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Last week

The IDTFT gives us an infinite number of coefficients of our FIR filter.
To implement the filter in practice we need to apply windowing.

Rectangular windowing might introduce unwanted effects in the
frequency domain.

Different window formulas exist that try to keep certain unwanted
effects to a minimum. (Experiment with these!)

lIR filters contain feedback (or are recursive).
With only a few coefficients good results can be achieved .
Might be unstable.
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TDS02

FIXED POINT CALCULATIONS




Fixed point versus floating point

* Floating point numbers:
— Standardized in IEEE Standard for Floating-Point Arithmetic (IEEE 754)
— Supported in almost any programming language
— Big dynamic range, e.g. 32-bit single precision (float in C): 1.2E-38 to 3.4E+38

— Precision varies with value, e.g. float has 23 significant bits, the precision
depends on the position of the binary point which varies

— Calculations take more time / chip area / power than integer calculations

* Fixed point numbers:
— Not standardized and unsupported in almost any programming language
— Small dynamic range (watch out for overflows)
— Fixed precision
— Calculations are almost the same as integer calculations
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FIXED POINT EXAMPLES 1

Integer numbers are almost always represented in two’s complement binary
x =0100100000011000,= 18456,

Fixed point numbers are often represented in Qm.n format
Qm.n = a two's complement number with m bits before and n bits behind the
binary point and an implicit sign bit
00.15: x = 0;1001000000110001,
x=2"1+2"%4+2711 + 2712 =0.56323,

Q2.13: x = 010.0100000011000,,
x=2V+27242724+2710=225293,

Q5.10: x = 010010.0000011000, % 2
x=2%+2"+27°+277 =18.02344,
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FIXED POINT EXAMPLES 2

2’s complement integer:
y =1100111111111000,= (—)0011000000001000, = —12296,

!

Q0.15:y = (-)0.011000000001000,,
y=—(272%+23+2712)=-0.37524414,

Q2.13:y = (-)001.1000000001000,,
y=—2°+2"1+2710) = -1.500976563,

Q5.10:y = (—)001100.0000001000,
x=—(23422+2"7) = —-12.0078125,
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FIXED POINT MATLAB NOTATION

00.15 516,15
02.13 $16,13
05.10 $16,10

16 bits total of which 10 J///f

bits right of the point

\\\\So 6 bits left of the point

(including signbit)
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FIR FILTER COEFFICIENTS 1

Filter Design & Analysis Tool -

File

Edit  Analysis Targets

View Window Help
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rCurrent Fiter Informatien

Structure: Direct-Form FIR
Order: 20

Stable: fes

Source: De=igned

Store Filter ...

Fitter Manager ...

— Magnitude Response (dB)

ra
(=1

Magnitude {dB)
I
=

&
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15 2 25

Frequency (kHz)

L Response Type

@ Lowpass

Highpass
) Bandpass
(7)) Bandstop

Differentiator

VIR | Butterworth

L Filter Order

@ Specify order: |20

Minimum order

— Options

| Design Method |

|| Scale Passband

Window: Rectangular

Specifications

-

@ FR |Window

... Done

— Magnitude Specifications

The attenuation at cutoff
frequencies is fized at § dB
(half the passband gain}
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FIR FILTER COEFFICIENTS 2

Edit Analysis Targets VWiew Window Help
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rCurrent Fiter Information ——

— Magnitude Responze (dB)
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o - _h“"\\ Lowpass FIR Window: Quantized [
— R Lowpass FIR Window: Reference
Structure: Direct-Form FIR o8]
=220 - - T
COrder: 20 o / \" fﬁ,
Stable: Yes g II \ { J/"\._‘ . /—u.\ P s A
. ) | f ! i \ NS
Source:  Designed (quantized = | [ ! [ I ! i
gned (g Y | £ 4ol | f \f \ |'I [ |" [
% | | |
=
50 1
i i i i i i i
( Store Filter ... J 0 05 1 15 2 25 3 35
( Filter Manager . | Frequency (kHz)
Fitter arithmetic: |Fixed-point vl FIIter precigion: | Full v. Coefficients || Input/Output || Fitter Internalz
N b d | h: 16 | Best-| izion fraction | h
umerator word lengt est-precision fraction lengths [F] Use unsigned representation
(@ Mumerator frac. length: 16 |:| Scale the numerator coefficients to fully
utilize the entire dynamic range:
Numerator range (+i-): 0.5

Apply
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FIR FILTER COEFFICIENTS 3

Fl'lter Designer - [untitled.fda *

File

Edit  Analysis Targets View Window Help

Structure: Direct-Form FIR
Order: 20

Stable: ez

Source: Designed (guantized)

[ Store Filter ... ]

[ Fitter Manager ... ]

— Magnitude Response (dB)

ek a< il Dl EUE~ 0 BEkaRE

rCurrent Filter Information ——
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S 20 \u { f}_\_“‘/ N/
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'S 40f LI | I AR S I
f I I
= - rh

&0+ Lowpass FIR Window: Quantized i

————— Lowpass FIR Window: Reference i|
1] 0.5 1 15 2 25

Frequency (kHz)

Fiter arthmetic: | Fixed-point

iter precision: |Fyll

Numerator word length:

i@ Numerator frac. length:

Numerator range (+/-):

4 Best-precision fraction lengths

v. Coefficients || Input/Output || Filter Internals

|:| Use ungigned representation

|:| Scale the numerator coefficients to fulky
utilize the entire dynamic range

Apply
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FIR FILTER COEFFICIENTS 4

Targets -> Generate C Header

GEHE@

‘fariable name=s in C header file

Mumerator: |g Numerator length: gL

Data type to use in export

i Signed 16-bit integer with
\_) Export suggested: g pit fractional length

Signed 16-bit integer il
Fractional length: 15

i@ Export as:

: Generate ; [ Close ] [ Help
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C-HEADER

1/%
* Filter Coefficients (C Source) generated by the Filter Deszign and Analysis Tool
* Generated by MATLAB(R) 9.0 and the DSP System Toolbox 9.2. 16 b I t fl Xed po I nt
* Generated on: 15-8ep-2016 15:23:37

Y number with 16 bits
i - | right of the point.
S (2°s complement!)

* Filter Structure : Direct—-Form FIR

* Filter Length : 21

* Stable Yes

* Linear Fhase : Yes (Type 1)

* Arithmetic ::L:-:eci B J For example:

[ rmesaces e o ] 1639, = 0000 0110 0110 0111,
Input : 516,15 -> [-1 1)

* Filter Internals : Full Precision to fixed point:

w utput : 233,31 -> [-2 Z2) (auto determined)

* Froduct : 531,31 -> [-5.000000e—-01 5.000000e—-01) {auto determined) 0.0000011001100111b

* Accumulator : 233,31 - [-2 2Z2) (auto determined)

- Round Mode : No rounding

w Overflow Mode : No overflow

w

/* General type conversion for MATLAE generated C-code */ = +(2_6 + 2_7 + 2_10 + 2_11 + 2_14 + 2_15 + 2_16)
finclude "tmwtypes.h" =~ 0_025009155d

1/

* Expected path to tmwtypes.h

* C:\Program Files\MATLAB Z0léa‘extern‘include\tmwtypes.h
Ey

const int BL = 21;

14751, 10430, 4517, 0, -—-2%50, -3477, -2107, '
16325, 208B¢ ‘I
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ilter Designer - [untit

File Edit Analysis Targets View Window Help

NEHaR @« 00 0 E@:ﬂl%mr@ A7

~y
—® =~ (0.025009155,
~Current Filter Informatiopn ———— — Fitter Coefficients C '
Cuantized Numerator: /.;
0.0318258335384375 —
Structure: Direct-Form FIR a I
Order 20 -0.0321502685546875
Stable: ves —-0.0530548055703125
. -0.045013427734375
Source: Designed (guantized) o
0.0750274858203125 1 .
0.15514518932Z1875 EaSIer'

2250823974505375 1

EEEEDBESST‘li"JSSTE - 639
—— —1s = 0.025009155,,

[ g |

[ Fitter Manager ... ]

— Filter Coefficients

Fiter Structure: Sampling Frequency:
=11 | pirectForm I Transposed ~|  Mumerator [10.028 0.0530.071 0.0530. UNtS: (ormaized (0to .. v
[] import as second-order sections Denominator |[1.000 -2.026 2.148-1.158 0 Fs

Import Fitter

I EREEE
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MULTIPLICATION

0111 = 0.875
0001 = 0.125 Q0.3 notation
— % R
0111 4375
0000 1750
0000 875
0000
_______ n g
0000111 109375
==>

3+3 numbers right of the point so the point 1is at:
0.000111 = 0.109375
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MULTIPLY ACCUMULATE ARITHMETIC

Standard integer MAC

Fixed point MAC

x = 0100 = 4 00.3: x = 0100 => 0.5
y = 0010 = 2 00.3: y = 0010 => 0.25
x + y*y = 8 X +y *vy=0.54+ 0.25%0.25 = 0.5625

0100 + 0010*0010 = 0.100 + 0.010*0.010 =

-

0100 + 0000100 100 + 0.000100 =
0100 Oolﬂﬂpﬂﬂ \
e QLo Correct
0001000 = 8 0.100100 = 0.5625 p|acement
of the
Now fixed point\notation is Q0.6! -
point

Addition with Add zeroes

points

aligned "f
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C-HEADER

1/*
* Filter Coefficients (C Source) generated by the Filter Deszign and Analysis Tool
* Generated by MATLAB(R) 5.0 and the DSP System Toolbox $5.2.
* Generated on: 15-8ep-2016 15:23:37
*f

1/*
* Discrete-Time FIR Filter (real)

* Filter Structure : Direct—-Form FIR

* Filter Length 21

* Stable : Yes

* Linear FPhase : Yes (Type 1)

* Brithmetic : fixed

* Numerator : =2l6,16 —-> [-5.000000e-01 5.000000e-01)
* Input : 3l6,15 -> [-1 1)

* Filter Internals : Full Precision

w Cutput : 233,31 —-> [-2 Z2) (auto determined)

w Product : 531,31 -> [-5.000000e—-01 5.000000=-01) {auto determined)
*I Accumulator : 233,31 -> [-2 2) (auto determined}l
w Round Mode : No rounding

w Overflow Mode : No overflow

*f

Why 31 bit right of the point?

/* General type conversion for MATLAE generated C-code */
finclude "tmwtypes.h"
1/*
* Expected path to tmwtypes.h Why 33 b i tS total ?
* C:\Program Files\MATLAB Z20l6a‘extern‘include\tmwtypes.h
>/

const int BL = 21;

Jconst int16T BL21] = ( - S How to implement this in C?

zlde,

l=ioal, 1llssl, TI3L7, o —<3Jdal, —o% r —=1lUr,
U, lez3, 2086
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Summary

* Fixed point versus Floating point:

— Advantages:
e |ess time / chip area / power
e fixed precision
— Disadvantages:
e small dynamic range (watch out for overflows)

* Fixed point calculations:

— Multiply: use integer multiplication, remember the position of the binary point
yourself:

e 01.14-Q2.13 = Q3.27
— Addition: use integer addition, remember to align the binary points by shifting
before adding:
¢ Q0.3 + Q1.2 (Q0.3 >> 1) + Q1.2 Q1.2 + Q1.2 Q2.2
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