7% 108 BFTEARXE $US SE 510 50

B 97-345-10-6

A4 9 E4 Range A%l & 48 Azl A3 Vision Al
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Abstract

Until now, considerable progress has been made in the application of range finding technique
performing direct 3-D measurement from the object. However, there are few use of the method in the
area of the application of material handling. We present a range finding vision system consisting of
static and dynamic range finders to automate a reclaimer used for material handling. A static range
finder detects range data of the front part of the piles of material, and a height map is obtained from
the proposed image processing algorithm. The height map is used to calculate the optimal job path
as features for required information for material handling function. A dynamic range finder attached
on the side of the arm of the reclaimer detects the change of the local properties of the material with
the handling function, which is used for avoiding collision and detecting the ending point for changing
direction. The developed vision system was applied to a 1/20 simulator and the results of test show
that it is appropriate to use for automating the material handling.
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Fig. 1. Sensing for controlling robot function for
material handling.
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Fig. 2. Sensing for the autonomous reclaiming.
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Fig. 3. 1/20 simulator of a reclaimer.
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Sl& E=gk(threshold value) &2 o]x]8}s}o] o
o E’gir.

2) o] 4y <lM E3sE FET Aga)d] sl
THELZ scandPiA Holghe Jehis gas
&3

3) 4 Rl o] st Xk Ax(yy) e
o33l sensor matrixell ™83l world H-Ez}
(x,y,2)5 7k
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V. World =ZEAH 29| Hig

A range ZE7]dl A8 ez wjale] YAzt
2 AR dolEE AAR gZeelnr} Aed 4
A= 317] 93] HiolelE world BIAZ WHslo]
°F e} & 2Fulolnel 3239 HA range 737
o HAARE dolRl Az dolelelrz ol
world #FAZ translation 2 rotationg ©)-&3}
HEsledo} 2l Fdolw Aoj7)r}t o]8dt 4 Qlrt ¥
4 % AR B3 YA range PEINE 4o
2 ol Ag dolelE world BIAS W)
A% Z1EEk 2le a9 1004 R F3 gl
A A range 2E719) AHAQ 93 FHuA (X,
Yo, Zo)ollA A3 24 F3A(X,, Yy, Zb)o} 213
oM 94 FIFAWX,, ¥, Z)% A world IR
A X, Yo, Zp)2 W3} FFA HEL Y8 ~
B 2ele] 54 2w 9,9 elFeelme) M3 zhw
6l A3 rotation& AAkskE, A3 s 2=
range HE7174Ae] A2 d,, AA range 7427 ¥
T %0l db, @ FY A d; WF translatione A
Abshd Hr,

38 10. A4 range A27)9 783ty wd
Fig. 10. Geometric model of static range finder.

4 range ZAE712%E oAl range dwjojel=
4 A= FA719 A $1x]e) it Ae] Huolo)
T2t olg HFHolne] FAsta range dloele
ZAE3A =HH ©]E world FZAZ Wsle} Bas)
HEE ARSE ¢ Qlrk o}F gle) 1Y 119 o] &
A range HE719] Aol dls] rjsleky mde 7
At FA range AZ7] FIAX, Vi, Z)olA
Aot 2ot A HIAK,, Ve 29 el
WY AZAX, Y, Z)8 AR Y3l world =}
BAXy, Yo, Zo)E HERI} o714 elZHoue]
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Holal A3 zkxal 6 3 G0l HF) rotationd
23t A3 FAFNA FA4 range AE7] 2 9
X 7R A= d, BEHe Yo 3AF o) oy,
ZF3 A2 deoll id translation® 2 AR

a2 11. 54 range %719 7|84 =
Fig. 11. Geometric model of dynamic
finder.

range

B =FolA AR Alawe Agsp] $gle =g
#olme] 1/20 4% AEHCHE ARl &
obd mlule] m3L 2x4me] &7l "lA ALdE A
sy wrEAck WA AA range FHE oAM=
3t AA range ZAE7IE AlEHClE] AelA A
2 YUBE we) i g3 A 5 YRS 13
& Ao FAsch ARE AA range AE7=
Ladar®} o1& T53k= ~HY Rel2 40| Hev
0%¢l Ladar®] 3d AL 60°9 field-of-viewE
7}A™ unit angle2 057°% AAsIH, 059 &
H9 ZEE @ 43 Hds ded 20% A
57°¢ field-of-viewE 7FAH 0.72°2] sA=E A
ssicl F29 A" doleE 2= FFAR R}
of FAd (xy,2)3E 44 Wt 2 JU=E
ehfle] 2 3% X=F AT s a9 129
z} o37)el scan®-g uwiel M) 3 Ade 2d
12(b)oll Yeh} glen] ol& oA HuiAal Sl
o3y H3s sl S s dAFA s
o] o= Ui’ F A9 FejEs A3 AT
1% A 223 At 29 120 deht 9l
o} o]2HE] oby mdo] ¥ gl gl o 4
2 79 featuredl TwAlE Atk A7l U8
el FHME FA oJdolng olF A3 F
ozl 2 ARE 15719 ez e AAE 13
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12(deld BeiFm ik Agoaye] dojxl 2]
AR dloletg o)83le] simulatorel] A¥Z A} A
Ao] Hds} g HFo] H +/-2cmel 23 °l3}
2 ¥3 A9g AWen o] e A A
Ae] dlolel 23} simulator®] 7]7%3A parameter
o 23 Sogre sl

(a)

(c) (G))
22| 12. A range AEF g4 A A+
(a) &7] 1% A% (250x300cm; 250%300
pixels), (b) B2H3E AFH(250X300cm; 250

X300pixels) (c) W™ A} 250X
300cm; 250%300pixels), (d) 2t =Z(150
x150cm; 150 X 150pixels)
Fig. 12. Results of static range finder.

(a) Range data image (250%300cm; 250 X
300pixels), (b) Interpolated image of
range data image (250X300cm; 250X
300pixels), (c) Merged image and height
map (250%300cm; 250 x300pixels) and (d)
Job schedule path (150X150cm; 150X
150pixels)

54 range &9 sl gFdeln] W] <
doll 2zt sl Azl A7} AXE=E sk
2] 72} calibrationd $s 13070 EAe U3
ul=27} 9J+ paneld AME3KEEH], ©] panels 60,
70, 80cm®] Aol W T3 Al s
calibration o84 2F 390709 943 vl=e) FA
27} d19lE world HEAR A=A 43 9t
ol i3 FAF FHH el g3l HARXE A7) 9
8] panelg 3932 A=] A CCD 7zl §1Y
3l 13 whagle] FREEE o]x|F sz 7]
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Ly vz 4 AZE kg AeEl cali-
brationell A& delzl 390702] world FFA} o]d
o33k dAF Rl 98} 780 x11 matrixZF A=
o pseudo-inverse HFHel s 4(3)¢] Flw=l
matrix®] component® T3k} o]|2XE] Al(4), (5)
o} 33 s WAl A6)& A AXksled sensor
TE. FA range HAEV1Y #H9S A4
E calibration¥t ¥ 13l sensor matrix M2] <l
T & AR A3s ogst i

matrix-&

39997.11  1040.78 —6782402.00
M. —| —9885.43 —64581.54 3897884.50
R - 31149.21 ~321.66  57670128.00
6119.18  159.74  —980070.13
26878.90 —100.54  1560025.50
M..—| 5365.78 —36019.48 1043251.94
EtT118835.19 220.73  30118788.00
—3555.15  13.75  —162109.41

(c) d
328 13. &4 range A& 94 AE] A (B12x
480 pixels)

(a) &% range AE719 4F 94, b) %
% range €719 48 34 (© ﬂfiﬂr g
HE A3 #5 215719 94 (@) B3
e E AT 5 A3 94

Fig. 13. Results of dynamic range finder. (512X
480 pixels) (a) A grabbed image of left
range finder, (b) A grabbed image of
right range finder, (c) Filtered image of
left range finder and (d) A filtered
image of right range finder

¥ 13(a)¢} (b)&= 54 range ZHEV)Y FH= 2
5 AMETE ¥R dAoBA B3} FEE AR
3R] o2 jly gateln] a8 13(0)¢} (D 3 =
AM25e iHs °3/~1-_9§_/H B3t Le|E 283l
Zojxj2| Ho| FalEl NS 9] EA]} JAboloh
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45 A2 AF3H4 Vision Al2¥

ZEAE A

golA "ol #Fsls el sl £ =Fellx AN
3 AAsE wheg AR E FZ3kw, ol s
FAE0ZE 50 3w e el diE AlA
matrixel] Hg]sle] QoA Al AE R 14 x
AF3 gleh o] dojels AAl Ayl s Hd
+/-3mmel3te] 2AE RHela gledl o k=
calibrationA|ol] *Ash= 22}, JAk A2l digiti-
zing 23 5o E2RE] 7|Q1g]. o] LAl YollA W
3 HE 24 Wenr) Yovg 2gdeln B& A}
3 F83] sEE o & 9tk AR vision
A 2wE 0|85l simulatorZ} A% £&5ke oAS
¥ 1404 BejFa gl

13 14. Range 7d€°ﬂ «hﬂ A-52tgl ﬁa*ﬂ"]"?«l
55 2
Fig. 14. A view of autonomous reclaiming using

range finding vision system.

1. B4 range 73719 range ulo]E]
(@) #ZF range #HZE7] (b)) =
range A%7)
Table 1. Range data of the dynamic range
finder. (a) Right side range finder.
(b) Left side range finder
(a)

pixel Dynamic coordinates {mm)
(i.j) (%, vy, 2)
200,211 68.4, -5.8, -607.5
250,194 68.1, =304, -537.4
300,183 68.0, -52.0, -496.4
350,170 67.8, -71.1, ~453.8
400,155 67.7, -87.6, -410.9
450,146 676, -104.0, -386.3
(b)
pixel Dynamic coordinates (mm)
(L) x, v, 2)
200,321 -84.1, 94, -522.3
250,334 -832, -167, -485.9
300,345 -826, -381, -460.6
350,358 -819, -556, -435.8
400,367 -816, -71.9, -420.9
450,379 -81.1, -84.9, -403.7
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