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Abstract—In this tutorial paper, we discuss the ITU-T H.263+ H.263 Version 2, also known as H.263+ in the standards
(or H.263 Version 2) low-bit-rate video coding standard. We community, was officially approved as a standard in January
first describe, briefly, the H.263 standard |nclud|ng its optional r1998 [7]. H.263+ is an extension of H.263, providing 12
modes. We then address the 12 new negotiable modes o tiabl d d additi | feat Th d
H.263+. Next, we present experimental results for these modes,neW negota _e modes and & _' lonal teatures. €seé modes
based on our public-domain implementation (see our Web and features improve compression performance, allow the use
site at http://spmg.ece.ubc.ca). Tradeoffs among compressionof scalable bit streams, enhance performance over packet-
performance, complexity, and memory requirements for the switched networks, support custom picture size and clock
H.263+ o_ptlonal modes are discussed. Finally, results for mode frequency, and provide supplemental display and external
combinations are presented. I

usage capabilities.

Index Terms—H.263, H.263+, video compression standards,
video compression and coding, video conferencing, video tele-

phony. II. THE ITU-T H.263 STANDARD
The H.263 video standard is based on techniques common
to many current video coding standards. In this section, we

R . describe the source coding framework of H.263.
N the past few years, there has been significant interest

in digital video applications. Consequently, academia arAd Baseline H.263 Video Coding
y .

I. INTRODUCTION

industry have worked toward developing video compressio
techniques [1]-[5], and several successful standards hav&ig- 1 shows a block diagram of an H.263 baseline encoder.
emerged, e.g., ITU-T H.261, H.263, ISO/IEC MPEG-1, anilotion-compensated prediction first reduces temporal redun-
MPEG-2. These standards address a wide range of applicatiégcies. Discrete cosine transform (DCT)-based algorithms are
having different requirements in terms of bit rate, picturhen used for encoding the motion-compensated prediction
quality, complexity, error resilience, and delay. difference frames. The quantized DCT coefficients, motion
While the demand for digital video communication apYectors, and side information are entropy coded using variable-
plications such as videoconferencing, video e-mailing, at@ngth codes (VLC's).
video telephony has increased considerably, transmission ratek) Video Frame StructureH.263 supports five standard-
over public switched telephone networks (PSTN) and wireleB&d picture formats: sub-QCIF, QCIF, CIF, 4CIF, and 16CIF.
networks are still very limited. This requires compressiohhe luminance component of the picture is sampled at these
performance and channel error robustness levels that cannofgs@lutions, while the chrominance componexdts,and C'r,
achieved by previous block-based video coding standards s@f downsampled by two in both the horizontal and vertical
as H.261. Version 1 of the international standard ITU-T H.26directions. The picture structure is shown in Fig. 2 for the
entitled “Video Coding for Low Bit Rate Communications"QCIF resolution. Each picture in the input video sequence is
[6], addresses the above requirements and, as a result, becd#hdded into macroblocks, consisting of four luminance blocks
the new low-bit-rate video Coding standard. of 8 piXeIS x 8 lines followed by one’b block and oneCr
Although its coding structure is based on that of H.26plock, each consisting of 8 pixels 8 lines. A group of blocks
H.263 provides better picture quality at low bit rates with litldGOB) is defined as an integer number of macroblock rows, a
additional complexity. It also includes four optional modeBumber that is dependent on picture resolution. For example, a
aimed at improving compression performance. H.263 has b&afB consists of a single macroblock row at QCIF resolution.
adopted in several videophone terminal standards, notably?) Video Coding Tools:H.263 supports interpicture predic-

ITU-T H.324 (PSTN), H.320 (ISDN), and H.310 (B-ISDN). tion thatis based on motion estimation and compensation. The
coding mode where temporal prediction is used is called an
inter mode. In this mode, only the prediction error frames—the

i . ) i _difference between original frames and motion-compensated
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Fig. 1. H.263 video encoder block diagram.
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(GOB) Fig. 3. H.263 source coding algorithm: motion compensation.
motion. This motion information is represented by two-
v v dimensional displacement vectors or motion vectors. Due
! 2 to the block-based picture representation, many motion
Macroblock estimation algorithms employ block-matching techniques,
Ya | Ya [ oo | o where the motion vector is obtained by minimizing a
cost function measuring the mismatch between a candidate
macroblock and the current macroblock. Although several cost
8 pels measures have been introduced, the most widely used one is
pol e the sum-of-absolute-differences (SAD) defined by
BI 8 16 16
ock i
SAD =S| Bi (k. )~ Bicu j—u(k, 1) |
L a [a k=11=1

where B;_;(k, ) represents thék, [)th pixel of a 16 x 16
macroblock from the current picture at the spatial location
(4, 7), and B;_,, j_,(k, l) represents thék, [)th pixel of a
current picture can be modeled as a translation of thosandidate macroblock from a reference picture at the spatial
within a previous picture, as shown in Fig. 3. In baselin®cation (i. j) displaced by the vectofx, v). To find the
H.263, each macroblock is predicted from the previousacroblock producing the minimum mismatch error, we need
frame. This implies an assumption that each pixel withito calculate the SAD at several locations within a search
the macroblock undergoes the same amount of translatioméhdow. The simplest, but the most compute-intensive search
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Fig. 2. H.263 picture structure at QCIF resolution.
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method, known as the full search or exhaustive search method,
evaluates the SAD at every possible pixel location in the
search area. To lower the computational complexity, several
algorithms that restrict the search to a few points have been
proposed [8]. In baseline H.263, one motion vector per mac-
roblock is allowed for motion compensation. Both horizontal
and vertical components of the motion vectors may be of half i
pixel accuracy, but their values may lie only in thelf6, 15.5]
range, limiting the search window used in motion estimation.
A positive value of the horizontal or vertical component of the
motion vector represents a macroblock spatially to the right or
below the macroblock being predicted, respectively.

b) Transform: The purpose of the & 8 DCT specified
by H.263 is to decorrelate the 38 8 blocks of original pixels
or motion-compensated difference pixels, and to compa}F
their energy into as few coefficients as possible. Besides its
relatively high decorrelation and energy compaction capa-
bilities, the 8 x 8 DCT is simple, efficient, and amenabld™, n)th quantization value. The resulting real numbers are
to software and hardware implementations [9]. The motien rounded to their nearest integer values. The net effect
common algorithm for implementing the 8 8 DCT is that is usually a reduced var.iance between quanti;gd coefficients
which consists of eight-point DCT transformation of the rowdS compared to the variance between the original DCT co-
and the columns, respectively. Thex88 DCT is defined by efﬁmgqts, as well as a reduction of the number of nonzero

SR (2 +1) co:efﬁ'(_:;ezrg;. tization is performed using th t
m(2¢ 4+ 1)m n H.263, quantization is performed using the same step

Con,n :O‘(m)ﬁ(”)ZZBM cos ( 16 ) size within a macroblock (i.e., using a uniform quantization

] matrix). Even quantization levels in the range from 2 to 62 are
. COS (M) 0<m,n<7 allowed, except for the first coefficient (DC coefficient) of an
16 intra block, which is uniformly quantized using a step size of

where eight. The quantizers consist of equally spaced reconstruction

a(0) =) =1/t and  a(m)=p(n) =,/1 levels with a dead zone centered at zero. After the quantization

process, the reconstructed picture is stored so that it can be
later used for prediction of the future picture.

Here, B; ; denotes the(i, j)th pixel of the 8 x 8 original d) Entropy coding: Entropy coding is performed by
block, andC,, ,, denotes the coefficients of the>8 8 DCT Means of variable-length codes (VLC's). Motion vectors
transformed block. The original & 8 block of pixels can be are first predicted by setting their component’s values to

ig. 4. Zigzag scan pattern to reorder DCT coefficients from low to high
uencies.

i=1 j=1

fori1<m,n<7.

recovered using an & 8 inverse DCT (IDCT) given by median values of those of neighboring motion vectors already
s s transmitted: the motion vectors of the macroblocks to the
_ m(2m + 1)i left, above, and above right of the current macroblock. The
Bij= z_:l 2_:10"""a(m) €08 ( 16 )ﬁ(n) difference motion vectors are then VLC coded.
e , Prior to entropy coding, the quantized DCT coefficients are
m(2n+1)j o . . ) . -
ne0s | ——e—" ) 0<4¢35<T. arranged into a one-dimensional array by scanning them in

zigzag order. This rearrangement places the DC coefficient
Although exact reconstruction can be theoretically achievefitst in the array, and the remaining AC coefficients are
it is often not possible using finite-precision arithmetic. Whilerdered from low to high frequency. This scan pattern is
forward DCT errors can be tolerated, inverse DCT errors mubBtistrated in Fig. 4. The rearranged array is coded using a
meet the H.263 standard if compliance is to be achieved. three-dimensional run-length VLC table, representing the triple
¢) Quantization: The human viewer is more sensitive tLAST, RUN, LEVEL). The symbol RUN is defined as the
reconstruction errors related to low spatial frequencies thdistance between two nonzero coefficients in the array. The
those related to high frequencies [10]. Slow linear changessymbol LEVEL is the nonzero value immediately following a
intensity or color (low-frequency information) are importansequence of zeros. The symbol LAST replaces the H.261 end-
to the eye. Quick, high-frequency changes can often not btblock flag, where “LAST= 1" means that the current code
seen, and may be discarded. For every element positioncisrresponds to the last coefficient in the coded block. This
the DCT output matrix, a corresponding quantization value ¢®@ding method produces a compact representation of the 8

computed using the equation 8 DCT coefficients, as a large number of the coefficients are
C normally quantized to zero and the reordering results (ideally)
Chn= Qm’", 0<m,n<7 in the grouping of long runs of consecutive zero values. Other

m,n

information such as prediction types and quantizer indication
whereC,,, ,, is the(m, n)th DCT coefficient andy,,,.,, is the is also entropy coded by means of VLC's.
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Fig. 5. ImprovedPB frames. (a) Structure. (b) Forward prediction. (c) Backward prediction. (d) Bidirectional prediction.

3) Coding Control: The two switches in Fig. 1 representThe longer motion vectors improve coding efficiency for larger
the intra/inter mode selection, which is not specified in thgicture formats, i.e., 4CIF or 16CIF. Moreover, by allowing
standard. Such a selection is made at the macroblock levabtion vectors to point outside the picture, a significant
The performance of the motion estimation process, usuatjgin is achieved if there is movement along picture edges.
measured in terms of the associated SAD values, can be ushé is especially useful in the case of camera movement or
to select the coding mode (intra or inter). If a macroblockackground movement.
does not change significantly with respect to the referencep) Syntax-Based Arithmetic Coding Mode (Annex E):
picture, an encoder can also choose not to encode it, @gkeline H.263 employs variable-length coding as a means of
the decoder will simply repeat the macroblock located at thgtropy coding. In this mode, syntax-based arithmetic coding
subject macroblock’s spatial location in the reference picturg. ysed. Since VLC and arithmetic coding are both lossless

coding schemes, the resulting picture quality is not affected,
B. Optional Modes yet the bit rate can be reduced by approximately 5% due to
In addition to the core encoding and decoding algorithrﬁ e more efficient arithmetic codes. It is worth noting that use

described above, H.263 includes four negotiable advanc‘?—:dthis annex is not _wi_despread. .
3) Advanced Prediction Mode (Annex FThis mode al-

coding modes: unrestricted motion vectors, advanced predic- )
tion, PB frames, and syntax-based arithmetic coding. The firQWs for the use of four motion vectors per macroblock, one
two modes are used to improve inter picture prediction. THgr €ach of the four 8< 8 luminance blocks. Furthermore,
PB-frames mode improves temporal resolution with little bRVeriapped block motion compensation is used for the
rate increase. When the syntax-based arithmetic coding mé@@inance macroblocks, and motion vectors are allowed to
is enabled, arithmetic coding replaces the default VLC codin@?int outside the picture as in the unrestricted motion vector
These optional modes allow developers to trade off betweBlpde. Use of this mode improves inter picture prediction, and
compression performance and complexity. We next providéelds a significant improvement in subjective picture quality
a brief description of each of these modes. A more detailéf the same bit rate by reducing blocking artifacts.
description of such modes can be found in [11] and [12].  4) PB-Frames Mode (Annex G)n this mode, the frame

1) Unrestricted Motion Vector Mode (Annex D)n base- structure consists of B picture and &B picture, as illustrated
line H.263, motion vectors can only reference pixels that at Fig. 5(a). The quantized DCT coefficients of tBeand P
within the picture area. Because of this, macroblocks at théctures are interleaved at the macroblock layer such that a
border of a picture may not be well predicted. When the-picture macroblock is immediately followed byBapicture
unrestricted motion vector mode is used, motion vectors caracroblock. Therefore, the maximum number of blocks trans-
take on values in the range-81.5, 31.5] instead of {16, mitted at the macroblock layer is 12 rather than 6. The
15.5], and are allowed to point outside the picture boundarigscture is forward predicted from the previously decoded
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picture. TheB picture is bidirectionally predicted from the
previously decode® picture and thé® picture currently being
decoded. The forward and backward motion vectors f@ a
macroblock are calculated by scaling the motion vector from Block Above
the currenP-picture macroblock using the temporal resolution Vertical Prediction ‘
of the P andB pictures with respect to the previoBspicture. RN
If this motion vector does not yield a good prediction, it can e
be enhanced by a delta vector. The delta vector is obtained by Lol L
performing motion estimation, within a small search window, ‘
around the calculated motion vectors.

When decoding @B-frame macroblock, thB macroblock
is reconstructed first, followed by thB macroblock since
the information from theP macroblock is needed foB-
macroblock prediction. When using tiRB-frames mode, the
picture rate can be doubled without a significant increase in
bit rate.

IIl. THE ITU-T H.263+ SANDARD Block to the Left Current Block

The objective of H.263+ is to broaden the range of ap- Horizontal Prediction

plications and to improve compression efficiency. H.263+, Gfg. 6. Neighboring blocks used for intra prediction in the advanced intra
H.263 version 2, is backward compatible with H.263. Not onl§Pding mode.
is this critical due to the large number of video applications

currently using the H.263 standard, but it is also required Byplement as a simple state machine can be used to generate
ITU-T rules. and decode them.

H.263+ offers many improvements over H.263. It allows the \ore importantly, reversible VLC's can be used to increase
use of a wide range of custom source formats, as opposeddsilience to channel errors. The idea behind RVLC's is that
H.263, wherein only five video source formats defining pictuigecoding can be performed by processing the received motion
size, picture shape, and clock frequency can be used. Tigtor part of the bit stream in the forward and reverse
added flexibility opens H.263+ to a broader range of vide@irections. If an error is detected while decoding in the forward
scenes and applications, such as wide format pictures, resiggection, motion vector data are not completely lost as the
able computer windows, and higher refresh rates. Moreovggcoder can proceed in the reverse direction; this improves
picture size, aspect ratio, and clock frequency can be specifigfor resilience of the bit stream [13Furthermore, the motion
as part of the H.263+ bit stream. Another major improvemepgctor range is extended to up te 256, +255.5] depending
of H.263+ over H.263 is scalability, which can improve then the picture size, as depicted in Table I. This is very useful

delivery of video information in error-prone, packet-lossygiven the wide range of new picture formats available in
or heterogeneous environments by allowing multiple display 263+,

rates, bit rates, and resolutions to be available at the decoder) Advanced Intra Coding Mode (Annex [¥his mode im-
Furthermore, picture segmérdependencies may be limited,proves compression performance when coding intra mac-

likely reducing error propagation. roblocks. In this mode, inter block prediction from neighboring
intra coded blocks, a modified inverse quantization of intra
A. H.263+ Optional Modes DCT coefficients, and a separate VLC table for intra coded

efficients are employed. Block prediction is performed using

Next, we describe each of the 12 new optional codir;% ¢ h lumi hromi
modes of the H.263+ video coding standard, including ttff#@ from the same |uminance or chrominance components
Cr, or Cb). As illustrated in Fig. 6, one of three different

modification of H.263's unrestricted motion vector mode whel{ > o : . .
used within an H.263+ framework. prediction options can be signaled: DC only, vertical DC and

1) Unrestricted Motion Vector Mode (Annex DYhe defi- AC, or hc_)ri_zont_al bC c_and AC. In the DC only option, only the
nition of the unrestricted motion vector mode in H.263+ iPC Coefficient is predicted, usually from both the block above
different from that of H.263. When this mode is employeémd the.block to the left, un'less one qf these blocks is notin.the
within an H.263+ framework, new reversible VLC'’s (RVLC’S)Same picture se_gment or Is not an intra block. In the_v_ertlcal
are used for encoding the difference motion vectors. The & and. AC opuop, the DC and first row of AC coefﬂqents
codes are single valued, as opposed to the earlier H.263 VL&' vertically predicted from those of the block above. Finally,

which were double valued. The double-valued codes were rﬂ'E;)tthe horifzf_optal bC aEd AC opltlion, tz_e D((j:fand firr]st CO";”;}”
popular due to limitations in their extendibility, and also 1@ AC coefiicients are horizontally predicted from those of the

their high implementation cost. Reversible VLC's are easy tozTo exploit the full error resilience potential of RVLC's, the motion vector

bits should be blocked into one stream for each video frame, concatenating a
1A picture segment is defined as a slice or any number of GOB's precedatge number of RLVC’s. This can be performed by data partitioning, which
by a GOB header. is currently being proposed in H.263++.
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