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Abstract: Objective Nighttime melon recognition, localization, and harvesting in protected agriculture rely heavily on
artificial illumination.” Under different artificial illumination configurations, the apparent color, brightness, contrast, tex-
ture, and boundary visibility of melon fruits and stems may change, which can affect semantic segmentation performance.
A model trained under one illumination configuration may therefore perform poorly when applied to images captured under
another configuration. However, existing agricultural image datasets rarely provide spatially corresponding nighttime
images of the same scene under multiple artificial illumination conditions. To address this gap, we constructed and
released MelonNightColor, a multi-color artificial illumination image dataset for nighttime melon semantic segmentation.
The dataset is designed to support baseline model evaluation, illumination-aware image analysis, and cross-configuration
generalization research. Method Images were collected from May 16 to June 4, 2025, in a melon cultivation facility in
Huzhou, Zhejiang Province, China. The cultivar was the "Xiaobainiang" melon. All images were captured at night, with
artificial illumination as the only light source in the acquisition area. A 12 W portable RGB LED lamp was placed beside
the camera at an approximately fixed distance from the melon plants. The camera position, shooting distance, lamp posi-
tion, and illumination direction were kept consistent throughout the acquisition process. Images were captured using a
GM1910 camera in professional mode, with a fixed aperture of f/1. 6 and a focal length of 27 mm (35-mm equivalent). The
flash was disabled, while exposure time, ISO sensitivity, white balance, and focus were automatically adjusted. Seven illu-
mination configurations were generated by switching the red, green, and blue LED channels: red, blue, green, cyan,
purple, yellow, and white: Red, blue, and green were obtained by activating one channel, whereas cyan, purple, and yel-
low were generated by simultaneously activating the green-blue, red-blue, and red-green channel combinations, respec-
tively. White was defined as the simultaneous activation of all three channels. At each shooting location, the camera and
scene were kept stationary while the seven configurations were applied sequentially. Consequently, each location produced
a group of seven spatially corresponding images. The current release includes 5,474 pixel-level annotated images from 782
shooting locations. An additional 1,218 groups (8, 526 images) are publicly available without annotations; their pixel-
level annotations will be released incrementally in future updates. The original images are 24-bit sSRGB JPG files with a
resolution of 4,000 X 3, 000 pixels. For the annotated portion, each image is paired with an 8-bit single-channel PNG
mask of the same resolution. The annotation task includes three semantic classes: background, melon fruit, and melon
stem. When fruits or stems were partially occluded, only their visible regions were annotated. Annotation quality was con-
trolled through manual labeling, independent cross-checking, automated file-pair and size verification, legal pixel-value
inspection, foreground-ratio analysis, scene-level split checking, and visual spot checks. The data were divided into train-
ing, validation, and test sets at a ratio of 7:2:1, with the shooting location used as the minimum splitting unit. Thus, the
seven images from the same location were assigned to the same subset, preventing scene-level data leakage. MelonNight-
Color is organized into seven single-color subsets and four combined-color subsets. The latter were formed by merging
single-color images at the data-organization level and do not represent additional physical illumination conditions or unique
images. Nine representative semantic segmentation models were evaluated, including UNet, PSPNet, UNet 3+, Swi-
nUNet, VM-UNet, DenseNet, DenseUNet, DeepLab, and H-vmunet. All models used the same data split and training
protocols. Images and masks were resized to 224 X 224 pixels, and the models were trained using AdamW with a combined
cross-entropy and Dice loss. No color jittering, hue adjustment, channel permutation, or synthetic recoloring was applied.
In addition, UNet was used to construct a 7 X 7 cross-color generalization matrix, with training illumination configurations
as rows and testing configurations as columns. Results The baseline experiments confirmed that MelonNightColor supports
the training and comparison of mainstream semantic segmentation models under nighttime artificial illumination. Averaged
across the seven illumination configurations and nine baseline models, the IoUs of the background, melon fruit, and melon
stem classes were 99. 05%, 86.39%, and 38. 84%, respectively. The stem was the most challenging class because it was
thin, small, frequently occluded by leaves and vines, and often located near cultivation supports or shadowed regions. The
average mloU varied among illumination configurations. White illumination achieved the highest average mloU of 78. 17%,

followed by yellow illumination at 77. 94%. Red and blue illumination produced relatively low average mloUs of 72. 93%
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and 73.23%, respectively. UNet 3+, UNet, DenseUNet, and VM-UNet achieved comparatively strong results across most
configurations. The average mloUs of the red-blue, red-green, green-blue, and red-green-blue combined-color subsets
were 73.30%, 73.90%, 74.52%, and 74.23%, respectively. These results describe the corresponding data organization
and evaluation protocols rather than directly demonstrating the superiority of one physical light source over another. The
cross-color generalization experiment revealed a substantial performance difference between matched and mismatched illu-
mination conditions. UNet achieved an average mloU of 80. 38% when trained and tested under the same illumination con-
figuration. When the training and testing configurations differed, the average mloU decreased to 44.25%. In the most chal-
lenging example, training under yellow illumination and testing under red illumination produced an mloU of 17. 90%. How-
ever, several mismatched combinations retained relatively high performance, such as red-to-yellow, blue-to-white, and
purple-to-white testing. These results indicate that the effect of illumination changes varies across color combinations and
that MelonNightColor can support research on illumination robustness, color normalization, domain adaptation, and cross-
condition semantic segmentation. Conclusion MelonNightColor provides a publicly available benchmark for nighttime
melon semantic segmentation under multiple artificial illumination configurations. lts main contribution is the grouped
acquisition design, in which each shooting location is represented under seven RGB channel combinations. The current
annotated portion is accompanied by pixel-level annotations for background, fruit, and stem. The dataset provides pre-
defined scene-level data splits, seven single-color subsets, four combined-color subsets, nine-model baseline results, and
a UNet-based 7 X 7 cross-color generalization matrix. These resources enable researchers to study conventional segmenta-
tion accuracy as well as the effects of artificial illumination on image appearance, model stability, and cross-configuration
transferability. The dataset was collected using a specific cultivar, camera, LED lamp, acquisition site, growth stage, and
automatic exposure process. Therefore, the reported results should be interpreted as empirical benchmarks for the stated
acquisition conditions rather than causal estimates of the independent effects of spectrum, illumination intensity, or camera
parameters. MelonNightColor is publicly available through the Science Data Bank of the Chinese Academy of Sciences
under the CC BY-NC-ND 4. 0 license. Its DOI ishttps://doi. org/10. 57760/sciencedb. j00240. 00237.
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Table 1 Pixel values and semantic meanings of annotations
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Table 2 Image numbers and data splits of each subset

THIEE IR train  val test &3t
data_red red 547 156 79 782
data_blue blue 547 156 79 782
data_green green 547 156 79 782
data_cyan cyan 547 156 79 782
data_purple purple 547 156 79 782
data_yellow yellow 547 156 79 782
data_white white 547 156 79 782

data_red_blue red+blue 1094 312 158 1564

red+green 1094 312 158 1564

data_red_green

greentblue 1094 312 158 1564

data_green_blue
data_red_green_blue red+greentblue 1641 468 237 2346

B AT A3 3829 1092 553 5474

2% 2 " cyan , purple . yellow F1 white 7F $H 5% B/ Bt
Sapillzi e S AEAN AR & EARE S S EREN TSI =R
% ; data_red_blue ,data_red_green ,data_green_blue Fll
data_red_green_blue N J2& 41185 52 J 5 16 X 107 B 38 3

© h[E KR KL AR



PEERBEF ik

JOURNAL OF IMAGE AND GRAPHICS

FG UG AE R 2 T 5 R A B B2 5 T Ui 4 OF
EAREEBT B SIS B . A TR R TR
FEASTHEUN T SE B BMSBSERT , ATt A 5474 5KE—
E AR ER R

2 HESE#mIR

2.1 HEXREGR5EE

BRI R AE TAET 2025465 16 HE6 H 4 H
FEWTTAR N T — A IOMU SE b T . A U
IR ] B B8 , SR A X3 B A TG4 I8 HiAth
WEEIE . SRAEG SRR WE 1R, #MET
FETFAHIBL—, 5 &AL AR PR R LY Tm A FAERIE 2
FESERERAE TP  AMEXT B A B FA B B
FOFR R A SAR B A IR R S, DA & LR 1
(T & B

F P 1T D, R A 20 R O R S [
K, AMDCAT SAEHLAE R et B2 b QR AR R E 1%
A7 B AL RS E KT FIAR R 22 18] B TUART 5 2R 7 4l
RAE LR PR — 2, HE SR RIVEY R P o
FAFDEECE T 2P E S

aB1
100 000 000
c ¥

o[l 1] 120

SUTEFOTO

K1 iRy = S5l

Fig. 1 Data acquisition scene and equipment layout

FERARHLEL S R GM1910, BB A Ll 5K, ol
Bl [ 52 2 £/1. 6, 35mm A5 25 R TN 27 mm , [N YET 5%
il SCPAT , B LI [R] JEOEE | FA A R R A
i E . AU SEPRRES R, A SO T4 B
T 3L 5474 5K JPG IR B4 AT 52 e BRSO A% X
(Exchangeable Image File Format, EXIF) {5 8 ¥E17 T
it 7 RbRNEEC E B BRG] TR AL B 1/33~1/
20s,1S0 H {7 0K 640~ 1250, HARZE R L3 3,

H1 22 3 AT L, A [A) 4R G FE T AR BILR FH B9 B O
R[] F1ISO 2H 5 IF AN SE i) o PRI, AR SOR 224l
1 R R AR 25 2R | S e i) 2 AR B #h ETC
SN A B R [T A 52 BR BUAR 25

®3 TFATHSEE R T E KRS EXIF S#5it
Table 3 EXIF parameter statistics of images under seven

artificial illumination configurations
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illumination configurations
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Fig. 3 Annotation examples of the MelonNightColor dataset
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Table 4 Quality control items
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AR SCE 9 A T SC o3 HIASE AL A Sy e £ 5
1, A1 45 UNet ( Ronneberger ZE 2015) .PSPNet(Zhao
4#,2017) ,UNet 3+ (Huang %, 2020) . SwinUNet (Cao
&5 2022) . VM-UNet (Ruan %% , 2025) . DenseNet
(Huang 4 2017) \DenseUNet(Zhou % ,2022) .Deep-
Lab (Yurtkulu 55 ,2019) Fil H-vmunet (Wu 4§, 2025) .
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T SC#EEEL  UNet Z8 44 . Transformer 25 #4) 1A 58 Ik 45
25 () A 7 45O ) AR [ 2k, BB A5 I\ 24 1 3 s bk
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54> epoch TERIELE EFEAT —UATH, IF PR A7 S HEAR
mloU f5 iy FO A 2L T I AE 3P4 . DI ZRorn il 7
Linux 5. 14 48T 56 ML, 5550 7 & BL 4 Intel Xeon
Gold 5418Y 4b # £5 Fl NVIDIA GeForce RTX 4090 i
+ , EJE Ak BE 2% (graphics processing unit, GPU) g 7
} 24GB, fd FH| Python 3. 8. 20 . PyTorch 2. 2. 2 31 E.4;
— 1% #& 22 ¥4 (Compute Unified Device Architecture,
CUDA)11. 8 Fil CUDA ¥R i1 25 % 4% J&2 (CUDA Deep
Neural Network library,cuDNN)S. 7.0,

IR BO FGANERE [F] 20 4 7 28 224%224 4%
2, IF5 L) 0. 5 A RE AR HEAT 2KV B 2 1 B 5
B J e 4 Ry i i, SR A% 3 0 40 (BRI B o 2 44 Oy
0. 577 XFEATIA— Ak o 5o uE A A A A AT
SE VR TI oK R AR [R] B U — AR AL B, ANl B
PULR AR o Y ZRad B b A B0 ) 3l @ AR
R T R N A BRI

JIT AT A A B4 et AR [ 1) 808 S 4 B LR A I
g5 IR UEFTI . X7 AN BB TR L R A
it FH X 7 B €2 ) I 4 U1 e, 7 I B 3 4 L
VA X T 42 B BUE T HOE S B 0 N 2H
B FEIEERINGREN S, IFER —H A T H %
AR EIEAG o PP 8 bR A AR SR HE R 3R (over-
all accuracy, OA) . - ¥ 3¢ 3f It (mean intersection
over union, mloU) . *F- 3 Dice & %X (mean Dice coeffi-
cient, mDice) | °F- ¥ 45 & # { (mean average preci-
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Ji S A TN 3T

H T8 SR R AR BN o s, o
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Table 5 Baseline mIoU results on seven single—color subsets/%

LIRS UNet ~ PSPNet  UNet3+  SwinUNet [nge_t DenseNet ~ DenseUNet ~ DeepLab  H-vmunet
data_red 75.75 67.54 77.33 66.82 76.00 75.21 75.56 74.44 67.75
data_blue 78.44 67.61 78.88 66.94 76.94 76.61 77.94 75.54 60.19
data_green 79.70 69.36 81.37 69.42 79.13 77.72 80.75 76.72 61.07
data_cyan 80.98 69.89 82.87 67.58 79.36 78.57 82.01 77.97 59.66
data_purple 78.13 68.95 79.67 67.03 78.07 75.90 79.83 76.09 59.44
data_yellow 82.53 70.36 83.86 71.98 81.58 79.74 83.27 79.21 68.91
data_white 84.69 70.47 85.32 74.07 82.61 80.53 84.07 79.75 62.02

MAS R ALY (1 25 B E , UNet 3+ . UNet, DenseU- 80

Net £l VM-UNet 7E 2 $#MG I & T HUS 1 85 1) -
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Fig. 4 Average mloU comparison of nine baseline models

under different artificial illumination configurations
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Table 6 Baseline mIoU results on four combined—color subsets/%

VM-

BnsE UNet_ PSPNet  UNet3+ SwinUNet o = DenseNet  DenseUNet Deeplab At
data_red_blue 77.83 6841  78.70 67.92 76.84 75.49 78.52 74.75 61.21
data_red_green 7754 69.10  79.56 68.39 77.92 76.54 79.42 75.82 60.83
data_green_blue 78.61  69.03  80.41 69.65 77.90 76.98 80.49 76.50 61.11
data_red_green_blue ~ 78.69  68.54  79.36 69.36 7831 76.42 80.75 75.52 61.14

SIS A S I AR B IR IFF
AE 1Y 9 A HE 2 A A K 1 mloU 43 Jill ol 74. 52%.
74.23%.73. 90% F173. 30%. X LLEE A T 24 [
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_— 7817
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7330

K5 B SOLEBUR S R Z B4 G I L 455
{05

Fig. 5 Summary of baseline results for real composite illumina-

q+BaH /B BBAH /B q+F+EAH / BX

tion imaging and post-hoc multi-color data merging
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Table 7 Average auxiliary metrics of nine baseline models

on eleven subsets

el 0A/% wmloU/% wmDice/% wmAP/%  FPS
UNet 9931  79.35 86.66  88.79  419.87
PSPNet 98.46 69.02 7797 7863 161.64
UNet 3+ 99.46  80.67 87.51 87.23  209.41
SwinUNet  98.63  69.01 77.58  79.02  101.98
VM-UNet ~ 99.25  78.61 86.13  89.01 . 58.09
DenseNet ~ 99.20  77.25 8496  87.24 . 65.39
DenseUNet  99.45 8024  87.11 8534  43.68
Deeplab ~ 99.17  76.57 8437 8657  23.60
H-vmunet  98.85 6212 6570 7401  13.25

MR TR LLE AR OA Y8y, T2 8 5UA
ST SR R AR REERE G b & AR, BRI OA
ANHEFE o R WA SN 0 o RIMERE . AHILZ T,
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UNet I UNet 3+ ) FPS %% /& , 1fii DenseUNet , Deep-
Lab. VM-UNet #1 H-vmunet F¢) 3 3 3 B A0 %F 28 15K
HY T SCE 7 W EIE A28 3C, U 5 Z 4R PR S5 R
SRR HE LA AR AN 2 HE Y A% Lo AR
3.5 EBEeZER

Sy AN 2R 5 MR O T N — SO A AR A R
B, A SCLL UNet A ARRBIRY, Myt 7 IR 5 7
AN B 25 (I AR R o SRR R AT R I
B R ARG S, 51 s s 5 i MG RC
X 270 2 2 R BC B U 25 AT A mloU , AEXT
A ICR PR IC B A —FU A mloU

it mloU, Ny 55 i Rk G IE B Ik 756 j R A
e X ) mloU . 7 /4[] E 8 )11 255 I i 4 5 1Y
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mloU . = 7;mIoUii

TXTH R A 424N ZRRb G S ARG
BeEA—E AL, B PUE - moU i 4wl x
LITR AR5 .

— 1
mloU ., = EEM mloU,

P L, 1) 216 IR 34 mIoU Sy 80. 38%, B 74
XF A 2T R TR 247 5 85 B 68 D a7 1 mloU Oy
44.25% , Bl 42 MEEXT AT R A AR T

YN AN G BE 5 I A G T 25 X6 R Y
mloU Z5 AN ZR 8 iR .

*8 UNet BBz mloU % B%/%

Table 8 Cross—color generalization mIoU matrix of UNet/%

YIZRE (0 (0 red blue green cyan purple yellow white
red 75.80 33.30 4470 50.50 31.80 73.30 58.80
blue 52.90 78.40 28.50 71.10 44.60 42.80 73.30
green 43.60 55.90 79.70 59.70 53.00 45.60 62.20
cyan 40.20 58.10 34.70 81.00 39.90 38.80 69.00
purple 51.40 34.00 25.40 33.10 78.10 22.00 72.00
yellow 17.90 33.00 32.80 32.60 36.10 82.50 63.20
white 32.00 31.50 31.50 31.50 37.00 35.50 87.20
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Fig. 6 Cross-color generalization mloU heatmap of UNet
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Fig. 7 Visualization results of UNet under same-color testing

conditions
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Fig. 8 Failure cases of UNet under cross-color testing condi-

tions
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