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The present invention generally relates to a digital signal processor in
which the digital signal 5 level is nodified in accordance with a
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t ha_yndi t her eccanfprrtennpree) abeyordethat, inherent in the number of
15 possxble levels of the digital signal it develops. U. S.
' Patents 4,352,123 and 4,334,237 describe examples of such
‘analog dithering/dedithering systems.
There "is another type of dithering/dedithering
application in which the digital signal is dithered in
20 accordance with a low-level digital dithering signal
| comprised of alternating l1l's and 0's to save the bits in
the transmission path and signal processing hardware.
U. S. Patent 4,524,447, issuved June 18, 1985 to D.H. Willis
and J.S. Fuhrer, . and entitled "DIGITAL SIGNAL
25 PROCESSING APPARATUS HAVING DIGITAL DITHER", describes
an example of this type of dlgltal dltherlng/dedltherlng
1% ' circuitry. '
| In the Willis et al. digital dithering
arrangémént, an n-1 bit dithered digital signal is -
30' produced by adding to the n bit undithered digital signal
a dithering signal of alternating l's and 0's at one-~half
the rate at which the undithered input samples are received, -
and then simply truncating it to n-1 bité-by taking the
n-1 most significant bits (MSB's) of thé'dutput signal.
35 The Willis et al system generates.néi'biﬁ-output nunmbers
for even n bit input numbers which are theﬁsame as the n-1
MSB's of the input numbers. In response to n bit steady-
state odd input numbers, on the other hand, the dither
circuit produces n-l1 bit output numbers that alternate
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and then sinply truncating |t to n-1 bits by taking the n-1 nost
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equal to four times the- cqlor subcarrier ueﬁ Aspects of
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15 notch located at,FD/Z, whereeFD is the lnput 51gnal e
sampling frequency. A suitable value forathe input signal
sanpling frequency has been found to be equallto four
times the color subcarrier frequency (Fsc) - i.e.,
_ . Aspects of the 1nventlon are spec1f1ed in the cla1ms to which
20 attentlon is invited.

In accordance w1th an embodlnent of the present 1nventlon a de-
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dltherlng c1rcu1t 1ncludes means for generatzng a f1rst set of 1 bit signal
samples by excl usz.ve-or-lng the delayed and undelayed I[SB's of the n-1 bit
dithered signal. The dedltherlng circuit further 1ncludes comblnlng means
25 (a) which subtracts a one from the n-1 bit dlthered signal
if the instantaneous. values of both the dltherlng signal
and the 1 bit signal are one, and (b) which passes the W/
n-1 bit dithered signal unaffected.otherwlse to, in turn,
generate the n-1 MSB's of an n bit reconstituted signal.
30 The n~1 MSB's at the output of the combihing,means are
merged with the first set of 1 bit signal'sampies to form
the n bit reconstituted signal. ' |
' In the ‘Drawings:
FIGURE 1 is a schematlc block dlagram of a
35 - digital signal processing arrangement as is employed in
a color television receiver; |
FIGURES 2 and 3 depict the dltherlng and
dedithering arrangements of the prior art descrlbed in the
afore-mentioned Willis et al, U. S,:?atent 4,524,447



sanpl es by exclusive-or-ing the del ayed and undel ayed LSB's of the n-1 bit
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analog composite video signal CV is applied to a seven-bit
—/ analog-to-digital converter (ADC) 10, which develops
15 seven-bit digital samples having levels representing the
instantaneous magnitudes of the input signal CV. For
descriptive purposes, the original undithered signal is
assumed to have 7 bits, the dithered signal to have 6 bits,
 and the reconstructed output signal to again have 7 bits.
20 The ADC 10 receives a clock signal Frye preferrably at four

times the frequency F of the color subcarrier signal

sC o
and in phase lock with the reference burst thereof, to

produce digital video samples DV at a 4F rate.

The ADC 10 also receives an aniiog signal from
25 a dither source 12 at one-half the horizontal line rate
Fy to inject an analog dlther having an amplitude
approx1mately equlvalent to one~half the value represented
by the least significant bit (LSB) of the digital video
samples DV. The analog dither source 12, while tending to

80 increase the apparent quantizing resolution of the ADC 10,
is not an essential part of the present invention. The present invention,

depicted by way of example in Figure 4 or 5, relates to digital
dithering/dedithering systems. Reference may be made to the afore-
mentioned U. S. patents (4,352,123 and 4,334,237) for

35 further details on the analog dithering/dedithering schemes.

- The seven-bit digital video signals DV are

.epplied to a digital signal processor 20 which, for example,
separates the digital luminance Y and digital chrominance
C component 'signals. The'signal processor 20 comprises,



anal og conposite video signal oVis applied to a.seven-bit
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. 15" samples from the 51gna1 processor 20 and supplylng six-bit

anpl e,

selectively dlthered dlgltal s1gnal samples to the
chrominance processor 40 The clock SLgnal rate F
(e.g., about 14. 32 MHz) is frequency d1v1ded by a factor
of two by a fllp-flop 32 produc1ng at one 1nput termlnal

20 of a 7 bit summlng c1rcu1t 34 an alternatlng 51gnal of
l's and O0's at one-half the sampllng clock rate. The
'undlthered 7 blt 1nput 51gnal 1s applled to the other
input termlnal of the summlng c1rcu1t 34. The output of
the " summlng c1rcu1t 34 is truncated to one fewer bits

256 (i.e., 6 blts)than the orlglnal undlthered input 51gnal

The Wlllls et al. dltherlng circuit 30 converts =
a steady—state 7 bit 51gnal into a 6 blt 51gnal which is (-
alternatlng if the 7 blt 51gnal 1s odd (1 e., has a one in
~ the least 31gn1f1cant blt p051t10n), ‘and which is not

30_ alternating if the 7 blt 51gnal 1s even (1 e., ‘has a zero
in the least 51gn1f1cant blt p051tlon) Puttlng it
differently, if the 6 bit dlthered 51gnal 1s constant,
then it is representatlve of the 6 MSB's of a 7 bit
~original undlthered 51gnal w1th a zero in the least

;35 significant blt p051tlon. If the 6 bit dlthered 51gnal
is alternatlng, it 1s representatlve of a 7 bit’ orlglnal
signal that is odd and that lles half-way between two
7 bit values formed by the alternatlng 6 ‘bit 51gnal taken
as a 7 bit SLgnal with a zero tacked on at the end to

R



bandpass filter, and an automatic chrom nance control 5 to standardize the
magni t ude of the chrom nance subcarrier signals. This processing can
produce many additional bits (e.g., 13-bit signals) but the output fromthe
sigral processor 20 is linmted to seven- bltg Because a digital gPr%nin%nce
processor 40 is 10 arranged to process, at®Teast in part, onl b
di gi t al “Sanql esde fink gthal sefréneh é)thkhQOIeastnéﬁgnmﬁzdabet bhéenpbbe tiognal

processbﬁ320 and the chr a S R an exenplary
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sanpl es fron1thblkmghaatgddbEs@bamQDeanuoshpgl9unglalxhblioéévaDBV¢h@1e-
di thered digitah é'&&f&nﬁ%&&:?nﬁé’ Ahescgﬁantnéaﬁfeeéafeesaer régge&a%ecl ock

si gnal rate%err .. about requency di vi a factor
of two by a I|¥#ﬂ¢%pa%§ PrseficingFAEUBRE #npRE Perninal 20 of a 7 bit
summing circuit 34 an al'ternating signalgof, & siand 0's at one-half the
sanpling clock rate. = The undithered 7 brt™inpul signal is applied to the
na.nal n'F h& clen_nn r\| V'f\lll hn ot Nt na‘ ilﬁ oLl )
ot her input ter-aak t-he—surd-h t—34——The—put-put Gu.g%n-g—

circuit 34 is tr EE 0 one femer %g) (| b &&ﬁbkhan

ori gi nal unditnher BRYE wRETHE gﬁhﬁquir é (C)
converts a steddy—state brt—stognat nto—a6—brt—stgfar—whr e TS
alternatingQ f [the 7 bit QﬂﬁnﬁﬁEﬁﬁ_bdd (i.e., has a ope in the |epst

significant bitl positior), anglswhich is nopog@iralterpating if thp 60@&&1

signal is eveni(i.e,, hgs a zero in th ni figant _bit posjt )
Putting it differen%ly if tht®6 bit dEtheﬁﬁé ihgnal S c&nstant, @ﬂ PP
I's representatiive o§ thg 6 MaB5s of a b|000luglnal indi Ohered s g@@beH|1

a zgero in the Ieasp435 _S|gn|15cant bi k poﬁbb??ﬂl the16 bi t dlt%%&%%o
signal is altefnating, ift is representptive 0 7 biy original
15 Even Inputs:
5 - 20 0010100 0 001010
6 20 0010100 1 001010
7 20 0010100 0 001010
8 20 0010100 1 001010
20

The six-bit dithered signals developed by the
dithering block 30 are applied to and précessed by a
digital chrominance processor 40. The chrominance
processor 40 performs operations such as adjusting
25 saturation (color intensity) and hue (tint), demodulating
the (R-Y) and (B—Y) chrominance component signals, and
filtering the (RrY) and (B-Y) signals. In addition,
the chromlnance processor 40 can include operations
described above in relation to the signal processor 20 -
30  e.g., bandpass filtering of the chrominance signals, and
automafic chrominance COntrolling to standardize the
magnltude of the chrominance subcarrier signals.
The six-bit (R-Y) chrominance digital samples
developed by the chrominance processor 40 are applied
85 to a digital undither block 50 which reforms seven-bit
(R-Y) digital signals. An arrangement for the dedither
block 50, of the type disclosed in the aforesaid
Willis et al, Patent 4,524,447, is the averaging
circuit shown in FIGURE 3. The six-bit incoming digital



signal that is odd, and that lies hal f- way between two 7 bit val ues formed”

by the alternating 6 bit signal taken as a 7.bit signal with a zero tacked
on at the end to 1 define the seventh and the | edst significant bit
position. The operation of the dither e+cuit 30 is illustRaxedohysexanpl es

wor ked qut '.n t e f € epr esent
t he resgects A r'f*s an a%& cg%ﬁiésggx 5’39 Hgilﬁa% Eaggf éaBLT
SAVPLE and to a dedyT qevice 54 which HER six-bBtNaRvalURBERatC e -

?ECl IMAL or A @JI{JﬂJ.I%A‘%%raﬁ%@)Sta%TMf@) réglster. The Gdd I nputs:

15
0001111 adder $2 sums d@m ancomz.ng s:lgnal samples egglggg}elayed 0
000111 4 incominkp signal sampX¥¥)11ddth being dix-bit sighaRe) &b

Egen InpUt%evq%ﬂ%fbéeven—blt reformeé”éﬁﬁiﬁf}751gna9 20 - 001010 6
0010100 The ogﬁnaﬁibﬁiof the dédither circui®030146 1

001010 20 g i datuetd i R e 1 00k e e 0B Bt D, IEABS nggngocg 30

ar e appl ie rocesse d$/ nance ocessor
chron1nanc@o&maseéssdmﬂyﬁxﬁﬁ Aand r%%f%ﬁstguéheaQPBQPB§@ﬁﬁ§ 2dénes

sat ur atgigon a&@olmfségthn$rﬁgﬁmdz hated (31 nt), denodul ating the (RY) and

(B-Y) chrom nance conponent signals fi terlng the (RY) and (B-Y)
signals. In addition, | nf_ﬁaﬂdﬁ £

_ 6 BIT - DELAYED i _
SAMPLE BINARY | 6 BIT | __OUTPUT (E) i
NUMBER INPUT(C) | INPUT(D) [77 BIT BINARY [ DECIMAL |
15 0dd Inputs: , o '
1 000111 | oolo00 | 0001111 15
2 001000 000111 0001111 15
3 000111 | 001000 10001111 15
4 001000 | 00011l 0001111 15
20 ' 1 Even Inputs: ' o
5 001010 001010 | 0010100 20
6 001010 001010 | 0010100 '_ 20
7 001010 001010 | 0010100 20
8 001010 | 001010 0010100 20

25
From a comparison of the output numbers in _
TABLE 2 with the'input numbers in TABLE 1, it w111 be o
seen that the dltherlng/dedltherlng c1rcu1try of the type
- described in Willis et al and disclosed in FIGURES 2
30 and 3.of the subject application; reconstitutes the
original input signals without error when the input signal
is steady-state. The calculatlons above assume, for
simplicity- of explanatlon, that the values of the dithered
signals prlor to chrominance process1ng are the same as
35 those of the processed dithered s1gnals, which condition
may not occur in practice. '
The seven—blt reconstltuted (R—Y) dlgltal signal
produced by the dedither block 50 is converted back into
an analog color signal (R-Y)' by a sevenfblt digital-to-



t he chroni nance processor 40 can incl ude operatlons descri bed above in

relation to the signal processor 20 - 30 e.g., bandpass filtering of the

chromi nance signals, and automatic chr oni nance controlling to standardize

t he -magni tude of the chrom nance subcarrier signals. The six-bigt

chrom nance digital sanples devel oped by T8 chromi nance proce fe
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sanpl es and undgiiiedi$ simtpas Ngo ShAMago sanpl es, both being six-bit
signals, to devel op a seven-bit | gi

eforned digit operation of
the dedither circuit 50 i |W?f@§rEE%¥F?HS#§e g%? Sgﬂﬁgaée dégg?ﬁnatory
tabl e. The col srhdmadi styswiC, i BIGURE r 8f esuihs éaehapplobitasampileewith

BNARY o e Drevibls hafl I aain gl trm nobrEPEEORELERERY

BI T Bl NARY 10 DEgm@les. 15This scheme replicapesswithout errggothe even
001000 O0QHd Idaa steady-state inpuf04P9Ral sampP881d3 can be08BEALL

15 T
from TABLES 1 and 2. The difficulty with this scheme,
however, arises when the input signal is not steady-state -

-/ as, for example, when step variations or transients are
15 present in the input signal. A step change reguires two
samples to .attain the steady-state condition. The
averaging-type dedither scheme of FIGURE 3 introduces
transient response time deficiencies as can be seen from
- the examples worked out below in TABLE 3. The degradation
20 is particularly serious when a wideband signal is decoded.

25

30

35



3 000111 001000 ' 0001111 15 4 001000
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scheme, shown in FIGURE 3, suns each n-| bitﬂsanble with the previous n-|
bit sanple to formn bit reconstituted 10 sanples. This schene replicates
wi thout error the even’'and odd steady-state input signal sanples as can be

seen from TABLES 1 and 2. The difficulty m@Lh this schene, ho&ﬁ%%L?PQ@%%BS
(]

when the input signal is not steady-state - as, for exanple,
vari ati ofis d&r transi ents BABLES3pshewat the iAdustpativegcallcudattiepschange

requi res™Mwo s epot aj steagdy- §t opg t
averaging-typeaﬂgéi?%e?ngﬁﬁeﬁém%?eﬁlGU%%¥3§F%%?OSUQ§Sb??%ﬁs%%%tOFgSSS€Se
time deficienci BdeaBextinbheanpiast Ak ENENax afPPed thorREed thet 18dhoRamples

_TABEE 3d ghe degspeasent 20pbsipavbi-guliagl ¥ndehi AdgaWioR-Fowndehaphisiegnal
TABLE 3 shovb (FRSPRFELYELYT veThE) TPk PoRELFBRSL 95 ABRLES AnbrERare, fibe
first 6 of whi cbutgpetoddlaed bfethexwiblianpkealar dieheringiidedtithaxd nighe
100 Serm e " oREEEGndn0" LR DRILCBYeT, SR KERER 90 P Sy
the Wilis et athedasseciagededhputr vaduesrandsnwiill beowsenedbereifiromy in
FIGURES 2 and 3phydtliribRgensAti atednbAREs ¥REUSRpuASeWslilhnRe sS8SNa
therefrom this arrangenent attenuates the inpulse signals by a

10 factor of 2 (i.e., 6 dB).

FIGURES 4 and 5 illustrate two embodiments 100
and 102 of the dedithering circuits, in accordance with
the present invention, which may be substituted for the

o/ dedither block 50 in FIGURE 1. The purpose of the subject
15 .dedithering circuitry is to reconstruct both even and odd
steady~-state input signals without errors, and, furthermore,
to minimize the reconstruction errors between the
reconstituted signal and the original signal on transients.
The FIGURE 4 dedithering circuit 100 assumes that the
20 dithering signal phase is known to the dedithering circuit.
The FIGURE 5 dedithering circuit 102, on the other hand,
presumes that the dithering signal phase is not available
to the dedithering circuit.
In the FIGURE 4 dedithering circuit 100, the
25 6 bit dithered signal at the output of the FIGURE 2
dithering circuit 30 is directly applied to an adder 104.
For the purposes of explanation, it is assumed that the
signals at the output of the chrominance processer 40 are
the same as the signals at the output of the dithering
30 circuit 30. The least significant bit (LSB) of the 6 bit
dithered signal is fed to a delay stage 106, where the
LSB is delayed by approximately one sampling cycle. The
delayed and the undelayed versions of the LSB are applied
to an EXCLUSIVE-OR element 108. The element 108 compares
35 the previous LSB with the present LSB of the 6 bit dithered
signél. If they are unequal (i.e., 0 and 1 or 1 and 0),
the element 108 outputs a "1" on the line H. If the '
delayed and undelayed LSB's are.equal (i.e., both zeros

or both ones), then the element 108 outputs a "O0" on the
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10 factor of 2 (.i.e., 6 dB). FIGURES 4 and 5 illustrate two enbodi nents

100 and 102 of the dedithering circuits, in accordance with the present

i nvention, which may be substituted for the dedither block 50 in FI GURE 1.
The purpose of . the subject 15 dedither+hg-ci rcwtry is to r aesnsOT@ER both

e aroRotd el shab GUtBL 5k IRl e ILhORY 16" 813, BBeebHLARE TP

to mnimze the reconstruct errors be ween
the origi nalths gieastysigniiesnt bite (f €URE? dbdtﬂ hefi ag7cbitui t 1QQ; .

assumes t hatrddin A0 et-tdeerd 1eh si %@'wi)hﬁsse' §e5H0WQ L@ the dedithering
circuit. The FIGURE 5 dltherl n II‘CUI on the ot her. hand, presumes

that the dithering si- hﬂ?ea§§?LQ§F¥Er9Rtﬁeeﬁéﬁttﬁ@ﬁlng
circuit. 5|nappiﬂédﬂiaEah(kNDtﬁaﬂermﬂalardm w96h the 25b§tbaitﬁerﬁﬁ§ed

o om o VR S WAL B 00 Hbficbroftcrs " Eheureo

that the S|@mﬂputﬂthaneQﬁnqnnneﬁWhénethecduuhenﬁngrstgﬁamraﬂa ghe the sane

th n f c 30, The | east
S oni 11 a1, UF (U WedMle Ol et i gELL T0rdOnBLACRRE SO0t RIBRRS e
106, where f @§@|99ﬁﬁﬂ cﬂqﬂPEﬁﬁﬁ%xﬁn%§€¢yabnehsaﬂptpug thereofThe
deIayedlmndomh&mundﬁhﬁyeﬂ ver si ons of the LSB are aggllﬁd to an LB with
EXCLUSI VE- OR el enent The 1 ares t he previous Wi
the present LSB of th q¥ﬁ§$ §3§% ND | gateedll s Reqbgr (i.e., O
and 1 or 1 &heénop 6tﬂpetelsergmtl S ing all Idnes ikeptbdacéd shat he ]
del ayed and sudel el L3Rk A P dadea B9 EhE% 51 £ aPEhD,2R°S) then

t he elenent 108 qutputs a
signal on the bus C The all-one signal is actually a Q)

15 minus-one SLgnal whlch decreases the hlgher value of

the alternatlng 6 blt dlthered 51gnal by one to generate
the 6 MSB's of the 7 bit reconstltuted smgnal
_ If the output of the AND oate 110, 1s, on the
. other hand, a zero, then a 6 bit 51gna1 comprlslng all
20 zeros is added to the 6 bit dlthered 51gnal in the
adder 104. 1In effect, the 6 b;t dithered 51gna1 passes
unaltered to the output of the'adder 104. In other words,
the 6 MSB's of the 7 bit reconstltuted 51gnal are the same
as the 6 bits of the 6 bit dlthered 51gnal
25 The output of the adder 104 forms the 6 most
significant bits (MSB s) of the 7 blt reconstltuted
signal. The 6 MSB's at the output of the adder 104 are v
merged 112 with the LSB at the output of the EXCLUSIVE-OR
gate 108 to reconstltute the orlglnal 7 b1t 51gnal
- 80 The operatlon of the dedltherlng circuit 100 of
the present 1nventlon is 1llustrated 1n TABLE 4. The
output of the FIGURE 2 dltherlng c1rcu1t 30, shown in
the S5th column of TABLE 3, is applled dlrectly to the

dedithering circuit 100 shown in FIGURE 4,
35



- 10- [err] 1 line H The out put of the elenment 108 al so
constitutes the | east S|gn|f|cant bit (i.e., 7th bit) of a 7 bit
reconstructed signal as will be seen later. The output of the EXCLUSI VE- OR
element 108 is 5 applied to an AND gate diP-along with the 1 Bk digt-geft ng
si gnal on the line B. Th«rﬁﬁg&t—e—k&@—w&é&e&s—ﬁ—t—h&-«a&—p&—%—t@mof a
one when The dithering sign& Sand the LSB of the reconstituted si gngl are
bot h*one ~“Ct her wi se, the|ARBgat enlid gemeratas a zere ab bhegow pyt
thereof 10 on the line | he Butput’ & Thé AND Fafle 110" % & ofie, then

a 6 bit signal conprising 104 to
be added to the 6 bit dit signal on the bus C. The all -one si jnal 1 s
actually a 15 m nus-one Wi ¢h deq@egses tiR ﬁg@em pf t he
alternating 6 bit dithere nal by one to generate the 6 MSB' s of the 7

bit reconstituted signal
ot her hand, a zero, then
to the 6 bit dithered sig
di t hered signal passes un
words, the 6 MSB's of the
bits of the 6 bit dithere
104 forns the 6 nost sign
signal. The 6 MSB's at t
LSB at the output of the
7 bit signal. 30

he out put of the AND gate 110, is, on{the
t signal conprrsing art 20 Zeros 1s}added
1 th% adderégé :_Jbln %fgﬁiﬁ th(egG bi
bd t edo t ~of t ral h ot her
regoﬁ'ttﬁtlﬁeg %ﬂgnaloagecbhﬁ s as the 6
nal . § =] Thm 8 g'ue adder
ht brts (‘R/SI_Sf’sj> § the7 b| FeconSti { ut ed
put—of the adder 104 are nmerged 112 wWith the
51 VE- OR gate 108 to reconstitute the bri gi nal

he opetatlonyofy the dedi bhesipg &iecult 100
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the 5th col um of TABLE 3, is applled directly to the dedithering circuit
100 shown in FIGURE 4. 35 -11- [err] -12- 1 From t he
conparison of the last two colums in TABLE 4, it will be seen that the

..FLGURE 4 dedithering circuit mnimzest3d-he errors between ROB-8@£0®&t it ut ed

7 bit signal and theﬁﬁ%hﬂ'_S.géﬁﬁaffgdﬂugf #ﬁ&”&éé@“&h&ﬂéé%émﬁée Rresent

TABLE 5 provides a s ari son he out put s

dedi t her i n§ABLEC dist étoﬁlmlebl%§%?lhrﬁ‘a¢ the EfGYREA %@b‘ah@ﬁwgt he GURE

4 dedi t her b&&c&'ﬂ:tcﬁizhélﬁfgﬁése &aeeﬁttﬁwwwééh _r?m_?ﬁﬁtsﬁsl%yeﬁtéat i al
I mMprovenen er e edl erin IJ‘CU.I 0] | ror,ar on
tranS|ents9 % gigngls ag) ori 3§Q§$¢?(£ éﬁ E %

FI GURE § NHMBEBresenkNPUT@SLE 5 QUERUEES a 31ﬂ§¥ﬂy+31deClﬂﬁﬁﬂfﬁéénCUd

| nputs: 15 15 2
15 | of t{xg outputs oflé:%e dedltheﬁng}% c:.rcults i%SFIGURES 3 15
15 and1%4.4* It will bps noted that Jthe FIGURE 4 ogedithering 26 5
15 : c1rc%Qt of the rikent lnventiﬁh:¥épreseﬁks substantigl

15 : 5 Even . nputs;

1mprovement over the FIG RE 3 dedltherlng circuit of the
.10 prior art on tran51ents. '

SAMPLE - SIGNAL FIGURE 3 - FIGURE 4 FIGURE 5

NUMBER | - INPUT(A) | OUTPUT (E) OUTPUT(K) OUTPUT (K*)
ZOdd Inputs: o _
15 R - 15 15 15 -
2 15 15 | 15 15
3. 15 15 ©1s 15
4% 25 20 _ 26 26
5 15 | 20 14 gl 14
20 6 " 15 15 15 ' 15
Even Inputs: )
7 20 20 20 20
20 20 20 . 20
9 20 20 20 20
25 10* 10 15 | 9 11
| 11 20 15 21 19
12 20 20 20 20 W

FIGURE 5 shows another embodiment of the
30 dedithering circuit according to the present invention.
The FIGURE 5 dedithering circuit 102 is suitable when the
dithering phase is not known to the dedithering circuit.
As previously noted, the dedithering circuit 102 of
_ FIGURE 5 can be substltuted for the dedlther block 50
35 in FIGURE l
Referrlng to FIGURE 5, the 6 blt dithered
signal, on the bus C, is such as that_produced by the
FIGURE 2 dithering circuit 30, and iS'és-Set forth in
the 5th column in TABLE 3. For the purposes of
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20 20 FIGURE 5 shows anot her e | ment of the 30 de‘iﬁ%‘h’%@"?ﬁ"‘

circuit “&ccbr didgustrattdopr,eddntis momin @ssuiierl RIHARRHe cﬁacbihecﬂiﬂgered

cui t 402 bl
Gect ther g ot SAPRE"AE DS AT Ry YOGS Mg
FI GURE 5 can b@l§§§§t1wt Gpedthﬁoﬁi {&hexdingh @iuguid HP 35t9 |WWR§JF§- 1.

Referring to FI GURE 5, tﬁ‘ﬁeGbetltdldtﬂiWe@JE&'ﬁQﬁ‘ial Cms tﬂﬁibw &£ adfapuch as

t hat produced by the F RE ng .ci rcuit, 30, t forth in
the 5th col ﬁrmeiﬁm?ﬂﬂégg b dorsd signdl 11§ Aeslayecf

Terr] 1 ill usapproaimarttelysongalsan@asmgad:ydm t Mtheb Jtaastdléimméézgﬁal

h h 0
dedi thering oi Bt B Gheo PRl i aihRid EEandLion Joid die v, o
del ay 5 el enenandsghenBensity siigaiificantsibgitalof si:ltaaldiqﬂ@dm@ Giproxi mat el y
one sanpling C&EEﬁereEh‘éz.bﬁ@it ofl 9:?1'ef 'ﬁwsbla&@f gt A8 aue ’t&h dIYE(}i - ed

di t her ed S|8nal on line F and the |east significant bit of

6 bit dith¥ ed°§|gﬁ§F éﬁztheTPPnQaG@ P2 Somades dhm Roegant \and R
gate 152. The gﬁéfn&:ﬁ% zeBpar oF the B eEantdidnbride digndus 1B 5e ofwd he 6

.l.) |1t g'ntth ﬁ(rfd Stgﬂas alr]:a h%%thi L%%es g%rtee r}:ezqup%.lddx}chees gaat,,el,,15°2n pi-[lf?ed uces a
output line H'. Otherwise, it produces a "0" on the
N output line H'. The output of the gate 152 also constitutes
15 the least significant bit (i.e.; 7th bit) of the
reconstructed 7 bit signal in the manner explained later.
The output of the EXCLUSIVE-OR gate 152 is
further applied to an AND gate 154 along with a 1 bit
signal on the line B', which simulates a 1 bit dithering
20 signal. The AND gate 154 produces at the output thereof
a one when the simulated dithering signal and the LSB
of the reconstituted 7 bit signal are both one.
Otherwise, the AND gate 154 generates a zero at the
output thereof on thé line I'. It is noted again that
25 in the FIGURE 5 dedithering circuit arrangement, the
phase of the actual dithering signal is not known to
the dedithering circuit. '
To produce the simulated dithering signal B’,
the delayed 6 bit dithered signal is subtracted from the
30 undelayed 6 bit dithered signal in a subtracter 156 to
produce a 7 bit difference signal on the bus M. The most
significant bit of the difference signal is applied to
an inverter 158 to see if the difference signal is
non-negative. The output of the inverter 158 is a one
35 if the difference signal is non-negative. Otherwise,
‘the inverter output is a zero.
The six least significant bits on the bus M
are applied to an OR gate 160. The output of the OR gate
160 is a one if the difference signal is non-zero.



output line H. Oherwise, it produces a "0" on the output line H. The
out put of the gate 152 also constitutes 15 the |east significant bit (i.e
7th bit) of the reconstructed 7 bit signal in the manher *expl ained | ater.
The out put of the EXCLUSI VE-O? gate 15a4-s further applied m_m,@a—gate

154 along with a 1 bit sig ' ahic tes bi t
dithering 20 signal. The A pg&’?@f Sr oﬁgeg'%e %Eﬁ%lﬁnq %cﬁRa ‘one.
when t he - m%t@tb@lodarﬁeﬂppélsdgMI aznANDh galteB 162 .t hTheecomighut WEd Reli t
I h A t 4 t he
signal are botMaenesathnesyl 36 thael NQ gat g gl3d RV BEAEAA e

out put therepf on t line | . IS noted again t
dedi t her i ngtg22bi PnaFhanheseM J-st Rethbhaca-gegatd vecand nantretoyg si gnal

is not ksown to the dedlpbemaﬁsgyr Qh@lcat%d?r%%ﬂﬂiﬂéﬁéa’lﬂﬁ%ﬁ%e“ ng
signal B, the dﬁl a% Elg th dit, here% aﬂ i s _subtracted fro

undel ayed 619234 ¢ 9 ?’Bﬁa i'hSatg FFHrictuELnT bit

di fference mymale@snttaegbuflb’anfhbumatf s:hyn?f mmtrdudnsﬂlﬂﬂtfedil fference
signal is [ tgn 158t e h i,hfer e_Si

non- negat i ve. Tfiej %Igté‘ﬂu? g¥ﬁ%h§ mvgfft %Pa ?gt&gl a%ofﬁe ﬁ%&ctq?et%rﬁf"er ence
signal is ngh-he@Rfi vehem aebubis, signailneompaisimgp@ll Sresdro. fe‘Er'le Si X

| east sj@nifd camd @daéronsahEobBé B(haéa 2BPlehed ¢t @33N d@%&ﬁ?

out put of the Ct]‘? ate jQ__ne if the dlfference .Sl zero
-14- the ¥ err nlef ect, the 6 bitrddthe §1(9nat]hé-$ nverter

158 and theimgmedwaogireneppbl gdnéﬁra&e AINE gaMBl'%Zof 'EH% OﬂtHibE of
reconstltuted 51gnal
_ - On- the other hand, 1f the output of the AND
15 gate 154 is a zero, the 6 bit dlthered 51gnal is passed
unaltered to the output bus J' to agaln deflne the '
6 MSB's of the 7. blt reconstltuted 51gnal
: The 6 blt output of the adder 164 is merged 166
with the b1t on the line H' to reconstltute the 7 blt
20 _orlglnal 51gnal. _

The. operation of ‘the dedltherlng c1rcu1t 102
of the subject 1nvent10n 1s illustrated in TABLE 6 w1th |
the aid of several examples._ The column headlngs ln
TABLE 6 represent the assoc1ated buses and llnes 1n

25 FIGURE 5. '

30

35



the AND gate 162 on the line B is a one if the difference signal on the

bas Mis both non- negative and non-zero. 5 As previously
i ndi cated, the sinulatéd dithering signal on the line B is fed to the AND
gate 154 aI ong with | east significant b f the 7 bit reconstituted signal
on the line H . If the output of the ANDFate 154 is a one, 7 [
si gnal g‘@:rpnsmg all ones is fed 10 to the adder 164 to be added to the 6
bit “di t hef ed si gnal the bus C _1n effect the 6 bit dithered signal is
decr eased by one tjo Qererate the 6 MSB's of the 7 bit recongtituted
signal. On the ot her By, | HtHedugp® of thg @IDOlS—igglt 184 is a zero,
the 6 bit dithered gi da8l| i spa@sedl dn@& tSr ed 803 hg @itpau t°bLs J' to again
define the 6 MSB s qf & 7 ptteretoRst?tBt ed S Fhat. ﬂ'h@ 6=b|t out put of
t he adder 164 is nerg 166 with the bit on the line H to redonstitute the
7 bit 20 original sifgnal.[] The operation of the dedithering circuit 102 of
the subject inventignzglillustrated in TABLE 6 with the aid qf sever al
“exanpl es. The col uqmggtdi ngs on—TABLE 6or epresent ot he @sseocijat ed ses
and lines in 25 FlI GJR 30 35 [err] E~~~~~~~~~~ BHH~
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-16-

'[efr] [err] -17- 1

si de-by-si de conparison of the performances of the dedithering circuits of

FIGURES 3, 4 and 5 respectively.
circuits of FIGURES 4 and 5,
represent substanti al

It wil

h be observed thaf t
in accorda é

he dedithering

e 5 with the prese ; ,

i nprovenent over the FI GURE 3 dedithering circuit of

the prior art vis-a-vis the transient response. The digital signal o
processi ng appar ptus_flescribed herein including the ADC I0] anal og dlhher .
source 12, 10 prpc brs 20 and 40, and DAC 60 correspond, |for exanple, to
the digital signgl pces§i MYy Bntegfated ciQcR t LorQt & eyi sion receivers
available from I[IT m conductors, Internetall, Freiburg, Wst CGermany and
described in an ) T® ™Sbni conduct ors brochur e entltled VLSI pigital TV 15
System DIA@ T 200pP, d{lajed August 1982. Thé nunbers of bits pf the digital
signal s descri bed hegpin correspond to those afore-nentiongd integrated
circuits. As despriligf abgqve mhﬁ present mventgon: tengds PO to retain the
information represei®ed by one ‘del eted bit So-t Kat “exact r replica of the
ori gi nal digital-sk al is possible, when the input signal$ are
steady-state. Thy sgimpention atrsSo M zes—errors—betweeni t he
reconstituted siEnE_ and the original signal, when transiepts are 25
present. A furth ro pllc.atl_on...ob d,bt her/de_dléhec; G r,_qubts;
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of the type described herein is the coupling of parallel bit signals
between integrated circuits (1C s).. For exanple, consider an integrated
digital signal processing circuit, 30 which cannot accommobdate the required
nunber of. out put connections because of the |IC package limtations. Dither
circuits incorporated on such an IC will TkHuce the number of BG%@&@‘GSIE

connec:.@ns%y re%ci ng tﬁfmm t5 \@iféh{ihdés %%‘f&%—ﬁﬁ-@fdé?é&h?&gbﬁé%ﬂ the
respect I.'ve S. e sjgnhals may ereaf ter pe regonstruc a
Godhther "o r curthe, PaTioIRERGeR of ke deditrgniyg, crroatts of rdufes 3,
-18- 4 and 5 ReS@ciiBAlly. It Aill dié adbsegved thateslieng system
I ncl uding a so f digjtal si I } C e d | npl e
bit size by adge(r;ag'tg‘e(ﬁqtr%e r(%'s""i':’S“{njigl‘{éatooé ?ﬁ%é@g n%ﬁ%@%@sggﬁgré%ﬁ%%at i ng
the | east sibgnmiitdartthebipregenthd nseantionumepresenppsubstantbrldedi t hering
signal sanples jepiRiveldit dvde!cHPFHGUIED PRI ELhEr £ NEl flu Dt 05R!
sanples for co ring the least signjficant bits, of suctCessive dithered 10
si gnal sanpl es theaRF 1R HhrERrd S e eansientl rasRPR%Ca first state
when thg lteatst % gniIihC.alf'lth@itdisgiQfa_.lfSF&i@%lb}@?ré@é@éﬁﬁg??yﬁafékﬁsY@éﬂ@ﬁiﬁéd
a second state_ when the least signifj i ts_ have ering_val ues;
second means r &&F&G \?émt]d‘a‘f‘é}% %}% ﬂﬂfégoghaﬁgag%$od’lghe5i?%&?esrgnal and
said dithern®d prprassaryp|2s ol dbcragediDRC 6Gacarvespendd foynekasphel es

L2 L SR, SIS A Yo i iladz gt Leral s
di t her ed si gnalted@wiisdian frageivars #ipilable from IT Semiconduc ors,
_ Intermetall, Freiburg, West Germany and described in an
A ITT Semiconductors brochure entitled VLSI Digital TV
15 System DIGIT 2000, dated August 1982.
. _ The numbers of bits
of the digital signals described herein correspond to
those afore-mentioned integrated circuits.

As described above, the present invention tends

20 to retain the information represented by one deleted bit
so that exact replica of the original digital signal is
possible, when the input signals are steady-staté. This
invention also minimizes erxrors between the reconstituted
signal and the original signal, when transients are

25 present.

A further application of dither/dedither circuits
of the type described herein is the coupling of ﬁarallel bit
signals between integrated circuits (IC's). For example,
consider an integrated digital signal processing circuit,

30 which cannot accommodate the required number of output
connections because of the IC package limitations. Dither
circuits incorporated on such an IC will reduce the number
of output connections by reducing the bit width of signals
to be coupled between the respective IC's. The signals may

35 thereafter be reconstructed by a dedither circuit on the
receiving IC.



means for concatenating the bilevel signal, as the least significant bit,
to sanpl es produced by said neans for decreasing- said dithered signal,

whi ch congcat enat ed sanpl es correspond to dedithered signal. 25 30 . -19-
RCA 80084 2. GLAIMSm according to O ai MB- which includes a Ramrate, ad4 a

bi nary digital unditherled sigral, digidatngighanegrocsdimpnsisidmg of
successi ve s ¥ ri cgklain rate and having n_ hbits, where n
is a positi V?}ﬁﬁ%ﬁﬁ‘% ,é's%%% %’F §%é§lt§|gll (iR 5&“{&}@% AESENS S LI
al ternati ng, rdused Ha fsarple ceitashzeaby, addingem Hrtheandsiareal otot he
successi i saHY &5 fifa1s dfhptels t Yra e rahealh di | NG S...coupl ed
to said sources quﬁfﬂthered_and dltﬁeringlgﬁgﬁgfg}E%%E:%%#ﬁﬁgﬁﬁ??ﬁl bi t
di t hered di g?{lé:l' ' d:rrhﬁ SARR} R sSURS s \FRH@EPPRRRuSaFOr idedstherdanssigoapr i ses:
means for delsayipl@s onmaissingghi ficant bit of said n-1 bit -dithered
sanpl es by appr oxds ely one-sanpling. cycle;, .apd neans for, detecting_the
equality and i ne?&% ﬁ%ﬁ-”%g%%ﬂﬂ%?gﬁeg% g&gg‘?g‘énisﬁg&?ﬂt §3MP LG/ Z0F d
del ayed | eascompgriifigq dite Hieast siagoifiidahitt bditshefedwaddsdisrd @iggieread e
at the oytpulsy %ﬁeggngg e - | [ _sik.agnal ri.sing azero and
a one r'esligect:ilvq y; and :Hrzlg'mlflsl_%%dﬁsﬁéegggi hgégégzh%ngaﬁgqgﬁ‘}? i %bn_a ans for
conpari ng Sahevapgb@eﬁygqﬁuﬁtate-when-the least significant bits of

successive samples have like values and a second state

when the lé&st signifiéant bits have differing values;

second means responsive to said dither signal, said

a

15 _bilevel'Signélland'said dithered signal samples for
‘decreasing  said dithered signal samples by a unit value A
when the dither signal is a logical 1 and the value of
the least significant bits of current dithered signal

sample and the preceding dithered signal sample differ;

20 and ' ' ' R '

means for concatenating the bilevel signal, as

the least signifiéant bit, to samples produced by said

means for decreasing said dithered signal, which

_ concatenated saﬁblés'cbrrespend to dedithered signal. -

25 '

30
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sanples with said 1 bit dithering signal sanples for producing at the

out put thereof a set of 1 bit signal sanples having an instantaneous val ue
of one iif both said bilevel signal and said dithering signal havée an

i nst-ant aneous val ue of one, and having an instantaneous val ue of zero

ot herw se; and neans for conbining sald n-1 bit dithered signal sanples

W th saﬁa set of 1 bit signal sanples, hg conbi ni ng neans _decr nting
said n-T=bit dithered sanples by one when*8aid-1 bit si gnal %ﬁga

I nst ant aneous val ue of one, and said conbi ning neans passing said n-1 bit

Val e of sero. - Mogo ENAACSYLEEN°BLLetalhh BoUETailT Shplsaat ANt ancous
accordi ng to Cimreindeshdceounceudfsa hinauycdigitalbundiyheirgid al
undi thered signgignz1, saig &H&iﬁﬂéi@& éﬁgﬂii 88H§i§kiﬂ%h3¥ %%%%@%Ef@%

sanpl es occurrlng at a certain rate and
posi tive int egeﬁamalg%we%umlaglaﬁl 2 ﬁﬁﬁﬁ\a;‘ndFQF?aFnél Pﬁ—é’ﬁ-ﬂﬂgnsh}rt@r

al tC gre nat i gg, aatleé'ﬁ% fhal issai ﬁﬁgfﬁﬁ?i nmaégerbeawsearée %re gﬁéngltringol;rgr r]t Ee
Su SSi v S S S u | S I Ni
Sardn bt andafeeat Sineetng RighaT, Saitertnt ABny ng to oRmrbe e, SHldtuco”
di t hered di gi t atestginl raeepl bsthesn ngepo land bnésfosatdedsubees&gvﬁeans
devel oping n-1 DIt flinGEeds P8 RLETLHOLER B16naht CLRA HITnRE WEF hePs 2"

n-1 bit
coupled to said sources of undithered and dithering

signals, for producing n-l1l bit dithered digital signal
W - samples; |
: in which the said first means comprises:
means for delaying the least significant bit
of said n-1 bit dithered samples by approximately one
sampllng cycle; and
means for detecting the equality and
inequality of said undelayed least significant bit and
said delayed least significant bit of said n-1 bit
"dithered samples to generate at the output thereof
samples of said bilevel signal comprising a zero and a
one respectively;
and in which the said second means comprises:
means for comparing said bilevel signal
A _ samples with said 1 bit dithering signal samples for
' producing at the output thereof a set of 1 bit signal
samples having an instantaneous value of one if both
said bilevel signal and said dithering signal'have an
instantaneous value of one, and having an instantaneous
value of zero otherwise; and
means for combining said n-1 bit dithered
signal samples with said set of 1 bit signal samples,
said combining means decrementing said n-1 bit dithered
samples by one when said 1 bit signal has an
instantaneous value of one, and said combining means
passing said n-1 bit dithered samples without change

when said 1 bit 51gna1 has an lnstantaneous value of
zZero.

R OB O O



| ower val ue that corresponds to the n-1 nost significant bits of said n bit"
undi t hered sanples, and (b) an n-1 bit higher. value that corresponds to the
n-1 nost significant 20 bits of said n git undi t hered sanpl es plus one in
response to steady-state n bit undithefé@ sanpl es when the IRG&t80,084 .
significant bit is one; on the other. hand, said dithering means generating
n-1 bit non-alternating sanples which correspond to the n-1 nost -
significant bits of said n bit 25 undithered sanples when the | east .
significant bit of steady-state undithered sanples is zero; and processing
means for digitally processing said n-1 bit dithered signal sanples to
develop n-1 bit processed digital signal sanples at the output thereof;

-21- RCA 80084 and in which said first nmeans conprises: neans
for delaying-the |east significant. bit of said n-1 bit processed sanpl es by
approxi nately one sanpling cycle; and means for detecting the equality and

i nequal ity of said undePayed | 8¥SteRj gni Acandisia thClsind Mel ayed | east
significant PhicAfim@shidsd bit processed sanples to generate at the output
t her eof sanples of said bilevel signal conprising a zero and a one
respectively; and said second neans conprises: neans for conparing said

bi I evel signal sanpl esawsblareai @£l abibti mditshedigigeal onedi sleepé@ssighal ;

st ant aneotsevd) dtahelBd Slodrs Sordiskihe, oL ke StvE s araied, "
di thering si@@@erring at a certain rate and having n bits, where n is
a positive integer; .
a source of a 1 bit binary digital dithering
signal alternating, at one-half said certain rate, between
10 zero and one for the successive samples of said undithered
.'signal; _ : _
dithering means for combining said n bit
undithered samples with said 1 bit dithering saﬁples
to produce dithered digital signal samples having n-1
15 bits; said dithering means developing n-1 bit dithered
samples which are alternating between (a) an n-1 bit
" lower value that corresponds to the n—1~ﬁost significant
bits of said n bit undithered samples, and (b) an n-1 bit
- higher value that corresponds to the n-1 most significant
20 bits of said n bit undithered samples plus one in response
to steady-state n bit undithered samples when the least \o/
significant bit is one; on the other hand, said dithering
means generating n-1 bit non-alternating samples which
correspond to the n-1 most significant bits of said n bit
25 undithered samples when the.leastusignificant bit of
steady-state undithered samples is zero; and |
processing means for digitally processing said
n-1 bit dithered signal samples to deVelop n-1 bit
processed digital signal samples at the output thereof;

—
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have an instantaneous val ue of one, and having an instantaneous val ue of
zero otherwi se, and nmeans for conbining said n-1 bit processed signal
sanples:-with said set of 1 bit signal sanples, said conbining neans
decreasing said n-1 bit processed sanpl es-Rg-one when sai d ROA tsogal has
an i nstantaneous val ue of one and said conbining means passing said n-1 bit
processéd sanpl es without change when said 1 bit signal has an

i nst ant &feous val ue of zero. .- -22- RCA 80,084 4. A
system as defined in Caim3 wherein said source of said dithering signal
conprises a flip-flop driven by the clock used for generating said
successi ve sanples of said 5 undithered signal. 5. A systemas defined
in Claim4 wherein said dithering nmeans conprises an n bit digital adder
for adding said 1 bit ditherimg sanples tqQ said n bit undithered sanples,
and truncating 10 @ABRSndNf¥hich; FRAG: FAFSthBepBEs COMPFdSEStant bit

fromthe n bit output of meaflsadder delageng ehesdedsh- bilnli fdicdamdy edtsi gnal
sanples at the g {gut of sajd truncating nmeans. 6 A system_ .as 15
def | ned in O ai fE3oRRE: BrA DAE(PHECERSPH, SARRES, B, APPESXHTALRAYSREE. or
gate _havi ngamplingt ciyopet andpl ed for receiving the |east significant
o Phcerunn the belnoo RPEssPP S8 ecttpa) RferBadargeq oot soun!
processed sanpl #8equadity of maidnyndalayepguleastwsignificant bit and
said delayed least significant bit of said n-1 bit
processed samples to generate at the output thereof
\/ samples of said bilevel signal comprising a zerc and a
'~ one respectively;
and said second means comprises:
means for comparing said bilevel signal
samples with said 1 bit dithering signal samples for
producing at the output thereof a set of 1 bit signal
samples having an instantaneous value of one if both
said bilevel signal and said 1 bit dithering signal
have an instantaneous value of one, and having an
instantaneous value of zero otherwise, and
means for combining said n-1 bit processed
signal samples with said set of 1 bit signal samples,
said combining means decreasing said n-1 bit processed
samples by one when said 1 bit signal has an
instantaneous value of one and said combining means
passing said n-1 bit processed samples without change
when said 1 bit signal has an instantaneous value of
zero.

AN



sai d bi | evel signal sanpl es are developed. 7. A systemas defined in
Claim6 wherein said conparing neans conpri ses an AND gate havi ng a
first input coupled for receiving 25 said dithering sanples haV|ng
a second i nput- coupled for receiving -¢4rd bilevel S|gnaIQﬁMﬁﬂf%§ an
havi ng an out put at which said set of 1 bit sanples are generated
8. A systemas 30 deft nech i rsxB®@mas wherei n sai d conbi ni ng neans =

CO”prlseSEiééiiﬁé@tﬂﬁ éP&lﬁubtﬁHéEéﬂﬁ %ﬁh@ source oﬁ*ﬁafﬁ dhéﬂérf%ﬁ“lﬁﬁ »
fromsaid n bit. processed sa §A em as defined in dal

wherei n sai & ?ﬁﬁ&nlng nmeanS° Eggbﬁﬁ§e§ élp' TS Rithe orlegli ng,

to said n-| séd pforegendrstinyesaid- subicessime eampQEy icH nriad | ones or

all zergs, n er the instantaneous value of said 1 bit
signal is oﬂg’p‘%?g%?%g Smﬁégt. vel y. - 23- RCA 80, 084 10.

A digital signal pr00555|dg sspes e iaxcl uding a source of digital signal

sanpl es whi Qi et gqr UCPL g SAHBLE Bl Latle s N0l o i il O

t he signal sanples an runcating e 'l east srgn

sanpl e suns, andamppapitudigbtayeaddner fog gﬁ@n@@ §@m@(ishﬂhnﬁmthegﬁnq|rst
means, r espongins1 &8 %t@siednsweahnaienbeea s%pqe@oaraédag t he éﬁﬁ%éatmg

S|gn|f|£§nt bits of successive. dithered sai d nean

produci ng a TFIRY °’ioelllg+ﬁﬂ§Fnﬁa§Fﬁg1&a1s r§ﬂg ?Dﬂé’%rplt%ef?{%sﬁhe
signi ficant ihst cbuspstessi saidagnbes fevaevielopy #aies nd Kl 18 eTikkbred

signal samples at the output of said truncating means.
6. A system. as S
15 defined in Claim 3 wherein said detectlng means comprlses ~
an EXCLUSIVE-OR:'gate . . having a first input coupled for
receiving the least significant bit of said n-1 bit
processed samples, - - having a second input coupled for
receiving the delayed least significant bit of séid n-1
20 - bit processed samples, and having an output at which
- said bilevel signal  samples are developed._
7- A system as
defined in Claim 6 wherein said comparlng means comprlses
an AND gate having a first input coupled for receiving
25 said dithering samples, having a second input_coupled
- for receiving said bilevel signal samples, and |
having an .output at which said set of l bit N/
sanples are generated. .
- 8. .-A system as .
30 defined in Claim 7 wherein said combining means comprises
a subtracter for subtracting said set of 1 bit
samples from said n-1 bit processed samples.
9. A system as
defined in Claim 7 wherein said combining means comprises
35 a summing circuit for adding, to said n-1 bit processed
samples, n-~1 bit samples comprising all ones or all zeros,
depending on whether the instantaneous value of said
1l bit signal is one or zero, respectively.

R R A




state when the |east significant bits have differing val ues; second

meansr esponsi ve to dithered signal 15° sanples,including neans for
conparing successive dithered signal sanples and producing a simul at ed

di ther signal having a first state mheméiracurrent di t hered éégggl ggnple
I's greater than the precedi ng dithered jnal sanpl e, and hal 8 ond
state giherMAse 10.tfﬂk(jr&igmtabS$DgBaMeproceasdnglsyb&émd di t her

| ™=Sai d_bil d [ |
sald di L her ed 'eléﬁﬁn ey of diqitaf £l "BemBRHR FRLLA" yHER Pas! N0
signal is i nnedgde& sitn ssmml%lrtdlt eizel by adding acditherggsignaintobits of
current 25 Qgg%fé Sl%lé@&}l@ @ﬂ%&é‘@lﬂéeﬁﬁél maagtt QQ&&S!f%Sﬁ&'

sanpl e glffer nmeans concatenatln | evel as the | east

si gni fi Cant Elltt ofp thanfapls ciRed #A ﬂr%éngoq’éﬁd’cfe"cf:é%lsﬁ%“a sai d

di t hered S|ggah?ngy(abﬁgklsiﬁgmaienated sanpl es correspond to dedithered
si gnal .

0,084.11. t
10, which includes a sdrk®E d‘fe%f‘%u"rF‘a?%P‘a?’gY?aF°uﬁaf¥ﬁﬁ§$83g§§r8%%| ga}ng}g oo
undi t her ed sE@ﬂabcmpurxngrﬁheﬁleamtessgmnfsaapteblbscqfrsngceSsaVeerta|n

rate and havgﬁ%ﬂ%ﬂﬁéx§%#ﬁh ﬁeé'QQQi&'MS?hEt gucﬁﬂg gl%ggébgglneans

coupled to s ered nal t hered
dlgltal1§|gn&hqnﬂhﬂhﬁylng1awﬁxﬂﬁtnﬁtﬁt¢r%heheﬁh§ é@ﬁﬁ#l§é§nlﬁé§ﬁ§t for

del ayi ng sai g5l J¥ tsflidd i Bfk samples have like values and a second
state when the least significant bits have differing
values, ' _
/ _ second means, responsive to dithered signal
15 SAmples.including means for comparing successive dithered
signal samples and producing a simulated dither signal
having a first state when the current dithered signal
sample is greater than the preceding dithered signal
s#mple, and having a second state otherwise;
20 " third means, responsive to said simulated dither signal,
said bilevel signal and said dithered signal samples, for
~ decreasing said dithered signal samples by a unit value
when the simulated dither signal is in its first state
and the value of the least significant bits of current
25 dithered signal sample and the preceding dithered signal
sample differ; and
' ' means for concatenating the bilevel signal, as
the least significant bit, to samples produced by said
means for decreasing said dithered signal, which
30 concatenated samples correspond to dedithered signal.

LT



sanpl es by approxi mately one sanpl -

mpl i ng cycle; and
quallty and inequality of the | east S|én|f|cant g??nsz
undel ayed dithered sanples and the | east24ignificant bit

or detecting the

Reh Bogoka, o

del ayed dithered sanples to generate at the output thereof sanples of said .,

bi | evel signal conprising a zero
and a o
second neans corrprl se&l.rrea?n§5!|‘sﬁem:(ﬁﬁfé?lfne resgecéiiﬁjn

g@ gh said
Fayed anﬂ‘

del ayed di
yed dithered i wh %%e&er@t&ﬁr? mlgiltamtunﬂetbgreéanpl es of aid ~

si mul at ed dit¥fer™

Vi n
:Jgg?;ﬁ%/:g samzyral ar@i@r‘ﬁ&lﬁlﬁéggg’aégi ané@gggg%éabfesgafg?gﬁgﬁe2 Sglnd
eo%ﬁ#ﬁ%%r Sl Pt derai certain raatemabﬁ BavanghPr BihSans g

COI’TpI’ I ses

si nul at ed divhesre st ghil @ REHt uti-ng-at

conparln sald gé%§¥elaﬁagagghggﬂabemewmkh said

t her eof a set

of 1 bit sig@lp ﬁg@pt@ss&ﬁalmgunoelnﬁtuﬁ@aﬁb d gfp%
of 1 bi guedy gigna & if both d
evel and S|nulated dl%zgi ?ggﬁé?eaaagggaaungﬁqnhansamplﬁa'ue of Ozg

and havi ng @PFPINELRY Me
combining said n-1. b|tldlwhecbdggignﬁigggngéégga#?ﬁpgggg

Jreans f or
set-of 1 bit

|
si gnal sanpl es, salde&gnglgarnaémﬁyﬂﬁ@reﬁﬂﬂtMRg $ditd dithexiad di t her ed

-25-

4 sanpl b
sanpl es havesamplest Bt a§E§9§lW§FgEYg1sén8¥5%9‘§r}%glc§@%ms)ﬁérﬂﬁg rlnegln}s >t gnal

passing said n-1 bit dijbhgsedozadelestimichdine equality and
inequality of the least significant blt of sald n-blt
undelayed dithered samples and the least 51gn1f1cant

bit of said n-1 bit delayed. dlthered samples to

generate-at the output thereof samples of sald b11eve1
signal comprising a zero and a one respectlvely,
' in which said second means. comprlses. o

. means for. comparlng sald n-l b1t undelayed

and delayed dithered samples to generate at

the output

" . thereof samples of said SLmulated dlther 51gna1 (a)

" having an_ instantaneous value of one when sa1d
undelayed samples are. .larger than. sald delayed samples,

and (b) having an instantaneous value of zero

‘otherwise;

‘and in which said third means'cohprisesﬁ
means for comparing said bilevel signal
samples with said simulated dither 51gnal samples for

producing at the output . thereof a set of 1 blt signal
samples having an instantaneous value of one 1f both
‘'said bilevel and simulated dither 51gnals have an
instantaneous value of one, and having an 1nstantaneous

value of zero otherwise; and

means for combining said n-1 bit dithered
signal samples with said set of 1 bit signal samples,
said combining means decrementing said n-1 bit dithered

A



al teration when said set of 1 bit signal 'sanples have 5 an i nstant aneous
val'ue of zero. 12. A system according to Caim 10, which includes: a source
of a bitnary digital undithered signal; 10 sai d undithered signal

consi sting of successive sanpl es occurring at a certain rate and having n
bits, where nis a positive integer; the nost significant bit of said n bit
undlth ed signal representing the as8dciated sign;, a soucsez®fosusl bit

bi nary o¥gital dithering 15 signal alternating, at one-half said certain
rate, between zero and one for the successive sanples of said undithered
“signal; dithefamglesadps eoe wheni Arhkg sardof bublmnsugnade@aswdpSes with

said 1 bit difdesidg fﬁﬁ@éﬁéaﬁ@oustOa}?ﬁQdB?eo%t hs 80 sdli g E%Jn%

sanpl es havin 1 bits; said, dithering nmeans deve o I.ng |thered

sanpl es mhlcﬂﬁ%ﬂ%§e§§§ﬁ+ﬁﬁlﬁ@lﬁeﬂméehl dltaﬁrﬁdlsﬁmplﬁ§MM1t®§NGe t hat

corresponds tg] ¢e¥atidn Whén sssmf séenéf bitpief s$ghd1n shmplerdihaker ed
sanpl es, _and her val ue that corresponds to the n-1

nost S|g&f|(ﬁﬂn1QﬁY§P{hn§%Fﬁ ﬁa%P? ngFﬁ@red sanpl es plus one thereof in

response to steady-state n bit undithered sanpl es when the |east

o2 'bit 30 non-al ter ikl nghSSPBreR SAFeraiBhy b8, EaE I Lol AicRDe T
S|gn|f|cantlﬂnQiQﬁe%ald n bit undithered sanpl es when t he | east

significant bit of steady-sé@t€e U@ﬂ'éhEiﬁQrgaHE%EEalSuﬁaﬁQhe%@‘é BHi9%A3S N9
nmeans for dlgltally rocessipng said di thered sanples to
devel op 121 bisays dﬁglkgbeﬁ?%l $19na} (Farsigkpnesodt SURECSSLNE SPRPLES!

occurring at a certain rate and having n bits, where n is
—/ a positive integer; the most significant bit of said n bit
undithered signal representing the associated sign;
a source of a 1 bit binary digital dithering
15 signal alternating, at one-half said certain rate, between
zero and one for the successive samples of said undithered
signal; '
dithering means for combining said n bit
undithered samples with said 1 bit dithering'samples
29 to produce dithered digital signal samples having n-1
bits; said dithering means developing n-1 bit dithered
samples which are alternating between an n-1 bit
lower value that corresponds to the n-1 most significant
\_/ bits of said n bit undithered samples, and an n-1
25 bit higher value that corresponds to the n-1 most
significant bits of said n bit undithered samples plus
one thereof in response to steady-state'n bit undithered
samples when the least significant bit is one; on the
ofher hand, said dithering means generating n-1 bit
30 non-alternating samples which correspond to the n~1 most
significant bits of said n bit undithered samples when
the least significant bit of steady-state undithered
samples is zero; and
¢ processing means. for digitally processing said
35 pn-1 bit dithered samples to develop n-1 bit processed
digital signal samples at the output thereof;
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- -26- RCA 80,084 and in which said first means conprises: neans .
for delaying said n-1 bit processed sanples by approxi mately one sanpling
cycle; and neans for detecting the equality and inequality of the |east
significant bit of said n-1 bit undel aye@6processed sanpl KCRr 1084 | east
significant bit of said delayed n-1 bit processed sanples to generate at

t he output thereof sanples of said bilevél signal conprising a zero apd=a

one respectively; said second neans conprises: neans for conparing saren- 1+

bi t undel ayedaggd; dej;Ryesl aaseaesieetsagahescb dnwste at the out put
t hereof sanples of said sinulated _dither havi_ng an i nstantaneous

val ue of one when sai d UR8BFafeY §§ﬁﬁ¥é§gaﬁ 1FngérQ: IPEQQQFﬁﬁﬂayed

sanpl es, and bampD@sabyi appebkamnacesyvohee sanpldny Qiyaﬂre/v sid and sai d
third nmeans conprises: neans % [ coggarln % I-d bl| s al sanples with
said sinul ated dither sWﬁﬁBF SﬁpPg F&P“% cFﬁE utput therof a
set of 1 bit sngqaalsaypbésthavlegsansugauidcameomauudﬁusaﬁd(nﬁi|hlboth

sai d bil evel adeShilhabedodbbl’ eshaks a8l $ra AU AAROHTAR U O

one, and havi ng aneous va e of zero ot herw se; nmeans for
conbi ni ng salblh be$§l§r6§é§¥€§ §r§nbltsﬂﬁppé§5ﬂqI$&mﬂkﬁsn§°cﬁ 1 bit

si gnal Sanp|e§en§EAQeCQEbtﬂen8u ﬂﬁstﬁéQééisb%%piﬂéjdf4kald B egsped

sanpl es by one, 2 sai d bit si have an i nstant aneous
val ue of one, sgagaa a?ﬁ“‘EBﬁﬁi'-HQn@ FEARsE s§| ﬁ’é‘esé?etfpr?clt’ﬁﬁ ¥ ocessed
sanpl es wi t hout - said second means comprlses.
~ means for comparlng sald n~1 b1t undelayed
and delayed processed Samples to generate at the output C

thereof samples of sald 51mu1ated ‘dither signal hav1ng
an 1nstantaneous value of one when sald undelayed
samples are 1arger than said delayed ‘samples, and
having an 1nstantaneous value of zero otherw1se,

and said thlrd means comprises- '

. means for comparing sa1d bilevel signal
samples with said SLmulated dlther SLgnal samples for
produc1ng at the output therof a set ‘of 1 bit signal
samples hav1ng an 1nstantaneous value of one if both
said bilevel and s;mulated dlther s1gna1s have an’
instantaneous value of one,_and hav1ng an instantaneous
value of zero otherw15e, and '

means for comblnlng said n-1 bit processed \/
51gnal samples w1th sald set of 1 b1t signal samples,
said comblnlng means decreas1ng sald n-1 bit processed
samples by one when said set of 1 b1t signal samples
have an 1nstantaneous value of one, and sald combining
means pass1ng said n-l b1t processed samples without
alteratlon when sa1d set of 1 blt 51gnal samples have
-an 1nstantaneous value of Zero. ' o
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alteration when said set of 1 bit signal sanples have an instantaneous

vat ue of zero. -27- . RCA 80,084 13. A system as defined in
Claim 12 wherein said first-mentioned conparing nmeans conprises: means for
suhtracting said delayed n-1 bit 5 proceaged sanpl es fromgoa doyodd ayed
n-1 bit processed sanples to produce at the output thereof a further set of
n bit signal sanples; neans, coupled to said subtracting neans, for

devel oftg at the output thereof said sinulated dither 10 si gnal sanpl es
havi ng an instantaneous val ue of one when the instantaneous val ue of said
further n bit signal is non-negative and non zero, and havi ng an

I nst ant aneous val ue of zero.otherw se; 14. A system as 15 defined in
Claim 13 wherein said devel opi ng neans conprises: an inverter havi ng an
i nput coupled for receiving the nost significant bit of said further set of
n bit signal sanples, and havi ng an out put at which inverted val ues of
the associ ated input values are 20 generated; an OR gate havi ng
respective inputs coupl 3.t o theS¥eten et significant bits of said further
set of n bit g I : V{ . ' a .an

I nst ant aneous%va ?eeacsnaq}c))r%gsa Igggs‘glledr?it}?t %@%P&éﬁ@é%&?ﬁgﬂ éé‘“ ngﬁgg
sanpl es are n8&2AE FOIRFIELLR/es an i nstant aneous val ue of zero ot herwi se;

and an AND gate  havimhns fidStsubirdceinp! £4id 0delayed n-1 bit
5 processed samples from said undelayed n-l bit processed
samples to produce at the output thereof a further set

of n bit signal samples;
means, coupled to said subtracting means, for
developing at the output thereof said simulated dither
10 signal samples having an instantaneous value of one
when the instantaneous value of said further n bit signal
is non-negative and non zero, and having an
instantaneous value of zero otherwise;
14, A system as )
15 defined in Claim 13 wherein said developing means comprises:
an inverter . having an input coupled for
receiving the most significant bit of said further set
of n bit signal samples, and having an output at which
inverted values of the associated input values are
\_J 20 generated;
an OR gate having respective inputs coupled
to the n-1 least significant bits of said further set of
n bit signal samples, and having an output which
assumes an instantaneous value of one when said further
25 set of n bit signal samples are non-zero
and assumes an instantaneous value of zero otherwise; and

an AND gate having a first input coupled to
said output of said inverter, having a second input
coupled to said output of said OR gate, and having an

30 output at which said simulated dither signal samples
are produced for application to said second-mentioned
comparing means.
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sai d output of said inverter, ""having a second input coupled to said
out put of said OR gate, and havi ng an 30 out put at which said

si mul ated dither signal sanples are produced for application to said
second- nenti oned conparing neans. 42841111 111111 1111RCa1801,08%1 - 28-
RCA 80,084 15 . A dedithering circuit substanti ally as her ei nbef ore
described with reference to_Figure 4 or A di gi¥al.

si gnal processing clECU|tAsﬂﬂﬁ&%ﬂﬁ?%@gy°b§CHéFeFHBéFBP§1&é§dr|bed Wit
ref erence ds0 Hd @ ilbelf e NSk d i BedywitBUFr€£drohcd. t40Figure 4 or

5.

5 16. A digital signal processing circuit
substantially as hereinbefore descrlbed w1th reference
to Figure 1 as mod:.f:.ed by Flgure 4 or 5.
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