Z E:-q 2
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where the subscript (i, |} is the pixel posilion in the image, the subscript ave is the
average value of each channel value in one block, and M is the block size. The smooth
area selector 114 then uses the AE values of the pixels in each block to calculate an
average AE value for each block. For example, the smooth area selector 114 can

calculate an average AE value for each block using the equation:

M M Wi
Ei:j 2]’:1 AE '(i.-])'

M2

AEyiocr = Eq.

in addition 1o calculating the average AE values AE,, .. of the test image, the smooth
area selector 114 may receive an average AE value threshold for average AE values
AEy . used to select the smooth area of the input test image 106. in various examples,
the average AE£ value threshold is a manually set parameter. If the average AL value
threshold is too small, the streak detect will belong 1o the unsmooth area, otherwise,
many small customer contents will belong 1o the smooth area. As one example, the
threshold is 2. In some examples, the average AL value threshold can be verified by
the streak feature used {0 calculate the severity of streaks as described with respect to
Eg. 8. In various examples, the average AK value threshold can be automatically
configured based on the streak fealure. For exampile, the average AE value threshold
can be automatically configured using a classitier, such as a state vector machine
(SVM), a neural network, or other classification algorithm.

[0020] The block average AE streak detector 116 can then detect streaks based on
the using AE projection. For example, as streaks are vertical lines in input test images
106, with vertical referring to the same direction to the printing process direction, the
block average AL streak detector 116 can project the AE of gach column in a block

along the printing process direction. The magnitude of AE streak projection is higher for
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detected sireaks than areas withoul streaks. For example, the magnitude of the AE
streak projection may be almost twice the AL streak projection value of the smooth
area. Thus, io distinguish the streak from the smooth area, a projection threshold
Tag,,,; may be set according to the eguation:

T

AEproj

= AEblOCk X M Eq 7

where M is the size of the block. As one example, the block is 200 pixels x 200 pixels.
in various examples, the block average AE streak detector 116 marks projection
magnitudes exceeding the projection threshold as detected sireak defects. In some
axamples, once an entire input test image 106 is processed by the streak detector 102,
a detection resull 108 is oulput. For example, the detection result 108 includes streak
defects detected by the streak detector 102.

[0021] The detection result 108 includes all the streaks visible to naked eye, but may
also include many noise detections. The noise detections may be a result of using a
single threshold projection {o detect a number of different types of streaks. For
gxample, the various types of streaks may include a developer streak, an ITB sireak, an
OPC streak, or a dirty scanner streak. The threshold may thus be set o include various
types of sireaks as well as some noise detections. The noise detections may be very
small defects that may be difficult to detect by the human eye or short vertical lines of
less than 1/3 of an inch. These noise detections may thus be labeled as sireaks, but
may be oo small to be seen by human eye. In various examples, the sireak classifier
104 can use a logistic regression glgorithm to remove the noise detections from the
detection results 108 and cutput visible streaks 110.

[0022] The streak classifier 104 includes a feature vector extractor 118 o extract
feature vectors from the detection result 108. In varicus examples, a connected
component algorithm can label different sireak detection resulis before the features are
extracted by the feature vector exiractor 118. The connected component algorithm is
an algorithm used {o detect individual objects. For example, the connected components
algorithm labels the pixels in deteclted individual objects with internal 1D numbers. As
one exampile, the internal ID numbers are numbers that are conseculively generated for

gach detected component.



WO 2020/145986 PCT/US2019/013233

[0023] The fealure vector extractor 118 can then exitract various features from the
detection result 108. For example, the fealure vector exiractor 118 can exiract an arga
of the detection result 108. The area may be equal to the number of pixels N included
in each detection result 108.

100241 In some examples, the feature vecior extractor 118 extracts a length to width
ratio of the streak detection result 108. For example, because the sireak is a vertical
ling in the input test image 106, the greater length-width ratio of the detection resull, the
greater the probability of a streak defect. In various examples, the feature vecior
extractor 118 accesses the length and width of each streak detection resuit from the
connecied component calculation process. For example, the connected componenis
calculation can exiract a region of the object that includes a height in pixels, a width in
pixels, and an area. In some examples, the connected components calculation
performs a more detailed analysis that includes a calculation of the width of the object,
angle of the max length, aspect ratic of height {0 width, average color, and other
features that define each detected object.

[00258]  In various examples, the featurs vector exiractor 118 extracis a severity of the
streak detection resull. For example, the feature vector extractor 118 can exiract the
severity based on the area of the sireak detection result and the average AE value of
the streak detection result 108. As one example, the feature vector extractor 118 can

extract the severity feature S using the equation:

5= AEsﬁreak-ave X N Eq 8

where N is the number of pixels included in the streak detection result 108,

10026] In some examples, the teaiure vector extractor 118 extracts a luminance
channel difference. For example, lightness can be used 1o classify streaks as light
streaks versus dark streaks. Because the luminosity (L") channel represents the
lightness value, the feature vector extractor 118 calculates the average value of the
luminosity channel in the smooth area. Then, the feature vector extractor 118
calculates the luminosity channel difference of each streak detection result 108. As one
example, the feature vector extractor 118 can calculate the luminosity channel

difference using the equation:
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where Lonaowm 18 the average value of the luminasity channel in the smooth area. In
some examples, if Ly..qx i positive, then the streak detection result 108 is a light
streak. In various examples, if Ly, .qr 18 negative, then the streak detection result 108 is
a dark streak.

[0027]  Still referring to Fig. 1, in some examples, the feature vector extractor 118
gxtracts a sharpness of the streaks. Sharpness is defined by the boundaries between
zones of different tones or colors. As one example, the feature vector extracior 118
calculates sharpness using the rise distance of the edge. For example, the rise distance
is the distance in pixels, millimelers, or fraction of image height for the pixel level to
change from 10% to 90% of its final value. This sharpness calculation method is
referred 1o herein as a 10 - 90% rise distance. To calculate the 10 - 90% rise distance,
the feature vector extractor 118 first projects the AE value of each streak detection
result 108, Then, the feature vecior exiractor 118 can calculate the sharpness of streak

Serrear USING the equation:

2Xb

Sstreax = (tattin) EQ 10

where a, s the number of pixels in the width of an up edge and a, is the number of
pixels in the width of a down edge, and b is the value of 80% of the rise distance. An
example sharpness feature calculation is described in detail with respect o in Fig. 2.
100281 In various examples, after the feature vector extractor 118 exiracls the
various features from the detection result 108, the feature vector exiractor 118 can
normalize each of the exiracted features for logistic regression classification. For
exampie, the absolute value can be used to scale the change in luminance before the
logistic regression is applied. In various examples, every feaiure is normalized io a
range of values from zero 1o one, corresponding the lowest value and the highest value
of each of each of the features. For example, a value is applied to the aspect ratio to
scale the value of the aspect ratio {0 a defined range.
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(00291 The block diagram of Fig. 1 is not intended to indicate that the example
system 100 is to include all of the components shown in Fig. 1. Further, the system 100
may include any number of additional components not shown in Fig. 1, depending on
the details of the specific implementation.

100301 Fig. 2 is a graph depicling an example sharpness fealure calculation. The
sharpness feature calculation 200 can be performed using the feature vector exiracior
118 of Fig. 1, the feature exiractor 524 and processor 504 of the computing device 502
of Fig. 5A or the processor 602 of the maching-readable storage medium 600 of Fig.
BA.

[0031] The graph of Fig. 2 includes a first axis representing delta & projection values
202 and a second axis representing scan direction pixels 204. A first horizontal line
indicates a value of 10% 206 of a peak value 208. A second horizontal line indicales a
value of 90% 210 of the peak value 208. A horizontal double ended arrow indicates a
width a; 212 of an up edge 214. A second horizontal double-ended arrow indicates a
width a, 216 of a down edge 218. A pair of vertical ines indicate a b 220.

[0032] Asshown in Fig. 2, a sharpness fealure can be calculated using Eg. 10. In
this example, the peak value 208 of the delta E projection value is approximately 8400.
The 90% peak value 210 is therefore 7560 and the 10% peak vaiue is 840. The 80%
value b 220 is therefore 6720. Moreover, the width o 212 of the up edge 214 is
approximately 3.8 and the width a, 216 of the down edge 218 is approximately 3.4

2X6720

=1866.667.

Thus, the sharpness feature may be calculated as YTy
100331 1t is to be undersiood that the graph of Fig. 2 is not intended to indicate that
all of the elements of the sharpness feature calculation 200 are to be included in every
case. Further, any number of additional elements not shown in Fig. 2 may be included
in the sharpness feature calculation 200, depending on the details of the specific
implementation. For example, the sharpness feature calculation 200 may include the
use of different percentages of peak value, different up edges and down edges, etc.
[0034] Fig. 3 is a process flow diagram illustraling an example method for delecling
streaks using blocks. The method 300 of Fig. 3 can be implemented using the streak

detector 102 of Fig. 1, the sireak detector 522 and processor 504 of the computing
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device 502 of Figs. BA and 5B or the processor 602 of the machine-readable storage
medium 800 of Figs. 6A and 6B8.

(00357 At block 302, an image of a printed document is descreened. In some
examples, halftone patterns are removed from the image using a Gaussian filter. In
various examples, the halftone palterns are removed from the image using a median
filter or a human visual system (HVS) filter.

(00361 At block 304, the descreened image is separated inte blocks. In some
examples, the descreened image is separated into blocks of a predetermined size.
100371 At block 306, a smooth area of the descreened image is selected based on
an averaging of localized color distance values of pixels in each of the blocks.

[0038] At block 308, a sireak is detected in a block of the smooth area based on a
color distance projection of the block. For example, the sireak can be detecied in
response to detecting that a projection threshold is exceeded. In some examples, the
projection threshold is preset or automatically configured based on a sireak feature.
(00391 Ut is to be undersiood that the process diagram of Fig. 3 is not intended {o
indicate that all of the elements ¢f the method 300 are 10 be included in every case.
Further, any number of additional elements not shown in Fig. 3 may be included in the
method 300, depending on the details of the specific implementation. For example, the
method may include extracting features and classifying the detected streaks as
described with respect o Fig. 4.

[0040] Fig. 4 is a process flow diagram illustrating an example method for classilying
streaks using exiracted features. The method 400 of Fig. 4 can be implemented using
the streak classifier 104 of Fig. 1, the logistic regression classifier 5286 and processor
504 of the computing device 502 of Fig. 5A or the processor 802 of the machine-
readable storage medium 600 of Fig. 8A.

(00411 At block 402, features are extracted from the detected sireak. For example,
the features can include an area of the detected streak, a length to width ratic of the
detected streak, a severily of the detected streak, a luminance channel difference, a
sharpness of the detecled sireak, or any combination thereof. In some examples, the
features may be extracted and used 1o generale a feature veclor including a number of

feaiures.

10
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[0042] At block 404, the streak is classified as a visible sireak defect or an invisible
streak defect based on the exiracted fealures. In various examples, the detecled sireak
is processed via a trained logistic regression classifier {0 classify the detected streak as
a visible streak defect or an invisible streak defect. For example, the logistic regression
classifier may be trained with a logistic loss function using fealures extracted from
training images of various streaks with known causes.

100431 At block 406, a type of sireak and a root cause of the delecled streak is
detected based on the exiracted features. For example, the type of sireak may be a
developer streak, an ITB streak, an OPC sireak, or a dirty scanner streak. In various
examples, the type of streak and a root cause of the type of defect via the trained
logistic regression classitier based on the exiracted features.

[0044] It is io be understood that the process diagram of Fig. 4 is not intended {0
indicate that ali of the elemenis of the method 400 are to be included in every case.
Further, any number of additional elements not shown in Fig. 4 may be included in the
method 400, depending on the details of the specific implementation. For example, the
detected root cause can be automatically repaired in response to detecting the type of
streak and root cause of the detected sireak.

10045] Fig. bA is a block diagram of an example computing device 502 {0 detect
streaks using blocks and classity detected streaks using exiracted features. The
computing device 502 may include a processor 504, memory 506, a machine-readable
storage 508, and a network interface 510 1o connect computing device 502 {0 network
512. For example, the network interface 510 can be a network interface card (NIC).
[0048] In some examples, the processor 504 may be a main processor that is
adapted 10 execute the stored instructions. Moreover, more than one processor 504
may be employed. Further, the processor 504 may be a single core processor, a multi-
core processor, a computing cluster, or any number of other configurations. The
processor 504 may be implemented as Complex instruction Set Computer (CISC) or
Reduced Insiruction Set Computer (RISC) processors, x86 Instruction set compatible
procaessors, ARMvY Instruction set compalible processors, multi-core, or any other

microprocessor or central processing unit (CPUY.

11
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(00471 The memory 506 may be a memory device. The memory 506 may be volalile
memaory or nonvolatile memory. In some examples, the memory 506 may include
random access memory (RAM), cache, read only memory (ROM), flash memory, and
other memory systems.

[0048] The storage 508 is machine-readable storage and may include volatile and
nonvolatile memory. In some examples, the machine-readable storage 508 may be
glectronic, magnetic, oplical, or other physical storage device that stores execulable
insiructions (e.g., code, logic). Thus, the machine-readable storage 508 medium may
be, for example, RAM, an Electrically-Erasable Programmable Read-Only Memory
(EEPROM), a storage drive such as a hard drive or solid state drive (55D}, an optical
disc, and the like. The storage 508 may also include storage or memory exiernal io the
computing device 502. Moreover, as described herein, the machine-readable storage
medium 508 may be encoded with executable insiructions (e.g., executed by the
processor 504} for detecting streaks using blocks and classifying detected streaks using
gxtracted features. For example, the machine-readable storage medium 508 may be
encoded with executable instructions for detecting streaks using blocks and classifying
streaks using exiracied features.

[0049] In some examples, a network interface 510 (e.g., a network interface card or
NIC) may couple the computing device 502 to a network 512. For example, the network
interface 510 may connect computing device 502 {0 a local network 512, a virtual
private network (VPN}, or the internet. In some examples, the network interface 510
may include an Ethernet controller.

[00650] The compuling device 502 may also include an electrophotographic printing
mechanism 514. For example, the electrophotographic printing mechanism 514 may
include a drum, a laser or LED, and toner.

(00511  The computer device 502 may include a scanner 518. In some examples, the
scanner 516 can be an inline scanner. For example, the inline scanner may be installed
at an oulput end of a printer to scan test images in real-lime. iIn some examples, the
scanner 516 can be a scanner of a multi-function printer (MFP).

100521 The computing device 502 includes, an image preprocessor 518, a smooth

area selector 520, a streak detector 522, a feature extractor 524, and a logistic
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regression classifier 526. The image preprocessor 518 descreens an image of a printed
document. The image preprocessor 518 also separales the descreened image into
blocks. The smooth area selecior 520 selects a smooth area of the descreened image
based on an averaging of localized color distance values of pixels in each of the blocks.
For example, the smooth area selector 520 can calculate an average AE£ value for each
block using the eguation 6, as described with respect to Fig. 1. The smooth area
selector 520 can then select a smooth area based on a received or calculated average
AE value threshold. The streak detector 522 delecls a streak in a block of the smooth
area based on a color distance projection of the block. in various examples, the streak
detector 522 can detect streaks in response o detecting that a projection threshold is
exceeded. For example, the projection threshold can be calculated using Eq. 7. The
fealure extractor 524 extracts features from the detected streak. For exampls, the
feature exiracior 524 can extract a number of features including an area of the detected
streak, a length to width ratio of the detected streak, a severity of the detecied streak, a
luminance channel difference, a sharpness of the detected sireak, or any combination
thereof. in some examples, the feature exiractor 524 normalizes the number of
features, and processes the normalized number of features via a trained logistic
regression classifier to classity the delected streak. The logistic regression classifier
526 classifies the detected streak as a visible streak defect or an invisible streak defect
based on the extracted features. In some examples, the logistic regression classifier
526 classifies a type of streak and a root cause of the detecied streak. For example,
the type of streak may be a developer straak, an ITB streak, an OPC streak, or a dirty
scanner streak.

10053] The image preprocessor 518, smooth area selector 520, the streak detector
522, the feature exiractor 524, and the logistic regression classifier 526 may be
instructions {e.g., code, logic, efc.) store in the machine-readable storage 508 and
executed by the processor 504 or other processor o direct the computing device 502 o
implement the aforementioned actions. An application-specific integrated circuit (ASIC)
may also be employed. In other words, an ASIC may be customized for the

aforementioned actions implemented via the image preprocessor 518, smooth area
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selecior 520, the streak detector 522, the feature exiractor 524, and the logistic
regression classifier 526.

[0654] The block diagram of Fig. 5A is not intended 1o indicate that the computing
device 302 is to inciude all of the components shown in Fig. SA. Further, the compuling
device 502 may include any number of additional components not shown in Fig. 5A,
depending on the details of the speciiic implementation. For example, the computing
device 502 can include additional filters, elc.

[0055] Fig. 5B is block diagram of another example computing device 1o detect
stregks using blocks. The example computing device 502 of Fig. 5B includes similarly
numbered elements as in Fig. 5A.

[0056] The block diagram of Fig. 5B is not intended to indicate that the computing
device 502 is to inciude all of the components shown in Fig. 5B. Further, the computing
device 502 may include any number of additional components not shown in Fig. 58,
depending on the details of the specilic implementation. For example, the computing
device 502 can include additional filters, efc.

(00571 Fig. 68A is a block diagram showing a tangible, non-transitory, machine-
readable storage medium that stores code o direct a processor 10 detect streaks using
blocks and classity detected streaks using extracted features. The machine-readable
medium 600 can include BAM, a hard disk drive, an array of hard disk drives, an optical
drive, an array of optical drives, a non-volatile memory, a flash drive, a digital versatile
disk (BVD), or a compact disk {CD), among others. The machine-readable storage
medium 600 may be accessed by a processor 802 over a bus 804. The processor 602
may be a processor of a computing device, such as the processor 504 of Figs. 5A and
58. In some examples, the processor 602 may be a lield-programmable gate array
(FPGA) processor and/or an ASIC processor. Furthermore, as indicated, the machine-
readable medium 600 may include code configured to perform the methods and
technigues described herein. Indeed, the various logic components discussead herein
may be stored on the machine-readable medium 600. Portions 606, 608, 610, 612, and
614 of the machine-readable storage medium 800 can include image preprocessor
code, smooth area detector code, streak deleclor code, fealure extractor code, and

logistic regression classifier code, respectively, which may be execulable code
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{machine readable instructions) that direct a processor or controlier in performing the
techniques discussed with respect 1o the preceding figures.

100581 Indeed, the various logic (e.q., instructions, code) components discussed
herein may be stored on the tangible, non-transitory machine-readable medium 600 as
indicated in Figs. 6A and 6B. For example, the machine-readable medium 600 may
include the image preprocessor module 606 that, when executed by a processor, direct
the processor or a computing device 1o descreen an image of a printed document. In
some examples, the image preprocessor module 606 can also direct the processor or a
computing device {0 separate the descreened image into blocks. The machine-
readable medium 600 may also include a smooth area selector module 608 that when
gxecuied by a processor {o direct the processor or a compuling device to select g
smooth area of the descreened image based on an averaging of localized color
distance vaiues of pixgls in each of the blocks. For example, an average AL value for
each block can be calculated using Eg. 6 as discussed in Fig. 1. The machine-readable
medium 600 may further include the streak detector module 610 that, when exscuted by
a processor, direct the processor or a computing device o detect a streak in a block of
the smooth area in response (o detecting that a magnitude of a color distance projection
of the block exceeds a threshold value. The machine-readable medium 600 may also
include feature exiracior module 612 that, when execuled by a processor, direct the
processor or a computing device o exiract features from the detecied streak. For
example, the extracted features may include an area of the detected sireak, a length o
width ratio of the detected streak, a severity of the detected streak, a luminance channel
difference, a sharpness of the detected streak, or any combination thereof.

[0059] Fig. 6B is a drawing of another example machine-readable storage medium
that can be used {0 detect sireaks using blocks. The machine-readable medium 800 of
Fig. 88 includes similarly numbered elements of fig. 6A.

[0060] Although shown as contiguous blocks, the logic components may be stored in
any order or configuration. For example, if the machine-readable medium 800 is a hard
drive, the logic components may be stored in non-contiguous, or even overlapping,

sectors.
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1006117  While the present techniques may be susceptible 1o various modifications and
alternalive forms, the examples discussed above have been shown only by way of
gxampie. tis o be understood that the technigue is not intended 1o be limiled 1o the
particular examples disclosed herein. Indeed, the present lechnigues include all
alternatives, modifications, and equivalenis falling within the true spirit and scope of the

appended claims.
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CLAIMS

VWhat is claimed is:

1. A method comprising:

descreening an image of a printed document;

separating the descreened image into blocks;

selecting a smooth area of the descreened image based on an averaging of
localized color distance values of pixels in each of the blocks; and

detecling a streak in a block of the smooth area in response {0 delecling that a
magnitude of a color distance projection of the block exceeds a threshold

value.

2. The method of claim 1, comprising processing the detecied sireak via a
rained logistic regression classifier to classily the detected streak as a visible streak

defect or an invisible streak defect.

3. The method of claim 2, comprising training the logistic regression classifier
with a logistic loss function using feature vectors exiracted from training images of

various streaks with known causes.

4. The method of claim 2, comprising extracting features from the detected
streak and processing the exiracted features via the trained logistic regression

classifier.
5. The method of claim 4, comprising detecling a type of streak and a root
cause of the type of streak via the trained logislic regression classifier based on the

exiracied features.

6. The method of claim 1, wherein descreening the image comprises

removing halftone pattens from the image using a Gaussian filter.
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7. A system, comprising a processor to:

descreen an image of a printed document;

separate the descregned image inio blocks;

select a smooth area of the descreened image based on an averaging of
localized color distance values of pixels in each of the blocks; and

detect g sireak in a block of the smooth area based on a color distance projection

of the biock.

8. The system of claim 7, wherein the processor is to extract features from
the detected streak and classify the detecled streak as a visible streak defect or an

invisible streak defect based on the exiracied features.
9. The system of claim 7, wherein the processor is to extract features from
the detected streak and classify a type of streak and a root cause of the detected

streak.

10.  The system of claim 7, whergin the processor is 1o exiract a feature from

the detected streak comprising an area of the detected sireak.

11.  The system of claim 7, wherein the processor is 1o extract a feature from

the detacted streak comprising a length o width ratio of the detected sireak.

12, The sysiem of claim 7, wherein the processor is 1o exiract a fealure from

the detected streak comprising a severity of the detecled streak.

13. The system of claim 7, whergin the processor is to extract a feature from

the detacted streak comprising a luminance channe! difference.

14.  The sysiem of claim 7, wherein the processor is to exiract a feature from

the detecled sireak comprising a sharpness of the detected sireak.
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15,  The system of claim 7, wherein the processor is 1o extract a plurality of
features from the detected sireak, normalize the plurality of fealures, and process the
normalized plurality of fealures via a lrained logistic regression classifier to classify the

detected streak.
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