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A Cognitive and Computational Model of Brain Activity

during Emotional Stress

Objective: Stress and emotion play significant roles in the quality of
human life; therefore, the presentation of a suitable model of them is
useful in understanding these mental states. Method: Behavioral and
Emotional activities are associated with the limbic system. Therefore, we
will first describe parts of the brain which are important in emotional
reactions, including the cortex, thalamus, amygdala, prefrontal cortex,
orbitofrontal cortex, locus coeruleus, hippocampus and hypothalamus.
Thereafter, we will describe a general cognitive map for this brain state.
This cognitive map exhibits the basic role of neuronal and hormonal
systems in processing emotional stress. Results: By describing the
necessary relations and characteristics, a computational model was
executed in simulink Matlab toolbox, and different experiments were
carried out in order to determine the validity of the model. Conclusion:
Results showed that during emotional stress, the orbitofrontal cortex
reduces the stress and prevents it from continuing. Also, the computational
model could describe brain function in emotional stress; therefore, it can be
used in larger models as a subsystem.
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9- Picard 10- Phelps

11- LeDoux 12- cognitive processes

13- behavioral reactions 14- reward
15- punishment 16- Thorndike
17- Bronzino 18- Darwinian
19- Jamesian 20- activation
21- arousal 22- valence
23- dominance
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1- valence/arousal 2- Papez

3- Pfeifer 4- Armony

5- Servan-Schreiber 6- Cohen

7- Hudlicka 8- Fellous

9- virtual agent 10- He

11- Liu 12- Xiong

13- Doya 14- Kimura

15- Kawato 16- emotional learning

17- Mor’en
19- limbic system
21- septal area

18- Balkenius
20- cingulate gyrus
22- nucleus accumbens

UK 5 e bile b

S AS o e et S Sl Glles b s ¢ S K
e iy 0l b S e ek KK, b el )T Sl
Ll Ol (Gole 45 pad Slra Sl D3 ke
Cand L D)o ol 5 Sl 550 65 03 iU L
Ol b S0 e caia ol 53 Al e Olalas| 5
Sl Lo il icul | oSl /adle (sdadss skl
Dby A5 5 st ot o5 N 50 SUE o
Ay ag DVl 1 5SS o @ ey )3 DLl O 55 oo
Sl jldas oo OLis J2STTg odomy Julse 51 (Glas gazma
o OS5 o o gy (o 57 AN ST a3 (S a5 e
ﬁj;gwm'&gywu_»:;; oyl 5 Sladllas
i e oy sl 55 0 $OVAYY L)
o a5 Ol I ileloes Jdo SOVAM ¢ Jas6) Oloeca
Jelo V88V ¢ WSt 57 a0 a0l e e, T)
o SLadle o 3,1 5 Claseld 5 Oloes jl Jlowlos
las] pple Slslons 5 Ilrr Lo t(Y 410 (1SI5 5)
S Ozt I Jlo ST 4Y 2+ Y (S Wy S0 ,T ¢ o shi)
Ll (YA S 5 5 e ) e Lol
BT IS WA P PR FPONC A U R P g
50550 et (0L Ll g e i s
Colas i lewloes Jo 5 ol iz 5 (Yo rr o s2SUL
s plos sl ks ‘M)&L?e»wjx_w/fl_fwﬂjm
OYM b sipsT
Ol 5 ol by il LS (Golod 0l Oa
23 7re S dled 5 (Slovls Jie g malar ol A28 4 )
3l 3l eslial L s e pl s ool Glonas il o8
Ml ol ¢ (S5 5 5T g 58 Slalllas ¢ S sladds
3 S e s 28 5 S he il sla e
Sl el oS8 3 e e Sla i (Sl Ll
5 3l cdie (Glanloms Jus S0 0L )3 5 e

23- nucleus basalis 24- parahippocampal gyrus A T Hleel
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1- sensory projection system 2- thalamus

3- brain stem 4- Steimer

5- temporal 6- basolateral nucleus group

7- central nucleus 8- cortico medial nucleus group
9- Davis 10- Whalen

11- feedforward 12- prefrontal cortex

13- olfactory bulb 14- lateral

15- accessory 16- central

17- locus coeruleus 18- periaqueductal gray

19- parabrachial nucleus 20- reticular formation

21- dorsal motor nucleus of the vagus

22- autonomic nervous system  23- lateral hypothalamus

24- inhibitory 25- ventromedial hypothalamus
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1- functional Magnetic Resonance Imaging

2- bed nucleus of the stria terminalis

3- dorso-lateral 4- orbital

5- Positron Emission Tomography

6- Carlyle Jacobsen 7- neocortex
8- fight or flight 9- Pacak

10- Palkovits
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1- Aston-Jones 2- Shipley

3- Grzanna 4- Harley
5- Walling 6- Klukowski

7- Markevich

9- Korshunov
11- dentate gyrus
13- entorhinal 14- perforant

15- subiculum 16- explicit memory
17- Shier 18- Butler

19- Lewis 20- Carey

21- paraventricular nucleus

22- corticotrophin releasing factor

23- adreno corticotropic hormone
24- mineralocorticoids

8- Zosimovski
10- Murzina
12- Kiernan

25- glucocorticoids

Lo 5 51 6ol (1880 (113,857 Lt 5 0D
535255 A g o8z | (K s 5l 2
¥orF o Jola 5 ey 188Y I a) U ls malS s
S o3 S5 089F (S5 a7 S S S
5SS G305 Sl s 2 08F Lyl s, S
S 5 el S o 4 Sl Ui g e o g8
o35 315 ,500T5 5 lasas s @l e sleils

S o L3l 55 e g

ol gt Joto
)L;\A_Z‘,\J:G:L&‘%_Alfﬁ S oS s QM:.{_.:J
O ) Gl okt S5 alS gy S il Cad
o, S 93 Jals a8 0T (55,5 slaansy iw Lace (144A
by s 53 ol il e U gl Al eCalaant y oyl
o 51 T oDl b s sLa0 ST Y 151 U1, e
bbbl e 3l e S Ol 1 s 81
Y L e s gl @S 5 08 e JLelS s
348 058 I 5 68 5 e 3L 51T LT s
QU SNT 5 E0ls 5 b s Aol o aails S 5 5o
S slac s 5 la e pl5l plas 511 JLalS pon SIS
Sl ot s Laby o pege S o adlae Gae VL
5 Odaels S bl 53 SVl Lds o olS sn WSS
AYAF olal §) ol Sdalys 7y o il 4y 0T Ui
oS g LOVAY cosly s 5 s ¢ ol 5 sl e
= ol (:\..\_.a = 3,1 S awlie i c§|} )3
LS o dns Lo abodl> 15 ULals 4o glaslay g5 LTy odlios i

9o ¥lgmd S

3 po ol O Adate 5 (aldS e Sl (gand e g VU s
S1aS ol LS5 Yo 51 50VG gt oSl e VBl

Advances in Cognitive Science, Vol. 12, No. 2, 2010

1V ATAL Y ol Y Jle b psle slaesl



Sl gl 53 e s Sles j glale Jue g s ls 238 &),

35 S IAET (58 o bon (o5 5 S a L
sRPC PBN PAG Joli) Slo s 3l gl 15 5 o sdls
s Ay 4 o3 el sla i AS o s |, (DMM
=5 5 SopeSiis gla tSTy i a Qs Olasl
OLzr au by psddan 5 sl pds o Sl el & 5 SRl 39
IR IRE A

(528 Gl Sl diada (glae gorms Sliy oy 25
V.h‘JJJ_o.chlJ_{béwli6h)\uj|6|uw4j¢_ﬂ~\
352 5in |y Lagely 45 ool slaray Glig i 285,57 o0
SBeS o5 o 5 e Ole (51 1y grly (slao g e3 5T
5 A by el L eas 5 cpd 3l e 4S5 0oy
e (gmim 58 51 Lol L3 53 5 (s VB 5 Sliy i
33 Joales 3 55 on 03LT (g (S o5 b gl o 51 33
I8 15 Ol ly MAKT 5 Gl oy 258 0
S

S Gl e 5o 5 (S s e 5SS
b RA LS gl 503,55l 1 e el slagealy
o s e S S S8 sl A S s Jl
sl alS g 4 Ol JLas!

S o sbay e)ls oS s lie [EE ply 53 S sen
S5l 00 glastis g5 Ll odinsly  cwe Sl pl-be
(Bl drmn g5 (BNST) VIuKoT I idw S o s alibl>
N\J_f._.ﬁTj oS gen YL S8 e g 5 OLeMbl Cslys
L VIAKaT o8 a a8 e J S 1y o S 5l 9 oSiws
35 Olgean) o saVU gp 03 55 6 o 1 e sl S5 s
B gh oo Jlad (Oloes 5 o 2l

el 45 Dy (o J5ST (sre Sl
DSy 003 3 A 5 ,LS 3 g5 vae o
PN E PO N I SEUPN PR EE g
2 glaas gl Syl b 0T Jsl s Shes 25,1 FHC
av\_@;ﬁl))l_f:}égwu@;uzjgwdﬁfcﬁsiéb

1- conditioning 2- sensitization

3- plasticity
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