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BKRNTE K Himiets - R T EEYE  AUFREEAGHL - IR AR
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Fig. 1. Schematic diagram of system components and hardware architecture.
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Fig. 2. Schematic diagram of camera specifications.
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Table 1. Specification and performance of camera
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5tJE (Brightness)
¥$LE(Contrast)

i Y. (Exposure)EV

IR A% #2 (Magnification)
£EH (Focal Length)
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SRR 2 BRI - KRS S T B A E A o TR A R OIS
HYKERPRIESE » B = o SR ARSIt BRI B 77 TRkl E A
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[ = ~ B S ARG 2R © (BRI EG TR EED O EREERA TR ERICE -
Fig. 3. Hardware architecture of the grading system. (a) Schematic Diagram of the Screening
Mechanism; (b) Physical layout of the weight-based passion fruit grader.
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Fig. 4. Schematic diagram of a non-sequential processing task.

ROI # 3 k=

. i Rule 1 A 8 45 4% :
__mmimen | mesmm | ROIA : (%%
mRER
ROIA' @ # ROIB : k455 %
EEEA (PO RN

Rule 2 A% & 44 :

ROLA : fAm 5% %
ROI B : {385 R

&7 ~ GUI Al L5 R s E -

Fig. 5. Schematic diagram of GUI visualization interface.
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Fig. 6. Schematic diagram of unstable image detection. Target bounding box(green),
prediction bounding box (orange).
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2. BoostTrack  JE4E [FIURE (S B EAE R (B2 > 08— 08 BHBHUR EATE R
FEER BT A UC e M A 1T B AL - AL E R IR Y B2 88 18 7 JE (Stanojevic &
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& - P LR B s [ E B S s PAVEHE 8 B RE E M (Yang et
al., 2024) -
F -~ RRET AR EEIR IR

S AR E IR 2 BB T HER B B s 2 v 56 Rt se i Bl & 5 b R
FASTEE & RAE R MEREAR » BEARMRGE E R IEF K308 ~ R 155 » IEH Bl
BB R2:1 - HIEREREE Z JRETREEERSREE > BEERANER
(Triplicate, n=9)E Egz% 5t o $H¥E —HSEECETET KRB - I LR
PR (W) B R AR 72 (s) T R 8% 2 O B B R HORZ TS AR E BT R J7 =070 Bl Al

T > =t Q)F
11X T - w2
PR @

He x FFE @ T ZEBUNME - FERFGR T EREE T | > E F G HER
(Precision) &2 7 []3% (Recal ) FIF 1-scorefF EsfZ% /(A5 HE 5 Precision FH 1A iy & f5 AU F H E
By PR A 2 MEREFRTE » T Recall Al iz BiufE AU B 8 PR I AR BE AN AU AR R BE T & B8
Fl-score4r il fdi » DLt & HELEZE 248 2 7 JAMERE -

(—) JBJE #EE# (Confusion Matrix)
75 48 b i R R TN B B PR AR 4 VR A B P ] R A (Lt =2 3R R A A TR
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Fig. 7. Schematic Diagram of the Confusion Matrix.
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M HEFRWN N
TR (Precision)  fir & Bt A L THOH Ry s SRR A o B IR Ry LAY R
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Fig. 8. Comparison of Average Precision Among YOLOv8-Nano Tracker Configurations.
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Fig. 9. Comparison of Average Recall Among YOLOv8-Nano Tracker Configurations.
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Fig. 10. Tukey HSD significance matrices for (a) precision and (b) recall among tracking
algorithms.
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7 PRSI E S -
= ~ Fl-scores#7

FHE - — 45180 ER A A EERERE AR - SHEAAF-score R F1EAE
=5 o Ht v8n-OC-SORTZ Fl-score£588.6% » A ik FHHEE » BErRHAE
% H BB AR P RE A 4T B BB HE AV RS E M o H W Fyv8n-BoostTrack
(88.0%)81v8n-DeepOC-SORT(84.9%) - HH#ZZ I » v8n-BoT-SORT ZFl-scorefE £
62.7% » FyF A BN EA R R - B HEESREEKR - BURIEAEPREES T
R ATEE © Mv8n-ByteTrack(79.5%) ~ v8n-StrongSORT(75.8%) 2 v8n-
HybridSORT (74.9%)Rl|/&@& X FEFRIR > & Lt Hrai R o] &l > v8n-OC-SORTEL
v8n-BoostTrack{F A Bl 7 [m] R > P 3 b > B ERH -

F1 Score with Standard Deviation (n=9)

100
88.0% 88.6%
84.4% 84.9%

F1 Score (%)
2

70

[&-+— > YOLOv8-Nano F&FCA [EEHEHRAZ Fl-score LLEL ©
Fig. 11. Average F1 Score of YOLOv8-Nano with Various Tracking Algorithms.
» Z BB AR 2

$1¥Fv8n-OC-SORTEL v8n-BoostTrack Wi 1 26 H LB Hit JE B A 1T E/LEEAE - &
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H A v8n-OC-SORTE %£92.3% » #H#iv8n-BoostTrack > 59.4% » f Z 243k - HFE
BHv8n-OC-SORTAE iz i H AL 18 5 <2 B A BhHS - BE iR A RO 4 7[5 — HARYID >
Kk D 4 U (ID Switch)HY$E 35 © FEAN » 7€ 5% Bl S i 22 (IDP) B2 38 )51 4 [1] %2 (IDR)
RE > v8n-OC-SORTST HIEEF96%EH88.9% » 14 HHE (B /> v8n-BoostTrack » EH1~H 3%
BT R AP B B Bk VT B AR E Mk -

TEEN e 22 MY 2R F > v8n-OC-SORTE K B HY 1 - 38 B > v8n-OC-SORT
TRHE R 2 By B AR 5 2 BB B (Mostly Tracked, MT) » #iE 2 5521 - HEH
2 H AW i By 25 #F J (Mostly Lost, ML)  #HEE 2T > v8n-BoostTrack WM T/E £
311E - HMLEZE7{E - 57 BHBoostTrackfE = 1 fE1 B Hit 18 12 1 45 ) 38 A= L pRE 2L B 2%
g BN » 45 A& RellEdPrenfty = /K #EFTT > v8n-OC-SORTAE(E M 78 25 K BB HE
HENE_FI9E T v8n-BoostTrack » B 2 & [ TN B R 5 B 5 () $5 SR BRI 25 5 -

U ~ % HELEHE S THFE T -1

Table 4. Comparison of Multi-Object Tracking Accuracy
IDF1 IDP IDR Rcll Pren
%) (W)’ (R () (%)
v8n-OC-SORT 923 96 889 89.0 962 67 52 13 2
v8n-BoostTrack 59.4 714 509 66.5 934 86 31 48 7

Model GT® w™MT' PT® WML’

'IDF1 (Identification F1-score): the F1-score for identity recognition.

’IDP (Identification Precision): the precision of identity recognition.

’IDR (Identification Recall): the recall of identity recognition.

*Rell (Recall): the recall rate.

°Pren (Precision): the precision rate.

SGT (Ground Truth): the total number of ground-truth trajectories.

"MT (Mostly Tracked): the number of trajectories that are mostly tracked.
*PT (Partially Tracked): the number of trajectories that are partially tracked.
ML (Mostly Lost): the number of trajectories that are mostly lost.

EFRAF > MOTA R % H Bt 4T & B Ae 2 51 » H{Ev8n-OC-SORTZR5.4% »
B2 v8n-BoostTrack 2 58.8% ° S5 4l 9T s i L (FP) ~ Jm i 8 (FN) B 5 {77 V) #1 5 (1Ds)
SIEFEED W M RE = B F EAK H FNELIDs - v8n-BoostTrack Y R g ¥ (FN) = 21278 »
&) Fyv8n-OC-SORTHY2.6f% » BN HAT Bt M2 h#g 5y 4 HIE R » HEMETUE
HeREr o 2 B ESGERADY) ~ HIEES {7 HiE (1Da) H 1 5 1757 2 (IDm)%
FEtE#EI 22 5] 41 > v8n-BoostTrack{EIDt#AIDa F &5 5 A v8n-OC-SORT » H IR &4 5153
BEA(Dm)  KMEFEEESGHEM EWNABEN - E5HUIHBE(Ds) T H
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v8n-OC-SORT {E# 472 » B KA v8n-BoostTrack” 117K » B~ HAF % HIE &
TIREHEFI R EH HIE S (0 H ER (% o tLAL » FEWLPFE#4EME T > v8n-OC-SORT
AYELERE B B(FM) 581 » BEE{K A v8n-BoostTrack 2 211 » 8/~ EUEHEENEF A 1EE
HiEElE - EREAERE(MOTP) 5 > v8n-BoostTrackl& (&> v8n-OC-SORT » &1~
B HEMU BT LEARSEE - BIEINES © v8n-OC-SORTEFF(ERiE - il S
13 DR R T B o0 B 14 U5 HI S HB B - BERSIB e Ry i AR MERY -

TN B HEEH SRR T2
Table 5. Comparison of Multi-Object Tracking Accuracy

Model FP' FN° IDs> FM' MOTA(%) MOTP® IDt' IDa® Idm’
v8n-OC-SORT 81 408 7 8l 85.4  0.003 0 4 0
v8n-BoostTrack 179 1278 117 211 588  0.001 10 85 1

'FP (False Positives): the number of false detections.

’FN (False Negatives): the number of missed detections.

’IDs (Identity Switches): the number of identity switches.

*FM (Fragmentations): the number of trajectory fragmentations.

MOTA (Multiple Object Tracking Accuracy): the accuracy of multi-object tracking.
SMOTP (Multiple Object Tracking Precision): the precision of multi-object tracking.
'IDt (Identity Transfers): the number of identity transfers.

¥IDa (Identity Additions): the number of identity additions.

‘IDm (Identity Misses): the number of identity losses.

OC-SORTHFE F ZAF [ B SORT = ZRZEREHY(E S5 T » 51 A2THRE SR flo L ST AR
HEUE R 250 F R TE(Mei et al., 2023) - H 5 > $H 8 EH &R Z 2 60CREEEE T
G ECHY RS » 8 B A DABUIE I FE I (Observation-Centric Re-Update, ORU)
R - PREUE BERLER (Virtual Trajectory) SRS 2R BN AE TETHMIGR 2= - W0iE 1 —Fr
T

B et B RAT A 52 S RE B e O I 3 22 2 AR A FR 4R MR 2 ) - Al
5 A LLEUH] By o Y Bl & (Observation-Centric Momentum, OCM) > & & & /5 [AH—
B AIDEE MET R - B+ =FR o R Hge A e S R g =
HYTRFEEER » M AE B A SR 70 4R B IRIE Bh B il 1B P 2 A Y FE 4R MR B Bl 1 8 1
’Jﬁﬁﬁﬂgﬁ‘ﬁﬁﬁﬁﬁﬁﬂ’ﬂﬁbﬁ]éﬁlF AT H—IDEE ENRRE - B HRBER

R BB AR 7 M Y A (R BE 4 o
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&+ ~ OCM AR! i 5 A fm 2= Z 5T RO EE] -

Fig. 12. Schematic diagram of movement direction deviation calculation in OCM model.
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Fig. 13. (a) Track re-association after loss; (b) Without ORU: Movement direction deviation
remains despite KF update, leading to subsequent mismatch with detection (blue); (c)
With ORU: Correcting movement direction by updating velocity, aligning
estimation (red) with actual observation to achieve stable tracking.
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ABHFE ST A S BRI RN B 5 B LA 28 240 - A YOLOvVS H AR (HHIE
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Development of an automated passion fruit
grading system integrating deep lear ning and
multi-object tracking technologies'

Hsin-Chang Chen ?, Yu-Chen Hung**, Chin-Yuan Chang *
and Chia-Wei Chang *
ABSTRACT

This study develops a "Real-time Passion Fruit Disease Detection and Automated
Sorting System" integrating image recognition and electromechanical control. To
resolve detection instability and missed detections caused by high computational loads
during high-speed YOLO recognition, multi-object tracking (MOT) was introduced to
optimize localization. A two-stage evaluation compared a standalone YOLOv8-Nano
(v8n) model against v8n paired with seven tracking algorithms (ByteTrack, BoT-SORT,
OC-SORT, DeepOC-SORT, Strong-SORT, BoostTrack, and Hybrid-SORT). The first
stage evaluated recognition performance (Precision, Recall, and Fl-score) to assess
statistical significance and system stability, while the second stage assessed overall
algorithm performance using MOT metrics. Results showed v8n-OC-SORT and
v8n-BoostTrack achieved the best recognition balance, leading with F1-scores of 88.6%
and 88.0%, respectively. However, v8n-OC-SORT significantly outperformed in MOT
metrics, achieving a Multi-Object Tracking Accuracy (MOTA) of 85.4%, compared to
only 58.8% for v8n-BoostTrack. Furthermore, its tracking stability (IDF1) reached
92.3% with only 7 Identity Switches (IDs). Consequently, v8n-OC-SORT effectively
overcomes target occlusion and identity confusion, ensuring highly reliable and stable
automated culling of diseased passion fruits in complex environments.

Key words: passion fruit, image recognition, deep learning, tracking algorithm
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