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ABSTRACT

The purpose of this project is to study a homomorphic filter for enhancing color images.
Images have illumination and reflectance components which will be considers to attenuate
illumination component and enhance reflectance component.

MATLAB has been used in this project because it easy to help developing programs and
works well with mathematics calculations.

The result from our experiment shows that we can get the clearer image by using

homomorphic filter.
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clear all

close all

a=imread('"Water lilies1.jpg";
- al=log(double(a)+0.01);

30

a2=fft2(al);
d=60;

x yl=size(a2);
foru=1:x
for v=1:y
D(u,v)=sqri(u2 +v/2);
H(u,v)=(gH-gL)*[1-exp(-c.*(D(u,v)/d"2))]+gL;
end
end
a3=H(u,v).*a2;
ad=ifft2(al);
aS=explad);
figure(1),
subplot(1,2,1);imshow(a},title('Original Image');

subplot(1,2,2);imshow(uint8(a5)),title("'Output Image');
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REAL-TIME 2.D HOMOMORPHIC FILTER FOR BROADCAST TV SIGNALS
7 H. J. Kaufman and M. A, Sid-Ahmed '

Dept. of Electrical Engineering
Windsor, Ontario, Canada, N9B 3P4

Hardware design and implementation of a 2-D

importance in all of these techniques.

— - —.— — — _applications [1],-5),-[6].-Thus.the development-of efficient- -

______high-speed 2-D) transversal filters as component subsyslems

sample-and-hold semi-systolic filter structure are presented.
Log and anti-log circuits are utilized with a high-frequency
emphasis IIR filter to provide homomorphic filtering.
Hardware design is discussed with reference to specific
device types and characleristics. A prolotype circuil using
MSI and MSI circuits on a custom made PCB is shown
along with applications lo real-timee filtering of broadcasted
TV images.

1. INTRODUCTION

Two-dimensional digital filters are utilized in a number
of applications in the area of digital image processing
[2], [3]. Various techniques for the enhancement of digilal
images, for example, median filtering, high-pass filtering
and edge enhancement have been developed and are
well-known in the literature on digital image processing,
These techniques aro usually implemented by progratmning
a general purpese computer 1o operate on stored images.
Recently there has been increasing interest in applying
these techniques in the area of TV imaging applications
which can be found in medical, geophysical and indusirial
environments as well as broadcast TV itself. Implementing
these applications in real-time, however, requires (he
development of dedicated hardware.

Real-lime rates in excess of 80 million pixels per second
(eg. 1000 linesffield x 50 fields/sec, 5:3 aspect ralio)
are encoumtered in lhe processing of high definition
television (HDTYV) images. Proposed techniques which
involve spatio-temporal filtering and molion estimation
are highly computing inlensive and require large frame
memories. These techniques often rely on dedicated

— _—— _hardware_ realjzations —of —2-D—filters —is— of —tantamount — ——

Due-lo-hardware-constraints,—conventional-designs-have
favored FIR {transversel) filters even though JIR filters
are known to be much more efficient allowing lower
order realizations than their FIR counterparis. A
semi-systolic structure realization of 2-D recursive digital
filters capable operating at real-time HDTV sample rate
has been proposed by Sid-Ahmed in [1]. A hardware
realization is proposed there which is based direclly on
the 2-D digital transfer function Hfz,,z,) and utilizes
off-the-shelf analog compenents in a discrete time sampled
data sysiem. Real-time operation is aitgined wilh the use
of analog components thal have inherently small delay
times. :

In the present paper we present the development of a
hardware profolype of this siructure in a representative
real-time application: that of image enhancement based
cn the non-linear homomorphic filtering approach of
Oppenheim et, al. [4].

2. HOMOMORPHIC FILTERING

An image f{x,y} is defined as a two-dimensional light
intensity function of spatial coordinates (x,p). In the
illumination-refleciance medel of an image, the illumination
component ffx,y) due to the amount of source light incident
on the scene being viewed and Lhe refleclance component
r(x,y) due to light reflected by objects in the scene are
considered 1o vary independenily, so that the image is
formed multiplicatively, fix,y) being expressed by

foLy)=i(x,y) r(x.y) (n

[Hlumination is directly responsible for the dynamic range
achieved by the pixels of an image while contrast is a
function of the reflectance.

or as pre-fillers {eg. implementation of .the HD-MAC
bandwidih reduction algorithm). Alternalively a dedicated
2-D filler operating at real-time sample rates can be
applied directly to (he image signal in image enhancement

By means of homomorphic {ilicring, [4], 85 depietad
in the block diagram of Fig. 1, it is possible to process
the illumination and refleclance components of an image
separately. In this scheme, input data is logarithmically
converled prior to performing a linear filtering operation

{usually high pass filtering) and_the result is converfed

back-to-the linear—scale.In-(he-present-work-the linear—

This work was supported by an NSERC Operating Grant.
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operation selected is a 2-D high emphasis Bulterworth
(linear phase) recursive Fflter of order 2 x 2. A
cross-sectional plot of the two-dimensional magnitude
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log Hx.yl=
log Iyl + log rixy}

i v) =Mix,y) 1lx.y)

Cinear
2-D Filter

exp
leg 17{x,y}= 1"yl = Fixy)
tog 'yl + log rixy)

= log r'ixy}

F1g 1,

Homomorphlc Filler

Hiu,v)

Yu

T

L]

° Diu,v}

Fig. 2. Cross-section of circularly symmetric 2D
Butterworth filter function used in homomorphic filtering,
P(u,v) is the distance from the origin.

response of this linear filter funciion is shown in Fig.
2. To a first approximalion we can asswme as in [4]
that the illumalion component contains mostly low
frequencies in its logarithm and that the logarithm of the
reflectance compcenent contains mostly high frequencies.
Choosing the parameters n and v, so that 1L=0.5 and
1,,=2, for the Butterworth filter function (shown in Fig.
" ?f)[ will tend to attenuate the low frequencies and amplify
the high frequencies. This results in an enhancement of
the reflectance components, which represent the ohjects
in the scene, and an attenuation of the illumination
. component,_which represents_the_light_distribution. The
net resull is a clearer image.

3. REVIEW OF THE 2-D SEMI-SYSTOLIC
REALIZATION

- Let us review the 2-D semi-systolic realization proposed-
in_[1]._In_general,_a 2-Drecursive digital filter_transfer

N N

> Y a1 'z’

i=0 J=0

N N .
¥ yhg'y
1=0 f=0

+Js0

y(znzz) _
X(7,2,)

H(zl IZI) =
@

where {a,} and {b_} are filter coefficients obtained from
a design’ procedure that determines the coefficients
according lo some given criteria to approximate the desired
frequency response of Hiz .zz) (ie. high-pass, low-pass,
ele.}.

Corresponding to equation {2) in the lime domain is
the so called recursive equation which relales the output
sample of the filter y(mi,n} to the input sample xfim,n)
occurring at the same point in time.

N N
yimn)= ¥, ¥, ayx{m - in- j)
i=0 j=0
N N )]
-3 ¥ byx(m- - )
i=0 j=0

where again N x N is the order of the flter and
{ {a 1 {b J } is the sel of design coefficients. We have
made Lhe assumptlon of a causal system in equations (2}
and (3) so that the output signal yfin,n) is written as a
function of the input signal x(im,n) and past values of
the input sigoal and output signal, xfmn), yfm,n)
respectively.

Assuming N=2, we can write equation (2) in the

Zz-domain-as

2 2
Yz,3)= 3, Z aUX(z,,zl)z,"z{’
=0 ;:a

@

- 2 ):‘, X(z,.z,)zl z,
. A=04=0 . __ - -
T+ 20

function of order N x N is given by

R DA |
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Multiplying by z - (thus introducing one pixel of latency 7 Xz, lm l vEr2
in the output) an re-arrlangi.ng vields . 3
5 Yan)=n Yaaht @ o R
+27Y (,2) ) i (o
where | |
2"V (2= 2 (oK (2 202, + 23 (o Xy 2 2,z
by, V(2,2 +2, (oK (2,20, by Yz 21 ® X
IN
- ._ZI'JYI(ZI.Zg)EH’.‘{(!,UK(Zp?-;)Zj-_I_"_’|o!(§| J—g)i’{kllx(zl '71)11._[_ . A1 - -
T T T YR X Y - e () Yy = (WXt Yt gty —
and
— 1Yz Xl Y ) g e Xy 2y Yy
B Yo X B G I T Ty T T T T T T T

The realization of Y,(Z,,z,) based on equation (7) is
shown in Fig. 3. (Fig_ 3(b) shows (he structure of the
general processing element (PE). Equalions (6) and (8)
are realized similarly and the overall 2-D semi-systolic
filter structure is realized as shown in Fig. 4.

In Fig. 4 the following shou.ld be noted. Firstly, the
output sigaal of the siructure Y (zI,zzl has been denoted
with an asterisk because the output signal is produced
with one data sarnple of lalency and is actually z,” ¥{z,2,),
which corresponds to y(im,a-1) in the (ime dorain rather
than yfm,n). To remove the effects of this latency on
the feedback, the first line delay in the feedback path

must, in practice, be shortened by one pixel (sample) Fig. 3. Partial realization of 7" YL
fime and is thus denofed z =%y Also, because a lalent (a) Realization of z2 Y1i(z1,22)
(by one sample time) signal is fed back to the lowermost (b) Processing element (PE)

bank of PE’s, the "b" coefficients occur in the order O,

| -le,_ ;Ilﬂ le- LI-IYI(ZI'?'E)
-b by, -b,
AMW—
| | l ]
v 1 o 'Lbll:l- -::Lll _%9. < IYI(ZI'@"".' - Yz}
21 l ] "‘!.I' +
. o =
X2,2) 5
| | |
S 0 Jf 22 o, 0
B LS hy & 777%‘197’—77___7_ N S D

1 1

Fig. 4. Realization of a 2 X 2 HR semi-systolic filter.
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). 'bOJ from [eft to right, in that bank of PE’s (as
sggwn in’ Fig. (4).

4. HARDWARE PROTOTYPE FOR REAL-TIME A
~ VIDEO N
A prototype of a 2-D real-time homomorphic filter 5p
based on the proposed method of realizalion given in [1]
was constructed using off-the-shelf componeals. As we |
have already seen, the basic block diagram structure of Y,
a homomoiphic filter is given in Fig. 1, L vi
S ol TR L L =R T e R
A. Logarithmic Converter
Vir 15V
— — - - - - - :—J__R_s____ B —
vin, BJ\ &2 T 130 Fig. 6. Antilog circuit
Rin PTY
10k L IRy ~isp By a similar derivation fo that given for the logarithmic
. i(‘fp Tzk converter it can be shown [10] that the output of operational
N amplifier X1 is given b
' £ x2+ RS d Lis g V: o 10 Vinvol) (10
RI 150K <L for the values shown in Fig. 6. Because of lhe values
10k V—I’;‘\n}"k— - selected for R1 and R2 the scale factor is 1V/decade,
o e R2 The input antilog circuit must be inveried to remove the
= llk effect of the inversion in the exponent of equation (10).
4 All op-amps in Fig. 6 are LM318 and Q1 and Q2
are 2N2920,
Fig. 5. Logarithmic converler
C. 2-D Semi-systolic Filter
The prolotype circuitry for the logarithumic converler In the hardware prototype of the homomorphic filter,
section is shown in Fig. 5. The input signal is assumed  (he linear filter, ie. the middle block of Fig. 1, was
to be an analog baseband video signal containing only realized as a 2-D semi-systolic filler. For greater ease
the luminance component. In the NTSC system such a of construction with off-the-shelf components, the structure

signal would be obtained by removing syne and described in Fig. 4 was modified lo use two types of
chrominance components from Lhe baseband video signal. PE instead of only one type throughout. Fig, 7 shows

The logarithmic convesler design is based on the the block dizgram of this slightly revised structure of
transdiode configuration. The expression for the oufpul the protolype. The profotype filter is of order 2 x 2 (ie.

vollage can be derived as in [10] and is given by N=2 in equation (2). Although a higher order structure

Vo =c1volt log)g (vi) ©) could be used, the 2 x 2 siructure provides an adequate

for the values shown in Fig. 5. With the values of RI approximation to the filter specifications as shown in the

and R2 as indicated, the scale factor is 1V/decade. curve of Fig. 2. A 2 % 2 structure is economical in

Op-amps X1 and X2 are LM318 and Q1 and Q2 are hardware and, as is apparent from Fig. 7, only thres

) 2N2920. - banks of PE’s, are required, each bank containing 3 PE's
R4 The .logarfthmjc converter circlitry shou_ld be followed and only four line delays. Type | PE's are used everywhere
by an inverting slage lo remove the inversion in equation excepl at the end of each bank of PE's, where a type

(9). Also provision should be made for scaling the 11 PE is used. Both PE types are shown in Fig. 8. Nolte
logarithmically converted signal to an appropriate that the type Il PE is a modified version of the type I
T T peak-to=peaklevel and-to-set~the"DC-level toma desired PE in which the pixel delay element denoted z,' is
value. excluded. Having two types of PE in the siructure dlows
B. Antilog Circuit the use of standard length line delays. Since the end of
. stage PE's do not contain storage elements, there is no
i ___ _The antilog_circuit shown in Fig. 6 operates on_a __longer a latency of one pixel lime in processing, so that
— .. =~ logarithmically . compressed _input.. signal that has_been. - the. feedback connections. to the lowermost-bank of-PE's ——- .-

filtered by ~the tirear operator of “the homomorphic filter, (iz.the bank whose PE's contain the local variatiles
bypby) are different,
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Sl o1 3 Yolz%)

Fig. 7. 2x2 semi-systolic filter structure for prototype

Another change which was made for greater ease of
w, construction with off-the-shelf components is the

oy D introduction of dual broadcast data lines, allowing either
non-inverted or inverled data to be semt to each PE.
{Note that in the literature on systolic structures, lines
L -+ ! — through which PE’s receive the same dala in parallel are
Yeet  called broadcast lines.) In this systolic structure the local
w, variables of the PE's are t.he filter coefficienls, that is,
Yo the set of numberes {{a.} (b }} in equation (2) that
approzimate the desired gj lter response as determined by
a design procedure. As will be seen when the actual
hardware for each PE is described the dual broadcast
lines provide a convenient method for assigning the correct
sign to the data reaching each PE assuming that local
- X I.,‘”{ variables are set within each PE without regard 1o sign.
N W 1P Given the high degree of regularity in systolic structures,
a praclical hardware realization of the structure will result
, if hardware is designed for each of the PE's and line
Y + Yoe 1 delays.
v w, Design of 1H Delay Line
" [~ As is seen in Fig. 7, a 2 x 2 IIR filter structure
requires four line delay elements, which are denoted z,’
o in the z-domain. When processing a raster scanned signal,
T ~ Fig. 8. The two types of PE used in \he hardware 0 o delays correspond to_ oni_l_wnz_g_nlal line Scmf:mg_ B - -
pratotype —period-(1H)-which-is-63:5ps-in-the NTSC system. The
(a) ?lpe I PE filter prototype wtilizes line delays based on charge-coupled
() Type two PE device (CCD} type analog shift registers as shown in
r - - ] - - - = —
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N - - CRYSTAL
OSCILILATOR -
CcLoCK
DRIVERS
Y 7 S O - -
B —
SIGNALS ] A7)
e —— 1.1, ] p——— ——towpass——|x(m:1)
FILTER T T T - T

Fig. 9. Block diagram of CCD iype IH line delay

Fig. 9, The device used was the Fairchild-Weston
CCD321. Each CCD operates to delay signals in the
baseband or video frequency range (eg. 0 to the vicinity
of 5 MHz).

The delay time of analog signals through the CCD is

precisely controlled by clock signals 1 and 2 (Fig.
9).which are two-phase symmeirical square wave signals
derived from a crystal oscillator signal by means of clock
driver circuits,

The type of clock driver circuils used will be a function
of the type of CCD chosen and are typically based on
TTL or CMOS family integrated circuit devices. For the
Fairchild-Weston CCD321, which has a charge injeclion
port at ils input and a samplc-and-hold circuit in ils
output amplifier seclion, the Iwo-phase sysiem of clocks

%1 and 2 is applied to the device to effect charge
injection at the input as well as interstage charge transport
and clocking of the internal sample-and-hold circuit.

A sample-and-hold device in the output slage of a
CCD offers the advantage of reducing clock frequency
feedthrough components in the output signal. Any of
(hese undesirable frequency components lhal remain in
the output may be further suppressed by a 5 MHz low-pass
filter circuit.

Design of PE

Fig. 10. Op-amp circuit for PE (type T shown)

circuil, the delay line (wilh resistive termination) not
being included.

With reference to Fig. 10 the summing amplifier
configuration produces the weighted sum (-RJRX, +
-R ‘)Y + Y'm. Comparing wilh Fig. 8, w =(R Ra)
an w?_=allJRb]. For greater ease i setling coefficient
values in the experimental prototype, R, and R are
variable resistors. Given that an inverling rather than
non-inverting sum is obiained with the PE hardware and
that the actual filter coefficients, which the weights
represent, are signed numbers, the correet signs of weights
in the PE can be established by appropriate connections
1o either the inverting or non-inverling broadcast data
lines (Fig. 7).

The op-amp used in the PE’s of the protolyps is an
EL2020C (Elantec). This is a high-speed monolithic
(50MHz) current feedback type op-amp, specifically
designed for video and other applications thal require
high slew rates, fasi seitling times and low. power
consumplion. In contrast with conventional op-amps, (hose
such as the EL2020C that use the current feedback topology
provide nearly constan! bandwidth and settling time over
a wide range of closed-loop voltage gains, Higher
performance (200 MHz) current feedback op-amps
specifically designed for HDTV and other comparable
high-speed applications such as the EL400 (Blantec) are
available in an & pin mini-DIP package that is pinout

Type I and type Ul PE's as defined in Fig. 8 were
constructed using high-speed op-amp circuits. This was
done for the type I PE as shown in Fig. 10. The op-amp
is configured as an inverting weighted summer and drives

-a passive delay line with resistive termination, The circuitry
- for a-type II-PE-is the same-as for-a type 1 PE except-

ihal it consists solely of (ke inverled summer op-amp

i

compalible with the EL2020C. These higher performance——

op-amps ¢ould be used instead of the EL2020C in Fig.
10 for HDTV application.

A passive deln?' line js used to implement a pixel
delay (denoted z,” in the z-domain). In the time domain,

a_signal_x(m,n) is delayed by one pixel time resulting
in-a-delayed-version-of-the signal-x{i,n-1).—The_passive
delay line used in the PE's of the prototype is a iype

Aulhorized licensed use Omited to: IEEE Xplore. Downleaded en May 7, 2009 at 03:56 from IEEE Xplore. Rastriclions apply.
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1514-70D {Dala Delay Devices). Lumped constant delay
lines of this type are widely used in a number of electronic
applications. For instance, in color TV receivers the

{uminance signat—is—delayed—to—synchronize—it—with—the [ing
chrominance signal. They are generally designed using
low-pass LC filters a5 basic units cascaded in stages
having linear phase characteristics overall. The type
1514-70D delay line has a delay time T =70ns and a

o _ __ _..._._characteristic_impedance z,=250q. Accordingly the delay

- —-—=+ = -z terminated- in—a 2500 -resistor-(Fig— 10} This—delay—-—
line is available in a four pin SIP package that does not
take up much circuit board space. Lumped constant delay

I — — T— —ines with-a clock—inpul and_sample-and-bold outputare — — P

available in 8 pin DIP packages (eg. Reticon 5100 series)

0.0 -0

R

and can be used insteadif desired———Fig— - Insertion—of filler—inlo TV receivercircuitry

5, FILTERING OF IMAGES

* In order lo demonstrale real-time operation of the filter A photograph of the filler protolype is shown in Fig
on TV imsges, the 2 x 2 homomorphic filter prototype 13. The filter with fop and antilog circuits but without
was inserted into the ielevision receiver circuilry as shown the line deleys is shown in Fig. 13(b). Fig. 13(a) shows

in Fig. 11. The detecled video signal is available at the two circuit boards, each board containing two line delays
emilter follower at approximately a one volt peak-to-peak of the filter.

level. This signal is 2-D filtered by Lhe prototype and

sent to the final video stage, resulting in a

homotnorphically fliered image on the TV screen. For

an IDTV receiver, which is designed for separate

luminance-chrominance (Y-C) processing [8)], the filter

would be inserted into the luminanco channel. Before

and afler pictures showing the results of homomorphic

filtering are shown in Figs, 12(a), (b) respectively.

Fig. 12, (a) Original broadcast TY image
(b) Image homomorphically filtered by protolype

Authorized licensed use limited to; JEEE Xplora. Downloaded on May 7, 2009 a1 03:56 from |EEE Xplers, Reslrictions app'y.
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Fig. 13, (a) Line delays on dual delay CCD boards

(b) Homomorphic filter prototype

Real-Time 2-D Homomorphic Filter For Broadcast TV Signals 55

suitably designed high-speed pre-processing and
—- post-processing circuilry-and by the selting of the designed -
filter coefficients within the PE’s. Real-timec operation of

the prototype was demonstrated by the insertion of the
filter into the video circuitry of 2 television receiver.
Filtered images of off-the-air broadcast sigmals showed
the results of homomorphic inage enhancement based on
lha selected desigu parameters of the ﬁller, providing
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