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7. Development of Navigation Vision System for Construction Robots*

* and Katsumi Yasupa™**

by Jian Lu™*, Hiroyasu IKEDA™*
Abstract: In this paper, a navigation vision system is proposed for the industrial mobile robots that are
mainly used in unfixed work place, or planned to travel along changeable routes. Instead of the tradition-
al navigation method in which magnetic tags or lanes are constructed on the floor to indicate the route, a
series of navigation-signs (briefed as signs in the following) are placed along the route. By change the
order and the types of signs in the series, the route can be planned and adjusted simply and flexibly on
the spot. The navigation vision system recognizes these signs, detects large non-sign objects as obstacles,
and sends these results to the travel control system.
The vision system is a hybrid system, consisted of two functions, i.e., the object detection function and
the sign recognition function. The former is used to determine roughly the 3D position and the size of
large objects, including signs, within the travel space of the robot. The later is used to recognize the spe-
cific type or meaning of a sign. This paper gives the overview of the vision system, describes details
about the implementation approaches related to the two functions of the vision system. By experiments
and discussions, it was verified that the design specification can be achieved practically by these
approaches.
The results and significance of this study are mainly as the follows:
(1) In the research field of robot travel control, for the requirements of the changeable work fields such
as the construction work, where task and travel route often change, the navigation method with flexible
and easy route-setting is proposed, and the approach for implementing the system is shown.
(2) In the research field of robot vision, it is shown that the recognition method for 2D image is applica-
ble even to wide 3D space, in case that the focus objective is effectively controlled according to the 3D
information from stereo vision.
(3) As the application of disparity image and stereo vision, the methods for 3D measurement and object
extraction are developed. Although the example object used in this paper is the navigation sign of
30x30cm, the method is applicable to other types of objects simply by learning their features.

Keywords; Navigation, Robot vision, Disparity image, Stereo vision, Object detection, Template match-
ing, 3D measurement
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Fig. 2 An example scene in obstacle detection.
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Table 1 3D Measurement of Objects.
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No. —
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1 -0.34 0.24 0.96 0.38 0.27
2 0.58 0.12 1.67 0.29 0.95
3 0.0 0.42 1.92 0.25 0.30
4 -0.01 -0.43 1.95 0.31 0.42
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features.
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Table 2 3D measurement of detected signs.

B & h - FFHO3DETAIE

z,X) Wt X Y Z Xsize Ysize
(2,0) 0.008 0.073 -0.02 2.003 0.459 0.422
(2,-1) 0.019 -0.91 0.009 1.997 0.37 0.455
(3,0) 0.009 0.096 0.025 3.12 0.575 0.549
(3,-1) 0.059 -0.95 0.009 3.172 0.743 0.488
(3,1) 0.023 1.089 0.013 2.959 0.583 0.627
(4,0) 0.137 0.152 0.047 4.308 0.821 0.678
(4,-1) 0.229 -1 0.1 4.448 0.74 0.902
(4,1) 0.204 1.213 0.064 4.33 0.831 0.801
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2) kAL B
a) FEISEILEL 2 O 98 S 7ok TS & A Rk
[LIRE Sl ARl i U NI SN /3 NI /74 N A
(44 XIEHAL)
b) IEHA LI FEBEET T L —bEL
T, ZHEBEZAF v v L CRAMEMEE
AT %
c) M ENLWIHD S, ~vF LG
2HEET D
C 2T, MBmARMEAREE LT RRAEZ T 0 5 8
B, SMTAHIERT - LE LT, ROBEMK
THEETY Yy F 755 (RO IVTEREL &
HET D)o

4.2 ERHEIEHOBE

Fig. 14 2R L7z X 912, ERHIENIZEZR O
TODE—ATy T LT, XY - FIVENAEDR
B, A—20FE, RIS FHEIZEIT VN
Yoo FNEh, A—2AEHEOREEIT
421 ETFFHATEERNDEELH

H A0 52 S 4% & - W 2 B9 % 47 1 1% i
(X, Y, 2) &, YA HXTONFEDLEEEET
LI EEETH L, Tk, EH#RNHE T+ 4 2
T OHLEBNIEE LT BB (ve, ye, zc) ~DEH
WRETH D720, UWTORHEELTFH,
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Fig. 13 Template matching.

FoT—hRyF T

xc =X + lx
yc =Y + ly
2c=7+1z
22T, (to,ty,tz) 3+ 7€y b TH 5D,
422 N> - FIFAEDEE
B b7z 8518, BN AE - LT
DEFF A ATI1I8 « F)V MRS EOERICHE
BEINDL, WEWEZDOH AT ORBEHLICHS 2
% 7:002, BEWHHEBIC X S 7B o A
HWH» o, Ny - FNMMENEI I, RV - F
V NENMESHIE SN D, Fig. 15 1R L7z X T
DB O RERE Y AT AT B W T, BERALE X
(xc,yc,zc) &3 5HL, NMER
0 =—tan' (xc/zc) (10)

Candidate position
{ ¥e Ye. Ze )

—— S o

.Fig. 14 Flowchart of gaze control.

ARFEHOFRN

Thh, FV MR
¢ = —tan " (ycNac? + zc?) (11)

ThHbo
423 X—L{EOEE
ERDVEREE2SE N #Y) 2 fENTIE I N
5% 51X, ROATF v FIZBWTIE, 7 A IHE
DRESOERMGEZ AT B2, W RATDX—
L EYNIERE L 2R IT TR B v,
Fig. 16 IZ/R L7z X 912, BE#RoF A4 Zixied
LZHABICMAT, ~—Y Y AMak & HUENH 5,
CD7H, HEMHEE LTOmMAX

A=B+2Ma (12)
Thb, 7B, HMABIX
B=2tan' (S/2L) (13)

Thhbo
4.3 FEMEEICEH T IHEESR

AR L, BERREDECBWT, ERERE HiR T
TIPS REMEE G L, FEBzdL TR
AET %o

WD A X1 30 cm X 30 el E S, FHEE
PEOWHE (K5 A=) 12, IATDA—
ABEBEIC X o C, BEEEGE T T L -3 v F U
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Camera coordinate system.

DA DERR
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Fig. 16 Objective zoom value (image angle).

BEX—LfE (EA)

FMPIZ#HTRE S THEESTE S0, HEMMLLE
DL LRERHREME IRV, TO—F, A A
FSDRA—LRERDINY « F IV MO EEIE IR E)
ECTH D720, ThoOBEERMIZARER DR b
WAy 7 b, T TIRINSBER ORMEIZ
DWNWTELET b,

Fig. 4 OAMNR L7z X912, BEEERPNE 3B
W, W{EAN, WG (77— b3y FUT)
DIDODODAT Y Thokl), FAKHIZI=>DAT
v TOEEHEETH L, ZNIZOWT, ROEERF
— Db,

1) WA BRI 66 msTdH 5o

2) WZMLEIZ D H HEEEIER 30 msTH S

(Pentium III 700 MHz Tl 1l ) o

o T, Fig. 171TRT L 91T, BRI

5 IEHNIEH 96 msICEEHIEREMZ Mz 720 L %

PEE R W TR I ZE S NIIS-SRR-NO.26 (2002)

Bo FEHHIMAE A (X—24fH) 2282 - FIV
DRI DD B R NIBEM I 22 A — &, XV - F
Vv NEMERER L e RB &, B TE D, T2, X—
LRI ERTIE Oy - FV ) LBHIFETTE
5720, ERBMEERE - 28FEL Y - FL b
BED LD OMNPEREHOEWS D LR35 Z &8
T&E 5%,

Table 4 [T EEBRIZ L 5 X — ABHBEEMETH 5.
Table4 (a) & 4 (b) WM& H X — 2 HAZEPiHE %
5000 mm#* 5 1600 mm~i% & L IE 3 BfE O Hl € 5T
HBHH, 4 (a) & 500 mmD B FED X — 2 BfExt
L, 4 (b) ®FiE 1000 mm® HFED X — 282
T BMWEMTH S, 4 (¢) IZ—HDOX—LEET
HiZM#E %2 5000 mm#* 5 1600 mm~iXE L 725G 5
THbHo Table5 IZ/RLTWVWLDIEINY - FIV D
BRVEAEE I T 2 MEMTH 5,

Table4 £ 52056, RKOZ EAEHEI N5,

1) A= NI IR A 2025, &£ THR
— ZEIEIZ— M2 200 msLh L ORI AT % o 720
2) /3y - FV MNEMEOMEEX 2.93 ~ 147.14 B/
THY, FHMHEIIH 72 BB THEH, @FEDIN -
FOU M 10 BEDFTHHI a2 EZLHE, 10/72
=138 DT, /XY « FIV M5 EHIEFEY
138 msLF & it b,

HAEELD 5 HzE WS v v Y v FHEIL, —HOB)
TEDSEL &£ D 200 msPANICRK T 2L D 5,
Lo T, X— AEERHNIAERFR R O 4B VR O
RIMNAY I ThHHLD, A—ADEEITI—EDIE
BEGEPH IO L CHE S8, HREHEETEBRY
VYl drzted b,

4.4 X—LEMEDORDFE

BB X — LNEER BT B 72012, X— AREIR
—EDH BRI LTHET 22 EAETL

e cantrod

L - Siags
aration

- . Dperaty
| 13Bms 1 138me »200ms
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Bfms (elmage input+
Template matckhing)

Fig. 17 Time for Sign-recognition.
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Table 4 Measured time for zoom operation.
A — LEMEDRFE
Objective
Step Di]stance Zoomovalue Time (ms)
(mm) (%)
0 5000 73.3
1 4500 72.3 260
2 4000 71 261
3 3500 67.5 310
4 3000 62.3 351
5 2500 55.7 361
6 2000 46.6 380
7 1500 334 470
Average 342
(@) 500mm steps
Objective Zoom value| ...
Step| Distance o Time (ms)
(mm) (%)
0 5000 73.3
1 4000 71 281
2 3000 62.3 381
3 2000 46.6 521
Average 394

(b) 1000mm steps

Distance (mm) time(ms)
1600 —> 5000 852

(c) one step

W, L2L, —HT, #7253 ANOEREGEDOT A
ANWEY TR RABRNDED L, 72, HEEoE(L
PRV, ST (defocus) 2B H D
BHo TN, RIZMEEX— L K OESITITOIRK
WL, Ty L —bvyF U X A EHERN O
TREMEZMAET 2 LE DD 5o
441 HATOXKEAICH T SEHED

A AT OREMHIIEHBED X =212 I0T 5, &
DY, H AT ATTEHEO IR 555 O A
S v, B ZEREGOMBEAGICBTLT v
TVU—bb= v F U iR 2D 20, B
5000 mmOEEFKIIKT L, R b X —AfERTERE
To720 KidiZTable 6 (2R X 512, RO EIE
HaNb, HATIERAERT A X (HE =100 ¥
7EN) ORBETHY, RBEDTIZHR/MERT A X

26 ¥Z7t) OLBAETH D, IEE A ADOFEH
100 ¥EZ&nds 26 €7~ (§ 4:1) bbb
E, T L— b v F IO REOMBMEIX 87%
M5 66 %F T L72AY, 66 %DMBIMEIETable 3
DOFER L VKB 5L, TAERBIOGEDIFEE L
Zz2bhb (Fig.18). —7J, BXy FEYa oD
K EEPH 1600 mm~ 5000 mm T HHEEZE IR 1:3
ThHAHDT, A—uflix (FIZI1X 20 %i2) BEEL
HAETYH, BHIETREEEZ SRS,

4.4.2 ESIFFICET DESER

HEEIZTFICBIATF T L— v F v 7 OkE
MR D729, 5000 mmBiEEOREEKIZR L, A

Table 5 Measured speed of pan/tilt operations.
N2 - FIV MREDRE RIEE
Opera- P Maximum | Minimum
R arameter
tion (deg./sec) |(deg./sec)
Speed 147.14 293
Pan Start speed 51.38
Speed 145.70 298
Tilt Start speed | 57.14

#t% 5000 mm, 2000 mm, KO 1000 mmiZZ N2
N E L CTEBREITo 720 #HE I Table 7 1I2RT &
N, EEEEE-E 2 1000 mmICERESINTD,
HIBIMEAS 66 % % EK TE % (Fig. 19) 0 ZULIRIHE
& BRI R DS e e i & e %

5. £&£8

BHRORy MBI AFESF—YavyHELT,
2 RIOCH{RLIE & 3 ROuH G %2 PS54 7
oy FREVa vy v AFLEBEL, BRERAART,
AKXLTIE, TONA Ty FREYVa vy I AT740
BEEE, 3 RICHE{RMLEL % F v 72 H SRR & 2 KT
GALEE % v - B RRRR O E B F 2 AP L, &%
FHEBEDSER T & 5 2 & ZMEE L 720 AWFZE DR
FTOERIIROBY Th b,

1) uXy FETHEIIBWT, BERER EEE

R EOEA L B = — X1 L, KK

PRENTIK - HHIAT) SRR TS =3

I VEREL, FOLOOYATLAOER TR

RL72.

2) ARy hEY 3 VIZBWT, VAHX—2D



Table 6

Correlation coefficients for different image

magnifications.

Eh 35X — LEICXT B1EEHME

PEE R W TR I ZE S NIIS-SRR-NO.26 (2002)

Table 7 Correlation coefficients under defocusing
condition.
ERIF (T DHZEDHEBEE
Focus Focused Correlation
value distance coefficient
(%) (mm) (%)
12.7 5000 84
32 2000 85
48 1000 66

Zoom | Height of |Coefficien
value | sign image cy

(%) (pixels) (%)

73 100 87

60 66 84

50 50 87

40 39 77

30 32 66

20 26 66

*distance 5000mm
¥ zomm value=73% is used as
the reference condition

Fig. 18

Example for small sign image
(zoom: 30%, distance: 5000mm).

PEVRRHICHT 2ER

X distance 5000mm

Fig. 19

Example of defocusing condition
(focus value: 48%).

ERFTICH TR

PRSI 3 RITTHEHICIEDOWT, &1 X 5 OEHEHIE
WX, IERZEMIZBWTY, 2 KITH I
EREATE %,

3) MABBEEGOISHTEE LT, #iEsHE
1220 < 3 DEFM R OV H M B2 B L 72,
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A 30 cm x 30 cnDEERE EF BT R & L 722,
ORR AR L TD, SFHml - 8 2L
T, MBICEHTE %,
SNZEBEO TRy METHIBNICEHN LT, E1T
BREVPHRIAEI NS T TIZEZES Ld o208, 1FEH
ERAETDHHEET T, RETHrOMENLHEEE
B TH DI ENWSENPIT R o0 HERDRIR
Ut BEERE 12k A MR (BEEY) B
MOATIEIEENZFED 2D DIERIBRY VD
T, AW &IfE5 2 BB oL HWEETH 2.
EYaryyAFATIE, SO REBETT, B
WfERIREZ LR Loo, EIRICEST, ®FENL
Bz CE 2800 FEELR VS,

5, W ATRPCNHN—=FT7 27 —DHRRIZL 5T,
XD FEHNLREMPERT S &2 MFE L,

SE 3B
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