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Fig. 1 Characteristic analysis of soil image Y component and its fitting Sigmoid curve
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Tab.2 Accuracy of converting sub-images from low to high brightness with dataset 1
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Tab.3 Accuracy of converting sub-images from high to low brightness with No. 8 group of dataset 1
; Bk dSUy dsnu dsnw 7 PSR ;E Bk d s, dSDM d s, I ek
2-DHS  13.6963 1.3621 1.9396 29.0185 2-DHS  19.3497 1.0360 1.5668 24.7718
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8-2 WGSF 15.009 6 1.3080 1.7155 29.273 6 || ¥{H WGSF 15.8509 1.2357 1.756 0 28.8535
ARTCHEE 14.147 2 1.293 1 1.6745 29.710 6 ARCEY: 15.2685 1.2187 1.7017 29.0858
x4 TRHEAEI LBINTFEERERREENEREE
Tab.4 Accuracy of converting sub-images from high to low brightness with dataset 1
;Z URES ds“.v dsp, dsn, 7 PSNR ;z Bk dSDy dspo, dsp 7 PSR
2-DHS  20.2310 1.2320 1.9366 26.4741 2-DHS 19.6114 1.1925 1.9075 26.8597
1 WGSF  16.966 9 1.3237 1.9765 28.0939| 7 WGSF  16.7383 1.3106 1.9955 28.2429
ARIcHE 15.9392 1.1995  1.8778 28.178 0 ARICHEY 15.6743  1.0533  1.8810  28.308 0
2-DHS  13.9007 1.4132 1.937 8 28.826 2 2-DHS  16.3982 1.2909 1.7983 28.1715
2 WGSF  13.4756 1.3938 2.0106 30.0313| 8 WGSE  13.9090 1.2921 1.7086 29.913 7
RSBy 13.2181 1.3874  1.8720 30.1717 ACEYE 13.8496 1.2869 1.6461  29.916 2
2-DHS  19.6132 1.1907 1.8796 26.726 8 2-DHS 17.8122 1.3733 2.2614 26.9951
3 WGSF  16.458 2 1.2683 1.9014 28.3297| 9 WGSF  15.4694 1.3531 2.2759 28.518 1
ARICHEY: 15.434 4 1.1409  1.854 0 28.431 4 ARICHEY: 14.7508 1.3176  2.208 6  28.659 4
2-DHS  21.2909 1.284 1 2.0346 26.2405 2-DHS 16.8816 1.3002 2.3168 27.403 6
4 WGSF  18.5375 1.2379 2.1845 27.4156| 10 WGSF  14.449 2 1.2823  2.278 8  29.006 7
ACEY: 15.5726 1.187 8  2.017 8 27.527 3 ARSCEY: 13.8597 1.2679  2.2537  29.1390
2-DHS 20.1817 1.7353 2.9704 25.0115 2-DHS 18.5435 1.3173 2.0962 26.954 3
5 WGSF 19.4409 1.7247 2.8719 26.960 9 || ¥{H WGSF 16.194 0 1.3438 2.1159 28.4835
ASCHEY: 18.006 6 1.7216  2.654 8 27.989 8 AREY: 14.1773  1.2670  2.0136 28.702 3
2-DHS 19.5144 1.1612 1.9187 26.8335
6 WGSF  16.494 9 1.2517 1.954 8 28.3217
ASCHEY: 154672 1.1070  1.8701  28.414
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Fig. 6 Converting sub-images from low to high brightness in No. 6 group of experiment 5
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Tab.5 Subjective evaluation score and effective range of converting sub-images from low to high brightness in No. 6 group of experiment 5

TR R EAl N BRI B AR | R s ERSD JEA BRdD R B AR
e ESA +5 +15 +25 435 45 Ul | Hw%5 LA +5  +15 425 435 +45  Juf
6-1 127.27 1 1 1 1 0.8 [0,45] || 6-6 104.60 1 1 1 1 0.6 [0,35]
6-2  90.26 1 1 1 1 0.6 [0,35]| 67 115.08 1 1 1 1 0.6 [0,35]
6-3 155.31 1 1 1 0.8 0.4 [0,35]| 6-8 53.54 1 1 1 1 0.6 [0,35]
6-4 141.26 1 1 1 1 0.4 [0,35]| 69 145.68 1 1 1 0.8 0.6 [0,35]
6-5 67.30 1 1 1 1 0.8 [0,45]

T BN S8 B2 T S T T IR S S

9-1 9-2
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Fig. 7 Converting sub-images from high to low brightness in No. 9 group of experiment 6
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Tab. 6 Subjective evaluation score and effective range of converting sub-images from high to

low brightness in No. 9 group of experiment 6

TR osEE el Sl AU AU EaU A¥C | TR EE B A BN B BRSO AM
i MG -5 —15 —25 =35 —45 il | H% KA -5 —15 —25 —35 —45 i
9-1 83.74 1 1 1 1 0.8 [—45,0]| 96 86.74 1 1 1 1 0.6 [—35,0]
9-2  62.87 1 1 1 1 0.6 [—35,0]| 97 126.19 1 1 1 0.8 0.6 [—35,0]
9-3  99.65 1 1 1 1 0.4 [—35,0]| 98 94.31 1 1 1 1 0.6 [—35,0]
9-4  92.61 1 1 1 1 0.4 [—35,0]| 99 128.16 1 1 1 1 0.6 [—35,0]
9-5 103.75 1 1 1 1 0.8 [—45,0]

SEHAEAAE 3 5 9 2 PRI B 1 R e L A 4 PR £ 2R (BT 7 A WA 45 20 25 2R (3R 6) S < B AT — 35
TR B 1 IR B A R B 1 AR BRI s B0 — 45 TFER B 1 sk 85 R KR4 2 AL IR R K
BRI o DRI 7 PRI 7 B2 1 oy 8 B T e B /A8 AR AT S8 [ O [ — 35, 0]
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R TN 8 W B HE R R E A B, 4 A R PR A SR S BE R MRS AR S B RS R 22 S AR R
RSO R R S R A 5E B E S B AR ST IORT B 22 52 249/ T 2-D HS 85 M WGSE 3 ik A SOk e i
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Fig. 8 Controllable brightness enhancement of soil image converted to high brightness in No. 2 group of experiment 7
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Tab.7 Accuracy of the controllable brightness enhancement of soil image converted to high brightness in No. 2 group experiment 7

T e I A ®EH| FHE I I I I
" T S A7 " T R 7 N
Gii 5 +5 +15 +25 +35 || 5 +5 +15 +25 +35
2-D HS 2.6437 4.7640 6.524 6 8.777 1 2-D HS 2.2180 4.1353 5.7593 7.9568
2-1 154.58 WGSF 0.7499 1.2716 1.917 8 3.2116| 2-3 152.10 WGSF 0.8079 1.1701 1.6556 2.9326
ASrEEE 0.480 8 0.6333 0.560 1 0.204 3 AR EE 0.2686 0.8197 0.6611 0.6518
2-D HS 0.576 9 1.2503 1.7124 2.007 5 2-D HS 1.8129 3.3832 4.6654 6.247 1
22 78.28 WGSF 0.8709 0.9524 0.978 9 0.988 1| ¥l WGSF  0.809 6 1.1314 1.5174 2.377 4
ACEPE 0.1452 0.8203 0.952 9 0.803 5 AREEE 0.2982 0.7578 0.7247 0.553 2
®8 XRTXUHAE 2 FERNSEZEERNIERGEEVEEENBEEER
Tab.8 Accuracy of the controllable brightness enhancement of soil image converted to high brightness in experiment 7 of dataset 2
el e I I I e He a5 el
7 (=R7S 4 Bk
+5 +15 +25 +35 +5 +15 +25 +35
22D HS  0.6536 1.4809 1.9978 2.3095 22D HS  0.9572 0.8666 2.3347 3.6677
1 WGSF 0.994 2 1.1655 1.1975 1.204 6 6 WGSF 0.7941 1.3357 1.5949 1.7099
AXEY: 0.3617 0.8431 1.0336 0.857 5 ACHEY: 0.4804  0.7164  0.916 0 0.658 7
2-DHS  2.0540 3.9119 5.4482 7.3828 2-DHS  3.4699 5.6441 7.6028 10.021 1
2 WGSF 1.0774 1.5896 2.2450 3.074 0 7 WGSF 0.5375 1.5852 2.381 4.8146
AXEY: 0.2517 0.7716  0.5212  0.5167 ACEYE 0.2550  0.4343  0.4990  0.148 3
2-DHS  0.3818 1.7209 2.8382 3.6336 2-DHS  2.5169 4.9886 6.6586 8.6985
3 WGSF 0.478 7 0.907 3 0.7458 0.756 4 8 WGSF 0.6165 1.0269 1.4631 2.0275
ArEE: 0.3257  0.8435  0.3486  0.374 7 A 0.5246  0.5750  0.6404  0.757 6
2-DHS  0.6224 1.2432 2.3303 3.1409 2-D HS 1.5245 3.9926 4.6667 6.7009
4 WGSF 0.3959 0.9817 1.2054 1.2388 9 WGSF 1.2362 1.3403 1.8746 1.0345
ARICEW 0.4193  0.8264  0.7408  0.572 6 ARICEPY: 0.4652  0.6558  0.6764  0.897 6
2-D HS 1.0851 3.1724 5.3813 7.8388 2-D HS 1.4739 2.8786 4.3621 5.9326
5 WGSF 0.887 9 1.2260 1.8468 2.7837 | #{& WGSF 0.779 8 1.2398 1.6177 2.0716
ALHEPE 0.6126 0.6448  0.3517  0.7259 ACEH 0.4107  0.6924  0.6364  0.612 2
5-1 5-2 5-3
%‘é\igg . . .
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Fig. 9 Controllable brightness enhancement of soil image converted to low brightness in No. 5 group of experiment 7
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Tab.9 Accuracy of the controllable brightness enhancement of soil image converted to low brightness in No. 5 group of experiment 7
Tl N o H HA | THE N o N o
G5 TR —5 —15  —25 =35 | %% IR —5 =15  —25  —35
2D HS 0.8019 0.3975 1.4215 2.9379 2-D HS 1.407 8 3.448 7 6.4623 9.306 0
5-1 135.54 WGSF 0.5411 0.6656 0.9899 2.199 1| 53 59.63 WGSF 0.5015 0.8496 2.766 7 5.796 2
AR 0.516 2 0.5925 0.9156 0.2010 ARICEY 0.2823 0.5753 2.4194 2.572 1
2-D HS 2.0924 4.0541 6.2927 9.099 0 2-D HS 1.4340 2.6334 4.7255 7.114 3
52 96.89  WGSF 0.7274 1.0631 3.1315 6.026 8| ¥{E WGSF  0.590 0 0.859 4 2.296 0 4.674 0
ARSCHEYE 0.2910 0.3831 1.036 7 0.986 3 ARSCEE 0.3632 0.5170 1.457 2 1.253 1
F10 IWTIUNHEALE2 FERDRREELRN I ERGRENRIERNEE
Tab. 10 Accuracy of the controllable brightness enhancement of soil image converted to low brightness in experiment 7 (dataset 2)
u - A g s s u ok g %)ﬁ: A e
-5 —15 —25 —35 -5 —15 —25 —35
2-DHS  4.3247 7.4542 8.5991 9.2198 2-DHS  1.6762 3.0595 4.9136 7.2181
1 WGSF 1.0158 2.3823 6.0399 9.247 4 6 WGSF 1.110 1 1.5381 3.3547 5.8638
ACEY: 0.9042  1.8270 2.0253  2.0218 ARCEY: 0.8715  1.4513  1.3090  1.5310
2-DHS  0.4948 2.0636 3.7270 6.1285 2-DHS  1.5564 3.5784 6.5813 8.166 6
2 WGSF 0.5147 0.8491 2.0233 3.7276 7 WGSFE 0.6621 1.5655 3.7475  6.870 4
ACEP: 04244 0.7802  0.9205 1.003 6 AREP: 04764 1.3621  1.9519  2.543 7
2-DHS  0.1042 1.3046 2.3835 3.9368 2-DHS  2.2458 4.0778 6.3359  8.959 2
3 WGSF 0.7868 0.7363 0.6785 2.094 2 8 WGSF 0.5558 1.6180 3.8892 7.0727
ARICEY: 0.0482  0.5070 0.3490 0.684 7 ARICHEP 0.2716  1.3807 1.4415  0.894 1
2-DHS  0.3818 1.8353 3.2244 5.2212 2-DHS  1.514 3.5160 6.5383 8.2339
4 WGSF 0.4230 0.4154 1.416 7 3.0660 9 WGSF 0.5487 1.0421 3.0716 6.2271
AP 0.3281  0.1413  0.5061  0.7157 ARICEY: 0.3754 0.9513  1.7426  2.2939
22D HS  2.6808 4.9076 7.3762 9.3530 2-DHS  1.6644 3.5330 5.5199 7.3819
5 WGSF 0.9427 2.1594 4.759 8 8.400 4 | ¥{A WGSFE 0.7289 1.3674 3.2201 5.8411
ARIcHEY: 0.7663  1.6832 2.3656 1.824 1 ALEE 0.4962 1.1205 1.4013  1.501 4
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Controllable Brightness Enhancement of the Soil Image Based on Sigmoid Curve Fitting

XU Changli'"*, ZENG Shaohua'*, LI Jiao®, LIU Guoyi', ZHAN Xueping’, LONG Wu°
(1. College of Computer and Information Science, Chongqing Normal University;
2. Chongqing Research Center on Engineer Technology of Digital Agricultural & Services, Chongging 4013313
3. Chongqing Rural Land Consolidation Center, Chongqing 401121; 4. Institute of
Agricultural Resources and Environment, Tibet Academy of Agriculture and Animal Husbandry Sciences, LLhasa 850032;
5. Agriculture and Rural Affairs Committee of Chongqing Tongliang District, Chongqing 402560
6. Xuanhan Tuhuang Middle School, Xuanhan Sichuan 636150, China)

Abstract: A soil image represents soil characteristics under the same conditions, which will undoubtedly improve the accuracy of soil
species identification. The enhanced soil images may approach the real soil images with certain brightness if brightness of the soil
images collected by machine vision in the natural environment can be enhanced controllably. This will eliminate or weaken the effect
of the different natural illumination in the future soil species identification. The Sigmoid curve is introduced to fit the cumulative
probability density (cdf) curve of the Y component of the soil image. Then, an optimization model of approaching target luminance
is established to transfer the fit sigmoid curve and realize the migration of soil image luminance. Next, according to the
neighborhood information of the pixels, the pixel with same brightness are sorted and migrated to finish the controllable luminance
enhancement of the soil image. Finally, the low-frequency of U and V components are extracted by Gaussian convolution kernel.
The low-frequency and high-frequency of U and V components are transformed according to the color ratio invariance and the
neighborhood information of the original soil image. Finally. the enhanced Y, U and V' components are fused to obtain the enhanced
color soil image. The experiments are done with the proposed algorithm based on the image pairs of real soil images under different
brightness. Their results show average standard deviation of Y, U, and V component differences of the corresponding pixel between
the enhanced soil image and the real target soil image are 14. 313 7, 1. 323 2, 2. 110 5 respectively, And the average peak signal-to-
noise ratio is 29. 820 9. The average standard deviation obtained by the proposed algorithm is 0. 767 7~4. 762 9, 0. 052 4~1. 110 4,
0.071 4~1.272 0 lower than the comparison algorithm 2-D HS, WGSF respectively. It has high precision and low distortion. and
its effective brightness enhancement range is [ —35, 35]. These prove that the algorithm is effective.

Keywords: soil image enhancement; controllabl brightness; Sigmoid curve fitting; color correction
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