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Implementation of Artificial Hippocampus Algorithm
Using Weight Modulator
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(Jung-Ho Chu and Dae-Seong Kang)

Abstract : In this paper, we propose the development of Artificial Hippocampus Algorithm(AHA) which remodels a principle of
brain of hippocampus. Hippocampus takes charge auto-associative memory and controlling functions of long-term or short-term
memory strengthening. We organize auto-associative memory based 4 steps system (EC, DG CA3, and CAl) and improve speed of
learning by addition of modulator to long-term memory learning. In hippocampus system, according to the 3 steps order, information
applies statistical deviation on Dentate Gyrus region and is labeled to responsive pattern by adjustment of a good impression. In CA3
region, pattern is reorganized by auto-associative memory. In CA1 region, convergence of connection weight which is used long-
term memory is learned fast a by neural network which is applied modulator. To measure performance of Artificial Hippocampus
Algorithm, PCA(Principal Component Analysis) and LDA(Linear Discriminants Analysis) are applied to face images which are
classified by pose, expression and picture quality. Next, we calculate feature vectors and learn by AHA. Finally, we confirm cognitive
rate. The results of experiments, we can compare a proposed method of other methods, and we can confirm that the proposed method

is superior to the existing method.

Keywords : hippocampus, neural network, Artificial Hippocampus Algorithm(AHA), PCA, LDA
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Fig. 1. Hippocampus position in brain.
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Fig. 2. Structure of hippocampus in brain,
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Fig. 4. General neuron connectivity and added modulator neuron
connectivity.

Step 1: Compute weights to store P patterns
p
w=YsT(i)s(i)-PI
i=1
Step 2: Determine update order
Step 3: Set initial output y; < x;
Step 4: For each unit y;
do Step 4-1~4-3
Step 4-1: Compute NET; = x; + YWf
Step 4-2: Update intermediate output

1; NET; >0
yi=y¥i; NEL;=0
0; NET; <0

Step 4-3: Test condition for goto Step 5
Ify is converged, goto Step 5
else, change i according to predetermined or der and goto Step 4
Step 5: Initialize weights and counter
w < 0Qorsmall random, k < 1
p < number of training pattern pairs
Step 6: Set leamingrate a(0<a <1) and S
Step 7: For each training pattern pair (X, d),
do Step 7-1 ~ 7-4 until k=p

Step 7-1: Compare output NET = XW T

+1; NET >T
y=f(NET)={ 0 ; NET=T
-1; NET<T

Step 7-2: Compare output and desired output
Ify=d,k < k+1 and goto Step 7
Step 7-3: Update weights
Compare AW* and A
it AWF Tl <oaw*
AW* < aldy - yi) Xy + paw’]
W« W+AW
k

se AW (—a(dk —J’k)Xk

W« W+AW

Step 7-4: Increase counter and goto step 7andk < k+1
Step 8: Test stop condition
If no weights changed in Step 7-1~7-4, stop
else,k < 1and goto Step 7

Then,

el
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Fig. 5. Pseudo code for AHA.
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Fig. 9. Flow chart of the facial recognition experiment using AHA.

DAUFace H°|EjHjo]~Z o]
23t A= FE ‘ﬂ#‘*é%% Z73313it}. DAUFace HlolH
Wlol 2 FollA 15708 8ol o] &3l F WA Ade &
ARstel me g 21 J3ejth. CMU AMP Hlo|E{H|e] 2

9] G AMEERA 1 a2 Gl disl 757149 BA4
E FA 507HA 2 shai7i dagEFEE o

. lo @
FKI »
5
it
tlo
2B
W

4 A5 ZANAT: A WAl 2B Fxo] G2 Q
Q14 Agoleh. & Aol 4089 AF Bl thaf 77}
Ao 22 Wl GuAFEE AF AN AFS &
eriek. olnl 9B s} YuAES A&ey] ¥ 29 3
32 ORL dlolelulo] 28 AHg 3T,

2 eolE 29 93t 0 A2 AF A4 UL 5
Bagich P AZ FY L HES AT B2 GPLe 9
el A2 A7I% 94T BFE AAY HRL Bl @

2 Qo] Atz FsA gtk LF LI 7HF Be
@ B40let @ i w9 9NE DEES g 42

el 74 o) 7Aewl F A4S B4 W AN 25
2D 4 MBS Sk 1 9 e G el 9

sl 92 398 Aol e BhiGlE, FHE %
23H= down sampling ZHgol|A] AAMES] HARE FX317]
Aol Zepd AdF Gato] MR E%lumng) O 64x64 T
Al H7]2 down sampling® F-3§3}3ich wiA|gte 2 FFS
gray level 2 W #H3}131T)

A7 0)Fe] FAL PCAS LDATA LR K549 basisE
olg3le] F AdF FYPoz WFHTE o] basisT ]88}
agon B HAL Aol Y T ubspace
Bk Aoz B 4 glen, oA ATt Yl
Yoz AgEw, A dnFe LT TUe o
$8 92 2B vlmsiel 1 5T 92E Rohdc)
3. Y o
F #ful dg]Ee] QAE BwE $I3}, leaving one out
[e]

Tzyge] BE 42 A4 45 vEsh] 93kl ORL

deleislol=o] d0me] Gl A 107149 E=E QA
o Ssle) Sl Vo, R 1o G5z 9
4 A5e SRS o)W 29 B3 E 13 2ok

=204 AR Qo) S} 1sE AT A AR

2al A oAtk 3 A WA WS APoR Hote
we) Il S 1o AT Rolw, ndA BAE A
goz ngke wel xFo] %4 nol AZFT olvjs] 4
3 A7 ® 29} Ark

E L gE gl wE T2 AAE va%).
Table 1. Comparisons of pose recognition rates with leaming

algorithms(%).
Nearest Neighbor | BP | SVM | HMM | AHA
PCA 87.25 9025 | 90.75 | 9225 | 92.5
LDA 89.00 90.75 | 91.75 | 92.25 | 9325
PCA+LDA 91.25 9325 | 94.00 | 94.25 | 97.75

B 2 ¥2udel ne dunadd AF Q4 249 du%).
Table 2. The simulation result of facial recognition with pose

change(%).

Nearest Neighbor BP SVM | HMM | AHA
1 91.25 9325 | 9400 | 9425 | 9775
2 94.00 9550 | 9875 | 9625 | 98.50
3 96.25 9725 | 9925 | 9725 | 100.00
4 96.25 9775 | 99.75 | 98.75 | 100.00
5 97.25 98.25 | 100.00 | 100.00 | 100.00

% 3 8F gndSsd JAE HU%).

Table 3. Comparisons of recognition rates with learning algorithms(%).

Nearest Neighbor | BP | SVM | HMM | AHA

PCA 89.00 9256 | 92.68 | 92.63 | 9242
LDA 91.04 93.65 | 93.85 | 9425 | 95.03
PCA+LDA 93.55 9536 | 96.45 | 96.12 | 99.10

£ 4 3F dnFel we B4 A4E vA(%).
Table 4. Comparisons of face expression recognition rates with

learning algorithms(%o).
Nearest Neighbor BP SVM | HMM | AHA
1 93.55 9536 | 9645 | 96.12 | 99.10
2 93.00 98.81 | 98.17 | 99.04 | 100.00
3 94.33 99.00 | 99.33 | 100.00 | 100.00
4 98.67 100.00 | 100.00 | 100.00 | 100.00
5 100.00 100.00 | 100.00 | 100.00 | 100.00
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ol i3, YA S PHEE 9% oY) ¥
A ES BolT itk 39 YANE TFY AeliE B
£ ASOlA AF o SUYFES 100% A4ES Bolw
otk sAM BE EHE AolNE SVM HMMO]
100%9] ¥ 24 45g Bolw 9ee % 4 glnk

3.2 EBisiol uie Ul 23t

FAAsll We JFAY5S Mmsh] skl omu o
SJemielze) 1795 P A% WSl E2E 9B
sttt g Ee] gl o]85ka, kgl ol £31A &2
A FAER Q] AeS SA3SIth o A & 33 Atk

HE 4oA A ¢ F9 22} 155 E HATRA] AR
23 AL ouiditl & A WA BRE Ages Hgs
We] Q14Fo] 523} 1o SFshs Aolw, niA YAXE A
go2 Bks ue] Ql2Ee] £} nol 3k

E 49 B9E w9 Q¥ dul duiFelA 99.10%2]



398

HE 5 DAUFaceZ ©| 8% dmgsd 4394 4¥ 2%

%0).
Table 5. E['hza simulation result of facial recognition using DAU
Face(%%).
Nearest Neighbor | BP | SVM | HMM | AHA
PCA 86.75 8825 | 8.5 | 90.00 | 92.25
LDA 88.25 89.75 | 90.75 | 91.25 | 93.25
PCA+LDA 90.75 92.25 | 92.25 | 94.25 | 96.50

Ngg Bolu g, Uvix] B WPUBE 93.55% o149 ¥
& Q45E Rolx gl
3.3 At Blo|Eilol2olMel A8 L

doleiulo] 2 olg3lel el AUSH g Pow A%
2 2l 8 W3kt DAUFace HlolEMlo] s AAJZH A
oA H§Y WS elsle] HisF HAOR oRle T2 W3
g Fu% gt 94 A9t B 59 @

E 59 ARE wE AN Axde] Age) S %
W, Qg 958 AF A YRAZE A8 BS
a7t 2 Aoz weay.

V1. &

PCAE B4t TR 9Jste] Q1o o] Ha3dlt T8 A%
AA 295 2t7] wlFol] dF 949 5 HEEHN Zo|
£ PCA ¥ LDAYPHS E83)
A B3 & AXela, A7 sl dnelEs Ad &

[e3]

=2 =

2 Q4 APe FRs] Y 57 2 4L BASL
o
=

2]
OE gt s va 4SSt moh wWyd 24
S A 92 Q1 AP S Fok SFUHES v
Fe uf, T2 FYol ME dZF U Aol AF v}
gaEFol 97% ol A4 FeE UEE § &R <
2o th g5 W ET £ 94 A5S Btk agu
3SHA GIHAE 2ES AAA 1F vl daglFe] o
E g HHED 2 AAES dE ddo] AU, o
et o= sl 1F din} daelFo] SdlvEls 4
284S 7 I8

B =RoA Axsta A8 WEe 42 399 U4E ¢
g 5% A" @gk Aot 71y Alade] A
S+ 259 ®sht d29 JHER, 28n 824 H3E zhe
AF AL ¢l Y3l PCA, ICA, LDASS /fE3os
283157 dlol <t A2 ES 7|UEy] R

¥s

2006 FotEt HARFFEIHF A,
20063~8A Solighil gl AR
g3t Ak A SAlEoRE 94
Az, sfEAA], AlsA .

1

HO - =8t - AlIAEZsr ==X H 13 &, Wl 5 S 2007.5

2 =2oAe Aqstd g PCAE o]&3le A&
=43 T LDAR AYE gdFow ERalgct agx ¢l
F gl daEEs A E5e & ¢

4% 7b5sA o
(o]

PCAS o183 914 Wel YAHNE wae WE A ulu
Wy Bk S AneES ol8HRe W, 9 L=t 4

ADEH

[1] P.Dayanand L. F. Abbott, “Theoretical neuroscience,” MIT press,
2001.

2] =17, <o) Aulde H 8t elobr]” hitpy/mind
21. net/scienceall-7.htm.

[B] elAZIek ], olEe) AAAE, “sfnl” 28VHE, 2003,

[4] I B. Levitan and L. F. Abbot, “Theoretical neuroscience,” MIT
press, 2001.

[5] 234, 72 HFH AE, JSEBAL pp. 234-266, 2000.

[6] G E. Hinton and Sejnowski, T. J. Edited, “Unsupervised learing:
foundations of neural computation,” MIT Press, Cambridge,
Massachusetts, 1999.

() A58, B8, FE5, Hlarl $5e olgd 92 2
A mdo] AF gl A7 g A8Ad, Tech Report
2002-76, 2002.

[8] http://www.isip.msstate.edw/publications/reports/isip_internal/19
98/linear_discrim_analysis/lda_theory.pdf

[9] M.-H. Yang, “Kemel Eigenfaces vs. Kemel Fisherfaces: Face
recognition using kernel methods,” Automatic Face and Gesture
Recognition, 2002. Proceedings. Fourth IEEE International
Conference on, pp. 208-213, 2002.

[10] A. Martinez and A. Kak: “PCA versus LDA,” IEEE Trans. on
PAMI, 23(2): 228-233, 2001.

[11] D. W. Zhao, R. Chellappa, “Discriminant analysis of principal
components for face recognition,” Automatic Face and Gesture
Recognition, 1998.

[12] D. J. R. Beveridge and K. She, “Fall 2001 update to CSU
PCAVersus PCA+ LDA comparison,” http:/www.cs.colostate./
edw/evalfacerec/papers.html, 2001.

[13] J. Yang and J.-Y. Yang, “Why can LDA be performed in PCA
transformed space?,” Pattern Recognition 36, pp. 563-566, 2003.

[14] McClelland, J. McNaughton, B, O'Reilly. R. “Why there are
complementary learning systems in the hippocampus and
neocortex,” CMU Tech Report PDPCNS. 94.1, March 1994.

[15] Homepage of the AT&T Laboratories at Cambridge: http:/
www.uk research.att.com /facedatabase.html/

Zo A

1984 AEoga HA s,
19913 Texas A&M ThEhwl Hzgdta}
(FEAAD. 19941 Texas A&M et A
A-zetg (Fehaah, 19959~ A Foloy
gu AAFET wp BAEoRs 9

A, HlEe. 89l R A, B .



