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Detailed Description BACKGROUND OF THE INVENTION
The invention will be described in the environ- ment of a bit-serial gated
clock system. The samples It Is known in the art of digital circuitry to
perform    5   to be processed are R-bit, two's complement bit-serial
integration by using a delay element and an adder cir-  samples. Referring
to Figure 2, samples occur syn- cuit The signal to be integrated is applied
to one input  chronously at a rate defined by the sample clock des-
(addend) of the adder circuit. The output of the adder  ignated SC. The
sample bits occur synchronously circuit is coupled tothe input of the delay
element, the  with the burst of clock pulses of the clock signal des- ouput
of which is coupled to the second Input (au-  10  ignated CLOCK R with the
least significant bit (LSB) gend) of the adder circuit. The integrated
signal may  occurring first in time and the most significant or sign be
taken from either the output of the adder circuit or  bit (MSB) occurring
last. The period of the burst of the output of the delay element. See for
example the  clock pulses of CLOCK R is less than the sample per- article
by H. Urkowitz, *Analysis and Synthesis of De-  iod. The pulses of the
docking signal CLOCK R are lay Line Periodic Filters," IRE Trans. on
Circuit Theo-  15  developed from a system clock designated CLOCK ry, June
1957, pp 41-53.                           which is a continuous waveform.
Frequently it is desired to both scale and truncate  Referring to Figure 1,
the. integration circuit in- the values provided by the integrator.
Truncation is  dudes an adder 12 having a first input terminal 10 at
performed in order to reduce the number of sample  which samples to be
integrated are applied. The out- bits processed, in orderto reduce the size
of the proc-  20  put of the adder 12 is coupled to a sign-extend-shift-
essing circuitry or minimize the processing time. It  register (SXSR) 14
including an R-stage serial shift has been found that undesirable effects
may occur if  register 16 and a transparent latch (TL) 18. The trans- the
truncation Is performed in the integrator loop, that  parent latch 18 is
controlled by a bilevel control signal is between the delay element and the
adder. These  XND and passes sample bits unaltered for signal effects are
manifested as inaccuracies In the proc-  25  XND In a first state and
latches the bit occurring con- essed signals, undesirable excess signal
build up for  currently with a transition of the signal XND going certain
signals and possible oscillations or limit cy-  from the first state to a
second state and holds and cles. It is an object of the present invention
to provide  outputs that bit for the duration that signal XND is in a
bit-serial integratorcircuit which provides both scal-  the second state.
The output of the transparent latch ing and truncation; provides
integration with full bit  3o  is a scaled output of the integrated signal.
The output accuracy, and requires a minimum of hardware.      of the serial
register 16 is coupled to an N-stage serial shift register 22, the output
of which is coupled to a SUMMARY OF THE INVENTION
second input of adder 12. Shift registers 22 and 16 are clocked with bursts
of (R+N) clock pulses per The present invention according to claim 1 is di-
35  sample period by clock signal CLOCK (R+N) whose rected to a bit-serial
integration circuit including a sig-  relationship to CLOCK (R) is shown in
Figure 2. nal combining means serially coupled with an R-stage   The
control signal XND (illustrated in Figure 2) shift register. The output of
the R-stage shift register  undergoes a transition from the first to second
state is coupled through an N-stage shift register to a first  during the
Rth clock pulse so that the Rth sample bit connection of the combining
means and the signal to  40  output by register 16 is latched and therefore
replicat- be integrated is coupled to a second input connection  ed for the
remainder of the duration of the current of the combining means. Agated
clock source provid-  sample period. ing at least R+N pulses per sample
period is coupled   The clock signals are generated by, for example, to the
shift-registers to transfer sample bits serially  an oscillator 23 which
develops the system dock, therethrough. Trucated, scaled and integrated
R-bit  45   CLOCK, and a dock generator 24. The clock gener- samples are
available at the output connection of the  ator 24 responsive to the system
dock develops the R-stage shift register.
signals CLOCK (R), CLOCK (R+N), XND and if re- quired signal SC. These
signals are developed in Brief Description of the Drawings
clock generator 24 by conventional means, the details 50  of which are not
part of this Invention, which circuitry Figure 1 is a block diagram of a
bit-serial integra-  one skilled in the art of signal processing will
readily tion circuit embodying the present invention.      be capable of
designing knowing the timing relation- Figure 2 is a waveform diagram
useful in describ-  ships illustrated in Figure 2. ing the Invention.
Considera sequence of R-bit, two's complement, Figure 3 is a block diagram
of circuitry for elimin-  55  bit-serial samples being applied to input
connection ating the DC componentof a bit-serial signal including  1O with
the Rth or sign bit of each sample replicated the integration circuit of
Figure 1.               for the duration of the respective sample period
after the occurrence of the R-1 value bits. The sign bit rep- 2    
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provided for example by applying the  collecting terms and rearranging
equation (3) samples to connection 10 via a transparent latch con-
B/A = 1/(1 - [err]  (4) trolled by the control signal XND. Assume also that
Equation (4) describes the integration function In the contents of
registers 16 and 22 are initially zero  Z-transform notation. valued and
that adder 12 imposes no processing de-   5  Designating the output samples
OUT as D lay on the applied signal. During the sample period             D
= 2 - NBZ-1  (5) that the first sample is applied, since the contents of
and substituting (4) in (5) the transfer function DIA is register 16 and 22
are zero valued, the first sample  given by passes through adder 12
unchanged and, after the             D/A = 2 [err] (6) first R pulses of
clock signal CLOCK (R+N), is reel-  10  indicating that the output equals
the integration of the dentin shift register 16. During this interval the
output  input signal delayed onesample period and scaled by OUT is zero
valued, that is the zero valued contents  2-N. originally in register 16
are passed through the trans-  In the arrangement of Figure 1, the sums
provid- parent latch 18. Latch 18 latches the Rth output bit  ed by adder
12 may expand to bit widths of R+N since and replicates it for the duration
of the sample period   15  there are a total series combination of R+N
shift reg- thus precluding further bit values provided by register  ister
stages. Further if it Is desired to feed back to ad- 16, during the sample
period, from being placed on  der 12, sum samples scaled by 2-[err], then
the number terminal OUT.                                      of stages of
register 22 may be reduced by X and a Register 16 is clocked for an
additional N clock  transparent latch Interposed between register 22 and
periods providing the N LSB's of the sample to the N-  20  adder 12 which
latch being conditioned to latch and stage shift register 22. At the
beginning of the next  replicate the sample bit occurring at the (R N-X)th
sample period, the first sample is thus available at the  clock pulse.
second Input of adder 12 and properlyjustified forad-  In the Figure 1
arrangement, it was assumed that dition to the next applied sample. That is
the LSB and  adder 12 Imposed no processing delays. If, however, subsequent
bits of the firstsample resident In register  25  adder 12 imposes Y bit
periods of processing dalay, 22 will occur coincidently with the LSB and
corre-  then the samples B will be multiplied by 2[err] and the sponding
bits of the subsequent (second) sample ap-  transfer function B/A will be
altered. plied to connection 10.                               This factor
may be partially compensated by re- At the end of the first sample period
(and every  ducing the number of stages in register 22 by Y sta- subsequent
sample period) only the R MSB's of the   30  ges. In this instance the
transfer functions B/A and sum samples are resident in register 16 since
register  D/A are given by 16 is an R-stage register and it is clocked with
R+N           B/A = [err]  (7) pulses. (Note that even though the input
samples are  and R-bits wide, the sum samples can expand to R+N bits
D/A = 2- [err]  (8) wide.) During each subsequent sample period the R   35
Alternatively If the adder imposes Y bit-periods of MSB's of the sums are
provided as the output signal  processing delay, the transfer functions of
equations OUT via the transparent latch 18. The R MSB's of the  (4) and (6)
can be maintained Intact by increasing the sum samples are output
coincident with the first R  number of pulses in each burst of clock pulses
by Y pulses of the burst of clock pulses. The output sam-  with
nootherchangesmadetothe circuitelements 16 ples are representative of the
sum samples provided   40  and 22. In this instance, the clock signals
applied to by adder 12, truncated and shifted to N lesser signif-
registers 16 and 22 will contain R+N+Y pulses in each icant bit positions.
The shifting of the sum samples to  burst. N lesser significant bit
positions is equivalent to scal-  Refer next to Figure 3. The elements in
Figure 3 ing the sum samples by a factor of 2- N.           designated with
the same numbers as elements in The samples fed back to the adder 12 via
register  45   Figure 1 are presumed Identical. The circuitry in Fig- 22,
however, are not truncated nor are they scaled.  ure 3 may be employed to
remove a DC component Thus the integration is performed with full
precision.  from a bit-serial signal such as a bit-serial audio sig-
Designating the values of the input samplesasA,  nal. Presume for example
that the signal applied to the sum samples as B, and the samples fed back
via  terminal 32 is an unsigned straight binary signal from register 22 as
C, the transfer function of the circuit is  50  an analog-to-digital
convertor and all values are pos- derived as follows. The sample C is equal
to the sam-  Itive. The conversion process inherently imposes a pie B
delayed by one sample period and using con-  DC reference on the digitized
signal. The audiosignal ventional Z-transform notation
from, for example, a broadcast source is nominally an C = BZ-1  (1)
AC signal. The DC component, if not removed, will In Sum samples B are
equal to              55  general, require thatthe processing circuitry be
capa- B = A + C  (2)                     ble of processing a signal of
greater dynamic range or
than that required by the AC audio signal. Thus to min- B = A + BZ-1  (3)
imize the overall signal processing hardware it is de- 3   



5                   EP0 304 841 B1                  6 sirable to remove the
DC component                 clock pulses" is recited. The "burst of clock
pulses" The Figure 3 circuit includes a bit-serial two's  may occupy an
entire sample period or It may occupy complement subtractor circuit 30 and
an integrator  less than an entire sample period depending on the circuit
as described with reference to Figure 1. The in-  particular circuit
elements selected i.e. the number of put signal (AIN) Is coupled to the
minuend input of the   5   register stages and the sample period. If the
burst oc- subtractor30 and the intergrator terminal OUT is cou-  cupies the
entire sample period, the clock signal will pled tothesubtrahend inputof
the subtractor 30. Note  occuras a continuous string of pulses, that is,
succes- in fact, that the subtractor 30 and adder 12 may in fact  sive
bursts will be immediately adjacent one another be interchanged if the
signal ACour is coupled to the  without apparent separation. The term
"burst of clock subtrahend input of the subtractor interchanged with  10
pulses as used in the claims is intended to Include adder 12.
this contingency. The signal [err]is equal to the difference of the signal
AIN minus the output OUT from the integrator. The signal OUT from the
integrator is, from equation  Claims (6),
15 OUT = [err] 1. A bit-serial integrator circuit for integrating a bit-
Therefore,                                             serial signal
comprising: [err]            a signal input terminal (IN) for applying a
Collecting terms and rearranging the transfer func-    bit-serial signal;
tion AC[err]/AlN of the figure 3 circuit can be shown to  20   combining
means (12) for combining bit- be
serial signals, having a first input terminal cou- ACouT/AIN = (Z - 1)/(Z -
1 +2- N). (11)           pled to said signal input terminal, a second input
Forsample periods that are small relative to the signal  terminal and an
output terminal; of interest, this transfer function contains a zero at
a first serial shift register (16) having R zero Hz and a pole at
approximately [err]  25  stages, R an integer, an Input terminal coupled to
where fs Is the sample frequency. The audio band-     the output terminal
of said combining means (12), width is 20Hz-20kHz. Assume a sample rate of
an outputterminal and a dock input terminal; and 300kHz to satisfy the
criteria that the sample period  characterized by be small relative to the
period of the maximum audio-       a second serial shift register (22)
having N frequency. In order not to lose any of the audio signal  30
stages, N being an Integer, an input terminal cou- spectrum the pole must
be at a frequency less than     pled to the output terminal of said first
serial shift 20Hzor
register (16), an output terminal coupled to the 2 - [err].  (12)
second Input terminal of said combining means, This condition is satisfied
for N less than 11. For N  and a clock input terminal; equal to 12 the 3dB
point is at 11.6 Hz and for N equal  35  means (23,24) for applying a burst
of clock to 13 the 3dB point is reduced to 5.8Hz. Thus the AC   pulses to
the clock input terminals of said first audio signal will passsubstantially
with no amplitude  (16) and second (22) serial shift registers, the loss
and the DC component will be completely elim-     pulses in said burst
being synchronous with oc- inated.
curring bits of said bit-serial signal, and the num- Now assume that the
subtractor 30 and adder 12   40  ber of pulses in said burst being at least
R+N per each impose a one-bit period delay on the signal sam-  sample
period; and pies. Relative to the sample datum established in a
transparent latch means (18) coupled to gated clock system, a one bit
period delay effectuates  the outputterminal ofsaid firstserial shift
register a multiplication by a factor of two. The output from  (16) for
passing sample bits during a first prede- subtractor 30 becomes
45      termined portion of said burst and latching and [err] = 2(AIN -
OUT)  (13)                    outputting a predetermined sample
bitforthedur- The signal OUT, in accordance with equation (8) be-    ation
of each sample period following said prede- comes
termined portion. OUT = [err] Substituting (14) in (13), collecting terms
and trans-  50  2. The bit-serial integrator set forth in Claim 1 char-
posing, the transfer function can be shown to be       acterized in that
said means (23,24) for applying [err] = 2(Z - 1)/(Z - 1 + 2 - (N - 2). (15)
a burstof dock pulses provides a burstof pulses Again there is a zero at
zero Hertz, however, in this  equal in numberto an integer numberof
bit-delay instance the pole is at 2- [er]rHz and the ampli-  periods
between an input terminal of said com- tude Is increased by a factor of
two. To establish the  55  bining means (12) and the output terminal of
said pole at the same frequency as the previous example,   second serial
shift register (22). N must be increased by two. In the claims that follow,
the phrase "burst of  3. The bit-serial integrator set forth in Claim 2
char- 4  
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combining means (12) has        zu lassen und ein vorbestimmtes Abtastbit a
processing delay of one sample bit period be-        wlhrend derdiesem
vorbestimmten Tell fol- tween its input and output terminals and said
genden Dauer jeder Abtastperiode zu ver- means for applying a burst of
clock pulses pro-        riegeln und auszugeben. videsa burstof pulses
equal in numberto RIN+1.   c 2. Bitserieller Integrator nach Anspruch 1,
dadurch 4. The bit-serial integrator set forth In Claim 3 fur-
gekennzelchnet, daIdle Einrichtung (23,24)zur ther characterized by:
Zuffhrung einer Tastimpulegruppe sine Gruppe a further bit-serial combining
means (30)    von Impulsen liefert, deren Anzahl gleich einer having a
first Input terminal coupled to the output  10  ganzzahligen Zahl von
Bit-Verz8gerungsper7o- terminal of sald bit-serial transparent latch means
den zwlachen einem Eingang der Kombinat7ons- (18), an output terminal
coupled to the first Input  schaltung (12) und dem Ausgang des zweitense-
terminal of said combining means (12) and at       riellen Schleberegisters
(22) ist. which a processed signal is available, and having a second input
terminal; and               15  3. Bitserieller Integrator nach Anspruch 2,
dadurch means (AIN) for applying a bit-serial signal  gokennzeichnet, daB
die Kombinationsschai- to the second Input terminal of said further bit-
tung (12) zwischen Ihrem Eingang und ihrem serial combining means (30).
Ausgang eine Verarbeltungsverzigerung von el- ner Abtastbitperlode aufweist
und dal die Ein- 20     richtung zur ZufGhrung elner Taktimpulsgruppe
Patentansprfiche                                      elne Gruppe von
Impulsen liefert, deren Anzahl gleich R+N+1 ist. 1. Bitserieller Intgrator
zur intgration eines bitse- riellen Signals mit
4. Bitserielier Integrator nach Anspruch 3, dadurch - elnem Signaleingang
(IN) zurZufrlhrung ei-  25  gekennzelchnet, dalB eine weltere bitserielle
nes bitseriellen Signals,                     Kombinationsechaltung (30)
mit elnem ersten - einerKombinationsschaltung (12) fOrbitse-     Eingang an
den Ausgang der bitseriellen trans- rielle Signale mit elnem mi dem
Signalein-    parenten Verriegelungsschaltung (18) ange- gang gekoppelten
ersten Eingang, elnem        schlossen !st und mit elnem Ausgang an den er-
zwelbtn Eingang und elnem Ausgang,    30      sten Elngang der
Kombinatlonsschaltung (12) - einem ersten seriellen Schieberegiater (16)
angeschlossen let und an diesem ein verarbeite- mit R-Stufen, wobel R elne
ganze Zahl ist,    tea Signal liefert, und mit einem zweiten Elngang das
mit selnem Eingang an den Ausgang         an eine Einrichtung (AIN) zur
Zuffhrung eines der Kombinationsschaltung (12) ange-          bitseriellen
Signals angeschlossen Ist. schlossen fat und einen Ausgang sowie el-  35
nen Takteingang hat, gekennzeichnet durch
Revendicatlons - el zweites serlelles Schieberegister (22) i.J         mit
N-Stufen, wobei N eine ganze Zahl ist,  1.
Circultintigrateurenshrieparbitpourint6grerun das mit elnem Eingang an den
Ausgang des   4o  signal en s6rie par bit comprenant: ersten seriellen
Schieberegisters (16) an-       - une borne d'entree de signal (IN) pour
ap- geschlossen ist und mitseinem Ausgang an           pliquer un signal en
seie par bit; den zweiten Elngang der Kombinations-            - des moyens
de combinalson (12) pour schaltung angeschlossen ist und elnen
combiner des signaux en s6rie par bit, ayant Taktelngang hat,
45           une premiere borne d'entree couplee a la- - sine Einrichtung
(23,24) zur Zuffhrung ei-         dite borne d'entr6e de signal, une
seconde ner Taktimpulsgruppe zu den Tacteinggn-            borne d'entree
et une borne de sortie; gen des ersten und des zweiten serellen          -
un premier registre A d6calage serie (16) Schbeberegisters (16,22), wobei
die Impul-         ayant R etages, R 6tant un nombre entier, se der Gruppe
synchron mit dem Auftreten   5o      une borne d'entree couplee A la borne
de der Bits in dem bitseriellen Signal sind und      sortie desdits moyens
de combinaison (12), die Anzahl der Impulse der Gruppe minde-           une
borne de sortie et une borne d'entrie stens R+N pro Abtastperiode betragt,
und           d'horloge et caract6nise par: - eine transparente
Verriegelungsschaltung         - un second registre A decalage serie (22),
(18), die mit dem Ausgang des ersten seri-  5s     ayant N 6tages, N 6tant
un nombre entier, ellen Schieberegisters (16) gekoppelt ist,         une
borne d entree coupide A la borne de um die Abtastbits wihrend elnes ersten
sortie dudit premier registre A decalage se- vorbestimmben Tells der Gruppe
passleren           de (16), une borne de sortie coupl6e A ladi-  
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d'entr6e desdits moyens de combinalson ot une borne d'entrde d'horlogo; -
des moyons (23,24) pour appliquer une ra- fale d'Impulsions d'horloge aux
bornes   5 d'entr6e d'horloge desdits premier (16) et second (22) registres
A decalage sere, les Impulsions de ladite rafale etant synchro- nes aux
bits survenant dudittsignal en earie par bit, et l nombre d'impulsions dans
la-  1o dite rafale etant au moins R + N par periode d'echantillon ; et -
des moyens de bascule transparents (18) couples A la borne de sortie dudit
premier registre A decalage serie (16) pour lalsser  15 passer des bits
echantillons pendant une premiere portion priditerminie do ladite rafale et
verrouiller et extraire un bit echan- tillon preditermine pendant la durne
de K>          chaque piriode echantillon sulvant ladite  20 portion
predeterminee. 2. Integrateuren sdie par bit selon la revendicatlon 1,
caracterlse en ce quo lesdits moyens (23,24) pour appliquer une rafale
d'impulsions d'horloge  25 fournibsent une rafale d'impulsions dont Io nom-
bre est egal A un nombr eantierde periodes de re- tard de bit entre une
borne d'entree desdits moyensdecombinalson (12) etla borne de sortie dudit
second registre a dicalage serle (22).  30 3. Integrateuron seris par bit
selon la revendicatlon 2 caractrlsi en ce quo lesdits moyens de combi-
naison (12) comportent un retard de traltement d'une perlode de bit
echantillon entre see bornes  35 d'entree et de sortie et lesdits moyens
pour ap- pliquerune rafale d'impulslons d'horloge Iburnis- sent une rafale
d'impulslons dont le nombre est j>      egalAR+N+1. 40 4. Intigrateur en
seris par bit selon la revendication 3 caracterise on outre par: - des
moyens supplementairee de combinal- son bit-seris (30) ayant une premiere
borne de sortie couplee A la borne de sortie des-  45 dits moyens de
bascule transparents en se- rie par bit (18), une borne de sortie couple A
ladite premibre borne d'entree desdits moyens de combinaison (12) et A
laquelle un signal traite est dispon ible et comportant  5o une seconde
borne d'entree et - des moyens (AIN) pour appliquer un signal en serle par
bitA ladits seconde borne d'en- treo deedits moyens supplementalres de
combinaison en serle par bit (30).   5 6    


