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Spectral simulation and material design of camouflage textiles
coloration for multidimensional combat backgrounds in visible
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FTIRS spectra of HR materials, 1000-2400 nm; Figure SI. 1-5.

FTIRS spectra of LR materials, 1000-2400 nm; Figure SI. 6-9.

FTIRS spectra of synthetic dyes, 1000-2400 nm; Figure SI. 10-15.

FTIRS spectra of DGTWSIB, 1000-2400 nm; Figure SI. 16-23.

Colorflex EZ spectra of HR materials, 400-700 nm; Figure Sl. 24-28.

Colorflex EZ spectra of LR materials, 400-700 nm; Figure Sl. 29-32.

Colorflex EZ spectra of synthetic textile dyes, 400-700 nm; Figure Sl. 31-36.
Colorflex EZ spectra of DGTWSIB; 400-700 nm; Figure Sl. 39-46.

Chemicals used for materials design of camouflage textiles formulation, Table SI. 1.

. Mean reflection of LR-HR-HLR-DGTWSIB materials; reflection (%), R and

wavelength, A (nm), Table SI. 2

. FTIRS spectral data and synthesized data for camouflage textiles simulation in NIR

spectrum; Table SI. 3, 4.
Colorflex EZ spectral data and synthesized data for camouflage simulation in visible
spectrum; Table SI. 5, 6.

FTIRS spectra of HR materials
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Figure 1. Aluminium powder
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Figure 2. Calcium oxide
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Figure 3. Iron powder
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Figure 4. Titanium dioxide
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Figure 5. Tin metal

2. FTIRS spectra of LR materials
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Figure 6. Boron carbide
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Figure 7. Magnesium powder
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Figure 8. Tin oxide
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Figure 9. Titanium carbide

3. FTIRS spectra of synthetic textile dyes
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Figure 10. Telon violet 3R
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Figure 11. Telon blue A 2R
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Figure 12. Telon yellow A 2R
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Figure 13. Isolan orange
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Figure 14. Telon red A 2R
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Figure 15. Isolan black 2S LDN

4. FTIRS spectra of DGTWSIB
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Figure 16. Dry leaves for woodland combat background
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Figure 17. Green leaves for woodland combat background
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Figure 18. Tree bark for woodland combat background
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Figure 19. Water for marine combat background
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Figure 20. Ice for Iceland combat background
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Figure 21. Snow for snowland combat background
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Figure 22. Sand for desertland combat background
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Figure 23. Stone for stoneland combat background
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5. ColorflexEZ spectra of HR materials
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Figure 24. Aluminium powder
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Figure 25. Calcium oxide
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Figure 26. Iron powder
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Figure 27. Titanium dioxide
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Figure 28. Tin metal

6. ColorflexEZ spectra of LR materials
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Figure 29. Boron carbide
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Figure 30. Magnesium powder
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Figure 31. Tin oxide
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Figure 32. Titanium carbide

7. Colorflex EZ spectra of synthetic dyes

BT Zpechkd Flol- | {Redechanc: Traneml Hancs
Telan vidle I3 100 00

000

RN R ;4 530 500 (23, 10T 00

2000

TO.00

000

I 00 W lerg b

Figure 33. Telon Violet_3R
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Figure 34. Telon Blue A2R

T
Telqyellow ~ZF 10000

000

FAn KL ;3080 4100 [ 48 S0

2000

TO.00

oo

Zpeckd Flol- 1 (Fedeciance Transml lance

S00 Warelerg i

Md. Anowar Hossain: ORCID ID: https://orcid.org/0000-0003-2880-6287

Figure 35. Telon Yellow A2R
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Figure 36. Isolan Orange SRL
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Figure 37, Telon Red A2R
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Figure 38. Isolan Black 2S LDN
8. Colorflex EZ spectra of DGTWSIB
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Figure 39. Ice for iceland combat background
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Figure 40. Dry leaves for woodland combat background
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Figure 41. Green leaves for woodland combat background

ERT Spactral Ao - 1 (Reflectance/TAnsmittance)
59 89

G431

T

3199

2642

2084

15.26

o6

4.10

400 ' . 500 Wawelzngth (nm)

Figure 42. Tree bark for woodland combat background
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Figure 43. Sand for desertland combat background
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Figure 44. Stone for stoneland combat background
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Figure 45. Water for marine combat background.
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Figure 46. Snow for snowland combat background

Table 1. Chemicals used for materials design of camouflage textiles formulation
against multidimensional CB materials.

Chemicals Suppliers CB Materials

Titanium dioxide British Drug Houses Limited, |Dry leaves, Ulmas minor for
England woodland CB

Calcium oxide Unilab Green leaves, Ulmas minor for

Aluminum Sigma Aldrich woodland CB

Tin metal Tree bark, Ulmas minor for

Tin oxide woodland CB

Iron powder Water for marine CB

Boron carbide
Magnesium powder
Carbon black pigment
Titanium carbide

Sand for desertland CB
Stone for stoneland CB
Snow for snowland CB
Snow, water and ice for sky CB

Isolan Black 2S LDN
Isolan Orange

Bayer, Australia

Ice for iceland CB

Telon Blue A 2R
Telon Red A 2R
Telon Violet 3R
Telon Yellow A 2R

Dystar
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Table 2. Mean reflection of LR-HR-HLR-DGTWSIB materials; reflection (%), R

and wavelength, A (nm).

LR HR HLR DGTWSIB
R A R A R A R A
4.18 | 400 33.25 | 400 18.71 | 400 7.27 400
4.18 | 500 36.15 | 500 20.17 | 500 11.57 | 500
4.18 | 600 37.38 | 600 20.78 | 600 16.63 | 600
4.18 | 700 37.28 | 700 20.73 | 700 19.63 | 700
3.08 | 1000 35.76 | 1000 19.42 | 1000 23.39 | 1000
3.11 | 1100 36.15 | 1100 19.63 | 1100 22.11 | 1100
3.18 | 1200 36.77 | 1200 19.97 | 1200 21.66 | 1200
3.24 | 1300 37.26 | 1300 20.25 | 1300 20.88 | 1300
3.29 | 1400 37.78 | 1400 20.54 | 1400 16.19 | 1400
3.34 | 1500 40.19 | 1500 21.77 | 1500 17.44 | 1500
3.36 | 1600 41.26 | 1600 22.31 | 1600 18.49 | 1600
3.33 | 1700 4152 | 1700 2243 | 1700 18.00 | 1700
3.28 | 1800 40.97 | 1800 22.13 | 1800 17.02 | 1800
3.24 | 1900 39.58 | 1900 21.41 | 1900 10.70 | 1900
3.28 | 2000 41.02 | 2000 22.15 | 2000 13.38 | 2000
3.27 | 2100 40.54 | 2100 2191 | 2100 14.48 | 2100
3.12 | 2200 37.80 | 2200 20.43 | 2200 13.88 | 2200
3.19 | 2300 37.30 | 2300 20.24 | 2300 12.58 | 2300
3.07 | 2400 35.65 | 2400 19.36 | 2400 10.51 | 2400
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9. Spectral value (actual) and synthesized value in NIR spectrum
Table 3. FTIRS spectral data and synthesized data for camouflage textiles

simulation in NIR spectrums (A).

Categorized high reflectance materialz in NIR, mean reflection; HR

Md. Anowar Hossain: ORCID ID: https://orcid.org/0000-0003-2880-6287

Warvelength (nm) 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400
Aluminium (actual value) 444 45 456 463 469 477 481 482 48 478 495 496 461 477 462
Titanium dioxide (actual value) 66.4 66.4 67 672 666 687 693 686 663 62 656 659 619 621 574
Caleium oxide (actual ralue) 67.8 67.8 67.6 658 64 69.6 70 68.7 663 62.2 631 59.7 543 478 458
Tin metal (actual value) 19.7 1%.8 20.4 21.6 233 251 268 2181 1293 30.2 319 326 313 317 314
Tin oxide (actual value) 6.05 7.01 B8.46 104 1.9 16 18.% 0.4 204 193 191 182 161 157 144
Iron powder (actual value) 10.2 10.8 11.5 133 131 139 145 151 155 1§ 169 173 168 17.7 178
Predicted camouflage textiles, HR 35.8 36.15 36.7T 373 3TTE 402 41.3 41.53 40.97 39.58 41.02 40.54 37.76 37.30 357
Categorized low reflectance materialz in NIR, mean reflection; LR
Warvelength (nm) 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400
Boron carbide {actual value) 410 443 479 508 519 545 553 554 552 550 561 559 527 538 5.5
Magnesium powder (actual value) 4.81 4.65 456 451 451 453 448 437 423 409 409 410 3.94 409 3.78
Carbon black pigment {actual value) 140 138 1.3% 1.3% 140 141 142 141 140 140 140 140 1.35 1.35 1.33
Titanium carbide (actual value) 202 198 197 1.9 19 198 19% 198 198 197 2.00 15% 1.%0 1.93 1.%0
Predicted camouflage textiles, LR 3.08| 311 318 324 3319 334 336 333 3328 324 328 3327 3.12 319 3.07
Categorized multicolor synthetic dy ez, mean reflection of synthetic dyez
Warvelength (nm) 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400
Izolan black 25 LDN 348 615 21.44 34.16 3193 40.03 39.81 41.36 37.91 20.20 28.71 2B.65 26.89 24.21 17.56
Izolan orange 36.59 42,23 47.56 50.48 46.70 54.00 52.22 53.78 543 3134 43.02 42.08 38.98 36.45 18.06
Telon blue A IR 53.90 5545 56.91 55.68 44.B5 46.29 45.14 43.35 43.07 30.34 31.40 2B.02 25.55 23.94 11.06
Telon red A IR 61.54 60.64 61.6% 60.49 50.77 53.92 51.86 51.21 50.62 35.88 421.48 40.34 36.44 33.14 18.12
Telon violet IR 41,33 45.63 49.11 51.76 48.B5 53.61 54.T1 56.56 54.31 40.35 41.98 40.24 38.35 39.85 33.50
Telon yellow A IR 58.17 57.25 58.16 57.07 45.86 48.61 47.126 47.61 47.81 31.76 37.67 33.58 31.37 26.20 11.17
Mean reflection 42,67 44.56 49.16 51.61 44.99 4941 48.67 48.98 39.86 31.65 3T.54 3549 32.93 30.63 24.91
Spectral combination of HLR; mean reflection HR and LR
Warvelength (nm) 1000 1100 1200 1300 1400 1500 1600 1700 1800 1500 2000 2100 2200 2300 2400
Mean LR 308 311 318 3.24 319 33 336 333 328 324 328 3317 312 319 3.07
Mean HR 35,76 36.15 36,77 37.26 IT.T8 40.19 41.126 41.53 40.97 39.58 41.02 40.54 37.76 3T.30 35.65
Predicted camouflage textiles, HLR 19.42 19.63 19.97 20.25 20.54 21.77 22.31 22.43 22.13 11.41 2215 21.91 20.44 20.24 19.36
Spectral combination of LR and synthetic dyes; mean reflection of synthetic dyes and LR
Wavelength (nm) 1000 1100 1200 1300 1400 1500 1600 1700 18500 1500 2000 2100 2200 2300 2400
Mean synthetic dyes 42,67 44.56 49.16 51.61 44.99 4941 4B8.67 48.98 30.86 31.65 37.54 35.49 32.93 30.63 24.91
Mean LR 308 311 318 324 321% 3M 336 333 3218 A4 328 32T 3121 319 307
Mean, synthetic dyes = LR 21,88 13.83 16.17 27.42 24.14 26.38 16.01 26.15 21.57 17.44 20.41 19.38 18.02 16.91 13.99
Spectral combination of HR and dyes; Mean reflection of synthetic dyes and HR
Warvelength (nm) 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400
Mean synthetic dyes 42,67 44.56 49.16 51.61 44.99 4941 4B8.67 48.98 30.86 31.65 37.54 35.49 32.93 30.63 24.91
Mean HR 35,76 36.15 36,77 3T7.26 IT.T8 40.19 41.126 41.53 40.97 39.58 41.02 40.54 37.76 3730 35.65
Mean, synthetic dyes = HR 39.21 40.35 42.97 44.43 41.39 44.80 44.97 45.25 40.42 35.61 39.28 38.01 35.35 33.97 30.18
Mean reflection of DGTWSIB in NIR
Warvelength (nm) 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400
Dry leaves background (actual value) 31.60 31.31 31.09 29.93 22.04 2529 2744 2647 23.78 11.23 16.72 19.93 19.46 16.37 12.25
Green leaves backeround (actual value) 35.45 3533 35.23 34.73 28.91 30.47 31.93 3.79 29.79 18.12 11.66 214.36 23.24 20.36 16.93
Tree bark background (actual value) 5£8.64 ST7.8B 56.41 52.47 31.92 34.89 37.95 36.23 34.80 19.19 13.31 13.35 22.93 19.98 16.31
Sand background (actual value) 24.64/25.40 26.31|26.92 2525 27.78 19.16 29.27 27.80 20.69 2547 27.73|26.20 25.13 21.49
Stone backeground (actual value) 23.80/23.82 13.72|23.32 20.B6 21.20 12.76 22.35 20.80 15.01 18.49 10.31|19.20 18.35 15.97
Water backsground (actual value) 1.3% 095 080 07% 079 078 077 077 077 075 077 078 0.74 0.7% 0.75
Ice backeround (actual value) 232 119 192 185 165 161 1.60 156 1.53 146 147 145 1.32 1.2% 1.24
Sky background (predicted value) 14.42 14.08 13.53 13.10 10.%3 11.50 11.%7 11.68 11.13 7.53 917 990 940 B.63 7.43
Snow background (actual value) 917 B.07 6.01 481 244 247 276 291 178 235 243 256 2.50 .40 2.28
Mean reflection of DCTWSIB, IR 23,39 1111 I1.66 20.88 16.19 17.44 18.49 18.00 17.02 10.70 13.38 14.48 13.88 11.58 10.51
NIR Simulation of dezertland camouflage textilez (actual reflection of zand = n%)
Warvelength (nm) 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400
Sand background (actual value) 24.64/25.40 26.31|26.92 2525 27.78 19.16 29.27 27.80 20.69 1547 27.73|26.20 25.13 11.49
Predicted camouflage textiles, ZR-1; n=+5%  25.87 16.67 2I7.61 18.27 26.51 29.17 30.61 30.73 29.20 21.72 16.74 29.11 17.51 26.39 22.56
Predicted camouflage textiles, ZR-2, n=-5%  23.40 24.13 15,00 25.58 213.99 26.40 27.70 27.80 26.41 19.65 24.20 26.34 24.90 23.88 20.41
20




Table 4. FTIRS spectral data and synthesized data for camouflage textiles
simulation in NIR spectrums (B).

NIR Simulation of stoneland camouflage textiles (actual reflection of stone + n%)

Md. Anowar Hossain: ORCID ID: https://orcid.org/0000-0003-2880-6287

Wavelength (nm) 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400
Stone backeround (actual value) 23.80 2382 23.72 2332 20.86 22.20 22.76 22.35 20.80 15.01 18.49 20.31 19.20 18.35 15.97
Predicted camouflage textiles, ZR-1; n=+5%  25.00 25.01 24.90 2449 21.90 2331 23.90 23.47 21.84 1577 19.41 21.32 20.16 19.27 16.77
Predicted camouflage textiles, ZR-2, n=5%  22.61 22.62 22.53 22.15 19.81 21.09 21.62 21.23 19.77 14.25 17.57 19.30 18.24 17.43 15.17
NIR Simulation of marine background camouflage textiles (actual reflection of water +n%)
Wavelength (nm) 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400
Water background (actual value) 1.39 095 080 079 0.79 078% 077 077 077 075 0.77 0.7%8 0.74 075 0.75
Predicted camouflage textiles, ZR-1; n=+5% 145 100 0.84 082 0582 081 0580 080 080 078 080 081 0.77 078 0.78
Predicted camouflage textiles, ZR-2, n=5% 1.32 090 076 075 0.75 074 0.73 073 073 071 0.73 074 0.70 071 0.71
NIR Simulation of iceland camouflage textiles (actual reflection of ice +n%)
Wavelength (nm) 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400
Ice background (actual value) 232 219 192 185 165 161 1.60 156 1.53 146 147 145 132 1290 124
Predicted camouflage textiles, ZR-1; n=+5% 243 229 201 194 173 170 168 163 1.60 153 154 152 138 135 1.30
Predicted camouflage textiles, ZR-2, n=5% 220 208 182 175 156 152 1.52 148 145 139 140 137 1.25 122 1.17
NIR Simulation of snowland camouflage textiles (actual reflection of snow +n?%g)
Wavelength (nm) 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400
Snow backsround (actual value) 9.62 847 631 505 2.56 259 280 305 291 246 255 .68 .62 2512 139
Predicted camouflage textiles, ZR-1; n=+5%  9.17 8.07 6.01 481 244 247 2.76 291 2,78 235 243 256 2.50 240 2.2%8
Predicted camouflage textiles, ZR-2, n=5% 8290 730 544 436 221 224 250 264 251 212 220 230 228 217 2.407
NIR Simulation of sky backeground camouflage textiles, mean reflection of simulated natural background (= n%)
Wavelength (nm) 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400
Water background (actual value) 1.39 095 080 079 0.79 078 0.77 077 077 075 0.77 078 0.74 075 0.75
Ice background (actual value) 232 219 192 185 165 161 1.60 156 153 146 147 145 1.32 1290 124
Snow background (actual value) 917 807 6.01 481 2.44 247 276 291 2.78 235 243 256 250 240 .28
Stone background (actual value) 23.80 2382 23.72 2332 20.86 22.20 22.76 22.35 20.80 15.01 18.49 20.31 19.20 18.35 15.97
Green leaves background (actual value) 35.45 3533 3523 34.73 28.01 3047 31.93 30.79 2079 1812 22.66 24.36 23.24 20.36 16.93
Mean reflection 14.42 1408 13.53 1310 10.93 11.50 11.97 11.68 11.13 7.53 917 990 940 8.63 7.43
Wavelength (nm) 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400
Sky background (predicted value) 14.42 1408 13.53 1310 10.93 1150 11.97 11.68 11.13 7.53 017 900 940 8.63 7.43
Predicted camouflage textiles, ZR-1; n=+5% 1514 14.79 14.20 1375 11.48 1208 12.57 12.27 11.69 7.90 9.62 10.40 0.8%8 9007 7.80
Predicted camouflage textiles, ZR-2, n=5%  13.67 1338 12.85 12.44 10.39 1092 11.38 11.10 10.58 7.15 8.71 940 893 820 7.05
NIR Simulation of woodland camouflage textiles, a (actual reflection of tree bark +n%)
Wavelength (nm) 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400
Tree bark background (actual value) 58.64 5788 56.41 52.47 32.92 34589 37.95 36.23 34.80 19.19 23.31 23.35 22.93 19.98 16.31
Predicted camouflage textiles, ZR-1; n=+5%  61.58 60.78 59.23 5509 34.57 36.63 39.84 38.04 36.54 20.14 24.48 2451 24.07 2098 17.12
Predicted camouflage textiles, ZR-2, n=>5%  55.70 5409 53.50 4984 31.28 33.14 36.05 34.41 33.06 18.23 22.14 22.1% 21.79 18.99 15.50
NIR Simulation of woodland camouflage textiles, b (actual reflection of green leaves + n%)
Wavelength (nm) 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400
Green leaves background (actual value) 35.45 3533 35.23 34.73 28.91 3047 31.93 30.79 20.79 18.12 22.66 24.36 23.24 20.36 16.93
Predicted camouflage textiles, ZR-1; n=+5%  37.22 37.10 37.00 36.47 30.35 32.00 33.52 32.32 31.28 19.02 23.80 25.58 24.40 21.38 17.78
Predicted camouflage textiles, ZR-2, n=5%  33.68 33.56 33.47 33.00 27.47 2894 30.33 29.25 28.30 17.21 21.52 23.14 22.07 19.34 16.08
NIR Simulation of woodland camouflage textiles, ¢ (actual reflection of dry leaves = n%)
Wavelength (nm) 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400
Dry leaves background (actual value) 31.60 3131 31.09 2903 22.04 2520 27.44 26.47 23.78 11.23 16.72 19.93 19.46 16.37 12.25
Predicted camouflage textiles, ZR-1; n=+5%  33.18 32.87 32.64 31.42 23.14 2655 28.81 27.790 24.96 11.70 17.55 20.29 20.33 17.18 12.86
Predicted camouflage textiles, ZR-2, n=5%  30.02 29.74 29.53 29.84 20.93 24.02 26.07 25.14 22.60 10.67 15.89 18.93 18.48 1555 11.63
NIR Simulation of marine and woodland camouflage textiles (mean reflection of woodland and water background)
Wavelength (nm) 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400
Woodland background (actual value) 41.90 4150 40.90 39.04 27.95 3021 32.44 31.16 29.45 16.18 20.90 22.54 21.88 18.90 15.16
Water background (actual value) 1.39 095 080 079 0.7% 078 0.77 077 077 075 0.77 0.7%8 0.74 075 0.75
Predicted camouflage textiles, ZR 21.64 21.23 20.85 1992 14.37 1550 16.61 15.97 15.11 8.47 10.84 11.66 11.31 9.83 7.96
NIR Simulation of simultaneous marine and desertland camouflage textiles (mean reflection of marine and sandland background)
Wavelength (nm) 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400
Water background (actual value) 1.39 095 0.8 079 0.7% 078 0.77 077 077 075 0.77 0.78 0.74 075 0.75
Sand background (actual value) 246 254 263 269 253 278 202 203 278 0.7 255 27.7 1262 151 1215
Predicted camouflage textiles, ZR 13.02 1318 13.56 1386 13 143 1497 15 143 107 131 1426 135 129 111
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Table 5. Colorflex EZ spectral data and synthesized data for camouflage simulation
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10.Spectral value (actual) and synthesized value in Visible spectrum
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Table 6. Colorflex EZ spectral data and synthesized data for camouflage simulat

spectrums (B).
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