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The SP- and Sl-Frames Design for H.264/AVC

Marta Karczewicz and Ragip Kurceredember, IEEE

Abstract—This paper discusses two new frame types, SP-frames
and Sl-frames, defined in the emerging video coding standard,
known as ITU-T Rec. H.264 or ISO/IEC MPEG-4/Part 10-AVC. >
The main feature of SP-frames is that identical SP-frames can be
reconstructed even when different reference frames are used for
their prediction. This property allows them to replace I-frames
in applications such as splicing, random access, and error re-
covery/resilience. We also include a description of Sl-frames,
which are used in conjunction with SP-frames. Finally, simulation
results illustrating the coding efficiency of SP-frames are pro-
vided. It is shown that SP-frames have significantly better coding
efficiency than I-frames while providing similar functionalities.
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I. INTRODUCTION

O INCREASE compression efficiency and network'd- 1 ©eneric block diagram of decoding process.

friendliness, the emerging ITU-T Recommendation
H.264, ISO/IEC MPEG-4/Part 10-AVC [1] video compression II. MOTIVATION

standard introduces an extensive set of new features. In thi?n the existing video coding standards, such as MPEG-2

paper, we describe in detail two of these features, specificaW,263 and MPEG-4, three main types of frames are defined
new frame types referred to as SP-frames [1}-[3] and Sl-fram&sich frame type ex,ploits a different type of redundancy ex-.

11, [4] . .__isting in video sequences and consequently results in a different
SP-frames make use of motion compensated predictive

. . . . —.amount of compression efficiency and different functionalit
coding to exploit temporal redundancy in the sequence S|m|E P Y y

r,. .
. mi t it can provide.
to P-frames. The difference between SP- and P-frames is thaj, . P . .
. . n intra-frame (or I-frame) is a frame that is coded ex-
SP-frames allow identical frames to be reconstructed even when.,. . . . -
oiting only the spatial correlation of the pixels within the

they are predicted using different reference frames. Due to tfrlsme without using any information from other frames.

property, SP-frames can be used instead of |-frames in *Y5ames are utilized as a basis for decoding/decompression of

applications as bitstream switching, splicing, random acces . .

. er frames and provide access points to the coded sequence
fast forward, fast backward, and error resilience/recovery. . ;

. . . . where decoding can begin.

the same time, since SP-frames unlike I-frames are utilizing mo-

. - ) T A predictive-frame (or P-frame) is coded/compressed using
tion-compensated predictive coding, they require significantly " . . :

. X _ . otion prediction from a so-called reference frame, i.e., a past
fewer bits than I-frames to achieve similar quality. In some

. L 4 . 1- or P-frame available in an encoder and decoder buffer. Fig. 1
the mentioned applications, Sl-frames are used in conjunctign : . .
. . .o “"llustrates a generic decoding process for P- and I-frames. Fi-
with SP-frames. An Sl-frame uses only spatial prediction as e .
.nally, a bidirectional-frame (or B-frame) is coded/compressed

an |-frame and still reconstructs identically the corresponding. o . L
. ) - ing a prediction derived from an I-frame (P-frame) in its past
SP-frame, which uses motion-compensated prediction. A N
or an I-frame (P-frame) in its future or a combination of both.

The remainder of the paper is organized as follows. In S L
. . . ; o -frames are not used as a reference for prediction of other
tionll, areview of frametypesbeing usedinthe existing standar, IS mes

is given. In Section lll, we discuss how features of SP-framescan.. . . . .

oo o : : ince, in a typical video sequence, adjacent frames are
be exploited in several example applications. Section IV provides . . S . .
- . : ighly correlated, higher compression efficiency is achieved
a description of SP- and Sl-frame decoding and encoding pro; . .
. . . - when using B- or P-frames instead of I-frames. On the other
cesses. Section V includes details of experiments and a relafive o ; .
) . ) hd, temporal predictive coding employed in P- and B-frames

performance improvement of the SP-frames. Finally, Section. . o . .
introduces temporal correlation within the coded bitstream, i.e.,

B- or P-frames cannot be decoded without correctly decoding
their reference frames in the future and/or past. In cases when
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the reconstructed values of the subsequent frames predicted
from such a reference frame are different in the encoder than
in the decoder. This mismatch would not only be confined to P L.
a single frame but would further propagate in time due to the
motion-compensated coding.
In H.264/AVC, I-, P-, and B-frames have been extended with Bitstream 2

new coding features, which lead to a significant increase in

coding efficiency. For example, H.264/AVC allows using more

than one prior coded frame as a reference for P- and B-frames. /

n+ | 2.0+

Furthermore, in H.264/AVC, P-frames and B-frames can use
prediction from subsequent frames [5]. These new features are
described in detail elsewhere in this Special Issue.

T E TS
.
/

Additionally, two new types of frames have been defined, S,
namely, SP-frames [2], [3] and Sl-frames [4]. The method of ’
coding as defined for SP- and SI-frames allows obtaining frames \

having identical reconstructed values even when different refer-  Bitstream 1
ence frames are used for their prediction. _ - _ _

In the following, we describe on how these features &f9- 2~ Switching between bitstreams using SP-frames.
SP-frames and Sl-frames can be exploited in specific applica-

tions [6]. Furthermore, the visual artifacts will not only be confined
to the frameP, , but will further propagate in time due to
motion-compensated coding.

Video streaming has emerged as one of the essential appliln the prior video encoding standards, perfect (mis-
cations over the fixed internet and in the near future over 3@atch-free) switching between bitstreams is possible only at
wireless networks. The best-effort nature of today’s networksmes, which do not use any information prior to their location,
causes variations of the effective bandwidth available to a user, at I-frames. Furthermore, by placing I-frames at fixed (e.g.,
due to the changing network conditions. The server should thers) intervals, VCR functionalities, such as random access or
scale the bit rate of the compressed video, transmitted to thk@st Forward” and “Fast Backward” (increased playback rate)
receiver, to accommodate these variations. In case of convemshen streaming a video content, are achieved. The user may
tional services that are characterized by real-time encoding akip a portion of a video sequence and restart playing at any
point-to-point delivery, this can be achieved by adjusting, on thidrame location. Similarly, the increased playback rate can
fly, source encoding parameters, such as a quantization parée-achieved by transmitting only I-frames. The drawback of
eter or a frame rate, based on the network feedback. In typicaing I-frames in these applications is that, since I-frames do
streaming scenarios when an already encoded video bitstraawhexploit any temporal redundancy, they require much larger
is to be sent to a client, the above solution cannot be appliednumber of bits than P-frames at the same quality.

The simplest way of achieving bandwidth scalability in the From the properties of SP-frames, note that identical
case of pre-encoded sequences is by representing each sequeReeames can be obtained even when they are predicted using
using multiple and independent streams of different bandwidtifferent reference frames. This feature can be exploited in
and quality. The server then dynamically switches between thigstream switching as follows. Fig. 2 depicts an example how
streams to accommodate the variations of the bandwidth avad-utilize SP frames to switch between different bitstreams.
able to the client. Again assume that there are two bitstreams corresponding

Assume that we have multiple bitstreams generated inde-the same sequence encoded at different bit rates and/or at
pendently with different encoding parameters, correspondidgferent temporal resolutions. Within each encoded bitstream,
to the same video sequence. Ug®; ,,_1, Pi ., Pi,+1} and SP-frames are placed at the locations at which switching
{Ps.u—1,P2n,P>,+1} denote the sequence of the decodeflom one bitstream to another will be allowed (framgs,,
frames from bitstreams 1 and 2, respectively. Since the encodangl S» ,, in Fig. 2). These SP-frames shall be referred to as
parameters are different for each bitstream, the reconstrucgetnary SP-frames in what follows. Furthermore, for each
frames from different bitstreams at the same time instant, fprimary SP-frame, a corresponding secondary SP-frame is
example, frame# ,,_; andP; ,,_, will not be identical. Now generated, which has the same identical reconstructed values as
let us assume that the server initially sends bitstream 1 upthe primary SP-frame. Such a secondary SP-frame is sent only
time n after which it starts sending bitstream 2, i.e., the decodkiring bitstream switching. In Fig. 2, the SP-fradg ,, is the
would have received Pi n—2, Pin—1, Pon, Pony1, Pony2}. Secondary representation 6% ,, which will be transmitted
In this case, the fram#&; ,, can not be correctly decoded sincenly when switching from bitstream 1 to bitstreamS3,,, uses
the reference framé, ,,_ used to obtain its prediction is notthe previously reconstructed frames from bitstream 2 as the
received whereas the franig ,,_;, which is received instead reference frames, whilé, ,, uses the previously reconstructed
of P, _1, is not identical toP ,_;. Therefore, switching frames from bitstream 1 as the reference frames. However, due
between bitstreams at arbitrary locations can lead to visualthe special encoding of the secondary SP-frame, described
artifacts due to the mismatch between the reference framkeer, the reconstructed values of these frames are identical.

2

A. Bitstream Switching
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Fig. 4. SP-frames in error resiliency/recovery.
Fig. 3. Splicing, random access using Sl-frames. 0 ! fiency Very
If one of the bitstreams has a lower temporal resolution. e to increase error resilience and/or error recovery. Consider the
P ' '%ﬁse when an already encoded bitstream is being streamed and

1 fps, then this bitstream can be used to achieve fast-forvv% re has been a packet loss leading to a frame or slice loss. The

functionality. Specifically, decoding from the bitstream V.Vith th%Iient signals the lost frame to the server which then responds

qu sending one of the secondary representations of the next
SP-frame. This secondary representation, &4.,, in Fig. 4,

uses the reference frames that have been correctly received by
] o ) )  the client.

_The bltstream-swn_chlng example discussed _earher Cons'der%imilarly, as argued earlier in the discussion of splicing, an-
bitstreams representing the same sequence of images. HOWeygr representation of the SP-frame can be generated without
this is not necessarily the case for other applications where Q]gmg any reference frames, i.81; ,, in Fig. 4. In this case,
stream switching is needed. Examples include the server can send the Si-frame representation Sig,, in-

« switching between bitstreams arriving from different camstead ofS ,, to stop error propagation. For slice-based packeti-
eras capturing the same event but from different perspeeition and delivery, the server could further estimate the slices
tives, or cameras placed around a building for surveillancgiat would be affected by such a slice/frame loss and update only

* switching to local/national programming or insertion ofhose slices in the next SP-frame with their secondary represen-

with the normal frame rate would provide such functionality.

B. Splicing and Random Access

commercials in TV broadcast, video bridging, etc. tations.
Splicing refers to the process of concatenating encoded bit- __
streams and includes the examples discussed earlier. D. Error Resiliency

When switching occurs between bitstreams representingror lossy transport networks, intra macroblock refresh
different sequences, that affects encoding of secondary framggategy has been shown to provide significant increase in error
i.e., encoding of5: ,, in Fig. 2. Specifically, motion-compen- resiliency/recovery performance [7]-[10]. Furthermore, it has
sated prediction of frames from one bitstream using referenggen illustrated in [7]-[10] that intra macroblock refresh rate,
frames from another bitstream when these bitstreams represent frequency at which a macroblock is intra-encoded, should
different sequences will not be as effective as when bofepend on transport channel conditions, e.g., packet loss and/or
bitstreams correspond to the same sequence. In such cagegerror rate. In interactive client/server scenarios, the encoder
using spatial prediction for the secondary frames could kg the server side decides to encode the slices/macroblocks in
more efficient. This is illustrated in Fig. 3, where the secondatie intra mode either based on: the specific feedback received
frame is denoted &SI ,, to indicate that this is an SI-framefrom the client, or the expected network conditions calculated
encoded, as described later, using spatial prediction and haviRugh negotiation, or the measured network conditions.
identical reconstructed values as the corresponding SP-framgwvever, when already encoded bitstreams are sent, which is
S2 . Sl-frames can provide also random access points to i@ case in typical streaming applications, the above strategy
bitstream and have further implications in error recovery anghnnot be applied directly. Either the sequence needs to be
resiliency, which will be described in Sections II-C and D.  encoded with the worst-case expected network conditions or

additional error resiliency/recovery mechanisms are required.
C. Error Recovery From the earlier discussion on SP-frame usage in error re-

Multiple representations of a single frame in the form ofovery and splicing applications, SP-frames or slices can be
SP-frames predicted from different reference frames, e.g., ttepresented as Sl-frames/slices that do not use any reference
immediate previously reconstructed frame and a reconstructesimes. This feature can be exploited in the adaptive intra re-
frame further back in time, as illustrated in Fig. 4, can be uségsh mechanism discussed above. First, a sequence is encoded

3
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with some predefined ratio of SP-slices. Then during transport, \
instead of some of the SP-slices their secondary representatior Inverse Tnverse L -
that is Sl-slices, is sent. The number of Sl-slices that should be | b Quantization | ®| Transform i
sent can be calculated similarly as in the real-time encoding/de- ; SPQP e v
livery approach. u Frame
1 Memor:
E. Video Redundancy Coding t | | Quantization 4_| = -
SP-frames have other uses in applications in which they do ;1, spQP P preg’ilccﬁm
not act as replacements of I-frames. Video redundancy coding | ! Transform f N
(VRC) can be given as an example. “The principle of the VRC i e e
method is to divide the sequence of pictures into two or more | i Prediction |
threads in such a way that all camera pictures are assigned t | " Motion Information
one of the threads in a round-robin fashion. Each thread is code | * Intra Prediction Mode
independently. In regular intervals, all threads converge into a /

so-called sync frame. From this sync frame, a new thread serie.
is started. If on_e_of these threads_|s damaged because of a pa.(_.‘.lk_efs_ Generic block diagram of decoding process for secondary SP- and
loss, the remaining threads stay intact and can be used to pregigtames.

the next sync frame. It is possible to continue the decoding of

the damaged thread, which leads to slight picture degradation, ) - ) ) )

or to stop its decoding which leads to a drop of the frame ratesng the intra prediction mode mfo_rmatlop received from_ the
Sync frames are always predicted out of one of the undamagtfCder- Then, forward transform is applied to the predicted
threads. This means that the number of transmitted I-frames &ACK £’(¢, y) and the obtained coefficients are quantized. The
be kept small, because there is no need for complete re-s§Hantized predicted block coefficients denoted lpy.q are
chronization.” For the sync frame, more than one representﬁgded to the received qu_antlzed predlctlt_)n error _cqefﬁuents
tion (P-frame) is sent, each one using a reference frame frorfya 1 calculate the quantized reconstruction coefficiépis
different thread. Due to the usage of P-frames these represe fif image is reconstr_u<_:ted by inverse transform.gf, which
tions are notidentical. Therefore a mismatch is introduced wheff _found bY dequantizinge.. ) ) )
some of the representations cannot be decoded and their courpinc€ during SP-frame (Sl-frame) decoding, unlike during

terparts are used when decoding the following threads. The {is§@me (I-frame) decoding (compare Figs. 1 and 5), transform

of SP-frames as sync frames eliminates this problem. is applied to predicted blocks and resulting coefficients are
guantized, coding efficiency of the SP-frames (Sl-frames) is

. DECODING AND ENCODING PROCESSES FOFSP-AND expgcted to b(_a worse than that of P—frame; (I—fram_es), as will
SI-FRAMES be illustrated in Section IV. The quantization applied to the
predicted block coefficients and the prediction error coefficients
In this section, we provide a detailed description of den the secondary SP- and SI-frame decoding scheme described
coding and encoding processes for nonintra blocks in SP- &isbve has to be the same. More specifically, both should use the
Sl-frames. For intra blocks in SP- and Si-frames, the procesgme quantization parameter. To improve coding efficiency, the
identical to that of I-frames is applied [1]. As noted earliefo|lowing improved decoding structure [3] is defined, which
SP-frames can be further classified as secondary SP-framfiges the flexibility to use different quantization parameters for

e.g., Si2,» In Fig. 2, and primary SP-frames, e.@,» and the predicted block coefficients than for the prediction error
S» » in Fig. 2. We first describe the decoding process for thgefficients.

secondary SP-frames and Sl-frames [2] to illustrate the basic
principle. Then the description of the improved decoder [3f Decoding Process for Primary SP-Frames
which is used for decoding primary SP-frames, is provided

Finally, an example of an SP- and SI-frame encoder is given. Fig. 6 illustrates a block diagram of t_he_ improved SP_-frame
decoder used for primary SP-frames. Similar to the earlier case,

A. Decoding Process for Secondary SP-Frames and Sl-Frangggredicted block(z, y) is formed and forward transformis ap-
ied. The obtained transform coefficients are denoted,ly;.

Fig. 5 illustrates a general schematic block diagram : . e
decoding process for secondary SP-frames and Sl-frames. A]se n the quantized prediction error coefficiens that are re

can be observed from Figs. 1 and 5, SP- and Sl-frames mgl?'ved from the encoder are dequantized using a quantization

e )
use of the existing coding modules for P- and I- frames. Fir arameter PQP and added to the predicted block transform co-
a predicted blockP(z,y) is formed. For SP-frames)(z, y)

efficients cpreqa. The sum is denoted by;... Note that in the
. , . arlier case, the quantized coefficients were added whereas in
is formed by motion-compensated prediction from the already. . - .
. . is case the summation of coefficients is performed. The recon-
decoded frames using the motion vectors and the reference ~° - : ; .
i . . struction coefficients,.. are quantized and dequantized using
frame number information that are received from the encoder

For Si-frames, it is formed by spatial prediction from thaquantlzatlon parameter SPQP and inverse transform is applied

alreadv decoded neighboring pixels within the same fra ?o the resulting coefficients,.., similar to the earlier scheme.
y 9 gp e guantization parameter used for reconstruction coefficients

1The description of VRC is copied from [14]. and in turn for the predicted block coefficients, namely SPQP, is

4
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Fig. 6. Generic block diagram of decoding process for primary SP-frames. Motion Information \

not necessarily the same as the quantization parameter PQP &&red. Generic block diagram of encoding process for nonintra blocks in

for the prediction error coefficients. Therefore, in this case, & ames:

finer quantization parameter, introducing smaller distortion, can

be used for the predicted block coefficients than for the predigwverse transform of the quantized reconstructed coefficients

tion error coefficients, which will result in smaller reconstruct,.. (see Fig. 6). Now assume that we would like to generate

tion error. secondary representation of this primary SP-frame having
The SP- and Sl-frame decoders discussed earlier in this sg@ identical reconstructed valuész, y) and encoded using

tion are general decoders and can easily be incorporated igt@ifferent predicted framé>(z,y). The problem becomes

other coding standards. The specific details as to how they &fling new prediction error coefficients.,, » that would

implemented in H.264/AVC can be found in [1]. identically reconstruct the framd,(z,y) using Px(z,y)
instead of P(z,y). The quantized transform coefficients
C. SP-Frame and SI-Frame Encoder Iprea,2 are calculated for the predicted frand®(z,vy) using

In this section, we first present the encoding process for pthe quantization parameter SPQP. Then the prediction error
mary SP-frames and later for secondary SP- and Sl-frames. Tiefficients for the secondary SP-frame are simply computed
following applies to the encoding of nonintra blocks in SP- an@S lerr2 = lrec — lprea,2- ON the decoder side, according to
Sl-frames. For intra blocks in SP- and Sl-frames, the identiddle decoding process for secondary SP-frames, as illustrated in
process to that used for I-frames is applied [1]. Fig. 5, the decoder form#;(z,y) and then computek,eq 2

Fig. 7 illustrates a general schematic block diagram of an dyy first applying transform taP;(z,y) and then quantizing
ample encoder corresponding to the primary SP-frames. Figfained coefficients using SPQP. The coefficiefys.a 2.

a predicted blockP(z,y) is formed by motion-compensatedidentical to the ones on the encoder side, are added to the
prediction using the original image and the previously reconeceived prediction error coefficients. ». The resulting sum
structed frames. Then forward transform is applied to both tigeequal t0err 2 + lpred,2 = lrec = lpred,2 + lpred,2 = lrec- This
predicted block”(z, y) and the corresponding block in the orig-example illustrates that with the special encoding of secondary
inal image. The transform coefficients Bz, y) are quantised SP-frames, identical reconstructed values are obtained to a
and dequantized using the quantization parameter SPQP. Thgresponding primary SP-frames.

obtained coefficientd,,,.q are then subtracted from the trans- When P,(z,y) is formed by intra-prediction, this case
form coefficients of the original image. The results of the sullbecomes converting a primary SP-frame with motion-com-
traction represent the prediction error coefficiants. The pre- pensated prediction into a secondary Sl-frame with only
diction error coefficients are quantized using PQP and the patial prediction. As shown earlier, this property has major
sulting coefficientd.., are sent to the multiplexer together withimplications in random access, and error recovery/resilience.
motion vector information. The decoding process follows the To achieve identical reconstruction, the quantization param-
identical steps as described earlier. eter used for a secondary SP-frame should be equal to the quan-

In the following, we illustrate with an example, howtization parameter SPQP used for the predicted frame in a pri-
SP-frames provide the functionality mentioned earlier, i.emary SP-frame. That means that using a finer quantization pa-
identical frames are reconstructed even when different refeameter value for SPQP although improves the coding efficiency
ence frames are used for their prediction. Let us denote bfjthe primary SP-frames placed within the bitstream might re-
I.(z,y) the reconstructed values of the primary SP-frammult in larger frame sizes for the secondary SP-frames. Since
encoded using the predicted frani(z,y) and obtained by the secondary representations are sent only during switching
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Fig. 8. IIIus_tration of coding efficiencies SP frames using different SPQP
values, also included are I- and P-frame performances. Fig. 9. lllustration of coding efficiencies SP frames using different SPQP
values when inserted periodically, also included is the periodic-intra coding

) . _ approach.
or random access, the choice of the SPQP value is application
dependent. For example when SP-frames are used to facilitate

random access one can expect that the SP-frames placed with® Performance Improvement When SP-Frames are Inserted

a single bitstream will have the major influence on compressiigriodically: In the following, we present simulation results
efficiency and therefore the SPQP value should be small. On #§B€n SP- and I-frames are introduced at fixed intervals, as
other hand, when SP-frames are used for streaming rate contfolVill be the case when enabling bitstream-switching or
the SPQP value should be kept close to PQP since the seconfi@fiom-access functionality. Fig. 9 illustrates the results ob-

SP-frames sent during switching from one bitstream to anottfgf€d under the following conditions: the first frame is encoded
will have large share of the overall bandwidth. as an I-frame and at fixed intervals, in this case 1 s, the frames

are encoded as |- or SP-frames while the remaining frames are

encoded as P-frames. Also included in Fig. 9 is the performance
IV. RESULTS achieved when all the frames are encoded as P-frames. Note

that in this case, none of the functionalities mentioned earlier

In this section, we provide simulation results to illustrate thgan be obtained while it provides a benchmark for comparison

co@_ng efficiency of SP—fra_\mes. First, we compare the CC)d'r\‘/%th both SP- and I-frame cases. As can be seen in Fig. 9,
efficiency of SP-frames with |- and P-frames. The results a . - . -
-frames while providing the same functionalities as I-frames

obtained using TML 8.7 software [13] with five referenc%ave significantly higher coding efficiency. Furthermore,

frames in UVLC mode with rate-distortion optimization optlorllgﬁ performance of SP-frames improves and approaches the
=fr

enabled. Later, a comparison of SP-frames with S-frames [ . .
. S ame performance with decreasing SPQP. Further results
is provided; these results are repeated from [12]. .

can be found in [3].

The results reported here are for some of the standard sé; . . i .
guences used in JVT contributions with QCIF resolution and en-3) Comparison With S-Frames-arberet al.[11] introduced

a specially encoded P-frame, called an S-frame, which is sent

coded at 10 fps. Similar results are observed for other sequence o . -
. only when switching from one bitstream to another, similar to
and further results can be found in [3].

. . . . the secondary SP-frantg, ,, in Fig. 2. More specifically, to en-
1) C(_)dlng EfflCl_ency .O.f SP-Framestig. 8 gives the able switching from bitstream 1 to bitstream 2.4 frame, an
comparison of coding efficiency of I-, P-, and SP- frames, i : : .
-frame is generated by encoding ttth reconstructed frame in

terms of their PSNR as a function of bit rate. These results P tream 2 as a P-type frame predicted from previously recon-

generated by encodmg each framg of a sequence as e'th.ert%]cted frames from bitstream 1. Unlike SP-frames, S-frames
I-, P-, or SP-frame, with the exception of the first frame, whic

. ; S ntroduce mismatch while switching between bitstreams.
is always an I-frame. We also include in Fig. 8 the results 9

when SP-frames are coded using different values of SPQP. |0 minimize drift, the quantization parameter QP used for
the first case, SPQP is the same as PQP, then SPQP is egufiimes should be kept small. In the following, we use QP
to 3 and in the last case, SPQP is equal to PQP-6. It can gpual to 3 _to ensure that the_ initial PSNR difference is below
observed in Fig. 8, that SP-frames have lower coding efficienBy2 dB, as is recommended in [11].

than P-frames and significantly higher coding efficiency than In Fig. 10, we present examples illustrating switching
I-frames. Note, however, that SP-frames provide functionalitibgtween bitstreams using S-frames. Fig. 10 illustrates the
that are usually achieved only with I-frames. As expected, tiRRSNR profiles of bitstreams encoded wifi* = 19 and with
SP-frames performance improves with decreasing SPQP ver@is = 13 and two additional bitstreams created by switching
PQP. The SP-frames coding efficiency &*QP = 3 becomes between them. In each case, we switch from the bitstream
very close, slightly worse at higher rates, to the P-frame codiegcoded witlQP = 19 to the bitstream encoded wihP = 13
efficiency. Further results can be found in [3]. but at different frames, namely at frames number 10 and 20.

6
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Container TABLE |
COMPARISON OFAVERAGE |-, S-, AND SP-RAME SIZES THAT WOULD BE
USED DURING SWITCHING FROM BITSTREAM ENCODED WITH QP
TO THE BITSTREAM ENCODEDWITH Q P>

o
S

8
{
&

38
= Sequence (QP+-QP;)  S-frame size SP-frame Size, Sy,
g 37
S Foreman (22-16) 68938 28304

36
% Hall (19-13) 58290 26329
£ 35 ’aj{ ]
= i Container (19-13) 60808 28430

34

News (25-19) 69921 20610
33
32 T T T T T TABLE 1l
1 11 21 31 41 51 61 71 8 91 COMPARISON OFAVERAGE |-, S-, AND SP-FRRAME SIZES THAT WOULD BE
Frame # USED DURING SWITCHING FROM BITSTREAM ENCODED WITH QP

. . o . TO THE BITSTREAM ENCODEDWITH Q P>
Fig. 10. lllustration of switching between bitstream encodedy® = 19

and 13 with S-frames, QP (S-frame) is equal to 3.

Sequence (QP-QP;)  S-frame size SP-frame Size, Sy

Container Foreman (16-22) 61950 15563
40 Hall (13-19) 55409 13694
¥ K"‘T“"“"%*‘*wwm»«»ﬂmw Container (13-19) 52973 14485
¥ News (19-25) 66566 10766
@ 37
Z 36 TABLE Il
% 35 \_\"v‘“ PSNRAND TOTAL BITS OVER 100 FRAMES FOR THEMULTIPLE SWITCHING
A s, oy EXAMPLE FOR S-, |-, AND SP-RRAME APPROACHES
34
337 Sequence Periodic lrame ~ S-fames SP-frames % Differ. % Differ.
324 (QP-QPy) Btw.SP  Btw.SP
111 21 31 41 51 61 71 8 91 - - Loandl and S
Framme # PSNR Total Bits PSNR Total Bits PSNR Total Bits fames  frames

Fig. 11.  Multiple switching between bitstreams encoded Wih = 19 and Container (25-19) 3347 204561 3284 41214 3287 220422 28 80
13 when using S-frames. QP for S-frame is equal to 3.
News (25-19) 3348 466200 3328 9566703 3311 389091 20 51

As can be seen from Fig. 10, the PSNR values of the recc Foreman(2216) 3527 834110 3508 1012345 3513 857023 4 18
structed frames after the switch diverge from the values of t Hall (19-13) 820 740551 3791 157 %08 Go48T M 2
frames from the “target” bitstream—the bitstream that we a -
switching to. Moreover, the drift becomes more pronounced

when multiple switches occur as illustrated in Fig. 11. lare larger when the switch occurs from higher to lower quality
Fig. 11, the drift becomes larger than 1.5 dB after the labitstream. For example, for the “news” sequence, the average
switch between bitstreams. Using even smaller quantizatisize of the S-frame is 3.4 times larger than that of the SP-frame
parameter for S-frames could reduce the drift; however, thahenQ P, = 25 andQ P, = 19 (Table I) and 6.2 times larger
would increase S-frame sizes which, as will be shown belowhenQP; = 19 andQP, = 25 (Table II). Similar results can

are already substantial. be observed for other test conditions [12].

In this section, we present a brief comparison of SP- andIn the following, we measure PSNR and bit rate for a number
S- frames. Tables | and Il list the average frame sizes of 8F bitstreams, each one generated by switching four times be-
and SP-frames. Here, SP-frames refer to secondary SP-fratme=en two different quality bitstreams representing the same se-
that would be used during switching, e.§i»., in Fig. 2. The quence. Switching occurs every other second and the first one
average is taken over 10 S-frames (SP-frames) used to switgkes place from the higher to lower quality bitstream. S-, I-,
between two bitstreams at different locations. We switch froand SP-frames are used to facilitate the switching. In the case of
the bitstream encoded witQP, to the bitstream encoded withthe SP-frame (I-frame) approach, one frame every second is en-
QP, where the values 0P, andQP, are given next to the coded as an SP-frame (I-frame). From the results in Table IIl, it
sequence name in the first column of Tables | and Il. Notiggn be noted that the total number of bits when using SP-frames
that in Table I, the switch always takes place from the lower te considerably smaller than for the S-frame and I-frame ap-
higher quality bitstream and in Table Il from the higher to loweproaches. For example, for the “container” sequence approxi-
quality bitstream. In both cases, the sizes of the S-frames amately 1.8 times more bits are required when using S-frames
considerably larger than that of the SP-frames. The differenaekile the PSNR of the SP-frame approach is still slightly higher.
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TABLE IV schemes that are being used for switching between bitstreams.
PSNRAND TOTAL BiTs OVER 100 FRAMES WHEN THERE IS NOSWITCHING The S-frame approach introduces drift, which becomes sig-
FORI-, S-, AND SP-FRAMES APPROACHES - . . ’ .
nificant when there are multiple switches between bitstreams.
SP-frames, on the other hand, provide drift-free switching

(sgpq;‘eme Perodic Hames _S-fames SP-frames ';“[,)ig;r. ';“[,)ig;r. between bitstreams and their sizes are considerably smaller
PSNR TofalBis PSNR TotalBts PSNR TolalBis _\\"  .ic. than that of S-frames. We have also included results of the
frames  frames periodic intra-coding approach. It is again noted that SP-frames

Comaner(25) 3082 18351 3059 9165 041 10 e Provide better PSNR versus bit-rate performance.

Container (19) 34.78 371338 3457 208643 3453 232508 60 -10
News (25) 3088 300617 3075 199771 3047 217500 4
News (19) 3523 578068 3514 408082 349 432388 M
(
(
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