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Fig. 1 Brightness histogram of soil image and its fitting curve based on AGG
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Fig. 2 Soil images histograms of integrating brightness migration based on AGG and spatial information in process
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Fig. 3 Image results of low migrated to high brightness on sample set 1 (No. 3 group)
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Tab.3 Enhanced accuracy of images from low migrated to high brightness on sample set 1 (No. 3 group)
Tl Bk Ey Eg E, E, Eres | fuan |

2-DHS 11.179 5 11.178 3 11.099 8 10. 785 4 11.021 1 1. 148 2

3-1 WGSF 9.297 4 9.296 3 9.077 2 9.196 0 9.189 8 0.497 8

R 8.8255 8.824 5 8.892 2 8.732 6 8.816 4 0.462 4

2-DHS 14.271 6 14.270 5 13.891 4 13.752 8 13.971 5 3.280 3

3-2 WGSF 10.731 3 10.731 5 10. 203 3 10. 500 6 10.478 4 1.714 1

iNg'S 10.411 7 10.411 9 10.358 5 10. 887 4 10.552 6 0.449 8

2-DHS 12.194 0 12.194 2 9.522 1 12. 285 4 11.333 9 2.512 1

3-3 WGSF 11.529 2 11.529 0 9.645 8 9.282 2 10. 152 3 1. 459 3

ViNg'q 10.142 2 10.141 8 9.734 1 9.712 5 9.862 8 0.378 6

2-DHS 12.548 3 12.547 6 11.504 4 12.274 5 12.108 8 2.3135

WE WGSF 10.519 3 10.518 9 9.642 1 9.659 6 9.940 1 1.2237

VNS 9.793 1 9.792 7 9.661 6 9.777 5 9.743 9 0.430 2
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Tab.4 Accuracy average of images from low migrated to high brightness on sample set 1

HeAu RS Ey E, E, E, E e |1 P
2-DHS 12.495 9 12.495 0 12.610 9 12.778 6 12.628 1 2.504 6

1 WGSF 10. 350 9 10. 350 7 9.783 0 10. 413 0 10. 182 2 2.557 6
ZiNg'Q 9.788 3 9.788 3 10. 650 0 11.365 8 10. 601 3 0.318 1

2-DHS 12.721 1 12.721 0 12. 343 6 12.625 6 12.563 4 3.845 4

2 WGSF 11.168 3 11.168 3 10. 581 4 11. 071 6 10. 940 4 4.271 8
ViNg'S 10.433 6 10.433 7 11.472 5 12.081 5 11.329 2 0.0951

2-DHS 12.548 3 12. 547 6 11.504 4 12.274 5 12.108 8 2.313 5

3 WGSF 10. 519 3 10. 518 9 9.642 1 9.659 6 9.940 2 1.223 7
R 9.793 1 9.792 7 9.661 6 9.777 5 9.743 9 0.430 2

2-DHS 13.534 7 13.506 2 14.041 6 14. 303 2 13.950 3 1.278 9

4 WGSF 11. 840 3 11. 840 2 11.270 3 11. 803 7 11.638 0 1.318 5
R 11.107 6 11.107 5 11.853 3 12.764 8 11.908 5 0.117 4

2-DHS 13.231 8 13.230 0 13.642 9 14.108 6 13.660 5 1. 894 4

5 WGSF 10.719 9 10. 718 0 11.591 4 12.282 4 11.530 6 1.328 0
ViNg'g 10.584 1 10.914 5 11.981 9 12.616 9 11.837 7 0.202 5

2-DHS 14.147 8 14.115 8 14. 490 8 14.489 8 14. 365 4 1.025 1

6 WGSF 11.444 1 11.424 6 12.010 1 12.143 2 11.859 3 1.374 0
VNS 11.222 3 11.516 7 12.251 6 12.337 8 12.035 3 0.247 5

2-DHS 13.053 0 13.052 7 13.239 0 13.782 8 13.358 1 1.822 9

7 WGSF 10. 897 7 10. 898 8 11.157 7 11.262 0 11.106 1 0.657 3
R 10. 302 6 10. 302 7 11.714 7 12.939 7 11.652 3 0.371 8

2-DHS 13.301 3 13.301 7 13.531 5 13.719 6 13.517 6 2.377 6

8 WGSF 11. 040 9 11.042 8 11.496 0 11.737 3 11.425 3 0.545 1
A3 11.032 3 11.133 8 12.028 8 12.588 4 11.917 0 0.277 0

2-DHS 12. 267 5 12. 267 4 12.394 0 13.054 9 12.572 1 2.634 8

9 WGSF 10. 730 3 10.729 8 10. 778 6 11. 118 7 10. 875 7 1.453 0
VNS 10. 636 6 10. 636 2 11.276 1 11.433 6 11.115 3 0.107 9

2-DHS 13.550 9 13.551 2 12.132 6 13. 807 2 13.163 6 6.679 3

10 WGSF 11. 617 6 11.618 2 10.594 1 11.334 9 11.182 4 5.2381
R 10. 366 5 10. 367 0 10.855 9 12.224 5 11.149 1 0.284 1

2-DHS 13.085 2 13.078 8 12.993 1 13.494 4 13.188 7 2.637 6

HE WGSF 11.032 9 11.031 0 10. 890 4 11.282 6 11. 068 0 1.996 7
A3 10. 526 7 10.599 3 11.374 6 12.013 0 11.328 9 0.245 1

4.3.3 TtHREGZEFATHEIEEXR
TEFEALE 3 A A SCHIE AT L0 3,55 8 A AEA LSS B B M 0 I sl AT + 10(E— 10 B R 5 BT . A

IR T se TR ER 45 2R LA 5.
55 8 ALREAS LASE BE B8 IR s EAT -+ 10 8 25 BEIT B 1) 2 VT 7523 S A A B L3k 7.

R TR R 10 B 20 L BT B 20 O 1L I B K] E R 2 31 AR+ 30 TR L &

N
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FUGARTS 0.8 43, RonAH 1 NH & BRI 6 5 I 8L+ 40 JF IR 3840 R 2 N B L B30 B 6 Ok B 5 D o
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5-1
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4 BAENESH)BRERRREIBRNEGER
Fig. 4 Image results of high migrated to low brightness on sample set 1 (No. 5 group)
x5 HAKEINESH)BSRERNRTSEIBNILEEE
Tab.5 Enhanced accuracy of images from high migrated to low brightness on sample set 1 (No. 5 group)
T NS EV ER EG EB ERGB ‘ MV T Parget ‘

2-DHS 13.987 4 13.987 4 13.797 0 14. 659 6 14.148 0 5.641 1

5-1 WGSF 11. 819 6 11. 819 6 10. 988 7 12.251 0 11.686 5 1.3250

VNS 11.553 8 11.553 8 12.493 8 13.713 3 12.586 9 0.356 5

2-DHS 13.310 9 13.311 2 13.958 2 14.612 4 13.960 6 0.663 7

5-2 WGSF 11. 654 9 11.655 1 12.100 4 12.659 1 12.138 2 0.651 7

R 10.889 5 10. 889 6 11.508 5 12.029 2 11.475 7 0.214 5

2-DHS 13.208 5 13.210 4 12.636 8 15.074 6 13.640 6 7.420 0

5-3 WGSF 11.285 4 11. 287 4 11.405 4 14.153 4 12.282 1 1.563 9

FiNg'S 10.510 7 10.512 3 12.209 7 15.450 8 12.724 2 0. 063 2

2-DHS 13.502 3 13.503 0 13.464 0 14.782 2 13.916 4 4.574 9

BOL(E] WGSF 11. 586 6 11.587 3 11.498 1 13.021 1 12.035 6 1.180 2

ViNg'§ 10. 984 6 10.985 2 12.070 6 13.731 1 12.262 3 0.211 4

5 8 LREAS LA BE YO8 IR s EAT — 10 38 25 BE I RS 1) T2 WU IT- 75 23 S AT A0 il L 3% 8.

%8 R R — 10 B i — 20 1, E?ﬁl%ﬁ%é}ﬁ L, Bk B A A R K H s U R — 30 fFiln,n
XGRS 0.8 7 FRn A 1 A HIE USRI 2k B Il — 40 WL R R0 2 AﬁUL#UE?ﬁ@ﬂE,‘,
50 L A BB = A 3 NHIEBL K @%iﬁ%@fﬁ%)\%%fﬁ r'ﬁlﬁﬁﬁﬁ*z%%fﬁﬁﬁim@ﬁ[*%,OL
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4.3.4 ITEBEEGEOERTEIBMBEELRE

Hi 43,3 WA LR 2 LT B8 B9 AT AV BRI [ — 30, 30 [ 7EAEAC 4R 2 B Al T A U39k L 2-DHS 89k .
WGSF Fk AT S8 4.5 2 AIAEA LUSE BRI ME N S AT T 10 (R — 10 B S TR . 76 — 30,30 [iL B & T

(58 B AL PR 25 R UL 1AL 6.
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Tab. 6 Accuracy average of images from high migrated to low brightness on sample set 1

A Bk EV ER Eq EB EI(‘(;B

| v

T Mirarget ‘

2-DHS 11.883 0 11.883 7 11.303 4 11.503 2 11.563 4 1. 880 8
1 WGSF 9.773 9 9.774 9 9.634 8 10. 285 0 9.898 2 2.414 9
R 9.626 0 9.625 1 9.960 0 10.889 3 10.158 1 0.202 4
2-DHS 12.855 1 12.855 2 12.663 5 13.183 8 12.900 8 3.306 7
2 WGSF 11. 269 5 11.269 7 10. 690 9 11. 271 4 11.077 3 4.1377
R 10. 407 2 10. 407 2 11.364 7 11.994 4 11.255 4 0.2253
2-DHS 10.775 7 10. 775 7 10.935 1 11.427 1 11.045 9 2.249 0
3 WGSF 11. 606 7 11. 606 8 11.458 4 12.124 7 11.729 9 3.014 6
iNg'g 11.153 8 11.153 9 12.019 7 12.904 8 12.026 1 0.116 5
2-DHS 13.851 9 13.862 4 14. 382 6 14.317 5 14.187 5 1.997 7
4 WGSF 10. 902 4 10. 854 0 11.720 8 11.832 9 11.469 2 0.645 7
R 10. 520 4 10. 483 4 11.441 1 11. 603 6 11.176 0 0.300 7
2-DHS 13.502 3 13.503 0 13.464 0 14.782 2 13.916 4 4.574 9
5] WGSF 11.586 6 11.587 3 11.498 1 13.021 1 12.035 5 1.180 2
R 10. 984 6 10. 985 2 12.070 6 13.731 1 12.262 3 0.211 4
2-DHS 13.059 3 13.063 4 13.361 9 13.751 2 13.392 1 1.574 6
6 WGSF 10. 808 3 10. 806 0 11.436 2 11.834 5 11.358 9 1.554 7
R 10. 666 6 10. 663 2 11.358 2 11.869 6 11.297 0 0.414 0
2-DHS 13.130 3 13.132 1 12.681 5 12. 868 4 12.894 0 3.607 2
7 WGSF 11.278 2 11.277 3 11.452 5 11.567 9 11.432 5 0. 666 4
ViNg'S 11.063 3 11. 062 0 11.209 5 11.352 3 11.207 9 0.421 6
2-DHS 13.534 6 13.536 4 13.433 0 13.620 6 13.530 0 2.397 2
8 WGSF 11.304 9 11.306 0 11.617 7 11.712 4 11.545 3 0.708 1
ViNg'g 11.260 5 11.261 8 11.508 8 11.650 1 11.473 5 0.346 7
2-DHS 12. 447 2 12. 447 4 11. 834 1 12.056 8 12.112 7 4.276 1
9 WGSF 10.952 7 10.952 6 11.233 7 11.372 4 11.186 2 0.580 4
R 10.973 5 10.973 7 11. 061 2 11.259 2 11. 098 0 0. 400 2
2-DHS 13.528 0 13.529 6 11.791 4 12. 956 4 12.759 1 6.355 3
10 WGSF 11.255 1 11.255 9 10.435 5 10.769 8 10. 820 4 2.790 1
VNS 10.774 5 10.774 9 10.784 6 11.373 3 10.977 6 0.082 3
2-DHS 12.645 8 12.648 0 12. 418 1 12.924 9 12.663 6 3.2219
Y4 WGSF 11.073 8 11. 069 0 11.117 8 11.579 2 11.255 3 1.769 2
ViNg'g 10.743 0 10.739 0 11.277 8 11.862 7 11.293 1 0.272 1

Bl 6 7R A SEIETE IR — 30 B J5UA + 30 Ji [l 4 52 BE AL B v . 2-DHS 533k 25 R 4 BT 2k 0 WGSF

Ed
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Fig. 5 Image results of migrated brightness in experiment 3 (No. 8 group)
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Tab.7 Subjective evaluation point and effective range of images from low migrated to high brightness in experiment 3 (No. 8 group)

TH J JR 5410 Ji A5+ 20 JF £ 30 Ji U+ 40 Ji R+ 50 A 0 H
8-1 72.563 7 1. 000 0 1. 000 0 0.800 0 0. 600 0 0. 200 0 [0.30]
8-2 95. 469 5 1.000 0 1.000 0 0. 800 0 0. 800 0 0.200 0 [0,30]
8-3 124.569 0 1..000 0 1..000 0 1..000 0 1..000 0 0. 400 0 [0,40]
8-4 131. 956 0 1.000 0 1.000 0 1.000 0 0. 800 0 0. 400 0 [0.40]
8-5 143. 288 0 1..000 0 1..000 0 1..000 0 0.800 0 0. 400 0 [0.30]
8-6 148. 200 0 1..000 0 1..000 0 0. 800 0 0. 400 0 0.200 0 [0,30]

T R B ER SE ERE . T 1A .
®8 LB HSAH)FRREEIBENINEIREIERE

Tab.8 Subjective evaluation point and effective range of images from high migrated to

low brightness in experiment 3 (No. 8 group)

TH J5 R Jim—10 JF R —20 JF AL —30 JF AL —40 JF AL —50 A S
8-1 72.563 7 1..000 0 1..000 0 0. 800 0 0.200 0 0.200 0 [—30,0]
8-2 95.469 5 1..000 0 1..000 0 0. 800 0 0.400 0 0.200 0 [—30,0]
8-3 124.569 0 1..000 0 1..000 0 1..000 0 0.600 0 0.200 0 [—30,0]
8-4 131.956 0 1..000 0 1..000 0 1..000 0 1..000 0 0.400 0 [—10,0]
8-5 143.288 0 1..000 0 1..000 0 1..000 0 0.600 0 0.400 0 [—30,0]

8-6 148. 200 0 1.000 0 1.000 0 0. 800 0 0.600 0 0.600 0 [—30,0]
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Fig. 6 Soil images of brightness migration in experiment 4 (No. 2 group)
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Tab.9 Enhanced accuracy of soil images migrating to high brightness in experiment 4 (No. 2 group)
JR 410 JR 120 JR 430
TH J R
2-DHS WGSF A 2-DHS WGSF AL 2-DHS WGSF A
2-1 152. 804 0.921 2 0.630 6 0.292 0 3.543 2 0.951 0 0.2514 6.016 4 0.998 5 0.3113
2-2 125. 464 1.010 2 0.241 4 0.088 1 3.095 9 0.224 4 0.063 2 5.440 2 0.349 1 0. 060 2
2-3 120. 046 0.166 2 0.160 4 0.210 7 0.691 7 0.380 0 0.1335 1.678 0 0.588 3 0.135 1
HH — 0.699 2 0.344 1 0.196 9 2.443 6 0.518 4 0.149 3 4.378 2 0.645 3 0.168 8
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FEAS 2 19 10 ZUAREA LT BE S0 0 SRR AT 410 BT BEIE R . 72 (0. 30 [ B & T 1 5 BE I 76 1 2K B2 DL
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Tab. 10 Enhanced accuracy average of soil images migrating to high brightness in experiment 4 sample set 2

JE 5 +10 JF 5 +20 JF 5+ 30
FEAH
2-DHS WGSF VNS 2-DHS WGSF VNS 2-DHS WGSF VNS
1 0.597 9 0.2977 0.353 6 2.463 1 0.118 2 0.380 6 4.591 4 0. 087 3 0.395 6
2 0.699 2 0.344 1 0.196 9 2.443 6 0.518 4 0.149 3 4.378 2 0.645 3 0.168 8
3 0.975 0 0.666 9 0.2853 1.881 1 1. 580 4 0.226 6 2.672 1 2.574 5 0.439 7
4 0.407 2 0.651 8 0.164 6 0. 860 2 1.517 6 0.330 3 2.140 7 2.3195 0.319 7
5 0.681 0 0.473 2 0.310 6 1.294 2 1.001 7 0.258 7 2.745 8 1.840 5 0.2717
6 1.473 7 0.220 2 0.364 2 3.895 8 0.837 0 0.305 0 6.723 3 1.690 7 0.314 6
7 1.582 7 0.740 2 0.203 4 4.563 1 0.885 9 0.171 3 7.668 1 1.1325 0.189 4
8 2.147 3 0.818 0 0.277 0 4.859 5 0.638 0 0.274 8 7.758 7 0.589 7 0.417 1
9 0.794 8 0.242 2 0.263 8 2.754 2 0.196 2 0.240 2 4.992 0 0.379 2 0.230 8
10 1.065 0 0.292 4 0.309 7 3.839 0 0. 505 4 0.268 3 6.718 6 0.902 9 0.328 5
HH 1.042 3 0.474 6 0.272 9 2.885 3 0.779 8 0.260 5 5.038 8 1.216 2 0.307 5

O MR 10 BoR LA SCH L ) w5 BEGL A PR A S (B L 2-DHS 553 Fl WGSF 5035 R T HAR ST
P WA SCI L A 5 BE 1T R A R [ P 58 RS R B 4 v » SBCR A T % U Bk

5 2 GUREAS LASE BE BRI AT — 10 B2 JE I A% . AE [ — 30,0 JiL B8 B A9 58 B 3 B hG 12 08l 245 2R DL
* 11,

£ KW 4(E 2 A) AR BN L REREERE

Tab. 11 Enhanced accuracy of soil images migrating to low brightness in experiment 4 (No. 2 group)

JE s —10 JE 5 —20 JE A — 30
T K £
2-DHS WGSF AR 2-DHS WGSF R 2-DHS WGSF NS

2-1 152.804 0  1.028 0 1.722 1 0.297 3 2.079 0 1.963 3 0.295 6 2.150 0 1.768 8 0.371 4
2-2 125.464 0 0.887 0 2.616 0 0.280 0 2.074 0 3.5850 0.266 3 4. 080 6 3.880 1 0.369 3

2-3 120.046 0 0.634 0 1.546 0 0.336 3 1.587 0 1.632 7 0.284 2 3.075 1 1.594 6 0.419 9

Hy{H — 0.8496  1.9613 0.3405  1.9133  2.3936  0.2820 3.1019 2.4145  0.3868
FEAS 2 19 10 AUREA LT BE S 0 IS SR AT — 10 BT BT . 7E[ — 30, 0 i B8 5 F 9 52 B 2T B8 1 24 G 2
W12,

11 MR 12 BoR A S AR A R B YE L 2-DHS 5 M WGSF 8k 2 HiRse 8, 3%
WIS SCHRAE 56 BE AT B A ST L I & 2 BE SR B ORG FE 0 WIOR AL T 0 B BRt ik
4.3.5 HEFHERXEMESITHRELLRZERE

TE 4. 3.3 W LIRS B A SO BN B TREASE 2, LB SC8L 5 2-DHS B3 \WGSF B k6
39 BRI GG 52 J5E 5EAS 2 H bR B 0T Bk AR BES 1T R

T WOR AEALE 2 FESE A RGE N AT I L AR SO R R R B AR B [ 3~5 Ik, WGSF B3k
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Kl 8 R FEAS AR 2 7050 BE A ROE B N AT 8% A SR gk BRE AT i mYE oy 4~7 s FEARSE 2 1R
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A g i D SR 22 5 A 24 m i it 2R AU R R B T B AT X — 4R T B 2 BN L LA IR



152 FRMEAFZRCELRA %K)  https://cqnuj. cqnu. edu. cn % 40 %

Z UG a T ST B R ) A 2% B AR 5 AR SCRRTR A B /D B8N T 2 R R RS IE I TA) AR 4% B SR
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Tab. 12 Enhanced accuracy average of soil images migrating to low brightness in experiment 4 sample set 2

FEA—10 s —20 Sk —30
A
2-DHS WGSF 73 2-DHS WGSF 73 2-DHS WGSF ViNg'S
1 3.270 6 0.823 6 0.334 8 3.463 5 1.975 2 0.301 6 3.566 0 1.296 6 0.772 7
2 0.849 6 1.961 3 0.340 5 1.913 3 2.393 6 0.282 0 3.101 9 2.414 5 0.386 8
3 1.782 9 1. 444 6 0.388 3 2.521 4 2.0810 0.313 1 3.541 2 2.912 2 0.364 0
4 1.176 6 0.874 1 0.49%4 6 1.396 2 2. 406 4 0.459 5 2.182 4 2.5813 0.602 5
5 0.873 7 1. 696 0.318 3 1.698 2 2.656 6 0.600 9 3.422 1 1.916 7 0.394 2
6 2.024 1 2.112 4 0.388 7 2.850 5 2.337 4 0.343 4 2.810 0 2.306 1 0.441 1
7 3.258 7 1.016 4 0.197 4 5.056 7 1.115 1 0.290 1 5.8250 0.9215 0.333 6
8 2.469 6 1.972 9 0.402 6 3.661 9 2.107 2 0.705 3 4.483 9 1.466 8 0.323 4
9 2.605 0 0.767 4 0.340 2 3.652 7 1.577 3 0.3317 4.192 4 1.3817 0.3515
10 3.418 6 0.688 6 0.2315 5.099 6 0.946 8 0.274 3 6.015 3 0.683 2 0.368 5
I 2.172 9 1.3357 0.343 6 3.1314 1.959 6 0.390 1 3.914 0 1.788 0 0.433 8
1 10
10r —— ARSCE or
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gl o 2-DHSHIE
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Fig.7 The averages of iteration for different algorithms Fig.8 The averages of running time for different algorithms
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Abstract: [Purposes ] To reduce the accuracy influence that machine vision identifies soil species under the different imaging
conditions, a soil image is adjusted to approximate closely a real soil image that is captured under specific natural illumination and its
brightness is rated. A controlled brightness enhancement is proposed for soil images which are collected in the field environment.
[Methods JFirstly, asymmetric generalized Gaussian curve is utilized to fit the V component histogram of the soil images, and the
target migration value is introduced into the fitted curve to accomplish the brightness migration of images, which realizes the
brightness controllable enhancement of soil images based on the global. Then the global and local information are applied to estimate
the brightness weight of an image in the spatial region. According to the weight and a given target brightness, the local increment is
determined and superimposed to the original V' component of the soil image to achieve its brightness enhancement. Next, the global
brightness migration result of asymmetric generalized Gaussian curve is fused with the brightness enhancement result based on the
local increment by taking advantage of the sigmoid curve. Finally, in accordance with the principle of color ratio invariance, the R,
G and B components of the original soil image are corrected separately. [ Results |Experiment results demonstrate that the brightness
absolute difference average of corresponding pixel between the enhanced image and the target image on the V component is 10. 526 7,
and its arithmetic mean is 0. 245 1. The above indicators are 10. 743 0 and 0. 272 1 respectively when weakening brightness. The
proposed algorithm can control image brightness with higher accuracy than other algorithms. Subjective evaluation illustrates that
the effective range of soil image brightness enhancement is [ —30,30]. [Conclusions] The simulation result proves that proposed
method is effective for controllable brightness enhancement of soil image.

Keywords: image enhancement; controllable brightness; soil image; histogram specification; machine vision
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