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Uniformity Assessment of Maize Seedlings Based on
RGB Imaging and Entropy-weighted TOPSIS

JIANG Tiantian' LI Liang' YU Xun'® ZHU Yanqin' LI Liming' YIN Dameng'? JIN Xiuliang'"’
(1. Institute of Crop Sciences, Chinese Academy of Agricultural Sciences, Beijing 100081, China
2. National Nanfan Research Institute ( Sanya), Chinese Academy of Agricultural Sciences, Sanya 572024, China)

Abstract; Maize is one of the most important staple crops. Early-stage management during the seedling
period is crucial for its yield formation. Accurate and rapid monitoring of maize seedling growth is
essential for early-stage interventions such as replanting and water-fertilizer management. Traditional
seedling monitoring methods rely heavily on manual field surveys, which are often inefficient and subject
to strong observer bias. Leveraging RGB imagery and computer vision techniques to perform large-scale,
rapid, and accurate crop monitoring has become a key trend in smart agriculture. An automated method
for evaluating field crop uniformity was proposed based on seedling counting and leaf age estimation
results from RGB images. The method firstly performed image-based row detection and missing seedling
detection to extract six indicators: seedling missing rate, plant spacing, row spacing, leaf age, missing
plant rate, plant bounding box area, and plant coverage. The seedling missing rate and the coefficient of
variation (CV) of the other five variables form the six key indicators for seedling uniformity assessment.
The entropy weight method was employed to determine the weight of each indicator, and the TOPSIS
multi-criteria decision-making model was used to calculate the overall uniformity score. Based on expert
knowledge , the uniformity was then classified into three discrete levels. Validation results showed that the

classification results of the proposed evaluation system were highly consistent with expert grading,
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achieving an overall classification accuracy (OA) of 0. 92. The method also achieved high accuracy (OA

was 0. 94 and 0.96) in two independent datasets, demonstrating its adaptability and generalizability. The

research result can provide a technical foundation for the standardized and automated evaluation of crop

uniformity in the field.

Key words: maize; field crop uniformity; multi-indicator assessment; entropy weight method; TOPSIS

method; RGB image
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Fig. 1 Technical flowchart of maize seedling uniformity evaluation
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Fig.2 Layout of experimental site

NEAEREIIZ AL BE ST, 3 AME LT 3 Bl 56 /)
DXHEAT T8 R4 . 5 1:2024 45 6 J] 7 i
W2 S AR R M Bk, R T 4 AN HAt i A K EEAE
T 2023 4 6 A il ; 5t 2:2023 458 A 24 H,

FEF 2 PR AOr A /X Tk B E AR, B BR
FRATRIRSS LA 4 472 — A/ IX AT HE 0. 60 m, Bk IE
0.225 m, EHIFAE T FKFP T 55 5 3:2024 161
T b 5T S DX A 4 B 2 F 5 BT SC ik B 5 b
PEREH M ERF /N XTI, B/ANX & 4 17 E
K, ATHE 0. 60 m, ¥R i 0. 225 m,
112 FOK A TR GR 4 R a0 4 4
AR T 3 A EE A B 1 o T AL
AR, TV R ) 55 B o G e B 4 2 o
Te ML AG T 36 UE B 55 B VAN Jr 32 09 ml S 5 280
Pk 3 R FHFR A& AR, T 08 55 B 04 O ik
AT ek o 3 A B iy R A M A B R AN R
BAEHE 1w 25 ) 4 BER JC AL RGB 212, H
K M600 — Pro J& A HL#E 2 R 2 o7 11 B A ALK
LM MLE LB 50 mm, & AWML KAT & E R
30 m, SRAEH AN 2 BT R A9 B /N X, R 4R A )
202346 H30 HET7 H19 H,82d 84 3d %
SRR . KU R S e S AR bR (L 2) § A
Agisoft Metashape #1, #1752 15 P4 , A= il =5 0] 43
B R 2,95 mm W IE S AR . FIH ArcGIS 10. 8 3k
PR3 56 /N X300 % GE 5 45 2E AT 8 BT, ARk
252 WE/NX AR . Xt A B Z, {8 LabelMe 4K 4
A AR 1 b T R R PR A AN R LR AR
(S B R0 I, DT ) A5 PR B0HE ik iy Al Ak A0 B2 0
JEAHE TH R BREE AT IE A FLSEAE s Ak, R 3 AR A
SERERAS/NR BEAT R 5 A, i 2 RO e
A5 BN 25 G 1B 55 B2 4 9, A /N I R SR R Y
HSH



86 ko AL B ¥ i

2026 4

BAGHE 2 25 M 4 BER TC AL RGB 212, 5
HOHR AR 1 AR ) 1 15 25 PN S 8005 B 1E AT R4, R
e N 2 s R B /N X (S5 1), SR AR ]
HF2024 456 127 H—7 1 6 H,83dELWKS
0 AT RO R A L Bk T W B K RS TG AP i
CRATHE W T SRR A 1 R IR A T Ak B vk
KA 83 /N X AR, 45 (B 4y HE R K 2. 95 mm,

BntE 3. FHrs % RGB 1%, I K46 MER2 -
302 —56U3M/C ¥ AHMLAE FE 25 M 17 55 B 4 m B9 £
BRI EMG BN X S BE R 4 T 2023
9 H4HMI H 6 HfESR2.2024 46 /] 18 H
e 3 kAT, LS T 139 IE T R5 i A B R
TE RGN Y K, 8 5 & A 58 i i e i
A (1 7 2O A /N XA T B T O G AE /N IX
M ELE . S0 RIT a1 —30
1.2 ETF RGB BBHEFEEIRER

2545 TSI A S 10 0 1 TR A I g A4 A
PREUB R BRI AT HE s R AR SN A 1 AR A
BRI T BUIE 6 AN REER M BH(FK 1), WFFIALS
WOERE S S W2 3 A2 1 MR A% 5
P 2 T ) F ) 52 2% B85 110 4K 5 VT A 48

®1 BEFETFNEREREHR

Tab.1 Indicators for uniformity assessment

B S A RV H 5 R Ay 50
i) YRS
RER S LA (W 42) e B A 5 R B
i 7B S R A
AL T R A (F5F) - iy I 7R S R
FE R T 2% THT R S R 4K

A B (% i I
TR 5 S (i) T o s A 5 R

1201 FORHT B 4Gl

AHIF G Al AT W E ST % YOLO 11n — LP JR B 24
SRR PRAT TR WA A I, P A bk
G0 5 4 S K P R PR Y AN R A, DLt
S A, AT LU W R 0 O — 2D R R R O
A HE ) R /NN — 52 B2 BE I i R R 1 DN AT
VBN H 55 B B VAN 8 22— o I i ARG 000350 - 118 43
AR AR I 5 B, T R R K B B — B0
1.2.2 BT 78 AR 47 e DN 5 e s G

VEMIAT SIS MR IE A7 | Bl vl 23 4 2 ) 45 4 3%
FF B G bR A T BT EE o AR H () B 5T v A AR HE S
AHLEE R DR E T E W, L
TR B 27 >0 K6 0 20 7 FE AR 7 O R 5N E R HL 2R
A A I T v A3 A VE AT AR BE 3 A R AR, SE B [R]
VEWIAT 0 R A6

AL (Hough transform ) J&—Fh ™32 1 il F
V] 50 Ak JHRL ISR 14 4 O G 000 B 3, e i PR 5 1) v
{9 JLART A iE S 0[] 850 £ Sy 2 50 s () v Y e {4
R ORAG I BT P TR B RAE o X T B AAG I,
Bz 18] (9 LK T R R N AR AR T 72 p = acosf +
ysing, Horh p o8 AR BN A AR I O3 IR, 0 K
HARIEL SRR e . M (p,0) S8
(] 1 S0 0 L GE Tt i 2 w0 BL M S AL, e
R Ao RGN0 SR T gk v A S S AR R A 1 P 5 Y LR
FFE o

AR FE b, B S R R ek X A AR O R
BB SN HEAE PO AT AL (18] 3a WP AL AL BEAT RS
W 0 e VEP AT J7 R (P 3b) o PRI BRI K 6
XU T AR B AT e B, AR AT 2% R
(P 3c) o), LB A R BR 0 s (9 1 32 309 1) 41
2 30 em S X MR HEAT BT, LB e fe it
FE = A G SR 5 (] 3d) o

(c) Jieke o 2 EATIRIR (@ﬁ%i%$&%@?w
P 3 il A I AT 45 T A B i

Fig.3 Image preprocessing for seedling deficiency

detection

LT b BRUS 1Y FEAG FVRE Bk 0 A b O SR Al
BEFTAT RGN R BRBEAGIN o A AG I T a X AER H
AR A B SR 28 58 I - A AH AR B /N T 1S em (AR BR
WU A — A7, B % B {E A A AL 9 A [l AT 5 2 7% [
Vi) ol L 038 B AT BE 60 em FEAT S ALFR, A 225 1
fr#d, &~ — 17 52 AT R A L 50 em, R —
A0 RT RE R AT 18] A% R IR I LAY AT, 2R AT Bk

AR I 58 W, E B 2% A W0 AT P9 ARG DN ke i 07
LBt o AR AR R o0 0 A P AT N AR AR BB,
HH B PR B R R e AR LAY 1. 6 A, WA K
A i e IR 5 A R B 0 IR B LA SRR R (AR
WRFE ¥ 09 22,5 em ), HOH: B BOTE 20 31 O ik i 4
5 AR/ KO G AFAE B RS O, 0 G T A AT



%14

VLAETE 45 . HF RGB EIMR 43 HT 5 /AL TOPSIS () H [R] 26 K 1 #14 5% B DF ¢ 5 vk 87

Sk AT SRR, BIBR FRE S TS AT AT R
W00 LA o 2% 5 B AT 1 AT R ML, X
TR ES 35 AT B AT R X I AT b A5 A, 25 4 4D
PIATAT BE R 5 110 em, IR Ry 02 4 47 15 B2k, 483t
AT B
1.2.3 B0 5 A B

A58 I 2 /N IX A B e 2 B AR Rk AT 2 AE
TR I R BE R AT BE X 5 A 3 AL MR R 5 R
5 Bl S R 4 B ST M I AR IR R . iX 6
TR bR A BT A 4 TS B /0N XD TR AR 25 [ HE A 5
AR KBRS IE D 55 B, I 45 R TR 5
5 A Ak 1 ) A8 BB A LA SR A S 4R AR AE
JrEIE

BRTTARR, T R AR T A b i A
BRI LA, 2 A VE 9 oA 50 3 1 R % i o 2 1)
TR bR o BROHT RS Ul B B RS 3 O R T
] R X B 20 7 i A B E R R . MRS 1201 i
RO F 235 SR B e B AR B R R

R, =—""%  x100% 1
" Nmissing + Nde'emed 8 ’ ( )
iﬁ: EF‘ Nmissing—:]@;%; E‘J@%ﬁiﬁ

N goreorea— 600 1) 14 AL

B A8 S5 2R K50 A () e 7 KO 48 B 11
JINIK L DT Bt 17 14 /0N DX 5 B TG, R O o A B
FrGeit MR EE S 5 R Bt — A X A M SE . Y )
VELSEBR BTN W A7 5 T B 25 S TR I bk B, S 3%
AR T ZBONTC . RRIEAS 5 R B0 N H i R

FRHE S S R B GO AR VE AT Z M R ATRE , O
A B R R, T AR ATBE B — Bk . %R bR
S W 8 il Al E 7 1) R S AR R 22 R AT 4
PR AR S R BN, UV AT 0 A B A Rk HE
A R

i 725 S 22 80 %A A TG R — /N X P 4%
FRRAE R B R R b i — BObk . 25 i 2% R A
K, F WA IR — B A B EER B I 3 45 i)
BN AR BRI B BT, AR ET
YOLO 11n — LP A5 70 6 - 5% 90 45 52 20 43 4%
o A R PR B O A A S R, DAL A
16 A B I A0 b e

LR I 2 T LA S 2 0 MR U L AR 0 45 SR
AN ERERBT bk R, e T R A B A AR R R
ISR G R RCR R R R 8. %igtr iR
A bR R /IR 25 S5, 2 I L B 7 1 30 28 K 19 38 A
5 FE, H T bk G b AT REAE 7R 2 B At
SR 2 FRIREN R R 0 )2 T R L e G A E —
W,

FEL R Sh 422 HE T AR A S 2% B Ohy o S R AR AR R 4R
Worb iy bR iR 22 0 A AR B AE 1 /N — Bt AT
AL AE AR /N 22 A SRR AR, TER TR
& SBORE Ak D42 AE 1) K 98, T 550 BT A A AR 1) A1 2 ATE T
LG A 5 R 8
L3 EXHBEFETNERGE

R SEBRRE FOK R Y R B L AL TR O, AR
WF 5% Al A4 #0325 ( Entropy weight method) 5 TOPSIS
2 PR T B AENE BIEM IR R
TSR R A 25 35 A B s B B i B O JE
WA FE AL, s IR E R R A5 (1.3, 1 795) 5
Ak TR F TOPSIS #5571 31 55 2% AR A 55 88 5 2 o g e
AR i (L 40 R XS 6 30 32, O LA O 8 5 B 1 o Ak
P03 (1.3.2 747 5 B ZAR YR A5 73 X (] 52 B 4% 5 Ji 45
2oy (1.3.3791)

1.3.1 sk

TERCE I 715 B0 22 Ul , 72 Z 48 tE A iR R 3L
KRG F WAL 1 15 D, AR 405 45 T4 A 7 52 B B8
hETRA G R EZE R, A E o KA E K
(B2 BT R B AE T R R AR 45 B 18
B A B 09 /N8 78 1 N B4 U Bl B B X i 5 B
TR HE B T 48 b5 % PEAR X R X 3 B8 1, i e P E
P IC S o 32007 ¥ R A 20 0L ™ 4 | S it 7 O 1
R, T AEARZ PRI 5 PSR 0 A i gl AR A R 1)
WMEEERREVFE 2T RIS, AL RIT .

(1) Eedhbr Al

H1 T 2% F8 AR 00 i 0 ATECRE O [R] T 0 R 2L
e AT bR AL AL B 1 T B 1) A A (RN
U)W R Nt RIH— bR AL Tk . A0

X max(x;) -,

(2)

:max(xj) —min(xj)

S 0 S0 22
Xy § AR I A AR 0 A B
max (x,) —43 ] A HE BRI A A
min (x,) ——45 j A~ R/

(2) TR AE

WBERFFEIC R p, Rn 5 @ DEA AR [ A5
TEAPRREACIZ AR b3 b 1 O, B G2 A X A
B oA 0 STHRBE o A T A AL S B B8 JE [ T R
(%) e Cm SHREARL n 35 AR E) BOME AR A M T R
p AN

Pi= (3)

(3) I35 B
S TR AR A VA 1R B B A R SR



88 ko AL B ¥ i

2026 4

TN L 50 W0 45 b 0 B R K 4L 135 0 B
W% RO B AT, XT3 MR p, 4
ARG 1S B E,

1 &
Ej = _m ; pijlnpij (4)

Lp, =0 B, M Ep,lnp,; =0,

(4) 3R

MR8 b 09 15 SR — 2R A . 8
s B LR /D LR A £ B R BOR AR £35S PR P
VAL e ST U Y KT = N S e = W

1 -FE
w, = — (5)

J
2 5

J=1

1.3.2 TOPSIS

TOPSIS J& — fift 22 i () 22 Jg§ 1 o 5K 07 3%, il i 3t
A5 07 B8 S ERAR S (0 AR X 3 B AT HE R Y B
DL T7 58 o R TE BE AL (F 00 i ) o alT | B 97 AR A
(fe 45 il ) fi it o

(1) oy S AU o e o

o P A3 A5 21 A AL T a0, 68 A T A R T R
AT ARG A b AL

Vi=(0y) e = (i) (6)

AP o5 i DREARTES S A PEA AR AR BRI
AR AL (E
(2) s 7 1E B B AR A

ARICIY 6 A 57 A8 R 24 R B 5T B T 4R A
B 7 AR AR ) IE BAR RV HOZ IR AR O HEAR (o),
Vyys e 0,) BB /IMEL, SOBRAR R V) BORS RE R TR % AR
ANILE SN (=R

(3) 5 B S5 I 2K

G, AR A B B R A KR BE Y . 5 0 A
BEAR S 1T FRAE A (O BE B D" N B 47 AR f 00 BE R D,

¥
Di= |3 -V (7)

> (o, - V) (8)

D; =

izl

LI Sy H i, 5506 A4 A A 210 6 AR A 1) A
R (B 5 A G e

DL.*J;D; (U, el0,1]) (9)

Kb U—3 i DRI B 57 0 B
1.3.3 ®BFEENR

K T 8] 0K B8 57 B2l 73 D 5T LR ST OB
73 AEEY B 1 R ST RS T R
SRR PEAT X H , P B d A AR AT B S S SR A

1.4 HEITEMHN

R 4 A4 R 23 SRS B2 3T 46 b R Tt B 5
JE 3 JORS BE , L4 B 1A 23 JEHG JEE (Overall accuracy,
OA) KEHaR A ul R F1 /3%, M, 0A 2T A 70
JEIE B A REAS B SRR A TR H ), 22 26 [
TR T 252 VA 45 A 5 0 B0 32 T00 O B — 2851
AR AR SR T T2 28 0l 04 LE 9], B IR A 8 S0 A — 26
O3] A SN T B G R A s A D 5 9 [l SRR
S B T e — JE I A RE AR Hh Bl AR T A I A %2
S B LA, B s e Tl A B D s FL p B2 5 %
JEARR T RS B P L5 A Il RE 7, 2 T e IR R
LRGP bR . 4 DA BUEIE R R [0,1] 8
e 27N BUE R

LA, Bt X AN BE SR R AR AR, LN AR T 1 K
PR3 itk s SR [ 5 1 NN S/ R R
(B2 T PR G 28 B, R AR SCHR HY 1) o8 5 B8 F 1 7 vk
A PE O 32 UL B R 8 o e, i AR Bl = 1 AU
AR BRI, AR 2EAT AL A

2 HR

2.1 BRERMER

SRR I EE R s Bl & 4 s o Heb 20 b
7 AR RR PR L R R R 5 0 R 2R A
ANAEIAT AL IR M 4, 5 8 AR s AR AT B &5
FHLAMELL, 2k 0 S n B AR AT B E 1 54T N 1
PP R A 408 P AR R R LT BT €0 o A b PR A
X T AT BT R B A D0 BRI AT N
BATHE R AT R 1 W bR A T AR
FhRi

® HHfE - - ~ATNERR

O REfiE 1 kR
----- TEREMRL [ EREETE/RES
----- TR

P4 i G I 45 2R R 1)
Fig.4 Results of missing plant detection
LU B, BOAR TR B9S2 B o A O AR A R
8 2R 7 [ RIS &, A S T Y 3 7 7 O 8 e i A7



%13

VLA 58 . HEF RGB EMR 41 5 Wi TOPSIS Y H [A] 25 K 7 1 % 5 B D¢ 5 vk 89

R I J7 AR SR HER X 0 TR B AT . DUAT A
SR LR ST T R bR, RV AT R
A7 R S BB 7 O, o o At 0 BT T Gl R A
B IESE TR AR I Bk R MER . IO A SR
THAAF /N B g T R BT E , B A
R &
2.2 BAERENEE

B B e S T RS S R RO S ST
AR B AR AG DU {55 SR L A A BT AR P S B
N BRI O RN AR RO S ) SRR iz U
MFEARAR D o Ho B R L P AE 0 ~ 10% JWHE K,
H e R AT IR 50 % AR R ARG I ke R 5 LS
ARG R B r 353 0.96, T H AR HE b5 b A8 5 &
B, BB BRI /N, DA I A5G 28 S80fRD A X 4%, (H
JI A A ARSI AP 5 R 5 {2 5 B AR e B TE A O
P AE 1 TE M, W T A SO ik il Sk

10
« 50} r=0-96 L Jo.005 r=0.93 0.005 4
i 40 0.004 & % R 0.004 i
= 30 00031 Bo0s6 0.003 3%
F20r 4 000 o 0002 55
% 1o A gig %04 5 3%
LI £ 0001 ol 0.001

0 20 40 0.250.500.75 1.00
ELAH/% HIAH
(a) B (b) BREFZE 5 R EL
r=0.83 i r=0.54 4
0.20 o 0.005 ﬁ‘i( 0.005 =

- < oo E% 7 Jlooos i

= 0003 E03 % 0.003 %=

510.10 f &K = » &

& 0.002 3 & 4 0.002 gia

#0.05 0001 g ®o2[ .

005 0.10 0.15 020 02 03 04
HIHE HIME
() 1TRRAE R B (d) M AR S F
i 08 r=093 < J0.005
= 0.004 &3
206 i
B - 0.003 3
204 o 0.002 33
" 02 0.001
02 04 06 08
HIH
(e) SMEAE TR S S R B

S A 3 5 B A b G R

Fig.5 Accuracy of individual uniformity indicators
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