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Abstract

This paper introduces an adaptive dynamic program method based on hierarchical learning. The
motivations for this idea come from the levels of consciousness (LOC) model, which address the
interdependence between consciousness and action in baby’s development. The introduction of a
multilevel goal representation into the adaptive critic is able to guide the system’s decision-mak-
ing to accomplish the long-term goal over time, mimicking certain levels of brain-like intelligence.
The detailed system architecture, learning and adaption procedure are presented, and the learn-
ing and control capability of this approach is verified through light control in GLD (Green Light
Domain).
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1. 518

PR RIN AR RE,  JFIT R RERLIUAE N REACF I B IEN RS, —HARARERIERZ —, #2
ARAFRIRHEBRAR[L] . B R A BUAREAR AR, BHAZ M TR AU A R S — A
KA G SRS A R G, H RGO AR E MEA AR M A S A IR AP O A B Re 0. R,
BIRVF 2 B AR 7T DL TR N AR 17 2, (H B SE B ROIE NSRBI 83 ) e AR B
AN EA SRR R AT BT R RE R S, AL AW S S ST TN DA SE IR A K H AR A SCERAT
SR T HET R JR A ST R A N B A AR R AL BRI A 1A

FEIL AR, TREAIARLA KA R T 0 STHO HLas B BEWE 7T 2 OIS VIR Bt . i B
I8 N B A (ADP) i DA R I IR AR AT U S (e — B g4, HAEVF 2 R RGN P s 1 3
HABERBRERIE R —E R REARCE, ER 12 BRI T HIER R RE. &, ADP KIS
#LAE Bellman S x([2] K 2EAl b, KT SR AR R AGRIRM. N, 45%E DRGNP
AR SRR B AR TR P51 u A A R B, BIAT(D):

f(XC»=TMﬂU(XU%U0D+af(XG+UB (1)

Hr, X () Z2RGHPRE R, u2EHITR, URSHRE, £IET. K7 SEEAT1T ADP fEH K
BRI A R Lehn, — Rl A LSS 2 BP BUAIIME ML (NN), HA e 2ot i,
TR TR 2 A RS, ARG T BEFEH] ZEE 4w o555 3] [4] [5] [6].

AR, A T T4 25 T 0 BIE M ARk oo 22 )R d . it g R B2 B TAM R
GZM B2 )E BRRIE, Wi— NMEVRFEAFRRENBA AR BAR, 5 E R —ANHBA A FH
P E R BB AE B LR A K B o B2 P BT AR I ) B B F 2 Uk 1%« Levels of Consciousness (LOC)
RRTFLHLNFIR B SR HEIR A, 5T LOC BATVNET £ 2 155 5 RIEA BT )2 K BFs 1
S RE, FEE RS I U A T B E R A R S Rk SR AR

2. BRBENANSHR

LOC I\ AL EARE=AEE il 2 M B T R E, =AMER 2. 15302, B ERATL
fEiedZ . W5 SO RN E B g, L sERxs R, B Ge 2R R EIRER K, R
RSO RE B U AR 2R EARIIRE T . TARIRIZ RN RS RIAT A5, AT RIS HIK
JEAR SR )L 56 5 5 2= 1) AR AT

Anderson 1 Bothell ¢TI\ 0145 4 (R BERR B BB 4 11038 P V%) ACT-R (Adaptive Control of
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2.1. RGBEXR%EM

L& TREEE, DR BRMARIEAF K BARR R, S5H%5E0 actor-critic BEiHAREL, il
A RE, RAEZZ Abr. ARBEW ASAEEDREMAE, 5% RAEMRE R, w2
MRJR A FAEEU BEE TR 2220 AT ARG RIERAT N, W RO T H T N, R
H bRl 510 M2 A2 5, ABIE EE R HARERAE, BIERR 2> @ Xy, S A T
AT R R ST A R R SE R A H b

2.2. BREGMHTITSSEH

RGN T ZHM OIEAT NN ERNITEN I 2%, X 55 NDP AHL. X —#i4r %1t 5 ADHDP
BERR, REBEMNENRBZEWEA R . ADHDP H (1) R GeHH H F Hill R G AR IPIRESE, M
MAFENT — PR RARE . XSS H R DR — M B8 I E, —HAR3 7450 JE, sl bitE
BB E 25 TD, FHEH TD #4745, X8, ATRZASMIRLN 28 RITN R FEARKRIPRES, A
Z IBLETEM I ES U 2 |

RGN LRI R OB N A, XA T — R Z AL H AR 48 SR EAEA R E K H AR,
DA s 2] o B LA EARMES, B 200 B AR 5N G ET RAEFPIRE X(O) 4HTA u().
ALK E EJZE) B Arf st). EiES r@) 2102 BARMZ N, HRR R R BARIRE, Hon «pg
o7 R . TGS, RN HEARMSE SR DRSS (), RLEHRESHE T —
ANWIEBEMEF I, FREBAE L ATESAT A E R . Bk, 5% &N B ARG S1EAARZE R H RS
T, EPAEE) BARRIEAEAN RGN FEERENE S B, Bk USRS 3 RS ¥
>IPERE.
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Figure 1. System hierarchical structure diagrams
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En(1)=5¢ (1) @
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FEXAERG T, FTAT N S HU 5 ST RE SR BP A . AT R 2R 22 J2 A HL MLP,
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H, XFTAMSRAG SN E0Y n, PG AT H RSG5 A EC n + 2. TR H BRI 2%
BHEREBRE SN, BRAE n+ 1A R EEH] BP (Iaf&R) N, B4z >107
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(EPEBN RN §i= 2B
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I(t)=2w? (1) pi(t) (6)
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3. RHIEAR

S IEAS SAT I AT 15 5 # (Traffic Signal Control, TSC) R St iS4 il 2y, N H 1&E NI
TSC RSGHIVACHE Tt H bR 2 R B IES T A0 3 B A Il i & Y SETARAE,  SEBN A8 il i i st gzl . 3R
AIFETFIRAS @A H A GLD HIGIEEE T3 |25 21 1) H & ML sh A FLRI T 2 1 VR

7E GLD SEEG-F & X 51 DUARA A0 B L T 07 H S . sEge g B ) B AR S 5 ms, 4
WS AT R RIS RN ). A . SO R RS L g, SR 10 NI TR B,
AL B 7 A A e A R DR AR /N AR ORI 7 T T, AADL I SIS G AT PR DA v 38 ST, 3 G e 1)
AL A TG GLD {7 H5258 B 1000 AN A HAFRAE, 43 A0t 801 35 25BN Average Waiting
Queue Length (AWQL). “F-#4jig47 ] Average Travelling Waiting Time (ATWT). £lik H i 240 %0 H
-4 11 4545 15) 5] Average Junction Waiting Time (AJWT)/53H 7 AR IR B, W% 1.

EHAF 1 SR HE 5 1 T DUE H, B2 T HL-ADP S 5% 112885 5 At A2 il b Je F 1 e i i
77 & (Fixed-time). fAPAFIML Ja(Longest-Queue) 1A% 5 (GA). #1148 W 4% J5 1% (Neural Network) 7t 1000
AN DR JE SR ] A S P A R AR

7 1000 AMELE A, T HL-ADP FI3R T TSC F Gt -1 8% 254 [R] (AIJWT) AR 4k il 28 2 2
FFE R By HL-ADP S AW ST A 2T, BT DFAGI Brss 23 AIWT EFHRR
fkass, BEEEIMBHT, AR AW . SLihss RR M. XTI s, RAA IR HM
5T HL-ADP (317 TSC RAEVE, oA R BFK A5 HE B A0 240 7 2% 11 [ B 1R B (1]

4. G5

FEARSCIRAGR W T 2T 0 /2 54 3 (1 B @ N Al AR TT iR ek = SR AL . A5 B IE R VP et 4
BV RREIRMZS, 45 T 2P B E Z IR EARERAL, 8 B RM2% -5 P 2% B AC B A L S51T 9
RIIAIAL GRS o BATE A — R P A IR B AR 28R RALZ R E bR, TR I H bR 28 3252
KBS TGS, TmE SR RGN RE HbR, TIEJZ K H R4 oS T a7 i E
R HRRAL. B4 7RI R R UL R I B IEN ISR, 72 GLD LRl as R HIER]
T IR Rk

Table 1. The average of single crossing traffic simulation evaluation index
% 1. BROXBHETNERSHFEHE

e, TRRIEE e pange TREERSR i

Bk MR e awoL) %Xg) PR N@ﬁgm (cycle)
Fixed-time 1000 29.66 209 33962 96 1000
Longest-Queue 1000 20.05 153 35603 74 1000
GA 1000 16.27 128 39008 75 1000
NN 1000 14.14 98 40058 70 1000
HL-ADP 1000 9.63 77 42360 58 1000
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