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1) https://en.wikipedia.org/wiki/Deep_Blue_(chess_computer).
2) https://en.wikipedia.org/wiki/Watson_(computer).
3) https://en.wikipedia.org/wiki/BigDog.
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B 1 (MEHFE) 52 DARPA Grand Challenge 2005 /5 Stanley

Figure 1 (Color online) Stanley after the 2005 DARPA Grand Challenge (J5H: https://commons.wikimedia.org/w/
index.php?curid=2807954)
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AN, AN EE ) e il BRI Ok T A SRR A B AR B . X BRI & SOt in
A A2 ot NI B RE T 22 2] L UIRANAR R, F 2 T DME B Sl AR 55, Il IR R 4R
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4) https://en.wikipedia.org/wiki/Stanley_(vehicle).
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Figure 2 (Color online) Imaging and modeling in multiscale
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Uf B A k.
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R AR 2 SR S 1A LT FT AU B IR 45 2R, (ERT IR 2 /5 EEOR R M R 8l s . R/
K T B3R ARR T E G A —.
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MOSAR MBS 2R A, F 0 R A AN U KR A ik vl LUK B A e B A 5 B R
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4. BB RS SRR, BT AR AR IR L Otz LN HDR MINLAF I 2, /5 Z0T 7T
HARE AR IE RS AR 5 32, A 2 BE 06 B KRR FE M R H4E X B8 A% SRS 5 Tt SR AR 3. 91 4n i 2R O H
FAFL ZEANAR FEAL AR S5 2 10 S, RGB-D (R OIRSE) K HISRBCE S T7 . RGB-D EHE
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RIFIRE R 5 B AR A Oy HL B A% 8 i TR L R AOHS AR5 759 (A0 SCHiR (33, 34]) fEALEH %
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5) http://shapenet.cs.stanford.edu.
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Figure 3 (Color online) Challenge in categorization — appearance variations
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BI S HREENRRN, TH AR T E MOy EE RS H T B, B R
S F (0 58 T A AN T e G M g ok NSRBI EAT IR SRR, T AR iR 20 SE AL
MUEIF FC 1 5 B B8 —, RYEAE S R S5 5 T U ARG (O EE R, JF HAEIR 2 9UskAG 2 1 HF%
JRIIIN, (EBIVEAT N BB A AR 28 2 — A BRI bR, CEBIEAT M BRAR J5 1h 73 J BL R LK.

Lo NJ9E X2 aifE, B T3, BUESE. XRE T HNE, FRIRENCE S
N, DRI RENE BT s, X5 T OB FEAE AR RS . PRI NS IS 17— E
iﬁ% [36].

2. #83 NJE T8, XRFERA R MAR, H b THUX AR, DU IR BB
SR I R, AE SR AR DT TS AFAEAR 2 10 U AR k. B R FEAR AR SR A, AR 25 LA
(NS E=IR AT R b S o R SR U E S A

3. HEES T —BahfE, XIE Tz atE, R 5 HALZ MIA S 254 5%, B3
WO BA ORI BEERE. 72 H AT D, RS IE 2 AHAt JE ROR RS 1R AE — &2, PRI
B AT T SCBAT Dt DN 75 BRI LR ST 2R, (H EEA B RENS S B N AT T e 7 2 bk

4. PHEDYE RN S LR Bl — B AR i R R B R A IR RS TR I SR AT Oy, X 2RAT
N B IR RS AR, (EG T PR P 952 T R A O PR A R L B B AR Y, X SEI L S AR AE
B EZAI. — DA T RAAESGR T, AN FREIRME — T TR, WSt HXS 45 R 15 1
TR a5 T IR A oA 9355 5 BEAC B, ST AR i s R A BR % B B il A 4 55 188

Eik 4 S MRERE EARUTINR, X T 7 E RN 2 TR R BEHL AR T 5, = P A A
JEOREEL, XA LRI NS P AEA SR B B S DL R SEBLANLI AR, (7L as RER B SE
AT N S AT AP RIE R A

4.5 ki 5: R MR 5IES

WETERM, 5~6 % [ LERENS 2 2 HE 0 LRI R, XA BE 77 B AR ANl 9 — 2R i 5
AP RAR LI DR R S O AR HE R (]S T BE AR R St AR g AR (EE,
TR A T RIAR SR, DAEAE 53R T R AR AR PR B, MR S A
R, AR 25 & RN T 5 BIORES K FURAE (JE 1) A2 BRI 1A) 22 5 AR R HIAR AR S5 AL AR
M2 RFE I T SRR S MBS N IR — R AL IR R IR AL 1S, Rkt B 3 AR . WS A
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Figure 4 (Color online) Hierarchical object recognition and scene understanding

Sitting area

e - Bl KA — MU TR ABES — MU R SC RSO AR THR A« BEAF A8 1 AOZERE. Dy 7 ROxT
FUSEIAET R R RAGTR A ISR R RAE, w75 ZE A e 73 R O D AR AT B g8 1 ), Gl 4 s

MFRIRMIRR, ERIE EEATHE T KSR, RTES AR ORI, 155 2 ERI0 . &
AR A AR, DR TS T 3R S S A TR ) L R R B R AN R R AR ST 4R X Ty T R
o (1 1) RN BT

L WAER B B #EAT B 52 2], AR L RENS IR1G 0 T ISR A E M B Zh 3RS 7325, ik
KK T Zero-shot VRHIHIBETCIZHT 1S 1 WU (4R, X 00 B SR B AT A BOR FI0 R4t 17— Ff
EJ‘%‘E [39,40];

2. NI SR BRI R S50 v R LU s PR o6 &, AT B E . 00 B 2 3 5
(¥ B SR SHER SR O S04, N JEO T 20U F 0 R 8] 5% 2 S AR AR RS T X SR MR, *t -+
BREHLAS FIFE LIt 768 RENLEAIE B IR Aok B S8 T AR I FIR I A SL A2 ANl e Ry, DR
i EAR AL AR I R R DU F I OR R T RE

3. BT pous SRR AT B1E) 5% R A ERAR, SEBILNS S S A AR S HERE. b b i A A 1]
FR I ORAT BTk — 20 SE BN S SR A, b B ) A 55 A I st A L S UK IR (caption),
ORI 255 11 1) 5 B R A0 5 AT SRR K9G 2R, RS (1 0% T3 35 (0 I L. S 85 2% s I K
I35 A B S FISOR SR R 5 ST 3RS

AR T ) T A R IR T SR T AL, D S R X T WU R T A
g (1041 42] 1 [5] g A R PR B8 R IX R TR it 1 AT R (140150,
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4.6 Pk 6: BANSEMFHIES

AR IER TR (R ALy ) SRR RIMGE, BRI FT b & & 0D e @ an v AL o L 55
WU S INAL R AT B FE, ARAR 22 i) 2 FH AR PR3 AN AT 43, 6 T I K ) N B ) 2 3 Bl A
S, BAUS BRI S . XA MBI RGAE RN R RELA R0t TR B AME B 7
R T A0 AR I 3l AT USRS 2R G (i AN [R] F1 BELSEABE 1 BE /0, ITIORAR T L5 R FELKE
PR PSR GRS (R ) e, [R) A AT LSRR G CL RN A 5 S R AL A s I BE D5 [FIREAR
K ERALE S A R AT R AE TSN HERA AN S VR RE ). (R E AS [F) R 2% B TA)AH B 7, AT
DB A XS 2 A% 1 B 0 56 B2 1 08 1 B A

— FUBRN R G b E R N USRI, B R Gl A mI e G M 7 OO T AR 1 R, DR AR SR T
PR — GRS A U g P A A PR R A P R 15 B DR BRE, DRI 1) R PR HE A ORI, S kR, 5 k45 &
HEGN— H RS, BT A H AR & ROR 3G in. 5] ks F Apple Siri 8 MS Cortana 1 5, #i%HiR
il /1812 — B n) R Bl i A AN 2 BB AR IR 1%, TTO0 THE S I 10 B 3h 2B 30m &, SR ar 2 1A m
HIMTRE B I, BTEA SCRUKEAT BN Z 1), Tesla Model S HIS MG T T BB 2 KiE.
TR TR S ARG G 1 A NS R ) R T R X i ] 5 SR 22 208 A HLIE A2 B ) 25 3
), 5B RAT MBI FE AT HAE (431,

5 ARG — J7 G R TRENIRE 77, [FII R R GE AR B 1T I E R P, xR
R S NP R B vy, [ I S MR S ) A2 B S A RGP, SRR RN 1) R, N/E DARPA ) Robot
Challenge H' A T ERIFT] RATIRTTESNAE, B 1@ 5 HEAT @ AL R 2 AMNE T EERE Mg il T T
DB RV T S A, X AEARSS AR N L RS RO LS N SN ORI E L DR A e an
T IR ) R

1. ZRESETERIAL S . BT AR BN T BAEE R . AR ST T 22 57, fla 2 A
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Towards real world perception and interaction
Xilin CHEN'*, Shi-Min HU? & Lifeng SUN?

1 Institute of Computing Technology, Chinese Academy of Sciences, Beijing 100190, China;
2 Department of Computer Science and Technology, Tsinghua University, Beijing 100084, China
*E-mail: xlchen@ict.ac.cn

Abstract Perception and interaction are the most important and essential parts of an intelligent machine. They
are crucial and even unique channels by which to learn from the real world. In the past two decades, there has
been significant progress in closed world research on perception and/or interaction. With the current rapid de-
velopments in the areas of service robots and unmanned vehicles, perception and interaction are confronted with
challenges from the real world. This paper briefly reviews the history of computer perception and interaction,
and lists eight problems in real world perception and interaction that, if solved, will elevate the perception and
interaction capabilities of intelligent machines from a specialist- to human-level in the real world.

Keywords perception, interaction, computer vision, robot
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