
Figure 2.1A.

+-
+-
+-
+-
+-
+-
+-
+-

Measurement point
Reference point at a

far distance

+-
+-
+-
+-
+-
+-
+-
+-

Reference point at a

far distance

Measurement points

E1
E2

Vbipolar = VE1 –VE2

Depolarization wave front

dipole



Figure 2.1B.

E+E-



Figure 2.2A. 100 ms

V1

II

HBp

HBd

CSd

CSp

I

HBm

21+, 22- 22+, 21-



Figure 2.2B. 100 ms

V1

II

CSp

I

CSd

MAPp

MAPd

UNI-1

UNI-2

21+,     6- 21-,    6+ 



Tip

Ring

Bipolar

Figure 2.3A.



Tip

Ring

Bipolar

Figure 2.3B.



Tip

Ring

Bipolar

Figure 2.3C.



Tip

Ring

Bipolar

Figure 2.3D.



Tip

Ring

Bipolar

Figure 2.3E.



Tip

Ring

Bipolar

Tip

Ring

Bipolar

Figure 2.3F.

QS

Pattern

QS

Pattern



Figure 2.4A.

Tip

Ring

Bipolar



Figure 2.4B.



+-
+-
+-
+-
+-
+-
+-
+-

+-
+-
+-
+-
+-
+-
+-
+-

Figure 2.5A.



Tip

Ring

Tip-Ring

Tip

Ring

Tip-Ring
+

+

+-+

+

+-

Figure 2.5B.



Tip

Ring

Bipolar

Figure 2.6A.



Tip

Ring

Bipolar

Figure 2.6B.



Tip

Ring

Bipolar

Figure 2.6C.



Tip

Ring

Bipolar

Figure 2.6D.



Tip

Ring

Bipolar

Figure 2.6E.



Tip

Ring

Tip-Ring

Tip

Ring

Tip-Ring

Tip

Ring

Tip-Ring

Tip

Ring

Tip-Ring

Tip

Ring

Tip-Ring

1.

2.

3.

4.

5.

Figure 2.6F.



Figure 2.7A.

tip

ring

bipolar



Figure 2.7B.

Bipole

Pin 75-76

2 mm apart

Bipole

Pin 75-78

9 mm apart

Bipole

Pin 75-80

16 mm apart



=

+

t

+

0.6cos(2π120t)

1.7cos(2π50t)

x(t)

Figure 2.8A.



=

t

++

1cos(2π20t)

2cos(2π13t)

x(t)

=

Figure 2.8B.



+

+

+

=

0.6cos(2π120t)

1.7cos(2π50t)

1cos(2π20t)

2cos(2π13t)

x(t)

+

+

+

=

t
Figure 2.8C.



frequency (Hz)

a
m

p
li

tu
d
e

0.6cos(2π120t)

1.7cos(2π50t)

1cos(2π20t)

2cos(2π13t) Mathematical description 

in time domain

Figure 2.8D.



filters

and

gain

• Analog pre-amplifier

• Highpass and Lowpass filters

• Gain

filters

and

gain

filters

and

gain

A
n
al

o
g

-t
o
-D

ig
it

al
 

C
o
n
v
er

si
o
n

Digitization

display

storage

Computer 

Command 

and Control

Stage 1 Stage 2

Intra-cardiac Signals

ECG Signals

Figure 2.9A.



Figure 2.9B.

II
V1

RAA

HBP

HBD

CSP

CSD

I

MAPP

MAPD

UNI-1

UNI-2



Noise

High signal-to-noise ratio (SNR))

Low SNR

Very Low SNR

Figure 2.10A.



Figure 2.10B.

freq

a
m

p
l

freq

a
m

p
l

1 1

low high low high

freq

a
m

p
l

freq

a
m

p
l

1 1

low high low high

Low Pass High Pass

Band Pass Band Reject

high 

corner 

frequency

low corner 

frequency

lower

end

upper

end



frequency (Hz)

a
m

p
lit

u
d
e

60 Hz

Figure 2.10C.



Figure 2.10D.

II

60 Hz notch filter off 60 Hz notch filter on



Figure 2.11A.

II
V1

RAA

HBP

HBD

CSP

CSD

1-250 Hz

I

MAPP

MAPD

30-250 Hz1-500 Hz

UNI-1

UNI-2

Unipolar

Filter



1 -500 Hz 0.1 - 500 Hz

II
V1

RAA

HBP

HBD

CSP

CSD

I

MAPP

MAPD

UNI-1

UNI-2

artifact

artifact

Unipolar

Filter

Figure 2.11B.



Figure 2.11C.

II
V1

RAA

HBP

HBD

CSP

CSD

I

MAPP

MAPD

0.1 - 500 Hz

UNI-1

UNI-2



Figure 2.11D.

II
V1

RAA

HBP

HBD

CSP

CSD

I

MAPP

MAPD

1 - 500 Hz

UNI-1

UNI-2



All frequencies below 80 Hz are 

multiplied by 1, so they remain 

as they are.

F
ilt

e
r

re
s
p

o
n

s
e

 a
m

p
lit

u
d

e

All frequencies above 80 Hz 

are multiplied by 0, so they 

are eliminated.

Frequency (Hz)

E
G

 fre
q
u
e
n
c
y
 c

o
m

p
o
s
itio

n
 a

m
p
litu

d
e

Figure 2.12A.



low corner 

frequency
high corner 

frequency

A
m

p
li
tu

d
e

Bandpass

Figure 2.12B.



60 Hz

59.6 Hz 60.4 Hz

60 Hz

ringing

ringing

ringing

Figure 2.12C.



frequency (Hz)

a
m

p
li
tu

d
e

corner frequency

(100 Hz)

Figure 2.12D



Figure 2.13A

Original 

electrogram

Filtered 

electrogram

“noise” is 

gone
high-frequency peaks 

attenuated and slurred

Time  



Figure 2.13B

Raw Data

30-250 Hz filter

high frequency: 

little change

lower frequency: 

inversion of 

morphology!

Time  
Phase delay



Raw Data

10-250 Hz

20-250 Hz 

30-250 Hz 

40-250 Hz 

50-250 Hz

60-250 Hz 

Time  
Figure 2.13C



Figure 2.13D

Noise-free data

Data with 

60-Hz Noise

Notch Filter

Adaptive Filter

Time  
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