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SUMMARY

Woven fabric holds a planar structure made of warp yarns and weft yarns that cross at right angle to
each other. At the same time, colored warp and weft yarns themselves can be a kind of material to express
graphical patterns on the surface of the fabric. Textile designers reproduce the desired color by the
juxtapositional color mixture of warp and weft yarns on certain parts of the surface of the fabric through
controlling the appearance ratio of warp and weft yarns using proper weave patterns. Especially, a
Jacquard weaving loom, capable of controlling the crossing relationship of the weft and warp yarns
intricately, can weave the locally changing weave patterns required for reproducing the colors, shapes
or patterns following the intention of designers. This thesis aims to contribute to the advance of the field
by presenting new methods for rendering arbitrary given images with higher quality by controlling
weave patterns in detail.

Traditional Jacquard weaving method achieves different colors or tones on each divided region of the
fabric by applying different weave patterns for each region. For large sized design requiring enormous
numbers of yarns, jacquard design process needs massive labors especially before computer were
developed and spread in 1970’s. Computers Served as a catalyst for creating new textile design and
expression. Computer assisted Jacquard weaving technology, so called digital jacquard, enabled
continuous gradation expression on fabric, which could not be realized by a traditional weaving
technique, by using image processing technique such as half-toning and dithering. Textile artists and
designers published many art works or tapestry with a motif of photography or drawings, either in
monotone or full color mode.

As typical digital jacquard works are apt to be for large-sized and full-colored expression like
tapestries and stage curtains, consequently, the fabric requires numbers of color of yarns and tends to
increase the thickness. Therefore little work has been directed on jacquard weave patterns with a
microscopic point of view or with less colors and for thinner cloth such as those used in general fashion
or interior industries. From the situation above, this study focuses on the shaded-satin technique which
provides the continuous tones on fabric while keeping regularity of microscopic appearance of weave
patterns, and develops new jacquard weaving methods which can obtain higher quality of delicate
nuance of tones by combing the shaded satin technique with an ordered dithering method.

The proposed methods are based on “stepping dithering” which uses dither masks thresholds arranged
in step-shaped distribution for obtain a continuous changing satin-based weave patterns. Basing on
stepping dithering has several advantages: the controllability of resulting image by rectifying dither mask
structures, the easiness of image processing process, and the possibility for incorporating information
superimposition on the resulting image. The third advantage can be considered to provide the better
preservation of not only the brightness, but also the direction or texture of input images using the merit
of satin-based regularly structure in the resulting image properly.

The first problem of stepping dither method is the visually unappealing repetition of patterns for input
images containing low frequency, smooth gradation regions. This thesis investigated the cause of the



occurrence of such a structure— namely artifacts. —and found that the biased distribution of thresholds
derived from a naive mapping of n(n-2)+1 threshold values to the corresponding positions in the dither
mask with the size n

To control the mapping for avoiding introducing the artifacts, , this thesis introduces the concept of
order unit which consists of n numbers to define the desired mapping, together with the method for
searching the optimal order unit that can form the evenly distributed threshold values through an
optimization process guided with a cost function evaluating the biasness of threshold values. The
optimized order units are incorporated to a new method for generating artifact-free weave patterns, OSD
(Ordered Stepping Dithering). Besides, RSSD (Random Shift Stepping Dithering) is proposed as another
solution which can reduce the regularity of the resulting pattern.

The second problem is the low reproducibility of small structures with high frequency relative to mask
size. Focusing on that some pixels can be flipped over with regard to the order of the brightness through
the ordered dithering process, a new method IFT (Intensity Forced Thresholding) is proposed to improve
the reproducibility of fine details. IFT method preserves the satin-based patterns, the total brightness of
dither mask-sized area, as well as the local fine structure by performing binarization based on the order
of the brightness of the input pixel values instead of threshold values for the appropriate chosen target
areas. A method combining OSD and IFT is also proposed to achieve the reproducibility in both high-
frequency region and low-frequency region by adapting the binarization process to the local image
feature.

Although the methods proposed in this thesis allow designers to use arbitrary size n and control
number m of satin-based-structured dither masks, the selection of the parameter n and m is left to
designers. For the purpose to provide a support for designers to select the numbers of n and m which
help to reflect their intentions, this thesis analyzed the relationship between the direction of satin-line
and the number n and m. Besides, hundreds of irregular satins which consist of unfixed value of m for
each row are listed by searching for possible combination of value m, and classified from the aspect of
symmetry. Experiment results demonstrated the potential of achieving new expressions by applying IFT
method and other methods to irregular satin.

The above mentioned methods assume using a single color for warp yarns and weft yarns, respectively,
which is the simplest combination of warp and weft yarns. In this case, because the contrast of the
brightness and the firmness of the textile structure are in a trade-off relationship, designers do not have
much options. In order to solve this problem, this thesis introduces an example application of the
proposed methods to a traditional weaving technique which uses one color, say white, for warp yarns
and two colors, black and white for weft yarns to achieve both contrast of brightness and firmness of
structure. As the method uses the two colors for weft yarns, which play the role in appearance and
structure alternatively, the contrast of brightness can be maximized without losing the right firmness.
Using the concept of stepping dithering successfully reduced the enormous labor required in the
traditional implementation of the technique and the experiment result shows that the OSD method
successfully improves the reproducibility of smoothly changing tones.

To summarize, this thesis proposed OSD and IFT methods for solving the regular repetition artifact
and detail lost problems found in high and low-frequency regions respectively, and showed that the
methods can improve the reproducibility of fine and smooth tones of images on jacquard fabric



successfully. As these methods can preserve the regularity of satin-based pattern, designers can either
make use of such regularity for an ascetical purpose, or reduce it by adding randomness with RSSD

method, or by applying stepping dither mask to error diffusion algorithm, and the effectiveness of those
approaches are confirmed by experiments.
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¥, WO LIMMER TV IRETREAE L S 2/ EoRBIR Y —r Do b, &
HREWR 3T MER LTS, oI RS OMEZ 0 bDICHkT 56D T, £
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O =arg mc!n E (4-10)
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2336723383
2452565885
2542588565
2778347787
2787743877

2257575485
2258457575
2335445356
2588535356
2653535885
2653544533
4877566575
4575665778

2257753685
2258635775
2333663356
2475335885
2588533574
2653366333
4775487774
4777845774

2257232485
2258423275
2365354543
2345453563
2588538786
2687835885
4787656575
4575656787

2257258685
2258685275
2365345633
2336543563
2425835885
2425885385
4778745765
4787745675

2362425484
2484524263
2658684786
2672775347
2687486856
2743577276
3833576384
3834836753

2362427266
2426326627
2575727627
2672757527
3834838535
3835358384
3844874868
3868478448

2362583533
2335385263
2338344436
2584787757
2634443833
2757787485
2766674877
2778476667




n=10

32

P D3l M e, P e
2348748527 u 2485457663
2435383327 2427626533
2584784327 2565344786
2632678385 2687443565
2757683877 3868775484
2778386757 3484577868

pl 2363324584 pl 2366243266
2336324854 2342663266
2342762743 2577536357
2347267243 2753635775
2568774786 3853357475
2687477865 3358357475
3843867876 4784487684
3483678768 4867844874

pl 2363483443 pl 2366245624
2338763436 2475385385
2342674877 2426542663
2344384363 2572586357
2432778476 2583583574
2634867833 2752753685
2674787667 4786845684
2766787476 4865486874

pl 2363586584 pl 2366254534
2338357243 2324357257
2342753833 2327527534
2452687475 2435452663
2485685363 3853878675
2542574786 3576878358
2753867877 4786756584
2778768357 4856576874

pl 2365234256 pl 2366277566
2383233583 2348475386
2383238533 2487626357
2452563265 2663266577
2577872787 2678427536
2787752787 2683574843
4784586585 3844784453
4874585685 3354487448

pl 2365256533 pl 2367538583
2335652563 2384254354
2338524256 2385835763
2425833265 2453452483
2586854877 2527534787
2778458685 2527874357
4787754585 2685675687
4577874585 2786576586

pl 2365256876 pl 2367533533
2335833274 2335335763
2338533247 2676675777
2348745854 2777576676
2458547843 3843443533
2563267865 3353443483
2577863877 3478775775
2778368775 3577577874

pl 2365265443 ]J] 2367533876
2324854877 2348743577
2327784584 2434483336
2338786256 2633384434
2344562563 2667684777
2652687833 2678335763
4787665485 2775347843
4566787458 2777486766

pl 2366665484 pl 2367547574
2483484575 2384257784
2484566663 2335862786
2575484384 2475745763
2653586276 2487752483
2654444786 2685332687
2672685356 3478635365
2687444456 3536874356

pl 2366667266 pl 2367542524
2635766276 2336762777
2667536267 2457632425
2662766663 2676332777
3844357484 3843477833
3844874444 3877434833
3444478448 3478685865
3448348475 3568586874

164



n=10
pl

pl

pl

pl

pl

pl

pl

pl

pl

2367567833
2338765763
2345347877
2438434525
2543483425
2676585867
2768585676
2778743543

2367568724
2367627683
2386726763
2386874354
2453478683
2427865763
2438434787
2787434834

2367623443
2333675777
2344326763
2777576333
3877743533
3353477783
3478766784
3487667874

2367636674
2386877784
2333242786
2333268724
2476636763
2487778683
3447434786
3474436874

2367657743
2333585867
2347756763
2438777525
2577783425
2768585333
3354347876
3367874345

2367658634
2386723333
2333327683
2476874345
2436856763
2438777787
2543478674
2787777834

2367874256
2368548743
2385333274
2333583247
2347845863
2478763265
2577783687
2786387775

2367876533
2335678763
2345778743
2347877543
2434533385
2586765777
2583335434
2777567685

2367876876
2342348743
2347843243
2577774777
2678678763
2777477775
3853333633
3358333633

2367834476
2333624386
2347843667
2487774867
2633326834
2674438763
2766348743
2768477784
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pl

pl

pl

pl

pl

pl

pl
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2368432633
2336234863
2347267667
2478774876
2678477874
2743276676
3843443876
3443483678

2368447484
2478626366
2483662775
2484744863
2577266384
2663626874
2685338447
2744833586

2368536584
2333844724
2478625475
2485635863
2427448333
2574526874
2663868777
2777868366

2368775633
2335477874
2336577863
2347258676
2478774533
2434876385
2583678434
2676852743

2368784543
23247062347
2324787656
2326567874
2327432674
2345487863
3878634876
3678436878

2384485484
24575484506
2484584483
2562687266
2652662786
2653568456
2654865356
2654845754

2384275766
2475748436
2483266757
2634847574
2635368476
2674863536
2683534487
2784435386

2384272336
2385838436
2483263327
2527847627
2527267487
2634838583
2683877487
2784778386

2385358583
2385853583
2453454265
2454354256
2575252787
2575278725
4865675685
4586576568

2385353533
2335353583
2544353356
2575757787
2653353445
2787757575
4856675775
4577576658
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2385353876
2348725757
2436265336
2633562634
2678353583
2757527843
4768477548
4845774867

2385367574
2335684586
2457784256
2475763583
2487754265
2574353687
2685486533
2786353475

2385362524
2336584577
2425263583
2547783356
2574858687
2653387745
2775485633
2786858475

2385387833
2327787257
2327527877
2338783583
2456254525
2545265425
4856585865
4568585658

2385856256
2336256247
2548548725
2527845845
2633274265
2658583265
3877485486
3684584778

2385858533
2335858583
2543453365
2563354345
2577872525
2525278775
4775676585
4585676577

2386252633
2336252683
2345485667
2485847787
2544387656
2656783445
2766584543
2787748584

2386267484
2457726656
2484362687
2484762683
2634842786
2656627754
3844548653
3356845448

2386757633
2336757683
2344585676
2435347787
2543487665
2566784345
2676585443
2787743534

2386843484
24576366635
2484348683
2426762687
2427862676
2566636754
3474445865
3568544474
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pl

pl

pl

pl

pl

166

2386845266
2426584487
2427844856
2548683266
2566638536
2574854447
26358366065
2744458475

2386847624
2426748683
2426348687
2427868436
2547627665
2566726745
3843658544
3445856348

2324265484
2324845624
2474485475
2563586366
2574584474
2654868786
26636853065
2687868456

2324267266
2326627624
2545766366
2663667545
3844878684
3447448565
3486878448
3565844744

2324354584
2324854534
2336526634
2436625633
2565768786
2687867565
4768774584
4778674485

2324534566
2326654354
2338584476
2526634877
2527784366
2674485833
4878657654
4456756878

2324843266
2326623484
2678448786
2687844876
3356575475
3357457565
3545775365
3563577545

2324877566
2326657784
2335448786
2347575476
2674575743
2687844533
3487635356
3536784365

2326332766
2326672336
2526367577
2527757636
3858474353
3877487844
3353474858
3448784778

2333233876
2333267833
2348777877
2434474345
2543474434
2778777843
3667685676
3676586766
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pl
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pl
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pl

pl

2333336674
2333358634
2476633333
2476877775
2436853333
2577778674
3447777786
3687777744

2333357743
2347753333
2434477775
2577774434
3357777876
3358676633
3366768533
3367877775

2333576533
2335675333
2434443475
2574344434
3457787775
3577787754
3586766676
3676667685

2333576876
2348777534
2435777843
2678675333
3354347533
3357434533
3577775676
3676577775

2333585443
2336766674
2344585333
2476667633
2566787775
2577787665
3444347786
3444368774

2333666524
2476843475
2425666333
2436853676
2574348674
2676358634
4777868544
4445868777

2333666786
2344477784
2347753676
2487774443
2676357743
2687666333
3357434876
3367843475

2333675434
2336762434
2434267633
2434576333
3477786765
3477867684
3486768774
3567687774

2333843833
2338348333
2452425475
2425425745
2672778777
2762777877
3586586856
3658685685

2333852743
2336586854
2347258333
2458685633
2425477865
2425687745
2583678777
2777876385
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2333853634
2336584234
2485633243
2436358333
2547786786
2574768777
2687687745
2777867475

2333877476
2336348777
2342525476
2432674525
2674778333
2777843633
3487685856
3658586784

2335853533
2335358533
2577877575
2575778775
3443444365
3443563444
4766676675
4576676667

2335853876
2348775257
2435365345
2543563534
2577843275
2678358533
4757685675
4576586757

2335867574
2475768533
2435368775
2563357775
2577753365
2577863534
3357745853
3358547753

2335862524
2485868775
2425268533
2577868584
3366745763
3367547663
3447774356
3477744365

2335443574
2475344533
2435775485
2586753356
2584577534
2653357685
3576657786
3687756675

2335448524
2425844533
2436675476
2586877566
2665778685
2674576634
3447684365
3486744356

2335475254
23383486706
2452574533
2434877276
2676843833
2672778434
3585687756
3657786585

2335425754
2453324575
2435777267
2762777534
3843867533
3357683483
3568775685
3586577865
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2335625833
2338526533
2425443565
2425653445
2584577877
2778775485
4576658685
4586856675

2335653454
2338526876
2348772584
2454356533
2485277843
2583326786
4576568775
4577865675

2335675676
2435347525
2574353425
2676576533
3453457784
3487754354
3585867576
3675768585

2335684324
2348653324
2457786876
2574344777
2678687754
2777443475
3853676633
3366763583

2336753443
2344357633
2434576676
2676675434
3443486765
3443567684
3477876675
3576678774

2336753867
2457658625
2485805345
2438774357
2543568584
2526856754
2753477834
2768357633

2336258443
2344852633
2435476667
2584778766
2667877485
2766674534
3867563444
3444365768

2336342674
2342584543
2345485243
2476243633
2586787656
2656787685
3486747786
3687747684

2336348434
2342674534
2432435476
2434843633
2676877476
2674778676
3486786756
3657687684

2336525743
2347525633
2425867565
2425657685
2435458685
2586854534
3585477876
3678774585
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pl

pl

pl

pl
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2336575243
2342575633
2434867475
2436358676
2574768434
2676853634
3547787685
3586787745

2336575667
2485847525
2574858425
2526858536
2526358586
2766575633
3877453544
3445354778

2338535443
2344535833
2345766584
2485667543
2544356786
2575667877
2687653445
2778766575

2338535867
2348656754
2454356876
2457656843
2438772575
2575277834
2678653454
2768535833

2338762676
2344474354
2348434877
2453474443
2676267833
2778434843
3666786576
3675687666

2338357667
2348658536
2452574876
2542678475
2635856843
2753443877
2766753833
2778344357

2342665624
2476267475
2426566243
2574762674
3484363586
3484368536
4867868454
4868768445

2344867484
2484768443
2436268766
2575633577
2634266786
2775336575
3853547753
3357745358

2344443484
2484344443
2676666786
2687666676
3356753675
3357635765
3457753475
3577543574

2344445266
25444432066
2575754357
2753457575
3853535675
3535835765
4856666784
4876606584
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pl

pl

pl

pl

pl
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2344447624
2426744443
2676534476
2674435676
3457663484
3486876666
3484366754
3666678684

2345752543
2345257543
2434534276
2435434267
3867567684
3486765768
3567876585
3585678765

2345342584
2345435743
2347534543
2485243543
2586756786
2687657685
3576567876
3678765675

2345345257
2543543275
2543572525
2525275345
3858585675
3876576585
3576585858
3585675678

2345347534
2348434534
2435743543
2435434843
2676576876
2678675676
3576876576
3675678675

2348425624
2475367565
2484324265
2565763574
26786845806
2685486876
3475368545
3545863574

2348683484
2456754575
2484386843
2426786267
2427626876
2575457654
3456853565
3565358654

2348685266
2425844876
2426784485
25868432606
3445675475
3456675365
3563576654
3574576544

2348635766
2475344876
2653366676
2667536843
2676663356
2678443574
3444775484
3484577444

2348653586
2457524876
2575426784
2663444777
2685356843
2777444366
3844766633
3366674483
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pl

pl

pl
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2452426366
2425426636
2577267275
2572762775
3834833585
3835853384
4748685684
4744865868

2456666366
2484384485
2586267266
2584483484
2662762685
2663666654
4744445684
4744865444

24562685606
2475386276
2483486357
2484568445
2544865484
2654266586
2672683574
2753684384

2457566276
2438448566
2544867266
2662768445
2665754267
2665844834
3844535684
3486535448

2457654485
2426744867
2427684476
2438684366
2586534566
2584456754
2663486834
2665435685

2457744476
2484344867
2438626766
2667626834
2674447754
2768443484
3356843666
3366634865

2458536575
2426768447
2427448676
2434868366
2568535475
2574535865
2575635854
2663868434

2458626566
2476268366
2484368447
2484544865
2568445484
2663862674
2665626854
2744863484

2472484766
2475724856
2548635386
2634486386
2658427574
2667484274
2683536845
2683684436

2476844366
2485444775
2436844766
2566633586
2577444584
2667448634
2663448674
2685336665
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2484362425
2426348425
2674534577
2674868586
2685868476
2775435476
3843657653
3356756348

2485266575
2436666560
2575662584
2584433586
2665666634
2685354485
4768445444
4867444454

2485844357
2544477566
2526675386
2526835766
2665774445
2753448584
3354485666
3366658445

2425266256
2426526625
2565765356
2653567565
3457548545
3545845754
4854868584
4858684584

2425444456
2426544445
2572584575
2575485275
2583585356
2653585385
48685666065
4566665868

2425624276
2426724265
2545854575
2565358565
2565853565
2575458545
3868458684
3486854868

2425666676
2426766665
2566753475
2574357665
3444458684
3445853675
3486854444
3576358544

2425662436
2426342665
2583357656
2584543577
2656753385
2775345485
4768445868
4867486854

2426344447
2427444436
2548527575
2575725845
2583535856
2658535385
38684766606
3666674868

2426566667
2427666656
2566258475
2574852665
2584458536
2635854485
3868454444
3444454868
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2434444366
2577534575
2575435775
2663444434
3357653585
3358535675
4766667684
4867666674

2435344357
2543577575
2575775345
2753443534
3867576675
3353585675
3357658535
3576675768




