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Abstract; Efficient and accurate monitoring of maize ear height ( EH) is critical for anti-lodging
breeding. The traditional manual measurement approach is labor-intensive and time-consuming, while
existing automated approaches often lack robustness under varying field conditions or involve high costs.
To address these limitations, an i0S application ( APP) was developed based on the you only look once
(YOLO) model and augmented reality ( AR) technology for real-time, accurate, efficient, and low-cost
maize EH measurement. It comprised two modules; a maize ear detection model and a height
measurement module. The ear detection model was trained and validated on a dataset comprising 1 000
field images collected from maize fields during the filling stage, under various lighting and occlusion
conditions. Among different object detection models, the YOLO v5s model demonstrated the most robust
performance with a precision of 0. 844, a recall of 0. 724, and an AP, of 0. 814. The trained detection
model had been integrated into a maize EH measurement system, which utilized the AR technology for
real-time measurement. It demonstrated excellent compatibility and performance on i0S devices, with

response time below 0. 3 s. Field evaluation results indicated a high correlation between the EH measured
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by the app and manual measurements ( R* =0.750 ~0. 864, RMSE =0.10 ~0.13 m). The app was

optimized for solo operation. To finish measuring a plot with over 10 maize plants only took less than

2 minutes, which was over 6 times faster than that of the traditional measurement with the leveling rod.

This app significantly improved the efficiency of maize EH measurements while maintaining accuracy,

providing real-time and precise data support for field management and breeding programs.
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Fig. 1  Flowchart of maize EH measurement

ASFEIIFD 4 A SRS 2 ALBE 4 A PR AT
AN TR WA LR B E i A TS AT B A AT
5 0.60 m,

e BEAF I U T, 6 22 B B8 2h i s (g
PLAHBLAE ) SR AL A0 & FORMERE A9 218, O T 2025 4F
7 H AR B 8 T OK B g A b e R 4R SRR S K &
1000 W5 o o 5 PR B S 09 Z BE 1R A B e 1
ANTRY B o JBE R O R B T A M A R 1 MR A0
ARG RS (K 2a ~2¢) KUK B ZEFF IS Y
W ol R S A ME R (1B 2~ 21) | TR R E AR
AT AT

& d RS 3 \\ R
(d) M FragE ey (e) ZEFTIERS (0) R AR
P2 Kl A Bl 4R 1 50 191

Fig.2 Image examples of maize ear dataset
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Fig.3 Illustration of task logic for measuring maize EH

(2) MERE U € A7

SEMSH AT RUCE 5, T AR AL E T o 3R MR
G I P B K M REAG I A I B MERR S, 2 B
78— T0REAE A A 0 3 g XS, I 3 B ARG I AE 1Y L
A REEAAR S (Z2 N PR A A T M) 85
e hitTest 773 f 3 2 = 4 A b 5% 0 5] 35 A
P, 30 B B WL 3 B T 1 59 A g H A R 10 Y
A sphereNode ™ ([&] 3b) , 1 £ 4 5 /N BR IR 9 5
FUBCEAEZALE, W E R R R AR MERR A YOG
B A TR SR

(3) B it

— B H bR W AR50 A AR, IR T 58 A
5 5 (sphereNode ) 5 2 2 35 5 ( squareNode ) 2Z [A] [
WSy ) B (18] 3c) A A5 B A B R A U Ak )
P AL/ N AT H L BT RR AR B, EDW 2
P A B R BRI . Hob EAREMT 0.5 K
DK HfE ARG 10 AE 45 ol B, R 2 5 R 2 e I
Hb, 75 BB LSRR i B DI T 0,30 mL, Ikl R GE
FRORE7 I AR T 0. 25 m g SR K% A H
FREAMERE 2L G hns , N B A S 5 R 20
TR

W Ah B GEIE G INT P TG0 AH OG 71 97 Ak 3, 4
BV TSR NS R, SRR S TR S TR £ 45 SR DA
RS2 AL E , LI R R 8l A i R 2%

T b A gk s B S [RS8 R Y S T
SIS 3 5 REAL R ) A 0 8 A, O 0 ] P AR B
Sy s v 56 OB 8 0 000 2t DA KSR 415 52 PR A% 10 E A7 452
PEV &, KRB & 8 RE DN A % 40 v AR )7 42 26 4
2974 77. 8 MB, & Jy 5 I (Y oK B AL ey A9 00 A 2 Ak
] e g 2880 ) e R T 6
1.4 APRR@EETREERE

KA B ARG ] P AT an R 4 TR
LN TR R CECY S S TRINL Tvie ) | B A T 2]

SUHR AL R 2 BH R A DL R R AR A, R
SR BT 0 AN S R Y AT S5 R R DU Y it 2R
(Frames per second, FPS) | Jz i Y7 = Imj [ A4 ) 387 8
JE ot B vy T AR U W 5 P P SR T ) IO s
TR AR P 454 R S ORI A,
S5 TP BEAT P TR I A5 0 T 2 2% 5 e A A
I 25 44

Pisins

J;

o
7

i

o

B4 FOKRBEA S REI & R g A
Fig.4 Interface of maize ear height measurement APP
FH P00 P R 0 ik 25 S Ak K R 7 5 9 T

K 5 . BIrashE, H P& 3G Sk xr
VML T L 2R G0 1 3 K T 9 R % 11 66 A it
P B TR B0+ X M T L A B R 7 R
F9° Add” $4¢ 1L B TV 0 B T 2 5 5 2 0 R
S BT T A 0 /AN X 2 50 4% L, T o
SR = BRI G 4 A B 1R S 0 o 7
NI O MERE 5 T AT T FA B0 < Detect” 3% 411, B ]
ST FE S 30 5 o 0 )y ST B R 0 A
B2 LS PR P TE TR L S A K T ) () o
FIOHE 2 TR T HE A, LR o7 28 W00 35 3% 76 V% 4 T A
TEF R m) s b, F P B0 4 1 A R 4
5 T 0 75 1 R0 T 5 B LT B T 5 LB
T L0 I /N X G R £ %
“CMETH B, N K G MR ) RS
ASCHE, IR . it i SRR, J7 P B A4



1 R FS S5 LT YOLO A1 5 B S2 9 K BRA = S i I &2 7 ik 67
16445 earHs v

TR
Please move around your
world to detect the floor
Y
Rl L)
Floor detected! Please
place a reference point! |

Y Syt .. S
M B TR, DR LA
AE Rk o

BRI A
Please point the camera

ER UL
at the ear you would like to

measure!

M

v
BB/ DX

RS AR
M*% f%[lj)ﬁﬂ‘( Detect

7
FIEARMBAIRE | | 260
B H
HeF 7]
Measurement completed! [
B

[E it /D55, B |

YR A
INX?

N

QD
S ks

&

B5 FEORBEA & AR DU o R e 4 U A

Fig.5 Flowchart of using APP to measure maize EH
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Tab.1 Accuracy of ear detection models
I 2 Pk P R AP s BRI NAE 5 I EE/MB
YOLO v5n 0. 841 0.704 0. 807 3.66
YOLO v5s 0.844  0.724 0.814 13.70
YOLO v8n 0.851 0.719 0. 807 5.94
YOLO v8s 0.804  0.751 0. 807 21. 40
YOLO 11n 0.833 0. 699 0. 804 5.19
YOLO 11s 0. 827 0.730  0.808 18.20
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