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Figure 1 (Color online) Framework for olfactory perception and cross modal association
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x1 ZHEMIZESH

Table 1 Parameters of volatile memristor

Parameters of VM a B o ) m 72 A o 0
Settings le—4 0.2 le—3 1 4 2 0.05 0.0001 0.01

1.0
s r .
0.5 -
= || -
N n ]
0.1 ]

Time (s)

2 (MEMFE) HEMIZAEBEZY
Figure 2 (Color online) Memristance change of volatile memristor
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F=0[e" —e ], 4)

f(2) = (sign (v) + 1) (sign (1 — z) + 1)4+ (sign (—v) + 1) (sign (z) + 1)7 5)
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Figure 3 (Color online) Memristances change of nonvolatile memristors in different settings. (a) Input voltage;
(b) memristances change in different kon settings; (c) memristances change in different kog settings

fitr. AR 5 R AR B B S T AgInSbTe fZBHAR H, & S B9l

konv(t)f(z), v(t) > Von >0,

dfl(tt) =10 Vott < v(t) < Von, (6)
ko (t) f(z), v(t) < Vog <0,
fo - {(a(l — )P, u(t) >0, -
(ax)?, v(t) <0,
V(t) = [Ront + Ro(1 — )] i(t), (8)

HoREZE « RSBENACTEE, LRSI - BEEHEILE; f(2) ZEE B ERIRES
AR PREL, Voo M Vog 73 AN IE BIE AT RME UK, kon, kom, a A1 p ST LR B DL IR AN [F1ZFH
BRI E S, Ron M Rog 21 BABRAE e IMEFIBAE, W RRS BTN o =1 M 2 =0 BHZHE
A LR R R I, RS AR 2 R AR AR, AT SR 12 BH T FELAE.

PR R K 3, B 3(a) NN, 7T 2 s JIERKM I, 2~4 s Y75k i . 2t e i
1E B A2 B I BRAE U, A2 BE AT BEAE 29/ SR F) i s o 97 LB 7 BRME R, A2 BELRT B
REHIIN. Kon AN ko P LARIRIERNMZFH PE AR IR, kon K, BHAEIR/INERER, kor AR, BHAEIEK
R B 3(b) A () BRI kow MAFE ko FHZBHIRELIAACTELL. B 3(b) 878 T kon 7351
N 1e2 I 202 B RIPHAE AL, B EIZE (kon = 1e2) TEBHABE /NI THFE L L2 (Kon = 262) B
18, BT ko MIE), FEAEHE KIS I EAHE. B 3(c) TR T ko 707009 1e2 A 22 I HIBHAEAZ 1L, P
CHIZ (ko = 2e2) FEBHAEIG RINH B LEWE LI (Ko = 1€2) SEPR, BT koo HHIR], PEAE /NI T2
AT
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*2 EHKMIZESH

Table 2 Parameters of nonvolatile memristors

Parameters of NVM M My Mo M3 My /Ms Mg /M~ Mg /Mg
Ron (kQ) 5 5 5 5 10 10 10
Rog (k) 100 100 100 100 100 100 100
Von (V) 0.95 1.47 0.55 0.31 0.4 1.2 1
Vot (V) —0.2 —0.2 —0.2 —0.2 —0.2 —0.2 -1
kon 3e3 3e3 3e3 3e3 9el 2e2 3e3
kot 3e3 3e3 3e3 3e3 3e3 3e3 2el
a 0.27 0.27 0.27 0.27 0.27 0.27 0.27
D 1.58 1.58 1.58 1.58 1.58 1.58 1.58

-lsv L oo

4 (PLERRFZE) IRDTIHEE TR BRI T E]

Figure 4 (Color online) Circuit design of olfactory neurons
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e B0l RSB T AR TR . BME AR R 22 T, T A B SR RS R R T, 1B
RE A TAAL AR 2 TRV UE R G0 UK SZ A5, T T REEIA B R R AR, BB
ML BEAN L O IR AR S AT N [ 4 o 1 IRUE R 4 s A 0 e T, ILBE A 22 T A AR 5 R EAZ PR
FIF BRI, NS ST IR S RVEIZE M R BIMERE, M PR RGE TR, Bl B iR
L PMOS BRI S BIME, BIEZh 0.1 v, Wit 1V R, ke, R S{ER, H
T M HEIEIZZ KT 5k, B m S8 BIE, M uA Sl it % e TRE
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Figure 5 (Color online) Simulation results of the olfactory neuron circuit
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The circuit that generates olfactory emotions 0.5V
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Figure 6 (Color online) Circuit design of olfactory advanced perception
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Figure 7 (Color online) Circuit diagram of the delay effect module
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Figure 8 (Color online) Simulation results of the delay effect module
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(Color online) The complete circuit diagram
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Figure 10 (Color online) Simulation results of case 1
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Figure 11 (Color online) Simulation results of case 2
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Figure 12 (Color online) Simulation results of case 3
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Figure 13 (Color online) Simulation results of case 4
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Abstract The importance of olfactory research in environmental monitoring, disaster warning, and other fields
is highlighted. Associative memory is the mechanism by which biological brains process information. Exploring
olfactory perception and its cross-modal association is necessary to expand the application and development of
brain-like perception in robotics technology. This paper designs olfactory perception and cross-modal association
circuits based on memristor, simulating the basic function of olfaction and its emotion and memory effects,
which mainly includes three modules: an odor recognition module realizes recognizing two types of odors
based on memristor olfactory neurons; an advanced perception module builds an emotion generation circuit
to generate olfactory emotions, and uses changes in memristance to impact the consolidation progress of other
modal memories; and the delayed cross-modal association module designs a delay circuit and an associative
memory circuit based on the variation law of memristance and implements delayed association among olfactory
information and other modal information using emotions as reinforcement. Finally, four cases are designed for
experiments, and the simulation results show that the circuit can achieve olfactory perception function and cross-
modal association with other modal information, allowing for improving a robot’s olfactory perception.

Keywords memristor, olfactory perception, emotion, associative memory, different modal information
correlations
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