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1. Overview

In digital motor control applications, table interpolation is an operation whichis
always performed, wheel round after round. The rapidity of the table
interpolation conditions a correct working of the system, so the DSP should be
ableto do it as quickly as possible. Saving time for table interpolation will
allow more possibilities for other software.

Different kinds of tables may be used: constant or non-constant steps, 2D or 3D,
group of abscissafollowed by the group of corresponding ordinates, and so on.

In order to help the customer to understand table interpolation, we havein this
document presented different solutions for table look-up and interpolation.
These solutions should be table size optimized, speed optimized, and precision
optimized.

2. Interpolation principle

The general formulafor calculating the table interpolation value Y of a number
Xis:

Y=y + Ly -y)) y i
i X. -X. i+l
i+1
e v,
r = ratio l

X

Xi X Xjyg

Figure 1: formula Figure 2: interpolation

where: {xj} ={first coordinates of the table},
{vi} ={second coordinates of the table},
i chosen sothat Xj < X < Xj+1.



Table interpolation can be divided into two steps.

« tablelook-up: it consists of looking through the whole table in order to find
in which interval [Xj, Xj+1[ the considered point X islocated,
with Xj < X < Xj+1.

* interpolation: it consists of realizing the above calculation
(see Figure 1: formula) in order to obtain Y.

3. Fixed step table

With afixed step table, it is possible to have a correspondence between the
address of a point in the table and its abscissa. In thisway the table look up is
Instantaneous and constant in execution and the table size is reduced, only
ordinates are stored, and abscissa are memory addressed .

Vaues are uniformly spaced, in thisway asimple linear interpolation can be
used to compute the value between table entries. The simple linear interpolation
uses the values of two consecutive table entries as the end point of aline
segment. Sample points for parameters values falling between table entries
assume values on the line segment between the points.

Constraint :
» Table must have constant steps.
« Integer power of 2 step abscissa (2° with p equal from 1 to 16).

Advantage :
» Easy table Look-up.
» Short table.

Example of afixed table step table:

Oh y(0) The ordinate y(0) correspondsto x(0) = 0.

1h y(1*2P) The ordinate y(1) corresponds to x(1) = 1* 2P,
2h  y(2*2P) The ordinate y(2) corresponds to x(2) = 2* 2P,
3h  y(3*2P) The ordinate y(3) corresponds to x(3) = 3*2”.
4h  y(4*2P) The ordinate y(4) corresponds to x(4) = 4* 2P,

With this table organization, it is easy to point to the good address. Division

from the 2P value gives the position of the ordinate in the table and the
remainder is used for interpolation.



| step rstep

Example:
Suppose p=4,
Each stepis 2* =16 Thetablelooks likethis:
1010h 7
1011h 20
1012h 30
1013h 50

This can be translated into: p=4h, y(0)=7h, y(16)=20h, y(32)=30h, y(48)=50h.

In thisway, to find Y (16), we have to divide 16 by 2°, result is 1, thisvalueis
added to beginning of the table 1010h, and the address pointed contains the
result.

To find Y (18), we have to divide 16 by 2* , the integer result is 1, the remainder,
not equal zero is used for interpolation.

The sample TM S320C2xx implementation of this linear interpolation scheme
given in Annexe, is an enhancement of the table look-up table. Each time this
subroutine is called, the next sample point is calculated.



Here isthe main part of this function:

TheY datatable organizationis:

Begin of the Y table:

Y (0)
Y (1*2°)
Y (2*2P)

Y.&n* 2°)

2P is the constant abscissa step.

The valueto interpolate is Y (Xdata), with Xdata<n* 2P

Program :
LAC Xdat a, 16-d ;isolate the indice by a 2"p division
SACH i ndi ce ;fixed position in the table
SACL reste :remai nder
LALK begin_Y tabl e ; address of beginning of the table
ADD i ndi ce ;address of the nearest first indice
TBLR Y1l :Load Y1 with the ordonate of the
near est 1st indice
ADD #1
TBLR Y2 :Load Y2 with the ordonate of the
nearest 2nd indice
LAC Y2
SUB Y1l :di fference between the two Y val ue
SACL tnmp
LT reste
MPY tmp
SPH tnmp ;interpolation between Y1 and Y2
LAC Y1l
ADD tnp ; Y(Xdata) in ACCU




Processor utilization
Function Cycles Execution Time

Interpolation 21 1.05us

Memory utilization

Function | ROM (words) | Stack levels| Registersused | RAM (words)

Interpolation 17+tables none none 5

If this part of s/w is inserted directly in line with the code of a master program,
avoiding the overhead of a subroutine, a sample can be computed in only 1.05
microsecond. If the program is used as a subroutine, each sample can be
computed in 1.3 microsecond.

An implementation with boundary conditions, abscissa out of range, is given in
the Annexe.

4. Generic table Look-up and interpolation in an ordered
table

Generic means that there is no particular constraint for the ordered data table.
Steps are not constant. Abscissas and corresponding ordinates are present in
table. In this case, the look-up is more complex than in the fixed step table.

Example of a generic table:

oh  X(0) Y(X(0))
1h  X(1) Y(X(1))
2h  X(2) Y(X(2))
3h  X(3) Y(X(3))
4h  X(4) Y(X(4))

There are many ways to implement the table look-up and interpolation in an

ordered table.

» The first method used with small table is to read each abscissa of the table in
order to determine in which interval the searched abscissa is located.

* The second method takes advantage of the TMS320C2xx capability of
performing bit reversed addressing by proceeding by comparison between the
searched abscissa and the middle point of an interval which will be divided
by two at each iteration. In this case, we assume that the size of the search
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table is some integer power of 2 (2"). In this case a maximum of n iterations
isrequired to complete the search.

A total solution with the second look-up method and alinear interpolation is

presented.

The following function returns the ordinate of the searched abscissawhichis
stored in accumulator. The carry bit is set to signify that the search was
unsuccessful, abscissais outside of the range.

Processor utilization

Function

Cycles max. Execution Time max

table look

8/7+n*19 (87+n*19)*50ns

Memory utilization

Function | ROM (words)

Stack levels | Registersused | RAM (words)

table |ook 104+tables none 3 7
. bss X look, 1,1
. bss tenp, 1,1
. bss X1,1,1
. bss xX2,1,1
. bss Y1,1,1
. bss Y2,1,1
. bss remai nder, 1,1
si ze . set XXX ;size of the array
iterations
. set XXX ;nunber of iterations to conplete the
:search,
;the size of this array is ;2"(xxx+1)
;for exanple for a 279 val uestabl e,
;XXX is ;equal 8
.text
CALL tabl e_| ook

tabl e | ook
LDP
SACL
LAR
MAR

#tenp
X_ | ook
ARO, #si ze
* ARO

;load in Accu the searched absci ssa
;load in ARO, the size of array
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again

absci ssa

i nf

end_sup

not her e

MAR
LAR

LAR
SAR
LAC
TBLR

LAC
SUB

BCND

BCND

BCND

MAR

MAR
SAR
LAC
TBLR

LAC
SUB

BANZ

SAR
BCND

LAC
TBLR
SuB
TBLR

SUB
ADD

TBLR
ADD
TBLR

* BRO+, AR3

;half the size of the array

AR3, #Tabl eX

; AR3 points to the beginning of the array

AR4, #iterations

AR3, tenmp
tenp
tenp

X | ook
tenp

:Nunber of iterations, table size is 2”n

:Load Accu with address of the first
;value in abscissa table

:Transfert the first abscissa in
;tenmporary variabl e

;conpare the searched abscissa with
; poi nted absci ssa

outside,LT ;error if the abscissa is snmaller

f ound, EQ
i nf, GT
*0-, ARO
end_sup

*0+, ARO

* BRO+, AR4
AR3, tenmp
tenp
tenp

X | ook
tenp

agai n, AR3

AR3, tenmp

:than the first abscissa of the table

;if searched abscissa is equal pointed

if searched abscissa is greater
t han poi nted absci ssa

if too high on array, junmp back
in the table

;if too low on array, junp
;foward in the table

;half the search part

:Load Accu with address of

; the new poi nted absci ssa

;transfert pointed abscissa in tenporay
;variabl e

;conmpare searched absci ssa with pointed
;absci ssa
;repeat iteration n tines

;exact absci ssa has not been found, an
;interpolation has to be perforned

part_pos, Gl;test if searched abscissa is greater

;or smaller ;than pointed abscissa

;if abscissa pointed is greater than
; sear ched absci ssa.

tenp ;

X2 ; X2=nm n abscissa of the interva
#1h

X1 ; X1=nax absci ssa of the interval
#Tabl eX ;point to the Y table

#Tabl eY

Y1l :Yl=ordi nate of X1

#1h

Y2 :Y2=ordi nate of X2

i nterpolate
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part_pos

LAC
TBLR
ADD
TBLR

SuB
ADD

TBLR
SuB
TBLR

i nterpolate
LAC
SUB
BCND

SACL

LAC
ABS
RPTK
SUBC
SACL
LT
LAC
SUB
SACL
MPY
SPL
LT

LAC
SuB
SACL

MPY
PAC
SFL
SACH
LAC
ADD

B
out si de

ZAC
SETC

f ound

tenp
X1
#1h
X2

#Tabl eX
#Tabl eY

Y2
#1h
Y1

X2
X1

if abscissa pointed is smaller than
sear ched absci ssa.

X1=m n absci ssa of the interval
X2=max absci ssa of the interva

point to Y table

Y2=ordi nate of X2
Yl=ordi nate of X1
i nterpol ation

Y=Y1+( x_I 0ok- X1) / ( X2- X1) * ( Y2- Y1)

cal cul ate X2-X1

outside, LT ;error if x _look is geater

r emai nder
#8000h

15

r emai nder
tenp
tenp

X | ook
X1

tenp
tenp
tenp
tenp

Y2
Y1

tenp
tenp

tenp
Y1l
tenp

end_interp

C

end_interp

than | ast absci ssa

;calculate 1/ (X2-X1) << 15

;cal cul ate x_I ook- X1

;calculate ratio =(x_I ook-X1)/(X2-X1)<<15

:calculate Y2-Y1

;calculate rati o*(Y2-Y1)

cal cul ate Y=Y1+(x_| ook-X1)/ (X2-X1)

;% (Y2- Y1)

Accu is zeroed
set the carry to informmain program
that the search was unsuccessf ul

exact absci ssa has been found
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SAR AR3, tenmp ] )
LAC tenmp ;point to good address in TableY

SuUB #Tabl eX
ADD #Tabl eY

TBLR tenmp ;Store Y(x_look) in tenmporary register
LAC tenp ; Y(x_look) in Accu
end_interp
RET
Tabl eX.word X(0) ;tabl e of abscissa in program data space
.word  X(1)
.word  X(2)
.word  X(3)
.word  X(4)
.word  X(5)
.word  X(6)
.word  X(7)
Tabl eY.word Y(10h) ;table of ordinate in program data space
.word Y(20h)
.word  Y(30h)
.word Y(40h)
.word Y(50h)
.word Y(60h)
.word  Y(70h)
.word Y(80h)
. end

This function could be easily modified if the size of the search tableisnot a
power of 2.

An implementation of this function in a main program with an exampleis given
in the annexe.
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5. Annexe

5.1 Fixed Step Table example

R e b Sk b Ik S I Rk Sk S S S e e b b S S S S R Rk kI I S R Sk S I R

*Fi |l e Nane: Mt abl e. asm

*Proj ect: DMC Mat hematical Library
*Originator: Pascal DORSTER (Texas Intrunents)
*

*Description: Sinmple main which call a table Look-up
* function with fixed step table

*

*

*Processor: C2xX

*

*St at us:

*

*Last Update: 20 Sept 96
*

*Date of Mbd | DESCRI PTI ON

kkhkkkhhkkhkkhkhkkhhkhkkhhkkhhkhkkhhkhhkkhhkhkhkhkhhkhkkhhkhhkhkhhkhkhkhkihkhkkhkkihkhkkikkikhkhkkikkikikkikk*

. MY egs

.sect "vectors"
b ~c_intO
b $

kkhkkkhhkkhkkhhkkhhkhkkhhkhhkhkkhhkhkhkkhhkhkhhkhhkhkhhkhkhkhkihkhkkikkikhkhkhhkikhkkikk*

* Vari abl e

kkhkkkhhkkhkkhhkkhhkhkkhhkkhhkhkkhhkhkhkkhhkhkhkhkhhkhkkhhkhhkhkihkhkkikkihkhkkhhkikhkkikk*

. bss Xdata, 1,1

. bss indice, 1,1

. bss remai nder, 1, 1
. bss Y1l,1,1

. bss Y2,1,1

. bss tenp, 1,1

R I e b Sk b b e R Rk S e e b b S I R I e e b b b I I S

* Malin routi ne
IR IR S P 0 P P S I b I I S I b P b I b I I P I S I b I S b b I P I S I I P b S b b I I I

. text

_c_intO:
LAC #18h
CALL Look fixed_ table

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
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R e b Sk b b S I Rk Ik kS S S e b e S S I R S e R R R R e b b S S I S I R

*Rout i ne
*Proj ect:

*Originator:
*

*Descri ption:

*
*
*

Nane: | ook fixed table
DMC Mat hematical Library
DORSTER (Texas | ntrunents)

Pascal

Look-up Table + Interpolation programfor
C2xx fixed step table
Assenbly calling funtion

*St at us:

*

*Processor: C2xX

*

*Cal li ng conventi on:

* Input : in Accu abscissa
* Qut put Y(abscissa) in Accu
*

*Last Update: 20 Sept 96

*

*Date of Mod | DESCRI PTI ON

*

*
*

kkhkkkhhkkhkkhkhkkhhkhkkhhkkhhkhkkhhkhhkhkkhhkhkhhkhhkhkkhhkhhkhkhhkhhkhkkihkhkkhkkihkhkkikkikhkhkkikkikhkkikk*

Look fixed table

LDP
SACL
LAC
SACH
SACL
LALK
ADD
SACL
SuB
BCND
BCND
LAC
TBLR
ADD
TBLR

LAC
SUB
SACL
LT
MPY
SPH
LAC
ADD
B
out si de
ZAC

#Xdat a
Xdat a
Xdat a, 16- 3
i ndi ce
remai nder
t abl eY

i ndi ce

i ndi ce

#t abl eY_end
out si de, GT
| ast, EQ
remai nder
Y1

#1h

Y2

Y2

Y1

tenp
remai nder
tenp
tenp

Y1

tenmp
end_interp

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*

;isolate the indice by a /8

;integer position in the table
; remai nder

; address of beginning of the table
address of the nearest first indice

t enpor ary

Load Y2 with the ordonate of the
near est second i ndice

di fference between the two Y val ue

i nterpol ati on between Y1 and Y2
Y(Xdata) in ACCU

abscissa is out of range
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SETC C
B end_interp

| ast ;abscissa point to the last table
; val ue
LAC remai nder
TBLR Y1
LAC Y1
end_interp
RET

R e b b I b e R Rk S S e e b O S R R b b b b S I I S R

* Tabl e

R IR e b b b b e R Rk S S e e b S R R e b b b b S I R

tableyY .word 10 ;Y(0) =10
.word 40 ;Y(8) =40
.word 80 ;Y(16) =80
tabl eY_end
.word 200 :Y(24) =200
.end
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5.2 Generic Table example

R e Sk b b S I Rk Sk I S S e b b S I S R I O R R R e e e b b S S R R I e e

*Fi |l e Nane: M tabl e. asm *
*Proj ect: DMC Mat hematical Library *
*Originator: Pascal DORSTER (Texas Intrunents) *
* *
*Descri ption: Sinmple main which call a table Look-up *
* function not fixed step table *
* *
*Processor: C2xx *
* *
*St at us: *
* *
*Last Updat e: 20 Sept 96 *
* *
*Dat e of Mod | DESCRI PTI ON *
e *
* || *
* *

EE I e b I Ik S S R Ik Sk S S b e R R Ik S e b b b I S S S R e I S S S S

. mT egs
.sect "vectors"
b ~c_intO
b $

R e b Sk b Ik S I Rk Sk S S S e b e b I S I R e R R R R e e b S S I R e e

* Vari abl es *
khkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkkhkkkkkkkx
. bss X look, 1,1
.bss tenmp,1,1
. bss X1,1,1

. bss X2,1,1
. bss Y1l,1,1
. bss ¥2,1,1
. bss remai nder, 1,1
si ze . set 08h ;size of the array
iterations.set 2h ;nunmber of iterations to conplete

;the search,the size of this array
;1S 2N (XXx+1)

;for exanple for a 279 val ues tabl e,
S XXX is equal 8

. text

R I I P D P I S I I P I S I b I I I S I I I S I P I S b b I P I S I I P I I b b I I I S I b I I b I I I ]
* Mal n *
R I I I D P I S I I P I S I b I I I S I I I S I P I S b b I I P I I I P I I b b I I I S I b I S I b I I I ]

_c_intO:
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LAC
CALL

#32h
t abl e _| ook

kkhkkkhhkkhkkhhkkhhkhkkhhkhhkhkkhhkhkhkhkhhkhkkhhkhhkhkkhhkhhkhkihkhkhkkihkhkkikkhhkhkkikkhkhkkihkikkikkikk*%k*x

*Rout i ne Nare:
*Proj ect:
*Originator:

*

*Description:

*

¥ X F X X X ¥ X F

* St at us:
*

*Processor:
*

*Cal I'i ng convent

*

Last Update:

t abl e_| ook
DMC Mat hematical Library
Pascal DORSTER (Texas Intrunents)

Look-up Table + Interpolation program
for C2xx

not fixed step table

bit reversed table | ook-up

Li near Interpolation

Tabl es in Program Menory

Size table is an integer power of 2
Boundary condi ti on managenent: absci ssa
out of range

Assenbly calling funtion

C2xx

i on:

| nput : Abscissa in Accu

Qut put: ordonates Y(x_look) in Accu
Carry bit is set if out of range

20 Sept 96

*
*
*
*
*
* Date of Mbd
*
*
*
*

E R e e b Ok I I S S IR ek S kS e R Rk I S S b S R Rk ke b O S S

t abl e_| ook
LDP #tenp
SACL X | ook

| DESCRI PTI ON

:load in Accu the searched absci ssa

LAR ARQ, #si ze ;load in ARO, the size of array
MAR *, ARO

MAR * BRO+, AR3 ;half the size of the array
LAR AR3, #Tabl eX ; AR3 points to the beginning

LAR AR4, #i t

;of the array
erations

: Nunber of iterations,

table size is 2™n

SAR AR3, t enp ; Load Accu with address of

LAC tenp
TBLR tenp

:the first value in

;absci ssa table

:Transfer the first abscissa
;in tenporary

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
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LAC
SuB

BCND

again
BCND

BCND
MAR

B
i nf
MAR

end_sup
MAR
SAR
LAC
TBLR

LAC
SUB

BANZ

not her e
AR
BCND

LAC
TBLR
SuB
TBLR

SUB
ADD

TBLR
ADD
TBLR
B

part_pos

LAC

X | ook
tenp

out si de, LT

f ound, EQ
inf, GT
*0-, ARO
end_sup
*0+, ARO

* BRO+, AR4
AR3, t enp

tenp
tenp

X | ook
tenmp

agai n, AR3

AR3, t enp

part_pos, GI

tenp
X2

#1h
X1

#Tabl eX
#Tabl eY

Y1
#1h
Y2

i nterpol ate

tenp

. r epeat

vari abl e

conpare the searched abscissa with
poi nt ed absci ssa

error if the abscissa is smaller
than the first abscissa of the table

i f searched abscissa is equa
poi nt ed absci ssa

if searched abscissa is greater
t han poi nted absci ssa

if too high on array, junp back
in the table
if too low on array, junp

foward in the table

hal f the search part

Load Accu wi th address of

t he new poi nted absci ssa
transfer pointed abscissa in
tenporary variabl e

; conpare searched abscissa with
; poi nt ed absci ssa

iteration n tinmes

:exact absci ssa has not been found, an

i nterpol ation has to be perforned
test if searched abscissa is greater
or smaller than pointed abscissa

i f abscissa pointed is greater than
searched absci ssa.

X2=m n absci ssa of the interval
Xl=max absci ssa of the interval

point to the Y table
Yl=ordi nate of X1

Y2=ordi nate of X2

i f abscissa pointed is snaller
t han searched absci ssa.
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TBLR X1 : X1=m n absci ssa of the interval
ADD #1h

TBLR X2 ; X2=max absci ssa of the interval
SuB #Tabl eX ;point to Y table

ADD #Tabl eY

TBLR Y2 : Y2=ordi nate of X2

SUB #1h

TBLR Y1 : Yl=ordi nate of Xl

;interpolation
; Y=Y1+(x_| ook- X1)/ ( X2- X1) *(Y2- Y1)
i nterpol ate
LAC X2
SUB X1 cal cul ate X2-X1
BCND outside, LT ;error if x ook is greater than
| ast absci ssa

SACL remai nder

LAC #8000h

ABS

RPTK 15

SUBC renmi nder ;calculate 1/ (X2-X1) << 15

SACL tenp

LT tenp

LAC X | ook

SuB X1 ;cal cul ate x_| ook- X1

SACL tenp

MPY tenp ;calcul ate
;ratio =(x_l ook-X1)/(X2-X1)<<15

SPL tenp

LT tenp

LAC Y2

SUB Y1 ;calculate Y2-Y1

SACL tenp

MPY tenp ;calculate ratio*(Y2-Y1)

PAC

SFL

SACH tenp

LAC Y1

ADD tenp ;cal cul ate Y=Y1+(x_I| ook-X1)/(X2-X1)
;¥ (Y2-Y1)

B end_interp

out si de

ZAC ; Accu i s zeroed

SETC C ;set the carry to informmain program
;that the search was unsuccessf ul

B end_interp
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f ound
SAR

LAC
SUB
ADD
TBLR
LAC

AR3, t enp

tenp

#Tabl eX
#Tabl eY

tenp
tenp

end_interp

RET

Tabl eX

Tabl eY

. wor d
. wor d
. wor d
. wor d
. wor d
. wor d
. wor d
. wor d

. wor d
. wor d
. wor d
. wor d
. wor d
. wor d
. wor d
. wor d

. end

10h
30h
35h
50h
60h
65h
70h
90h

05h
10h
16h
22h
40h
60h
65h
85h

:exact absci ssa has been found

;point to good address in TableY

; Store Y(x_look) in tenporary register
; Y(x_look) in Accu

; X(0)
; X(1)
; X(2)
; X(3)
; X(4)
; X(5)
; X(6)
» X(7)

; Y(10h)
; Y(30h)
; Y(35h)
; Y(50h)
; Y(60h)
; Y(65h)
; Y(70h)
; Y(190h)
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