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Abstract

Abstract

With the advancement and development of technology, digital cameras, Internet tech-
nology, multimedia technology and information processing technology have matured, so
digital video has become a medium used widely. The rapid development of artificial intelli-
gence promotes machine vision and video perception to become hot and priorities over the
past decade. Human behavior recognition has broad application prospects in intelligent sur-
veillance, human-computer interaction and video retrieval, so it became the most active re-
search themes in computer intelligent visual surveillance. Feature extraction and classifica-
tion algorithm are the key technology for human behavior recognition.

However, limited conventional signal processing and pattern recognition framework,
relying solely on existing research areas of machine vision theory;, it is difficult to achieve a
feature, which is unitary on the "distinction" and "invariance". This paper introduces biolog-
ically inspired model to simulate the primate visual system’s hierarchical visual information
processing. Spatio-temporal interesting points based on biologically inspired model frame-
work include spatio-temporal interesting points’ detection and spatio-temporal descriptor
extraction. Make a joint bio-inspired model of temporal and spatial temporal interest points’
method for the detection and temporal points of interest descriptor extraction. In this paper,
MT area is modeled to simulate the primary dorsal stream motion detector. The introduction
of the biologically inspired model improves the existing methods of local spatio-temporal
feature’s uniformity in the "distinction" and "invariance". Then the framework can extract
the more effective feature vectors.

Through two human activity common databases recognition experiments show that the
proposed model, spatio-temporal interesting points based on biologically inspired model, has
better robustness and accuracy for human activity recognition. Compared to the existing
spatio-temporal interesting points method, this method has the following advantages: Firstly,
the method is based on biological research, there is no subjective parameter selection; Sec-
ondly, the same parameter settings have good effect for multiple databases; Finally, this
method simulating primate cerebral cortex, is now in the initial stage of research, and there

is still vast room for improvement.

Keyword: Biologically inspired model, Spatio-temporal interesting points, Human action

recognition
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EMD) B85 R KWt R Gt o ia shia il 5 oc /e HIk 2 R RSN . 12 sl s 3R i
¥z i Reichardt #2H, TR R RIS 3EA . 14 Reichardt izl #50 O 2415
BN AP DT S AT AN TR, I — e i 23 GRS AR B AN — e 2 e (1 £E Wi B A I AR L A
$r2t EHCS Reichardt 32 346 i 28 7Y 45 5] 561,

BE— WSO R IIET, ST A sh %, Reichardt 12 sl i 48 1 Al
T 5iE g B 23 BTG OG- 58 Aiia 2h UG s Al TF, Tl B A T B S BB
s AR A5G, T IS ) B ARG s A R, B e R e e, Btk
Reichardt iz gt l#s & v LUK i A T1 tH B ARG IS 3l . 245Kt 8 T ¥Idis
ARSI, XS IS 1) e . Ll fERKH EMD BEFI A FiE R
HUAEHL T R ZE B4 AP TG, X MT XA EE o4l i kAT 2t



o5 RKEIL I E R

2.4 KE/NGE

AEH T MNEW AR TS LR A T RN SZ KT RE, S Z3 AL % A8
AP E B . R, IS IIRER N T, NS B R B
REAAL BE RIS 5 AR 2 Z RIS T . Ba, ARIEIA RZEY W SUkdE, e
JEUR B JRAE 5 A BN L R B A & B R . 8T AR B AT N 2 A
F TR 5 2 B IR 5 AP RN ARAT DR 51 i) L
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=5 BT AR R I AR AEAE Y

B=8 ETEMEREEKN 2 REHER

TEARZES, VAN AR AT AV R KA I 25 M8 58 (Spatio-temporal Inter-
esting Points based on Biologically Inspire Model, BIM-STIP) #EZ2. #E4E R KRS0 5
EEEHTILR, W 3-1 s, AR KRS RKSPI e B E R Hiazh i
FHXEREA LGN; 2 =1 A A @ B8 s ek A7) K48 FH TR0 A & iz J2
(Pre-frontal Cortex, PFC). 55— MMt 2SRk s kAL, ERATMIMELE F, X AARFHE
WA NEAB B BB, AT 74 BIM-STIP &l 773, AT 51 4L
BN A BORRAERE TR R . AR5 B, DGR, MG
JREE BIM-STIP B B HEIR T . E2E =FrBerh, FIHRHEQ S KBS EURE T BIM-STIP ik
FFIX 3 AN R NARAT B

: R :
| L i 525 A2 R - |
| wmrs || msms | f’zlﬁmmﬁ | mmEasxs ||
i|  Video MSR orsa strelam od- (Feature of bag) |
: ﬂ | M :
ORI || AMIESIRARAZ | =P | R R E
E Retina LGN Dorsal stream PFC E

AL I

K 3-1 AW)a K HELE

3.1 BIM-STIP &3

F T AW R AR BRI 75 R s ksr S AL, LGN TS R0 6 1) A A B S A B A
W EFTR o 3833 X0 HY T AR LGN, RIS 21 O R DX I DL sl 5 I Re A 2 g 1
. M2 EREMRER, B VLIX, V2 X MT X, kiR O R
RapA (P

3.1.1 LGN: Z[aFEEIFT

MRAB LR /7, MSR 8 H TR0 LGN 2 A1 SR L], DRSS By 71)

11



=5 BT AR R I A AR R

HERI I B A T MR AR ) 2 RGN, B I R 28 B s i sk, 5T
MSR 4Ll LGN & 7F PRI 25 0% 80 s A () B TR 20 B, SR IE A SRME 738, WIP e
)25 R R B o BRI IS 20 DM R T £ B 42 ) T RO Y At — 2D SRS, IR AE
IXAMHEZE TSR — P B R R AR R & (PCPMD BEI 752 B MSR, AR R
Plx,y,t) =nxPlx,y,t —1)+ (0 -n)x ‘[(X, v, t)—I(x, 5, t — 1)‘ (3-1

Hp NIER T, I(x, y, t) NIREKE R G

RN T BRARGER TR 2 44, 51388 (ntegral image) Bl AR R #iz s g =
(Location Motion Energy, LME) HIGit iRk Erinig. 0 B RS MmiRE, &—
Tt — > X H R R T~ DX R SR R e LA S0 R S i A S . AR I R — R
(P A 5t Pl w7 A7 B 1 7 A XS ) i B (LA R0

(x,5)
PI(x, y,t) = Y, Pl y,t) (3-2)

(x,5)=(0,0)

R, Wil 3-2 o, JREkizalft®E (LME) " LARIRN:

3-2 Bl
Pl(x +w,y + ht)+ PI(x, y,t) — PI(x +w, y, t) — PI[(x, y + h, 1) (3-3)

w x h
I LME Se iR RS i O BR R B, PR FH 8 AU 28 56) A S (AR R DX At gk —
WRKE, TTUMRRARRE L DB M R ot A, PR RE S v By (A S 2R

LME(x, y, t,w, h) =

3.1.2 VI1IX: WM EHEE

b8 232 Tk, AEMERTIER] VI X & B RO RIS SIS Gabor A ER
B AT Lo VL X (0 40 B S FE— 5911 Gabor S 59 04\ FE 206 P P 5084 AL
%, Gabor IR B H AR 0 T,

2 2772
A4y +72/Y)><cos(2—7rX) (3-4)
o A

G(x,y,0,5(5, 4, 7)) = exp(—

, H XY = xcos@+ ysin@, V = —xcos@ + ysin @, (x,y) N Gabor JEJK#EFZ
HIALRR, O NTTRIMAE, s ARJERERN (s s, A RMEK, y NHAKED.

FR 8 R A S A0 o 4 0 Je 52 Y B R, T L L — R A R~ RN ZE RN 7 B 37 1Y

Gabor JEJ 2SN, X V1 X4HM/E&A25 (Receptive Field, RF) &#HTHER, ¥k
12
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%% 3-109900, Forh Gabor JEW ARILIEI 4 MT AL G, 16 MRET A s, I 16X 4=64 4
T, Wl 3-3 Pron. AHBEIGURE S (8] 0 AL ] A>Tl & T, SRR 8 1. VI
DX PRI B i S 7T AR Dy

Vilx, v, t,0,s) = I(x, y,t) * G(x, y, 0, s) (3-5)
Hb, Vilx, y,t,0,s) & VI XEEHER, I(x, y,t) 258 R 6K E 1 .
% 3-1 ET AR R RN A MR SR S Rk R
£ 1 2 3 4 5 7 8
s| 1| 23| 4|5 |6 | 7|8 ] 9 |10|1]|12]|13|141]1] 16
El 7 | 9 | 11| 13| 15|17 | 10| 20|23 |25 | 27|20 | 31|33 |37
S| 28|36 |45 |54 |63 ]| 73|82 |92 |102]113]123|134 146158 | 17 |182
A1 35| 46|56 |68 |79 91103115127 141|154 168|182 197|212 | 228
7 | 023|028 |032] 037|041 046|051 | 055|060 064]|069]| 074|078 083 | 087|092
)y 8 12 16 20 36
A
0 0 -x
4
— - ——
= m i e ww e — - —

aaﬂm 2

K 3-3 & R EE%50E Gabor JEAAFEL

3.1.3 V2 [X: REAZM

HNan MW@ & A 4 (V2) (AP RESREVERIRIE AL, 25 SR 3R W A2 e 4 M A7 72 X T
BRI EZ 2 A0 g S S i BRI ERE (Maximum Pool Operation). 5 2% 4 i 56 K (/& 52
B, PN T EUGFHER DN B AR SAME Al & A 7 IS 4R,
eSSl (61 NG i P 1 o N = 3231 ) AL O SRR 9 LT 1B S O VA R A E G B
[ RBEAN A

AT S S AE MT it — B 407, [K7E BIM-STIP HEZE F7E V2 XU R
JE SE 5 B A

Valx, v, t, 0, &) = Max(V1(x, y,t,0,s = 26 — 1), VIix, y,t,0,s = 2¢))  (3-6)

13
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fir B RIIT A1 40 LE MT [X P B 02 30 AT 2 5 AT
314 MTX: =&

Reichardt 2542 i VI iz sh kG %8  (Elementary Motion Detector, EMD) Z&ir T R K
SN BE IE S 1 I8 shAS I 47142, Ron ZEBT 12 18 shAG I B I SR B, B s
() Reichardt £ #% 7T LLLE B 2R B 50 A 5 o 52 SRR AR 00 A THE . AEMEAEZE N, K FH EMDs
FRBEHL MT 2, IREFHEE & 1 25 [RURIE [R5 B .

EMD 2 — M Z4inizshfa g, Hain] i T UME 3-4 RoR.

kx,t) = F(t — 1) x F,(t) — F,(t) x F,(t — 1) (3-7)
I
X X
+ T —

Kl 3-4 YIPzBhKZ A
Hp, £ = Fx,t), F,t) = Fx + Ap, t), Flx, t) RNGES, « REAREE, Ag
RETFEE. MT ZRAGSRKRA V2 2, A 8 A7 4 Nrmmm g R, 7Eik,
MEHL 4 AN T7 18] BRI da sA I a0 S AR PR V2 AR DT 1Al A AN N, . 24 EMD P45 75 17
5 Gabor JEH AT A IEACH], BERF ) EMD %1% 5 s a2 s BUR R . Kk, MT Z
i) A5 5 AT LA R R N0 R B
F'(x,y,t,0,AD) =V 2(x+ ADsin O,y + ADcos O,t,0, &) (3-8)

MT (X, y,t,0,&) =F 'y (t—7)x F' () = F ', @A) x F ', (t—7) (3-9)

Hep, FLO=F'(x,y,1,6,0 , F' t)=F'(x,y,t,0,5A) . HHEAKTTH, {EUHAF/EH
MNHERE (c A Ap) o IRIEEDZI R, NI 5% i E] 2 0.17s, XFRT- 25 fps
HIBCF ARG AT 515 1 = 4.25~ 4 Ap AR EUK IS Gabor JEU% 28 10 - v 2, )
Ap=4.

3.1.5 BIM-STIP il 55w

W AEVR KRS DR, KA R RN, i, 3R T R AR IR

14
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W& URS i 58 AL S 008 e, HP a7 Mg MERS . KRR RRT. BIM K
IR 20 B A N SR B S R AR R 341

56, AT MT 2 8% e SAE 77 18 56 5+, PLERIIEDT [l AV, 7 0] 5% 4+ (Orientation
Competition, OC) ZE:\EK/RUWIT:

0C(x, y,t, &) = Max {MT [X, v, t,0 = (z %’%’ ), ej} (3-10)

FLUR, W02 A AN [F) RS 23 (8] X IR AR A A I, A & e el i o7 B e . I
W, BB ARSI ) 2 [R] X I 5 2 Wk 3-1 R X AH . Ik, XIS T R RS, &
Je B L 5 B R AT BRI B A 5 R AR R ) 25 M0 R
(1) JRHRAE R 8 T L BAR T B AN 25 0088 5, 2 P AN RERE 8 e e B/ T35
—BAE, BRI N5 FE RN R R, PR BRI N i SRERAE SRR U R A B e S A
8L, O B G b ga /b 55 0 BR R 2T
(2) & Jry e R A2 24 Rl — AR AT A7 R i 22 RISy 23 6K A, SR B ATT H e )87 528 55
ORISR A, S B 5 BN o R AT DB ORAS K AR I 725 0 RS E R G
FH IR TSR XS T 73 S R
H%k 3-1 BIM-STIP Kl 5 ms
WMAN: O0C(x,y,t e, LMECx, y,w,h)
#rH: vector <KeyPoint> points
HiEARE.
EES NIV el
vector <KeyPoint> coarse
for £=1.8
w =h =2
for x =1: image width, y =1 : image hight
if LME(x, y,w, h) < LME threshold
continue
end if
compete 0C(x, y, t, &)
find the max respond OC(x, y, ¢, &) position Aeypoint(x, y, &) in

(x, y,w, h)
coarse. push( Aeypoint(x, y, £))
end for
end for
TR 6 r SR

for 7 =1 : coarse.size

for 7 =1 : coarse.size — 1

15
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if Distance(coarselil, coarsel j]) < D threshold
if coarselil.respond > coarsel j].respond
coarse. pop(j)
else
coarse. pop(i)
end if
end if
end for
end for
vector <KeyPoint> refine=coarse
114 JRy B At
grade-down sort(refine)
for 7 =1 : Maxnum
points. push(refine[i])
end for

3.2 BIM-STIP #iRFFHE

NT HEIR I 23 N T, AR SRR R TR R AR S IR T o ARAE AN N R
MR s, BATE X~ x = x THIR 2S5, Hd s (R BURE®R 3-1, 1M T/
ARICH R FH 2 B 2 WA R 9> S8, B 8 i 1 %%, B SSE TR A M < M x NV
AT, oA M ORTN 43 it RS ()RR 8] 7 ) ) He R o A4, R BLEER Y = 2,

N = 2. W 3-5 fir, SATFHORE GG AR EUG I 25 2608 S I, S5 EY)R K
TR 25 M0 A 7 VR AL, ARADL A5 A 2 S R B 25 37 5 A HEAT 2 Ak e R AR E

TG, XTI ARSI RRE VL XA R . D 1SR IR A G M OR B AR, AN T AR
Y Je R AT B DSl AR 22 RO 2 A0 i, AR BV R B R S s =1 (I
NEZEE = T) DARIEREIR P 401 IR AERE )1, AT

VR(x, y,t,0) = I(x, y,t) * G(x, 5,0, s = 1) (3-11)

IR, RHAVIHE B2 2SR MT XA V1 DX 4w SRS . 4] A0 o 45 A 4 A%
WE| EMD, A7 SIS BN S0, (E1X Bk s/ N Awf =1, S [AWfE =
Ap=4, AR/ BTN Gabor €U 4 AR 1) 32 98 55 5

MTR(X, y,t,0) = F',(t—D)x F ', (t) - F ', () x F "5 (t 1) (3-12)

Her, FL (@) =VR(X,Y,1,0), F',(t)=VR(x+4sind,y+4cosd,t,6)
X THIHIS BN RS2 A, W N5 FE (A5 5 AR IS 3 7 . RIRI) s shas 2855 T4t

16
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T8 AT 4 AT AL ST ST N SR, 1551 8 X4 X 2=64 4E ST E T, HIR
64 4t BIM-STIP RFLIR T o fa, R SR E/AME R F B 3T 51k

4 i
4 i

X

B 3-5 I AR R SR SR

3.3 LR

FHEF, (Bag of Features, BoF) HEAIM, ik #r Kyid4¥ (Bag of Words, BowW) %!,
EERME S B SE BRI, FEaBRER Tz, BEENSIERARE, H
FEEFRRA ANRAT 0 S0 5T o B AR B B RCR

AR AR AR R SRS B34 7 S A5E, AT SEBLAARAT A B JE TR
B () NARAT R RS TR A R R 1 UG AL, K — MBSO, B
AR R BUCRFAE (7] B SRR o R RRAIT B o S H ) JR) 0 I 2 R i, DA N7 R AE A ]
# o FETRME BRI N ARAT IR a3 NP IR

(L) FREIE I, A HE I ZREEATIEE (RIS 5 R A, AR IS 5 % R AT e 2
BY, E D4R B AT PN B R SR I S AL R AR 1% S s, IR TR

(2) XFIIZREF I FTA SRR AT K-means 2814, &0 g ia] i #ia],
ORI A RURRIE L

(3) X FLANN (Fast Library for Approximate Nearest Neighbors) o175 2= 5% 32 £ 11
I IR SR AE M b, TR NRRERIE B, 3R B A N R 15 B B AR AE
o B JE BB TAHE R ST BT E, B 7 B BN ] A5050 A

() it E KT RRAES IS, TGS 2 PR E TR AT N ZRAIE il
AR 73 2R R

3.4 AE/NG

A F A IR ST B 58 S ST S A O I 2 R R AR AT IR BIAE R, P g i
2 R e TN AT 22 KA ISR B o TR AR AN SN 25 % HE SR 5 2 ) R R )6 LG

17
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R, BRI GEYR RARR I 208 S HELE 2 R IR BA R A S AR 2 e . AN,

RGN ANIGEEEAT I AAE N MT X i, iy i 3 ok RSB 2 1 N i 1) 2574
SKHIZEE B 5 KRR B A LS .

18



FIE KRER A

BNE KWERELHT

4.1 'H PR

411 Weizmann AEAT NEIELE

Weizmann ARAT NEIEELMLFE 10 BT N: THE (bend). 22 XBE (jack). Bk
Gump). JEHBE (pjump). B Crun). Bk Cside). FARIBE (skip). & (walk). FF4%
(one-hand wave) MFHE (two-hands wave), M7 HE 9 MATEHEG BT REH
— NN BRERE, R, BESMAANE, AL, HAEEE T E:

jump pjump

walk two-hands wave ~ one-hand wave

K 4-1 Weizmann AAITAEHESE

412 KTH MNMEIT HEHELE

KTH AT BN 5 6 FiiT A : £ (walking) . 121 (jogging) « LI Crunning) .
Zi (boxing). ¥#F (hand-waving). %% (hand-clapping), &Fi4T N 25 MAFRTIA
R B A Mg E: BN PO PAMEBHIRLE. FAAFERIRTE, it 6X25
X 4=600 M. fEIZEIRSET, AR T RMITAFERKRNZER, FiMgsinigt
BB TNEL S, BN R PAERR T HAEEIE 4-2 fos.

walking jogging running
hand waving hand clapping

Kl 4-2  KTH MNMEAT ¥dEsE

19



FE LIRS Kb

4.2 BIM-STIP R 5256

Wb —ZRTR, HET AR R R (I 2 R SR v R B e — e, Hh
i LME HURER I BRI . SRASIGIR TG . LME HEREAS I 48 1 228 BT T D450 A0 ) 45
WA, (R HUF (1) LME BB R T FEACI B 2 A0 B, g rH R4 o SRR I 387 L ik X
LI R T AL B RBE R (A O o AEARSC R, e BURRSZ B RS (1 172 AR SRR I 380
Bl B2 D S B H 5 NRAT A B R MEIL BT R F E BV R . A 25 2508
iEEE, U TSR B B S AN RE R o AL F1 R NARAT AL, 38 R o3 Rk 26 1)
NEE WERE DG UK Z, WIIGINTHE KA TT A, BRRER IS TR . ST,
AT (RN 43 N0 AR T 7 V27 Weizmann B8 85 E A T3 (1) 24 85 5

W B 4-3 Fis, B AT AR SCIE T AW R AR A (R I 25 % R SR 77 VA E Weizmann
R A B L5 R, 5 47 NE M Harris3D Al 25 14817E Weizmann 0 SEAG I 21 ) i 25
M. BT, T AW AR (I A5 6 2 AR Weizmann R SE FAS I 2] )
IR S LG Harris3D Rl 28 SE 9 s, —MIGOLT, Rl 2 iy 25 8 sk =5

B Z AT N RBOR T
bend jack un

B 4-3 I 2R AN 7 B

jump pjunp

4.3 BIM-STIP HEZAT AR AL 4 R

PR AR ST H (T 25 0 R D VR A U =3 0B R, T B T AR s AR Y
R T, RARE AR TIT 2. BATRISEIRA L L S 4 E BSR4t
HIR ARG R, Weizmann Z#s 8- 70 FEKEE 700y 87.1%, KTH idi4El 88.12%, FHk
EHERE A 4-3, B 4-4 FTR,

Wl 4-4 Fizs, KA BIM-STIP AEZLFIRFIE AR Weizmann HRER 735 Hrik
B 6 N NAT AERFERINZREE, 3 N ANMIBIEAT AE IR, RRiEf R4 1000 4~
B, R XSRES 3 IRAF RN ERIE AR . VRVEE R4S, AP HMAT N bend. jack .
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FE LIRS Kb

pjump. one-hand wave. two-hands wave, 7JSHK5RE R, IIEE] T 100% 02 1K)
AR R BRI NARAT 2 B4 skip, #ERAZA 50%, 5 HIRA 5 IRE AT N run.

-bend jack jump pjump rTun side skip walk wavel wavel2

0. 30

Kl 4-4 Weizmann 4 P2 18 1) 45 S TR 56 RE

WKl 4-5 PR, X KTH BB EFATAT o 2R sess, bk 16 S NI4T A E N RHIE
BIRBONZREE, 9 N ANWIBIEAT AEAMEREE, Frib e RT By 12000 A Hin], 28 X5k
55 3 A RNZIRIEFERE . £E KTH T, =R IR m 70 KT R8s, 0l
boxing. hand-clapping. hand-waving. walking, JiA%] 7T 90%UL I; jogging A1 running
XPFIAT N IR AR R B . IR A AT %1, jogging AT running 7fEi28h4015 AR
REIABAL, ok b H AR 73 X680 m 5 vE R R, 7R HAR IS 25 26088 U775, joging A1 running
[FIFESE 2 TR IR PRI AT 9 6

- box clap wave jog

K] 4-5 KTH $dis & 1R ) 45 SRR i H
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FE SLIGL RN

4.4 LU R BXT

4.4.1 Weizmann i 2 5 EL o b

Xt Weizmann 204 22, 4 A S B B0 S oAt Jm 5 i 25 0GR 53 5 VAR ERES, W TR SR TR
2 4-1 Weizmann H4f 7 5256 % B

WARES TR
BIM-STIP 87.1%
SCG(CVPR’07)14] 72.8%
3D-SIFT(ICPR’04)[10] 82.6%
Spin Images(CVPR’08)5] 74.2%
ST(CVPR’08)k0 68.4%
3d-gradients (BMVC’08)>1] 84.3%
STW/(1JCV°08)(52] 90.0%

B R, BIM-STIP J7 AL 28 s A BT (22 L, e Hh 7£ one-hand wave . two-hands
wave 1X PSR TR 8CR EAH BT AR 2 0 U7 R A B S . T AT R
AR KBRS . Horh, AT A0 BRI T STW, {HAE KTH #8545 T RIMPI
U7 F STW 4511

4.4.2 KTH ¥ ZEXS Ee o b

XFF KTH 8w e, KA S5 5 Fo At RS 25 X0 s VA s, Sl 4l R an s R

7N
K 4-2 KTH ¥ & seie vt bt

WAREA R
BIM-STIP 88.6%
LF(ICCV’04)17] 71.7%
VF(ICCV’05)58! 62.9%
Dollar(VS-PETS05)54 81.2%
DSM(ICCV’07)88] 84.7%
E-SURF(ECCV’08)2] 81.4%
STW(1JCV’08)52 83.3%
SPREF(CVPR’08)58! 86.6%
HOG/HOF(CVPR’08)! 91.8%
MHCF(PAMI°11)[57 89.8%

W RPN, BIM-STIP /54453 7 88.6% M1 AAE . XF b5 2008 4 PART BT 5 Al
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FE LIS K

A TIRKMEE. R0, X5 HOGHOF HiE A A K. X5 HOG/HOF /%, A3
HERVLUIR S B, RSCIITNEAAESHOEIR S, HOG/HOF J5 Xt TN [A] (1)l
TERE P 75 O 2 HUHORE LA T 8 DU BB B, HAZad SO (R S50 38 AN [R] 2 450 L
NI AL PR A F ORI . FLIR, A SO VETE I 25 D60 AR I SR 20 SRR S, Ry
TEYERE N 64 4, THEINA 2 24 FE 4K . HOG/HOF J732:% HOG HFAEHEHUA HOF $2H 15 3
192 HERFE, FIEAIN R . BJa, ARCTESINED R KRR, 155 SRR A RN
IR BT 23 1]

4.5 RE/NG

A I Weizmann FI KTH 0 FExt AT H 05 T A1) J8 R ABE A PR I 25 % 0 R A 48
BHTIRAE . SRIRERI, fEZAES A BRI R, 5T, MILTIERSEAEL T
e 1 FRRABE R EE, BEERER: 20 AMER NG SEIEL TAYE K
BRIAESE S, AH R S EUE R0 T A FIEE 2356 BT 0k s 3 FE T AW e B R i 2 4
RFFAX 64 4, YEFE ST AT 75, WEGAERE e, w] A8 R 1] 51K 20 K07 VAT A7 iRl
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HhE WS RS

FRE BNEEARE

5.1 WX ES

NABAT R AL A 5 U A R e EE T I A 5 Al TEARB SRR T —Fb
T IRT B 23 0 AR AN 2 R AE R IR TR R V0. BINAEW R RSB 25 M R i HE SR 42
Pt Fr A g BRI 77, IR ORI

HE, ARWSCNED T A LR SN AT RS Z I TIEE, A B0 %
(R RO 4% R BRI B . ook, FEUIEMRAE, NMASNEREEEED ¥
(1) D BEFIAR S RS 5 AE & 2 Z BB 1Al e, WRABIA KAV = ks, A
BB JZAE T A RN G B A 18 BB AR A o FEA SR AV GOS8 shia il 88540 MT X,
) 3 T AR 11 5 R AR R

HW, N B RAR R A S8 B B I SRR, 4 B R SR S e N ARAT
NIRGIHESE . R ERIE T AW B R (I KRR iU 05, A 0 G I 23 0 R SRS 0 AR ) 2%
FHERI BRI VEAN A AR SCIN 3 MR HE SR 5 AR W) B AR (IR G R, IR E N RAE)
AL PRI 72 MR ASUHE Z2 1) 25 J2 B AR T 5 ) 2 A

e, KM KTH A Weizmann AARAT AEHE BEX AR SOTEAT P, SRR 3T 42
WY Ja RASI I 25 24 55 7V B R OR . TSI NE R KSR, BRI AE R
I REAE, PR RRAR APt ARUERFAE RS “ARAME” 5 “IX 737,

5.2 BH

£ FUBT A S 2R SR R R, AT BRI 2 s Re AL i (5 B AR By 5, fEIXHE
FIRAEE T, AAT IR BIE S LES AL se s 2 — B, R 4H R LA B A
i B AT SRR . (A A RTAT N R SRS AE TP I B DhAb T HEARAT U BL %
AARLF S TR N A LSS & e E R P BN B A AN AR AT N Z RS AN
T € BRI RIS, 38 BRSEBRA T I, DU FERSFE AN iRy o X /7 ZE ATt 2535 1 5 ik
AT HORERE, SRR T

255 AL L R GEREAT AR AL SR O AL 88 ML T TR — AN 5 AR . 5
NE R KR BEANARAT IR — s 2Rt B augimm e TR, 2P HRA KTt
FORE ORI & BRI UR A . 4, [ AT T BIBAMAAS B IV RBEHT IR R,
MBE LY A0 FTORR THLEALTE T, BAERDUER “XatE” M A2 fIRHIE.
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HhE WS RS
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