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addertoward zero. Ultimately, the output of the coun- terthat is applied to
the adderwill equal the negative This invention relates to a digital signal
clamp cir-  of the value exhibited by the signal during the interval cult.
that the counter is enabled. This value Is applied to The Invention will be
described In the environ-   5   the adder during the remainder of the
signal, thereby ment of digital video signal processing though it is to
establishing the DC value of the signal. be understood to have much wider
applications.       FIGURE 1 is a waveform drawing of a portion of Signals,
such as television signals, have a bright-  a video signal useful In
describing the invention. ness component which must be referenced to a DC
FIGURE 2 is a block diagram of an exemplary value to extract its
Information content. However,  10  digital clamp circuit embodying the
Invention. broadcasting such a signal tends to eliminate or lose  The upper
waveform shown in FIGURE 1 depicts the DC value. In order to reestablish a
DC reference  one horizontal Interval of a typical baseband compo- for the
brightness component, television receivers  site video signal. The signal
includes a horizontal syn- are equipped with damp circuitry. Typically this
chronizing component, a blanking level, a burst com- clamp circuitry is
energized during the horizontal syn-  16  ponent, and a video Information
component corre- chronization pulse, and responsive to the amplitude
sponding to one line of the displayed image. In the of this pulse sets the
DC level forthe remainderof the  NTSC standard the blanking level is
established at signal. This approach has proven to be quite satisfac-  zero
IRE units; the tip of the horizontal synchronizing tory for most video
signal processing applications.  component is established at minus 40 IRE
units; the It will be readily recognized bythoseskilled In the   20  burst
component swings between plus and minus 20 art of video signal processing
that the amplitudes of  IRE units; and the peakofthe information component
horizontal sync pulses may vary from channel to  is limited to 100 IRE
units. The blanking level may be channel. A consequence of this variation
is that the  detected in the horizontal interval between the burst absolute
value of the clamped DC level will change  componentand the information
componentofthevid- from channel to channel.                     25  so
signal. The channel to channel variation is normallyof lit-  Color
television receivers include circuitry for tie consequence In standard
receivers. However in  generating a burst gate signal, BG, which occurs
dur- pix-ln-pix receivers, which simultaneouslydisplay im-  Ing the burst
interval and is utilized in detecting the ages from two channels In
exclusive portions of the  burst signal. Asampling signal, EN, which occurs
dur- display screen, a difference In the brightness of the   30  ing the
blanking level may readily be derived from a two Images may be annoying to
certain viewers.    delayed burst gate signal BGD, as will be discussed
Therefore, it is desirable to be able to clamp the DC  hereinafter. level
of at least one of the signals to a specific value.  In receivers which
Include digital signal process- GB-A-1,583,927 discloses a system for the
digital  Ing apparatus, the received analog video signal is clamping of
pulse code modulated video signals hav-  35  typically demodulated to
baseband and clamped to ing one signal input for receiving a digital signal
and  the sync tip value. This signal is applied to the analog a combining
circuit having a first Input coupled to said  Input terminal of an
analog-to-digital converter ADC. signal Input, a second input, and an
output for provid-  The ADC, responsive to a system clock signal Fc con-
ing a clamped signal including signal samples having  verts the signal to
pulse code modulated, PCM sam- a polarity bit.
40  pies (e.g., binary samples) occurring ata sample rate The present
invention is specified in the claims  equal to the frequency of the clock
signal Fc. to which attention Is invited.                       In the
following discussion it is assumed that the In an embodiment of the present
Invention the  analog video signal is converted to 8-bit, two's com- DC
level is damped to the blanking level of the bright-  plement, PCM samples.
In this Instance the range of ness signal. The blanking level of the
brightness sig-  45  sample values extends from minus 128 to plus 127 in-
nal Immediately precedes the active portion of a stan-  clusive (decimal).
The negative limit of -128 units cor- dard television signal and is
relatively easilysampled.  responds to minus 40 IRE orsync tip; the
positive lim- The embodiment Includes a digital clamp circuit in-  it of
+128 units corresponds to 100 IRE; and zero cor- cluding an up/down
counter, an adder and circuitry for  responds to 30 IRE. The blanking level
corresponds enabling the up/down counter during a predeter-  50  to a value
of approximately minus 55 units, for an un- mined interval of a digital
signal to be clamped. The  corrupted signal. However, whether or not the
sync adder has a first input port coupled to receive the sig-  tip is
greater or lesser than minus 40 IRE, the blank- nal to be clamped and a
second Input port coupled to  ing level will be represented by a negative
PCM num- a count value output from the counter. During Inter-  ber. vals
that the counter is enabled it Is conditioned to  55   Keeping these
conditions in mind refer to FIG- count up or down by the polarity bit of
the sum signal  URE 2. In FIGURE 2 the broad arrows represent mul- provided
by the adder. In one embodiment the direc-  tibit parallel busses. A number
adjacent a slash 



tion of counting Is selected to drive the output of the  through a bus
indicates the number of parallel con- 2    3                   EP 0 391 643
B1               4 nections In the bus.                             terval.
Thus, If the value provided by counter 18 is An analog video signal Is
coupled to an ADC 36  equal to Aand the value of the signal samples provid-
which converts the signal to 8-bit twos complement  ed by element 32 is S
the value of the output samples PCM samples as described above. These
samples   5   will equal S + A. are applied to a lowpass filter 34 which
attenuates the  The counter 18 is indicated as being an n+m+1 bit burst
component so that the blanking level extends  counter. The number
represented by n+m+1 (where n from the horizontal synchronizing pulse to
the start of  and m are Integers) may equal the number of bits per the
video Information component. Output samples  sample provided by the ADC 36.
However, this Is un- from the lowpass filter are coupled to element 32  10
desirable for two reasons. First, the count value will which adds an extra
bit to the samples by replicating  be susceptible to noise attendant the
blanking signal the sign bit. That Is, the Input to element 32 are 8-bit
and the counter may provide erroneous values to the samples with the most
significant bit being the sign  adder 28. Second, from horizontal
line-to-horizontal bit. The output from element 32 are nine bit samples
line the count value will alternate up and down by one with the two most
significant bits corresponding to  15  unit. To preclude both of these
conditions the counter the sign bitof the input samples. Output samples
from  is provided with excess bit capacity over the bits pro- element 32
are coupled to one input port of a 9-bit ad-  vided by the ADC. The lesser
significant bits of the der 28. (Note the 8-bit samples from filter 34 are
ex-  counter are truncated, and only the more significant tended to 9-bits
and a 9-bit adder Is utilized in this ar-  bits from the counter are
applied to the adder. This rangement to prevent the sum from the adder from
20  truncation effectuates a division of the count value being limited by
the capacity of the adder, I.e., to pre-  which in turn tends to effectuate
a low pass function clude fold over.)                                to the
measured values. Since the counter incre- The output samples provided by
the adder 28 are  mentsl decrements by one unit, and K bits of the coupled
to the data input port of a D-type latch 30.  counterare truncated, the
outputvalue applied to the Latch 30 responsive to the system clock Fc
delays the   25  adder may only change every [err] line Intervals de-
samples from adder 28 by onesample period. Output  pending on the direction
of signal changes. During samples OUT from latch 30 represent the damped
these [err] line Intervals, If the blanking level Is con- video output
signal.                             taminated by noise only during a few of
these inter- A value of magnitude equal to the blanking level  vals the
output count value may not change at all but of opposite polarity is
coupled to a second Input  30  since during successive lines the counter
has the op- port of the adder 28. This value is generated by an  portunity
to self correct. n+m+1 bit up/down counter 18. The up/down control    In
FIGURE 2 the lesser significant counter output of the counter 18 is
responsive to the sign or most-  bits 0 to n are truncated and only the
more significant significant-bit of the output signal OUT. If the output
bits n+1 to n+m are coupled to the adder. The number signal Is negative
(positive), the counter is condi-  35  m of more significant bits must be
at least large tioned to count up (down). The sign bit applied to the
enough to represent the value of the signal level to be up/down control
Inputof the counter Is taken from the  clamped. In the example Indicated by
FIGURE 1 the output of the latch 30 to Insure that it Is stable for the
number m of bits must be at least 6 to represent the sampling period.
Assume that the counter is enabled  magnitude 55 of the blanking level. To
the m mostsig- to count for one sample period during the blanking in-  40
nif icant bits from the counter 18, R zero valued bits terval each line
time. If during a sequence of horizon-  are concatenated to the most
significant bit positions. tal line intervals the output signal is negative
during  The number R Is selected so that the sum of bits m+R the blanking
interval, indicating that the value provid-  is equal to the numberof
sample bits provided byele- ed to the adder by the counter is less In
magnitude  ment 32 which is equal to the Input bit capacity of the than the
blanking value applied to the other Input port  45  adder. (The R bits are
assigned zero value because of adder 28, the counter will be conditioned to
Incre-  the system was assumed to be operating with two's ment by one unit
each line Interval until the output sig-  complement samples and the
counter is assumed to nal s positive. Conversely If the output signal is
pos-  be providing unsigned magnitude values.) itive during the blanking
Interval, the counter will be  Anotherfeature of the FIGURE 2 damp arrange-
conditioned to decrement by one unit each line Inter-  5o  ment is that the
blanking or damp level measurement val. Conceptually, once the magnitude of
the value  is performed using the truncated output from the provided by the
counter equals the magnitude of the  counter but a rounded value from the
counter is add- blanking level, the counter will alternately Increment  ed
to the remaining signal. This feature is Implement- 



and decrement by one unit on successive horizontal  ed via an AND circuit
26. The most significant bit (n) lines.
55  of the truncated bits not applied to the adder is cou- Since the
counter Is only enabled to Incre-   pled to one Input terminal of the AND
circuit 26. A ment/decrement during the blanking interval, the val-  twice
delayed and inverted burst gate signal BGDD ue provided to the adder 28 by
the counter 18 does  developed In D-type latches 12, 13 and 15 is coupled
not change during the remainder of the horizontal in-  to a second input
terminal of the AND circuit 26. The 3    5                   EP 0 391 643B1
6 delayed and Inverted burst gate signal enables the  Claims AND circuit 26
to pass the nth truncated bit during the active video Intervals and
disables the AND circuit  1. A digital damp circuit comprising: during the
measurement portion of the blanking inter-   5   a signal input portfor
applying a digital sig- val. The output signal from the AND circuit 26 is
oou-  nal having periodically recurring reference inter- pled to the carry
Input (Cl) terminal of the adder 28.  vals; This adds a half unit (when
present) to the counter               a combining circuit (28) having a
output provided to the adder to effectuate rounding   first input port
coupled to said signal input port, and improve the damp level accuracy.
10       having a second input port and having an output The enable signal
for the counter is developed by  port for providing a damped signal output
Includ- the D-type latches 12 and 14 and the AND circuit 16.  ing signal
samples having a polarity bit charac- A burst gate signal such as the
signal BG Illustrated  terized by: In FIGURE 1 Is applied to the data Input
terminal 10        an up/down counter (18) having an up/down of latch 12
wherein It Is delayed one dock period. The   15  control input coupled to
receive said polarity bit and Q output of latch 12 is coupled to the data
input of   having a count value output port; latch 14 wherein It Is delayed
a second dock period.              means (20) for coupling said count The
Inverted output [err] of latch 12 and the output Q of  value output port to
the second input port of said latch 14 are applied to respective Input
terminals of  combining circuit and the AND circuit 16 which produces an
enable signal  20      means (16) for enabling said up/down EN which is one
dock period wide as Illustrated In    counter to Increment/decrement once
only during FIGURE 1. The clock signal Fc which controls the      each of
said predetermined reference Intervals of latches 12 and 14 is also coupled
to the dock Input   said Input signal. of counter 18. The docksignal
conditions the counter to increment/decrement by one unit when the enable
25  2. The digital clamp circuit set forth in claim I fur- signal is high.
Note, if desired, the enable pulse can  ther characterized In that said
up/down counter be made several pulses wide enabling the counter to   (18)
is arranged to provide count values up to a perform several successive
measurements during a      count value equal to [err] which values are rep-
particular blanking interval.                         resented by bits 0,
1, 2 ... n, n+1, ...n m (m and n In the foregoing discussion it has been
assumed   30   are Integers greater than 0), where bit 0 is the that the
counter output values are coupled directly to  least significant bit and
bit m+n Is the most sig- the adder 28 and AND circuit 26. The system
descri-    nificant bit, and In that the means (20) for cou- bed is
operable with these connections because the    pling said count value
output port to said combin- counter values are always positive valued and
the      Ing circuit (28) couples only the m more signifi- blanking levels
are always negative valued. However,  35  cant bits representing the count
values to the In a more generalized system where the input signal
combining circuit (28). clamping value Is also positive valued the
counterval- ues must be Inverted in polarity or complemented.  3. The
digital clamp circuit set forth in claim 2 fur- This may be accomplished by
including a comple-       ther characterized in that said combining circuit
menting circuit 24 in the counter output signal paths.  4o  (28) further
includes a carry Input terminal and in In this Instance the sign bit
coupled to the up/down  that said digital damp circuit further includes:
control terminal must also be Inverted. In an alterna-      a gating
circuit (28) for couplingsaid nth bit tive arrangement the more significant
R bits concat-   of said count value to said carry Input terminal, enated
to the counter bits may be constrained to be   wherein said gating circuit
is conditioned to pass one valued rather than zero valued which produces
45  values represented by said nth bit of said count negative outputvalues.
In a still further alternative a  value during signal Intervals exclusive
of said subtractorcircuit may be substituted for the adder cir-
predetermined reference intervals. cult 28. Since In the general case
either an adder cir- 



cuitorasubtractorcircuit may be implemented forad-  4. The digital damp
circuit set forth In claim I fur- der 28, In the claims the generic term
combining cir-  50  ther characterized In that said coupling means cuit"
will be used to describe this element.          (20) includes means for
providing truncated Finally, regarding the counter 18, it Is desirable
count values to said combining circuit (28) during that it be designed such
that its output count does not  said predetermined reference Intervals and
for fold over once it reaches its maximum or minimum       providing
truncated and rounded count values count value. That is, if Its count value
Is represented   55  during Intervals exclusive of said predetermined by
all ones (all zeroes), a further increment (decre-  reference intervals.
ment) command will not produce a count value of all zeroes (all ones), but
will retain an output of all ones (all zeroes). 4    5
EP 0 391 643 B1                 6 delayed and Inverted burst gate signal
enables the  Claims                                        S AND circuit 26
to pass the nth truncated bit during the active video Intervals and
disables the AND circuit  1. A digital damp circuit comprising: during the
measurement portion of the blanking inter-   5    a signal input portfor
applying a digital sig- vai. The output signal from the AND circuit 26 is
cou-  nal having periodically recurring reference Inter- pled to the carry
input (Cl) terminal of the adder 28.  vals; This adds a half unit (when
present) to the counter                a combining circuit (28) having a
output provided to the adder to effectuate rounding    first input port
coupled to said signal input port, and Improve the damp level accuracy.
10       having a second input port and having an output The enable signal
for the counter is developed by   port for providing a damped signal output
indud- the D-type latches 12 and 14 and the AND circuit 16.   Ing signal
samples having a polarity bit charac- A burst gate signal such as the
signal BG illustrated   terized by: In FIGURE 1 Is applied to the data
Input terminal 10         an up/down counter (18) having an upidown of
latch 12 wherein it Is delayed one dock period. The   15  control input
coupled to receive said polarity bit and Q output of latch 12 is coupled to
the data input of    having a count value output port; latch 14 wherein it
is delayed a second dock period.               means (20) for coupling said
count The Inverted output Q of latch 12 and the output Q of   value output
port to the second Input port of said latch 14 are applied to respective
input terminals of   combining circuit and the AND circuit 16 which
produces an enable signal  20       means (16) for enabling said up/down EN
which is one dock period wide as illustrated in     counter to
Increment/decrement once only during FIGURE 1. The dock signal Fc which
controls the        each of said predetermined reference intervals of
latches 12 and 14 Is also coupled to the dock input     said input signal.
of counter 18. The dock signal conditions the counter to
increment/decrement by one unit when the enable  25   2. The digital clamp
circuit set forth in claim 1 fur- signal is high. Note, if desired, the
enable pulse can  ther characterized in that said up/down counter be made
several pulses wide enabling the counter to     (18) is arranged to provide
count values up to a perform several successive measurements during a
count value equal to [err] which values are rep- particular blanking
interval.                          resented by bits 0, 1, 2 ... n, n+1,
...n+m (m and n In the foregoing discussion it has been assumed   30  are
Integers greater than 0), where bit 0 Is the that the counter output values
are coupled directly to  least significant bit and bit m+n is the most sig-
the adder 28 and AND circuit 26. The system descri-     nificant bit, and
in that the means (20) for cou- bed is operable with these connections
because the      pling said count value output port to said combin- counter
values are always positive valued and the       ing circuit (28) couples
only the m more signifi- blanking levels are always negative valued.
However,  35  cant bits representing the count values to the in a more
generalized system where the input signal    combining circuit (28).
clamping value is also positive valued the counterval- ues must be inverted
In polarity or complemented.   3. The digital clamp circuit set forth In
claim 2 fur- This may be accomplished by including a comple-         ther
characterized in that said combining circuit menting circuit 24 in the
counter output signal paths.  40  (28) further indudes a carry input
terminal and in In this Instance the sign bit coupled to the up/down   that
said digital damp circuit further indudes: control terminal must also be
Inverted. In an alterna-       a gating circuit (26) for coupling said nth
bit tive arrangement the more significant R bits concat-    of said count
value to said carry input terminal, 



enated to the counter bits may be constrained to be    wherein said gating
circuit is conditioned to pass one valued rather than zero valued which
produces   45  values represented by said nth bit of said count negative
output values. In a still further alternative a  value during signal
intervals exclusive of said subtractor circuit may be substituted for the
adder cir-  predetermined reference Intervals. cult 28. Since in the
general case either an adder cir- cuit ora subtractor circuit may be
implemented forad-  4. The digital clamp circuit set forth in claim 1 fur-
der 28, in the claims the generic term "combining cir-  so  ther
characterized In that said coupling means cult" will be used to describe
this element.           (20) Includes means for providing truncated
Finally, regarding the counter 18, it is desirable  count values to said
combining circuit (28) during that it be designed such that its output
count does not  said predetermined reference intervals and for fold over
once it reaches its maximum or minimum        providing truncated and
rounded count values count value. That is, If its count value is
represented  55  during intervals exclusive of said predetermined by all
ones (all zeroes), a further increment (decre-  reference intervals. ment)
command will not produce a count value of all zeroes (all ones), but will
retain an output of all ones (all zeroes). 4    PatentansprOche
dal das Kopplungsmittel (20) Mittel beinhaltet, urn der Kombinierschaltung
(28) wahrend der 1. Digital-lemmschaltung, enthaltnd:
vorbestimrhten Referenz-Intervalle verkdrzte - einen Signal-Eingangsport
zum Zufthren   5    (abgeschnittene) ZAhistAnde zur VerfOgung zu sines
Digital- Signals mit perlodisch wie-    stollen und urn wahrend Intervallen
mit Ausnah- derkehrenden Reverenz-lntervallen;            me der
vorbestimmten Referenz-Intervalle ver- - sine Koibinlerschaltung (28) mit
elnem or-    karzte und gerundete Zahistdnde zur Verfugung sten
Eingangsport, der mit dern Signal-Ein-   zu stellen. gangsport geioppelt
ist, mit einem zweiten   10 Eingangsport und mit einem Ausgangsport zurn
Bereltatellen  sines  geldemmten     Revendicatlons (clamped)
Ausgangs-Signals, das Signal- Abtastwerte mit einem Polaritats-Bit ent-  1.
Circuit de verroulliage num6rique compronant: halt; gkeinnzulchnet durch
15        - un pointd'acces d'entree de signal pour ap- - einen
AuhfwrtsiAbwjrts-Zahler (18) mit el-        pliquer un signal numerique
presentant des nem AufwirtslAbwlrts-Steuerebngang, der
intervalles de reference periodiquement r6- zum Erhalt des Polaritats-Bits
gekoppelt          current; ist, und mit einem Zahistand-Ausgangs-
- un circuit de combinaison (28) ayant un pre- port;
20          mier point d'acces d'entree coupl6 audit - Mittel (20) zum
Koppeln des ZAhlstand-            point d'acces d'entree de signal, ayant
un Ausgangsports an den zwelten Eingang-             second point d'acces
d'entr6e et ayant un sport der Kombinierachaltung; und
point d'acces de sortie pour d6flvrer une - Mittel (16) zur Frelgabe des
Aufwarts/Ab-         sortie de signal verrouill6 Incluant des wArts-Zahlers
um nur einmal wahrend jeder  25     echantillons de signal ayant un bit de
pola- der vorbestimmtbn Referenz-intervalle des          rit6, caract6ris6
par: Eingangs-Signals zu incrementberen / decre-     - un
compteur/dacompteur (18) ayant une mentboren.
entree de commando de comptagelde- comptage coupile de maniere a
recevoirle- 2. Digitai-Klemmschaltung nach Anspruch 1,    30          dit
bit de polarite et ayant un point d'acces dadurch gekennzsichnet,
de sortie de la vaelour du comptb; dal derAufwarts/Abwarts-Zahler (18) so
aufge-        - des moyens (20) pour coupler ledit point bout lot, daB er
Zahistande blb zu elnem ZahN-         d'accbs de sortie de valourde compte
audit stand 2nm bereitstelt, welche ZahistAnde durch         second point
d'acces d'entr6e dudit circuit Bits 0, 1, 2,...,n, n+1, ..., num
reprasentiert sind   35  de combinalson ; et (n und m sind ganze Zahlen
grlBer ale Null), wo-     - des  moyens  (16)  permettant  au bei BitO das
compteur/dhcompteur  d'incrementbr/d- geringstwertigste Bit und Bit m+n des
h8chst-          cr6menter seulement pendant chacun des wertigste Bit let,
und daB des Mittel (20) zum         intervalles de reference dhtermlnes
dudit 



Koppeln des Zihistand-Ausgangsports an die  40         signal d'entree.
Kombinierschaftung (28) nur die die Zahistande reprasentberenden m
signifikanteren Bits an die  2. CIrcuit de verrouillage numerique selon la
reven- Kombiniorschaftung (28) koppelt.                  dication 1,
caracterbe6 en outre en ce que le compteur/d6compteur (18) est dispos6 de
manie- 3. Digital-Klemmschaltung nach Anspruch 2, weitr  45  re A fournir
des valeurs de compta allant jusqu'A dadurch gekennzlochnet,
unevalourdo compt eigale a 2nm, losquellesva- daBl die Komblnierachaltung
(28) weitr einen     leurs sont representees par des bits 0, 1, 2... n,
Obertrags-Eingangsanschlui& beinhaltat und daB    n1, ...n'm (m et n etant
des nombres entiers su- die Digital- Klemmschaitung welter beinhaitat:
p6rieurs A 0), o0 le bit 0 est le bit Is moins signi- - eine Torschaltung
(26) zum Koppeln des n-tbn   6o  ficatif et le bit m+n est le plus
significatif, et on Bits des Zihistandes an den Obertrags-Eln-        ce
quo les moyens (20) pour coupler ledit point .gangsanschluB, wobei die
Torschaltung konditio-  d'acces de sortie de valour de compta audit cir-
niert wird, wahrend Signal-Intarvallen mit Aus-   cuit de combinalson (28)
no couplent quo les bits nahme der vorbestimmten Referenz-lntervalle
les plus significatift m, repr6sentant les valeurs durch das n-to Bit des
Zahistandes repasentiertb  65  de compta pour le circuit de combinalson
(28). Wertb durchzulassen. 3. Circuit de verroulliage num6rique solon la
reven- 4. Digtal-Kiemmschaltung nach Anspruch 1, weitr       dication 2,
caracteris6 on outre on co quo ledit cir- dadurch gekennzelchnet,
cuit de combinalson (28) comprend en outre une    9                  ;EP 0
391 643 B1                 10 lo       HIl lIJI 11111 borne d'entree de
report at on ce quo ledit circuit de verroulilage num6rique comprend en
outre; - un circuit de d6cienchement (26) pour coupler ledit nilme bit de
ladite valeur de comptb A ladito   5 borne d'entree de report dane loquol
ledit circuit de d6clenchement oet condtlonne de maniere A fairs passer des
valeurs repr6sentees par ledit nime bit de ladite valeur de compte pendant
des Intervalles de signaux exclusifs desdits Interval-  lo les de r6ference
predetormin6s. 4. Circuit de verrouillage numerique selon la reven-
dlcatlon 1, caracterise on outre en ce quo lesdits moyens de couplage (20)
comprennent des   15 moyens pour fournir des valours de comptb tron- queos
audit circuit de combinalson (28) pendant lesdits Intervalles de reference
pred~termines et pour fournir des valours de comptb tronqu6es et arrondies
pendant des intbrvalles excluslfh des-  20 dis intervalles de reference
predetormines. 25 30 36 40 45 60 55    


