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(57) ABSTRACT

A linear mterpolation operator for determining the value y of
a function of X when one knows the value y, corresponding
to X;, and a value y, corresponding to X, (where x,<x=Xx,),
comprises a first calculation circuit which determines the
equation (X, +X,,)/2; a second calculation which determines
the equation (y,,+y,,)/2; a comparison circuit which com-
pares x with (x, +X,,)/2 so as to determine which one of the
intervals [ X, (X, +X,,)2], [(X,,,+Xa,)/2, X,,] contains x and to
feed back the limits of the selected interval into the first
calculation circuit and the limits of the interval correspond-
ing 1n y 1nto the second calculation circuit.

12 Claims, 2 Drawing Sheets
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1
LINEAR INTERPOLATION OPERATOR

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

This is a continuation of application Ser. No. 08/148,526,
filed Nov. 8, 1993, now abandoned which is turn is a
continuation of application Ser. No. 07/933,033, filed Aug.
20, 1992 now abandoned.

BACKGROUND OF THE INVENTION

The instant invention relates to a linear interpolation
operator, that 1s, a calculation device permitting, i1f one
considers that a value y 1s a linear function of x and if one
knows the values of y (y; and y,) corresponding to two
specific values of x (x; and x,), to calculate the value of y
corresponding to any given value of X included within the
interval [ X, X, ].

Such a linear interpolation operator 1s especially imple-
mented 1n the field of synthesis graphic devices of bi- or
fri-dimensional i1mages for line plotting, Gouraud
smoothing, Phong smoothing, S-plines, ray tracing and more
generally for signal digital processing.

In mathematical form, a linear interpolation is written as
follows:

(1)

On the other hand, the object of the instant invention 1s to
resolve calculations of the type

Y=y 1+(X=% (V- ¥1)/(Xo—Xy)

y=(aA+bB)/(a+b) and A*B/C.

According to the prior art, all those calculations require
the use of calculation devices, softwares or hardwares, using
a computation time period equal to that of about three
multiplications (generally, the division duration is substan-
tially equal to that of two multiplications).

SUMMARY OF THE INVENTION

An object of the 1nstant invention 1s to provide for a linear
interpolation operator permitting to carry out the abovemen-
tioned calculations (and analog and derived calculations)
within a period of time equal to that of one multiplication.

In order to achieve this purpose, the instant invention
provides for a linear interpolation operator so as to deter-
mine the value y of a function x when one knows the value
y, corresponding to X,, and a value y, corresponding to x,
(x,<Xx,), comprising first calculation means for (x, +X,,)/2,
(with X, <X,,, initial value of x,=x,, initial value of x,,=X,);
second calculation means of (y_+v,,)/2, (initial value of
y,,=Y1, and initial value of y,,=y,); comparison means of X
with (X,,+X,,)/2 for determining which one of the intervals
[x (x, +X,,)/2], [(x +X,,)/2, X,,] comprises x and for feed-
ing back the limits of the selected interval into the first
calculation means and the interval limits corresponding 1n y
into the second calculation means; and output means sup-
plying as the wished value y the output of the second
calculation means after a determined number of cycles.

Thus, according to the mstant invention, successive mul-
tiplication operations are replaced by operations of the logic
type, the number of which 1s roughly equal to that of one
operation. Moreover, the hardware constituting the operator
1s substantially stmplified with respect to the devices accord-
ing to the prior art.
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2

Moreover, 1t will be noted that the operator according to
the 1instant invention 1s liable to be implemented 1n various
ways, for example by a software or by various types of wired
devices.

BRIEF DESCRIPTION OF THE DRAWINGS

Those objects, features, advantages and others of the
instant mmvention will clearly appear from the following
detailed description of preferred embodiments, 1n connec-
tion with the attached drawings, wherein:

FIG. 1 1s a flow chart illustrating the process implemented
by an operator according to the instant invention;

FIG. 2 schematically shows the operation of the operator
according to the instant invention; and

FIG. 3 1llustrates an operator in the form of a synchronous
operating wired device.

DETAILED DESCRIPTION OF THE DRAWINGS

As shown 1n FIG. 1, the flow chart of the process
according to the instant mvention starts with an 1nitializing
block 100 wherein the mitial data x,, X, y,, ¥, and X are
introduced. In block 101, the half sum (x,+Xx,,)/2 of the
minimum and maximum values of x, 1s calculated, 1n the
present case, at first, (x;+x,/2; and at the same time (y,, +
Var)/2, initially (y,+y,)/2, is calculated.

In block 102, it is determined whether (x,, +X,,)/2 is higher
than x. If the answer 1s NO, the block 103 1s selected and 1t
is considered that the new value of X, 1s (X,+X,,)/2, that the
value of x,, remains unchanged, that the new value of y_ 1s
(y,,+Vas)/2 and that y,, remains unchanged. If the answer is
YES, the block 104 1s selected where it 1s determined that x_
remains unchanged, that the new value of x,, 1s (x,,+X,,)/2,
that y,  remains unchanged and that the new value of y,, 1s

(You+Yar)/2

In block 105, 1t 1s determined whether the difference
between the new value of y,, and the new value of vy, 1s
lower than a predetermined threshold €. If the answer 1s NO,
the block 101 1s selected again and the cycle 1s repeated. It
the answer is YES, a result y=(y_,+y,,)/2) is supplied to the
block 106 and the calculation 1s completed at the end block
107.

The method corresponding to the flow chart of FIG. 1 1s
liable to be implemented by software means or by hardware
means. FIGS. 2 and 3 illustrate examplary implementations
of the process according to the instant invention by hard-
ware.

The algorithmic operator shown 1 FIG. 2 1s directly
derived from the flow chart of FIG. 1 In FIG. 2, four
registers 201, 202, 203 and 204 are 1nitially provided for and
are designed so as to respectively receive the values X, X, ,,
V., Vas that 1s, mnitially, the values X, X, ¥4, ¥,. Summation
devices 205 and 206 respectively compute the sum of the
values x_+x,, and y_+v,,, The summation results are
divided by two in the respective dividers 207 and 208. A
comparator 209 compares the output of the divider 207 with
the value x for which the equivalent value y 1s expected.
According to the result of the comparison, gates 210 and 211
transmit the output of the divider by two 207 towards the
register 201 or 202, the content of the other register being
unchanged and, at the same time, the gates 212 and 213
transmit the output of the divider by two 208 towards the
register 203 or 204, while the other register stores the
preceding unchanged value. In FIG. 2, the clock means
designed for synchronizing the operation of the various
registers are not shown, this process being well known by
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those skilled 1n the art. The means designed to ensure the end
of cycle and the supply of the output signal y of the divider
by two 208, at a given time, when the iteration has been
processed during a suificient number of cycles, are not
shown either.

This end of cycle can be determined by the systematic
choice of a predetermined number of cycles, by a compari-
son between the values y,, and y_, or by a comparison
between one and/or the other of the values x_ and x,, with
respect to a value x.

It will be noted that the only calculations carried out by
the operator shown in FIG. 2 are an addition and a division
by 2, those operations being particularly simple 1n the binary
system, and the duration of a number N of additions corre-
sponds to the duration of one multiplication of N-bits
numbers.

FIG. 3 shows an alternative embodiment of the instant
invention wherein, 1instead of using N operating cycles of an
operator such as the one shown in FIG. 2, a N-stages
pipe-line operator 1s used. Data can then be successively
introduced into the first stage according to the rate of a clock
while the successive results are obtained at the N-th stage.
Each stage comprises input registers 301 to 304 correspond-
ing to the registers 201 to 204 of FIG. 2, adders 305 and 306
corresponding to adders 205 and 206, dividers by two 307
and 308 corresponding to dividers 207 and 208, and a
comparator 309 corresponding to the comparator 209. The
comparator 309 receives the value x from a fifth 1nput
register 310. This comparator supplies control signals to
steering circuits 311 to 314, each of which supplies, accord-
ing to the result of the comparison, either the output of the
corresponding 1nput register or the output of the divider 307
or 308, that 1s, the half sum of the contents of the input
registers.

All the following stages (2 to N) are identical to the first
one and the value y to be calculated 1s obtained at the output
of the last stage.

As 1n the preceding case, this circuit 1s provided with
clock means for its synchronization.

It will be noted that, instead of providing a pipeline
operator with intermediate registers, it 1s possible to provide
an asynchronous operator but, in this case, 1t would be
compulsory to wait, each time, for the results of the calcu-
lations of the N stages before carrying out a new operation.

Of course, the operators 1llustrated 1n FIGS. 2 and 3 are
liable to numerous variations.

The mvention 1s particularly advantageous with respect to
the prior art systems when 1t 1s necessary to simultaneously
interpolate several variables as a function of the variation of
a same parameter. This 1s especially the case for tridimen-
sional graphic applications wherein one tries to interpolate a
dimension z at the same time as the dimension y and/or in
the case of multicolor images, for example, for interpolating
simultaneously the space coordinates y and z and three color
parameters: R (red), Y (yellow) and B (blue). To achieve this
purpose, onec will add to the features of FIGS. 2 and 3,
further to the y calculation block, a calculation block for
cach of the other parameters, controlled by the same com-
parator output signal (respectively 209 and 309).

On the other hand, as heremnabove mentioned, such opera-
fors permit, owing to an adequate selection of the input
values, to carry out calculations other than linear 1nterpola-
fion calculations, for example barycentric calculations or
quotients of two products. It 1s moreover apparent that, 1f 1t
1s possible to carry out the operation A*B/C, 1t 1s also
possible to carry out the operations A/C, A/B and 1/C. It
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4

does not seem to be appreciably advantageous to use an
operator according to the mstant invention for carrying out
such operations but it 1s a positive quality of this operator to
offer a high flexibility and to permit to carry out various
types of calculations.

For a barycenter calculation, that is, y=(aA+bB)(A+B),
the following values will be chosen as iput parameter
values:

x,=0; x,=a+b; y,=A; y,=B and x=b.

Then, one effectively obtains by using the formula (1):

v=A+bO-0B-A)/(a+b-0)

— (@A +bA +bB—bA)/(a+b)

— (@A +bB)/(a +b)

For the calculation of a product composed of two numbers
(A and B) followed by a division by a third number (C), the

following values will be chosen as mnput parameter values:

x,=0; x,=C; y,=0; y,=B and x=A.

Then, one effectively obtains by using the formula (1):

y=0+{A-0)(B-0)/(C-0)

— AB/C.

I claim:

1. A linear interpolation operator apparatus for determin-
ing a value of y, wherein y 1s a function of X, X 1s 1n a range
between a known lower value x, and a known higher value
X,, and known values y, and y, correspond respectively to
X, and Xx,, comprising:

first calculation means for determining (Xx,,+X,,)/2,

wherein the 1nitial value of a lower range limit x,_=x,
and the initial value of an upper range limit X,,=x.,;

said first calculation means comprising input registers, an
adder and a divider by two;

second calculation means for determining (v, +Va.,)/2,
wherein the 1nitial value of a lower range limit y_=y,
and the 1nitial value of an upper range limit y,,=vy,;

said second calculation means comprising 1input registers,
an adder and a divider by two;

input means for mputting x;

comparing means for comparing x with (x,_+x,,)/2, said
comparing means comprising a comparator including a
first nput terminal coupled to said divider by two of

said first calculation means, a second 1nput terminal
coupled to said input means and an output;

feedback means responsive to the output of said com-
parator for transmitting the output of said divider by
two of each of said first and second calculation means
to a respective 1mput register to reset corresponding
upper or lower range limits, said feedback means
comprising controlling gates for transmitting said out-
put of said divider by two as a function of the com-
parator output; and

output means coupled to said divider by two of said
second calculation means for providing the value y
alter a predetermined number of cycles.
2. A linear interpolation operator apparatus according to
claim 1, wherein the same calculation means are repetitively
cycled.
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3. A linear interpolation operator apparatus according to
claim 1, wherein said first and second calculation means,
respectively, are pipe-line connected, the output of one
calculation means being transmitted to the next calculation
means.

4. A linear interpolation operator apparatus according to
claims 1 to barycentric calculations, wherein the value

y=(aA+bB)/(A+B) is to be calculated, wherein the values of
the parameters are chosen as follows:

x,=0; x,=a+b; y,=A; y,=B and x=b.

5. A linear interpolation operator apparatus according to
any of claims 1, 2 and 3 to the calculation of the product of
two numbers A and B divided by a third number C (y=A*B/

C), wherein the values of the parameters are chosen as
follows:

x,=0; x,=C; y,=0; y,=B and x=A.

0. A circult for performing linear interpolation, given first
and second x values and corresponding first and second y
values, to generate a y value corresponding to an interme-
diate x value between the first and second x values, com-
prising.

first and second x-input registers, which inifially contain

the first and second x values;

first and second y-input registers, which initially contain
the first and second vy values;

a first circuit for calculating a midpoint between the
values in the first and second x-input registers;

a second circuit for calculating a midpoint between the
values in the first and second y-input registers;

a comparator circuil for comparing the intermediate x
value with the calculated midpoint between the values
in the first and second x-input registers;

a gaifing circuil for loading the calculated x and vy
midpoints into the first x-input register and the first
y-input register, respectively, if the intermediate x value
Is greater than the calculated midpoint between the first
and second x-input registers, and for loading the cal-
culated x and y midpoints into the second x-input
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register and the second y-input regisier, respectively, if
the intermediate x value is less than the calculated

midpoint between the first and second x-input registers,
in order to begin a following calculation cycle; and

output means, coupled to the second circuit for calculat-
ing a midpoint, for providing an output v value after a
predetermined criteria has been satisfied.

7. The circuit of claim 6, wherein the predetermined
criteria has been satisfied after a predetermined number of
calculation cycles.

8. The circuit of claim 6, wherein the calculated x and y
midpoints are one-half way between the values in the
registers for both the x-registers and the vy-registers,
respectively, and wherein each circuit for calculating a
midpoint comprise a summing circuit followed by a divide-
by-2 circuit.

9. The circuit of claim 8, wherein the divide-by-2 circuits
each comprise a circuil for shifting a binary number by one
bit position.

10. The circuit of claim 6, wherein the first circuit for
calculating a midpoint comprises:

a first summer for summing the values contained in the
first and second x-input registers; and

a divide-by-2 circuit connected to an output of the first
summer for dividing such output by 2;

and wherein the second circuit for calculating a midpoint
COMPrises:

a second summer for summing the values contained in the
first and second y-input registers; and

a divide-by-2 circuit connected to an output to the second
summer for dividing such output by 2.

11. The circuit of claim 6, wherein the predetermined

criteria comprises a comparison between the values in the

35 first and second y-tnput registers being less than a prede-

40

termined value.

12. The circuit of claim 6, wherein the predetermined
criteria comprises a comparison between the intermediate x
value and either of the values in the first and second x-tnput
registers being less than a predetermined value.
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