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Background g

» Korean agricultural mechanization has contributed
to a tremendous increase in agricultural
productivity.

= Agricultural productivity should be maintained or
increased to meet the food demands of over 9
billion people by 2050 while conserving natural
resources.

= To introduce the current status of agricultural
mechanization and biosystems engineering research
in Korea as well as their future
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Introduction

Republlc of KOREA

?Gucumed Population: 51 Million
11945, &

Rusala, ¢l ,
Population Growth: 0.45%

Area: 100,210 kn

GDP/Capita: US$25,189

; i JAPAN GDP Growth: 3%
Farm Population: 3M (6.4%)

. | __—"" Agri. Production: 2.9% of GNP



Agricultural Mechanization in
Korea




1963

1995:

2000:
2002:

2004:

2008:
2014:

Agri. machinery inspection from mandatory to

optional

No subsidy for purchasing agri. machinery

7t 5-year farm mechanization plan,
Farm population 7.5%

IFM to National Institute of Agricultural Engineering

(NIAE)

NIAE to Department of Agri. Engr. under NAAS

2nd KIEMSTA

1969:
1972:
1973:
1976:

1977:
1978:
1979:
1982:

Production of Power tillers
Production of Tractors

15t 5-year farm mechanization plan
Introduction of Rice Transplanter
KSAM Establish

Introduction of Binders

Farm mechanization promotion law
Institute of Farm Mechanization (IFM)
Production of Combine




ing and Rice transplanting
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Manﬁﬁl(1960’s) ' | Tractor (1990’8“) Rice Transplanter (1990’s ~)
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Aerial application(1980°’s~)

Hand reapmg (~1970’s) | _' Bmder (1980’8) H Combm”eﬂ980’s~)
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Mechanization for Upland Crop Farming

: B TS AN o T
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AT\ Y AT 70

Seeding Harvesting Stem Cutting
® Labor Saving: A 81%



Type 1 Tractor Type 2 Tractor Cleaning
Harvesting Harvesting System



Agricultural Mechanization

Rice and Upland Crops (2012)

Rice Upland crops
Operation Rate (%) Operation Rate (%)
Tillage 9919 Tillage 99.4
Transplanting 99.8 Triie;iif;i ,ff nd 3.9
Harvesting 99.9 Mulching 64.1
Drying 58.5 Pest control 96.3
Pest control 99.3 Harvesting 14.6




Agricultural Mechanization

- Mechanization Rate of various upland crops (2010) '

Mechanization rate(%)

Crop
Plowing Seeding | Mulching | Spraying | Weeding | Harvesting
Soybean 99.1 4.5 62.0 89.0 30.0 12.5
Potato 99.9 14.5 73.1 99.2 30.9 73.0
Cabbage 99.8 0 71.8 96.5 62.8 0
e 99.9 0 45.1 88.1 22.6 0
Pepper
Garlic 99.2 24.8 41.4 97.2 37.4 22.4

Mechanization for seeding and harvesting is most needed.



1,000,000

800,000

600,000

400,000

200,000 —_-.
0

-200,000

2000 2005 2006 2007 2008 2009 2010

Trade balance 2,998 | 58,708 ] 18,658 |-22,595]-67,903 | 13,253 | 14,452

|mp0rt 131,8061282,314|332,2111422,245|470,149|362,204|419,125

Export 134,8041341,022/350,8691399,650(402,246|375,457 433,577

. @ since 2000, frade increased
- 2010, 900M$
- Export is higher than import
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Export of agricultural machinery by country (Vaule in $1.000)
: 200,000 -

——US
180,000

—=— China
160,000 f\A
/ \ Japan
140,000

=) / \o Australia

8 120,000

-— / —— UK

€ 100,000 .

o / —s— Thailand

« 80,000

> ( —+— Portugal
60,000 - v

—=— Spain
40,000 ,;__//l\
. = - Germany

20,000 — —

| ——-

India
M — «q

g —
0 A
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

Year

& Mainly tractors exported to US (more than 40%)
- Exports to China are not increased




| Impggt of Ag-Machineri

...............................................................................................................................................................................................................

Impoit b country (unit: S1, 0001
-

. Import of agricultural machinery by country
250,000 7
—e— Japan
200,000 A .
fg_’ 150,000 / \ :;;,m -
i
% 100,000 /'// —»— China
L, / —8— Netherlands
50,000 et |
e . : —a— Swit.

0 Mainly tractors(>50hp) imported from Japan (more than 50%)
. _ followed by rice transplanters (Japan) and bailers (Europe)




Biosystems Engineering
Research in Korea




Agricultural Engineering

= ~2000 = 2001 ~ Present

Regional Systems Engineering

Agricultural Engineering

Soil and Water
Agri-Environment

N Soil and Water Resources
» Agri-environment and Rural Systems

Agricultural Machinery

Biosystems Engineering

Power and Machinery

) / Off-road Machine Systems
Postharvest Engineering

Agri-Environmental Systems

IT and Electronics

Agri-Process and Food Engineering
Biological Engineering
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Depaftments of Biosystems Engineering.

= 11 Universities
17~30 Students

College Name of Department

~
m ’

Seoul SNU Biosystems Engr.
Kangwo: KNU _CALS | Biosystems Engr.
Gyeonggi SKKU | CBBE Bio-mechatronics
Daejeon CNU CALS Biosystems Machinery Engr.

Chungnam KGNU CBIS Bio-mechanical Engr.
Chungbuk CBNU CALS Biosystems Engr.
Gyoengnham GNU CALS Bio-industrial Machinery Engr.
Busan PNU CLRS Bio-industrial Machinery Engr.
Gyeongbuk KNU CALS Bio-industrial Machinery Engr.
Gwangju JNU CALS Biosystems Engr.
Chonnam Sunchon Univ CBIS Bio-industrial Machinery Engr.
Chonbuk JBNU CALS Bio-industrial Machinery Engr.
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SNU/SKKU

- Off-road, Automation - Power machinery
- Bio-process - Control and automation
- Bio-environment - Bioenergy

- Tissue engineering

CNU/Kengju

- Power machinery
- Postharvest Engr. 4

CBNU

-

- Power machinery
- IT

Chonnbuk National Univ

- IT Center for Ag.
Machinery
- Postharvest Engr. - Agri. Facilities
- Agri. Robots
- Power machinery

JNU/Soonchun

~ - Biosystems GNU/PNU

Instrumentation and .
Control - Power machinery

- Biosensors - Bioenergy
- Postharvest Enar.
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Search for Research Activities 5"

- Journal of Biosystems Engineering (‘12~14)
- Project reports regarding a research planning

2012

Biological
engineering, 0, 0%
Offroad system,
12, 23%

Agri Process, 21,
40%

2014

Biological
engineering, 7,
15% Offroad system ,

- 12, 25%

Agri-
environmental
System, 12, 23%

Information
Technology, 7,
14%

Agri Process, 15, .
31% = Agri-
environmenta

System, 8, 17

Information
Technology, 6,
12%
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Mega Trends of BSE research

' Mega Trends F
% Highﬂéfﬁciency (to minimize inputs and maximize outputs)
< IT based intelligent and robotic systems
< Engineering techniques for food safety and high value productions

Systemiintegration
<« ©150 11783

© Integrated system

“Multi=functioning

©® Reduction of fuel i
consumption
© Electrification

©® Comfortability
© Reliability

Biosystems
| | Engineering]

BVAutomation ' / Eco—friendliness

© IT based system
©® Monitoring

© Precision agriculture Py @Gﬁéﬁ‘?

© Tier-IV engine
© Bioenergy

® Food safety
® Human engineering




Power and Machinery

Power systems for environmental conservation

‘ ¥ High-efficiengy transmission

Engine and gransmission control systems based on load sensing

® Green and clean engines

Integrated control




Power and Machinery
* Déevelopment of intélligent systems for agricultural machinery
* Solf diagn an Q)
< chi per.uons =

Precision agriculture applications

Smart'ag§machines

Service §
support

Selfadiagnoistics .

© Yield monitoring
© Use of drone
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Agricultural Environment and Facilities <

% Engineering technologies for automated
crop production systems

+ Hydroponic nutrient management system 4 \WSN based precision irrigation
system

Command wive Tt J

N
‘_‘...!_J

Monitoring, Alarm

Hydroponic Nutrient Management System @

Maasurement satng o0

The ratio of NO;-K-Ca




Postharvest Engineering

6, Physical Properties of Agricultural Products
= Nondestructive Sensing & Quality Evaluation Techniques

+ Hyper-spectral Imaging Technique

Hyper-spectral o Non-destructive Evaluation of Seed o Bruise detechon on pear (Short Wave IR)
lmaging Viability (Visible/NIR) ; :

V|s/NIR SWIR N R
Fluorescence gL as
Reflectance Reflectance -

o Crackdetection of cherry tomatoes o Bruise detection on persummons (Short Wave IR)
(Fluorescenee) S image 10

, 9@ & -

. Nondestructive sensing of seed
germination capacity

. Bruise detection on fruit

. Moisture and fat chemical imaging for
cooked meat

. Crack detection of cherry tomatoes

B i o s y s t e m s E n g i n e e r i n g



Postharvest Engineering

6, Physical Properties of Agricultural Products

= Nondestructive Sensing & Quality Evaluation Techniques

+ Infrared Thermal Imaging Technique + Ultrasound Technique

L . . . = Estimation of Bio-yield Strength of fruit using
= Viability Evaluation of Seeds using Thermal Decay Characterization soL u

a4

Time domain

4l
- ﬂ\w T \l

.
e

First reflection signal

‘\‘ "\ FFT of signal
|

+ Vibration Characteristics Analysis of

Fru it ACCELEROMETER

COMPUTER

DATA ACQUISITION

CONTROL PROGRAM

}

VIBRATION VIBRATION
CONTROLLER EXCITER

SIGNAL
AMPLIFIER




Postharvest Engineering

Post-Harvest Process Engineering
of Agricultural Products

+ Vibration Transmissibility Analysis of the - Distribution Environments Analysis of
Corrugated Paperboard for Agricultural Agricultural Products
Products

+  Post-harvest Bulk Handling Machinery System of Agricultural Products

* Friction Characteristics » Airflow Resistance Characteristics
96 . Supericial ar velocty [CUM
_EOS En e ‘ % | = :
Zos E3 | ! | .
5" | HE W dad
20.2 OPlywood @Rubber mGalvanized steel » : ' o .:n‘,:,,”m” "
8 2000
wO.I ] = 150 .‘;:;::.,-] . i
Bis— o . g 100 T
s M L g L l
Size grade of onion bulbs B % B B
-
Grade of onion



Current status of BSE area

Pros

« Diverse and Integrated =» Favorable to future students

« No of exported agricultural machines is increased =» Job
market is still guaranteed

- Various engineering technologies applied to agricultural
sciences

Cons

Small market and less popular as compared to other industries
No of BSE departments has been being decreased

Difficulty to have students with high academic ability

Limitation to have clear originality and identity

Applications of BSE to livestock and food areas are not common
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Directions for Korean BSE

1. Play an important role of keeping agricultural
productivity growth to sustainably meet the
demands of a growing world while decreasing the
cost of agricultural productions
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Directions for Korean BSE

2. Gain the global competitiveness of Korean agricultur:
machinery companies
=» Continuing demands for students are made.

JOHN DEERE “ LSEs=

A.ncco T SS 471215

Your Agriculture Company

Kiyholag, DX =M=

'@ daedons

o)
I
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3. Be more diverse and applicable to agricultural
sciences =2 BSE identity and originality are provided.

bﬁ]@ Fobd, Agricultural &
SIAIE 4 Biological Engineering

UNIVERS LI

we bring.engineering to life
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Conclusions -

e Korean agricultural mechanization has played a important
role in increasing the agricultural productivity.

e The number of Korean agricultural machines exported to
other countries has been being increased, providing a
potential to be an important industry next to the automobile
and electronic industries.

e The new research areas of biosystems engineering conducted
in Korea should be developed to be applicable to current Korean
industry conditions.
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