Nomwovens Analysis

Uniformity measurement of wet laid
nonwovens using an image analyzer
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ABSTRACT: An image analyzer evaluated the uniformity or
quality of wet laid nonwovens with a wide range of physical
properties. This paper presents a new method to assess material
quality and a material ranking based on a formation or quality

uniformity index.
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he availability of affordable high-

speed computers, charge-coupled
device (CCD) cameras, and imaging
software has enabled the study of sheet
and other parameters not possible only
a short time ago. With such equip-
ment, it quickly becomes apparent that
the performable tasks are almost lim-
itless. These may include identifying
objects; measuring areas, diameters,
contamination, and product quality;
and other applications too extensive
to discuss in detail.

This paper presents an investiga-
tion to evaluate the quality of a range
of nonwoven products. The study in-
volved a series of wet laid nonwovens
having a range of basis weights, col-
ors, fiber types, and visual uniformity
or quality. The researcher hoped the
work would lead to the development
of methods that would give a relative
rating of product quality.

Material evaluation

The quality image analysis study com-
prised the range of products noted in
Table I. The specimen identification
indicates the particular fiber type
shown in the table. All the nonwoven
products are wet laid and exhibit a
range of physical properties. Basis
weights range from 27.5 g/m? to 200 g/
m? Fiber types include polyester with
wood pulp, carbon, glass, and rayon.
The colors of the samples range from
white to black. The glass nonwoven
binder exhibits varying degrees of yel-
lowing across the specimen. Because
of the range of nonwoven parameters,
a procedure which evaluated quality
for such a heterogeneous mix of
samples would probably apply to most
nonwovens and paper.

Quality assessment

To establish some degree of reliability
for a visibly perceived ranking of qual-
ity, the author ranked the specimens
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for uniformity as shown in Table I. A
rank of 1 indicates best uniformity and
8indicates least uniformity. The rank-
ing was somewhat difficult due to the
wide range of basis weights, fiber
types, colors, flocculation, and content
of sticks or logs.

Some researchers have used a his-
togram to evaluate quality.! A lumi-
nance histogram is useful when the
basis weights and colors of the speci-
mens are approximately the same. One
must know how to interpret the shape
of the histogram, however. In addi-
tion, the shape of the histogram can
vary depending on the f-stop and the
region of interest. Figure 1 illustrates
the effect on the shape of the histo-
gramwhen the f-stop of the CCD cam-
era varies. With 22, the histogram
truncates on the left edge and negates
a correct result for luminance. With f-
5.6, the histogram skews to the right
and is too narrow to obtain meaning-
ful results. The proper setting is -8
for this specimen, because it gives an
evenly shaped bell histogram. The lat-
ter setting will give good results when
measuring luminance. The luminance
histogram can be useful for determin-
ing differences of specimens having
the same basis weight or light trans-
mittance. It is not satisfactory with
transmitted light for specimens which
range in basis weight. Because of this,
another approach was necessary to
assess nonwoven quality.

Rather than develop new macros
or mathematical models for ranking
different basis weight specimens, this
approach used the most simple tech-
nique possible with the image analysis
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1. Wet laid nonwoven specifications

Basis Visual
weight, uniformity
Specimen Process Fiber type Color g/n? rating
PWA1 Wet laid Polyester White 275 1
and wood pulp
PwW2 Wet laid Polyester White 475 7
and wood pulp
PW3 Wet laid Polyester White 92,5 6
and wood pulp
C1 Wet laid Carbon Black 55 4
c2 Wet laid Carbon Black 65 5
C3 Wet laid Carbon Black 77.5 3
G1 Wet laid Glass Yellowed white 155 2
R1 Wet laid Rayon White 200 8

1. Luminance histogram of specimen PW2 at various CCD camera lens f—stops

Thieshold Hange:

Threshold Range:

Theshold Hange

software which was available. The mea-
surement tools were multiple light and
dark points, lines, and areas. When
using transmitted light, the light points,
lines, and areas are equivalent to thin
places in the sheet. Conversely dark
points, lines, and areas correspond to
fibers, flocks, sticks, and logs.

The first requirement for the study
was the most uniformly possible light
box. Photographic light boxes ordi-
narily find use to examine negatives
and slides, do tracings, ete. The initial
work indicated that the best commer-
cially available light box for transmit-
ted light was inadequate. Assessment
of light points, lines, and area objects
showed that they were consistently in
the center of the specimen and ori-
ented in the direction of the fluores-
cent light tube. The dark points, lines,

and a' ca object settings were consis-
tently at the edge of the specimens.
This oceurred even with use of a thick
white opaque plastic sheet to diffuse
the light. An attempt to correct for the
apparently uneven lighting using avail-
able software tools or macros was not
completely satisfactory.

To overcome the difficulty with un-
even lighting, the researchers con-
structed a light box using 1.27-cm
plywood with outside dimensions of 53
x 53 x 21 em containing eight 15-watt
46.7-cm long fluorescent tubes. The
interior of the box used discarded white
glass beaded photographic screen ma-
terial to diffuse the light. A 7.62-cm
diameter, 32-ft*/min, 38-dB cooling fan
exhausted the heat generated by the
fluorescent lights. The fan was outside
the light box to minimize light disrup-

tion inside the box. A nonwoven filter
and protective screen were on the light
box on the side opposite of the fan.
Two layers of white opaque plastic sky-
light sheets at or near the top of the
light box separated by 5 cm assisted in
the uniform diffusion of light. The total
cost for materials for the light box was
US$ 278.

Although the overall dimensions of
the opaque plastic sheets were 53 x 53
cm, the uniform light area in the cen-
ter of the light box was only slightly
different than 50 en??, i.e., only 7.07 x
7.07 cm. While this area was substan-
tially smaller than desired, the 50-cm?
region of interest for both light and
dark points, lines, and areas provided
excellent results for light uniformity
during testing.

Because the various specimens had
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2. Video monitor image of specimens PW1 and R1 illustrating both light and dark object points, lines, and areas

PW1 image only R1 image only

PW1 light object points R1 light object points
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2. Video monitor imaae of specimens PW1 and R1 illustratina both liaht and dark obiect points. lines. and areas

PW1 light object lines

PW1 light object areas R1 light object areas
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Nonwovens Analysis

2. Video monitor image of specimens PW1 and R1 illustrating both light and dark object points, lines, and areas

PW1 dark object lines R1 dark object lines

194 April 1993 Tappi Journal



2. Video monitor image of specimens PW1 and R1 illustrating both light and dark object points, lines, and areas

PW1 dark object areas

3 R1 dark object areas

basis weights of 27.5-200 g/m? the
same CCD camera f—stop did not pro-
vide the proper histogram lighting
value for all specimens. The f-stop
necessary to obtain a properly posi-
tioned and shaped histogram varied
between -4 for the heavy weight speci-
men to f~16 for the light weight speci-
men. Variation of the f-stop provided
a histogram similar to that shown in
the center of Fig. 1.

For each of the eight different speci-
mens there were five machine direc-
tion (MD) and five cross machine
direction (CMD) test replications. All
replicate tests for a given specimen
used one 20 x 20 cm sample. The re-
gion of interest for each test was 7.07x
7.07 cm or 50 em?. The data included
light and dark points, lines, and areas.
Specimens PW1 and R1 of Fig. 2 illus-
trate the differences in the visually
best and worst samples as well as the
type of material collected.

Testing used the default threshold
values for light objects and dark ob-
jects. Table II lists the individual
means, standard deviations, and per-
cent coefficients. The individual means
standard deviation according to %CV
was unsatisfactory so another ap-

proach was necessary.

Table III summarizes the results
for all the specimens and includes
means and root mean square values.
The determination of the overall mean
points used the averages of the mean
light points and mean dark parts. The
light and dark lines and the light and
dark areas used the same technique.
The investigator also determined the
root mean square of light and dark
points. In a similar manner, he deter-
mined the root mean square of light
and dark lines and then the root mean
square of light and dark areas.

It was apparent that more points,
lines, and areas produced a better per-
ception of quality of the specimen. One
only needs to compare the most uni-
form specimen, PW1, with the worst
specimen, R1, in Table II. As a result,
the researcher decided to develop a
rating index to compare the various
methods by assigning the PW1 speci-
men values in Table I1T a base value of
10. He calculated proportional index
values for the other specimens. Table
ITT lists the resultant index values for
light and dark points, lines, and areas.
He obtained the overall mean points,
lines, and areas by combining both

light and dark values and establishing
the average for a given characteristic.
He established the overall root mean
points, lines, and areas by first squar-
ing each value and then taking the
square root of the mean.

Because the index for light and dark
points, lines, and areas all seemed to
give the same trend, Table IV pre-
sents a common mean index and a
common root mean square (RMS) in-
dex. Using the various index values
obtained, Table V lists the ranking
order obtained this way as well as the
visual ranking. It is apparent from
Table V that most of the index meth-
ods tended to rank the samples in the
same order. Table VI illustrates this
further. All index methods listed the
ranking order of the PW1, C3, PW3,
and R1 specimens exactly the same
way as each had the same ranking
eight times. Samples C1, C2, PW2,
and G1 also had a high frequency rank-
ing of 5-7 times out of 8 possible meth-
ods. The samples listed in order by
frequency ranking order exhibit no
overlapping or ties of sample num-
bers.

Using the ranking order from Table
VI, the investigator compared the
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Nonwovens Analysis
Il. Luminance multiple light and dark points, lines and areas
PW1  PW1 PW2 PW2 PW3 PW3 Cf1 Cc1 c2 c2 C3 C3 G1 G1 R1 R1
Sample Light Dark Light Dark Light Dark Light Dark Light Dark Light Dark Light Dark Light Dark
Points
1MD 360 323 240 163 198 102 366 252 409 201 429 256 222 166 71 68
2MD 469 449 211 159 185 140 382 238 400 193 451 214 230 156 65 91
3MD 482 427 223 210 199 110 408 216 414 182 410 211 263 168 76 49
4MD 467 397 213 154 218 129 378 225 406 243 456 224 243 162 74 76
5MD 380 454 216 181 217 119 364 247 389 222 414 214 199 186 71 81
6CMD 522 396 230 188 205 121 389 237 398 200 410 266 261 167 56 86
7CMD 424 426 216 150 212 149 394 221 372 235 415 214 275 176 57 67
8CMD 451 376 248 182 199 121 369 225 413 191 330 186 221 172 82 78
9CMD 428 427 227 163 207 136 393 292 420 290 397 268 220 167 60 66
10CMD 491 387 228 180 200 126 375 195 418 183 364 234 254 206 63 58
Mean 447.4 406.2 2252 173 204 1253 381.8 234.8 4039 214 4132 228.7 238.8 1726 675 72
Std. Dev. 50.15 39.11 12.01 18.48 10.01 1398 1416 2593 1477 34.06 27.17 2691 2416 1423 8.66 12.88
%CV 11.21 9.63 533 1068 491 11.16 3.71 1104 366 1592 658 11.77 1012 824 12.83 17.88
Lines
1MD 108 103 116 91 105 73 132 120 144 76 145 113 90 110 60 61
2MD 183 172 114 104 102 86 116 138 146 85 164 122 96 77 77 63
3MD 177 150 106 98 111 70 125 107 165 95 131 101 132 98 63 68
4MD 198 144 102 98 103 84 131 145 134 126 193 124 94 77 57 69
5MD 127 160 116 112 101 76 130 122 144 94 130 92 87 97 65 51
6CMD 215 137 120 118 131 81 129 118 131 88 161 142 111 112 47 79
7CMD 145 165 101 89 106 93 129 129 130 118 159 140 137 96 61 58
8CMD 204 145 104 116 86 77 125 162 152 93 155 107 111 109 59 50
9CMD 178 158 109 107 102 98 151 168 139 116 158 149 90 92 51 62
10CMD 196 134 114 102 108 80 120 117 138 82 150 141 111 141 51 44
Mean 173.1 146.8 110.2 1035 1055 81.8 1288 1326 1423 973 1546 123.1 1059 1009 591 605
Std. Dev. 35.19 19.62 6.68 9.89 11.15 874 931 2027 1057 16.87 17.98 1959 17.73 1871 8.54 10.32
%CV 20.33 1337 6.06 9.56 1057 1069 723 1528 743 17.34 1163 1591 16.74 1854 14.46 17.06
Areas
1MD 66 66 97 89 76 49 103 82 118 51 113 72 66 71 45 42
2MD 138 112 96 71 84 50 87 92 117 58 120 70 74 62 46 57
3MD 130 106 94 83 87 47 100 68 132 59 112 67 88 68 49 49
4MD 156 105 81 70 91 56 101 99 120 65 126 85 72 53 44 51
5MD 78 111 98 75 85 41 103 76 107 60 98 68 61 65 45 46
6CMD 148 89 101 85 103 52 101 82 113 45 113 84 87 70 35 61
7CMD 108 109 85 67 93 62 99 73 100 84 107 68 110 74 38 40
8CMD 144 84 95 83 79 64 87 85 108 57 103 71 81 78 45 M4
9CMD 120 102 92 82 85 64 92 97 121 74 104 87 72 70 39 39
10CMD 146 85 101 78 79 58 93 69 111 51 105 91 84 79 39 39
Mean 123.4 969 94 783 862 543 966 823 1147 604 110.1 76.3 795 69 425 465
Std. Dev. 30.67 1518 6.51 729 7.94 779 6.29 1108 894 1153 844 929 1394 770 443 784
%CV 2485 1566 6.93 9.31 9.21 1435 6.51 1346 780 1909 766 1217 1753 11.16 10.42 16.85
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Mean multiple light and dark points, lines, and areas ranking with the initial visual ranking.
With the exception of the G1 specimen

Overall having a difference of 4 between vi-
Overall root sual and final order, the ranking order
root Overall mean “th the vi der. P
Mean Mean Overall mean  Light Dark mean square agr eed well with the visual order. Pos-
Specimen light dark  mean  square index index index index sible reasons that the G1 specimen
ranked higher visually than by the test
Points index methods are that glass fibers
PW1 44740 40620 426.80 427.30 10.00 10.00 10.00 10.00 are transparent, ltlhe Specimen eXhl}]f'
PW2 22520 173.00 19910 200.80 503 426 466 470 ited uneven yellowing across the
PW3 20400 12530 16465 169.29 456 3.08 3.86 3.96 sample, and there may have been a
C1 381.80 23480 308.30 316.94 853 578 722 742 poor visual ranking. This does not in-
c2 40390 21400 30895 32321 903 527 724 756 dicate that the test method is not use-
Cc3 41320 22870 32095 33394 924 563 752 7.82 '

G1 238.80 17260 20570 20835 534 425 482 4.88 ful for glass. Ratheg 1t ranks gl‘jﬁ’s
R1 6750 7200  69.75 6979 151 177 163 163 fabrics as a group. It does not provide
a comparison, however, with other fi-
Lines ber types. The exact reason for the

discrepancy is unknown,
PW1 17810 14680 159.95 16049 10.00 1000 10.00 10.00 Table VII lists the absolute differ-

PW2 11020 10350 106.85 106.90 637 705 668 666

PW3 10550  81.80 9365 9440 603 557 585 588 ence between the various methods us-

c1 128.80 13260 13070 13071  7.44 903 817 8.14 ing the ranking order determined by
c2 14230  97.30 119.80 121.89 822 663 749 7.60 frequency of index methods. The mean
0 154.60 12310 138.85 139.74 893 839 868 8.71 lines index, mean areas index, com-
G1 10590 100.90 10340 10343 612 6.87 646 6.44 mon mean index, mean lines index,
R1 59.10  60.50 59.80  59.80 341 412 374 373 and common RMS index all had zeros
Areas indicating no difference existed. The

root mean areas index, overall mean

PW1 12340 9690 11015 11094 10.00 10.00 10.00 10.00 points index, and root mean points in-

PW2 94.00 78.30 86.15 86.51 762 808 782 780

dex each had a total sum difference of
PW3 86.20 54.30 70.25 7204 699 560 638 6.49

only 2,4, and 4 respectively. With none

ct 96.60 8230  89.45 8974 7.83 849 812  8.09 * and .

c2 11470  60.40 8755 9166 929 623 7.95 826 of the individual differences ever ex-
c3 110.10 7630 9320 9472 892 7.87 846 854 ceeding 1, it is possible to conclude
G1 7950  69.00 7425 7444 644 742 674 6.71 that all methods ranked the nonwovens
R1 4250 4650 4450 4454 344 480 404 402

in a relatively similar way. Since both
the common mean index and the com-
mon RMS index ranked all specimens
in the same order, however, it is pos-
sible to use either of these.

IV. Common average and root mean square index

Overall Qverall Overall

Overall Overall Overall root root root Discussion

mean mean mean Common mean mean mean Common
Speci-  points lines areas mean  points lines  areas RMS The author has developed a method
men index index index index index index  index  index

using an image analyzer that will rank
PWi 1000 1000 1000 1000 1000 1000 1000 1000 | nonwovens for perceived quality. Us-

PW2 466 668 7.82 639 470 666 780 651 ing transmitted light, the characteris-
PW3 3.86 5.85 6.38 5.36 3.96 5.88 6.49 5.55 tics of light and dark, points, lines, and
ci 722 817 812 784 742 814 809  7.89 areas will establish a ranking index.
Cc2 7.24 7.49 7.95 7.56 7.56 7.60 8.26 7.81 Greater numbers of light and dark
c3 752 868 846 822 782 871 854 837 e i

G1 482 646 674 601 488 644 671  6.06 points, lines, and areas which are de-
Ri 163 374 404 314 163 373 402  3.30 tected provide a better perception of

nonwoven quality. This is a “salt and
pepper” effect. If one takes equal parts
of salt and pepper and mixes them thor-
oughly, the mixture would appear uni-
formly gray at only a very short
distance. On the other hand, if one
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Nonwovens Analysis

V. Specimen visual and index ranking order

Overall Qverall Qverall
Overall Overall Overall root root root
mean mean mean Common mean mean mean Common
Visual points lines areas mean points lines areas RMS

Speci- ranking index index index index index index index index
men order order order order order order order order order
PWH1 1 1 1 1 1 1 1 1 1
PW2 7 6 5 5 5 6 5 5 5
PW3 6 7 7 7 7 7 7 7 7
C1 4 4 3 3 3 4 3 4 3
c2 5 3 4 4 4 3 4 3 4
C3 3 2 2 2 2 2 2 2 2
G1 2 5 6 6 6 5 6 6 6
R1 8 8 8 8 8 8 8 8 8

VII. Root squared difference between most frequent ranking order and individual index order

Overall Overall Overall
Overall Overall Overall root root root
Most mean mean mean Common mean mean mean Common
frequent points lines areas mean points lines areas RMS
ranking index index index index index index index index

Specimen order diff. diff. diff. diff. diff. diff. diff. diff.
PWA 1 (Best uniformity) 0 0 0 0 0 0 0 0
C3 2 0 0 0 0 0 0 0 0
C1 3 1 0 0 0 1 0 1 0
Cc2 4 1 0 0 0 1 0 1 0
Pw2 5 1 0 0 0 1 0 0 0
Gt 6 1 0 0 0 1 0 0 0
PW3 7 0 0 0 0 0 0 0 0
Ri1 8 (Least uniformity) 0 0 0 0 0 0 0 0
Sum ' 4 0 0 0 4 0 2 0

were to mix white pine wood chips  VI. Most frequent ranking order obtained

with black oak wood chips, the uni-

form mixture would appear speckled Most frequent Difference between

or blotchy at the same viewing dis- Specimen ranking order number visual and final order

tance. Thus more points, lines, or ar- PW1 No. 1 for 8 times 0

eas detected by the image analyzer C3 No. 2 for 8 times 1

provide better quality perception. The ci No. 3 for 5 times 1

more uniform nonwoven is the one gsvz :0-‘;:‘0'21?"‘93 ;
. . 0. 5 for 6 times

havmg numerous fibers distributed o1 No. 6 for 6 fimes "

in a very uniform way. The PW3 No. 7 for 8 times 1

nonuniform nonwoven would be the R1 No. 8 for 8 times )

one having flocculation or poor fiber Difference between visual and this ranking 10

distribution.
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