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coding the quantized coefficients. By varying the fidelity of the quantization process, the
encoder can conirol the balance between the accuracy of the pixel representation (i.e., the
picture quality) and the size of the resulting coded video representation (i.¢., the file size or

35  transmission bitrate). It should be noted that with regard to video and/or image compression, it
1s possible to transform blocks of an actual image and/or video frame without applying
prediction.
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coding at | east one coefficient in agcordance with a first codi ng node when
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the TolTow ng val4gs, 1 %9 nkstrIpioN 8 various EMBODMENTS

Various embodiments are directed to a method for improving efficiency when entropy coding a

20 block of quantized transform coefficients (e.g., DCT coefficients) in video and/or image
coding. Quantized coefficients are coded in two separate coding modes, run mode coding and
level mode coding. “Rules” for switching between these two modes are also provided, and
various embodiments are realized by allowing an entropy coder to adaptively decide when to
switch between the two coding modes based on context information and the rules and/or by

25 explicitly signaling the position of switching (e.g., explicitly informing the entropy coder
whether or not it should switch coding modes).

Figure 1 is a block diagram of a conventional video encoder. More particularly, Figure 1
shows how an image to be encoded 100 undergoes pixel prediction 102, and prediction error

30 coding 103. For pixel prediction 102, the image 100 undergoes either an inter-prediction 106
process, an intra-prediction 108 process, or both. Mode selection 110 selects either one of the
inter-prediction and the intra-prediction to obtain a predicted block 112, The predicted block
112 is then subtracted from the original image 100 resulting in a prediction error, also known
as a prediction residual 120. In intra-prediction 108, previously reconstructed parts of the

35 same image 100 stored in frame memory 114 are used to predict the present block. In inter-
prediction 106, previously coded mmages stored in frame memory 114 are used to predict the
present block. In prediction error coding 103, the prediction error/residual 120 initially
undergoes a transform operation 122, The resulting transform coefficients are then quantized
at 124.



-21 000000 W 2010/0638836PCT/F12009/050945 0 00-1 00001100
00O

WO 2010/063883 4 PCT/F12009/650945

The quantized transform coefficients from 124 are entropy coded at 126. That is, the data
describing prediction error and predicted representation of the image block 112 (e.g., motion
vectors, mode information, and quantized transform coefficients) are passed to entropy coding

5 126, The encoder typically comprises an inverse transform 130 and an inverse quantization
128 to obtain a reconstructed version of the coded image locally. Firstly, the quantized
coefficients are inverse quantized at 128 and then an inverse transform operation 130 is applied
to obtain a coded and then decoded version of the prediction error. The result is then added to
the prediction 112 to obtain the coded and decoded version of the tmage block. The

10 reconstructed image block may then undergo a filtering operation 116 to create a final

reconstructed image 140 which is sent to a reference frame memory 114. The filtering may be
applied once all of the image blocks are processed.

Figure 2 is a block diagram of a conventional video decoder. As shown in Figure 2, entropy

15 decoding 200 1s followed by bath prediction error decoding 202 and pixel prediction 204. In
prediction error decoding 202, an inverse quantization 206 and inverse transform 208 is used,
ultimately resulting in a reconstructed prediction error signal 210. For pixel prediction 204,
either infra-prediction or inter-prediction occurs at 212 to create a predicted representation of
an image block 214. The predicted representation of the image block 214 is used in

20 conjunction with the reconstructed prediction error signal 210 to create a preliminary
reconstructed image 216, which in turn can be used for inter-prediction or intra-prediction at
212. Filtering 218 may be applied cither after the each block is reconstructed or once all of the
mmage blocks are processed. The filtered image can either be output as a final reconstructed
image 220, or the filtered image can be stored in reference frame memory 222, making it

25  usable for prediction 212.

The decoder reconstructs output video by applying prediction mechanisms that are similar to
those used by the encoder in order to form a predicted representation of the pixel blocks (using
motion or spatial information created by the encoder and stored in the compressed

30 representation). Additionally, the decoder utilizes prediction error decoding (the inverse
operation of the prediction error coding, recovering the quantized prediction error signal in the
spatial pixel domain). After applying the prediction and prediction error decoding processes,
the decoder sums up the prediction and prediction error signals (i.c., the pixel values) to form
the output video frame. The decoder (and encoder) can also apply additional filtering

35  processes in order to improve the quality of the output video before passing it on for display

and/or storing it as a prediction reference for the forthcoming frames in the video sequence.

In conventional video codecs, motion information is indicated by motion vectors associated
with each motion-compensated image block. Each of these motion vectors represents the
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displacement of the image block in the picture to be coded (in the encoder side) or decoded (in
the decoder side) relative to the prediction source biock in one of the previously coded or
decoded pictures. In order to represent motion vectors efficiently, motion vectors are typically
coded differentially with respect to block-specific predicted motion vectors. In a conventional
video codec, the predicted motion vectors are created in a predefined way, for example by
calculating the median of the encoded or decoded motion vectors of adjacent blocks.

Figure 3 illustrates an 8x8 block of transform coefficients 300. 8x8 transform coefficicnts are
obtained by transforming pixels or prediction residuals. Figure 3 illustrates zig-zag scanning
of an 8x8 block of transform coefficients 300. Ordering of the transform coefficients can
begin at the top left comer of the biock (with the lowest frequency coefficients) and proceed in,
¢.g., a zig-zag fashion, to the bottom right comer of the block (with the highest frequency
cocfficients). The two-dimensional array of coefficients may then be scanned (following the
zig-zag pattern) to form a 1-dimensional array. These coefficients may then be coded in
reverse order, e.g., from last to first, with the last coefficient having an index value of 0. Tt
should be noted that other transform types, transform size, and/or scanning order are possible,
as well as the interleaving of the coefficients. After zig-zag scanning, each non zero coefficient
is represented by a (run, level) pair where run value indicates the number of consecutive zero

values and level value indicates the value of the non-zero coefficient.

In accordance with various embodiments, it is assumed that there is at least one non-zero
coefficient in the block to be coded. Coefficients are generally coded in a last to first
coefficient order, where higher frequency coefficients are coded first. However, coding in any
other order may be possible. If at any point during the coding process there are no more
coefficients to be coded in the block, an end of block notification is signaled, if needed, and
coding is stopped for the current block.

One method of entropy coding involves adaptively coding transform coefficients using two
different modes. In a first mode referred to as “run” mode, coefficients are coded as (run,level)
pairs. That is, a “run-level” refers to a run-length of zeros followed by a non-zero level, where
quantization of transform coefficients generally results in higher order coefficients being
quantized to 0. 1f the next non-zero coefficient has an amplitude greater than 1, the codec
switches to a “level” mode. In the level mode, remaining coefficients are coded one-by-one as
single values, i.e. the run values are not indicated in this mode.

For example, quantized DCT coefficients of an 8x8 block may have the following values.

20010000
210006000
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The ordered coefficients are coded in reverse order starting from the last non-zero coefficient.
First, the position and the value (-1) of the last-non-zero coefficient is coded. Then, the next

15 coefficients are coded in the run mode resulting in the following sequences of coded (run,level)
pairs,

000001 (run=35,level=1)

01 (run=1, level = 1)
20 001 {run =2, level = 1)
01 (run =1, level = |)
0-2 (run = 1, level = -2)

Sinee the latest coded coefficient had an amplitude greater than 1, the coder switches to the
25 level mode. In the level mode, the remaining coefficients (0 and 2) are coded one at a time
after which the coding of the block is finished.

Such a coding scheme often results in the switching to level mode even if it would be
beneficial to continue in the run mode (e.g., the number of bits produced by the codec would

30 be fewer when continuing in run mode). This is because run coding is based upon coding
information about runs of identical numbers instead of coding the numbers themselves.
Switching between the modes may happen at a fixed position or at any point not implicitly
determined.

35 Inone embodiment, the position and the value of a last non-zero coefficient of the block is
coded. If the amplitude of the last coefficient is greater than 1, the process proceeds to level
coding. Otherwise, the next (run,level) pair is coded. If the amplitude of the current level is
equal to 1, the coding process returns to the previous operation and the next pair is coded.
Lastly, the rest of the coefficients are coded in level mode.



Swi t chi ng between the nodes nmay happen at a fixed position or at any point
not inplicitly determ ned. 35In one enbodi nent, the position and the val ue
of a last non-zero coefficient of theTbIock is coded. If the anplitude of
the | ast ¥8P10¢i%8ht is greater than ‘1, the process prETFEWsY/Ese4Fevel

codi ng. O herw se, the next (run.IeveI) pair is coded. If the anplitude of
the current level is equal to 1, the coding process returns to the

previ ous operation and the next pair is coded. Lastly, the rest of the
coef fi chigwed iHpdagsadatichecaplry petieg methgl POTOIOER8 83T POT FERODOSN050945

Figure {ésuwnhg@tgmte%fﬁmewy ﬂlbﬁ‘fhaﬁl&ﬁ@iﬁie@i% tﬁ@@ﬂxﬂz@ d@%@@diniemoaﬁp&rdﬂagﬂce with
one enb tda!ldﬁe esul ti.n heater e&flme th ‘g ssible.wth the
above- déscrt b E%Q%Ya&(’g%n %08 Aifye Aght (f)ﬁme ﬁg“@ﬁ%r tt‘?@ t%teﬁ ol dance
Wt t h@ddﬁ@e@ﬁb@éﬁ mrﬂcrosmfﬁosent@&a Hadk is w@dpdﬂs‘.ihbuldlbe Batad thaathise of a | ast
non- Zer}fhrﬁ(%@afrfcb(ﬁh@éﬁth@fasi%()mz@ﬁl%o'eﬁic%‘ﬁg@lqhe lbl%c@ﬂ%‘d &habe anﬂ:‘al"cﬁ(ﬂg ttoE:ﬂflert Nl S

partlcular odi n t . non-zero c ient o I's not
coded & SFE: %@0&8& E’i"fiﬁef“t %fgr (S GtermiRd W %@3’8}” ?C?@l%ﬂ@m%mm%-mm is

det er m cm:eff‘ cwinetth be cadedr § there arcewanort neeficentz erle O], ihedhﬁh{hﬁn}to@ elte coded.
| Lher Gt {00.d ﬁz@oﬂdfth@eéf&@nﬁsosta@ew@% A8 lkglgle CHlenll S0

of -bl ock .1 s code onlssto t 430, if

mor & co@f?a%‘? ¥ coetifrisitet e (E‘Hblemalfeééipfl¢dc|@rﬁﬁo %isglcterr(lm@mﬁfévfém)th?)a| r, is
coded. ahplidld,ofitte duﬁ'?rdeé\&f Rieged tovhehiefso! fie opeFRtidnt reelessab 4%¢1&th'6 rgnt | evel
is equ i th tur.ns to ext air is
coded. araSeen g s Sy vl SR AL poB BRI el s e i e P

t hr eshoheh Vialmy ‘Iehlaﬁi at 40 grpdsubecqyed grasessdy Olf éﬁdmsubsieqﬁémcumrmé@% es. |f

t he arrpcide'& H&Q: chl 1t A&56URE @ﬂﬁu]étﬂ%é%hmdﬁﬁﬁi H&Het Jibgllldl th@‘ttoﬁﬁ@laqtt hedcgmﬂ ati \ée
su of as coe e eterm ne

B R i ek O \AE B B e . o 2 o7

det er mi Wmmémheﬂlcnthecmumfﬁﬂl\artsume)faummﬂese(mludmgié& I{sexaiffidemphthe: | ast

coef fi alient inshal 1l oD ABRNathoaRkehol bt 1£253 (AN BEEHTY hakigeybil eshol d L

(e.9., 3 osl tion of non-zero coefficient

and wh
wi thi h e nep e CP%fgglﬁa“l Wigpn fhsodk is %lcr thag &, andhid sp ikt eReTaian FdsEat s it sel f
by r et utsaifibg rétam#200 aAbbargladiing thehexnext at gaf.r Ifat 4@8@ is dié‘terﬁﬁneﬂ@ﬁht tHet 1S
det ] | at | f exc | ast
CocTh 1 EMANE buh O AREIN Bl TR coBRIch HAFRLFAEL HED P P Rt
t hr eshdh# the awaviéwet’fh@s Lendar e pesifeon ﬁﬁl&f@teﬁdwnzzemcﬁoeﬁ”@fmt witeinthowi t hi n

][ he Ib| dﬂ&éckl i$ 116t(3;tnalﬂcﬁf&0i}]dlﬂi thb asalhing ﬂf@}fﬁc@dﬁw it D&l (ﬂ@fe{fél%&i%ta§4ﬁr e{)&@ded in
evel npde at C efficjents re

oper at i 'On ?rse Cg?dfgmmamnfmﬁ@(}j © CP?e(f ﬁ’&ﬂpgah@ 6 0886 Fiégca’g‘?g ?ijtat i on at
460 (wHbattiesy dettmir@uwm Hato0 vehehentlef cuampdtive sde s f efhp !pméamodi psivicuclpdedtd

25n- zlﬁ,rnozeﬁp@,%mc@n%%@gr@ﬁ@r 1%%& %ﬁmhﬂﬁf‘drﬁﬂlﬁud@t&'em ﬂetd-ﬂg%%ftahr teﬁhol g)
er an

may be net current havi n ude t rea

Nt ©1 ey e i R ot s s AP gty % HBR TG E et o
nunber wfmaetlerst enoestidfeor maznmumnpﬂlnttcudfé)cvuammecﬁbr anengflintdeeape eyogus! y
coded n@gMEZ&EA0E otil?&{zl\ﬁpﬁe% ﬁa?fcﬁ?{@nﬂr%xmﬁﬂe tlpﬁlrer% il §n gt%uf?%rﬁclé LERRce of two

coefficients, eagﬁgig ve an resul ting
cunul atSeFRlckTth G SouMEh NsaeSMpEREr ﬁaﬁah@ 3 e ﬂeaéﬂengc@éwth sepfthat are
| arijer dofdinudbs Wiktihdiex draght tagfigtiruthatdry RBreer than 1 will exceed the cumulative

threshold value of 3. That is, and to generalize, switching between coding modes can be based
upon position and a cumulative sum of amplitudes or upon position and the occurrence of
amplitudes, where the maximum naumber of occurrences is defined individually for each
amplitude level.

35
Various embediments utilize multiple coefficients to decide whether or not to switch between
run and level coding modes. Furthermore, various embodiments consider the position of the
cocfficients as part of the switching criterion. Tt should be noted that a cumulative threshold

value of 3 is chosen according to empirical tests. However, other values could be used, where,
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Various embodiments described herein improve earlier solutions to coding transform
coefficients by defining more accurately, the position where switching from one coding mode
35 to another should occur. This in turn improves coding efficiency. Signaling the switching

position explicitly further enhances coding efficiency by directly notifying the coder where to
switch coding modes.
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30 most recent part of the recorded stream, e.g., the most recent 10-minute excerption of the
recorded stream, is maintained in the recording storage 653, while any earlier recorded data is
discarded from the recording storage 653,

The coded media bitstream is transferred from the recording storage 635 to the decoder 660. If

35 there are many coded media bitstreams, such as an audio stream and a video stream, associated
with each other and encapsulated into a container file, a file parser (not shown in the figure) is
used to decapsulate each coded media bitstream from the container file. The recording storage
655 or a decoder 660 may comprise the file parser, or the file parser is attached to either
recording storage 655 or the decoder 660.
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disclosed herein. The particular sequence of such executable instructions or associated data

structures represents examples of corresponding acts for implementing the functions described
35 1in such steps or processes.

Embodiments of the present invention may be implemented in software, hardware, application
logic or a combination of software, hardware and application logic. The software, application
logic and/or hardware may reside, for example, on a chipset, a mobile device, a desktop, a
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Irst cg oB%hents of the present invention to the precise form disclosed, and modifications and
variations are possible in light of the above teachings or may be acquired from practice of
25 various embodiments. The embodiments discussed herein were chosen and described in order
to explain the principles and the nature of various embodiments and its practical application to
cnable one skilled in the art to utilize the present invention in various cmbodiments and with
various modifications as are suited to the particular use contemplated. The features of the
embodiments described herein may be combined in all possible combinations of methods,

30  apparatus, modules, systems, and computer program products.



15 node; coding node. otherw se, coding a subsequent coefficient in
accordance wth a second 2. The nethod of claim1l1, wherein the
first coding node conprises a run coding node configured to code the at

| east one coefficient in groups, andigherein the groups conprise run and

| evel pairs. 203.The method of claim1, wherein the second coding node
conprises a level coding node configured to code coefficients one at a
time. WHAT ISELAPAE 20d of any one of the preceding clains, wherein the
curmul ative 25t hreshol d val ue depends at |east on a quantization par amet er
used in coding the bl ock. 5. The nmethod of any one of the preceding
clai ms, wher.ein A hetedtdbgdse;: sum of anﬁlituﬂes ﬁf tﬂelgreV|Fusly c?ﬂed
non-zero coefficients that ar eater than the thresho is |larger an
the cunul ative teﬁ‘P% IR PPN ‘%ﬁf&rP fgilay @guzer seallicianrebe blockence t hreshol d

i sSmet for any podmight kastnpk chmfﬁelena;hnlaec@ﬁalﬁ:la&wﬂf a fihe c&"ﬁﬁ’g/ hUs khek adled

non- z f fel ute -re di um having a
Compur ST Moo B RN B SBRARER i g
i nstructi ons opdebniizoa @m@l@tl‘eﬁ pmocksgspituls @erddsushamydednenaérot he met hod

of cl aloBficlentsQhi: are 2 RPEAR e PARIAAIAN,Nd val ue of a last non-zero
coefficient of a Iock code at | east one coefficient in accordance with a

first coding nod@w%ﬁ%ﬁ’éﬁﬂﬁﬁﬁﬁﬁﬂﬂﬁ@SﬁmiﬁH@Sﬁﬁﬂméagﬂﬂ%h@tbnéﬁﬁdtﬂe@t is less

t Han and egusdsition oﬁtﬁdiﬁt%SﬂMn%ercﬁé&fﬂ@lézﬁﬁiﬂe@@ﬂ@n%‘l!é@éh@ﬁ kEsham of anpl i tudes
of previously coded non-zero SCoeffléﬁents hat are greater than the

t hr eshol d; and coding & supgeapeit Go éﬁnﬁW%wﬁﬂﬁﬁFﬁﬁWﬂbméﬂ%ﬁﬂ@éﬁéss than a
cumul aeédee t hreshol d val ue, and the p05|t|on of the | atest non- zero

CoeT 11 gl ent 11 accor dARGE TR ENe P LEagal s gt HEnSTHE Fecond
coding mode.
I5
2, The method of claim 1, wherein the first coding mode comprises a run coding
mode configured to code the at least one coefficient in groups, and wherein the groups

comprise run and level pairs.

20 3. The method of claim 1, wherein the second coding mode comprises a level
coding mode configured to code coefficients one at a time.

4, The method of any one of the preceding claims, wherein the cumulative

threshold value depends at least on a quantization parameter used in coding the block.
25

5. The method of any one of the preceding claims, wherein the cumulative sum
of amplitudes of the previously coded non-zero coefficients that are greater than the threshold
is larger than the cumulative threshold value when at least a maximum occurrence threshold

is met for any possible amplitude value of one of the previously coded non-zero coefficients.
30

6. A computer-readable medium having a computer program stored thereon, the

computer program comprising instructions operable to cause a processor to perform any one
of the method of claims 1 to 5.

(]
n
~1

An apparatus, comprising a processor configured to:



100t herwi se, code a subsequent coefficient in accordance with a second
codi ng node. 8. The apparatus of claim7, wherein the first coding
node conprises a run codi ng node configured to code the at | east one
coefficient in groups, and wherein thg groups 15conprise run and | evel
pairs. 9. The apparatus of claim 7, wherein the second codi ng node
conprises a | evel coding node configured to code coefficients one at a
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poSsi bloeffamguitd thaidee ga:huetmhﬂw@r@ﬁomh@dpr eviously coded non-zero

of a1 ast. non- zoteren e B B BRI Hp SRR agaPeRdesme 7 1

decodiang tia pesétipstof dheelatpatamtni zxedl ceaffieisiitas fess thah hilodaeion tiregmid:he coded
bitstreamin accordaqggeg@mgﬂﬁkm{gﬂ§ m%ﬁgnQLxEQrké%ﬁ&%ﬁgfﬂgg&ng and a

second (gglng node, wherein the deco resu
a quar??%ed coefficient group coded in accordance with the first coding

3500de, wherein a curaﬁheams\éecoaerensaﬁsea{ﬁ}hb&é{ﬁ%n% &E&H{i&lé%ﬁ £Qdggy non-zero
coeff|0|ents 15 that are greater than a threshold is |ess t an a

cunul af Fglf?%ﬁeshold val ue, and a position of a | atest non-zero coefficient
is less than a |ocation threshold; and a quanti zed

coeffic entg cod codi,ng node, wherein one of
t he anLIatlve gﬁﬁf@ng&g ?’%@s 0 ﬂ%?&@?@ﬁ%Fvge%HEﬁﬂ FHPYEPE Beoef fi ci ent s
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cusul abhpeist AesRW) ¥akue, and the position of the latest non-zero
coefficient is one of equal to and greater than the |ocation threshold.

9. The apparatus of claim 7, wherein the second coding mode comprises a level
coding mode configured to code coefficients one at a time.

20 10.  The apparatus of any one of claims 7-9, wherein the cumulative threshold
value depends at least on a quantization parameter used in coding the block.

11. The apparatus of any one of claims 7-10, wherein the cumulative sum of
amplitudes of the previously coded non-zero coefficients that are greater than the threshold is
25 larger than the cumulative threshold value when at least a maximum occurrence threshold is

met for any possible amplitude value of one of the previously coded non-zero coefficients.

12. A method, comprising:
decoding position and value of a last non-zero coefficient of a block in a coded
30  bitstream;
decoding at least one quantized transform coefficient from the coded bitstream
in accordance with at least one of a first coding mode and a second coding mode, wherein the
decoding results in one of a:
a quantized coefficient group coded in accordance with the first coding
35 mode, wherein a cumulative sum of amplitudes of previously coded non-zero coefficients



13. The met hod of blain112, wherein the first codi ng node conprises a run
10 codi ng node configured to code coefficients in groups, and wherein the

groups conprise run and level pairs. 15 14. The method of claim 12,
wherein the second codi ng node conprises a |l evel coding node configured to
code coefficients one at a tine. 15 15. The nmet hod of any one of

claims lgn 14 .y 'asha tﬁrQ&o@qM@&a §c&:ﬁlﬁﬁ§)€%r@sh\6ﬂi' \"éﬁledﬁﬁ%%%ﬁ&@oiaa

quantlzatlon aranet er used In cQ %é' 16. The met hod of
any one %ﬁﬁéﬁ%fﬁﬁc%ﬁﬁ%%ﬁmWﬁﬁﬂ@Pﬁﬂ?%ﬁo%ﬁWﬁhgéa sum of 20 anplitudes of
t he previously coded nama#erdcedhdiéitcoddtisadchabn@rvatighe adcend dddang t he

threshol d J.s.1 3196k cg]m@%u&{agﬂ&e@wl%% @4@1&& %?gr‘séhg%ﬁ‘iﬁ&é%d}%&?%é@t | east a

maxi mum occurrence t Si e val ue of one
of tHe FPelices it e grachban hetyesholds peg 1 to and greater ﬂ@?t A
comput ercuﬁa&ﬁd@é)ﬂh&siﬁm&ii/alm bﬁvihagosancﬁmmhﬂlenestmbmgﬁamb&ﬁo;mds vieerfequn] the 25

corrpute Eaﬁgp a%rgﬁé’fogdt{a%gg%%f UCtI ons oper able to cause a processor to

perforn1any ne o clains 12 to 16. 18. An
apparatus, conprising: a processor configured to: 30decode position and
val ue of a | ast nok-Beh&l ERefihile] ©Mreiafthedirk codikg niddecansiad szbrutnstream

oi 1 917 e AR Rge SR ERYAT LR Codrh BT, BAER R iRl ol LR BprReRd e ind a

second cwodiavglnsblie, wherein the decoding results in one of a:
a quantized coefficient group coded in accordance with the flrst coding
node, mhereln a cunul ati ve sum of anplitudes of previousl ed . non-zero
coef fi ci ent s Ithat Daraetgpdefickimilapbegeip ﬁp@gmﬁ&oqhgg padge dlEYﬁlruI ative
t hr esholcddina mede caffin@d poside casffiagéntaoheadt @ sitnenon- zer o coeff|C|ent is |less
thansa | ocation threshold; and 5a quanti zed coefficient coded in accordance
with the second coding node, wherein one of the cumulative sum of
anpl i t udes ofl5pr eVhousthyd dodednnelivizes 62-dbeflfuawdi dncymuktive hreshadd eat er t han
the threghelsdpdnds &n@q&mﬁ%@h&me@%e@fmﬁg st he cumul ative threshol d
val ue, and the position of the | atest non-zero coefficient is one of equal
to and greater than the location threshold; and 10output a bl ock of
quanti zed coetfi Cﬁ*ﬁéhhéthbdl@ﬂ dﬂﬁibﬂ@of&ﬂaﬂn@&ﬁils omerah tHeRemquant duaest coef fi ci ent
gro and q tized cient . ggﬂg claim

e raénp:lnl edﬁs &?ﬂ? %rfawgus code ncglezero %efﬁments that]a?e grg}g L éég%l% i qured to
code codfigeicthamihe cwrwi@tr\f@@lyss oh!n‘@fwvéreélaweﬂ&sﬁéﬁwmowﬁwéfé@h@# 9 5and
| evel pahsiJor any possxb?é)dmp-ﬁhﬁlea@mabﬁbﬁb&)f@{e EhabiRlylddedereidcdetfRicagcond codi ng
node conpri ses | evel codi ng node configured to code coefficients one at a
tinme.

17. A computer-readable medium having a computer program stored thereon, the

25  computer program comprising instructions operable to cause a processor to perform any one
of the method of claims 12 to 16.

18.  An apparatus, comprising:
a processor configured to:
30 decode position and value of a last non-zero coefficient of a block in a
coded bitstream;

decode at least one quantized transform coefficient from the coded
bitstream in accordance with at least one of a first coding mode and a second coding mode,
wherein the decoding results in one of a:
35



2021. The apparatus of any one of clains 18-20, wherein the cumul ative

t hreshol d val ue depends on a quantization paraneter used in coding the

bl ock. 22.The apparatus of any one of clains 18-21, wherein the cunulative
sum of anplitudes of the previouslg coded non-zero coefficients that are
greater than the threshold is 25larger than the cumul ative threshold val ue
when at | east a maxi mum occurrence threshold is net for any possible

anplitude value of one of fl@nfRMcBHR M ERASLAMZEERIGRE W ilCHE RS-
coding mode, wherein a cumulative sum of amplitudes of previously coded non-zero
coefficients that are greater than a threshold is less than a cumulative threshold value, and a
position of a latest non-zero coefficient is less than a location threshold; and
5 a quantized coefficient coded in accordance with the second
coding mode, wherein one of the cumulative sum of amplitudes of previously coded non-zero
coefficients that are greater than the threshold is one of equal to and greater than the
cumulative threshold value, and the position of the latest non-zero coefficient is one of equal
to and greater than the location threshold; and
10 output a block of quantized coefficients including at least one of the
quantized coefficient group and the quantized coefficient.

19. The apparatus of claim 18, wherein the first coding mode comprises a run
coding mode configured to code coefficients in groups, and wherein the groups comprise run
I5  and level pairs.

20.  The apparatus of claim 18, wherein the second coding mode comprises a level

coding mode configured to code coefficients one at a time.

20 21.  The apparatus of any one of claims 18-20, wherein the cumulative threshold
value depends on a quantization parameter used in coding the block.

22. The apparatus of any one of claims 18-21, wherein the cumulative sum of
amplitudes of the previously coded non-zero coefficients that are greater than the threshold is
25 larger than the cumulative threshold value when at least a maximum occurrence threshold is

met for any possible amplitude vatue of one of the previously coded non-zero coefficients.



