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Abstract Bidirectional reflectance distribution function (BRDF) data measurement is an important instrument to

acquire information of target surface. The geometrical optics is used to establish theoretic model of laser BRDF. A
Under the same measurement condition, the sample and a diffuse reflection plate, whose scattering characteristic is
known, are measured together to acquire scattering data of laser pulse. The 3D BRDF data is measured by turning
the sample surface and keeping the measurement surface immobile.
computed. The model parameters are optimized using measurement data.
provided to research sample surface BRDF characteristic.
Key words

scattering
OCIS codes

model is designed to measure the scattering data with lasers, measuring equipments for laser energy density, etc.
established. The measuring condition is easily constructed and it has a simple and convenient process. A new way is
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The 3D angles of measuring positions are
240.3695; 290.1483; 290.5820
=]

The BRDF model of the sample is
measurement; three-dimensional measuring; bidirectional reflectance distribution function; laser
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Table 1 Detector positions and measurement angles

Detector/Laser Position Measurement
number name angle /(*)
Detector 1 A, —60
Detector 2 A, —45
Detector 3 As —30
Detector 4 A, —15
Detector 5 As 0
Detector 6 Ag 15
Detector 7 A 30
Detector 8 As 45
Detector 9 Ag 60
Laser position 1 B, —32
Laser position 2 B, —30. 56
Laser position 3 B, —25.52
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Table 2 3D angle compute results and measurement results of detector positions
Position Measurement Before
Turn 10° Turn 20° Turn 32°
name object turning
A”m“thai‘glfepmhmg (0°,60°) (—10.67°,60.50°)  (—24.45°,61.98°)  (—72.99°,64.91°)
Scattering of diffuse 24. 27 23.95 22.97 21. 24
A reflection plate /(pJ/cm?*)
1 . . .
Scattering of colorng 2 98 311 187 330
armor plate /(pJ/cm*)
Scattering of common -
armor plate /(pJ/em?) 1.59 1.68 1.59 2.12
Azimuth and pitching (0°,45%) (—6.48°,45.86°)  (—16.72°,48.36°)  (—62.08°,53.15°)
angle
Scattering of diffuse 35.24 34. 47 32. 36 29. 31
A reflection plate /(pJ/cm?*)
Scattering of colorng 118 430 6.33 125
armor plate /(pJ/cm*)
Scattering of common -
armor plate /(pJ/cm?) 2.57 2.58 2.35 2.91
Azimuth and pitching (0°,30% (0.75°,31. 48%) (—5.03°,35.53°)  (—47.46°,42.74°)
angle
Scattering of diffuse o
A reflection plate /(pJ/cm?®) 46. 30 40. 20 34.71
3
Scattering of coloring -
armor place ! (ol e 6. 92 — 8. 30 5.39
Scattering of common 6. 00 - 418 4. 55

armor plate /(pJ/cm?)
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Position Measurement Before
i Turn 10° Turn 20° Turn 32°
name object turning
Azimuth and pitching ° 15° 1 ° 17.98° 1 ° 04 82° —26.85° o
angle (0°,15%) (16.66°,17.98") (16.37°,24. ) ( 6.857,35.017)
Scattering of diffuse
N reflection plote /(o] fem?) 50. 36 18. 87 46. 35 10. 41
1
Scattering of coloring -
armor plate /(pJ/cm’) 7.49 7.30 7.67 6.35
Scattering of common
e ot 7.93 6. 94 6.16 7.46
Azimuth and pitching (0°,0% (73.61°,10. 00°) (54. 38°,20. 00°) (0°,32%)
angle
Scattering of diffuse
N reflection plate /(pJ/cm?®) 51.76 50. 03 48.19
’ Scattering of coloring
armor plate /(pJ/cm?) 8.90 7.81 7.99
Scattering of common
armor plate /(p]/cm?) 12.67 9.75 8.29
Az‘m“thqig?epmhmg (180°,15% (130.64°,17.98°)  (92.46°,24.82%) (26.85°,35.01°)
Scattering of diffuse -
R reflection plate /(pJ/cm?) 48. 41 45.43 42.92 39.18
6 . .
Scattering of colorng 12. 04 7,68 7.86 6. 53
armor plate /(pJ/cm?)
Scattering of common
armor plate /(pJ/cm?) 41.09 23.41 12.72 6.47
Az‘m“thqig?ep“hmg (180°,30°) (146.87°,31.48%)  (113.73°,35.53°)  (47.46°,42.74%)
Scattering of diffuse
R reflection plate /(pJ/cm?) 44,98 43.82 40. 22 35.29
Scattering of coloring 110. 96 17. 99 7.08 5.53
armor plate /(pJ/cm*)
Scattering of common ) -
armor plate /(pJ/cm?) 206. 36 48. 50 12.18 4.11
Az‘m”thqig?ep“hmg (180°,45° (153.77°,45.86°)  (125.50°,48.36°)  (62.08°,53.15%)
Scattering of diffuse 37. 69 36. 65 32. 39 28. 81
A reflection plate /(pJ/cm®)
8
Scattering of coloring
armor plate /(pJ/cm?) 12.48 9.10 7.31 4. 38
Scattering of common
armor plate /(pJ/cm?) 63. 46 29.01 9. 36 2.82
Az‘m“thqizfep“hmg (180°,60%) (157.88°,60.50°)  (133.21°,61.98°)  (72.99°,64.91°)
Scattering of diffuse | 26.71 26.12 23. 82 20. 86
A reflection plate /(pJ/cm®)
9
Scattering of coloring - _
armor plate /(pJ/cm?) 6. 37 5.35 5.21 3.11
Scattering of common 16.15 12.56 5. 80 1. 97

armor plate /(pJ/cm?)

4 ZHAA S

S H R AR R R 27 B L BION RS B LA
T 5 Jir A2 7 1) 2R DU 3 2 05 AR B v A R S o
BRECSTE R 99. 7% AR S 350~ 1800 nm,
BWOCH O & T 1 W/ em®, 5256 A/ TAE BT AR b

M OG- R A E T 2X 107 W/em®, JF RLAT L)
AN 175 BE OG5 B A AR B AR O G e T SRR
PERYSZ MR . $EARAE 45 J7 ] ) BRDE % {8 AH 55, I

fro = p/ms €D

0708004-5



H |

# ot

P o B BR BT R. RBCAE R — I i B AR

S B BEOG RE 1 %5 B2 A E, A 19 BRDF S 8

JGRERE B O By AR & AR R A RE Y
BRDF ({8 f. A"

fa = foE/E,. 1o

s R 2 Byl B & (9 . Ao L TR

B 2K R B L B AR A DN S 0 N R A R Y

BRDF 5204504 . 38 3k 3 2 S 5008 X (3) 3 o

E@Tﬁﬁul_ﬁ‘ﬁ:’ﬂﬁ W5E kykakea Kb 5 AZSH R
T3 T 7 28 WO R B0 AR 3 3 4 B S A b Y BRDE

1‘%?&_0 SCHRE8 ~ 10 ] 1 Hi 25 o 5 35 5 ol 5 00 e 4

XL I X R PR A .

Xt VKR AN 5 A9 Al BRDF #5081 2 500 0 1k
SR DLFR 3. B4 P SEEON BT R LA R TH A R
3271 R R BB L ad AN AR 1) BRDF #5850 7 A S F- T
PN RCAEL 73 A1 BT e 2 OS2 9 BRDE 4 o

# 3 Ffhh BRDF SRS HLIL LR

Table 3 Optimization results o

{ BRDF model parameters for sample

ki, kq k. a b
Coloring armor plate 0.49314344 0.12759873 —0.015013367 —0.073700484 1.4086633
Common armor plate 3.6898963 —0.042134543 —0.051867184 1. 8066383 1.9663618
3.5 5.0 . .
(@ Y ;:gg:ll]fe(;“me%%tfegelﬁgh (b) — model compute result
3.0 A 45 —o—measurement result l\
4.0 ;
2.5 35 ltr\\\
<" 20 A < 3.0 j \\
g 15 / g 28 o
= : I// \\\ = 2.0 \\
1.0 / \ 1.5 y b\
0.5 // / \\\ L0 /‘ \
' L/ Nl 0.5 i N
0 0 ===
-80 -60 -40 -20 0 20 40 60 80 -80 -60 -40 -20 0 20 40 60 80
6./(*) 6./(*)

P4 28RN Ca) 1 53 B0 A (b) (¥ BRDF #5121 it 28 K 52 0 £4

Fig. 4 BRDF model compute results and measurement results for (a) coloring armor plate and (b) armor plate
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