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Visual novelty driven incremental and autonomous visual learning algorithm

Qu Xinyu, Yao Minghai, Gu Qinlong
College of Information Engineering, Zhejiang University of Technology, Hangzhou 310023, China

Abstract: In intelligent robot design, the traditional machine learning paradigm is commonly used. However, the
traditional methods cause problems in visual tasks such as low learning initiative, lack of adaptability with uncertainty and
bad expansibility of knowledge and ability. According to the new research direction called cognitive development learning,
a visual novelty driven incremental and autonomous visual learning algorithm is proposed, in which the internal motivation
is defined as visual novelty which is calculated by online PCA. The autonomous learning and accumulation of knowledge is
implemented in the form of updating PCA subspace, which is guided by internally motivated Q-learning using visual
novelty. Equipped with the proposed algorithm, a robot makes the next learning decision by judging the novelty between
learned knowledge and what is seen now. Experimental results show that the algorithm has the ability of autonomous
exploring and learning, actively guiding the robot to learn new knowledge, acquire knowledge and develop intelligence
online and in incremental manner.

Key words: cognitive development; internal motivation; visual novelty; online principal component analysis; Q-learning
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Fig.4 The robot experiment environment

© ¥ K G B T 2RI AT



56 1]

BRI B A U B AR BEBR Sl 1 i A O

A5k 683

<|J¢-

[ ]
by
A -
-

ol

o

'
v |

‘-¢“;‘ \.- -|l!.‘ \--‘_ull = _N -|“

o -
"'lu ’-lv!"

-

il

KIS Hlgs AN 5000 3 Mg

Fig.5 Three scene samples for learning and recognition

4.2 IBWEHERSHH
I 1 B HLas NE T 4 Pifef &, 1k A

ARSCREM SIS T A CHRF] 3 A5, Il
PLES AR S R R LR AL A H, 7 b LBl 2
IR AR A AR LA S RS L7 S | LA A A 2
WREP M, I B 5 g mimibr ) Jr ikt vt
B FGMHLEE NIRRT 500 DK, IF
Hoor 9 5 ANt 18] Bedb 47 70 M, B4 16 [ B BE 3% 100
AN R T il R . AL AR LG IRAETT
7,38 5 500 AN B E B R Rk~ 3 4N
SETEBL. W 6 TR  SRIASSCRE  HLas AR s
MUGE A A JE AR sh R R e 5 52 T i KBl 5
Fo MIRIRASET, Mlas N2 A MR 18" 5, JF
H il T Las AN i 18 37 57 b AR B e, I
BeAERD R LA ] B Be b, Al ARt i 2,
(7l N it Ao T o 2 B ARG, At 1 37 St g
B NRRIRR G5, B4 3 AN R A B
T2, IR E 22 ) 08 AR 3 M gk %
Wil FH5%5

3
IS T] B B
K6 AXFERRGIgsidfk
Fig.6  Exploring and learning process of the proposed algorithm

RA SR 5400 Q 22 ) kAT Al — 5%
WAL, e e 48 Q 22 I R A N A T KI5 5,
RISNER S LR N 5 o e p 45 il ™ 3 5 LU
RIERN ekl A st et ) fe an i 7 i
Ao AT ULIERE o > A B 3G, ALAs AN e i aE ™
YRR BN o B 27 > L 2 AR e Sh T
UINDSIE A 7R ot el e e A N E B S2 TP
7, — BAT S5 MR B3O , e K OE 2Dl il BERAN REZS
REUBIENE 75 N ITRL kS AL & A NS 4
T, T R RE IR SRR A T LR
HAREREK

100

= A )i

?5\_; 60

]

m% 40

i§: uunun&_‘. ....

= bl

®R §~E--".""‘~r
0 : Ly

1 2 3 4 5
IS eI B B

K7 Gk ® RS E I Ymidi

Fig.7 Exploring and learning process of the traditional algorithm

K2 O T PERUEA SO L EE R
SIS HLER A T B RIRARE ), R A B S, IR AE
PLEFAXT 3 MR B e A Wil gt
=B, i TP AT ok A EIRE 5%
MR o ASSCEEPEAESS 301 IR 5K I 7E o 18
AR, A 8 Frzs . iC A YRS 1)
] AR 9 R, Al L, 2 E T G R AY)

O EHKZ K

ARIBABUITH



684 PEE S EIE2ER www. ¢jig. en

B17%

TG 75 A A8 A LR N 2 2T 1 3 N 5
AR, AN FEA LA AT R W gl ™ 5t
AR A= BE S B3 by SEC ) B A B P | AL
ar NBEFE I s o o 4 A TR B Bk 4%
BT SIEA T RFER I, AL A e ) T
J& 3 Y SRR PO T 5

K8 il G AR

Fig.8 New object put in the pathway scene

% = i
= JpNE
e [

o 1] A B
0 ASCHE AR 525

Fig.9  Autonomous exploring and learning of new object

of the proposed algorithm

KRB HL 2 o (B R B 92Tl ) 5 A
W, T AN BILAT & R BT RIRR R = T TR B
HRAZINFIBL A A B ST, SN S AL ol (5510 ) X

Js g B

WEREERG

HliRE

TR T BRSNS W EER T B S AL, B SR Sh
DU SRR ATRR N E < n  FHh 42 ¢ =0.2,9 =
0.8 ,EE L LR IR R SR, IR T
=" YRR KANRIE R il 52 ) i B rh A 3 Sk
P2 BRI 10 o, w] WL, AE N AN ER S BLAS &
MEOL T, st 1) T IE #2457 SN i s HL A D o
TES 4 A [R] B i B A= B2 88 i < s il ™ 7 57 e %
Ko A, U RE MR RE E3h e I AR BT S
P, 856 T NSNS AL 27 ) S AL G 7 ik ik
fill T LASE =S~ 2T AA

3
I TRl B

K10 NANESIPLES & B ik T shiRR 5~
Fig. 10 Autonomous exploring and learning of new object

with internal motivation and external motivation

S 3 FEkORE R PCA FOMARHLER AR
35 9% 0 RS LT 300 R B, 56 o A —
A3 1 2D SRS S S R )
PR, KLU TR 5 5%, S 4 PCA TR
BN R T 0L, T AL, W2 )
FEsbe TR S PR S5 S SR N )2

BIIL TR 2= ) R 5 AR @ S Edi s
Fig. 11

Reconstruction and reconstruction error of the five sample

points in hallway learning process
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