OPIC

OFFICE DE LA PROPRIETE CANADIAN

INTELLECTUELLE DU CANADA "".

(72) KIM, Ki-bum, KR
(73) SAMSUNG ELECTRONICS CO., L

51) Int.C1.° HO4N 5/52, HO4N 7/015
(30) 1996/06/11 (96-20738) KR

54) CIRCUIT DE COMMANDE AUTOMATIQUE DE GAIN ET

CIPO

INTELLECTUAL

PROPERTY OFFICE

TD.. KR

(12) (19) (CA) Brevet-Patent

(11) (21) (C) 2,207,288

22y 1997/06/09
43y 1997/12/11
45) 2000/05/02

METHODE ASSOCIEE
34) AUTOMATIC GAIN CONTROL CIRCUIT AND METHOD
THEREFOR
o
911 2172 214 230 240
FROM A/‘DR: | | 213 | rzm |
\ SIRST GAIN [ - DIGITAL
,:I | LATCK VALUE CIRCUIT CONTROLLER |1 SELECTOR ACCUMULATOR'
|
| FIRST REFERENCE |
rL___ VALUE SEGMENT
CROM E:::z:::::_E:;E:_EEE;_a::::::::::::::::ﬁ STNC
MATCH o . 227 |
FILTER ;: n | |
| , I SEGMENT
22711 1L221.2 LSYNC E
| 221.3 | 205 |
| | 224 |
| -+ N l 23 / L ;
I 221.4 -
L2214 ~ 7 SECOND | |
_ SECOND |
DIVIDER b 45, GAIN
CONTROLLER| |
227 —-220
; SECOND REFERENCE !
o o vVALUE |
270
P /26Q 250
AGC SIGNAL — PF

TO TUNER/IF DEMODULATOR

(57) Circuit de CAG pour recepteur de signal haute
deéfinition. Comprend un geéncrateur de signal de CAG
non coherent pour produire un premier signal de CAG en
tenant compte de la grandeur dudit signal FI, un
generateur de signal de CAG cohérent pour produire un
deuxiecme signal de CAG en tenant compte de la
orandeur du signal de synchronisation de segments, et un
sclecteur pour choisir le deuxieme signal de CAG
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(57) An AGC circuit of a high definition signal receiver
includes a non-coherent AGC signal generator for
generating a first AGC signal according to the magnitude
of said IF signal, a coherent AGC signal generator for
generating a second AGC signal according to the
magnitude of the segment synchronizing signal, and a
selector for selecting the second AGC signal when the
segment synchronizing signal 1s detected and the first
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lorsque le signal de synchronisation de segments est
detecte et le premier signal de CAG lorsque le signal de
synchronisation de segments n’est pas detecte, et les
acheminer vers un syntomsateur/démodulateur FI.
L amplitude du signal recu est commandée a ['int€nieur
d’une courte periode au moyen de la meéthode de CAG
non coherent et d un court délal de réponse avant que le
systeme se stabilise. Elle est commandée plus
correctement au moyen de la meéthode de CAG cohérent
apres deétection du signal de synchronisation des
segments.
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AGC signal when the segment synchronizing signal 1s
not detected and providing them to a tuner/IF
demodulator. The amplitude of the received signal 1s
controlled within a short period of time using the non-
coherent AGC method having a fast response time before
a system 1s stabilized and the amplitude of the received
signal 1s controlled more correctly using the coherent
AGC method after the segment synchronizing signal 1s
detected.
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Abgtract of the Disclosure

An AGC circult

of a high definition signal receiver

includes a non-coherent AGC signal generator for generating a

first AGC signal according to the magnitude of said IF signal,

a coherent AGC signal generator for generating a second AGC

signal according to

signal, and a selector

gr—

when the segment synchronizing signal is detected and the

first AGC signal when the segment synchronizing signal is

the magnitude of the segment synchronizing

‘or selecting the second AGC signal

not

detected and providing them to a tuner/IF demodulator. The

amplitude of the received signal is con

=

period of time using the non-coherent AGC method having a

response time before a system is stabilized and the ampli

p— -
—

coherent AGC method

detected.

of the received signal is controlled more correc

crolled within a short

Cly using

after the segment synchronizing signa

Tast

tude

Che

1 1s
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Ll

AUTOMATIC GAIN CONTROIL CIRCUIT AND METHOD THEREFOR

Invention

The present invention relates to a receiver for receiving

a high definition signal, and more particularly, to an

automatic gain control circuit of a high definition TV

pr—n
—

(hereinafter, HDTV) receiver and 1 method therefor.

In general, in a radio frequency (RF) signal transmitted

P
p—=p

Irom a transmitter, the amplitude of a signal is changed by

various channel circumstances during transmission and is

received by a receiver. 1In an automatic galin control

—

(hereinafter, AGC), the amplitude of a received signal with

severe changes in the amplitude is uniformly controlled to a

predetermined level, which is critical for a digital signal

processing system. When the amplitude of the received signal

changes, it is not possible to reproduce the original signal

since appropriate demodulation ig difficult to perform in the

receiliver.

Meanwhile, a conventional AGC clrcuit used for an RF

recelver having a digital signal processor 1s provided in U.Q.

Patent No. 5,451,948. In the conventional AGC circuit

provided in the above-mentioned patent, a sampling clock

corresponding to a frequency of more than two times an

intermediate frequency (IF) signal is required during an

analog-to-digital (A/D) conversion since the IF signal is

used. Therefore, when the AGC circuit is realiéed, an

expensive device with a very fast operation speed must be
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used. Also, timing must be correctly adjusted when a front-

end AGC signal is forwarded to a back-end AGC loop and an AGC

operation

particular

applied to

characteri

signal standard o:

Summary of

1s not stable since an input signal is used. 1In

, the AGC circuit is minimally effective when it is

the GA-HDTV (Grand Alliance-HDTV) system due to the

I

stics of a vestigial sideband (VSB), the transfer

i

the GA system.

the Invention

It 1s

an object of the present invention to provide an

automatic gain control (AGC) circuit for compensating for the

change in

clircumstan
recelved s

synchronou

amplitude of a received signal due to channel

rll-

ces during transmission using the amplitude of a

go—
nd

ignal and the average amplitude value of a segment

S signal and maintaining the amplitude at a uniform

level, in a receiver for receiving a high definition signal.

It 1¢

another object of the present invention to provide

an AGC method for maintaining a received signal at a uniform

'
—

level using the amplitude of the received signal and the

F
p—

average amplitude value of a segment synchronous signal, in

the receiver for receiving the high definition signal.

To achieve the first object, there is provided an

automatic gain control (AGC) circuit for a receiver including

a tuner/IF

demodulator for receiving a high definition signal

comprised of a plurality of segments each formed of a segment

synchroniz

outputting

g

1ng signal and a predetermined number of symbols and

P
aad
A

an intermediate frequency (IF) signal of a

predetermined level according to an automatic gain control
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(AGC) signal and a synchronizing signal detector for detecting

the segment synchronizing signal from the IF signal, in which

a non-coherent AGC slgnal generator generates a first AGC

signal according to the magnitude of the IF signal, a coherent

AGC signal generator generates a second AGC signal according

to the magnitude of the segment synchronizing signal, and a

selector selects the second AGC signal when the segment

synchronizing signal is detected and the first AGC signal when

the segment synchronizing signal is not detected and provides

the selected signal to the tuner/IF demodulator as the AGC

signal.

To achieve the second object, there is provided an AGC

I

method of a receiver for receiving an HDTV signal comprised o:

a plurality of segments each formed of a segment synchronizing

signal and a predetermined number of symbols, outputting an

—

intermediate frequency (IF) signal having a uniform amplitude

according to an AGC signal, and detecting the segment

synchronizing signal from the IF signal, the AGC method

comprising the steps of detecting the di

ference between the

F

amplitude of an input IF signal and a previously set first

reference value and generating a first AGC signal, detecting

F
—

the difference between the amplitude of the segment

synchronizing signal and a previously set second reference

value and generating a second AGC signal, and selecting the

second AGC signal when the segment synchronizing signal is

detected, selecting the first AGC signal when the segment

synchronizing signal is not detected, and applying the AGC

signals.
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Brief Description of the Drawings

The above objects and advantages of the present invention

will become more apparent by describing in detail a preferred

embodiment thereof with reference to the attached drawings in

which:

FIG. 1 1is a block diagram showing the whole gtructure of

a high definition TV to which the present invention is

applied;

Il

FIG. 2 shows the structure of a data segment o:

“he GA-

Q)

HDTV format; and

FIG. 3 18 a circulit diagram showing the structure of an

Il

automatic gain control circuit according to an embodiment o:

the present invention.

F

Detailed Description of the Invention

In the HDTV according to the present invention, as shown

in FIG. 1, a tuner/IF demodulator 102 converts a signal

i

received through antenna (not shown) into an IF signal of a

predetermined frequency. An analog-to-digital (A/D) converter

104 converts an analog IF signal supplied from the tuner/IF

demodulator 102 into a digital signal. A digital frequency

and phase locked loop (DFPLL) circuit 106 restores a carrier

wave using a pilot signal included in data output from the A/D

converter 104, and multiplies the restored carrier wave by the

output data of the A/D converter 104 to demodulate the carrier

wave to data of a baseband.

A match filter 108 matches a demodulated baseband signal

outpui

.

from the DFPLL 106 to a pre-transmission signal. A
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the synchronizing signal

The synchronizing signal detector

F

+3,

-levels.

D converter 104

cects ve

iy

A

—ion value of

comprised of

“1on of

and +1)

timing using the

Ti0ous

the output signal of the match

Lo respective

112 obtainsg the

Ces a segment

maximum

aAS

ad

clock signal, adjusting the symbol timing restored in

ative value is detected in every da

d

S the maximum value.

from the match filter

four symbol units, accumulates the obtained correlation

"e

four

FIG. 2

f a vestigial sideband

828

synchronizing signal

114 outputs

synchronization
C synchronizing

the respective

digital data

ttern in which four symbols have the
the remaining

FEC denoteg a

—

CA

sampling

the




10

15

20

25

CA 02207288 1997-06-09

symbol timing restorer 110.

Meanwhille, an NTSC removing filter 116 for preventing the

deterioration of the HDTV signal due to an NTSC signal in co-

channel circumstances in which the HDTV signal and the NTSC

signal are simultaneously broadcast removes carrier components

of the NTSC signal from the output of the match filter 108.

A.

| S—

1 equalizer 118 removes multi-path noise generated when the

transmitted signal passes through a transfer channel. The

|
!

multi-path noise distorts the frequency characteristics of the

HDTV gignal.

b

A phase tracking loop (PTL) circuit 120 removes noises o

a phase which are not removed in the DFPLL circuit 106,

r‘-

namely, the error of the phase. A Trellis decoder 122

performs slicing and convolutional decoding with respect to

the output of the PTL circuit 120 in order to protect it

against a burst interference such as impulse noise or an NTSC

co-channel interference.

A de-interleaver 124 de-interleaves the output o:

(1]

the

Trellis decoder 122. A Reed-Solomon (R/S) decoder 126

corrects the error of the de-interleaved data using a parity.

A de-randomizer 128 outputs the error-corrected data to a

pseudo-random sequence (PRS) code.

Meanwhile, an AGC circuit 200 responds to the amplitude

_

of a signal output from the A/D converter 104 and a segment

synchronizing signal detected from the synchronizing signal

detector 112, generates an AGC signal according to the average

amplitude value of the segment synchronizing signal output

from the match filter 108, and provides the signal to the
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tuner/IF demodulator 100. The tuner/IF demodulator 100

—

controls the amplitude of the IF signal according to the AGC

signal.

FIG. 3 1s a circuit diagram of the AGC circuit of an HDTV

i
—

receiver according to an embodiment o:

the present invention.

A non-coherent AGC signal generator 210 of the AGC

circult 200 of the present invention includes a first latch

211 for latching the output signal of the A/D converter 104 of

!

'}

FIG. 1, an absolute value circuit 212 for obtaining the

pr— pr—
S e

subtractor 213 for subtracting the outpu

absolute value of the output of the firs

S

p—
S

latch 211, a first

of the absolute

value circult 212 from a first reference value, and a first

gain controller 214 for controlling the gain according to the

F

output of the first subtractor 213.

A coherent AGC signal generator 220 includes a 4-symbo:

adder 221 for adding the signal output from the match filter

I

108 of FIG. 1 in a 4-symbol unit, a divider 222 for dividing

_
e

the output of the 4-symbol adder 221 and obtaining an average,

gro—y

a second latch 223 for latching the output of the divider 222

according to the segment synchronizing signal detected in the

F

synchronizing signal detector 112 of FIG.

subtractor 224 for subtracting the outpu

223 from a second reference value, and

-

AL

p—
S

1, a second

_
p—

of the second latch

second gailn

controller 215 for controlling the gain according to the

gr—

ocutput of the second subtractor 224. Here, three unit symbol

delays are connected in series in the 4-symbol adder 221. The

F

4-symbol adder 221 is comprised of an adder 221.4 for adding

r.b

the outputs of the respective unit symbol delays 221.1 through
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221 .3.

gr—
p—

A selector 230 comprised of a multiplexer selects the

output signal of the non-coherent AGC signal generator 210 or

the output signal of the coherent AGC signal generator 220. A

digital accumulator 240 accumulates the output signal of the

selector 230. A digital-to-analog (D/A) converter 250

ra—

converts the output signal of the digital accumulator 240 into

an analog signal. A low-pass filter 260 filters the output

signal of the D/A converter 250. An amplifier 270 amplifies

the filtered signal and applies the amplified AGC signal to

the tuner/IF demodulator 102 shown in FIG. 1.

-

The operation of the apparatus shown in FIG. 3 will be

described with reference to FIG. 1.

y—

n FIG. 3, the first latch 211 of the non-coherent AGC

signal generator 210 holds the HDTV signal output from the A/D

converter 104 of FIG. 1. The absolute value circuit 212

N ed

obtains the absolute values of all the signals output from the

first latch 211 and converts the signals into positive values.

I

The first subtractor 213 gubtracts the output signal of

the absolute value circuit 212 from the first reference value.

When the output signal of the absolute wvalue circuit 212 is

F
p—

larger than the first reference value, the output of the first

subtractor 213 has a negative value. When the output signal

of the absolute value circuilt 212 is lesgss than the first

P
pra—

reference value, the output of the first subtractor 213 has a

positive value. Here, the first reference value ig a constant

which can be obtained through experiment.

The first gain controller 214 applies the AGC signal, in
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213 1s controlled, to a first input

230.

1 is output when the output

negat

the IF signal ouw

CA

Therefore, an AGC signal for decreasing the amplitude of

1ve value and an AGC signal

02207288 1997-06-09

cput from the

of the IF signal output from the tuner/IF

outpu

posit

€L when the output of

ive value.

the

the gain of the signal output from the first subtractor

terminal of the selector

1

tuner/IF demodulator 102 of FIC.

of the first subtractor 213 has a

for 1ncreasing the amplitude

demodulator 102 is

first subtractor 213 has a

As mentioned above, the AGC signal is generated using the

magni

signa

Meanwhlle, a signal input to the 4-symbol adder 221 of

the coheren

outpu

this signal, symbol timing

restoration are performed in the symbol

F
3

1l generator.

and the DFPLL 106.

Therefore, the 4-symbol adder 221 ob:

the added wvs

1input

signals in the 4-symbol unit and dividing the outputs o:

tudes of all the input signs

C AGC signal generai
t from the match filter 108 o:

restora

lue obtained in

cains the average o:

1ls in the non-coherent AGC

Coxr 220 1s the HDTV signal

- FIG. 1. With respect to

tion and carrier wave

timing restorer 110

]

the 4-symbol unit by adding the

H

l

the 4-symbol adder 221 by 4 in the divider 222.

The second la:

to the outputs of

signal output from the synchronizing signal detector 112 o

FLG.

1. Namely, only the

are segment synchronizing

outpu

C through the second

cch 223 per:

the divider 222 by

average value o:

forms a timing hold with respect

the segment synchronizing

P
e

R—

- the 4-symbols which

signal portions

la

tch 223 since

shown in FIG. 2 are

the second latch 223
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outputs

signal is generated.

The second subtrs

the second latch 223

output signal of the second latch 223 is larger

second reference wvalue,

224 has a negative wvalue.

second latch 223 ig less than the second reference va

r‘l'
'y

output or

CA

ctor 224 gubtrs

Che latched signal only when the segment

the ou

When

Cput ot

the second subtractor 224 has a posi:

cts the output

g—
p—

the output
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from a second reference value.

than

the gsecond sub

signal o:

synchronizing

I

When the

LY &

lue,

the
Cctor

signal of the

the

clve value.

The second gain controller 225 applies the AGC signal in

which the amplitude of the signal output

subtractor 224 is con

the selector 230.

Therefore,

the TIF signal of the

-

the output of

and

the AGC signal

the AGC gigna

the second subtrac:

Crolled to the second input

for increasing the amplitude o:

COr 224 has a neges

1}

tuner/IF demodulator 102 is output

terminal o:

for decreasing the ampli:

the

from the second

'}

(1

“ude of

when

tive wvalue

1LF

signal of the tuner/IF demodulator 102 is output when the

the

output of

mentioned above,

=
p—

amplitude value of

coherent

The

Coheren:

{ !

coherent

synchronizing signal.

1s correctly detected

1)

FIG.

Oor 1,

AGC signal genera

first subtractor 224
the AGC signs

the segmen:

selector 230 selects an ou:

LOX.

hsa

S a

1l 1s genera

synchronizing signal

AGC signal generator 210 or

AGC signal generator 220 according to

Cput signal of

r)

the output signa

1

positive value.
ted using the

n -

1

AS

average

the non-

of the

the segment

When the segment synchronizing signal

in

the selector 230 selects

10

the output signa

1

O

the synchronizing signal detector 112

f the
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coherent AGC signal generator 220.

The digital accumulator 240 continuously accumulates

signals selected in the selector 230. The D/A converter 250

converts the wvalues accumulated in the accumulator 240 into

analog signals. The low-pass filter 260 filters (accumulates)

the output signal of the D/A converter 250 in an analog

P

manner. The amplifier 270 amplifies the amplitude of the

filtered signal and applies the signal to the tuner/IF

demodulator 102 shown in FIG. 1. The tuner/IF demodulator 102

oy

controls the amplitude of the IF signal according to the AGC

signal output from the amplifier 270.

It 1s possible to maintain a uniform amplitude though the

y—

amplitude of the signal of the tuner/IF demodulator 102

=

changes since the outputs of the first and second subtractors

g

213 and 214 become negative and reduce the amplitude of the

input signal when the HDTV signal input to the tuner/IF

demodulator 102 and the segment synchronizing signal loaded on

the HDTV signal are larger than the first reference value set

1n the non-coherent AGC signal generator 210 and the second

reference value set in the coherent AGC signal generator 220

and the outputs of the first and second subtractors 213 and

]

214 become positive and increase the amplitude of the input

signal when the HDTV signal input to the tuner/IF demodulator

102 and the segment synchronizing signal loaded on the HDTV

signal are less than the first reference value sget in the non-

coherent AGC signal generator 210 and the second reference

value set 1in the coherent AGC signal generator 220.

F

cude of the received

pa—

In the present invention, the ampl]

11
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signal 1s controlled within a short time using the non-

—
pr—

coherent AGC method having a fast response time before a

—

system 1s stabilized and the amplitude of the received signal

18 controlled more accurately using the coherent AGC method

tl

after the segment synchronizing signal is detected.

1s possible to correctly control the amplitude using

Thus, it

the

coherent AGC method since the method operates only in the

portion in which the segment synchronizing signal is

generated.

Also, the present invention can be applied to a

digital

video recording apparatus as well as a digital TV including a

digital GA-HDTV system.

p—

—
p—

It 1s possible to uniformly maintain the level of the

P

received signal even 1f severely fluctuating amplitude of the

signal 1s input to the receiver due to various channel

circumstances during the transmission and to correctly

demodulate the received signal in the receiver using

present 1nvention in the HDTV receiver.

12

the
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What 1s claimed is:

1. An automatic gain control (AGC) circuit

including a tuner/IF demodulator for receiving a hig

definition signal comprised of a plurali:

—

number of symbols and outputting an intermedia:

v
sy

(IF) signal of a predetermined level according

—

formed of a segment synchronizing signal and a prede

for a receiver
h

Ly Of segments each

“ermined

te frequency

to an automatic

gain control (AGC) signal and a synchronizing signal detector

signal, the AGC circuit comprising:

a non-coherent AGC signal generator for genera

first AGC signal according to the magnitude of said

a coherent AGC signal generator for genera

ting

for detecting the segment synchronizing signal from the IF

Cing a

IF signal;

a second

AGC signal according to the magnitude of said segment

synchronizing signal; and

a selector for selecting said second AGC signal when sgaid

segment synchronizing signal is detected and sz

signal when said segment synchronizing signal is no

o

1id first AGC

detected

and providing the selected signal to said tuner/IF demodulator

as said AGC signal.

2. An AGC circuit as claimed in claim 1,

non-coherent AGC generator comprises:

a first latch for latching said IF

the first latched signal;

an absolute value circuit for obtaining the

gr—

value of said first latched signal;

a first subtractor for subtracting

absolute value circuit from a first reference va

13

wherelin said

signal and outputting

lue;

absolute

F

the output of the

and
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a first gain controller for controlling a gain according

to the output of said first subtractor and outputting the

e~
—

tirst AGC signal.

3. An AGC circuilt as claimed in claim 2, wherein the

output of the first subtractor has a negative value when the

output signal of said absolute value circuit is larger than

the first reference value and the output of the first

pr—

subtractor has a positive value when the output signal of said

absolute value circuit is less than the first reference value.

4. An AGC clrcult as claimed in claim 1, wherein =aid

coherent AGC signal generator generates the second AGC signal

using the average magnitude of said segment synchronizing

Signal .

5. An AGC circuit as claimed in claim 1, wherein said

coherent AGC signal generator comprises:

a 4-symbol adder for adding said demodulated signals in a

4-symbol unit;

'l

a divider for obtaining the average of the outputs o:

sald 4-symbol adder;

a second latch for latching the outputs of sgaid divider

and outputting a second latched signal according to said

segment synchronlizing signal;

a second subtractor for subtracting the second latched

P

signal from a second reference value; and

a second gain controller for controlling a gain according

F

to the output of said second subtractor and outputting the

second AGC signal.

6. An AGC circuit as claimed in claim 5, wherein the

14
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output of the second subtractor has a negative value when the

output signal of said second latch is larger than the second

reference value and the output of the second subtractor has a

=

positive value when the output signal of said second latch is

5 less than the second reference value.

7. An AGC circult as claimed in claim 1, further

comprising an accumulator for accumulating the output signal

of said selector.

8. An AGC circult as claimed in claim 7, further
10 comprising an amplifier for amplifying the output of said
accumulator.

9. An AGC circuit as claimed in claim 8, further

comprising a digital-to-analog (D/A) converter for converting

gprren
—

the output signal of said accumulator into an analog signal

F
—

15 and a low-pass filter for filtering the output signal of said

D/A converter.

g
p—

10. An automatic gain control (AGC) method of a receiver

iy

for receiving an HDTV signal comprised of a plurality of

segments each formed of a segment synchronizing signal and a

20 predetermined number of symbols, outputting an intermediate

trequency (IF) signal having a uniform amplitude according to

an AGC signal, and detecting the segment synchronizing signal

from said IF signal, the AGC method comprising the steps o

F

(a) detecting the difference between the amplitude of an

23 1nput IF signal and a previously set first reference value and

- —

pr—— [ |
—t

tirst AGC signal;

generating a

=

(b) detecting the difference between the amplitude of

said segment synchronizing signal and a previously set second

15
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15

20

23

re
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‘erence value and generating a second AGC signal; and

(c¢) selecting said second AGC signal when said segment

synchronizing signal is detected, selecting said first AGC

signal when said segment synchronizing signal is not detected,

and applying said AGC signals.

11. An AGC method as claimed 1n claim 10, wherein the

g—
—

Sd

vda

first AGC signal has a negative value when the magnitude of

1d transferred IF signal is larger than the first reference

lue and the first AGC signal has a positive value when the

magnitude of said IF signal is less than the first reference

Va

se
of

de

re

ou

lue in said step (a).

12. An AGC method as claimed in claim 10, whereiln the

cond AGC signal 1s generated by obtaining the average value

the amplitude of said segment synchronizing signal and

tecting an error between the average value and said second

ference wvalue.

13. An AGC method as c¢laimed in c¢laim 10, wherein the

tput of the second AGC signal has a negative value when said

segment synchronizing signal is larger than the second

re

gr—
pevre
ey

ference value and the output of the second AGC signal has a

positive value when said segment synchronizing signal is less

than the second reference value in said step (b).

-:'.i

14. An AGC method as claimed in claim 10, wherein said

rst reference value 1s a predetermined constant and the

second reference value 1s the average amplitude of the segment

-

synchronizing signal.

o

Ridout & Mavbee
Suite 2400
One Queen Street East
Joronto, Canada M5B 381

> Patent Agents of the Applicant
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