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SUMMARY

The purpose of this study is to develop a self-propelled potato harvester with
sorting out the dust and pebbles, and collecting the potatoes at the same time in 500
kg bulk bags without hand-labor methods. To design the harvester, investigation on
cultivation patterns, harvesting methods and property of the potatoes were conducted.

To find the harvesting factors the machine was seperated to each parts as digging
device, convey part and loading parts. An experiment was conducted with digging
blades, convey speed and optimal angle, the ratio between secondary convey system
and the digging parts.

And also for sorting the potatoes with dust and pebbles with a proper sorting device.

By studying the basics of the potatoes and selecting the harvester factors the
prototype machine was manufactured with engine, transmission, drive parts, harvesting
parts and loading parts. The performance test on field harvesting was proceeded and

an economical analysis was conducted.

The results of this project are summarized as follows;

1. Surveys on potato cultivation patterns, harvesting methods, and physical properties
of harvesting potatoes.

Traditional harvesting method is to dig out the potatoes from the earth with digging
machines and pick the potatoes by hand-labor. But, this method provides only 1 phase
by machines. The rest of the harvesting process is conducted by hand-labor. Due to
the shortage of rural labor, all harvesting process must be run by machines. It is

considered more effective by a machine than hand-labor.

2. Test on finding the design factors.

From the experiment to find the proper angle and driving parts of the digging
device it was found that 23 degree is the effective angle. But for the convey parts
the angle must be more wider. It is to be more studied in further future.

The balance device for the convey part is to be tiltable for exact transportation of
the potatoes. When the vehicle is tilted the angle sensor will find the data and tilt the
convey part to the opposite side to maintain the balance of the potatoes. 300 data
mean — 50 sampling was the proper value for the rolling and tilting device.

Sorting device was by image processing. To find the potatoes from the background
the threshhold value of the pebbles was 84. This is very similar with the potato
threshhold value. For the mud lumps threshhold value was 85. Dividing the potatoes
from the dust and pebbles, each threshhold value were quite different and it was not

very accurate.



3. Construction and performance of the prototype potato harvester.
As shown in figure 3.4-1 the design factors were applied by merging the digging
part, sorting part, convey part and the balance device. The harvester was

manufactured for one way system for the harvest process.

Results from fundamental tests on the prototype, at the speed of 0.21 m/s, 0.26
m/s and 0.31 m/s the harvest accuracy were 93 %, 90.5 % and 91.3 % each. And the
damage rate were 2 %, 3 % and 5 % each and for the sorting ability it were 83.5 %,
80.1 % and 79.9 % at each corresponding speeds.

4. Field performance tests for the prototype

Analyzed the results from field tests on performance of the prototype potato
harvester to find the proper convey speed for higher digging rate and collecting rate.
And also find the proper speed for lesser damage rate. For overall optimal
performance speed was 0.21 m/s.

But for more effective harvest work, the digging blade must be improved. If the
digging blade is more properly developed, the digging rate will be more upgraded and
also the collecting rate will increase.

The maximum travel speed and gathering capacity were 0.31 m/s and 15.1 t/h.
Considering vibration and noise for the prototype, travel speed of 0.21 m/s, gathering
capacity of 12.4t/h, rate of potato gathered of 93.0 %, rate of potato damaged of
3.0%, rate of potato sorting of 83.5 % were optimum. Effective field capacity of the
prototype was about 1.3 hours per 10a. Compared with conventional manual
harvesting, capacity of the prototype was about 50 times greater and labor

requirement was reduced by 86.9 %.

5. Economic analysis for the prototype
Total machinery costs of the prototype for harvesting potatoes were estimated as
120,077 won per 10a. Thus harvesting costs can be reduced by 74.5% compared with

conventional manual harvesting costs of 470,659 won per 10a.
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HHE
TEHEF

100%%

o
B
]

0%
Nz Al

Y 37 AA Ao =2 AH 13 38 On/Off Ao

O

ol el g% A gte =7l s 2AFE Hx gk dA AR eke] Aol vl
2717k FES s, ANe 2deks Aol Wol wel Alel WAt %, £33 HE
Atole] Q1 @b ghol A3k wlH A o] 55 FallA A ZTE vEojuln eapilsel H]
gdot= AofAsE et oA o] ZIRel o3k Alojr]E H|#HA7] (Proportional
Controller), ¥ JE A2 WA PAo7| gt FE1},

SHAIRE PAlof o] A5 e ARt 23k Abele] A AlE AFeA o] wel 8

GElel A A2 Offset) S HA o U= AE Zeth

HOE

SEI

[
I
o

g

r_mﬂ\[

2% 39 PAlol2 =AW Alo] 1 40 PAleje] ==Ef

AT E Histe] AojAlEE WHEojUlE WEAlE HHAod BER ddste A}
ot A7y, vlEAle FE nEAoE A Ltk KA o] ZIHe od AojrE
v # W] & Ao] 7] (proportional-derivative controller), B3 PDA|o]7]ghal gt} DRAE
7bek Aoz QlEl PDAlO 7= dedt PAlo) 7| B So] wETh

ool el x2S Wi gkt AA fAIeke] Abell wHF A7I7F HES S, A48
F2dshz Alo] Wrge] vl Alofetal skl ol lEAlEet HH Y AL Apole] AQl LA}
Asol Age vHdT oSS FIA AAEE vhEoUl= AlojrHE AWt slolth
Szl HlHshE A E wrETE A o] Tl o7 Alol7]E HlEAle]7]
(Proportional Controller), = 9&fAE AA PAlo7lztal B0 Alojgte]l F714 o=
stato] AojdAtrt dAety] wZol, HAp FEebe £AHE Foldte] Alolgs HMEAA
of ek Hl# Aleli= PIDANC7]ell A Wh=A] Ab&ah= 7HE 7] A1 Alojoln] Aol et
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~Time domain uc(t)=kPe(t)

—Laplace domain Uc(s)=kPE(s)

uc(t), Uc(s) : Proportional term of output
k : Proportional gain, a tuning parameter
e, E : Error = SP-PV

t : Time or instantaneous time(the present)
SP : Set point

PV : Process variable

INPUT. > sum. A@H Target.

OUTPUT.,

¥

29 41 mlE Ao &5 veolo] i

2 Aol 2 49 A% ANE FYse] £2JoE AFstel
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i 12 A% N ER AF ALY

! eul g
7] A= 32cm, ZAE 35em, gelo]l A4 12em
51 DC % 12V - 24V)
Tefdat = el HlE GV, 004 m / sec)
49 XMH 712 711(A39ek), A1) 71271288 A7 sk
=9 AR EE 9] PWM Alo] Al51, 2(xsH}sk = Ztrlsk)
MCU AVR128
Ao ?_H AD sl A 10 bit
o %2 PWM A4 2 A
A o] 2] H) @A o], FeedBack B4 7}
O w1 A AR E ] Ao R A
-@I Power v,
- 1] I.,'. =
#1 - = Sm1
L5 L sn1
- L
Servo ATmegal28
Motor - = SA1
# - = SAl
ii PC

1Y 42 vt AoAl A" Aol R FRe

H =2 2] 43 2Es A|2ek & xFAo] MICOM 128% ¢1Z23}e] Codevision AVR
el o]4S go|atA &3 ATmega 128914 AlFats UARTS

RS232XEE AZsto] PCeH| Alg DTS 7HashAl aFalnt. 3k AAZE Holg] A& 7}
S S-S W ooy MREE 2/ A8 Aojue 2&A o7t JMsEkAl §9la
5V Power supplierdl]l 34 =9x& AA% Aol w2gE AZsto] ApFe] A3 Alo] 2
s17o] 7hsskAl &St Al = ZAlel 270 o F7H4 o

= Al
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=

gt e, ASE R SN As 2 A
1) ATmegal28
ATmega familydl £3l= A3 MCUHA = MICOM1283 RCM128 59 HQl Ho=
2RIt MCU® HFH ¢ 22 HEZrado] oid 547wt 38t H= AxpA|Fed A
&5 &= AS2 Micro Controller Unite]t}, o] 3dfite] 3 <o CU, ALU, Memory, I/OE
B5 7R S u|gth o 71A CUs BEoE ol s el 24 F3ls Alofsts 3o
, ALUE Ak, =8dal #5S, Memorys A=, /0= 9, 95 #3th F7H4< =
372 glo] RE AL H vz & 4 7] wio PCB(printed circuit board) 35 =
A = 9dojA Wol ARE-3ht}. Controlleris MCUQ I/0E AMgste] ¥ HAXES #0137
w el 2 ol ¢ofoj2 Fojx MICRO COMPUTER H+= MICOMe|&tal: el

A

2) RCM 128
ATmegal28 Hlo]2 W3 Ze)x] 128kHlo]E 5 RAM 4kulo]E ADC 10bit 8 A,
RS232 E4 3% AUE, 22098 ge2=g [SPY JTAG AYE 59 A%S 2zt &
olt}.

3 13 RCM 128 Ap<k

Atmega 128 Wlo| A~ W&

Y3 Z9A] ¢ 128K Hlo]E

U5 RAM : 4K Hle]E

SCI 2404, SPL, Wire Al&1d 54 A9

ADC : 10bit 8412, PWM, 8hitEle] ™2,
16bitE}o] =2, RS232 B4l 33 A4 E]

xzad e s [SP EE JTAG #A49E A9

a7 43 RCM 128

3) MICOM 128
ATmega 128 Hlo]~ BE=2 RCM 128%¢ EES @, ¥-ze 4= 9Jor, GPIO £E #A
el 670 RS 232, RS 485/422 ¢ F4l& A dst MEEE| PORTE A& gl whet A
ojthde] FE7HA Alof sl T,
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3 14 MICOM 128 Apek

Atmega 128 Hlo]2~ B E

GPIO ¥ E AME 67

RS232, RS485/422 SA1A€

a8 ggEc [SP =5 JTAG AYE X9

4) 7171 AA

1% 44 MICOM 128

SA1 71=7] AAMe JA3 =7 e AAa] 94 T4 gAoz AA Ao Gt
ARSI E WEkA e w9 AR des 2t e e JHAY e 71€7] AlAf ot
3% 15 71&7] AlA (SAD A+

Measuring range +60°
Resolution <0.1 degrees
Non-linearity <1% FS
Transverse Sensitivity <0.5% at +60° tilt
Response Time <0.5 second
Power supply(Regulated) 5V DC

Min.to Max.supply 3 to 6 Vdc
Current consumption b5V <ImA
Operating Temperature -30 to ... 60T
Storage Temperature 45 to ... ¥90C
Weight approx. bg
Sensitivity approx 30mv/°
Zero offset at 5V 25%0.2 Volt
Temperature Drift of sensitivity 1%/C
Temperature drift of Zero £0.5mv/ C
Output impedance 10kOhm

9

o

HE71

Aol 2]

ZoolE 2@ AR EE(HS-635HB)
TH7F EAY 2

ATNAE 47149 AR %
BEE
Sf A e
2, 39

EEER: L
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AAg meHel 9
slolop @tk ATel A HRRE 27)%

S N =Ea zkzhe] Aoluadd uisk #3 A

AEEHE Aoilsdd el o] HuR Ao] 2] A S
ZA1 2] 71&7] AlA 3kS Reference®Z 3¢
2 Fas,

3t 16 HS-635HB AR

w1e]
A%, 3

rUO

TORQUE 5.0/6.0(4.8/6.0V)
SPEED 0.18/0.15(4.8/6.0V)
SIZE 39.8%18.8%38.8mm
WEIGHT 52.1g
1 45 HS-635HB
6)71=7] AA e 7t BA
71271 AA ke ZFewWES 913k Calibration 2 ¥b-g&%E SAH S HAAISAY. 7=
7147 BlE Al 7S ATmegal289] Input Ad resolution 10bitS =3 0~024 Alo] <]
oAt & Fal UeEtuA e o] 3s dgoe® wWEAz|| AHEs|0~5VE YERAY AL

7FAES uw WMy = A8 (Bit Value/1024)x50]t},

A 7bEsl Ak gk gAlel ojd Ayl

ol AA 9] angle resolution®] 60°z}t
FAZF YdehgE Aoz 7| A vt AA =LA 7F 7HA]
3l Y= 22F9F o] o3k Zho fluctuationT e LQAEZ Qdle] HE3 FAMTAAES Lo}
el

T ATk mEA S kol BAlSke] YEhbs AER 4% ghe dohlly] sk AR

2ol wrh AU 542 99 ol agold et A 4EAE olgate] uh

7]
7t sS4 AFwan 2903l e HEH o= Calibrations A8k}
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Calibration of sensors

35
B = 09993

? = 0.9999

/ ®sensorl

Bgensor2

Voltage
Ao e w

-

-40 30 -20 -10 © 10 20 30 40
Degree

a9 46 A A E el

71€7] AME F3l 42 S calibrations &3] A2 HlolHE o] &3l ZEZ WA}
RaL ZF Adviey WS Zpolrls i AAMAAS] AR noiseE AT 918}
sampling ratio 7|'@< ©]83}4 sampling ratio’} 22} 8, 16, 32, 64, 128¥¢ A2 do]H
o Bugts F=AT. B s AMRSol®E Esta mol=7F k] el A= ¥skr] o
BFolA Aot Hags Aed U o] "Haks dolH® AREsi

Hlgl Ao darelgs AHEES A9 AMESHAl ks B HEA S AbolE Hotr ] 9fet
p_controlel gt WS AAste] vl Alojd Ao HlHAA7F obd A5 TE AU

= HlEASsE 0.5 0.75 F 7HA A5=2 vro] st HA

ul

o]
o e AE AT 7
_‘I

A

OJQLL

lo
S
o

-

Initiglize.

No.

Yes.,

‘ diff = abs(DVO.degree{3] - temp_mator up degree). ‘

Ne.

Centrol servemotors directly

inverse to the slope.

Mo control., :
- ‘ Add Kp#diff to the servomoter., |
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9ol PCBE Za 71 9o ARE Xt AREHE 2715 24 dawegy) 19 90°
Wako R awarete] w|skgith 2709 AR EE o] FAG ¥, = Aojdide] ARREE 7]
Aol o5 AojHH HF-2g WFoR AU F AL, AEEEH 25 A 5T A
df BE wgoz gFolx o] sbsdath AN AFoR HNF-g WA zHz}
—40°HF-¥ 40°74419] 7 WH7F Al Ak d#l= PCBE AEEEHE Alolo| Fal kA A
| F&etdlon, 19 A9 AEREH FoR Qg AlAe S57E op|E 5 gt A
sto] @i-Zo] 715e AMdE PCBE HWER Alste] ofg]l a1y} o] Al Aloj thAs]
AT @] ThEsAl waY] flske] Ay MICOM128914 A== A4
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Aol #rlolty, 0AE Zol7] Sistel Z7te ASol AFeh wWe AP Adstel B
Fehws Aosar. 13 49 9 1554 104, % 15089 29< B}

i
0l
2}

=
pu

19 20 21 22 23 24 25 26 27 28 29 30 31

T AA A

—mmi A

Time

a9 51 7]&7] WekE 7hds o

Aoy 212k

AL A} Azg A9 A3

1) AlojthAe] RMSE =4 219

RUSE—| (y;v}) :

RMSE : Root Mean Square Error

y . Measured Value
¥ : Measured Value by automated device
N : Number of experiment
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RMSEE 91¢] 23t gom, ¥ AFe] Aejuige] Brhggos Agsar. 2342
4.4 mAES] FLdg of 209 Fste= ARt AAAIE oF 3 &< 0.147 m/sec] Y
F sEw 27 S 18 49 @ 1584 49, & 60ve] Ado] WA 5749
wEEugat o) sjgshs maAle] vAg, waAAF 0.5 48, WAAF 075 & % 15
Mol Aol 7zt WA o] FolAth MM Aele] B del, Fol 2w AAAE Fas
429 WER Ao FHEAI FASA FARLA HA 2 378 A
Hol B F AL dolEE olgdle] TS VE Aol B Ao Aojrie AN

gholl whe} o] WepAIRt Al o= 0°9] 9, ofejE FHskH A7} H

it
(o
fr
Y
re
)

Ne

H
_>|~l_ll
i—";
Lo
L
H
N
X
rE

: AT
Frtﬂi‘{gruaﬂ rsl\_!e‘ L\qrﬂq fe 15‘,;1 1\4;?5’14 15\}@%8 1,!1 \;n 21 22 g@ 24 :;éuzs 1@? 26
SN AT

1]
R
'{_10 tﬂ\
-15 "’“\.,\_\ W’wﬁw\d\"‘f HJ
=20
Time

—— sensoron vehicle body —— sensor on frame

13 53 RMSE Ao whgsh= AA(EH) o A H () s
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F49 ARE TASNAG. BA 2IAL W 2% g, F dolE @ HrEsde] g
St 2@ AQAA BASt] Aol RS soith AHAbE AAE TS SYo] B

Bio—Environment & Information Lab.
BIO—MECHATRONICS DEPT. SKKU. KOREA

Autonomous uniform leveling system %

U Log(20081011-170933).txt - MIZ2
OFE) HEE) M40 EI ;EQF(H}

L.680008 -6.80068080 2.0600088 -7.800800
1.0080000 -6.000000 1.000008 -6.000000
1.08080088 -6.080888 1.00800888 -1.0800888
-1._00860088 -3._00060088 -1._0680088 -3 ._0000048

a9 3-67 Heoly g oA

3) AFFCEE) AA 27 F7F Y

AR AT 2
R E
;;;;;;;;;;;;;; BEH o EE
. EfA| 0122

%" 55 AFGF FUb U&7 AAME A 249 2y
A% A8 gAE SA-1 717 A 2/0S Ao v 2239k A 1Y skEut

o 71$71% FAT S Y] WEe A/F, A/ i 18 E 2 A s A9
%79k g AER W] e AR Folshe] UAFoE FRAYR)S Ao}t

oo aEu o] A Aol el S AE vheto] oy glr] wZel AM F HE

1% 3-70% Soil-bin AW A¥ 43 A}o] )3t o]t} Z7](proto-type) *H Al
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ofi= AbAe] 712 7)ok lSE Wb e] ks MEEEo] Fojste] AL
ot aglth. A Fd 243 F4E soil-bin AFAo|Aal AAARJA B V&7t n=
L oF 8 em®] Azl 10° kel A 9l

Hlole k& Avmw e A9 S fAskes AFE Bolas e AN
Al o] ol = ghath Ao AEom Qlel] §le] el A ¥
AA g2 008 ZIdeR A 257H4 AEshs A& & 5 Atk ol stEglof ARl WA
A RS w Gkl FFEo] Q= 2709 AXTF Zake] AL mebgo] she] ajlow
A2 5 Ak

o
il
ol
me
o
2,
-z
o
2

55 ll )\ l;.fn;‘hlll |,

= —EmaNESL
~<V alk s : FZENES)
10

L AL LALLIL L e e

Y 56 FF AAe RE F 49 ds awE

4) st=sjofA A ®

>{E

I EREE

o / ‘ ‘ T ETUMNEE
= R

LR e

O 22 A BAste] AddFAas 7lervh AEAAs #ds] Zolrh ue
soil-bin A4 F oA = o] Fd3it. mol= TAE ddstaA Brd £2 Resolutions 7}
A3 Qs AHES Zolr o) 2AAI A 2A5a Y9 SA-1RT o e Apeke]l A
7F Q7] wiZell SA-1+5 2= tiAledl st=dodRl 29 5 stuld Aol A4S Eola
A F-ES H$)e] PCBol deoz ngA A

olde] Zrag FollM= dol= A BAANS ARSste] Ao dF = 4
AT 2Ey A AFo A AA bR Wi 2 glo] aHEZE FIHE ?

o
—

rE
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Asto] @] AlMe) wolz=ifnk opbd mAAY AR o= e ohdA s n gttt
SA-19] AtF Fo®= -60° ~ 60°5 0 v ~ 5 vol ¥elef HolH=2 F&7bssitta vgtoe

oA ZAE A3 Ov b Svel AR gkold AHaA 9X 4 Ponz nyHe A
A 5L Ba de gt Aol mgste] Hgsn.

AF7A S WAAGS EdE AEE AASET 1Y 3-712 AvnA Rl
AE3 RMSE gto] & 4@ ulaide wol gastgles & & vk aey 2gsE 2y
sto] e Avbs 2ol HHold AAs wid) gtol REle] AsiAslE sht BH we &x
2 el delezh Aguy] wite] weol BAashl B go] Aol AnuEe ¥4
3 gA0] 92 F dvkn wag FoRE A4 AA9 wolzE FgPdold] U
B @ g Fol AxEgoldel 24o] et}

5) Sampling ratio ©]-&

15

10

7% 58 Sampling ratio 8& ©]-&3% F7} 23]

\ﬁ“ﬁl e
AL A

b & & & o N & o

7% 59 Sampling ratio 16S- o] &3k F7} A3

e,

[ T ]
Gy

T ETMEE
T EEAAMER

-SRIV S

7% 60 Sampling ratio 325 o] &3k F7} A3
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At APl A detgt ZAHS sAetr] fleto] AZE]e] WIS FAT. AA g
A7 AA gleodl= Eska vh A BH ghS WsiAIte B sl AlA s 54
B WollA filtering A S AA EH=E dEstes sl AM= 3k x5 e lS
w 2° Ao Wsle eAtm A9 ¢ vkal ddste] AAME Fa 92 A= grel 1A
I 20 ole] Apeol7t yAl o oo ghs EEE AEstEE AZESE FASITH
gk Sampling Ratio 7S =¢18te] vf3] ke dlo]HE 83], 163] |, 323 &9 ©
sty ol Hgts stue] HolHE At AJage] St SulART R o
mol=o By &4 AAE ko] 7 oy &9 wlol A Hdgy HAagS wiAlsd

olgl 4o 2 sampling ratio 73S =dste] o2 W dds 34 F 7P HHo =
Ae FHA7ILAL ekl A7 HA ol xxolel o2 RE Y wha&Eeh Ao]i-o] A

£

of A¢-A1A @l FAll Kok A 23S Witk

5
5 TTIEAES
E 588 i G573 TTHIMNES
5 QU um“ saifedaGHYE s ks
-10 w
-15
o 61 BE Al 055 o83t FUb Ad
15
10
s n | |
ol nn TETANES
Syl TTEHTRAMNES

8,601,
25
269
28
29.75

-10

-15

ZEl 62 BlE Al 0.75F o83 FUF 43 af=

&

Sampling ratio 7Id<S =Yoo=z H AA Fhs X Pol| wpe)l vlud gt oz A&
AT ol HHFE = Ao]Fey FHA A Asto] FE wnj)h 1o A5k Alo]rt
h

25w 242 248 Bavh A4 gl agFAnaIE st 1 gl A3 B @

i<}

ftlo



AfAer Fe e wER Agge] sy A9 7] ¥t gls w A
2 RE7F et 53k grel =gk oAk A AdH oz RMSE ghol 2
T AT ofel Aol sfubel wlEl Aol (proportional controDE =ASATE v # Al
= 0.25, 0.5, 0.75 o2 vre] Addda AAskad. v#HAT7E 19 B9 kel dd A

Af M wE ERkE B dEste] Aol gl s

Response
1 2 Sum Average .
Velocity

3 time 0.99 0.9 1.98 0.40 3176
angle 2600 | 36.80 62.80 12.56 ]

time 1.23 1.23 245 0.49

No 6 Fgle 3330 3500 6880 | 1376 2804
. time | 190 | 190 381 076
fropomona 2 Tangle 13630 | 2720 6350 | 1270 1668
g tme 303 1303 6.06 121 -

angle 2490 |1 25.00 49.90 9.98

198 time 6.63 6.63 13.26 265 351
angle 2120 | 2530 46.50 9.30

time 0.99 0.9 1.98 0.40
8 angle 30.00 | 35.90 70.90 14.10 06

time 1.23 0.74 1.96 0.39

Proportiona 0 Tangle 3720|210 6030 | 1206 0.2
time 190 |19 [381 | 076
1@ 5 2 angle 1500 | 2100 | 3600 | 7.20 040
: g |tme 404 [404 |88 162 -0

angle 28.30 18.60 46.90 9.38

198 time 6.63 6.63 13.26 265 339
angle 20.30 18.70 44.00 8.80

Gme | 071 071 141 | 028
8 Tangle | 2480 | 1980 | 4460 | 892 3158

time 1.47 1.47 29 0.59

Proportiona | angle | 3510 | 3120 | 6930 1386 |
tme 190 |19 381 | 076
1(0 7) P langle 3160 3050 6210 122 | 'Y
' o tme 404 1404 | 808 162 .

angle 1710 | 23.40 40.50 8.10

198 time 6.63 6.63 13.26 265 339
angle 20.30 18.70 44.00 8.80
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17 e /

T oolrg o Adgsle AyEA vEHAIT 0.565 ARESE vl Aol 219 A
H] & (sampling ratio)e] 8¢ FAL zr:= AFoA] 14.10 / 0.40 = 35.66 (radian/sec)]
o= & Agy vlauste] 7B wE e EEE Ztevs S ¢ g AdfdY a9 3-77

FAE AL A adZeA ded Aot

B
rlo
L
l
rot
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2) Aejdld RMSE 28 4z
Soil-bin 234 FZ%e] AYS A9 APFARE A5t B2 AU 51
o s ALY A& ¥ 3-28% 19 3-782 EAIEAUUE RMSEE il 4242 o}
gt 2ot 4714 yE Aoitde] ZhE grell stk 9-2le] dAE wEod o g 00l
PEIA ek gtk 9= AU Bx AR g S 0% gt NRle] Ads SRS
uf Ao gy 1 53 2= gk¥e] RMSE @2 Alojulido] 0°¢F 774 7k E L
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= FAANA 2 FALT ¢ S ATk

9 64 gk =449 RMSE ¢ 2=

¥ 18 thFst Ao A2 RMSE %k

Sampling Ratio RMSE
8 8.22
No 16 9.75
: 32 5.35
Proportional 64 o
128 2.95
8 6.07
Proportional(0.5) 16 5.02
32 4.81
64 4.08
128 3.96
8 5.75
Proportional(0.75) 16 6.18
32 5.06
64 5.01
128 5.00

3) Aolel A F(AF} =4
Ao Aojgke wkE&wrt 7 w23 RMSE #2 7Hg 2 Aol 4oz yEhy
W HAo] Ak = ¥HEEE/RMSE oln E 3-2904 HW & F QlRe] HAEFEHE
(sampeling ratio)®] ko] 8¢]aL H]#|AIG7F 0.5 H|#H Aloo] A& 5.8
35.50 / 6.07 & 7PF & gkol vebA fele s FFA7IE A0S HA grelgta 2
S vk 18 3-79& wk3&% / RMSE 9 #S 33 2 ZE Uehfo] Btk Sholl AR
g FH= mjgAe] mAE, veAs 0.59 A&, vlHAs 0.759 48 2 Zoln 7k 1
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Aol g 9% B

® e, 75)

 P0.75)
 Po.5)
" Nop

E 65 v =AM 9] whEEE/RMSE ¢t L

F 19 HFE =0 9] vhe-E5/RMSE &

Sampling Response Response Velocity/RMSE
. ) RMSE
Ratio Velocity
3 36.40 322 4.43
No 16 30.32 975 311
) 32 17.39 535 3.25
Proportional 64 797 527 151
128 3.32 527 0.72
3 3550 6.07 5.84
Proportional 16 27187 502 5.55
32 1051 431 2.19
05 64 509 408 125
128 311 3.96 0.78
8 32.78 575 5.70
Proportional 16 24.63 6.18 3.99
32 14.31 506 2.83
(0.75) 64 544 501 1.08
128 3.11 500 0.62
D 8o AR

s 4 AAAFS FA AR AFow HER A FEAIA BT Micro
Controller UnitQl ATmega 1285 &3l RS232 Al &A1& B3 dtlolg F541o] PCe
Micro Controller UnitA}o]ol] o] F oA AA|zto 2 7]&7] AlAoA] d2 dHolHE 33}
L BRlsk = Rl of7lol mlE Alojo] &S C A=A FaAste] SholA & dlolE e

QY ghow Ag, Aol AHF NREHE Fo AFHS o wFonw Ak A7} 7
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2) AA7] A% Aol B AE BA
W w87 A1 A% Aol R A B4 AS FP) Akl AF N2De 1

Hyp o] AA et o9 Aole] tiide] H= A TSR AlA 143 7= AlA 24
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Time (sec)

a9 68 4/t M e ASH R 123 AT aE

a7 682 ANl AAE 7% AA e THEE A AS ghs EAIG Blojth FUbR

Z W3 7SR A ol diste] 12k A H 2aF RS Al BAEITh X, Y ke vt

S AT s AS AadolA BAsk= Slo]E o= o]9 o] Aol WA ekgton Zw
F 7SR AT 24 AR grol Are] WsE wdsta e Aow deko] HAUAG

AZ7 9 s Bl w3 Aojo] WA= G BAE7] flste] 7] e e =27
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a9 76 F95 BHRL ol §F wol= A

O

U A g Ao Al A
w Aol AR Tl AR FEete] Ao = e AAES ARl A
of MICOM 128% «Z3}e] AVR Studio®|2h= ZTR2IHWS E3 T2 3] o]2S go|3H
3lal ATmega 12894 A &&= UARTS RS-232XEE AAsle] PCeo AgdEAS 7}
S35 skl A AAZE dolE AYE sMseA 9 W oolE 4w AA 9 rEw
AAE AREate] obdE 1 ghs Sl WrobA tixd ghom ZH2ste] Aojulidl RE A7}
7VestAl skalth wEkA 3% 29 E A AEE vtaE AlAete] AwFe] 94 2

Ao ok 5 A 017t 7Hs sk Al skl

[d

Vehicle external
voltage

The control box cover

lll |
'na' Connectors I I I

Acceleration
sensor
EEEEN
) )
— IS 2[18e
ADC 2o |3 < Angle
== (1= a3 & sensor
o (S 1 i
S
PORT D| Switches .
g 77 #F AojAl " 32w
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oh AR 3 Alo] A2 A%

a7 788w AlojA o] BFol, % 202 o Aol Al Aol

%20 Azw A

Length (mm) 1800
Width (mm) 1800
Height (mm) 1400
Weight (kg) 2.1
Qutside Voltage (V) 12
Inside Voltage (V) 5
Electric current (A) 15
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1) vlola® HEZY
ATmegal282 ATmega A€o <3t= 423 MCU HAo= aAT AHLe] AVR=E
S5VASt A HZ sl 8HIE wlo]lmz AEZHE X HsE Ho 2d HE=2Z AM-128PRO
5o 0] WHE9} AB-M128-B 59| /% mrze] Wl oRr 2oln s&EAAe} AN
£ Alojet=l dof Al Holr
MCU+= 574 7lswt Fdstd == dAx AlFed so ol A&H+= AS= Micro
controller unit®] ¢Fxfolm shpe] 3 <ho] thekst Ax]Fo] glo] dFfiEe 7les +3

T dE JHE vt

J[m

[ATMegal28 Tarp | [5v ma |

@ ey 1P AUE v 2w A
[1sp o121 | [ Reset s/w | 20IAl
o
JPEN 1 2 PED (RXDO/PDD) AVCC | 64 63 | GND

(TXDO/FDCY FEL || & 4 |PEz (XCKO/AINGY AREF | 62 | 61 || PF0 (ADCD)

(OC3AJAING PEZ|| & 6 | PE4 (OC3BSINT4) (ADC1) FF1| 60 50 || P2 (ADCH)
@cic/inTy Pes|| 7 B | PE6 (TI/INTE) (ADC3) FE3| B | 57 || PF4 (ADCITCE)
(CF3/INTT) FE7|| 9 10 | FBO (3S) (TMSFADCS) PE5| 56 ss |l pr6 (ADCG/TDOY

SoK) PBL|[ 1 12 | PB2 (MOSD) (TDL/ADST) PET| 54 53 | aND

oasoy P3| 13 14 |FB4 (OCOm wee| s2 51 || PAD (ADOY

©c1a) FBs || 15 16 | FB6 (OCIE) (ADD) PAL| =0 49 | paz aDn)

@earocie) Pe7|l 17 | 18 |[Po3 qoscan (4D BAI| 48 | 47 | Pad (DD

oscy poal| 19 | 2 | meser (aD3 PAS| a6 | a5 [[eac (aDs)

2 I | GHD (ADT) PAT 44 43 || PG2 (ALE)

(o Conmec XTALZ || 23 24 | XTALI (Mo Connecty (A1 FCT| 42 41 || res i

@cL/anTn Poof|l 25 | 26 | FD1 @DasiNTh alp Boi| 40 | 30 [|rca carm

(RXDI/INTZy FD2)| 27 28 | FD3 (TXDI/INTZ) (Aly PCI| 38 37 || BT (ALDy

(ICPI} PD4)| 29 3 | PD5 (XCKI) A% PC1 36 35 || PCo (AD)

an posf| 31 32 | D7 In ¢RD) Po1| 34 33 || ro0 wR

I ||
4 220 AP EH #0 AU BH B
2% 79 ATmegal28 o] ZE 19 80 ATmegal28 A T+ EE

ATl g As 7 Alo] Alx=Ele] NS 91E14 ATmega familyell <3k
2% MCURHASZE MICOM128# RCM!28 T wWRIF o= 2ty MCU F3FE| 9} 22
HEgzaadoe] old EAV|EW Fstd HE AAAFEA AREEHE 3O=E Micro
Controller Unite]t}. o] HIERE XpF] AlojF-o] 57o](Core) EEolH UHF ZH#A] 256K
Hlo] B U3 RAM 32K Hlo]E, 2%9] 2.54 Header Pino] %¥Zo = 3234 ujx] 5 o]
MAX232 o= RS232 &4lo] 7Fsat, 2219 thee=8 ISP 944 IE F9 A=
Zr3& EEolty, A7)+ 47mm x 47mmeo|t}.

2) 7} % AlAM(Acceleration Sensor)

7HEE AA H2AE BES AM-3AXIS(3F XYZF 54) RES d439 AVR HEe}
ddste] X, Y, 25 H2E & F gt #A 3.3V dEdolHE Ulgste] 5V #eh fgnt
o2 52 A 4 vk 10Pin Header Box AYH=E AZAEo] AVR BEE dA4ste] e
A AHE e EEO|Th VSR A 9 Aee ofd R o R X dlolH, Y

olE], Z_HlolH AYR 7}7} XF YF ZFo=29 7M1&Lk & 935 "ok
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J741

X _data 1 2 )
Y_data 3 4
Z_data 5 6 g_Sel1
g_Sel2 7 8 ISLP
) 9 10 I It

O3 81 7t AA 2 2 2% (Model : AM-3AXIS-P)

7HEE AIAE AA EFH A8357] YElAe HtEA] 1A ZQle] Fg st kel 7t
=SS 93k Calibration 2dS AA8FA T}

Calibration of sensors
2.2

y=-0.0718x+ 2. 1676
R* = (0.9997

1.8

16

voltage

1.4

1.2

-30 o+ -20 -1% -10 -2 i] 5 10 15 20 25 30

Degresa

—a— aCCplathon sensor — 4% {accelation sensor)

I 82 bR AN B s

7t AA7F U= AlA 32 ATmegal?289 Input ADC resolution 10bitS &3
0~1024 Atole] oW gh& Fafl YAl E=d o] ghs dAstow WMIAIAE FEs] 0~5V
g vehdra 7P s o WkEs 22 (Bit Value/1024)x50]th, olw) Alx o] 7w W she}
ADCel A &8 #ate] @AE washd AAe 0°ghe ADCelA 34001%10m 1°%F 434
-2 RS shA vk Ao AMe fAE vl Fe o vl 917 WEtkel ADCH
o] Wizst= s B F Atk wEbA B A= 27 21& ADC A 3400 BHo
A sl 2 Aol g2 DC EE ek At gholl #Askel yehs Ao 4% ghe
dohf7] flste] AR—RALEAE o8, +30-9 W ol 5. 9o ArwEtE S
Bhus A whs SAsIY F o AR =4S 98 22 gl deds A we

B SA4S Sldl okele] ™M e

O AN AEAE 0§l W RS SASGL ATPRI F9ugel ged vz

il

i)
o
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Calibratione A A3} t}.

v}, Z+ =AM (Angle Sensor)

=

Dase] HAba] 7171 AlA = v
¥ Az AR EA A ow A7

Wad 9t dlS ogE A%e 2a dvh w§ A%e 2717
&

A5e] X& Ex YHORS MA7} §olshy] FE we Foprgdolsd WrEAe Ho o
of A5e BRNAE AT 5 Y& 540l vk B AA FAFH Y A5 452 A

=
2 8= wAolY] wiiel 23

olr
-0
o
)
—
k
ro
=
S

A
e
)
x>
D]
=
w
filo
>~
Do
ofo
o
38
)

% 21 ZtEAA A4

Measuring range £70°
Resolution <0.01 degrees
Non-Linearity <02% FS
Transverse Sensitivity <1% at £70°tilt
Response time <0.3 second
Power supply (Regulated) 5 Vde

Current consumption b5V <1 mA
Operating Temperature -40 to .. +85°C
Weight approx. 22 g
Sensitivity approx 2.5mV/°
Zero offset at 5V 2.5%0.1 Volt
Temperature Drift of sensitivity -0.12%/K
Temperature Drift of Zero £0.025mV/K
output Impedance 10 kOhm

200 mm long approx. $approx 1.0 mm

v}, gl =9 o] ¥ (Regulator)

LM7805¢] 7|52 75 I +5vE HAds dABsHA =497l 7so® 1H o
oAk AFdde] o7k 3H E¥Oo® 5ve HSto] dAsHA
2

Ak 15v7} Q17hs ofokatet,
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Vn=15V o5Y

LMTA05 &
220V s flE - 1 =l
o] I GND I
Bﬂdg‘ e C'l ‘e "r?' 2 Fat c}
Recitifier 47 uF 0.1 uF
* #
a3 83 #HEHely MesE
¥ 22 d=deoly A
Symbol Parameter Conditions Min Typ | Max | Unit
TJ] = £25°C 48 5.0 52
Vo Qutput Voltage bmA<IO<1A PO N
475 5.0 5.25
15W,VS=7V to 20V
Io Quiescent Current | TJ = +25°C - 50 8.0 mA
Quisecent Current Io = bmA to 1A - 0.03 05
Alo mA
Change VI = 7V to %5V - 03 |13
Qutput Voltage
AVo/AT . Io = 5mA - 08 | - mV/°C
Drift

Ab. Hdlo](Relay)
Relay Switch© A& ON/OFF F 7}A 45 3k &A= A], controlled switch®] 7l
de 73 k. 52 el Relay oA 7IAIH ez 325 ON/OFF3h= Zo] Qi
AAp2AE o] &3] Control she WA o= yrolxity, I AgoA Relaye] 92 dlolH
AYE T8 MICOMe.= AFH Alo] g vd o= FEe AZ45o] = 3]=E ON/OFF
st Aot 53 CHI-EDI12F¢] #Helol& Alolsty] A& TQ29 Heele 542 234 9
dolz= 57t ta2A A2 Hojdw & mig e Ay f& ZEHE Ao siFe
CH1-ED12F¢] @#o]E& AM3lglth. CHI-ED12F9] Heolx 13- o2A REje] 29

o
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Aolal7] felA s e W

I3 83 TQ relay

19 84 CHI-EDI12 relay

gz Aok,

3 23 TQ relay9 A

Initial contact resistance

50mS max

Rated load, resistive

10A 30V(DC)

10A 250V(AC)

Maximum carry current

16A

Maximum switching capacity

30W 620 VA

Maximum switching voltage

110V DC, 125V AC

Minimum switching rating 100mA 5V DC
3% 24 CHI-EDI12 relayd A ¢
Initial contact resistance 100m&2 max

Rated load, resistive

16A 30V(DC)

16A 240V(AC)

Maximum carry current

16A
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gL 3
O O
O 0O
O
O 0O
O B8 Relayl O &I
O O O O ON/ON gk
O O 0o OFF/OFF %2
O O 0O ChH
Relay2 Relay3
WEIEEM
2IElE]
PORTA !
g i Motor 1, 2

%l 85 HHle] slri:

o}, A A E (Capacitor)

A714Q FAAE AT} skl ditolA Mgt A E3ZQ doldl FdA
£ ARESFaL oo adE IulE FdE o
Fol FANEEE = F A Alole Fitd AV HS moi= AAoltl. FwlX(condenser)
U A A H(capacitor)® F-27|% gt} 7= HE 7 9 EA #om FAE o gl
T1 Apolell HAA|ZE Solgtt. of7loll A Zb kel it "AA|e] AA Ftel skt vSH
o, FEdol ol dsah#e] AvlE ZARE FE= vibgelt)

 ATolAE A7l dEE ol&ste] flo AWt dEdelH et A 3=E AA st
12Ve] S 5VE WEFATh AAE = 50V 10 yret 16V 10 s AHE-3FAA T

o}, RS-232 Serial port
RS232C( Recommended Standard system for serial communications®] 3+ 5-)1969
A wa ARy sl A Agst B4l QlE ol ek sy ZHE, Byl T Z4E W
FAE dAstsd T2 AREET o2 Algd EEM HEY] SAS s o] A
A9k UART7} wb=2] & @ s,

6]
H Ao A= Rs-232 Serial portoll A g WS AM-128Pro EE°| 3% UART #HY



Blo} A wh Mare PCe) RS-232C AWH Sl DB-9 Aol s}l ALgaigitt.

R =

[eT572T275)
TLLTETE

F| DIHSH T
DSUB Female

p925 c

Y 87 ATmegal280] AZd® =<5
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ZF. AVRE USB-ISP
AVR W% E2e vmeo] AgA7t 448 2w el sbssit,

1 VCC

2 RXD (PCO} EIOIEIE 45K )

3 ™D pcot GIOIEIE &Xoh= )

4 GND

% 88 UART AYH A HS % 89 AVR USB-ISP

EZ297E ONOFF 29132 @ol A5 ek & A7 s EZ2AAs
420w 9 7hed Wi $5 Wol AANT $Zow T 4o 0} 3 Wo| AdH
ok elw obe) %W 3 go] E2AsA A Mol 94 @ wele As7k Fel A-BY
97 slo] @77k 323, B-C/k 92 4 o) ol sk aeke= How Felue dw7t
5% e,

o G4
‘.
=1
2o
o H
=1
3
+H
P~
- W - -1}
TI i
3-?]8 S 211010, T
bezom | S 48:010 | _
242020 | 1142020
12.7£020] =

3
\
|
f

©

a8 91 EEa9A A4
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Initialize

v

Setting
v

Reading of Accelator sensor
signal per sampling ratio
v

Calculate
slope angle

(P control) =1

Diff=abs(object value-measured value)

No

Diff>Threshold value

No
control

Control inverse
to the slope of
MICOM

Add K*diff to the DC moter

=

No
END

Yes

T 02 AYY wW Ao} Axaw S

i
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e AQY #9 AoA s 4Rt

D A9 8y

2 93 FFH T Ao Aad AA a9Y 94 A AV AP RS (EFEAR])

2 95 AAY] AP EE (s Ale]) a9 96 A7) ARG (s A0

A T Ao] Axwe] JEPske thew ge WEoR YA,

(1) AA71S] Ay 7Y Aol AmEe AAS] Aste] AF T2 R A2 Bt Y
oho gdlel @9 AlojRol delwols W fUwE AAHo] Tk AA] &
el SRt fuAAURe] §9F 29 B AYH, 4
& RSYFORA FEUATL A £8° 1 AL FAHAT

(2) Aol Aol FHE FAT FAA FEANE Fa AL g £ Al o)

g BA AFS shalth A7 A4 2 Alo] A= ATmegal28e s A/D 7Y
= %—5‘]]



(3) 27] ¥4 A gElel A A% @ Aol 4Ee stk 19
o] 059 u grol 7bg H=e] Az gro]
grie ATASE et vAASE 052 AFF T AE Ao ADS A Aol
ge® AU A4E Ao} A H)

=
of e F RAARE AUk AR T A4 WAB 0°, £1°, +2°, +3°
3 X

°

rtm‘.

(4) =34 ¥t e T8 =9l AU E A Al AlA e digh AR SHEE

g 54357 A A¥ES sisith doly Hywkd AER doly g WstE §5ho

FPsgom A WhHS 100709 "oy HtikS 7]

= 2 WA 7|WA 7 33 =Aste] Hit

s YWERIRAAL 500, 9007He] dlolE Hirghs 7I=d HiolA ME" dlolE s
W3}l slHA 22 ZAPS dHHasle] = 273 AES 3T}

(5) a4y A Agel AL Bely] 98 A8 AW 4w SHAE o &se] F 25M

o
—
(&)
a1
(&)
—
o
(&)
=
K
E
2
_WL
:\.‘z
1

o A % oMe) AR o] el S

®) BAFE) FAE o) SHEE B4 A9 a9k B4 A A5 9 AolA 4
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30, 30, 20 56(4.0) 44(2.6) 50.0(6.1)

0.4 20, 25, 15 92(4.7) 82(6.3) 87(5.2)

10, 20, 10 100(0.0) 100(0.0) 100(0.0)

30, 30, 20 68(3.3) 42(8.7) 55(6.2)

0.6 20, 25, 15 88(4.3) 68(2.7) 78(3.4)

10, 20, 10 96(0.3) 92(0.7) 94(0.5)

30, 30, 20 62(6.7) 40(5.3) 51(6.0)

0.2 20, 25, 15 84(3.7) 76(3.0) 80(3.3)

10, 20, 10 100(0.0) 100(0.0) 100(0.0)

30, 30, 20 56(2.7) 48(4.3) 52(3.5)

15 0.4 20, 25, 15 88(4.0) 80(4.7) 84(4.3)
10, 20, 10 96(0.7) 88(1.0) 92(0.8)

30, 30, 20 60(8.3) 44(2.7) 52(6.2)

0.6 20, 25, 15 72(1.3) 72(2.0) 72(1.5)

10, 20, 10 88(0.7) 92(1.0) 90(0.9)

30, 30, 20 52(7.3) 36(10.0) 44(8.1)

0.2 20, 25, 15 68(2.3) 56(3.3) 62(2.7)

10, 20, 10 92(6.7) 96(3.3) 94(4.8)

30, 30, 20 48(7.0) 44(5.6) 46(6.2)

20 0.4 20, 25, 15 64(5.7) 60(4.3) 62(5.1)
10, 20, 10 92(5.3) 84(1.3) 88(3.3)

30, 30, 20 48(7.7) 40(5.7) 44(6.1)

0.6 20, 25, 15 68(3.7) 60(7.3) 64(5.3)

10, 20, 10 92(0.7) 88(2.0) 90(1.5)

« DEGE EEEAE Ve,
TG ol 7x FFEol 10, 15, 20 thel W F Fdo] B = AUEL 47

52-100, 51-100, 44-94%= YE} A F5&°] 20 t/hd 45 & FPol 2 & HAE80]
oF7h vHAl YER A ool MEL T 0.2, 0.4, 0.6 m/s¥ W F FPo] € & A
2 Z47) 44-100, 46-100, 44-94%= dEiy WMEESE g F Fdo] 3 & AHES
AFol7b Gl Aoz yEptth v AW zdwojole] HARzte| wEki= AAMzte] FhE S

= % 9ol T E AEE AEES Wl IS nyh
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g Es |4 Awo]o A Zwelo] Az () A 2 (%)
(th) |EESE (/) (FF&7hAh, S, S4A2E)

30, 30, 20 84.0

0.2 20, 25, 15 86.7

10, 20, 10 83.3

30, 30, 20 81.3

10 0.4 20, 25, 15 85.0
10, 20, 10 6.7

30, 30, 20 76.3

0.6 20, 25, 15 79.3

10, 20, 10 68.0

30, 30, 20 83.7

0.2 20, 25, 15 86.0

10, 20, 10 83.3

30, 30, 20 80.0

15 0.4 20, 25, 15 86.0
10, 20, 10 747

30, 30, 20 6.7

0.6 20, 25, 15 71.3

10, 20, 10 64.7

30, 30, 20 81.3

0.2 20, 25, 15 6.7

10, 20, 10 79.3

30, 30, 20 79.3

20 0.4 20, 25, 15 74.0
10, 20, 10 64.7

30, 30, 20 68.0

0.6 20, 25, 15 60.0

10, 20, 10 96.0

* Zoere RFRAE UERY

goll e} #o] MR MAHTAFTE A Fg&e] 10, 15, 20 tvhd # 77
68.0-86.7, 64.7-86.0, 56.0-81.3%= et At Fgo] AAFS AAASAFE oA
= AFo] o, AE Aol MEZLLI} 0.2, 0.4, 0.6 m/sYd W AEATAFE 247
76.7-86.7, 64.7-86.0, 56.0-79.3%= YEl} WEEZE=7L A wiet B SA T WA
el A A olo]e] AALZ el wEde 2he A Adolo}, & A} 1tk Awjolo],
A 2gk Aol 7k 22t 20, 25, 15° 2Fo] 7HE #A dEbsted A zduole] MELE

rlu
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2) AR FaR A%
AA7NS] FaN e E 370) thEhdl wksh o] FY&m 021, 0.26, 0.31 m/s Yo
H, 44 Avlolole) o]$&EE 0.29, 032, 0.34 m/s QL 23} ol% AMolo] o]F&EE
0.22, 0.24, 0.25 m/stt. 28]a FHo|F4A Y o]F&£k+= 0.27, 0.31 m/s Lg]al 0.32

m/s% YEF

E 4L AFY) e Far A%

A7) FGEE /)

g5
0.21 0.26 0.31
T4 Auolo] o]F&E (m/s) 0.29 0.32 0.34
23k ol% Zulolo] ol %&E (m/s) 022 0.24 0.25
T o]FHAA o]FEHE (m/s) 0.27 0.31 0.32

i 38 AT P S WERIT #9E =7 0.21, 0.26, 0.31 m/s 4wl 7=
THES 47 93 %, 90.5 %, 91.3 %= YEHOoH EFES 2 %, 3 %, 5 %, 122 A
B2 7h7F 835 %, 80.1 %, 79.9 %= JEbwth wEbA A AT A& EE
FEE7F 0.21 m/sol A 7R AR Ao w AatE At
A2 A0 Ag AALEE 8° oUlR AA| 1 o]kl AALECME s Ee] Yal

E&go] wWol WA ofo thih Hehe] g H T

FPEE A8 AAE £
0.21 m/s 93.0 % 83.5 % 2 %
0.26 m/s 90.5 % 80.1 % 3 %
0.31 m/s 91.3 % 79.9 % 5 %
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