Angle Recoding 2. Wu
0. Overview

20180903 Mon

Copyright (c) 2015 - 2016 Young W. Lim.
Rermission is granted to copy, distribute and/or modify this document under the terms of the

GNU Free Documentation License, Version 1.2 or any later version published by the Free Software
Foundation; with no Invariant Sections, no Front-Cover Texts, and no Back-Cover Texts. A copy of
thie license is included in the section entitled "GNU Free Documentation License".




\) ector  Rotational CORDIC

(,OYIUeV\HOV\A.Q CORDIC Alam

MVR —(oRDIC /§|3ori+hm

AR Tecn e

EEAS Scheme

Genoalized EEAS  Scheme




Ve dtor Selec tion ot aemahl—p.na HMicro Angle  Quentizabion
Rotpbion B4 | Rotation Segurence ArgleSet | Rotation i Na
Conventioval 14 0} s W
= EAS S 7 M) alt)
CORDIC poeih opete Fired
Ang\e = $4 EAS S lechve ¢ 3y, n=S0) N
Recedirg pr= il | * tam’ (-2 ) Var able
MVR-(rolc o = %-iJOJ '\'\} EA‘S S[ f@'ed’h/@ tmﬂ(o((_w.'z's(“> 5’“4
L
EEAS ] tam' (0 79 | R
O de=§4)0, +1}| EEAS §1 | selechve . o(,L'L)-i""“) Fired
Qeneralized O, 0%, "/ Ol 4 EEAS ¢ t“’“i(“om'isnm"' Rm
J : :
EGAS = {40, 11} d7 3 Selechye oy, LW 2"544“’) Fixel




E\emer\‘\‘arg Anale St EAS

S = {aiy=ten?(0Yh: p<ignl

C 4

S =1 tant (x*27) :

X*€ §,0,+1}, S*c §0,1,--, A-1} }

S, =1 tan (o2 + x27)

O(fé f‘l, OJ.*l} Sie {01, y N-1}

O(fé {‘l, OJ.*I} Ste f0,1,---, N-1} }

Sq =1 tan (o2 + 0% 2% 4.4 ¥ 270 )

oFe {1,041} S*e {o,1,---, NI}

XT€ {9,041} Ste {01, N-I}

XEE 5,0/} SIE 10,1, Ml

'F"Y the AQ persyeckive

S = {faw=tan?(2Y): o<igni}

S = f tonM(pey-2%) © 0 < i, pide §9, 41} b

still 0 ¢S S ‘FS;

[ A — 4




Family of Vector Rotatinal (0RDIC

AR proeg — (" Coroic
(Angle Buonts ation) AR (Ahg\e Recoo{‘mg)

MVR = (ORPIC  (Modificd Vector Rotation)

EEAS CExtended Elementory AngleSet)
Genenlized [ EBAS

AB protess  with Vonions GAS and
and  suitoble combinations of  subangles

to dxcoynpose the towaet Yo tational angle

into  Cevenal  eagy-to-impement S ub angles

pnimiting  the angle quanbtitation ervor §.,

to obtain the best prevsion performance
! 1




(onventignall CORDIC Algosi hmn

MVR —(oRDIC /§|9oﬂv]%m

AR Tedwmiqme
EEAS Scheme
Genonalized EEAS  Scheme

EEAS covers KHU R-CORDIC

AR
(h subget of EAS &
EEAS S,
MVR ~coRrpic o SubSet of AR

ONE constramt own the
tevaion  umbeld,



A ng|e Quanti‘&ahoﬂ

process  on the Yotational nyle ©

Quantiation

de compose  the oﬂ'gimi Vo tabional angle e

Into seveulos ©;'s

O= 611640t + Qn,- * £,

to  appwxmate

Sum up thole  subangles
v 1
the onginal angle (S cloge as possile

Minimi ¢ the ongle guantiiation eviwr

o

Na -
Em

G - Z. (9’!'
L=0

(1K) ¢ the numbe of sub—sangles
N




design jssues in the AQ pwcess

D need ty determine the Sub-angles G¢
enc ' eeds e ~to- 1| ent

0 ele d  combine these -on

Such that Ehe anawmﬁiaﬁon_emr_im—

Cawn e, minimized




Angle Quanti 2 bion

Quanti zakion process _on the rotabional Ah(a)le O

dewompoe  Q into Several Subangles @;%

the ongle quanti zation ervoy

Ra-|
§m é Q0 - Zﬂeb

@ the  pumbor of Subangles

00) 9!, ) 004_!

G=0, + . t -t Qu- +En

dota & W-bit  word uryth

the iteratim numben ; A N&W

the restricked itersbon pumber P Rm  Rn K W




Vector Rotation CorbIC,  Famyl Y

Conven Eonal CoRDIC

@D AR

® MVUR

® EEAS




CSD (Conomeal Signed Digit) Quontizotion

ok gital fite dsigns

Coefficients onr vecoded

in krms of  SPT (Siﬂmd Pwen of Two ) terms

multiphation  can be easly realited

with Shift-and- add  operstions

P2 = (-0.1502w9),, > (0. oveit,

w=g , 3 mon-tero Aigks

@ CsD %‘*M'H wtion (}«QCOWPOSCS

Coclicients nto geverad ST {erms

(swb - oelbitients)

® the muib pheation of oo elhicient

can be reformed

thongh the cowmbinakion d{'

the pon-geve SPT  Sub-(oefficients




f;v«omt\!;e the votobion ongle O

deompose the vototien ongle ©

intp Sevenat Sub-angles B/

the rotatisnal opwhm 05; eoch @

Chowld be eas;lb reollized

1§ each Bi con be renlized

Wsing  only  Shift-ond-add o perstions

the rotation of © con be prformed

l:\m!o%h sweeessive apynmhms of’

fub-ongle rototims

in o0 cosk - elfective Lov




Dpporimation . Coefigent | Rolokion orgle

torget hi )
Basic Non'wo digal Swb - Gngle
Element 2% btiy= tan (1)
Basic Shift-gnd-gdd 2 shift-and- cdd
O?MM O pevtion Optnokions
Aporugimation No- .
| _4 Rm-l
€ qushion hi % ; 95 -1 v ) o) 0(sty)
=0 :"—'O o 7
f,,la ei—l;o,-rl}
d; 60, -, wAl

Np= the pumpen of Na= the numben of

Now-zero digits Sub-owngles




ry t e tar n

@

Step by Step

decsions are made i each Step

Lj choos‘mg the best combipetion af— X)) alswy)

So as to minimize !&'M!

oLit), at) o dutermined  Such that

the evay fumchom 15 minmized
Tty = |6t —aci)ocsein |

i)
0G)= @ - D o((m a(scm)
m=o

terminated  (f Mo furthor impraement  can  pe found

Jw) 2 J-1)

v A (Rm-l) omh S (Rm-|)
ot dotermined ot the end




Rotation Angle 0= Lz_l

Cowventiond  CORDIC

n=CLV - v~ -t -t g ]

Anﬁ‘g REioA‘mﬁ .—é"reedw

A= 1loo -1 00 - -1 goo| bDvoll]

MVR — (ORDIC ~ Greedy

x=C( -V -1 -]

=L 0 3 6 1]

MVR - CoRp\ C - Semi Gredy (P =1)

g=L1 -\ - 1)

s=(Lp 3 § 1]

MV R~ CoRblc = TS

A=01 1 A4 -]
§:f_| 2 Y r)J

Cens - éIveeal?

%=1 1) X, = (-1 4]

Sy = Lo x] §’7 [8 Io]
EEAS- TBS  Rm=2
Xo=L1 1] ®=[q 4]
S, = (o (] g = [3 §]
EEAS- TBS Rm=3

Go=L1 -] &=L~ I

S, = (0 34)] 3 = LIS 6]




>>mu=]I[1,-1,1,1,-1,1,-1,-1,1,-1,-1,1,1,-1,1, 1]

>> |length(mu)
ans = 16

>> s =[0: 15]

+ {1\
== dldll(l)

ans = 0.78540

>> pi/4
ans = 0.78540

>> sum(atan(2.7(-s)) .* mu)

aNnce — N ARRAQT K
arlio = UV.VO001J

>> 13 * pi / 32

ans = 1.2/6b>5

ans = 0.78540

>> pi/4

ans = 0.78540

ans = 0.63813

>> 13 *pi/ 32
ans = 1.2763




>>s =0, 3, 6, 7]

>> alpha =[1, -1, -1, -1]

>> sum(atan(2.”(-s) .* alpha))

ans = 0.63761
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>> alpha =[1, -1, -1, 1]

>> sum(atan(2.7(-s) .* alpha))
ans = 0.63762

>> alpha =[1, 1, -1, -1]

>>s=11,2,4,7]
>> sum(atan(2.”(-s) .* alpha))

ans = 0.63840




alphaO=[1 -1]

alphal=[-1 -1]

s0=[{02]

s1=[8 10]

sum(atan(2.7(-s0)) .* alpha0 + atan(2.7(-s1)) .* alphal)
ans = 0.53554 XXX

alphal=[-1 -1]

s0=[0 6]

s1=[3 5]
sum(atan(2.7(-s0)) .* alphaO + atan(2.7(-s1)) .* alphal)
ans = 0.64543 XXX

alpha0=[1-1-1]
alphal=[1-11]

s0=[0 3 7]

s1=[15612
sum(atan
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