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A Simple Method of Measuring a Tractor's Running Trace
Using a Total Station (II)
— Effect of the axis angular speed of the total station

on the positioning of a tractor —

Katsuyuki TANAKA*, Yoriko ISHIDA,
Kuniji MOTOHASHI*, Takeshi TAKANO*

Abstract

Regardless of vehicle running speed and course, positional information (horizontal
.angle, zenith angle and slanting distance) was not available and depended on the
established position of a total station. Therefore, correct positional information could
not be specified. In this report, a measurement system was examined from the view
point of the axis angular speed of total station. We simulated the axis angular speed
of a total station during tracking of a tractor that is running on a test course.
Comparing the simulated results with actual measured results, showed that correct
positional information can be obtained when the absolute value for axis angular speed

was equal to 0.090 rad/s or less, in this measurement system.

[Keywords] tractor, running trace, total station, reflective target, angular speed
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A Simple Method of Measuring a Tractor's Running Trace
Using a Total Station (II)

— Positional Error Correction Using Tractor Inclination Information —

Yoriko ISHIDA®, Katsuyuki
MOTOHASHI*, Takeshi

Kuniji

TANAKA™,
TAKANO*

Abstract

An experiment was carried out on the position of a moving vehicle using a total

station on slope land.

The extent of the positional error was examined using an

inclinometer to revising measuring error. The largest positional error was within 0.5m

at the maximum of 8.5

slope land (mean and standard deviation :

3.4%2.2"), when

the axis angular speed of the total station was less than 0.090rad/s.

[Keywords] tractor, running trace, total station, positional error, gradient correction
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Positional Tractor Measurement Using Radar Speed Sensor
— Circuit angle revision with a geomagnetic direction sensor —

Takeshi TAKANO®, Kuniji MOTOHASHI*,
Katsuyuki TANAKA*, Yoriko ISHIDA*

Abstract
This report describes about the positional measurement using two radar doppler
speed sensors for the tractor to automatically run at high-speed on grassland. As a
result of this positional measurement, the error was found to be about 17m with a
Thus,
using a magnetic directional sensor for the circuit angle revision, positional measure-

circuit angle error which was 25 degrees at 330m when the speed was 1.7m/s.

ment error is decreased to about 1.7m, and the positional measurement accuracy was
improved. Under other speed conditions, the positional measurement error is about
2.5m.

[Keywords] tractor, positional measurement, radar doppler speed sensor, magnetic

directional sensor
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Precision Farming of Grassland (1)

— The Dependence of Pasture Yield on Nitrate Nitrogen Concentration
and pH of Grassland Soil —

Katsuyuki TANAKA*, Kuniji MOTOHASHI*
Takeshi TAKANO®*, Yoriko ISHIDA*,

Abstract
This study investigates the applicability of the precision farming of grassland.
The yield of grass was determined in relation to the concentration of nitrate nitrogen
and the soil pH for individual plots of grassland to establish a field information
system for all the grassland. The coefficient of correlation between nitrate nitrogen
concentration and pasture yield was low. In the case of soil with a depth of 10 to
20 cm, nitrate nitrogen concentration was an average of 10 mg/ 1, which is little
compared with the surface area. On the other hand, there was wide distribution of
nitrate nitrogen concentration 5-cm beneath the surface that ranged from 10 to 55
mg/ 1 . Therefore, taking the change in the physics and chemistry of the surface,
provides the possibility that the fertilization quantity necessary for the soil can be

found and that the appropriate management information can be provided.

[Keywords] precision farming, pasture, grass yield, nitrate nitrogen, pH
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The Luminunce Distribution of RGB-image under Various Field Conditions (Part 2)
—The Luminance Distribution Dependence on Monitoring Area in a Small Scale Paddy Field—
Yukiya KOBAYASHI* and Hiroshi SHIMADA*

Abstract

We examined the relationship between RGB-image luminance distribution and
monitoring area to establish image processing method for the observation of rice plants
growing stage in an experimental paddy field. The results obtained are as follows:
1) in case of observation on 3.3ml area (60 stumps), the distribution of RGB-image
differentiated depending on parts of image screen, because RGB-image distribution
varied in a part by the scattering of solar rays etc.; 2) contrary to this relatively
wide area's observation, there was no significant luminance distribution among parts
of image screen in cases of observation on small area (24 stumps/ 1.2mi and 12 stumps
/0.611); 3) examined on difference of RGB-value and ratio of RGB-value, it was indicated
that ratio of RGB-value was identical, although monitoring area was changed. On
the bases of this experiment, mutual relationship among R-value, G-value and B-value
is going to be investigated to clarify the reason why the RGB-value ratio is not

affected by the monitoring area.
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Effect of the travel speed on performance of traction
Tatsuo HIROMA*, Yosuke ICHINOHE®, Takashi KATAOKA*, Yoshinobu OTA*

Abstract

This paper describes the influence of the travel speed of a driven wheel running
on soft ground such as the farm soil with high moisture contents on motion resist-
ance and tractive force. Laboratory tests were carried out with one rigid wheel and
within the travel speed of 0.25m/s. The results showed that the normal stress acted
on the wheel surface was affected by the travel speed or the angular velocity of the
wheel, and the motion resistance and tractive force were independent of the angular
velocity of the wheel. Results calculated with the viscoelastic finite element program
developed by one of authors showed that the tractive force increased slightly with
it can be considered that the

increasing angular velocity of the wheel. However,

travel speed has no effect within low travel speed of 0.25m/s.
viscoelastic model of soil

[Keywords] travel speed, motion resistance, tractive force,

I. #&
BREmE O AR, il OB,

il

0. RERFE
WA ERETEREBOMELZNUIRY., E

HEOEE, ETHOBECHR, iwm% +
DS, HEHFOTESG R ERRNEIC
TRELERINS, HEHEKENE ﬂﬂkt&
FBIIBWTIE, BictohENEtogesrz
5, ZOXDBIEREDOIFBITRNWTERE
ARBZETD &, BABIIIEAREOREZS
FAHENMENTNDY, BWEKEDOLEEZH
TR BERASEST U 2 BRIC BRI 4 U B RS 1112
DNT, LOEREEDOREEEL =z DK
HETINEEAT D E, BEHIERIEH ORKMEMN
HRR FTEORAFTELS I L2FHTE B,
Fiz, EfTEIVETEEOZEICLIOELT S
Z & ZPope” ©Grahn” 7#E L T35,

T TAEE, T Uy EROETIRFIRW
AWBIHICET 2 ETEEOEZEZ, BIEHEROME
AREEEAD T EITL o THN .

i, SKEORMIMEERT, ER451mm, (@125mm
THD, BHFEEZLOKNICREL THD, HiE
MICHREEINTWSERETIIIVNELETH O,
Bk EKI67% (db.) ICHAEIL, BEBEALAEE
HE1L4g/m’ T2 5 X510 — 5 —TEKEL,
AT 2 EEH Uz, W ABIEREIC T 2 Hig D
EERAEEOEEETANDL DI, HinE R A H
& %0.5rad/s, 0.75rad/s UM1.0rad/s® 3 3@ D ITZ
ACETERZT O /. £k, EREBEOREIC
RELIZBHE—YOEEREEX, TABITA
YOHEZEFH TS I &ick V)@ﬁ‘ﬁ?%%?ﬁ]ﬁ'ﬁ
U CEgDETHREZ RN,

m # B
EERRITHN S, TOEREEDENIZXL B
TOERIIDNWT, TEFINELT I ERKEHME

*AFRERFR



32 IR E S AL IR 455 (1998)

1Y

Q RET—4 NIVREY

RAVARAYF

TABIT A%

L=

BB AREE Y
K1 EtERETRRER

EFIVPERAWTHRANZ. AR Z2 —FED O
T HHE THEME L 7255 OBREIS I OZLIT DN
TEHEZTIR> /2. SHEICHWZHIEREE, E
ERERE n RORTY v 2R 11T, 20k
REeM2I1TRT, OFTAEERIEH S ICK D —
HEMRBRICBNT, DT HEENRHREND
72028 s'&, HmB/MNIND20.21 sTEHNWTE
Bl sHEOKRE BEOTHINEMT 512D
NTEERSOEMN/NS <7125 Z ENHEND S
Niz, £72,10% 0T RO RE IS S OE % ik
5E, OFT AEEN0.21s"M 50.28s I HEMT B
LRV EEIS A% IEMNT B Z L0350
5, ZORERMN S, —HEMEHKBRICB W TEBER S
BOTHEEOTELZT DI ENHEND SN,
KIT, HEROEERAEEOEWIC X DA
BEICDWT, HRETERETROZ. K3ITHE
R O R KERE T OB 2 RT. EBROE
TITHED RE O ERIC X O EE— & DEEER
NEFL, HigOERERAREICI0BEEDEXS D
B Ue, BRKIERR IR 7713, [l A58 30.52rad/s
DFETE, ETETERNNI N6 % DIBEIC
BNTHBkPaZRT DI LT, ETERTEN
BRI R & 14925 % D 15E TIEHKI60kPa £ TlH A
UZz. [EERAEEN0.71 rad/s, 1.16 rad/sDBHE
WWBNWTHETRTENRELSRDIFE, BRE
FRIS T DEIRA T B ERS R Sz, BRER
IS TIE DA DEAWILEERAEEI /NS WIFE
RELIRZ2EAD R 5N,
HIGOEIRAEE DBV DI TEDE (L,
M4 ITETETREORBEFRTRT, BRAERISH
MWNEWEFELTEII NS WEZRT EEbNE
A, BKFBRISHAVNS WEZ R LU ETE TR
DHEIREZE VR ICBWTHIL TRICIZZEA

50 T T T T T T T T T T
~ 40+ s -1 . 7
§ | OT B 0.28 (s )\ |
_R 30 //,/’ -
& 20? ’ ‘\Ufﬁﬁgamth
10+ .
0 J L n ' 1 1 L L L 1 L
0 0.05 0.1
FEEOT H ()
B2 NREREREHOBERE
=1 FHEICHAW=ZRE
E 0.71 (MPa)
E. 0.247 (MPa)
7 0.149 (MPa-s)
0. 265
120 T T T T
o [ElER A EE (0.52%0.03 (rad/s))
= A [EIER A (0.7140.14 (rad/s))
& 100 L 0 [EEEAEE (1.16+0.13 (rad/s)) |
R
‘E AA O DO
o
60 - o -
1 1 1
0 10 20 30
EITIE T = (%)
H3 ETETEEEKEREAH
Roenlaholz, HIDEDITHES L OBENC K

DEEAMDOLOZREHNMED LizEEZSND,
EEsfAEEOZEY, BELZLTEDIESDE
MREL THBICHObN N> 720, ILTFTEDYE
YEZE 5 &26.1mm  ([F]#5 £ 3 £ 0.52rad/s) ,
25.3mm (B85 M4533E E0.71rad/s), 24.4mm ([EI¥5 £
HEL16rads) &72 0, EERAERENEWIEENL
TEITNS < B5EMNE SNz,

B O [E]R A DEWIC X B ETRFURE D
ZEIZTDONT, F5ITHETETREOBEFR TR,
ETEPUREISETE T RIMEML THIRT —E
D03%RLTc. EMEEEAEREOEELITEA



KR - —F - R - KE : b5 75 OETRRICET 2 ETREDOKE 33

40 T T T T
°  [EEAAEEE (0.52£0.03 (rad/s))
A [EERAAEEE (0.71£0.14 (rad/s))
0 [EERAEEE (1.16£0.13 (rad/s)) |
El
g 30 A i
ﬁm_ﬂ ADE ° A ﬁ' o
H A o A [u]
~ o o N o
20 + 4
Il 1 1
0 10 20 30
EITIRT 2 (%)

B4 ETETECATE

&2 AREREOFTEICAVEHE

K 0.438 (MPa)
G 0.255 (MPa)
K 0.160 (MPa)
G- 0.093 (MPa)
7 88 (kPa-s)
7o 51 (kPa-s)
K. 2.28 (MPa)
G. 1.33 (MPa)
p 0.55 ()

c 9.3 (kPa)

ERSNAN . Poped L FRK AN

WBETEEOEINE EBITHDTEEMEL TN
50, GEOHKERTIE, EERAEREOE(ICXLS
R ERETEIIANOFENR S R o7z,
Hi D[R A HE DR WIC L BT AB R DZE
LIZDNWT, K6ITRT. ETETRINKE NG
BT ABREIIREWEERLZD, Z0OBE
BN THILTESETEIOHZAE LR L LD,
EEzAEEOEICE2FEIR SN ho Tz,
TFABMEREICEET 2 ETEEOFEIIDONT,
#Hig s T OBEBRRUTOEWRWEEEZEEL -
BRERE ZEHAWTRTZ2T/Ro k. FHEICH
W BRI R OBMEEK, G, K, G, K,
G.EHMERE N neB R 2ITRT, HIERERE
R u EAERECY 2R 21TRT. ARESRE
DFHEIZ, ETEREL OGS N/ EinE s EE
CETERTRZ AW TR /2,

BB O B A E DB WIC K BT ABIREDE
BIZDWT, R7I1TRY. HEMREIT, K6 IR

0.6 : ; .

L . s @Eﬁiﬁ/ﬁ%(o.szﬂm (Irad/s))_
~05 L A [ElER4E I EE (0.7120.14 (rad/s)) |
%g = o @iﬁﬁxiﬁfﬁ(l.16¢0.13(rad/s))_
g 04 + , N .
Bt . -
‘}ﬂ_' 0.3 - AA;D DA' Ao p ° o —_
S
#o2lL B 5 ° ]

0.1 A .
0 I 1 1 L 1 ' 1 |
0 10 20 30
EITIE T E (%)
5 ETETEREETERZRE
1 T T T T T T
r° [EEAAEE (0.5220.03 (rad/s))
A [ElEEAEE(0.7120.14 (rad/s))
n 0 [ElERAEE (1.16£0.13 (rad/s))
% - 4
% 0.5 | S
o ¥ o 1
2 a al B -
= A
® o
ol *,5% -
L 1 L 1 L I
0 10 20 30
HEITIR T = (%)

6 ETETEELITASIRE (RE%RE)

L7z ERER SIS UEEENESNTED,
ERAER EFARICEERAEEDEVICK SEEN
Bboniholz. HEETTINEAWTEELT
WhDHEGOREAREOFELZ TS5 EED
N7n, [EERMAEEDOEIC K 2 EITR SNz
Mo, FIEMERIL, EBRBERIFRILCISICES
DENA SN, ZNIETEREIIES DN
EEAEEE AN L7202, FHEREREOTASI
FREITIX S DENEL, TSR DAL HE
KHRbhanozEEZ5N5,

% ZT,0.5rad/s,0.75rad/s L TUM1.0rad/sD 3 @D D
R EE A WTEH R 2T o7z, K8ITED
FERERT . [EIERAEED0.5rad/sH S 1.0rad/s T
Hind 2 &, SHEHEDEDETERRIZBVLTD
T ABHRENEFI0.0538 M U 7=, [B14R A 3 B AV I8N
U, EfTEENENT 2 Z &Ik > TEFTEIMN
BAL, TORER, FABIIMNEIMLZEEZS



34 BRERRES RIS R 455 (1998)

1 T T T T
I ® [EE5AHEE (0.52+0.03 (rad/s))
A [EERAHEEE (0.71£0.14 (rad/s)) 4
0 0 [EERMA®EE (1.160.13 (rad/s)) |
% - ]
g€ 0.5 | a° 0 4
E + p
2 b
© A
B “a
0L ,a.08° 1
n 1 1 L L 1
0 10 20 30
ETIETE (%)
B7 #ETETELITASIRE GHEHE)
0.5 ; . r
[ REEGAFEEQ.5 (radls))
04 - A FREBEEAEEQ.75 (rad/s)) -
- L 0 REEZAEEO (rad/s))
% 0.3 i : -
So2f : 1
A
\E i L]
= 0.1 + 2 -
0 [~ n =
1 O R
0 10 20 30
ETIE T E (%)

K8 ETETEREITASIRE GHEE

N5, ZOXDITLOMEIEET IV &AW
TlE, TASIRENETEEOREERZZ TS L
AR NIZAY, EERCIIHEIGO A EE 2 —F
RO EMTERN D 2D, ETEEDT A
BINICKIFTHEZETHICHENDD ZENTER
Mo 7z

V. #&

RS KD E WL D LR ETT S ERICE
LT, FETIEFCTABIHNICET 2RIEEROE
BEAREOFEE TN,

EROMBR, EMEBIERIENSHTNL S
NEEBEEZ DN, ETERTASIICHLT
i, BRELZEERAEEDIE S5 DEDHRICZDE
LB NTL R, AR IRDbDNZN >
Joo TIT, 3HEDITERE L EERAEE % H W
THRERERICLDFEE2TRo . [EixAHEE
IMKELILD EVTABINDEINT B ENgho

7R, EERAEENETHRION L TREREE
E2HEZBIIBEBRENEND .

SEXW

1) PopeR.G.: The Effect of Sinkage Rate on
Pressure Sinkage Relationships and Rolling Resist-
ance in Real and Artificial Clays, J. of Terramec.,
6(3), 31-38, 1969

2) JRRER, HEHR & ALUET  BIEERT
DIERIS T340, BHES, 51(1), 2330, 1989

3) PopeR.G.: The Effect of Wheel Speed on Roll-
ing Resistance, ]J. of Terramec., 8(1), 5158, 1971

4) GrahnM.: Prediction of Sinkage and Rolling
Resistance for Off-the-Road Vehicles Considering
Penetration Velocity, J. of Terramec., 28(3), 339-
347, 1991

S)Eﬁéi,ﬁﬁiﬁ,ﬁﬁiﬁibiﬁ5i

TIZX 5 LEEMOFRERIEICL DM, B

%%m% RACSTERH, 43, 1996

6) JRRLER, FERER, HRH £, KHFEE:
BIRERIEIC X 5 HEig O ETIHEREDRATEE1HR),
RS, 611), 39, 1999

7) Wanjii,S., Hiroma,T., Ota,Y., Kataoka, T.:Predic-
tion of Wheel Performance by Analysis of Normal
and Tangential Stress Distributions under the
Wheel-Soil Interface, J. of Terramec., 34(3), 165-
186, 1997

[FmEIACBR 575D AGIERIR, L
DIERERE & & BITE AW ICEEEICBIR
LEY, HigOREAREOFEEZRLHBED T
NEoWME & QBB THRNDBLENDH D EBNET
A, TORICDVTREAEZBHME LT,

[EERZE] LOEMBENEREEOEEE S
FBEDIT, LOVABBIERED T AMERE
BEEEZTDHEEZOGNET, LNALIDR
WWEE LU TiisbizgAlERBRIc L2 &7, 4
B DEM L = ETEEHFE T, EREREOEE
MASNER A, THEEORITDONT, SEKRE
ITE5FETY,



BEFREIRF RIS Nodb : 35~40, 1998

35

BHO—5 UBES A0 THRBIEHE (552 )

—KHBEH BT 285 AER—

NS - T

- JRFEERT - KHFEE"

Shifting of Soil Layers Using Deep Rotary Tillage (Part 2)

—Tillage experiment in paddy field —

. Kazuhiro ONODERA*, Takashi KATAOKA*, Tatsuo HIROMA®*, Yoshinobu OTA*

Abstract
This paper describes the soil mixing characteristics of the reverserotational rotary
tillage in the paddy field. Two different shapes of rotary blades were used in this

experiment. In the case of the standard blade, the bottom layer soil was partly shifted

to the surface. While in case of the short scoop surface blade, the surface layer and

the middle layer soils were shifted to the bottom layer and the bottom layer soil

was returned in the same position. This reason seems to depend on the shapes of

tillage blades. As the short scoop surface blade did not have enough area contact
with the tilled soil compared with the standard blade, it was not able to throw the
tilled soil backward. There most of the tilled soil shifted to the bottom layer.
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Development of Rice Direct Seeding System Using Multiple Grain Pellet (Part 1)

—Granulation of Multiple Grain Pellet and Seeding Test in Paddy Field—

Tatsushi TOGASHI*, Nobuo ITO*, Kentaro NISHIWAKI*,

Yukio YAJT*,

Satoshi MORITA*, Syoichi KIMURA*
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Studies on the Transplanter for KONJAK Corm
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Harvestiﬁg Tests with a Prototype Cherry Shaker (Part3)

Akira AKASE*, Hiroshi SUZUKI*, Jun-ichi KAMIDE®,
Takashi HIRARAGI*, Naoshi KONNO*

Abstract

Field tests of cherry harvesting were conducted using a prototype shaker. Vibration

given by the shaker cannot be effectively transmitted to slender and long limbs. Prun-

ing of the hanging limb seems to be effective for mechanical harvesting of cherry.

In the early morning, fruits were harvested easily and many fruits with stalks were

obtained. The authors constructed the super-stalk-fruit system models using fishing

line and wooden balls. Moreover many models were attached along the limb and

then the limb was vibrated. Thereby the positions where fruits couldn't be removed

were able to be found.

[Keywords] cherry shaker, pruning, cherry model
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Creep Characteristics of Apple Fruit for Apple Harvesting Robot

Takashi KATAOKA*, Tatsuo HIROMA*, Yoshinobu OTA*

Abstract

The apple is one of the important agricultural products in the north region of

Tohoku. However, the harvest works have still depended on manual labor.

This

paper describes the creep characteristics for mechanical harvesting of an apple fruit.

The elastic coefficient of the apple was calculated 50 kN/m approximately.

apple maintained 60% of the maximum deformation after unloading.

The
The apple was

appeared to receive some bruises and to be deformed the shape even if the force is

weak.

mechanically harvesting.

Therefore the devices should be not to touch and hold the apples while

[Keywords] apple, harvest, creep, deformation, elastic coefficient, voigt element
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Effect of Timeliness and Method for Harvesting on Rice Quality

Junichi KAMIDE*

Abstract

To evaluate the effect of timeliness and method for harvesting in relation to rice

quality, the rice grains harvested by two different methods were compared with each

other on quality and maturity during the harvesting period between 400 and 1600°C

in temperature accumulated after heading. Two harvesting methods were examined,

that is, a binder system as threshed after naturally drying in the field, and a combine

system as artificially dryed after threshing raw grains.

1) The optimum harvesting period was considered to be in the range from 800 to

1100°C in accumlated temperature.

2 ) There was litlle difference on quality between grains harvested by two different

methods.

[Keywords] harvesting method, timeliness, accumulated temperature, rice quality,

taste value
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Temperature Changes of Rough Rice stored in Different Type's Grain Silo

Junichi KAMIDE* and Toshihide HIRAO*

Abstract

In the period of paddy storage at different type silos of C.E., temperature of silo

surface, solar radiation and paddy temperature were measured. The duration of

measurement was for about 6 months.

1) In the daytime, the temperature of silo surface was sometimes much than the

atmospheric temperature by about 30°C, because of the solar radiation.

2 ) The air temperature at upper space of a silo followed the temperature of the

inside wall of silos with a time lag.

3 ) The direction of heat flux through a silo wall was from outside to inside in

daytime and reversed in night. The calculated amount of heat flux through the

steel wall with adiabatic materials was 24W/nf, about 6 times as little as the

concrete wall, and about 200 times as little as the single steel wall.

4) The temperature of grain in the distance of 0.3m from wall changed a little dai-

ly. And the temperature of grain in the center of silos changed a little over a

long time.
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Mechanization of Burley Tobacco Works (part 2)
— Transplanting and harvesting works —

Kou SASAKI*, Yoshinobu OTA*, Takashi KATAOKA*

Abstract

In this paper, comparing the rate of work of tobacco machine with that of hand
works in transplanting and harvesting, the mechanization of Burley tobacco works
was discussed. The rate of work of transplanting Burley tobacco using the self
propelled vehicle with high straddle stand which has one unit of automatic feeding
seedling transplanter is about twice higher than that of the self propelled vehicle with
high straddle stand which has one unit of hand feeding seedling transplanter. Therefore,
it is necessary to introduce the automatic feeding seedling transplanter. Harvesting
of Burley tobacco leaves using a mini-work vehicle for working in furrow is present-
ly difficult to further mechanization. Since the working time of subsequent tying
tobacco leaves using the full automated tying machine is shorter than that of hand
tying and consequently the rate of work of whole harvesting tobacco leaves become
higher. Presently the rate of work of improved Burly tobacco stem harvesting machine
is about 2 times higher than that of human labor. However, the work of hanging
tobacco stem by hand for curing is time consuming of whole tobacco stem harvest-
ing and is necessary to be improved because the rate of work of machine harvesting

is several times higher than. that of reversing and hanging tobacco stem by hand.
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I. Introduction II. Machine vision system

One important method to gather information for
control of a system is through machine vision. Vi-
sion information, if properly evaluated, can provide
data required for a certain system. In the industrial
field, machine vision is used as a sensing element
with a wide variety of applications. Mostly, machine
vision is used for product inspection. In the field
of agriculture, visual information is very important.
Color” of a fruit may show its maturity. Shape of
the leaves could differentiate a weed from a crop.
Thus, potentials of machine vision applied to
agriculture are being developed. Researchers are
studying the uses of machine vision which include
fruit inspection, plant identification, machine guid-
ance, animal observation, and other applications
where visual sensing is used. This paper shows
the study on the machine vision system that could
be applied in any field and the review of some of
the -recent technological development of the applica-

tions of machine vision in production agriculture.

Machine vision systems obtain images of objects
by digitizing the output of electronic cameras, and
then analyze the images to obtain information for
making further decisions about the object. Awcock?
defined a general machine vision system that is
shown in Fig. 1. The defined system consists of
four elements that could be found in a typical
machine vision system in any field of application.

These are the Scene Constraints,

L]

Image
Acquisition

Scene Constraints

Fig. 1 Machine'Vision System

*Iwate University, Faculty of Agriculture
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Image Acquisition, Image Processing, and Actuation.
(1) Scene Constraints

The scene constraint refers to the environment
wherein the machine vision equipment is to be
placed and it is where the desired information is
to be taken. The proper control of the factors that
affect the acquisition of data like lighting and
installation method should be properly considered
to enhance the desired object. With the use of
thermal cameras, lighting may not be considered
but the field of view of the camera should be
calibrated.
(2) Image Acquisition

The image acquisition is the element that concerns
with the process of translating light falling into
the photosensors of a camera to a digitized data
that could be processed in the computer. The
camera may be a black and white video camera,
a colored video camera, or an infrared camera.
The type of acquisition equipment depends on the
relevant information needed.
(3) Image Processing

Image processing is the part that deals with the
digitized image as input and produces another im-
age with the aim of enhancing the initial image
making the desired information easier to analyze.
The processing is usually done in the computer.
Several steps are involved in image processing and
it is dependent on the required information.
(a) Preprocessing

Preprocessing is an image processing step that
aims to modify and prepare the pixel values of
the digitized image to produce an output that could
be easily analyzed in the subsequent operation.
This step enhances the initial image by smoothing
or sharpening the image and eliminating image
noise.
(b) Segmentation

Segmentation is the process wherein the digitized
image is broken down into meaningful regions.
The simplest segmentation process is the identifica-
tion of the foreground and the background that is
usually a binary image.
(c) Feature Extraction

After the image is divided into regions, the feature

extraction process identifies objects in the region
by using some descriptors. Some of these basic
descriptors are the area, centroid, perimeter, major
diameter, compactness, and thinness. These descriptors
are used simultaneously to have a good description
of the object.
(d) Classification

Classification is the task of putting the objects
in the image into some predefined categories. This
process may be done by template matching or by
a statistical method. Template matching is the
comparison of the unknown objects to a set of
known templates so as to identify the object.
(4)  Actuation

This is the interaction of the machine with the
environment or the original scene either directly or
indirectly after the machine has identified the object.

II. Agricdtural Machine Vision Applications

Machine vision systems are among the most
complex electronic sensors in use. The developm-
ent of fast computer technology and the photosensor
technology has widened the field of application of
machine vision. One of its fields is the industrial
area where 60% of its utilization is in the quality
inspection of products. Other fields include military
science, astronomy, medicine, and any other field
where vision is inevitable.

Presently, researchers have been studying the
potentials of machine vision in production agriculture.

The decreasing number of workers in the farm,
the advancement of modern control technology, the
adaptability of the machine vision system to any
field, and the importance of visual information in
the farm industry are some of the reasons machine
vision is considered in agriculture.”

Visual sensing in agriculture includes fruit quali-
ty inspection, plant condition analysis, animal
behavior analysis, tractor steering, and mostly all
of the agricultural processes. At present, the applica-
tion of machine vision in production agriculture
could be classified into plant identification, process
control, and machine guidance and control.

(1) Plant Identification

Plant identification is essentially concerned with
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the classification of a certain plant By accurately
identifying its parts' geometrical shape, size, and
color. As shown in Fig.2, size, color, shape, and
surface temperatures are some of the parameters
that could be gathered and analyzed to accurately
classify a certain plant and its parts. The
measurement of parameters by non-contact visual
means is one of the many advantages of machine
vision.

The ability to locate and identify a certain plant
could lead to the development of useful control

system. Machine vision could be a visual sensor

size ~|
color ,{ l

shape Camera
surface oColor video camera
temperature  °Infrared camera

PC

O =

Plant image analysis and identification

plant

Fig. 2 Machine Vision for Plant Identification

for a steering system for a tractor that guides it
along a predetermined row of plants. Guyer et al. ?
developed a machine vision that identifies certain
plant species such as corn, soybeans, tomatoes,
and some weed species at early growth stages. A
charge injection device camera was used to capture
images of the plants. Incandescent light and fluoresc-
ent lights were used as illuminating aids during
the image capture. Spatial parameters of the plants
such as leaf's shape and size were calculated and
used to classify the plants. The image processing
stage evaluated the differences in reflection of radia-
tion from leaves and soil surface and the differ-
ences in the number of leaves and the shapes of
the different weed species. In a Kansas wheat
field where weeds were a problem, a machine vi-
sion to identify these weed species was developed by
Zhang et al.”. This sensor may be incorporated
in a weed controlling apparatus as a weed sensor.
Woebbecke et al.” did related detection studies on

weeds. Color images of 10 kinds of weeds were
analyzed. These weed species were mostly found
along corn and soybeans. Color slide photographs
of the plants were used during the image analysis.
Most common method for identifying plants are
based on leaf shape or the whole plant geometry.
Image Pro Plus was the image processing software
for the shape analysis. Dimensionless shape feature
analyses were conducted on binary images. The
features that were investigated were roundness,
aspect, perimeter, thickness, elongatedness, and
central moments. The tested weed species were 45
days old after emergence.

? did a non-contact three-

Shimizu and Heins
dimensional plant growth analyses of Verbena
bonariensis by using a monochrome CCD camera
Infrared light-

ing was used for illumination in the dark. The

to capture the plant growth process.

stem length and the growth rate were computed
from the images. Plant analysis using this method
could provide accurate and reliable observation and
review of the observed phenomenon is possible.
(2) Process Control i

When a certain agricultural process rely on visual
system for control, machine vision can be considered.
As shown in Fig.3, a machine vision system may
be used for the inspection of fruits by allowing
the fruits to pass in front of a camera so that its
shape, size, and color may be captured and evaluated.
The computer processes the acquired images then
the system is able to make an intelligent action by
identifying and eliminating abnormal products.
Generally, in visual sensing, the parameters to be
assessed include color, shape and size. In agriculture,
evaluation of the color information indicates- qualities
such as maturity, sweetness, and wholesomeness.

At present, the sorting and grading of peaches
is a manual effort. Miller and Delwiche® studied
a color vision system that inspects and grades
fresh market peaches. Digital color images of the
peaches were taken as the fruit moved on a belt
conveyor analyzing peach color, size, and surface
characteristics. A solid-state color television camera
was used to take the images. The peaches were

also illuminated in an illumination chamber. The im-
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ages were then processed and investigated with
respect to some standards. The image analysis
was to compare the peach color to a reference
peach maturity color. Compared to visual inspection
by human senses, machine vision gives a high
output rate, high reliability, high uniformity, and is
capable to make critical measurements.

Rehkugler and Throop” developed a machine
vision system that is capable of detecting the
defects of an apple. In this system, the apple's
cheek was presented for viewing without the interfer-
ence of the fruit's stem or calyx in the detection
process. A pixel line scan photodiode camera was
used to take pictures of the apple. A device for

positioning the apple and presenting it to the

shape
s size
S
[
= color Camera
o
o °BW camera
ecolor camera

eline scanner

Fig. 3 Machine Vision in Process Control

camera was designed to follow the principles of
scene constraints. A substantial gray level differ-
ence between the bruised and unbruised apple was
the key factor in the imageprocessing algorithm to
develop a simple bruise-detecting program.

Color evaluation is not the only parameter used
in process control. The geometrical shape and size
of the object is also evaluated to classify objects.

A machine vision system to make quantitative
measures for rose quality was developed by Steinmetz'”
A color video camera was used in the image
capturing process. An inspection chamber was also
designed with respect to rose position and size,
lighting, and image resolution. Again, the scene
constraints are being considered here to clearly pres-
ent the visual information needed. A fluorescent
lamp illuminated the inspection chamber. The

parameters include stem length, stem diameter, stem

straightness, bud maturity, and bud color. Yoshitomi'”
evaluated tealeaf shape, an important factor for tea
quality, using image-processing techniques.

(3) Machine Guidance and Control

One of the important features of a robotic harvest-
ing system is recognizing and locating a fruit. The
commonly used camera gives a two-dimensional
picture. Since three coordinates are required to
fully locate the object, the distance dimension is
lacking. As shown in Fig.4, the visual sensor could
only detect the xy plane. The z-dimension or the
distance dimension is lacking. The third dimension
is known by another sensor such as range finding
sensor, acoustics, radio frequency, touch sensor'”
and the stereographic vision system. Once all the
dimensions are identified the system could then
compare the fruit's coordinates with the robot's
coordinates and compute the trajectory of the
robotic hand.

Researchers are trying to develop this feature by
utilizing the object's geometric shape property,
reflectance intensity, chrominance, and emmisivity.
The objective is to take a digital image of the
object and use image processing to identify and
locate the position of the objects. Parrish and
Goksel™ conducted the first experimental system

for an apple harvesting system. A black and

Camera sensor

Three-dimensional
fruit location

Fig. 4 Visual Sensor for Robotic Harvester

white video camera was used to detect the apples.
The image coordinates of the apple and its centroid
were determined by image processing then the

trajectory planning and the actuation routines direct
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the robotic arm to the apple. In the image process-
ing part, pictorial pattern recognition was used
where objects are detected in the image and then
appropriate features are assigned to them.
Slaughter and Harrel" later improved the black
and white video camera by using a colored video
camera. This time, the detection of apples was
not only dependent on light intensity but also on
color. When using color information, the segmenta-
tion process is enhanced because color segmentation
provides a satisfactory means of image enhancem-
ent when the field of view contains objects and
background made up of high contrasting color.

The color factor is an important parameter in

identifying the object from its background. A

related study done by Sites™ collected images of
peach and apple trees during the day and night.
The image processing part classified the objects as
single fruit, multiple fruit, or noise. One of the
problems of robotic vision system is the similarity
of the spectral reflectance between the object and
its background.

Recent studies use the thermal characteristics of
the object to identify it. Zhang et al.'™'” studied
the thermal characteristics of the apple tree. An
apple detection algorithm was developed from the
thermal image acquired from the apple tree. The
differences of surface temperature of the apple fruit
and the other tree parts were used to identify
the apple from the tree. An experiment to study
the temperature profile of the apple tree during
nighttime was conducted by Bulanon et al.'”. The
surface temperature profile during nighttime of the
apple tree, which includes the fruit, stem, and leaves,
is shown in Fig.5. A thermal camera (AVIO, TVS-
610) is used to capture the image from 1830 to 8
:30 the following morning. The experiment was
done early august before the harvesting season.
The objective of this research is to identify the
largest difference of the surface temperature betwe-
en the fruit and the leaves and branch to aid in
image processing specifically in segmentation. The
advantage of thermal image is the absence of
structured lighting. The disadvantage lies when

the surface temperature of the object of interest is

the same as that of the background. The vision

system is also studied in the guidance of tractor

19)

steering. Misao ™ developed a computer eye for
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Fig. 5 Surface Temperature of Apple Tree

steering a crawler tractor. The image processing
system consisted of a video camera, a microcomput-
er, a radio control unit, and a crawler tractor.

The video camera takes the picture of the whole
tractor then the image-processing unit divides the
image into 256x256 pixel in vertical and horizontal,

and controls the position of the tractor.

IV. Conclusion

In considering the use of machine vision in any
field, the four elements (scene constraints, image
acquisition, image processing, and actuation) of a
machine vision system should be considered.

Machine vision systems have been proposed for
various agricultural applications. The potential uses
of machine vision in agriculture can be classified
as process control, plant identification, and machine
guidance and control.

Two important factors should be considered in
the application of machine vision. First factor to
be considered is the choice of sensor. With the
development of sensor technology, wide band frequen-
cy sensors are now available. Second is the software.
The time needed to process the acquired images is
a very important factor in the performance of the
vision system specifically if it is used to guide a
robotic harvester or to inspect moving products.

The software should perform the image analysis
procedure at a high cycle rate with considerable

reliability. With the declining cost and increased
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capability of the computer, machine vision in

agriculture will be a common tool in the future.
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[Comments from the reviewer to the author]
As you explain about the agricultural machine vi-
sion in this paper, some studies related to it are
been done even in the field of agricultural machin-
ery. But the reviewer has some feeling that these
studies have come to a deadlock. Would you show
it to us if you have any view on forthcoming study?

[Answer from the authors]
At present, machine vision in agriculture is still
under research and development stage. The researches
show favorable results such as apple and peach
quality inspection. This means that machine vision
has a potential in the agriculture industry. The
future of machine vision in agriculture would furth-
er be developed with the rising technology of
sensors and high memory, fast processing comput-
ers to aid in understanding natural scenes which
is difficult to control. Researchers should also
develop segmenting algorithms specific for natural
images like the apple tree. With this, customizing
machine vision systems for use in a specific applica-
tion like harvesting and post harvesting quality

inspection will be a major step in the future.
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Machine Workshop -Laboratory Using Educational Computer Software (Part 1)

—Development of computer simulator for numerical controlled lathe —

Jun YOSHIDA*,Osamu OIKAWA*, Takashi KATAOKA™

Abstract

The machine workshop laboratory specifically for machine manufacturing, welding,
forging, finishing and heat treatment has been offered to the agricultural engineering
class. A Numerical Controlled lathe was newly introduced in the machine workshop
in 1997. When the NC lathe was introduced to the laboratory in 1998, NC Simulator
(a computer software) which simulated the trajectory of its tool was developed. This
paper describes the function when it is used in the laboratory with the intentions

of high damage of NC Lathe and its
tools. The developed NC Simulator was considered to be very useful for training the
student in laboratory.

educational effect and prevention to the

[Keywords] workshop, numerical controlled lathe, computer simulator, visual basic
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Machine Workshop Laboratory using Educational Computer Software (Part 2)

—Development of computer simulator for numerical controlled
milling machine—

Jun YOSHIDA®, Osamu OIKAWA?®, Takashi KATAOKA*

Abstract

The machine workshop laboratory has been offered to the agricultural engineering

class in Iwate University. A NC Simulator(for Windows95) which simulated the

trajectories of end mill in the NC milling machine was developed for pre-checking

the cut shape of material, and in the laboratory with the intentions of high

educational

effect and prevention to the damage of NC milling machine and its tools. The developed

NC Simulator was considered to be very useful for training the student in laboratory
like the NC simulator for NC lathe reported in Part 1.

[Keywords] workshop, numerical controlled milling machine, computer simulator,

visual basic
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