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SUMMARY

System and technology development of the IT oriented environment friendly cultivation and

mechanization for an orchard allows to change of the agricultural production paradigm, to increase

the production efficiency including flexible labor, and the safety of farm operation.

In order to gather the environment information of fruit production of orchard, three research

topics were carried out such as (1) development of the IT oriented cultivation management system

via monitoring environment growth factors such as temperature, moisture, light flux, and soil

characteristics via utilizing spatio-temporal sensors and wireless interfaces (2) development of the

autonomous mobile robot system which allows environment monitoring and real time collection

and wireless communication of sensory data (3) building the integrated control software and

database.

And in order to realize orchard mechanization and automation following researches were also

carried out. (1) to develop a aerial lift vehicle and construct the convenient equipment system

attachable to orchard aerial lift vehicle and evaluate its performance (2) to evaluate the dynamic

and static stability of orchard aerial lift.

As measuring factors for the environment monitoring, temperature, moisture, light flux, soil

temperature, soil moisture, and soil EC were selected. Sensor network system was built and more

than 1 km remote data transmission of environment sensory data was achieved. Mobile robot

system with an accuracy of maximum 2m and average 0.6m accuracy with 0.05m/sec speed control

utilizing the combined technologies of DGPS, INS, VRS, and sensor fusion. Block power structure

were established to allow the isolated independent maintenance of power for control and motion.

And the integrated monitoring system with functions of data collection and storage was developed.

The stability analysis of the orchard aerial lift was conducted with 220kgf weight on the aerial

operation plate and without weight. Three degree of freedom modelling was performed using

SolidWorks and dynamic simulation was carried out using the soil and soil surface parameters. To

verify the effectiveness of the model, climbing and driving performance test of the orchard aerial lift

was performed for the ground slope conditions of 18, 21, 28 and 32% on the field test yard of

‘Foundation of Agri. Tech. Commercialization & Transfer’(FACT) located in Hwa Sung city.

To conduct the management operations such as Pruning, Disbudding, Fruit thinning and Bagging

efficiently, a convenient equipment system was constructed using Pneumatic pruning shears, tilting

system for sloped area, Pneumatic secateurs and air compressor. This system was tested its

performance in orchard. It was performed by the center of gravity measure test for the validation

of stability analysis and simulation result of orchard aerial lift. The result was   

   .

The safety working area was analyzed by comparing rollover test and simulation test. It was

found that there had error each medium(1,750mm) and maximum(3,090mm) height of working
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table. But there had no error in the minimum(640mm) height.

In climbing case, hill-climbing ability results had more than 10% slip ratio because of hill

climbing resistance and reduced traction by ground tilt angle. In downhill case, it had below 10%

slip ratio by driving force for hill climbing resistance.

Working table for convenient equipment system was possible to lift the maximum 3,090mm, the

minimum 640mm as the height from the ground. It was also able to expand 300mm to the left

and right. Using hydraulic system was used to control inclination angle adjustment to 12°.
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Table 3 Production Work System of Orchard and How Mechanized Works are on Going.
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Fig. 1 Scissor type platform lift. Fig. 2 Boom-type platform lift.
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Fig. 3 Effectiveness of nitrogen for the plant growth
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(1) -

( )

*

Fig. 4 Integrated Temperature and

Humidity Sensor Fig. 5 Block diagram for T-H sensor

-

Sensirion AG (www.sensirion.com)

CMOSens .

CMOS , , 14bit A/D converter, EPROM

2-wire 3.08*1.3*0.5mm 3 .

, MEMS (Micro Electro Mechanical

System) Finger Electrode System

.

.

*

- ( 1. )

- ( , 0.1 )㎛

- : 0-100% RH

- : -40~123.8℃

- ( 14bit, 12bit ),

-

- < 4 sec @ 1/e (63%)
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- (typ. 30 W @ 5V, 12-bit 2sec )μ

- +2% ( )

- Self test

- (~8mA @ 5V 5~15 )

-

( )

* , (Thermocouple)

, ,

E .

2

.

→

(Seeback) .

. ( )

( ) ,

.

A B t1 t2＜

(t1, t2 ) , E

.

 


 
 



a b

( )℃JIS
ANSI

(+) (-)

- PR
R 87%Pt 13%Rh Pt

0 1400～
S 90%Pt 10%Rh Pt

- CA K 90%Ni 10%Cr
94%Ni 3%Al

2%Mn 1%Si
0 1200～

- CRC E 90%Ni 10%Cr 55%Cu 45%Ni -200 800～

- IC J Fe 55%Cu 45%Ni -200 800～

- CC T Cu 55%Cu 45%Ni -200 350～

Table 4 The type of thermocouple and specification

.
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Fig. 6 Illuminometer and logger.
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MODEL PHR-51

: 0 ~ 130000lx, : 0 ~ 999999klx/h

1 lx(3000lux ), 35 lx(3000~9999lux), 100 lx(10klux )

(-10~40 )℃

: ±1.5%, ±10lx(3000lux ), ±100lx(3000~100klux)

: ±8%(100klx )

10 ~ 60 (12 )

: 14500 Data, Push : 500 Data

Endless Mode / One Time Mode

, , Push Data , Data , ,

(CR2) 1 , : 6 · Push : 1

(RS-232C)

: 123×58×33 / 132g, : 50×27 / 56g㎜ Φ ㎜

: -10 ~ 50 / : 90% RH ( , )℃

: IPX4 ( ), : IPX6 ( )

(PHR-51), (PHR-5101), (PHR-1C30),

O p t i o n 1 Copy, ,

Table 5 Specification of Illuminometer

(3) EC

EC .

30

.

.

.

.

.
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Fig. 7 Soil sensor module for EC, moisture,

temperature

Signal Output
( )

Analog
• 0 - 5V,1 - 5V,0 - 1V,0 - 2.5V(linear output)
• 4 - 20mA(linear output)
Digital
• serial TTL level 9600,N,8,1(RS-232c)

Measuring Range
( )

Moisture 0 - 99.9%
EC 0 - 6.0dS/m

Temperature 0 - 60 °C

Accuracy
( )

Moisture ± 1%
EC ± 0.1 dS/m
Temperature ± 0.5 °C

Sensor type FDR2(Frequency Domain Reflectometry)

Operating
temperature Range

0 - 60 °C

Size
Probe length 11.5cm
Ø 48mm

Power Supply DC 9-15[V]

Current 25mA

Table 6 Spec of soil sensor module

7 WT1000B . 3

/

. RS232 ,

.
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(4)

/

,

DC .

.

, 34

, 8,9 .

Fig. 8 3D drawing for linear motion

Fig. 9 2D drawing for linear motion
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2.

.

(P.pylifolia)

(P.ussuriensis) .

.

, , ,

.

12 15 ( 7∼ ℃ ℃

), 4 10 19 21 , 7 8 24 26 , 9∼ ∼ ℃ ∼ ∼ ℃

18 22 .℃ ℃

( 5 5 )℃ ℃

85 , · 11℃

,

.

. 1 10℃

215 240 . 12 1∼ ∼

.

,
,

:

:

:
, , , ,

8-15 m 8-15 m 8-15 m

: 18cm

: 8cm

500 g 50-250 g

Table 7 Types of Various Pears
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, ,

.

.

,

.

“ ” .

Fig. 10 Outline of Pruning

①

( )②

,①

②

③

①

②

③

Table 8 Types of Pruning

.

.
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· .

,

.

.

, .

.

Fig. 11. Thin out of the young fruit

.

. 40 5

, 30 .

Fig. 12. Bagging pears
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3.

.

( )

( )

.

.

Y . Y

. 2.2m , 6m, 4.5m .

Fig. 13 Shape of Tree

à à à à

.

Fig. 14 Process of Cultivation

15 .

Fig. 15 Diagram of Shape of Tree in Orchard for Peal
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.

.

.

. 1.8 2.2m, 1.5m, 2m∼

.

Fig. 16 Figure of Grown Outdoors
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2 IT

1.

IT .

.

( , , )

.

Zigbee

.

.

.

.

.

,

. ,

.

.

.

, , .

.

,

. , ,

.
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.

,

Zigbee , RS485

,

IP .

CAN

Zigbee . Zigbee Zigbee

.

.

1

, .

,

.

Fig. 17 System block diagram for IT Oriented Environment Friendly Cultivation and Mechanization

for a Pear Orchard
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3

1.

.

- DGPS

-

-

. DGPS

,

, DGPS

.

18

.

.

.

Fig. 18 Figure of position data collector and collection software.
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18 GPS

.

.

(Polygon)

.

.

.

GPS VRS

. 1 ,

. GPS VRS

.

. .

.

DGPS VRS AP(access point)

.

VRS

NTRIP (Networked Transport of RTCM via Internet Protocol)

vrs.ngii.go.kr .

. RTCM DGPS

.

.

, .

19 (google)

.
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Fig. 19 Figure of google map for searching position via GPS( skku ).

2.

.

(1) GPS(Global Positioning System)

GPS , , .

(SPS: Standard Positioning System) (PPS:

Precise Positioning System) .

100m .

GPS 3 , , ,

, .

, ,

.
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GPS , , 3 .

( )

: NAVSTAR

: 20.2000Km

: 12

: 55°

: 4Km/s

: 24 ( 6 x 4 , 3 ), 4

( )

- : Colorado Springs

GPS

- : Ascension, Diego Garcia, kwajalein, Hawaii

4 3 Uplink

( )

,

.

(2) GPS

L1 (1575.42 )㎒ L2 (1227.6 )㎒

C/A

,

P

Table 9 Signal of GPS

C/A , P , Y , NAV .
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(3) (Navigation message)

20 .

- (almanac): ( )軌道情報

- (ephemerris):

Fig. 20 Configuration of navigation message

(4) GPS

GPS ( ) 21 .

Fig. 21 PSK modify

(5) GPS

,
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.

-

-

- : .

- 4 ,

- GPS

-

-

(6) GPS

( )

- , ,

( )

.

( )

.

( )

. SA

GPS 30 , 10

.

0 1.5m∼

1 5m∼

0 30m∼

0 30m∼

0 10m∼

0 1m∼

Table 10 Kind of GPS error

(7) DGPS(Differential GPS)

DGPS GPS 2

GPS

. DGPS GPS ,

.

1 .
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.

(1)

3 GPS

.

- GPS

- INS(Inertial navigation system)

- VRS(Vitrual Reference Station) Network RTK .

GPS , , . GPS

.

(2) GPS

. ,

GPS .

3 ,

.

(3)

GPS (PDT) GPS

(GDT) .

. .

.

(4) INS

INS

, , .

GPS INS

GPS . GPS

GPS

.
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(5) (VRS) GPS DGPS

RTCM GPS Network RTK

. 44 .

Fig. 22 Observation post for VRS in korea Fig. 23 Procedure of VRS services.

VRS 23

.

24, 25 NTRIP Client VRS

.

Fig. 24 Log on dialog box for VRS server Fig. 25 Dialog box for NTRIP client
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3. 1

, 1

. , , , GPS,

Compass , ( , , ) .

Fig. 26 System concept

. ( )

. 27 P

. ,

.

, .

Point Grey Bumblebee(BB-COL-40)

120mm , .
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Fig. 27 Stereo image processing system

.

710mm 505mm 2 . 100W BLDC

, /

.

, PC .

,

.

, MMI(Man Machine Interface), ,

, ,

.

228mm , BLDC
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.

PWM .

Fig. 28 1St Prototype mobile robot system.

.

9

, 1

. 1 GPS

Compass . GPS , ,

, Compass .

.

9

, , Compass SPI

. GPS

.

.
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,

.

GPS Compass .

Fig. 29 Construct of sensor fusion and major parts.

Deep cycle 1 80%

. DC-DC

SMPS .

0.5m/s .

.

, ,

24 .

( , , , )

, , .

,

.
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Fig. 30 GUI Interface for 1st mobile robot

4. 2

25 .

300mm 30mm

.

( )

.

, 1.0m, 1.3m 0.42m(

) .
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Fig. 31 2nd Prototype mobile robot system.

.

2 , 6 26 ,

.

> > .

. 150W DC , 1: 36

PWM .
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Fig. 32 Power transmission system for mobile robot.

.

33

,

.

/ 45° 4 .
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Fig. 33 Construct of sensor fusion part.

4

/ / / . 300mm 1500mm ,∼

300mm .

1

.

.

.

.

/ IP camera

34 2 . 300mm DC

/

,

.
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Fig. 34 Image Part( IP camera with pan/tilt + web cam)

.

.

, , ,

. Atmel ATMEGA128 CPU

, PC XP .

Fig. 35 System control part and circuit of local controller
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36 , 37

.

. 38 .

Fig. 36 Flow chart for traveling algorithm

Fig. 37 GUI user interface for 2nd mobile system
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Fig. 38 Graphic result for visual tracing

.

,

.

, , ( 10°) , 6

.

.

5. 3

.

IT

, , ,

.

.

-

-

-

-

-

-

.
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.

, , , ,

, , , ,

.

, ,

.

1200mm 800mm 750mm 470mm

, .

,

, .

39 3 .

, 45° , / IP

.

.

Fig. 39 Figure of 3rd mobile robot
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.

40 , (Navigation system),

, .

.

GPS, AHRS(Attitude and

heading reference system), .

, .

.

,

, , .

.

GUI

.

Fig. 40 Block diagram for system control part.

.

/ 41
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, Zigbee

.

USB , RS232 /

RS485 . RS232

. RS485

.

Fig. 41 Structure of communication system.

.

/

.

.

, GPS ,

/ Zigbee .

Zigbee 868 MHz, 902-928 MHz 2.4 GHz

.

. ZigBee 50m

250 Kbps . ZigBee

IEEE-SA 802.15 .

ZigBee , , ,
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255 .

1.2Km

.

42

.

Fig. 42 Method of interface for communication type.

(1)

AP(access point)

1.2Km

1Mbps 43 .

AP .

IEEE802.11g / , TKIP/AES

, 40 /64 128 WEP WPA/WPA2 .

USB2.0 , 2.412 2.4835GHz,～

, TKIP/AES , 40 /64 128 WEP

WPA/WPA2 .

Fig. 43 Wireless LAN Modules
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(2)

Zigbee ,

44 /

.

Fig. 44 Block diagram for zigbee wireless module(master/slave)

45 Zigbee

.

Fig. 45 Zig bee network and connection method

46 /

.

Fig. 46 Inner block diagram for zigbee module
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,

ID .

47 .

( )

.

Fig. 47 Flow chart for Zigbee module control

Zigbee 48 RS232

.

Fig. 48 Zigbee interface board
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.

DC 300W DC

4 , 30:1 .

11 , 43 .

(VDC) (rpm) (A) (W) (rpm) (kg-cm) (A) (kg-cm) (A)

24 3300 1.8 300 3000 9.74 15.5 84 135

Table 11 Specification of driving motor

Fig. 49 Schematic of driving wheel

.

NT-M-DCDM2430 2 DC

DC CAN RS232 .

,

PWM .
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H-bridge Power Mos FET 100A

.

32bit ,

, .

, RC , CAN , RS232

.

Fig. 50 Motor driver and circuit

Fig. 51 Figure of CAN connection

/ CAN .

51 CAN .

CAN .
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CAN 16

.

455

.

“<0R0455>”

Command MIN~MAX

„0‟

R 1CHPWM 0~999 Duty <0R1254>
L 2CHPWM 0~999 Duty <0L0364>
W 15~36 voltage <0W16>
D 0~500 Duty <0D100>
U RS232C 0~3 Bps <0U1>
I CAN 0~9 Bps <0I9>
E 0~10 Msec <0E1>

C <0C>

r <0r>

„1‟

M PWM <1M> <R1546L0546>→

V <1V> <V24>→

Table 12 Motor driver protocol

52 .

, .

2 .

Fig. 52 Motor driving test porgram
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.

Deep cycle( ) Delkor DC24 .

12V 70AH 2 24V

. Deep cycle

.

80%

.

50% 10 .

53 .

, 24V

DC-DC

.

.

,

.

.

,

.

Fig. 53 Circuit for system power control
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,

.

.

.

,

.( )

.

, , (GPS,

, ), , / , ( LAN,

Zigbee ) 54 .

Fig. 54 Block diagram for system control part

.

(1) GPS

Ascen Korea Akm-u1 GPS 3

.
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GPS 1 SBAS( :Satellite Based Augmentation

System)

. 2 3 GPS

. RTCM( Radio Technical Commission

for Maritime Services) VRS(Virtual Reference Station)

.

Fig. 55 GPS and triangle antenna system

(2) (AHRS: Attitude and heading reference system)

Roll Pitch, Yaw

e2box EBIMU-9DOF . 3 3

, 3 ,

.

roll yaw ±180° , pitch ±90° < 0.5° .

Fig. 56 AHRS module
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(3)

, 4

. ,

.

, ,

, .

57 .

Fig. 57 Circuit diagram for sensor node interface

.

- , ( )

-

-

Zigbee , USB .

.

32

.

. /

/

, / .
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,

.

58 Axis AXIS 233D .

.

, , , .

Fig. 58 Pan/Tilt IP camera

.

59 /

.

, ,

.

Fig. 59 Wireless or Wire remote control system
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4

1.

.

.

.

. ,

. “ ”

.

, ,

.

,

.

.

17

.

.

, .

,

.

,

.

GPS,

.

GIS

(download)
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.

, RFID ,

, ,

.

.

2.

.

, ,

( , , , ) ,

( , ) .

, .

/

.

,

( , )

.

Fig. 60 Environment information monitoring windows
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Fig 61 GUI user interface for 3rd prototype mobile robot with

touchscreen

3.

. ,

/ .

,

.

,

.

, ,

.

4.

.

,
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, (3 )

.

Fig. 62 Environment data Inquiry window for temperature

5.

2

.

,

.

, Zigbee

, , , RFID

Tag .

.

ARM11

GPIO RS232 , USB , Windows CE 6.0 .

,

GUI .

RFID ID

,

.
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6.

, ,

, EC

.

, >

> > ( ) .

, ,

.

.

.

Fig. 63 Graph of environment data(Air, Leaf Temp. and Solar radition)
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5

1.

. 2.2m

.

Fig. 64 Conceptual Design of Orchard Aerial Lift

.

Fig. 65 Worktable Heights of the aerial lift by works.
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65 .

.

,

. SolidWorks 2009 66

.

SolidWorks Premium 2009 (USA)™

Scissor Lift (=X Lift)

(L×W×H,

mm)

2600×1200×1600

: 3000 mm

Table 13 Spec of Orchard Aerial Lift

Fig. 66 View of Aerial Lift

. .

(A) 60cm ( )

(B) (0~100cm)

(C)

( / , )

: 170cm / 100cm
: 100cm / 80cm→

: 150cm / 80cm
: 80cm / 60cm→

Table 14 A method of Calculating Height

Fig. 67 Height factors of

Orchard Aerial Lift

/ 170cm, 100cm

, 150cm, 80cm .

.

,

, , , . , ,

, , 10cm .

68 .
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Fig. 68 Conceptual heights for Pruning

, , ,

, 4 .

. 68

30cm . ,

140cm 70cm 100cm∼

.

69 , ,

. , ,

, 20cm

. . 15,

69 .

Table 15 An Adequate Heights on each Works
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Fig. 69 Heights for Thin-out and Bagging

2.

AutoCadTM

2 , 2 .

71 .

( × × ) 2,060×1,225,×1,800(mm) ,

105mm . ,

.

Fig. 70 Moving Part of Orchard Aerial Lift
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Fig. 71 Designs for Orchard Aerial Lift

70 . 200mm ,

980mm, 1,050mm .

72 .

, , ,

.

73 . X

, / , ,

, .

74 .

,

.
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Fig. 72 Upper Frame of Working Equipment

Fig. 73 Lower Frame of Working Equipment
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Fig. 74 Engine and Hydraulic System

3.

(soil thrust)

(motion resistance) . (

) , .

(maximum tractive force)

.

.

- .

, ( ) , -

.

,

, , .
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,

.

,

(roadwheel part : ) ,前輪

.

, - ,

. ,

,

(drawbar point) (rear part)

(front part) .

, .

- (Mohr-Coulomb failure criterion)

. .

  tan ····························································································································· (1)

, = shear strength of the materialτ

c = apparent cohesion of the material

= normal stress on the sheared surfaceσ

= angle of internal shearing resistance of the materialφ

Fig. 75 Mohr-Coulomb failure criterion

. - -

.

- (Janosi-Hanamoto) -

.
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  max 
  tan  ····························································· ·· (2)

, max = maximum shear stress

 = shear displacement

 = shear deformation modulus

.

Fig. 76 Shearing action of a track

  






 




 tan  

··················································································· (3)

  , 

  






  

  tan 

 

·········································································· (4)

7 . ,  .

max 8 .

max  tan

   tan

············································································································· (5)
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,

. (Bekker) - 

  
 



  
 



·············································································· (6)



  





 




·································································································· (7)

10 ,

.

   




········································································································ (8)

,  = pressure-sinkage parameters

, , 

≃ ,   ,    ,

.

, 4

 ,  
,  

,  ,  ° .
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Table 16 Terrain values

 9 .

  
 



 
×× 



 ≃ ···························· (9)

13 .

 







×××
   ················ (10)

, 14 .

max tan  ×××× tan °    ··············· (11)

 ≒

15 .

≈×    ········································································································ (12)

, 70%

  .
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6

1.

.

SolidWorks

3D

. SolidWorks Dassault Systemes SoilidWorks Corp 3D CAD .

SolidWorks , , , ,

.

Fig. 77 Aerial lift modeling using SolidWorks

.

SoildWorks

3 . ,

. (1)

(5) .
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(1)

Briggs&stratton VANGARD 122467

4 . 4 ,

, , 2

( )

. 78 17 .

engine⒜ 3D model⒝

Fig. 78 The view of engine and 3D model

Item Specification

Type of fuel gasoline

Type of engine inclined air cooling one cylinder four-stroke engine

Size of engine

length [mm] 400

width [mm] 345
height [mm] 385

Weight [kg] 25

Power
declared power [KW] 3.7 (1,800 RPM)

maximum power [KW] 4.4 (1,800 RPM)

Engine body

cylinder [ea] 1
stroke number [ea] 4

displacement [L] 0.204
cylinder’s diameter × stroke

[mm]
68.3 × 55.8

combuster type head valve

compression ratio 8.25:1

starting system
both of electric and hand

start

Igniter

ignition method electronic

spark system electronic

ignition level [°] B.T.D.C 15
capacity of storage

battery[V/AH]
12 / 35

Table 17 The specification of engine
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(2)

79 . 200 mm,

1,050mm 46 .

.

crawler⒜ 3D model⒝

Fig. 79 Crawler of Driving part and 3D model

Item Specification
Material Rubber

Size [L × W, mm] 1,050 × 200
Number of lug [ea] 46

Table 18 The specification of crawler

(3)

( ) .

,

.

. 19 .

Item Specification

Transmission type Gear

Velocity of each

Speed

Transmission

Forward (2-Step)

[m/s]

second-speed 0.769

first-speed 0.380

Backward (1-Step)

[m/s]
first-speed 0.314

Table 19 The specification of Transmission
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controller⒜ 3D model⒝

Fig. 80 The view of controller and 3D model

(4)

.

0-12°

. 20 .

lift⒜ 3D model⒝

Fig. 81 The view of lift and 3D model
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Item Specification

Oil pressure system

Maximum pressure [kPa] 17652

Undulating angle [°] 0-12
Oil pressure cylinder

(diameter × stroke) [mm]
50 × 150φ

Lift system

Operation length [mm] 2350

Oil pressure cylinder

(diameter × stroke,

number)

[mm, ea]

60 × 390, 1φ

Table 20 The specification of lift

(5)

,

· . · · , ,

. 1,370 × 905mm

.

working table⒜ 3D model⒝

Fig. 82 The view of working table and 3D model

. 83

, 84

3 . , , ,

. 85

.
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Fig. 83 Assembly parts using SoildWorks

Fig. 84 The oblique section in basic type model

Fig. 85 The view of vehicle’s motions
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.

Fig. 86 Orchard Aerial Lift

( × ×

)
2,060×1,225×1,800 ( )㎜

530 ㎏
105 ㎜

2 / 1
( )

200 mm

980 mm
1,050 mm

( /h)㎞

1 : 1.7 2 : 3.9

1.5

Table 21 The Specification of Aerial Lift

86 ,

21 .

20L , /

( ) 30cm .

.

22 .

240 kg, 1370 kg ,

1370×905 mm .

12 .
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240 kg

1370 kg
× 1370 mm × 905 mm

905 mm
660 mm

330 mm
295 mm

565 mm
1135 mm

0° 12°

( )

3000 mm

650 mm

Table 22 The Specification of Working Part

Fig. 87 The view of Engine

VANGARD 122467

(kW/rpm)

4.8 kW (6.5ps)

/ 1,800 (1/2 )

0.6 L

/
SAE 10W-30

4 L

Table 23 The Specificaton of Engine

23 87 .

Fig. 88 Crawler of Driving Part
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88 . 1m, 0.36m,

46 .

. , , ,

. 140  .

Fig. 89 Solenoid Power Pack

Fig. 90 The view of Controller and Hydraulic

89 ,

4.5m .

905×660 mm ,

330mm .

1135 mm .
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Fig. 91 The view of Working Part

Fig. 92 Swivel Chair Fig. 93 Air Compressor

92

.

93 94

.

.

1.5Mpa, 20L 5m

. 80 ,

200  20L .

.

. .

/ ( / )

Sliding .
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Sliding

.

. 95

.

Fig. 94 Conceptual Diagram For Saving of Labor

Fig. 95 Swivel Chair and Workable Sliding System
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Fig. 96 The concept design of convenience equipments

.

. 12 ,

.

Fig. 97 Actuator for using in slope
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2.

.

,

98 .

, , 3 , /

. ,

.

, .

/ 2 , / 330mm .

Fig. 98 The Control System

.

. MICOM 128 AVR Studio

ATmega 128 UART RS-232 PC

.

( ) ( ) .

.

.
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Fig. 99 Algorithms of Driving Part

Fig. 100 Algorithms of Working Part
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, / , 3

.

.

,

101 AVR( )

.

Fig. 101 The Control System’s Electric Circuits

Fig. 102 The Micro Controller(AVR)
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7

1.

.

SolidWork 3 RecurDyn .

,

.

15° 24 360°

. ,

.

.

Fig. 103 The view of three level of heights of vehicle

Fig. 104 Examples of ground slope angle
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. RecurDyn

(Constraints)

.

Sproket joint : ,
Danper :

Spring constant : 106 (N/mm)
Damper constant : 102 (N/mm)

.

640 mm,

1,750mm, 3,090mm . 1

0.380m/s(=760/167 rad/s) .

(Case.1) 220kg

(Case.2) . RecurDyn

.

24 .

Item Case 1 Case 2

velocity [m/s (rad/s)] 0.380 (760/167)
Weight of driving part [kg] 248

Weight of working Part [kg] 362 582
Total weight [kg] 610 830

Table 24 Properties of simulation model

Fig. 105 Velocity condition of the vehicle Fig. 106 Weight of working part
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Fig. 107 Weight of load

.

.

108 .

Fig. 108 View of interaction between grouser and

ground

RecurDyn Bekker

. Bernstein(1913)

,   .

,   ,  .

   Bekker .
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- Bekker's theory

 ∙  






, Terrain parameter (kc) = 0.35124 (N/mm1+n)

Terrain parameter (k ) = 1.7765e-002 (N/mm2+n)Φ

Exponent of skinkage (n) = 0.3

Janosi-Hanamoto

. ,  , 

,   .

- Janosi-Hanamoto model

  tan

, Soil cohension (c) = 1.379e-002 (N/mm2)

Internal friction angle ( ) = 22 (°)Φ

Shearing deformation modulus (k) = 25 (mm)

sandy loam(Hanamoto.) .

.

Fig. 109 The property of ground



- 121 -

.

RecurDyn .

(1) .

(2) (Case.1) 640 mm, 1,755 mm,

3,090 mm .

(3) .

(4) , 1

.

(5) Direction angle 15 .

(6) 220 kg (Case.2)

2 4 .

.

.

Direction angle :

.

Ground slope angle : .

.

Fig. 110 Example for direction & ground slope angle

Ground slope angle

. Direction angle

15° Direction angle 24 360°

.
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.

(1)

( ) (Case.1)

360° 15° .

(640mm), (1,750mm), (3,090mm)

0° 15°

. 111

116

. Direction , Ground

.

Fig. 111 The view of minimum height

model(direction 0°, ground - 32°)–

Fig. 112 The view of minimum height

model(direction - 0°, ground - 33°)

Fig. 113 The view of medium height

model(direction - 0°, ground -

17°)

Fig. 114 The view of medium height

model(direction - 0°, ground -

28°)
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Fig. 115 The view of maximum height

model(direction-0°, ground-7°)

Fig. 116 The view of maximum height

model(direction-0°, ground-8°)

, 46°

120°, 240° 33° 0°, 360°

. 30° 105°, 255°

18° 0°, 360° .

19° 120°, 135°, 225°, 240°

8° 0°, 360° . 25

.

0° 15° 360°

66 .

120°, 240°

10° . 26

100% , 41.4%,

13.5% .

.
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Degree Minimum height Medium height Maximum height
0° 33 18 8

15° 34 20 9
30° 36 21 9

45° 40 24 10

60° 44 29 13
75° 41 29 17

90° 42 29 16
105° 43 30 17

120° 46 32 19

135° 44 29 19
150° 40 26 17

165° 38 24 16
180° 37 23 16

195° 38 24 16
210° 40 26 17

225° 44 29 19

240° 46 32 19
255° 43 30 17

270° 42 29 16
285° 41 29 17

300° 44 29 13

315° 40 24 10
330° 36 21 9

345° 34 20 9
360° 33 18 8

Table 25 The result of the aerial lift vehicle model (Case.1)

Min-height Mid-height Max-height

Pixels of the safety

zone (ea)
26,209 10,862 3,528

The percentage of

safety zone (%)
100 41.4 13.5

Table 26 Compare of the safety zone (Case.1)
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Fig. 117 Safety zone of Minimum-height (640 mm)

Fig. 118 Safety zone of Medium-height (1750 mm)
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Fig. 119 Safety zone of Maximum-height (3090 mm)

Fig. 120 Safety zone of three different heights (Case.1)

( ) 220 kg (Case.2)

220 kg

360° 15°

. 121

126

. Direction , Ground

.
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Fig. 121 The view of minimum height

model(direction-0°, ground-30°)

Fig. 122 The view of minimum height

model(direction-0°, ground-31°)

Fig. 123 The view of medium height

model(direction-0°, ground-15°)

Fig. 124 The view of medium height

model(direction-0°, ground-16°)

Fig. 125 The view of maximum

height model(direction-0°,

ground-6°)

Fig. 126 The view of maximum

height model(direction-0°,

ground-7°)
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, 38°

60°, 120°, 210°, 240°, 300° . 25°

180° .( 73) 23°

60°, 300° , 13° 180°

. 12° 75°, 90°, 105°,

120°, 240°, 255°, 270°, 285° , 7°

0°, 15°, 345°, 360° . 28

.

0° 15° 360°

76 . 60°-120°

, 240°-300°

10° . 18

100% , 28.8%,

8.0% .

.
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Degree Minimum height Medium height Maximum height

0° 31 16 7

15° 32 16 7
30° 34 17 8

45° 37 18 9

60° 38 23 11
75° 37 21 12

90° 36 20 12
105° 37 21 12

120° 38 21 12
135° 32 17 11

150° 28 15 9

165° 26 14 9
180° 25 13 8

195° 26 14 9
210° 28 15 9

225° 32 17 11

240° 38 21 12
255° 37 21 12

270° 36 20 12
285° 37 21 12

300° 38 23 11
315° 37 18 9

330° 34 17 8

345° 32 16 7
360° 31 16 7

Table 27 The result of the aerial lift vehicle model (Case.2)

Min-height Mid-height Max-height

Pixels of the

safety zone (ea)
18,244 5,253 1,466

The percentage of

safety zone (%)
100 28.8 8.0

Table 28 Compare of the safety zone (Case.2)
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Fig. 127 Safety zone of Minimum-height (640 mm)

Fig. 128 Safety zone of Medium-height (1750 mm)
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Fig. 129 Safety zone of Maximum-height (3090 mm)

Fig. 130 Safety zone of three different heights vehicle (Case.2)

(2)

(Case.1) 220kg

(Case.2) .

(640mm) 131 . (0°)

2° . (180°)
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12° .

Fig. 131 Compare of the safety zone of Minimum-height (640 mm)

(1,750mm) 132 . (0°)

2° . (180°)

10° .

Fig. 132 Compare of the safety zone of Medium-height (1750 mm)
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(3,090mm) 133 .

(0°) 1° (180°)

8° .

.

Fig. 133 Compare of the safety zone of Maximum-height (3090 mm)
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2.

.

, .

.

(ISO

789-6) . (, , ) .

x  80

. , ()

1  .

 


····························································································································· (13)

,  =

 =

 =

Fig. 134 Determination of mass center of Aerial-lift in

x-axis direction

y  81
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14 15 .

 


······································································································································· (14)

  sin ····························································································································· (15)

,  =

 =

 =

 =

 =

 =

Fig. 135 Determination of mass center of Aerial-lift in

y-axis direction

z  4 .

 


······································································································································· (16)

,  =
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 =

 =

Fig. 136 Determination of mass center of

Aerial-lift in z-axis direction

( ) .

x  137

/ / / 4

. () 1,050mm

, 1,110mm .

(16) x  , .

 


 

×
 

Fig. 137 Determination of mass center of

Aerial-lift in x-axis direction
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y  84

15°( )θ

.

1,425mm , (2)

  . 

  (3) y

 .

  sin ×sin  

Fig. 138 Determination of mass center of

Aerial-lift in y-axis direction

z  138

( ) (16) z 

.

 




×
 
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Fig. 139 Determination of mass center of Aerial-lift in z-axis direction

(, , )

    .

.

.

.

.

.

.

(1)

( 220kg )

,

(640mm), (1,750mm), (3,090mm)

.
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Fig. 140 Tseter for angle of static

falling down

Fig. 141 Simulation for angle of

static falling down

Fig. 142 Load the weight(220kg) Fig. 143 Talangle of static falling

down sidelong

(2)

( ) .

.

.

(3)

.

(Case.1) 220kg

(Case.2) , (640mm), (1,750mm),

(3,090mm) 3 .

40° . ,

15° (0°), (180°)

(90°, 270°) 4 .

29 , 90 .

/ 40°
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.

37.6° . 28°

. .

Tilt

angle

Minimum height

(640 mm)

Medium height

(1750 mm)

Maximum height

(3090 mm)

0 40 37.6 28

90 40 32 23.4

180 40 36 20.9

270 40 32.7 22.3

Table 29 Demonstration Tests results for tilt of static falling down.(Case.1)

Fig. 144 Demonstration Tests results for Safety zone of three different

heights vehicle (Case.1)

220 kg (Case.2) 29 ,

144 . , ,

40° .

28.6° .

14.7° .

.

145 146 ,

,
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.

Tilt

angle

Minimum height

(640 mm)

Medium height

(1,750 mm)

Maximum height

(3,090 mm)

0 40 22.2 11.8

90 40 22.8 12.1

180 40 28.6 14.7

270 32.2 18.6 12.8

Table 30 Demonstration Tests results for tilt of static falling down.(Case.2)

Fig. 145 Demonstration Tests results for Safety zone of three different

heights vehicle (Case.2)

. (0°), (180°) (90°, 270°)

4 (0°), (180°)

(90°, 270°) 4 .

(640mm) . 7°

2-3° .
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Fig. 146 Compare of Simulation and Actual(640mm)

147 (1,750mm) .

3-4° 19°, 13°

. 10°

. (3,090mm)

20°,

4-7° .

Fig. 147 Compare of Simulation and Actual(1750mm)
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Fig. 148 Compare of Simulation and Actual(3090mm)

.

.

, .

.

( )

18%, 21%, 28%, 32% 4 ( 1 ,

2 , 1 ) .

.

. 1

.

  
 × ··················································································································· (17)

,  : Innitial velocity

 : Current velocity

(Rg) .

. (18) . ,
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5,909.4kgf .

 ×sin ····························································································································· (18)

,  : Weight of vehicle

 : Ground tilt angle

Fig. 149 Ground slope (18%) Fig. 150 Ground slope angle (10°)

( ) 18%, 21%, 28%,

32% . ( 1 , 2 ,

1 )

/ .

.

31 .

Gradient (%)
Length of

the slope (m)
Tilt angle (°)

Hill climbing

resistance (kgf)

18 12.2 10.3 1,056.61

21 10.74 12 1,228.63

28 12 15.3 1,559.33

32 10.2 18 1,826.11

Table 31 Length of the slope and Tilt angle

152 153 .

21%

. 1 1



- 145 -

32% 20% 2

. 2

.

11% . 1

1 21% ,

.

Fig. 151 Slip ratio in Climbing

Fig. 152 Slip ratio in Descenting
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Fig. 153 Climbing test at 18% slope

Fig. 154 Descending test at 21% slope.
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3.

.

(1)

3.1m ( ) , 2.4m

19s 0.126m/s .

0.097m/s .

(2)

12°

2.97s .

(3)

.

2bar

. 25mm . 101

102

.

Fig. 155 Working used pneumatic

scissor Fig. 156 Cutting edge of tree branches
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.

, , ,

.

32 .

3,090mm ,

1,560mm .

Horizontal radius Minimum height Maximum height

Working space 1,560 640 3,090

Table 32 Operations available area of Aerial lift (Unit : m)

30

1,700mm 103 5,000mm

, .

104 3,000mm

,

, .

Fig. 157 Vertical

working height

Fig. 158 Horizontal working length
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8

, .

,

,

.

220kg

. SolidWorks 3 , RecurDyn

. ,

, , .

, , ,

, ,

,

.

.

.

100% ,

41.4%, 13.5% .

220kg

100% , 28.8%,

8.0% .

,

.

  

    .

.

, (640mm)

, (1,750mm),
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(3,090mm) .

.

. 18%, 21%, 28%, 32%

1 , 2 , 1

.

2 5% ,

.

10% .

. 3090mm,

640mm , 300mm

. 12°

. ,

.

1,700mm ,

5,000mm 3,000mm .

.
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제 장 목표달성도 및 관련분야에의 기여도4

1

.
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1

IT
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- , Zigbee

RS232 CAN
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제 장 연구개발 성과 및 성과활용 계획5

1 ,

○

,

.

,

.

GPS

NTRIP RTK DGPS

, INS

.

.

.

( , / , , , )

.

, / , , ,

.

○

T&I( )

.

1) ㈜

, ,

2) /

3) ,㈜

.

4)

IT○

.
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2 , ,

○

.

○

.

○

.

○

.

○
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○

.
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3 ,

○

IT

,

.

○

.

○

Integrated

. 1

.

○

.

/○

.

,○

.

.

○

ASABE Transaction, Biosystems Engineering Research, Computer

and Electronics in Agriculture, Soil and Tillage, J. of Terramechanics

.



- 158 -

제 장 연구개발과정에서 수집한 해외과학기술정보6

, , , , .

[ ]

( )

, 1,000ℓ

112 /minℓ
59,620

( )共立

KR51000

43 PS, 4 , 4 ,

1,000 , 3ℓ

108

/min, 31 ,ℓ

1,000m,

150m

59,600 ( )

YAS1000DX

4 9 PS 15 4,485
( )

RM82A

, 24 PS

120 cm,

35°

45,300
, ( )久保田

AMX-5

4.5 5 m,～

15°, 130 kg
7,650 ( )

GTZ-2
,

,

5.5 PS, 1

150 kgf
3,700

野澤製作所

TN3H

40 cm, 5 PS 4,800
( )

TAI-GR2-A

1 , ( ) ,

,

.
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