
United States Patent 
US006594844B2 

(12) (10) Patent N0.: US 6,594,844 B2 
Jones (45) Date of Patent: Jul. 22, 2003 

(54) ROBOT OBSTACLE DETECTION SYSTEM 5,142,985 A * 9/1992 Stearns et a1. 
5,208,521 A * 5/1993 Aoyama 

(75) Inventor: Joseph L. Jones, Acton, MA (US) 5,279,672 A * 1/1994 Baker, In 61 ‘IL 
5,284,522 A * 2/1994 Kobayashi et a1. 

(73) Assignee: iRobot Corporation, Burlington, MA 57446356 A * 8/1995 Kim 
(Us) 5,568,589 A 10/1996 Hwang ' 

5,613,261 A 3/1997 Kawakami et a1. 

( * ) Notice: Subject to any disclaimer, the term of this 2 i gawakaml 
. . , , olens 

patent is extended or ad]usted under 35 5,812,267 A * 9/1998 Everett’ Jr_ et aL 
U-S-C- 154(b) by 220 days~ 5,815,880 A * 10/1998 Nakanishi 

6,038,501 A 3/2000 Kawakami 
(21) APPL NO; 09/768,773 6,076,025 A 6/2000 Ueno et a1. 

6,076,226 A * 6/2000 Reed 
(22) Filed: Jan. 24, 2001 6,226,830 B1 * 5/2001 Hendriks et a1. 

(65) Prior Publication Data FOREIGN PATENT DOCUMENTS 

US 2002/0016649 A1 Feb. 7, 2002 WC PCT/US99/16078 7/1999 

Related US. Application Data * cued by exammer 

(60) Provisional application No. 60/177,703, ?led on Jan. 24, Primary Examiner—Terrence R. T111 
2000- (74) Attorney, Agent, or Firm—landiorio & Teska 

(51) Int. Cl.7 ........................... .. A47L 5/00; A47L 9/28; (57) ABSTRACT 
A47L 11/00 

(52) US. Cl. ................... .. 15/491; 15/319; 250/55933; Arobot Obstacle detection system including a robot housing 
901/47 Which navigates With respect to a surface and a sensor 

(58) Field of Search ...................... .. 15/491, 50.1—50.3, Subsystem having a de?ned relationship With respect to the 
15/521, 98, 319, 3401, 3403, 3404; 250/55931, housing and aimed at the surface for detecting the surface. 

55933; 102/213; 901/47 The sensor subsystem includes an optical emitter Which 
emits a directed beam having a de?ned ?eld of emission and 

(56) References Cited a photon detector having a de?ned ?eld of vieW Which 
intersects the ?eld of emission of the emitter at a region. A 

US PATENT DOCUMENTS circuit in communication With a detector redirects the robot 

4,556,313 A 4 12/1985 Miller et aL When the surface does not occupy the region to avoid 
4,887,415 A 4 12/1989 Martin obstacles. A similar system is employed to detect Walls. 
4,893,025 A * 1/1990 Lee 
5,002,145 A * 3/1991 Waqkaumi et a1. 20 Claims, 19 Drawing Sheets 



U.S. Patent Jul. 22, 2003 Sheet 1 0f 19 US 6,594,844 B2 

FIG. 3 



U.S. Patent Jul. 22, 2003 Sheet 2 0f 19 US 6,594,844 B2 

I01 0 01 lo 

54 

FIG' 5 FIG. 6 



U.S. Patent Jul. 22, 2003 Sheet 3 0f 19 US 6,594,844 B2 

72 
Field of View Field of Emission 

FIG. 7 



U.S. Patent Jul. 22, 2003 Sheet 4 0f 19 US 6,594,844 B2 

FIG. 8 

FIG. 9 



US 6,594,844 B2 

§ ~ 65% E22 EOE 806M 22¢: 08. Q30 O80 08.0 05.0 88 
9 _ _ _ M 4/ 02 

m 

s 25 

F 6% o 

m 86 

n, o . 

m. / cm 0 

23 

9:92: u $3 565 

U.S. Patent 

owe 
eaJv dB|JGAO JO onea 





U.S. Patent Jul. 22, 2003 Sheet 7 0f 19 US 6,594,844 B2 

___‘ 

MNNVNK 

I a No7/ mm? 
KEN / 

.2 

m2. ow. L 

as? A 

\ E5 m2 8Z4 

02 
@2 

MN 6N,“ 
E20 525/ 

xom msvgom R596 83 an? 
E5 m \ g 

H9 ow 6:8 om 



‘N ENE 

US 6,594,844 B2 Sheet 8 0f 19 

5 End 

Jul. 22, 2003 

om 

E92 2&5 v 52 83% E6 we?v 6: cewméw 565 535 $6598 E0 

U.S. Patent 



US 6,594,844 B2 

@NEDN 

U.S. Patent Jul. 22, 2003 Sheet 9 0f 19 



U.S. Patent Jul. 22, 2003 Sheet 10 0f 19 US 6,594,844 B2 

Cliff Sensor 
Begin 

[150 
_> Emit and detect <—__ 

/154 
Reflection Inmate 
detected? avoldf?nce algorlthm 

FIG. 17 



U.S. Patent Jul. 22,2003 Sheet 11 0f 19 

Wall detection 
Begin 

[170 
<-———-1 

Emit and detect 

Reflection 
detected? 

Yes / 174 

Turn away 

i [176 
Turn back 

Reflection 
detected? 

N0 / 180 
Decrease radius 

or curvature 

FIG. 18 

US 6,594,844 B2 



U.S. Patent Jul. 22, 2003 Sheet 12 0f 19 US 6,594,844 B2 

,K 208 
/( 210 

202 D 200 

FIG. 19 



U.S. Patent Jul. 22, 2003 Sheet 13 0f 19 US 6,594,844 B2 

FIG. 20 FIG. 21 



U.S. Patent Jul- 22, 2003 Sheet 14 0f 19 US 6,594,844 B2 

/ 300 

f 302 Robot 

“P 
—l f 304 

Drive 
subsystem 

308 \ f 310 

Sensor 
subsystem ‘— Modulator 

FIG. 22 

324 
4 

\ 318 

320 

FIG. 23 



U.S. Patent Jul. 22, 2003 Sheet 15 0f 19 US 6,594,844 B2 

FIG. 24 



U.S. Patent Jul. 22, 2003 Sheet 16 0f 19 US 6,594,844 B2 

FIG.25 



U.S. Patent Jul. 22, 2003 Sheet 17 0f 19 US 6,594,844 B2 

H\ 5 84 
www 

www 



U.S. Patent Jul. 22, 2003 Sheet 18 0f 19 US 6,594,844 B2 

VBAT/ 442 

R14 440 448 

R17 

FIG. 27 



U.S. Patent Jul. 22, 2003 Sheet 19 0f 19 US 6,594,844 B2 

J1 500m 502 504 \VBIAT VBIAT/ 508 
a C6 \ c7 \ 501 I 505 I 510 

FIG. 28 FIG 29 

f 512 514 
VBAT J2 / J3 520 

‘T 516 ‘$522 2 

FIG- 30 FIG. 31 

FIG. 33 
FIG. 32 

534 J: 0|.:5A 538 
R22 VBAT 

536 / 540 

FIG. 34 














