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ABSTRACT

Work arrangements and material flow need to be well planed to save time and
increase efficiency in the vegetable seedling production, including seeding system,
transportation system and nursery system. This study developed a computer
simulation based performance analysis for transport operations in vegetable
nurseries. The moving time of the carrier was the bottleneck during transportation
of trays into the greenhouses. If the transportation system was remodeled by doubly
increasing the carriage, the operation time was decreased by an amount of 30%.
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Moreover, the operation time in moving seedlings out of greenhouses by using large
boxes was decreased by 34% through a suggested improvement proposal, in which
greenhouses were arranged on both sides of the working house of seeding operation.
If large and small boxes were moved out during the same work period, small boxes
should be moved out at the farther end of greenhouses and the large ones should be
moved out at nearby greenhouses in order to increase efficiency. Using software
AweSim in this study to develop the simulation model of vegetable transportation
system was proved to be a useful analysis tool, which could be used to optimize the
system by analyzing the parameters of the model, evaluating different amendments,
and a decision support system could then be provided.

Keywords: Transport operations, Computer simulation, Vegetable nursery, Automation
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® Worker A moves seeded trays up to wheeled platform
from germination area
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Fig.7 Flow chart for input operations of seedlings
into greenhouses
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Table 1 Duties of workers for input operations of seedlings
B T4k THER
Worker No. Duties
Br¥ LB EmERKRLETE -
Worker A Move seeded trays up to wheeled
platform from germination area.
AT LA 1A 3 2| AREE - T R LHR -
Worker Group B Move wheeled platform on greenhouse
bench from carrier.
2.8 HHA -
Tray distribution.
3SHETRETER -
Move empty wheeled platform back to
carrier.
x2 HEFEETITHEER
Table 2 Duties of workers for output operations of seedlings
A&k T AREH
Worker No. Duties
ALY I ESRBELBE -
Worker A Move empty boxes on to carrier.
2HEARAGEEEFEMER S -
Load packed boxes on truck from carrier.
BT I FRERGZEABIRT A EAMKE -
Worker Group B Move empty boxes down from carrier at bench.
2HATRAEEE -
Boxes packing.
SHEEBRRNEHMLETFE Bl EE -
Move packed boxes on wheeled platform and
carrier.
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4 Start

b Worker A moves empty boxes up (o carrier at
germination arca

¢ Carricr moves cmply boxces to greenhouse bench

4Lnough empty boxes at bench?

¢ Packed boxes on bench?

"Worker group 13 conduct packing operations

¢ Carrier at bench?

h Packed boxes are moved on wheeled platform by
worker group B

"Move wheeled platform on carricr

IEmpty boxes ai bench?

k Carrier returns to shipment area

"Packed boxes are loaded on a truck by worker A

™ Shipment finished?

"Enough empty boxes at bench?

° Carrier moves to bench

P Packed boxes on bench?

dCarrier returns to worker A for more empty boxes;
worker group B conduct packing operations

"Waiting for carrier

$ Packing boxcs by worker group B; carrier returns to
shipment area

'Finish
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Fig.8 Flow chart for output operations of seedlings out of greenhouses
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Table 3 Work time data for seedling input operations

TARAER(B T4 %%) HhEET ¥ k3  Mean(sec)  Variance Probability

Duties (Worker No.) Unit Observations Function
HREEOEERE 1088 H .
T (Y 10 trays 50 14.19 431 Log-Logisic
. T&
al /%f;?? iﬁbﬁ + Wheeled 3 13.11 — Constant
L) Platform
4t g&
B E(L) s g, 22,61 1194 Inverted Weibull
10 trays
F&
HEFEEDEF L) Wheeled 2 7.06 - Constant
Platform
S 4%,5;:‘ B2 - 1 34.33 - Constant
FEABTTYHS
'_f:*ﬁﬁif — 1 12.08 — Constant
* Mf i’f’;;f A — 1 24.00 - Constant
+ ﬁ*‘ii’;)i@ AR - 1 43.00 - Constant

 Move Seeded Trays on Wheeled Platform (Worker A)

® Move Wheeled Platform with Full Load on Bench (Group B)
¢ Tray Distribution (Group B)

¢Move Empty Wheeled Platform on Carrier (Group B)
“Carrier Travels from Germination Area to Greenhouse
fCarrier Travels One-Bench Distance

€ Wheeled Platform Travels One-Bench Distance (No Load)

% Wheeled Platform Travels One-Bench Distance (Full Load)
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Table 4 Work time data for seedling output operations (large boxes)

TAHAEF(B T4 5E) hEBERL FRlRB Mean (se¢)  Variance Probability
Duties (Worker No.) Unit Observations Function
BEHAKAR LaR(Py A 4 76.40 - Constant
8 boxes
ERERDAMEEFERE  ARE . , ,
() | box 35 7.20 15.21 Weibull (E)
YT
BHEERMAELRERT(T) 81 4.7 1 51.75 — Constant
8 boxes
118 4 48
KSR B S AE ELY (6 %) 33 80.88 218.63 Normal
1 box (6 trays)
BRI R E T E(TY : 11;2‘:9 6 9.73 11.90 Constant

*Move Empty Boxes on Carrier (Worker A)

® Load Packed Boxes on Truck (Worker A)

“Move Empty Boxes from Carrier (Group B)

d Packing of Boxes (Group B)

¢ Move Packed Boxes on Wheeled Platform (Group B)

®5 JREHEFEIREHNE

Table 5 Work time data for seedling output operations (small boxes)

T ARAEF(E T4 38) HEE L 8k # Mean (sec)  Variance Probability
Duties (Worker No.) Unit Observations Function
T
W AT BA(F ) ”ﬁ)“i\:ﬁ 27 12.38 9.92 Weibull (E)
ERARMaEEEER 118 4 45
%ﬁ&i‘é‘ﬁ(“ﬁ)b Ibox 16 441 2.63 Gamma
. 118 %48
ar L 4
& Fhﬁ’fﬁ?fm AN eum 30 182.20 3308.40 Gamma (E)
wa(e) 1box (6 trays)
906 55
B EARETFET) l?tﬁ:a - 5 - Constant

?Open Boxes (Worker A)

" Load Packed Boxes on Truck (Worker A)

“Packing of Seedlings out of Trays into Boxes (Group B)
4Move Packed Boxes on Wheeled Platform (Group B)
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Table 6 Comparison of simulated and measured total operation time for seedling input

operations
EBE ¥ F(8%) e () F 3 R (2) #= £ (%)
Greenhouse Capacity (trays) Measured (min) Simulated (min) Error (%)
F+=4
No. 13 130 11.5 133 14.0
E iR
No. 19 166 16.1 15.7 -2.8

x7 ABEERENEEER (B—R

EL YD)

Table 7 Simulation of current status for seedling input operation (greenhouse No. 1)

' Y EFE (D) BT H A E%) FEFHE
ﬁi?f Total Operation Time (min) Worker Utilization (%) Wheeled BRAH F
() - Carrier
. % = " Platform O
Capacity  pipzqy REE L RLL#H Utilization Utilization
(trays)  gimulation ~ Standard  worker A Worker (%) (%)
Deviation Group B
500 27.0 0.89 429 38.6 100.0 100.0
1000 56.0 1.73 414 38.6 100.0 100.0
2000 114.6 2.41 41.4 36.7 100.0 100.0

4000 242.7 3.84 39.1 343 100.0 100.0
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x8 AHMEEFEWSHERKHER (F—REHEE)
Table 8 Simulation of the first improved proposal for seedling input operation
(greenhouse No. 1)

B3 B T A B R R %
4’?(;)5% Totalﬂ(l)ﬁpfratjozjén?e)(r‘l’lin) 4/155%?*%3 Woier ziifl?iii(oﬁ)(o‘/?) %;il:%)%$ ﬁij’r]ii &
Comeity gt EEL oy AE® ST e Uiliatn
Simulation Deviation Worker A Group B (%0)
500 19.0 0.86 29.6 62.2 48.9 78.8 94.8
1000 35.6 1.37 34.6 65.0 54.2 89.6 99.5
2000 74.7 2.37 35.6 63.1 52.0 94.5 100.0
4000 159.3 3.86 34.8 59.9 47.6 97.2 100.0

*Reduction in Operation Time: Comparison with the results in Table 7.

xR ABEMFEFE_NSHEEEER (E—HEEHhEE ; EE—KE 180 8)
Table 9 Simulation of the second improved proposal for seedling input operation
(greenhouse No.1, carrier load=180 trays)

X BR(9) ATAHIR (%) FERHAE

4’[2;)% Total OperationT;rr?e(min) (3 é{‘f;?*f’;] Worker Utiliiation (%) \}i\l/:tfolr r: ‘&?jni E:
Coeits it (BEE Ty Re? (TR e Uilitin
Simulation Deviation Worker A Group B (%)
500 22.5 1.01 18.8 43.8 40.1 100.0 94.9
1000 45.1 1.42 19.0 40.6 41.8 100.0 100.0
2000 94.0 1.97 17.3 389 41.2 100.0 100.0
4000 197.9 3.06 18.5 37.7 39.1 100.0 100.0
*Reduction in Operation Time: Comparison with the results in Table 7.
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Table10 Simulation of the second improved proposal for seedling input operation
(greenhouse No.1, carrier load=280 trays)

VB E85 R ()

B T A %(%)

F AR %

4’?( j;)% Total Operation T;rr?e (121in) 1"]24%%?:5 Worker Utiliiation (0‘/,0) ;;\I:t?zlr‘j;l ﬁij‘rlii x
Comeity s (AN oy AEF ST i Uilizaon
Simulation Deviation Worker A Group B (%0)
500 18.8 0.85 32.0 45.7 42.0 100.0 100.0
1000 35.0 1.25 37.2 38.0 47.7 100.0 100.0
2000 69.3 245 39.0 34.1 49.7 100.0 100.0
4000 141.2 2.73 41.9 34.3 47.9 100.0 100.0

*Reduction in Operation Time: Comparison with the results in Table 7.

=1

KB EAFE SRR ERE

AEZ L8

Table11 Comparison of simulated and measured total operation time for seedling
output operations (large box packing)
HERE ¥ () F R (%) A R () % £ (%)
Greenhouse Capacity (trays) Measured (min) Simulated (min) Error (%)
FZ s ERAR
No.3.7.8 720 119.0 111.5 -6.3
£+ Ak A
No. 19 96 373 33.0 -11.5
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Table12 Simulation of seedling output operations (large box packing, work load =

240 trays)
Y EFR() 8 T A H R (%)
EmE Total Operation Time (min) Worker Utilization (%) HEAHE
SN /L . oy .
5 s ¥ g v z,z& Carrier Utilization
Greenhouse oy BRE grw B o
. . Standard Worker
Simulation L Worker A
Deviation Group B
F % 30.2 0.51 37.1 87.2 91.8
No. 1
E R 4 .
No. 2 30.9 1.08 355 85.0 97.4
Eﬁiiﬁi 33.0 0.98 33.5 79.5 100.0
No. 3
%R
No. 10 47.8 0.98 22.9 55.1 100.0
Fo+x
No. 20 72.7 1.12 16.0 36.1 100.0

x13 KFEHEFE—WEHERERER (FX8H2408)
Table13 Simulation of the first improved proposal for seedling output operations (large
box packing, work load = 240 trays)

UEL IO A LA H )
. . . Worker Utilization oA A F
tEm e Total Operation Time (min) %) Carrier
N B = . Utilization
Greenhouse " BEE 45 48 B Fa] * ATLLE
P X201 BTV Work (%)
] i Standard Reduction Time* orker °
Simulation Deviation (%) Worker A Group B
L 30.2 0.99 2.1 424 85.8 85.0
No. 1
=k 30.6 0.74 47 23 84.7 89.6
No. 2
%=k 30.7 0.79 4.6 41.8 84.0 90.9
No. 3
# Tk 31.0 1.53 22.0 33.1 81.9 100.0
No. 7
%k 35.8 1.08 22.9 30.2 70.1 100.0
No. 10
=t # -
No. 20 44.3 1.06 38.1 21.8 59.6 100.0

*Comparison with the results in Table 12



118

E AT 37118 5748 20027 12F]

W R ST R R O B 85% (3
1997) » it A i+ ARIBA I EL T e e e R
O PER T B o AL 8 e
PR e TS o e R S

e Rk
EF Traveling Path of Carrier

' 9 Ay By = El’f%’r HR DU e TR
FRIT FE G 3 AR R
B AP 8 I 5 2 SV Al
FHE SRR (R

N I

. 2T
BEARA Greenhouse
Greenhouse No. PP RN PN R NN ‘\L\jt A A A
1 20
() MR ZBREREE
(a) Current stanus of greenhouse layout
HE R
Greenhouse No. N N N N N 1 0
Bl
wE
e ot Greenhouse
Rz S p A

FEH R
Traveling Path of Carrier

LT

"

(b) AR =EEE (

§

PN

BT
Greenhouse

NI

20

BHEaZEAHE)
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Fig.9 Schematic diagrams of improvement proposals for traveling paths of the carrier
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Table14 Comparison of simulated and measured total operation time for seedling
output operations (small box packing)

HERE £ (%) FRIEFR(2) AR () #E£(%)
Greenhouse Capacity (trays) = Measured (min) Simulated (min) Error (%)
Ak
No. 19 150 45.0 394 -12.5

& 15 NMEBHEFREEHER(FRER 240 8)

Table15 Simulation of seedling output operations (small box packing, work load =

240 trays)
LR (D) B T A (%)
hEmy Total Operation Time (min) Worker Utilization (%) HaA AR
SN Al - e .
Greenhouse b B £ gow FERR Carrier IOJ/tlllzatlon
L Standard Worker (%)
Simulation .. Worker A
Deviation Group B
# i 65.0 2.93 11.7 93.0 21.3
No. 1
R
No. 2 65.9 3.42 11.8 92.8 22.4
=4
No. 3 65.8 2.86 11.1 924 23.0
F AR R
No. 10 70.0 2.19 11.1 90.9 30.3
=tk 72.8 3.65 10.9 88.5 40.4

No. 20
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