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A Kind of Sensorimotor Cognitive Model With Developmental Mechanism
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Abstract
structure, and according to the operate conditioning learning characteristics as well as drawing on the affordance theory,

Aiming at the problems of learning waste and computing waste that exist in the cognitive models with fixed

a new kind of sensorimotor cognitive model named D-SSCM with the developmental mechanism is established based on
the sensorimotor cognitive model with the mechanism of intrinsic motivation. D-SSCM is a fourteen tuple in specific,
including discrete learning time set, internal sensible discrete state set, optional motion set, effective output motion space
set, affordance relationship set, optional motion space exploration rate set, developmental algorithm and etc. In view of D-
SSCM’s developmental learning, extended developmental method and algorithm as well as reduced developmental method
and algorithm are designed. Model’s developmental learning process is defined. Using two-wheeled robot self-balancing

task to test this designed model, results show that D-SSCM is with faster learning speed and more stable learning effect.
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Fig.2 D-SSCM extended development diagram
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SE S, DI R R, R ELEE A RUR AT B BT
B PR Og A RUBEAT B 7 2 B8 Ny
BURFIAT SR A7 08 Cy A BERAE REUE P

TR 2. RAEKH. WE ) t %) D-SSCM
BOADIRAS s:(t), JFHEAAPIRESIORE V().

BB 3 HEUAPRE T IR EREFE Exp,. A
F 1 — Exp; X M FIRNEFHEATHRER, KA
H Exp; X M; A 8NER AT 2% ). HIUH I 2,
D-SSCM #AALATEL AR, M, h o, BRI DI
1 BR M, I FEEN M P3REUENR, R, 78
R, fE5 SIAE RN R, M, @, JIEI DL
K 1RR M FIREZ 0.

FridIRE s; N M IR IE 0, RERES
s; LV BIELR M T AW E R R oA
(ef fect, (s;,m;)) W ef fect (K @ BISME, ef fect
ik @ RoREFATHIMES (s;,m;) BHBARER.

t N, # D-SSCM KM% 1 — Exp; XFIR3)
VEA AT THIRE, MPAT PR 4.1.1 ~ P U 4.1.5:

P AL1. EPFEHE I . D-SSCM 782411
R MR ) A 2 8] v BEHLGE B R 30AFE I-4a
th;

B 4.1.2. REREHEE. ¢ W), BN
HPRAS s;(t) TN M TRz Eas R rpBEALE £ T
FEAENAE, BB my VER T2 AR, IR R A4
B, Wl ¢ + 1 B 2B IR, I B DR ES(E
V(t+1);

PR 4.1.3. THEIRA REE Vit + 1), Rk ¢
I 20 Bt 1 I Z00000 20 IR A v S 28 ) B 1)
PREE Vi(t + 1), S H T R R s E R R
ef fect {H;

IR 4.1.4. PRI RE. st
FORAF I bR V(¢ 4 1) {EFHE M 2% B3
TESMERRICA (ef fect, (si,my)), 47 Vi(t+1) > 0,
Meffect =1, 4 Vi(t+1) <0, M ef fect = 0;

IR 4.1.5. FWE ST REE. MYEHAE
IS LE N E R R TCAL ef fect {H W A& 15 75 EE X
WA s, THRARNER R M, EATYRKE, &
ef fect = 0, RUIPTRR I BEE L APRA T 26
B, t+ 1 NZITEHEAN M, #179 REE, D-SSCM
HRBUBKAT S G5 27 ef fect = 1, MIZ B
t BZIRREBYEPIRE T — N RUEME, ¢+ 1 B %)
TR R BN EY 2 M, b, B 2.2.1
Frh g R B B R 2540 SR DG 8 M AT B

t I ZI, # D-SSCM KM% Exp; X 247k
A sy THRMIMER N M; 347243, AT D IR
4.2.1~ 98 4.2.7, D-SSCM X} M; £ sh1Er)2% 2]
WA RBIHIHLEIEEA TS HARA:

S 4.2.1. THECARPIRE PR DAE C(t).

FERRAPIRA s;(t) T, D-SSCM 4 %5 % th 3h /5 45 [l
M; WIRE—ZE, Wh my (k€ 1,2, ny;) BEALE
JE T ARG AT 2% S W Ay oty FLUF AT UK,
AU 2T OME o (t), XT3 51 I Z7 001
HAIME, cw (t) = 0;

WIF 4.2.2. HEEAEREUE Pi(t). g6 R
MAPRA T B SO AT S R PR O () K
UFAF O AE Ci(t), VEEARPIRA T 1A A iR 5k
P;(t);

IR 4.2.3. EFEIHH. KHE N KL
BU, B M, b 4E R AU S KBl 1E, &R

IR 4.2.4. WEREES. BB ¢ + 1 5
ZUBCIRA, WA IDIRESE V(¢ + 1);

PR 4.2.5. FHUA KB Vit + 1) THE
t+ 1 IR ) s BUE Vo(E + 1), SRR T e
RS AT R0 R 2 30 7 1

WIR 4.2.6. FHAT RUBEIAT S L) Wb R
MR35 (7) X RO AT S R PERLE 2 O, AT
SR

FIR 4.2.7. HIW GG E . R E R
I PR 4 O, HI e 5 7 256 M, BT 480K
B, M O; TAAEFHERBIBRISIERT, KR5S 2.2.2
AR T F AT 2K KA G S M AT ST

WIR 5. FIWrF ) g AR MR sE s S &
IR AERIWT 22 3] AR 45 R, il 4, WIZh o, 5
IR A5 55 2.

D-SSCM 2% > i B ] FHR AR ] 4 Ty 2 T
H A

3 MWRYEABLELIE
3.1 D-SSCM #&8IigE

EEXT PR HLEE N B P HTAE 5%, E Je @ X D-
SSCM HEAIHEAT .

1) & SRR AN B HOIRAS. A, BLas A
() B - i LA AR T 1) b g~ fu
AL IR AR AN BEARA, WL N AT 3R A0 B S i f B (H
© ®oRx) AR IR (¢ KoR). LT AL
B (AN ) S, SRR, ATEEARAD T n)
LN S BMIE o RIS RMAE ¢ £RISN
12 MEHOIRAS, WL 1 Piow, Bk D-SSCM L1
ne = 12 x 12 = 144 NaJ EALIRA.

2) P ML A8 N I 45 S 7 102 B SE P
7, DR IS AR W] A S S A B RS T IR, R
HENEEE T M = {-10,-5,—-2,—~1, —0.1,0
0.1,1,2, 5,10} (N-m), ML AILAH ny, = 11 A0l
HEN1E;
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# 1 D-SSCM RZ&RIZ

Table 1  D-SSCM state division
() b (/s)
(=00, —17.5) (00, —100)
[~17.5, —12.5) [—100, —50)
[—12.5,—7.5) [~50, —20)
[~7.5,—2.5) [—20, —5)
[~2.5,—0.5) [—5,-2)
[~0.5,0) [~2,0)
[0,0.5) [0,2)
[0.5,2.5) [2,5)
[2.5,7.5) [5,20)
[7.5,12.5) 20, 50)
[12.5,17.5) 50, 100)
[17.5, 400) (100, 4+00)

3) FX R AL N BT SS, ARPE Lk, PR
WV s AR

vilt) = —2250%(t) — 8Lp(t)p(t) — 93°()

4) HAh %M XS H Ak E N k. = 0.05,
c=1,6=0.7,1=0.1.

32 KWHER5SHH

W] D-SSCM 2 25 (A, K 3 b5 SCik
(18] NFIAS U AE i F A [R]BEE B BEAT X LE S A6 46k
Jr IO, SCHR (18] HA A A S HLALAI ) K 04T 3))
NI YRR 8 IM-SSCM  (Intrinsic motivation-
sensorimotor cognitive model)

1) SEACE S bR A HLE A AT IR BUR A
—10° JFaR% 2], KA T 0.01s, 222 iR,
RN G LA [p(t)] > 15°, WAL B A K
PEAGUE], K Hehr AT dn R ka5 sl 5~ &1 7
P a3 i RS HLES AAE 50000 227 > b R rh 5
LM AR SR T e R ) AR A 2k
ATLLBIE A i 1) D-SSCM R A 5 HR i1 2% 2] 3 JiE:
W5 KB 6 BLas A B3 28 Ay B2 A 3 i ity 2 T LA
Fithh, £ IM-SSCM {73 I, Hlas N KALL 1508
FPHEASBIALE, T ELE R K B D-SSCM 4R 3
N, B AR LT 40 s BIRTEEANPAT A, 3 K
AAERFHUEE, Hlas NIRRT 2 AT Bl et
AT, KRWAE TIRRMA. 2) D-SSCM HAf
HRUE M2 I RCR: B 5 &I 6 el LI, TM-
SSCM ¢ >J ik Rl BOE E AT W, 32 BRI 0 2 2
B1391 (0 ~ 150s) LKA A O X AN 7] (1) SR S A 7
SN BEAT IR, 221 ] (1505 ~45058), 4 7yl
FREN 58 TR, B DU IR 4 2700 X6 RN A T Bl
ST AREEHEAT IR R, DA A 5 50 R ST I RT A7 AE—

(28)

SeONR ), AHEEZ R, D-SSCM. S 840 4T 5 e g
(1) 27 STAXAE JL A 238 R B A s e b 2047, Sorb iy
PBIEHALEFHLAR N H AR, 223 — B5EK, PLas
NSRS, e wAE K 7 Hlgs N3 17 5 5m
AR A 2, A 7 AT U L, IM-SSCM
INFIRETAE 1505 ~ 450 Z AR £10. +£5 Kk
P Ik D, R A O R AR IH AT R 2 6 AN
KR AAT B WL EAT 223, 117E D-SSCM. K B MK
R LA Nl — IR RS shE 4 R a5, J5
AT ER SRS A RENME, N2
H br.
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M, 73 A RUR AT SR AL R BOIAT T 5k, 453
WK 8 Pros. fiddE e Hid 45, D-SSCM 7E4)4h
100s % 2] hILERE M ZF 1) 660 Ik, WA&AE M, H
TE A RUE AT S £ 179 4c. E IM-SSCM A
BB o B N AESEA R R B 75 B R K
AT B S A A & ng X ny, = 144 x 11 = 1584,
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(R 28 BV e T B M 3EAT 52 ), R WL X)
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¥ ()EH N %%%) RHAYG M, 23 14T UK N AT 2 Fig.12 mnpr and nas, in 10 learning rounds
(M nay, Fon) TR, SR WE 12 P, bf 4 B

LA, ARFIKCR, Hlas AAEAFIFRRE _E5ep 17X
M 7R PR A M, 25 AR .

SER A, % 2 hAEE S 12 AR, LRt
frorhie, B, @™ 1 RS, B AR T M
210N 588 I ANAT B, Jf 2 0 I e 3l
VERRIBEAT 04T, AE M 28 P T 169 4%
EEIAT BT BENEE 2 B K50 3 %8, nar B nay,
B 1, RWAEX R 7 > iR, HLas N AR
Wk M), RN PR E R RAT Sh AT 2L,
X Mg AT T REAH; JEAY 4 5, nyy BN 2,
1M oy, SEIT 1, $E8H D-SSCM #RZR [ 4% &k 4
B o — AT, — &R NS 4 B EIH 5
5, nar B, oy, WL, BEHRRRES K, AR
FESA 3] M 38N T S WSt 2 e, I HLAE % >) 1)
(], A7 AERSENIAT BN RS IR PR/ e S O,

HLES N AT SA R R 25 /[ e R DL, 2
AFAE S SPIR S ST SR DR R T, ik, AN SCHE SRR
(18] M2kl b, 2 i e sh 1 B, upLas AT
SIRRESR T P R TR R ENAT B R Y
D-SSCM, BEWS LR ZE vl fa th s A1 2 R I Fe b B
i B2 ) (WA BT S, TR T T S
AKISSAS, AESCBLRLER N B 25 S I R, B
TR N 2 AR g . D-SSCM. o, i 227
A RO AT S E S BRI, — e R b
FTHT RGN RENE, (HZ F A RS TR et 2K IH
SEHUTR IR 25680, B4k, D-SSCM. H1, Hlds A nT
S sh A N B, AR e REEE BRG] T LA A
BREVE AT ZA 2 ROR, IXHCRE A AT 25 AR
H A

K2 10 8P M g M na, B

Table 2 nar and nas, in 10 learning rounds
)R 1 2 3 4 5 6 7 8 9 10
M 73[R AAT BRI B 588 589 590 592 592 598 609 609 610 610
M =5 [0 BURAAT B # 169 170 171 172 171 173 173 173 173 173
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