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Fig. 1. (A)Desktop Prototype and (B) Second-Generation Experimental Machine.
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Fig. 2. Key design elements of the plug seedling selection machine: (A) Inclined tray
conveying mechanism; (B) Row positioning and drive control; (C) Image
acquisition and classification system; (D) Pneumatic rejection system.
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Table 1. Comparison of structure and function between the desktop prototype and the

second-generation experimental machine

[tem

Desktop Prototype

Second-Generation Experimental
Machine

Control System
Human-Machine
Interface

Transmission
Drive

Image
Recognition
System

Trigger &
[M1lumination

Seedling
Removal
Actuator
Screening Speed

Screening
Accuracy &
Efficiency

Machine
Dimensions
(LxWxH)

Conveyor
Dimensions &
Design

Conveyor Angle
& Mode

Expandability &
Industrialization

Arduino MEGA 2560
None (PC-based serial control)

Stepper motor + DM542 driver

Logitech C922 PRO + Python +
OpenCV module

Software delay trigger + white
LED

MVDA-120 high-speed
solenoid valve (8 units)

1 tray in 90 seconds

90-95% accuracy, affected by
optical sensor stability

2000 x 400 x 450 mm (desktop
type)

Dual parallel belts, approx. 350
mm width, 1500 mm total
length; intermittent motion with
bottom rollers

Inclination approx. 60°;
stepper-controlled
single-step/intermittent
conveying

Prototype design with high
flexibility but limited stability

KEYENCE KV-8000 (PLC)
KEYENCE VT5-W10 touch
panel HMI

YASKAWA SGM7]J servo motor
+ SGD7S driver

KEYENCE IV3-G500CA vision
module

1V3-G120 amplifier +
IV3-G600C stable illumination
module

FESTO MHIJ10-S-2.5-QS-6-HF
solenoid valve (8 units)

1 tray in 30 seconds

Industrial-grade sensing and
pneumatic control with higher
accuracy; suitable for large-scale
processing

2000+200 x 800+200 x
1400+£200 mm (including rollers
and main unit)

Front section: 1200 x 400 mm;
rear section: 720 x 400 mm;
continuous motion with bottom
rollers

Inclination approx. 65°;
servo-driven with support for
continuous and inching modes

Modular industrial design
suitable for full-line automation
and mass production
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Fig 3. Front views of plug tray types A and B:(A) front view of plug tray type A with

medium;(B) front view of plug tray type B with medium;(C) bottom view of plug

tray type A, featuring 11.5 mm drainage holes;(D) bottom view of plug tray type

B, featuring 7 mm drainage holes.
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Table 2. Coding scheme for seedling type slassification

Seedling Type Description Handling Methods

Missing seedlings; should be identified and rejected
Undersized seedlings; should be identified and rejected
Normal seedlings Healthy, should be retained
Tilted seedlings Healthy, should be retained

7N~ ARET R BETE AR
P AR ORI AR A8 R B R N o B0 Bk B 238 1A S i B R ALV DR AR W
MR s G ARAE R - BN TAEECER Y » BT R EREZ (accuracy) ~ K53 (precision)
4 0] # (recal ) FE (L FEAE -
()T G PR AE R - T LU NREHERET R B AT ¢ TP(True Positive) * /&K
MR EC FE MR TN(True Negatlve) (R IRELE @5 » FP(False Positive) : fi&#
FEIMR R IEMIFR © FN(False Negative) : JEIKIR R0 fEFEFE -
(O FACRE M - TR TN
1. AEffEZ (Accuracy) = (TP + TN) / 485
2. #5HE3 (Precision) = TP / (TP + FP) °
3. HA[AZE(Recall) = TP/ (TP + FN) °
4. F1 478 =2 x (Precision x Recall) / (Precision + Recall)
i IpaIESE /E‘FT?LT& A5G PR B AL EMI PRV AL E - BT R BN AR B 4 PR
D ARV EE BT » HETE T R (B IR # A BRAVAR B / B A 1 ek il FE 51 B %
F)*x100% °
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Fig. 4. Seedling classification: (A) Missing seedlings; (B) Undersized seedlings; (C) Normal
seedlings; (D) Tilted seedlings.
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Table 3. Performance comparison between the desktop prototype and the second-
generation experimental machine

Item Desktop Prototype Second-Generation
Experimental Machine

Conveying Method Stepwise conveying Continuous conveying with
real-time decision-making

Control Core Arduino + Python script PLC

Image Capture Webcam with center alignment Industrial camera with

synchronized timing control

Processing Time 90 seconds per tray (128 cells) 30 seconds per tray (128 cells)
per Plug tray

Processing Time 1.8 second 0.25 seconds

per Row

Operational Slight misdetection or Stable and accurate during
Stability deviation in tray sensing testing, no false actions
Human-Machine None 10-inch HMI control panel
Interface

Air Jet Module Arduino-controlled switches PLC-controlled 8-valve air jet

with synchronous removal

Operation Mode Trial-based single-row analysis Fully automated continuous
with manual intervention operation with standardized
process

(F)ERER A - MU BCE R4 EEHL I FE 518 U » 1 FUBRE U 52 B A FR Bl
{E o BERIMEES HHPython 2 =UHKF 43 JH 45 SR 18 28 2 ArduinofZdil HIBR > DUEIF
B FEEERRRE 0 AR A HPLCE BB UE R A A E SR
PednE RRIFT - FIRAIREED SE o KR A e 3RS o R B m] 42 ik o

(PN)FEH 24 2008 B 00 By Arduino B S5 4 i Py thon A2 0125 » ThEEERE
BETFE N AFESEEFEE - BRI % SHKEYENCE KV-8000
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Table 4-1. Statistical analysis of mean values for each treatment

E P EEN B SR — N\

Treatment TP FN FP TN recall precision Accuracy F1 Sorting
Success
Rate
A-13 6.3333 1.6667 0.6667 119.3333 0.7762 09111 0.9818 0.8342 1.0000
A-16 9.3333 1.6667 1.0000 116.0000 0.8641 0.9061 0.9792 0.8799 1.0000
B-13 3.6667 2.3333 0.0000 122.0000 0.6095 1.0000 0.9818 0.7238 1.0000
B-16 34.0000 5.3333 0.0000 88.6667 0.8491 1.0000 0.9583 0.9162 0.6960
£I0-2 ST
Table 4-2. Statistical analysis of standard deviations for each treatment
Treatment TP FN FP TN recall precision Accuracy Fl Sorting
Success
Rate
A-13 2.3094 0.5774 0.5774 2.0817 0.1072 0.0839 0.0045 0.0654 0.0000
A-16 0.5774 2.0817 1.0000 2.0000 0.1570 0.0911 0.0197 0.1105 0.0000
B-13 2.0817 2.0817 0.0000 1.0000 0.3385 0.0000 0.0163 0.2396 0.0000
B-16 11.7898 2.8868 0.0000 9.8658 0.1035 0.0000 0.0226 0.0604 0.0670

-1~ AERER R B 2R A DR BN 1~ 58 FL B /3 AT (One-way ANOVA)
Table 5-1. One-way ANOVA for accuracy and sorting success rate

Metric F p-value

Recall 1.011629515 0.436564046
F1 1.079219906 0.411227781
Accuracy 1.310344828 0.336515214

Sorting Success Rate

61.67571158

7.13942E-06"

! Different letters indicate significant differences at p < 0.05

Feh-2 ~ BEMER TR BRI (plug tray type x age)
Table 5-2. Two-way ANOVA for accuracy (plug tray type X age)

sum_sq df F PR(>F)
C(plug tray type) 0.000325521 1 1.103448276  0.324204184
C(age) 0.000508626 1 1.724137931  0.225571974
C(plut tray type):C(Age) 0.000325521 1 1.103448276  0.324204184
Residual 0.002360026 8
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Fig. 5. Recognition accuracy (Mean + SD)  Fig. 6. Selection success rate (Mean +
for each treatment group SD) across treatment groups

N~ BRI AR RS R AT (Plug tray type < Age)
Table 6. Two-way ANOVA for sorting success rate (Plug tray type x Age)
sum_sq df F PR(>F)
C(Plug tray type) 0.069305527 1 61.67571158 4.9875E-05
C(Age) 0.069305527 1 61.67571158 4.9875E-05
C(Plug tray type):C(Age)  0.069305527 1 61.67571158 4.9875E-05
Residual 0.008989669 8
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F4 -~ Tukey HSD &R (B EREINR)

Table 7. Tukey HSD post hoc test (for sorting success rate)

groupl group2 meandiff p-adj lower upper reject

A-13 A-16 0 1 -0.0876 0.0876 FALSE
A-13 B-13 0 1 -0.0876 0.0876 FALSE
A-13 B-16 -0.304 0 -0.3916  -0.2163 TRUE
A-16 B-13 0 1 -0.0876 0.0876 FALSE
A-16 B-16 -0.304 0 -0.3916  -0.2163 TRUE
B-13 B-16 -0.304 0 -0.3916  -0.2163 TRUE
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Development and Testing of a Plug Tray Seedling
Screening M achine!

Chia-Wei Chang **, Chin-Yuan Chang *, Tung-Lin Lee >
ABSTRACT

To address labor shortages and uneven seedling quality in Taiwan’s nursery
industry, this study developed an automated screening machine capable of identifying
and removing defective seedlings from plug trays. Based on Taiwan Utility Patent
M659147, the system was developed in two phases: a desktop prototype and a
second-generation model. It integrates conveying, image recognition, pneumatic
rejection, and centralized control. The prototype, using Arduino and intermittent
conveying, processed a 128-cell tray in 90 seconds. The second-generation version,
upgraded to PLC control and continuous conveying, reduced processing time to 30
seconds-tripling efficiency.

The image module used HSV color space conversion and green area ratio analysis
with morphological processing, while eight solenoid valves enabled real-time row-based
ejection. Trials were conducted using two domestic 128-cell plug trays to grow broccoli
cultivar 'No. 42" at 13 and 16 days of age. The recognition accuracy reached 97.52%,
with slightly better results at day 13, though not statistically significant. The average
sorting success rate was 92.4%, influenced by seedling age and tray type. The system’s
modular, efficient, and scalable design makes it suitable for small- to medium-scale

nurseries, reducing labor and improving seedling uniformity.

Key words: Plug tray seedlings, Image recognition, Missing seedling detection,

Automated seedling nursery equipment
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