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Abstract

In this paper, we present realistic farming tramer%% erienc rop cultivation
and livestock breeding simulation. Farming sim tilizi e experience has
been presented by various formats but current e presented balanced
farming experience and amusement to users. We 2 |eve ducatlon purpose and
entertainment feature by realistic farming tr using to ¢ simulation and gaming
elements. To achieve realistic educatien pose, plemented realistic farming
simulation using historic simulation, cover st en years of weather, disease,
and other factors. Also, we use stor ne‘with x sign to give amusement to users.
Technical details include (1) mulat%r Livestock simulator, (3) Weather
simulator, (4) Disease and i S|mulat Fertilizer simulator and (6) Business

simulator. Experimenting with sample” % groups, they can easily learn how to
farming and I|vestock m ment RQQJ sements.

Keywords: Farmf?@brvestock@p, agriculture simulation, serious game

1. IntroduQ

Farming simulation a ame experience has been presented by various formats. On-
line agriculture si @on game provides textual information with photo images on
farm working, an;w&me agriculture simulator has been focused on mass simulation of
farming and byeed¥ng. However, users cannot experience what is really farming and
breeding b)%vrealistic text and photo images in such simulators and image based
games. In paper, we implement a 3D virtual collaborative space for agriculture
traini @ng multi-user on-line game framework. To make it more realistic, we design
and%ement a simulation engine, which supports (1) L-system [1] generator with
smooth interpolation scheme for plant model, (2) historic environment simulation for
weather, disease, and insect simulation, and economic changes. The paper is organized
as follows: In Section 2, we review previous research works. Section 3 analyzes what is
required to achieve agricultural education with entertainment purpose, focusing on what
is necessary for realistic simulation of farming. We introduce (1) Crop simulator, (2)
Livestock simulator, (3) Weather simulator, (4) Disease and insect simulator, (5)
Fertilizer simulator and (6) Business simulator. In Section 4, we show the client and
server system architecture and implementation issues. We conclude in Section 5.
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2. Related Works

Several approaches have been proposed to experience farming and livestock breeding.
We enhanced previous research [1-2] by add various simulators and DSL. I-Farm [3]
educates users in growing crops, breeding livestock, and biomass production It provides
nutrient balance, P-index, labor requirements at the farm scale and gives economic
impacts to users and import/export of livestock and biomass from the farm. But it is for
mass farm’s economic simulation and not adequate for who wants learn farming itself.
Advances in farming systems analysis and intervention [4] recognize two key
components of farming systems, namely the biophysical * Production System’,of crqps,

and the ‘Management System’, made up of people, values, goals, knowledg urces,
monitoring opportunities, and decision making. It provides s@ iophysical
performance of production system but not provides real ﬁﬂciag simudlatign/ Simagri [5]

provides multi-user web based on-line capability. rs\can se ecified region
(France, Belgium, Canada and America) to play dlea

image lacks effect of user’s learning motivation@ arni %? griVillage [6] is an
interactive game that places the user in a virtual ironrﬁ%&tﬁ ere the player has the
responsibility of operating a farm that prod food for a sfall village. The ideas of
game are to make the player thinking m refullyh@t the impact of the actions.
The game was tested in a pilot study % ew subjects’in Portugal and an experiment
with more numbers of subjects in T % ocuses on food security and food
I

d. It
safety not farming. CropSyst 7@ ggests% ng system model to serve as an

analytical tool to study th ct of climate/ soils, and management on cropping
systems productivity and the environme erican farmer [8] and Farming simulator
[9] provides 3D based f game, ¥segs can grow crops and breed livestock by hire

employees, build ¢ ﬂ%s and buy utilities. But its absence of learning material
and lacks of realitya%@ cannth%rn agriculture knowledge from it. Figure 1(a) [3] is
start screen of 4PARM in er can simulate mass agriculture. Figure 1(b) is a
snapshot of ( 0 tr@n American farmer that carry crops, Figure 1(c) is a

snapshot of inVEStigatin status of pig such as condition of growth and injection
status, and Figure 1(d s a farm with selecting worked fields.

- o:»,—.--.-.. - = I
2 start |-FARM nhere Hﬁ‘m

oy =rm O
() (d)

Figure 1. (a) I-Farm, (b) American Farmer, (c¢) Simagri, and (d) AgriVillage
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3. Realistic Farming Trainer

Previous research works do not provide realistic farming experience to users. In this
paper, we implement a 3D virtual collaborative space for agriculture training using
multi-user on-line game framework. By using Realistic farming trainer users can get
realistic farming experience and share it with other users to share knowledge. In our
system, we focus on storyline design and realistic farming simulation. It gives a user
both sense of reality and fun. Figure 2 depicts pepper’s user experience scenario
according to storyline design. In this scenario, user firstly cultivate farm, install piIIar,
buy fertilizer, mulching, harvest and get money by selling pepper.

Gelect fiel%uitivation menM seed > \ z
\
\ <O
\

transplant) @ - ————___ X _ _ _

r\cultural pestlmdes/femhzaa

money deduction

[~

s\ pywarehouse

sell >%Qnoney \ncreas@
°

Figure 2. Us\@iperie Scenario According to Storyline Design

We use sto@ esign Nadd quest and story seamlessly into game. The design
of storyline mainly useﬁd[m] script generator that integrates map tool, character
tool, and Ul design tion tool. DSLs are languages that define the jargon of a
particular class of %ém domains or set of domain aspects. Executable DSLs hide
software impleme@)n [11]. DSL is referred to as either domain specific language or
just simpl;%;g{ai language but is often referred to as domain specific language by

academic c nity. Terminology is in contrast to general languages such as C or Java
languag eneral modelling language such as UML. It is a limited language that is
con @d to specific problem domains by appropriate abstraction and notations. It is
a [%m-centric language[12] built for one particular task in mind. Development
teams’use same vocabulary to represent program module. For example, if there is a
requirement for bond trading module within problem domain, same vocabulary is used
during code writing as Figure 3 [13, p. 8]
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Below is the partial source cod nera It is user’s very first quest data.
It contains climate data, the status 5011 us inning condition of game. Line 1 is

for selecting appropriate B seasan ine 2 ~5 is for climate data,
for the status of soil, and li s 15~ 19® nning condition.
1s

if season is ¥ en far‘m 'fourseasons/fall.mp3"’
climate: \K & S

temp is

wea Q rainy
end @
rowl has potato@
row2 has stra
rowl status; %
humidi i9”60
o PH is -
11. N@en is 5.5
12. fum is 6.1
13. &ash is 7.3
%inning condition:
1 potato is 80

VONOUV D WNR,

=
® -

17. strawberry is 20
18. timeout is 30m
19. end

lines 8~14 is

To make it more realistic, our Simulator system includes simulation engine as shown
in Table 1. Examples of simulator’s data are illustrated in Figure 7. Figure 3(a) is an

example of fertilizer simulator data. It simulates disease rate, harvest

rate of potato

upon soil’s nitrogen, calcium and potash. Figure 3(b) is an example of disease and

insect simulator data, which shows the rate of disease of botrytis calcul

ated according
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to humidity, temp and seasons. We also use business simulator, in which gamers can
buy and sell their products to learn how to trade.

3.1. Crop Simulator

It simulates six most popular crops (carrot, potato, pepper, strawberry, cabbage,
melon, pumpkin and sweet potato). We simulate installing pillar, sowing seed,
fertilizing, thinning out, weeding, tie-up crops and harvesting process based on crop
database. Figure 4 depicts the process of pepper simulation.

Preparation of
seeding

seeding Seedbed mgmt plant pillar installation Harvest g:en ciifil

11m

seeding Seedbed mgmt picnt pillar installatic : Harvest green chilil
cold-weather damage, R : ca plant louse
dieback, seedling Blight, , Hous.. ins. "ation damage Ldmlp nury Oriental tobacco
growth faulty o e 4 plague budworm
Figure}&l@ess of Pepper Simulation
°
3.2. Livestock Simulator \%
It simulates three.mggk (cov@ and chicken) based on livestock database.

e
Livestock can be vaﬁxV d to prevent disease and user can clean animal husbandry for
keeping livestock . Fi picts breeding process and simulated schedule of
pork pig.

6W W 9W  11W  12W  14W 16W 17W 18W 20W 22W 23W 24W 25W 27W

swine fever
<1nd
vaccination>

swine erysipelas<1st
vaccination>
40~50days

mixed vaccine 1st
vaccination (21days)
ear tag ‘mixed vaccine 1nd
castration vaccination (35day
‘Cocaidium
extermination
(after baby
food

Figure 5. Pork Pig Breeding Process and Simulated Schedule
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3.3. Weather Simulator

It’s based on the user selection on the specific area in South Korea, we simulate
temperature and precipitation effect using last ten years of historic weather data for the
area.

3.4. Disease and Insect Simulator

We define an activation condition for disease and insect occurrence, and once met,
we simulate dieback, downy mildew, plague, anthracnose, tobacco budworm and click

beetle based on disease and insects database. User can buy insecticide and spray it to
cure crops. Figure 6 is a strawberry’s example data of disease and insect siqul . For
each crop, we simulate dieback, downy mildew, plague, anthracnose, tobac dworm
and click beetle based on disease and insects database if the occurrehc dition of

disease and insects is met. At this time of occurrencg{%sease

ts, user can
buy insecticide and spray it to cure crops. : V

3.5. Fertilizer Simulator

It simulates nitrogen, phosphates and Q@sh fertilizeryUser can buy and shot
fertilizer. o Q °
temp humidity temp humidg 7 mpb humidity temp humidity
2000 1\
Apr Apr Mar ar Y AV Apr Mar
10 normal 25 |normal 145 norm normal %7 |nomal 585 |normal 16.3 | Botrytis normal
119 normal 266 |normal 135 631 |normal 95  |normal 638 |normal normal
125 normal 424 normal 15  |norma 581 n&malc 92  normal 499  |normal 164 | Botrytis normal
132 normal 461 normal Bo 483 |nor 102 normal 393 |normal 16.8 | Botrytis normal
93 |normal 42 normal .6 37 offgal 107 |normal 471  |normal 17.4 | Botrytis normal
76  normal 424 |ngrmal 4.7 normal 124 normal 581 |normal 18.9 | Botrytis normal
89  normal 31 ,lnon 3 normal 43 mal 9 normal 6 |normal 18.3 | Botrytis
88  normal 318 ma 66 |B 335 normal normal 20.8 | Botrytis normal
119 normal 4. or 8.6 01 |normal .3 |normal 155 normal
65 normal : Mal 1438 mal .1 |[normal 16.5 | Botrytis normal
86 norm Wormal 131 [no . normal . Botrytis normal
127 |norm, 47ﬁ normal , | 4% normal 3 |normal 9 |normal Botrytis normal
144 normal 8 normal normal 125 normal 6 |normal Botrytis normal
124 normal 45 normal B 615 |normal 109 normal 544 |normal Botrytis normal
124 normal 424 |n 645 normal 141 normal 516 |normal Botrytis normal
116  normal 469 gnornfal 156 normal 445 |normal Botrytis normal
136 normal SZA Na 157  normal 366 |normal Botrytis normal
148 normal “Nyormal mnormal Botrytis normal
111 normal 90 B 9 B 679 |normal 147 normal 585 |normal normal normal
148 686 normal 153 normal 79 145 normal 568  |normal 236 |normal 604  |normal
131 a B B 4 |B 656 |normal 141 normal 381 |normal 235 normal 611 |normal
111 fporn 654 | normal 0 65  |normal 138 normal 415  |normal 17.7 | Botrytis
; | 449 normal 6 B 628 |normal 148 normal 461 |normal 20.2 | Botrytis normal
ormal 396 |normal 225 normal 594  normal 143 normal 446  |normal 22 GGGy 638  |normal
1 normal 416  |normal 228 normal 628 |normal 124 normal 419 |normal normal
}2 normal 8 B 0 B 136 | normal 386 |normal 203 | Botrytis
118 normal 699 |normal 152 normal 378 |normal 216 | Botrytis normal
135 normal 581 |normal 0.9 normal 483 |normal 213 | Botrytis 4 |normal
153 normal 495 |normal 575 |normal 16.7 | Botrytis | 75.6 | Botrytis .3 |normal
149 normal 549  |normal B 18.2 | Botrytis 19.9 | Botrytis 5 |normal
normal normal 641 normal 20.1 | Botrytis EGEERRLCTIE]

Figure 6. Strawberry’s Example Data of Disease and Insect Simulator

3.5. Business Simulator

It simulates user’s buying seed and breed, user’s selling crops and adult livestock,
user’s storing harvested crops for selling it at proper price. We use wholesale crop price
and livestock price of Korea from 2010~2013.
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Figure 7. (a) An Example Data of Fertilizer Simulator, (b) An mple

Snapshot of Disease and Inse{'mﬂulat%

4. Implementation

We use our 3D game engine platform (CI xnyﬁngme) to implement
Simulator, and add storyline design tool to c;@ agrlcu vironments as shown in
Table 2.

4.1. Storyline design tool & \
It comprise of farm map t acterlz ool (for user and NPC animation),
automatic Ul design generatl I, Schp enerator, and resource packing tool.

4.2. Client engine .
It comprise of nGL p.% D engine, (b) OpenAL/DirectX based Sound
r

engine, (c) anlm nd c module, (d) particle and texture module network
based game @ (e) GU face, (f) network engine, and (g) quest and tutorial
engine.

4.3. Server engine ‘b

Server and S@gine comprises of NoSQL [14] MongoDB [15] database and
multi-user %T odule, JSON [16] parser (we implement JSON based agriculture
simulators@ Ful [17] network module for HTTP and WebSocket [18] for realtime

commury n, search module, and user management module including visiting users’
far ement.
Fi

8(a) shows server architecture, which includes game server, simulators, web
server, EAI for getting external data, network engine, and database. Simulator game
server incudes (1) login and account server for user subscription, (2) login room and
session server for participation management, (3) script engine for automation, (4) NPC
manager, and (5) Al manager to control game flow. Web server receives client’s HTTP
and JSON request data. Simulator heavily use WebSocket and HTTP to communicate
client and server. We use NGINX [19] as web server and Node.js [20] as application
server. Client engine is divided into four parts as shown in Figure 8(b). Game engine
includes animation, camera working, alpha blending, sprite, scene rendering engine,
sound engine, utility, and game resource. Game engine of Simulator is based on
OpenGL ES to easily be ported to smart devices. Network engine uses HTTP, and
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WebSocket, and it handles game’s synchronous and asynchronous data. Tutorial engine
guides and teaches novice user at early stage of game. Although Simulator provides
realistic farming experience to users, quest engine controls flow of game, thereby it can
provide fun to user.

Simulator Game server Web server

Weather
simulator

Crop °
simulator

Disease
simulator

Insect N :
simulator )
) N / Async
anage Manager
Agritatinment
Database
Simulation Data/Media/Scrint

‘ Ul interface

KeyPad/Mouse
Controller

Network engine

Al N\ )
.! o e,

Quest engine
Resource
JSON parser

Scene Particle

Tutorial engine

Sound Texture
(OpenAL, iPhone,

DirectSound)

Tutorial
Seripter JSON parser

QO (b
%e 8. Simulator Architecture: (a) Server and (b) Client Architecture
Various features of Simulator snapshot are illustrated in Figure 5(a). User is sowing

seed and the current weather is shown at upper right (a), user spray young strawberry
with agrichemicals (b), empty pigpen (c), and shows land status (d).
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(@ (b)

Figure 9. (a) Crop Simulator with Sowi , (b) imulator with

Y -
Disease and Insect Simulator, (c) Pigpenand@ (Water, Humidity,

Pl-b
5. Summary and Conclusion O %

We propose a simulator framewor, )% ere \gﬂ learn how to cultivate plants and
to breed livestock. To mak ricult ammg joyful, we implement 3D
collaborative space for traini grlcultur experience, which transforms monotonous
training experience into realistic experie We tested our system with sample group

%rming 5@ e result show that most users can learn the
basic agricultural kno witho gue or give-up. This research will be used in
K-12 school to teachMagbiculture (Future research includes making DSL which cover all
range of game omain expert and to simulate cultivating, feeding,
weather simu i t shmulation elaborately. SCORM[21] type research is will
be conducted nterf @rnal environment of simulation with external education

contents.
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