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Abstract

Recently, many researches have been proved that a programmable method can
perform most of complicated image, process tasks under the architecture of Cellular
Neural Network (CNN). Real-time and parallel analog computing elements are
contained in the architecture of CNN.-There is-an ideal characteristic that each
computing unit is regular two-dimensional-array and connects with its neighborhood
locally. Because of this characteristic, the ‘architecture of CNN is easy for VLSI
implementation. There are three parts in the thesis: (1) image stabilization technique,
(2) CNN-based image stabilization technique and (3) its analog circuit design by (2).
Image stabilization technique contains two main blocks. One is the computation of
the motion vectors caused by vibration and the other is in compensation for the
motion vector. In the thesis, in order to enhance the ability of real-time processing,
the algorithm is designed to be the CNN-based architecture and with the

implementation of parallel and real-time analog circuit.

We aim at the property of the proposed algorithm to design application-driven
CNN circuit for the image stabilizer. The CNN circuit is a multi-layer structure and

its template is 3X3. The size of CNN array is 1/120 of an image. Current mirror is



used to reduce complexity and to extend positive and negative current for weighting
of each cell. Current signals are easily combined in the same node as well. Due to
parallel processing and local connectivity, CNN is suitable for implementation of

standard mixed-signal CNOS process.

Finally, the simulation results of MATLAB and HSPICE show that the
proposed CNN-based image stabilization technique has the fast and real-time

processing ability in image compensation.
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2.1 AAEH

Chua f+ Yang #7#& 4! 52 Cellular Neural/Nonlinear Networks (CNN)[1][2] > &_
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B 2-1 % CNN = dynamic route of state » # = ;% i = 423% (state equation) 4-™ :

X(t) = —x(t) + z Ak Yia () + z Bi jucaUi (1) + 1 (2.1)
1
y(t)=f (x(t)):E(‘x(t)+l‘—‘x(t)—l‘) (2.2)

|
U-BrwlXjA [ g f Y

*A

Bl 2-1 The dynamic route of state in CNN.

(2.2)3% 4 51 = STATE 4= OUTPUT b 4] 2-2 #7757 -

y(t)

Bl 2-2 The output function of CNN.
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4 mcell & output>C MM eng % Refr Ry £MMT e £ bh> end ik
Ixy(i, §; Ko 1) Fo Ixa(iy J; k, 1) S8R4T BE-H]R 7R (linear voltage-controlled
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Iy (i, J; k, 1) = AG, j; k, 1) Vyka

Ixu(l, J; K, 1) = B(, J; k, 1) Vyia,

forall C(k 1) eN,(,j). (2.4)
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AT ol
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@ Ejj 22 pFRF & B (time-invariant independent) 13 Bk o @ #7F REAr P
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Vi Vi Vyi
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@ ® 7 § Nee o 0 @ 0 §
| [ C [ Rzl ik Ll ik Ry
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\ ) — = —— _ \ )
input u state x output y
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State equation:

C dvxij (t) _ 1

dt X C(k.NeN(i.]) C(k,NeN,(i,j)
1<i<Ml<j<N.

Output equation:

1
Vyij (t) = _E(l inj (t) +1| - | inj (t) _1|)!
1<i<M1< j<N.

Input equation:

Vuij(t):Eijv
1<i<M1<j<N.

Constraint conditions:

v (0) <1, 1<i<M1<j<N.

Xij

v (0) <1, 1<i<M1<j<N:

uij
Parameter assumptions:
A, jik,1) = A, 15, j), 1<i, j<M1<i, j<N.

C>0,R, >0

R Vi O+ DA KDV O+ 3B ik, DV (1) +,

(2.6)

(2.7)

(2.8)

(2.9)

(2.10)

(2.11)

(2.12)



% = % Image Stabilization ;¥ & /2
3.1 Image Stabilization % %3¢ 1}#.

Image stabilization (1S) &A% # fod@en™ & » i}i’*‘,f hipdER S 7
PR EALFIRED AL DRI IS R F AR 3L 0 d B
#] (motion estimation) f-# # 4 % (motion compensation) & B &JZ ¥ ~ 7
2> BHRGRE A 7= Bt ¥R 4 > & W] ¥ 3] local motion vectors
(LMVs) ~ ill-condition vector (IMV){- global motion vector (GMV) - #5 # 4% 1§ ¥
~ Rl F &3+ 4 compensating motion vector (CMV){r s {5 2 it i - 7 4
#ed 55@,] ~ B tj (frame(t—1)fe frame(t)) £ 4 v B %% (4r@ 3-2) >
£ & ¥4 representative point matching (RPM)ii & /= +0) LMVs - # & & |5 ~
pre ¥ o g4 irreqular Rzt (Blde ik L s £ < BB M E B i) o
@ # 2 ill-conditioned motian vector < 4& = k € & 2_ % & 3| H LMVs ~ IMV {r
BIEAERFOSB B Y ST - BRY T GMV e B84 FH LR ¢ ik
HEHHGCGMV @ &I CMV Z R ELEGITE A F e £ T o & &

g Ha i BB GRS A TS Bl ~ o

[
(riginal [mages LMV and MY Lo Global Motion gy | [Compensiting Motion | oy | 1ane Compensarion Compensated Images
Eslituition LMW Weetor Bstimation Vetor Estimition o
Muonoen Estimation Motion Compensation

B 3-1 +7# )< image stabilization £ % $L78 4
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3.2.1 RPM Fr k& #% 43 # 5 3+ (local motion estimation )

HAOBGALS SR B2 T e BRE A BREEL A S 30 BFF

o

(%] %5 57Ix6 7) =& B+ F3d ¢ s ehij A5 % B (representative point) »

HAH L (X,Y,) » & 4&:iEBF % apattern - RPM JF & 2 40F 3¢ ¢
N
Ri(pvq)zz‘l(t_lixr’Yr)_I(tlxr+p’Yr+q)‘ (31)
r=1

He N Edy- BREP SO - 1(E-1X,,Y,) L4 & 84 frame t-1 p*



ehintensity - @ R;(p,q) &dp #-frame tehit & 2= (p,q) & - fr frame t-1:

% BLAp g f e correlation & o £ Ry, A% 1 B % ¥ ¢ & | 0 correlation & >

T Rivin = MiN(R,(p,q)) > @ A # & correlation & i 4 v & v, fih—fbg B Eir
p.q

LMV 5 4o S8 arg

Vi = (p,q), for Ri(pv q)= RiMin . (3.2)

3.2.2 Irregular condition detection

A5 e e T R R 71 e correlation & & 0 F g8 IR correlation o
Sfess b pleT R A Mo B 344035 B A7 kR AR
2 B 7] et e correlation ' AR 0 B 3-4() 4 - el 0 B R RE
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] 3-5 Various correlation curves corresponding to image sequences with different
conditions (I1).
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3.3
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&l 3-6 Examples of minimum projections of correlation curve from x and y
directions in four regions: (a) regular image sequence and (b) ill-conditioned image
sequence.

12



i Offset
Lp- T, _min

Bl 3-7 lustration of the proposed inverse triangle method.

Y

AR N &

B AR > AP APy b ohdol BB F

inverse triangle method % i+ 3 & i fcd B~ > 12 JE Freliability indices - ¢ ]

3-7 =hinverse triangle method » % — % £ d (3.4)7% » 35

PR Sndol BTomin o % SRR (35)5 & 4

s

'3; i 'ﬁ; ?Fﬁ“fﬁﬁs’]

SxifrSyi > offset & inverse

triangle 7% & > @ ngfengi T A A 8afeSych#c P > 5d (3.7):8F ¥ Jinverse

triangle & #8 e i3 78 B e dEdgfedy 2 £ d (B3.8)5 ¥

L (confidence level ) o d *t% & Bi&iE cffin ¢ B

HBIXfey > g ook

PP ST & I

%(3.8)54 ¢ 4 » # § BAREPF ) (penalty) ki d ¥ L& 2w > § 3-7

LA BREDGF > @I d-n ) o ¥ =

BRI - BAE S KT

x, fvy, ehconfidence indices o 5w kK T A% | R4 ¥ R RARF o R fs - H o Br B

EEPNT

Num(y,), i=1~4 -

B e £ P oAk (40(39)50 ) 0 & 3] Num(x) fr

# 3% 1. j&x _min(p) ory, _min(q) 4 #l4&- & T, _min
T, _min=min(x, _min(p)) ormin( y, _min (q))
p q
#H 22, 35 5wk x _conf oy, _conf
S, ={p|x _min(p) <T. _min+ offset}
={q|y, _min(q) <T, _min+ offset}
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n,; = number of S

n,, = number of S, (36)

3.7
; =maxS, —minS,, 3.7
a a

_conf =2d,, —n,

_conf = 2dyi — (3:8)

{ o =maxS, —minS
P P

%55}? 3. K ETAETH, 4z reliability indices
If x,_conf < TH then

X is reliable

else

X is unreliable

If y,_conf < TH then
y. is reliable
else

y; is unreliable

H A FE o B RS X Y P

{Num(xi) =sum of (x, is reliable) (3.9)

Num(y;) =sum of (y, is reliable)
for i=1~4.

3.2.3 Irregular # & » & e1g 4

Irregular motion ¥ 12 * & -] 3 &4 inverse triangle method #5 31| & £ ",éf‘, e
A5 ill-condition & 4 Z HFic~ 5 A B Mg DR B PGB HF PP W £
A Iehpattern € i pr BREC EEFOMVS L o F]pt s 27 F I IMV
AT LBV o A& g FL I K7 e 2 o R B A

3o FHawmn IMV 3HE 2 N e srop
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Fim 11f Num(x (t)) =4 then
Vi (1) = Med (v, _, (1),V,_ (©),V,_, (),Vy_, (), GMV, (t -1))
i 2. 1f Num(x;(t)) =3 then
Vin_ () =Med(V, , (1).V, (1), , (D)
Fim 3. 1f Num(x, (t)) =2 then
Vi () =Med(V,_, (1),V,_, (1), GMV, (t-1))

Fm 4. 1f Num(x;(t))=1 then
Vill_x(t) :Va_x(t)
w5, If Num(x,(t))=0 then

|II x(t) }/XGMVavgx(t 1)
Num(x;(t)) &7 F£ 5 LMVs chx 2 £ e p >V, (1) £ IMV ehx 2~ 20V, (1)
Vo V. (O, () & 5 & AdleFel P 7 3 LMVs chx 4 £ > Med()
EREFY mdchader GMV, (=D EF - T#E P GMV e x » £ > t & frame
R P, y & attenuation: coefficient » # [l s 0<y <1 o GMV, (1) ¥ 55d

GMV,_ (t) =GMV

avgx avgx

t-DFAZHCMV, (1), 0<c<1 (3.10)

BEY RROBIUEEV, (@)  IMVF TR L R

Vin_x (1)
Vi (1) :[V- B (t)} (3.11)

3.3 Rt en# & v £ 5B (global motion estimation )

ABRHBALMY 7 i AL EHEABE SR F6 ¢ BEHE DN
W B B A4 e £ o4 £ F e 4d 3t ill condition 2 HUR & 7 R0

BEeEicda ? PHOBE T 0 BRAT B OB B

@
[k
fﬂ
3
im
(1-

LMV {e IMV @ $ig 30 e fe & f B L R0 4o LMV e IMV 3848 g3

AEEfeh AR Ap v F a € REF L Lo 9735 ¢ 4o~ % % £ (Zzero vector)

15



VIR SRS 4 o e theh o dodk BT BB g o dok At tF e 2
La- ZH GMV s @ £ F e 8 A4 Fdw R a0 4 € e o e )
1 DIS englpis? > 4% 2w B LMVs~IMV~ZMV ( 7¢ 0 = & > zero motion vector )
frz_m - e GMV & x = B e £ kIR & frame e GMV o — SRR en gl e
HGMV F 1% hip 5 83 ¢ - B LMV ill-conditioned ¢ fsh GMV § %3
S F E_IMV o ZMV 7 13§ G T A MV A 2 iRaut R % o @

- B GMV T U B ok T fE ehlR

1 3 1

JECEITTT e 0 peE Lxpek

30 pek e 30 pek
il pe

B 3-8 Areas for background detection and
evaluation.

Foaodek Pipe 3 2 AB M FRE OB AT 80 - LR
B S kR BT g
A ABE T TR g ERA G AR E A HIS &
- A F RS A#H w8 2 (background-based evaluation function ) s PR
TR B 38HFFENERSE  EN RGBS AT BRE AR S
FoFEnEFMIL NN Lol o e S 1A B Rk
3 1 - GMV iz 3+ 241 * summation of absolute difference (SAD ) :

SAD, . = Y |I(t-LX,Y)-1(t, X +X,Y+Y), 1<i<5 1<c<7  (3.12)

X.YeB,
I(t—1,X,Y) &_framet-1 # 45 (X,Y) 3B » B AB 4P ¥ ith chd B % 8

XY, - BIELEHFBEeE (pre_MV,) chxfry» £ -

16



FRFHY D Fpre_MV,} 7 FhSAD, v A% ihSAD, K A iR
B Re e A< 5 I BREF Y F Bl S K0 SADg !
< AT A BARE o F B opre_MV, enid o v oud T SRR

Se=>.Si. (3.13)
i=1

T RHEF BHEAEL T U RLFI PR FREIF I E L

LT

e
F_&

PR RE AP RBRBOBAEL- e BI85 > S,

A2 GMV thk 51 > 5 &) S, e pre_MV, ,T*n\/ PEEGMV > ¥ U4

Fa TN
GMV=pre_MV,, for i=arg(minS,) (3.14)
HAE T BB R RS A BenTR BT 0 VO R en i R D A
FHEwE -

34 By

B s - HRAALH GBS BRI G AN LE L PRE  L

BARET R G T OB E 0 B CMV B2 2 BT

CMV (t) = kK(CMV (t -1)) + (¢GMV (t) + (1— 2)GMV (t -1)) (3-15)

t 45 frame #c > O<k<1? 0<o<l - H4ck ¢ "M% R PR FH > L
e CMV ihii > 5 47 J e § /) (4o B 45 - R
ok ) ) BEMERRG 0 E BB LY kAT BRI BB T
d TN

t
MTraj, (t) = > GMV (i) (3.16)

i=1

17



MTraj, (t) = i(elvlv (i)~ CMV (i) (3.17)

i=1
H ¢ MTraj,(t) 1= MTraj (t) = = % 7+ framet & X fodd 7§ i (& 45 & FLpr o

B 3-9 W= 84 I A 2 0 CMV e 2 84420 F KT B Hfr L FR S
video #: > & @RI F A BEEr o - BAJIF (3.16)3 B M en R kg0 ¥ -
B Y 3 318 H e if 15 pupn o B 3-9(2) s CMV L7 (3-15)5¢ i sae i
# 3l MTraj () 40 3 MTraj, (t) 7 %~ chat & > o 8d 05 kT H
BoiTIR o Mg Rl R x ] o B 3-9(b)eh CMV R4 (3-16) 5% et
clipper & #c(3-18) 3¢ 717 3|1

CMV (t) =clipper (CMV (1)) = = (|CMV (t) + 1| -|CMV (t) - 1]) (3-18)

N |-

G R Wb 7 eF B Mo B e B Y o Wt BT RS TR B
Bl > igs €% M i o
1R ik B 48 ~Vella, et al[4] i@ 4 o AR Es N e E e o e Ak T
B IR A RE SEHSIR R B 4~ 3R ehw e clipper S
B RS R B e B VIS B3 CMV G g i e FIR o B 3-10 £
P4 A e CMV 3+ 8 = 2 ehblock diagram @ e fRew 2P 5 - BHFELSE T
BRI i KT HE DA, T 0 CMV gl chut i » g T4 > THAE 0 F K
THEBPGARBIN S fo- BF - 7 UL ETT X £ F d > CMV
EXry 2w A B E o S X oy R BT A B R T AR B
AT 3 B3 e g mpatternﬁ%x - H o F T CMV 2 E ﬁ,g?ar—r :

CMV(t)=keCMV (t-1)+[aeGMV (1) +(1—a)eGMV (t—1)]-peCMV _I(t-1)
CMV _I(t)=CMV _I(t-1)+CMV (t) (3.19)
CMV (t) = clipper(CMV (1))

0 1
H {O}gk,a,pg{l} v e ForaerigkiE o @ clipper() % 3-19 3¢ o

Bl 3-9(C) A% 2% P4k Ay et 2 A 4 aF F 15 A B L 0 o8] 3-9(a)Fr(b)4p
W TR SRR Bk e Y R4E CMV BB e RIR -
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2500 ; : : 2500
| —— Sum of GMVs ! —— Sum of GMVs
| -+ Sum of (GMVs-CMVs) | == Sum of (GMVs-CMVs)
2000 ‘ ‘ ‘ 2000 !
1500 1500
& £
1000 ‘ 1000 ‘
l l
500 r 500 L
| |
l _ 1
0 . | 0 |
0 50 100 150 200 0 50 100 150
Frame Frame
(a) (b)
2500 T : :
: —— Sum of GMVs
| - Sum of (GMVs-CMVs) b
2000 ‘ ! ! B
1500F------r--—"—"—"-r-——~——5“£+-—————4
©
[os
1000F ——————bmm e L
500Fr----—f--—-—-—-—-r-——————7-——————1

200

B 3-9 Performance comparison ofr‘three different CMV generation methods
applied to a video sequence with:panning.and hand shaking. (a) CMV generation
method in (3.15). (b) CMV generation method in (3.15) with clipper in (3.18). (c)
The proposed method in (3.19).

MY Conv_entional chcul_nula.ted i i MV,
Motion Vector Esttmation _ -
+ A Cligper
1-z1

8 3-10 Block diagram of the proposed CMV generation method.
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3.5 CNN-based image stabilization

d 32 F AT 0 IS G B2 R foreal-time ehiE T 44 (7 #E20AF feo FL K
A F TS A CNN B RRF L IS i bz o * % CNN P~ DIS
(B 3L g2 AR A aBFRR - ¢ 23584 LMV { IMV > 2 2 error

function 3R 4 > H:F (T 424 @) 3-11 #77 > @ X — BINA G AT A

20



imagel CNN
(inverse template
image2 +

wire addition)

J L

accumulator

Sum the total

CNN array size : 19x25

CNN

iL Current summation

Current

difference
CNN
Find min (adaptive threshold
template)
NN
Find location ¥

(projection template)

BNE

median circuit

J L

Error function

J L

Compensated motion
vector estimation

1L

Compensated motion vector

B 3-11 CNN-based motion estimation
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3.5.1 Image difference

PR AR B - B PE s P w g et - 3R 02 representative point
& e p g e 1 o G2 0w A5 5 inversion fe addition s iF > @ i
LRGN i * CNN F I - B 3-12 4_inversion i¢ * 1 template[5] > @ 3-13 {v
3-14 F_addition & * F|cha [ template > o - B E g % B G A4 {8 112
Mmoo s A 2R A - B template Rk P A B o @ 7 inversion 7 CNN H ~
rinput B £_% — 3 12 representative point ¥ (% £ 8% > #4 {7 addition 9 CNN

H < einput Bl E_p = engl if o

0010 0/0]0 STATE =0, INPUT =Static grayscale image P,
0/-1/0 0/-2|0
olojo| [o]o]o £=0,
Template A Template B OUTPUT =-P
® 3-12 - Inversion template

01010 01010 STATE =0, INPUT = Static grayscale image P,
0/-1/0 0/1]0 Z = Static grayscale image Q,
0/0|0 0|00
Template A Template B OUTPUT =0.5x(P+Q)

8] 3-13 First addition template
0 0O |0 0/ 0|0 STATE =0, INPUT =0.5 (P+Q),
0-025|0 0(25|0 7-0
0 0 |0 0/ 00
Template A Template B OUTPUT =P+Q

8 3-14 Second addition template
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3.5.2 Adaptive threshold
FRBL R BF - BREBP (X AT BE) HiEE o LA
Soo e FRAPI[6] 0 F A KIE R B TR F XA SR i
»REF SR AP R S o ARG ATS BN E 0 FR Y LW
P 2 KRR B G ATS By~ DT R gAY AR AT 7 FL AR
M- 52 o 1 CNN4e F $ ¢h e %0 F 5t kit & > template £.iF 3 4
threshold=ni& & - thresholdstemplate4r @] 3-14 #777 » %% € 1 lpass B 5 4
2L & b g Alsaturate T +1 0 o) 3T € Ahsaturate -1 o d *“@? ME - FiiE
g2 i (binary image) » ¥ M1 * ;2B AP F A& Bz g o 7 j:". i+1 ’f
H-1o s @ AR o g threshold 2 e de | Ecpriz » BRP - 28 F - B
pixel 41 (dodk B[ E R 4 & 2.+ ) Hepapixela5 -1 p s 975 ﬁ%] A
e pixel B Av Az K £ 5 1y o Ithi&{;& 7 f.taadaptive thresholdpF » £ % *
HF e 5 Bl ) Eeadp il o dodk B8 0 lhia i@ 7 31y, iﬁﬁ@-%iasré'i b -
# ¥ ®_ehstep $= ﬁi%l Jipixelem g dede K 5 M Fqely ot # 0 @ stepenid &7 113
e F RO PG > RIsteptia T Mkl o FlE R g 2 ptiER ] B
A > RE R E R VR o B ostepiE k0 T AL €8 4 B4 enfEa) o o #

i Beo| B enfa) o 12T A0k ) eadaptive threshold gy 7 9% 3%

HF- LA, fostep hiE -
HA AR AP (+1)0 d 20T pixel Bt g 251
WA= R e L RO R e ) g o ] T S - T step 0

J_éé_g“,ltg: '.] = ;“f‘?l ]‘E‘LLﬁiL,F %tblﬁkﬁi’ﬁflj Ibias_"%/“\ Ith‘j ]’:‘%_]_E o

12 3x3 e CNN f i)+ > B3R e B enfRT™ (] BN F - B4 ) @
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2 Dy IS PR Al 0 0§ R0 Bx(FD)H(D)T o ST R =T B

L B Dy 0 o BB Bt Rl v BB PO T R Ly, e -

B stepr B M E iljﬁ%] XA EAT o BT LT S A BT o

/STATE =0, INPUT = Static grayscale image P, \

l...=—2Z, where -1<Z <1

bias

o
N
o
o
o
o

0(010 0|00 OUTPUT = Binary image where black pixels

correspond to pixels in with grayscale

Template A Template B \ /
intensity P; >Z

Bl 3-15 Threshold template

353 #H diE ) BT iR
PIE] B2 & ifj*uiﬁ FABRRES Nk TS LMV R

¥ Al * - B % 5 vertical hole detection & template » H i & eni® * 35 1)

b

I
|

E - (7¢ 5 5 AR 1 OB TS BB 2B R A B
template g 4@ 3-14 #1577 > FPFEBIY » B - B3+ o B P chinputA > A
b B 78— (70 R EReBcR dede kR E F Z B o 602 foutput ek s - 7

GV

Plp 2 B2k 8 L APRZ T ORE - d Ry

“m\ “\

“g;!;é:. y B ’E_}_ﬁx%;— 51]__!’ i::-’/;‘l’ﬁ “g‘i';‘!:.egﬁﬁ s t'l-rlj;,ﬁ_ 3% )ul,g\:’[}t‘gﬁ,— 7}‘7{ o
%% 4 adaptive threshold 2 {5 - output ¥ 5 & & & pixel » » 7‘%{? i e
Boof Bk 3 ¢ -l HuW B 4L or e ] b BT E

template > 4 75 -1 chgh > PP E{S- 7 o & | VR- @ pixel -1 7 &

L

I«
T

BhBE-FTT @A R - B opixel B- % hH o KRB DS T

!
1

o

[

template £ f # F45 x > wen@th > @ y > w4 F 4 v template ¥ v 3]
4o @) 3-15 #157 o
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=

/STATE = Static grayscale image P, INPUT =0, \

liss =0,

bias

OUTPUT = Binary image that shows the number

of vertical holes in each vertical
column of image P.

output

8] 3-16 \ertical hole detection template

=

0(1]0 0(010
01210 0/(010
0(-1]0 0(010
Template A Template B
A

mnput

0,00 000
112 -1 0/0]0
0[010 0,00
Template A Template B
A

input

Ibias :O’

OUTPUT = Binary image that shows the
number of horizontal holes
in each horizontal row of image P.

output

] 3-17 Horizontal hole detection template
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%2> § CNN-based IS A %83 3+

4.1 Current-mode CNN 7 ¥ 3% 3+

TE ko At ?&%;{;Lﬁiﬁ%ﬁ% Z_ % current-mode Fg B R E
fr voltage-mode #p +* > current-mode & 3 B i# ~ i~ FHE B e MRS TR o
m 4% CNN e B F > £ * current-mode =17 f]}u? [UEEESENE S o= e L

e - BEBELE o TE MR OFELR -

PSR SRR T RS ABITARE N B T AR kAR S L
current-mode k& ffizﬁgﬂ\ﬁﬂ% 25 blded]* OTA-based ey 8 ~ ~ & §_*
switch-current &3t 5L a2 k% 3+ CNN» =& % 3+ 2 SRR SRS EL

LAV R ¥ A5 (programmability 0 iEAR iR 8 B iR T

~3

£ (electronically) % :c % {# & feim S BB AL ) A7 5 F e 304 gkt 45 S

Flen® A7 A 4 o X ISR I T2 B o

CNN ek i = A28 7 2-2 & (28)78 5 5 7 e &M 2 15 @ % T o8 (T

FLUNEIES =

+AQ, Ji1, v O+, () + 1, (4.1)

C dinj (t) - _ inj (t)
dt R,

H 7 0, (t) 7 # &C(i, J) neighborhood p <72l i cell sy & T o,y iy »

_ di (t
R g R 4 (1) = Rx?() S n 5T 18 ] F gy i e CNN

dIXI(t)
RxC djt = -1, () + A, J;1, PRI, @) +i, (1) + 1 (4.2)

B 4-1 A #v ik * o CNN basic cell h78 $5[7] > J&x A gus 477 i ¢

i><ij (t) = All LT iin (t) + Aziyij (t) - ic (t) . (4-3)
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BRI OF 4 (0 F S

. Azlxl(t)
Iy (1) = Ai — 1 (4
BEVIUERNETF ChT A
dv... (t dv, . (t) i (t di; (t
- va® \./X"() 'X”():RXC by () (4.5)
d, dig(t) d, d,

R, M A ELA Kk F 0 LM, T BT indnt 6B 0 #(4.2) @)~ w

(26) » L A4c s F PR E > TR BN EATHP A T A5

di><ij (t) _ i H _
RXCT =~ )+ A Lij O+i,O+1.(A-A). (4.6)

# 4-1 CNN basic cell =778 1

VR (4.6)58 fr(4.1) > AR T R RN

— 4.7
m, A (4.7)
A
A, jii ) =22 48
@i, j:i, j) A (4.8)
‘fr’
I=1.(A-A) (4.9)
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P AP e g B # TR A S - fAo template 0 B R KA HF R AL
TE oA H E A bl L template A chig e AP T 4o 0k LM,

’;

M, £375 11> Ree® 2T g £ kK3 template A > ¥ ¢+ &

P-4

b TR g 0 25 210y A o Bl 4-2 5 A Hspice fiegids S BienE % o

DC-sweep DC-sweep
10u 10u |
: :
5 Bu 5 8u
2 6u 3 6u—
& ] Y a U
§ )4 £ N
0 4u Ve o 4u
] V/ N
e\
z 2u £ 2u
g2 0 : o
& & 2
2u / 7 -2u 7 \\
-du / =u | \\\
“6u / 6u \\
-Bu -Bu \
-10u . =10u
S S EEERe 7 T T T T : = T
~20u =10u Ou 10u 20u =20u =10u Ou 10u 20u
Amps (lin) Input current Amps (lin) Input eurrent

(a) - (b)
Fl4-2 &3 T nE T o % Hspice ok cell s 4 5k -
(a) positive - (b) negative slopes

4.2 Initialization 4= template A~B %8 3% 3+

4.2.1 [Initialization 7 §&

vin1

B 4-3 Initialization T ¥ ]
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B 4-3 L& cell 4B R B> & CNN & 5 ¢ > 5 &+ template & & 43 &
FEAE 1% STATE 3 & %45 T4 & 0 bldoz 3 0% a3 182 8 ¢ template -
R & #-STATE i 4 83k 5 & 45400 & 7Rk i Vi foVi, 1 & Ll 2L
3 & #A ey~ Flcell ¢ §V, =HIGH -V, =LOW pf» M 4B » M, }
Fo L e § 8~ 311, g3 o0 g cell ¥ &7 STATE enin k- o pris 1%
H_tix » STATE 944 » § V,, =LOW -+ V,,=HIGH P > p|M, B F - M,
P L R g5 My s Myifdie @ 3 gRie cell /27 > 450 M, ~ My &
P AR BT ORI ML BEM B R TG RS ) e

4.2.2 Template A 3K 3+

1
1
neuron
o 9 !

Bl 4-4 Template A 7. 5 )
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A 21 & ¢ fif o template A 3 & —«‘Lgiﬁi%]:'z%fcj LS Be B cell
f&ﬁﬂﬂﬁ%*?ﬁﬁﬁﬁ%*@ﬁﬂ?ﬁ%i—%%&»ﬁ@ﬁﬂwﬁ
cell o 4o 4-4 #75% > } & f=4= ke384 5 neuron A £ > f]»u{ 4.1 &3 7|0
basic cell » = :f g indt » 2 ¥+ F_template A 384 » % £ & template 5«
v RFeniE o Ao op e cell mﬁ%:”ﬁiz*@ﬁ S EEE 0 @ T om AR KR Ae o B

P 4

F_template A ¢ H i i > &7 &% Flcell g€ > d t template £F & 5 f

FLE B G A BER N0, 0, 0 AU S AL B E 0 I ERT- B R

L4V feVy, A

4.2.3 Template B i 3+

Bl 4-5 Template B 7. § )

d >t template B & 37 #1%f *t & cell mﬂi%] ARIEL SR Rl i = IS Ay
A_cell shinput @ M feM, ~ M fe M, E 2 indt > # a0 L% f - B
2

fodlay »~ ¥l cell ih | > fotemplate B - 4% - B+ &5 L5 f o AT d T

A Au 50, (2) 40, (f )0 I ERY- B 0LV, foV, 4] -
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4.2.3 Boundary #¥ £

& CNNarray » - #s«hcell ¥ Bl 23 ¥ i £ coneighbor cell » 5 7 @
fiefada 0 @ € & B array & 40— & boundary cell - @ boundary cell =
template ~ state f= input> R £ £ 7 F o3k 3> & MATLAB ¥ 3 CNN toolbox * >
¥ boundary ekt XA = a0 L % - AEAF R & array poB i cell

SRR R E 0 FZAEE oS GBS B e AR R AR

-RERF A P AR E A AHETRY o RIAEEY S
&% > F| L % - 42 > 4 Wl crboundary cell (vt G B E2 e @ ocell #a
4] y F

@4 > f4k > neighborhood 8. %8~ » ¢ 3 boundary cell mﬁi;-] AR R4k (4o

dREMRT ) R § AR 00 A ARBIT R 0 P TN 0 §

—rx\q.

M PRiE B S array poeE B ocell ) R & (S E B array ﬂi%] d if? 0 #7110
P& - 487 2 hboundary #&4 ~ B 0 ”i% 11 %47 48 < hie » CNN array
9 R FEAE TE o

4.3 CNN-based IS & B33

4.3.1 Image difference

- Fang st d o % $ 5 inversion fv addition s template e k@ o
3% 11 59 CNN-based DIS 2 f]&v‘ » d 3> F_* current-mode 7 2 F IR > 0 A
ipdepF o w U2 2% 3] CNN k2 » B & B0 if g 5l ke - Eﬁhm P T
BoAp ek > RS G AR aUERR o

& template 7 > 5 > 4 >t A~ Btemplate 585 5 ¢ g iE 0 102 422
F¢ B PIOT BT g > B R T T neuron en® L TP o neuron P i end R
BEAD L1 (2EPT AT L) X2 e R SR BFIPE @
WEHE -t & Atemplate enie (%3t-1)> Btemplate d 3t &7 3 ¢ B3
B A 423 T LY R & 3- o d 3t template B 82 0 AT gL B

LR35 L2 3 g RO, R ko K 4-6 5 * Hspice #C#t 3x3 7 CNN array »
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FH O H Y — B ocell S A % o sk L cell 2108 PR o1 17 0 B¢ {REL

1 % E 4 dn B inpFiz » a5 2 R0 B2 cell B8 d template

i

B o d ) et - Gk E AT o cell BAREIPT g

PIAET . BY ¥ = iEd ME £ ki inversion hiE 0 B kenE R -2.64A 0 @

7 =

W AP E_4& %k fawire addition siE 0 H @ E350A 0 F - iEd RPN LS

RS R T SuA - (—2.6A) = T.6LA -

e cell with inversion template

10u

Params (lin})

T T T T T T e T
1] 2u du Gu fu 10u 12u 14u
Time (lin) {TIME)

B 4-6 * .Hspice fi-$t iImage difference 2. % %

4.3.2 Adaptive threshold

curren

212

# #iadaptive thresholdpF » Z & #-CNN arraymﬁi%l dde B Aol 0 d 0

t-mode » #7114 ¥ & #-o15 cell s POUTPUT: & % - q‘hﬁh? M Ragpde o e BB

Bl A 0 R el 0 R e T 2 cell > Fla g X TR T

' 2

2l S

B2

2Rt

T 0 TR 4 e0ds 1R JE frneuron g soo Ft A fneuron = i 0T R

ot - B R AWM, gatesh oM dpig o BET IR e M AR T 0T M

PR NT R EIM AR Ak (8 ERSEFI R0 §F LFFEL) 0 d

M, ch

B %i%@l MR S Mg R R T An e

B B cellr FEx T T (T o
1AM AT RS Tﬁu:}c RrEfep e T eothreshold Intp i 14 8 » TR in
P\ > bt ﬁ;‘ﬁ L—"i”?.,ﬁ); l{‘L—L %; 4.4.2 ;—"; P ’L‘mmjﬂg{ I drde 4y :\_;ﬁ_, /” J “G’:‘lth s

e

NELOW » 4B a3 Ith’%] P 5 HIGH -
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& cell array 5 B 7k i0lpigsd 3T JF - =0 w Bl {8 4e — iBStep 0 AT TS
B u’g»\rgbﬁ;ﬁ;ﬁm;—] rxEoomihoo A T EME R TAAE R Y ramp
current input > ¥ 14" A F R S AR 0 F lbias > lnis fi.%%fﬁ'rf R A
adaptive threshold=2CNN cellﬁi%J I 3T - B 3B eOCNN array 0 =hinitialization
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Bl 4-10 switch-current memory cell

4.3.4 Median circuit §= Error function

Median circuit 5= it . % 7 A LMVs # 35 5]- B i £ MV g b i
P g AP LMVS £T35 A P EEITTHEGOMVS AT GRS o A
BEOLENT R Ly~ D LMVS RO A R A B 0 B RATIE L4 T E 0

KL @ * |l E o it E B LMVS oI 35 g o) %iﬁﬁfbﬁﬂLMVﬁ%]ﬂ:

¥ i BdF cn MV

35




Error function #

BRI AL FEER
B RE B RS S T f
template %

RGP AR T
% 4.3.1 en ;2 L F B> 4 * 12 inversion
%4 ¢ CNN array “c + wire addition &5 .41 % o
44 H i % 3l R

44.1 BHE

T L N
e -

c& B pixel A

BHRE AT RRET A LR [ 2 Nk B B 411 £ " g

#ETE[O] > £ current-mode sk (THCES 1 A P i {2 O ol > T4

REAEES SR S A B N R P AR
W bR R B P iR

w N E 3

ﬁ‘%ﬁj’é Ixﬂ
g Ea Mg gBBF > 2Tl §ELEM

eI
36



%d PMOS ‘e = end gt B fs £ M in 3T LR NMOS 7 imdie 5 |, £

|
P
=i
&
<
E=t
(4‘

$8NMOS 7k » 401 3 |, 5 f 5
£ 5§ PR EA B RRN 0 L

* Hspice firfginig % » 7 1L B2k €

PN 3
Ry

MB G ¥ ek o

T T T T T T
18u 20u

T — ———————
e 6u 8u 10u 12u 14y 16u
Time (lin} (TIME)

SR
7 ‘:‘_:'_%

% Hspice Hi# 3 & T 522

i 4-12

442 TR

ENTTE

fF

F o lhad

B 4-13 v F T B

SN N ek -;,ﬁfr-hh X o] BT % 2L

7 adaptive threshold # » Z & 1t fiz
FED P FRAVRE o) i AR 4o 4-13 chRE v R 2 f?[lO] )

“ 26rfEe (T f ) DT ik My frM, &

£ 3 current-mode ok T58 > & T ok

37



class B =17 B % fb=% (voltage buffer)> @ M, F| My &% 2 & » 3+ E(inverting
amplifier)s |, 2.3 £ FiRApR ST iniE » § T 1 E mﬁg?] o LI =R
Z BRSSO F L AR ET RO E V() B HIGH V() M, oM,
A m R V) S LOW: Vg, FVas, 297130 00 € M, BB & %M, 4B

BB AT O VA)E e fuag g (low impedance node ) > #15 I, &4 M, #1

F_&

Beip o f L RILPE 0 WARGSRE i 4 23 R buffer a1 0 # V(D §
TP ¢ = B FEFuen g g (high impedance node ) > § 1, £ 7 B enpFiE > V(1)

PP LOW s V)it HIGH » @ @M, B a %M, BF > » V()L %=
e fucha g o Bl 4-14 5 % Hspice iz Bk o WU IR IR R L P

B 91 § 4Vss % ¥ vdd -

1 A s Y SRR R L
qu s o e
~ 1 . . |
@ 1 o : : : i @
g 0 3 b g
S N SOOI SSE SUS O |
T | N S B SRR ] R o
| S P : : = Lo
' = -
T T T T T T T T T T
0 2u du bu du 10u

Time (lin} (TIME)

B 4-14 * Hspice et ® in vt I E 2 B %

38



¥IF BEES

B PR Y o R RS 312x200 0 d B IEF 2 AT 0 AT Bt
i e gl 5 236142 0 W 5-1 ELAT 5B IS = ENRE - A O ]
CNN-based IS i# & i 4 i 14 #r R 21 & 3R 2 thoehid F o € B 4% - § A 1% index
A5 BRPHo GRENLREAFMV e A K% FUFERAY 14>
22~ 45 (34~ > AZE - T pixel) ~ 48 ~ 58 ~ 66 ~ 70 {r 84 £ Bl FMV 7 %4
N Huvadsiplk o d trace #2538 ¢ FIR > A B AL KJRA_Kk p adaptive

threshold » & ** step B E 7 4347 > 7 B RP FHAAEER ] &> LR/ B2

it

B A ) By ThC) o R AP P RRDT 2L g AL T el
0w IS¢ oy B ] BehAARAY minddg £ 0 T g E AN E BRI
B &> £ & CNN-based IS ¥ $ s g F R0 56— 7|frk s - 718 > £
PELFTF-lenEdm -2 ol - Hr g - B s Bio] @y
d3HF S 2O Fagies AiE g T A B 230 H i % 5] CNN
SRR FR g o AP 1S A B o
£% 14%FGA Y% ISiFE 2450 «he B LMVs 3 (0,6)~(-1,6)~(-1,3) »

(-1,3)» * CNN-based IS ;# & i# 45 3| e B LMVs 5 (0,4)~(-1,-2)~(-2,3) ~ (-1,2) »
AR LR A ) A d 3 Rd LMV 2 18R & 54 error function fos 18 3 1§
BTGP HEERD B B R AES LMV B R - B F A - A

B E 73— ZenffA) o v £ Fr4k error function i !r‘ iR SRR REAE o

39



Estirnated Fht

(@)

Estimated Fhiy

(b)
B 5-1 4 % & i (a)ISusid % (b)CNN-based IS i & i#

B 5-2 &4k A B fenBiee ool Bl o de E ot ik ¥ UE R
IS 4= CNN-based IS i & iz 4F i &g @4 # 3o o T ) %R - e
R LU

 axis motion and compensated motion plot
15 T T T T T T T T
— ariginal
- — compensated [

- 1 D 1 1 1 1 1
0 10 20 30 40 a0 60 70 g0 90

y axis mation and compensated motion plot
15 T T T T T T T T

- 1 D 1 1 1 1 1 1 1 1
0 10 20 30 40 a0 60 70 80 a0

The rmax armv =14 14

(a)

40



% axis motion and compensated motion plot

20 T T T T T T T T
— ariginal
10k — compensated ||
N -
10k 4
_QD 1 1 1 1 1 1 1 1
0 10 20 30 40 50 5] 70 80 S0
y axis motion and compensated motion plot
20 T T T T T T T T
101 B
N -
0k 4
_20 1 1 1 1 1 1 1 1
0 10 20 30 40 50 =] 70 80 90

The max army =14 16

(b)
W52 hAafgde i Hies i (@) I1S/F 52 (b)CNN-based IS i & i+

Bl 5-3 F-F A P25~ 538 IS j7 & 240 (5 fo58 CNN-based 1S i& & 2
A 15 by LR BN B R R e B B ot B e Rl

oV UFRFNFEE AV ML B S S E oo DA E R

41



(@) () (©)

42



Bl 5-4 v 5-5 E ¥ ¢t - BH|F > S RES DFEANFF 5 A FhkEo
BRI R AERE AT R LB DR F2 0 6 R

FAS R WUt o @ B 5-6 LR AR s S IS

=
e
e
L
[
—
K

4

CNN-based IS ;& & iz 48 ¥ {5 mﬁl%] MR GV B R R o

Estimated Fh

20 | | | 1 | | | |
0 10 20 30 40 50 B0 70 g0 S0
(a)
¥ axis motion and compensated motion plot
30 T T T T T T T T
— aotiginal
a0 —— compensated |

10

_1 D 1 1 1 1 1 1 1 1
0 10 20 30 40 50 B0 70 80 90

y axig mation and compensated motion plot
150 T T T T T T T T

100 E
50+ E

=0 - 4

_“I DD 1 1 1 1 1 1 1 1
0 10 20 30 40 a0 60 70 g0 a0

The max amv =23 38

(b)

W54 ISHE:Z Qs R D)rrafds Bl Hies E

43



@ 5-5

Estimated FhY

(a)

¥ axis motion and compensated motion plot

3o T T T T T T T T
—— atiginal

a0k —— compensated |
10+ 1
D -

_1D 1 1 1 1 1 1 1 1
0 10 20 30 40 a0 B0 70 a0 a0

y axis motion and compensated motion plot

150 T T T T T T T T
100 1
A0 - 1
D .
B0k d

_“]DD 1 1 1 1 1 1 1 1
1] 10 20 30 40 50 g0 70 g0 a0

The max amv =21 38

(b)

CNN-based IS ;x &2 (@i w2 eE (D) 2#dw B

44

foit

—n

LN

=k



(@) (b) (©)

45



EARwe? DT - CNN 2 A#HAP AR T HMTRE 2 > d 3
CNN 1 {7 iR it 4 > 8 5 P ic 59 < tgchdgi@ e fr R 2 D IS B 2 Rt i
CNN-based IS & 2 st fg = 2enfi* s TRF M A AT F R fenid & > 84
RAFRG NG TERPGG AL - B pixel HEE 1 %G AZE- B pixel
e£ £ 5 #7r2 CNN-based IS 7 ie & 5 CNN TP @ eie 4 0 o PF e Ad 1 cvk
FrRFIRAFEZF S A EAL o

hhdh P K0 - B 2 ghcurrent-mode CMOS shF B ks F
JLCNN ek & B ~ cell enggfp - B ¢ @& % 5 T ngLchiie i 17 template «hig
WM AR o B PF AW B2 ¢ en® - B function block v BT TR S

AP B B cnfEt TR B p & k3ten CNN array kB~ > FIp A L% ahn

wt

L
P HRA RS 0 Y I NT HAREE Hspice iR 0 i * o library fL
0.35um TSMC 2P4M %] 42 »

Ak keha (F o ¥ Z R BR AR TN XA L & CNN
FINF B 2 > dopt ¥ 0 F sxeE > CNN array e0ig * § o 8 g B 7 AR50

it 7 CNN array - & 8- i cell & %3 &3] % f& template s % o

46



542 g

[1] Chua, L.O.; Yang, L. "Cellular neural networks: theory,” Circuits and Systems,
IEEE Transactions on , Volume: 35, Issue: 10, Oct. 1988, Pages:1257 — 1272.

[2] Chua, L.O.; Yang, L. "Cellular neural networks: application,” Circuits and
Systems, IEEE Transactions on ,\Volume: 35 ,lIssue: 10 ,Oct. 1988,
Pages:1273 — 1290.

[3] J. K. Paik, Y. C. Park, and D. W. Kim, “An adaptive motion decision system for
digital image stabilizer based on edge pattern matching,” IEEE Trans. Consumer
Electronics, vol. 38, no. 3, pp. 607-616, Aug. 1992.

[4] F. Vella, et al., “Digital image stabilization by adaptive block motion vectors
filtering,” IEEE Trans. Consumer Electronics, vol. 48, no. 3, pp. 796-801, Aug.
2002.

[5] CNN software library.

[6] Tsukano, K.; Inoue, T.; Ueno, F, “A design of current-mode analog circuits for
fuzzy inference hardware systems,” Circuits and Systems, 1993., ISCAS '93,
1993 IEEE International Symposium on, 3-6 May 1993

[7] J. E. Varrients, E. Sanchex-Sinencio, and J.‘Ramirez-Angulo, “A current-mode
cellular neural network implementation;” IEEE Trans. on Circuits and Systems-
I1, vol. 40, no. 3, pp. 147-155, Mar."1993.

[8] Toumazou, C.; Hughes, J.B.; Pattullo, D.M., “Regulated cascode
switched-current memory cell;”’ Electronics Letters , Volume: 26 , Issue: 5,1
March 1990, Pages:303 — 305.

[O] Bex &, "W S~ F e T HMW2 B At SREXFZRT TR
HAETF 18 5898 ERE L.

[10] Khucharoensin, S.; Kasemsuwan, V., “High-speed low input impedance CMOS
current comparator,” Circuits and Systems, 2003. ISCAS '03. Proceedings of the
2003 International Symposium on , Volume: 1, 25-28 May 2003, Pages:1-141 -
1-144 vol.1.

[11] Grassi, G.; Grieco, L.A., “ Object-oriented image analysis via analogic CNN
algorithms. 1. Motion estimation,” Cellular Neural Networks and Their
Applications, 2002. (CNNA 2002). Proceedings of the 2002 7th IEEE
International Workshop on , 22-24 July 2002, Pages:172 — 179.

[12] Grassi, G.; Grieco, L.A., “ Object-oriented image analysis via analogic CNN
algorithms. 11. Image synthesis and consistency observation,” Cellular Neural
Networks and Their Applications, 2002. (CNNA 2002). Proceedings of the 2002
7th IEEE International Workshop on , 22-24 July 2002, Pages:180 — 187.

[13] Mario Salerno, Fausto Sargeni and Vincenzo Bonaiuto, “A 6 x 6 Cells

47



[14]

[15]

[16]

[17]

[18]

[19]

[20]
[21]

[22]

[23]

[24]

[25]

Interconnection-Oriented Programmable Chip for CNN,” Analog Integrated
Circuits and Signal Processing, 15, 239-250 (1998) Kluwer Academic
Publishers.

Huertas, J.L.; Rodriguez-Vasquez, A.; Espejo, S., “ Analog VLSI implementation
of cellular neural networks,” Cellular Neural Networks and their Applications,
1992. CNNA-92 Proceedings., Second International Workshop on , 14-16 Oct.
1992, Pages:141 — 150.

Rodriguez-Vazquez, A.; Espejo, S.; Dominguez-Castron, R.; Huertas, J.L.;
Sanchez-Sinencio, E.,” Current-mode techniques for the implementation of
continuous- and discrete-time cellular neural networks,” Circuits and Systems II:
Analog and Digital Signal Processing, IEEE Transactions on, Volume: 40 , Issue:
3, March 1993, Pages:132 — 146.

Czuni, L.; Sziranyi, T., “Motion segmentation and tracking optimization with
edge relaxation in the cellular nonlinear network architecture,” Cellular Neural
Networks and Their Applications, 2000. (CNNA 2000). Proceedings of the 2000
6th IEEE International Workshop on , 23-25 May 2000, Pages:51 — 56.

Kinget, P.; Steyaert, M., “AnaloguesCMOS VLSI implementation of cellular
neural networks with continuously -programmable templates,” Circuits and
Systems, 1994. ISCAS “94., 1994 IEEE ‘International Symposium on , Volume:
6, 30 May-2 June 1994, Pages:367 = 370 vol.6.

Yang, L.; Chua, L.O.; Krieg, KRG T“VLSI implementation of cellular neural
networks,” Circuits and Systems, 1990.; IEEE International Symposium on , 1-3
May 1990, Pages:2425 - 2427 vol.3.

Chung-Yu Wu; Chiu-Hung Cheng, “The design of cellular neural network with
ratio memory for pattern learning and recognition,” Cellular Neural Networks
and Their Applications, 2000. (CNNA 2000). Proceedings of the 2000 6th IEEE

International Workshop on , 23-25 May 2000, Pages:301 — 307.

M. Oshima, et al., “VHS camcorder with electronic image stabilizer,” IEEE
Trans. Consumer Electronics, vol. 35, no. 4, pp. 749-758, Nov. 1989.

K. Sato, et al., “Control techniques for optical image stabilizing system,” IEEE
Trans. Consumer Electronics, vol. 39, no. 3, pp. 461-466, Aug. 1993.

K. Uomori, et al., “Automatic image stabilizing system by full-digital signal
processing,” IEEE Trans. Consumer Electronics, vol. 36, no. 3, pp. 510-519,
Aug. 1990.

S. J. Ko, S. H. Lee, and K. H. Lee, “ Digital image stabilizing algorithms
based on bit-plane matching,” IEEE Tran. Consumer Electronics, vol. 44, no. 3,
pp. 617-622, Aug. 1998.

J. K. Paik, Y. C. Park, and D. W. Kim, “An adaptive motion decision system
for digital image stabilizer based on edge pattern matching,” IEEE Trans.
Consumer Electronics, vol. 38, no. 3, pp. 607-616, Aug. 1992.

J. K. Paik, Y. C. Park, and S. W. Park, “An edge detection approach to digital

48



image stabilization based on tri-state adaptive linear neurons,” IEEE Tran.
Consumer Electronics, vol. 37, no. 3, pp. 521-530, Aug 1991.

[26] S. W. Jeon, et al., “Fast digital image stabilizer based on Gray-coded bit-plane
matching,” IEEE Trans. Consumer Electronics, vol. 45, no. 3, pp. 598-603, Aug.
1999.

[27] S. Erturk, “Digital image stabilization with sub-image phase correlation based
global motion estimation,” IEEE Trans. Consumer Electronics, vol. 49, no. 4,
pp. 1320-1325, Nov. 2003.

[28] J. Y. Chang, et al., “Digital image translational and rotational motion
stabilization using optical flow technique,” IEEE Trans. Consumer Electronics,
vol. 48, no. 1, pp. 108-115, Feb. 2002.

[29] J. S. Jin, Z. Zhu, and G. Xu, “A stable vision system for moving vehicles,”
IEEE Trans. Intelligent Transportation Systems, vol. 1, no. 1, pp. 32-39, Mar.
2000.

[30] G. R. Chen, et al., “A novel structure for digital image stabilizer,” Proc. of 2000
IEEE Asia-Pacific Conference on Circuits and Systems, pp. 101-104, 2000.

[31] M. K. Kim, et al., “An efficient global motion characterization method for
image processing applications,” IEEE Trans. Consumer Electronics, vol. 43, no.
4, pp. 1010-1018, Nov. 1997.

49



	第一章  緒論
	第二章  Cellular neural network
	2.1 基本理論
	2.2 電路架構

	第三章  Image Stabilization 演算法
	3.1 Image Stabilization的系統架構
	3.2 移動估測
	3.2.1 RPM和局部的移動估計（local motion estimation）
	3.2.2 Irregular condition detection
	3.2.3 Irregular移動向量的產生

	3.3 整體性的移動向量估測（global motion estimation）
	3.4 移動補償與估算
	3.5 CNN-based image stabilization
	3.5.1 Image difference
	3.5.2 Adaptive threshold
	3.5.3 找出最小值所在的座標


	第四章  CNN-based IS 硬體設計
	4.1 Current-mode CNN電路設計
	4.2  Initialization和template A、B電路設計
	4.2.1  Initialization電路
	4.2.2  Template A 設計
	4.2.3  Template B設計
	4.2.3  Boundary的考量

	4.3 CNN-based IS電路設計
	4.3.1 Image difference
	4.3.2 Adaptive threshold
	4.3.3 累加器
	4.3.4  Median circuit 和Error function

	4.4 其他用到的類比電路
	4.4.1 絕對值
	4.4.2 電流比較器


	第五章  模擬結果
	第六章  結論和未來展望
	參考文獻

