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Fig. 7. Comparison of frame-by-frame PSNR between MultiStage, fixed QP, and JM 10.2, for the sequence Trevor at bit rates 25 kbps and 100 kbps. (a) 25 kbps;

(b) 100 kbps.

Fig. 8. Comparison of frame-by-frame PSNR between MultiStage, fixed QP, and JM 10.2, for the sequence News at bit rates 25 kbps and 100 kbps. (a) 25 kbps.

(b) 100 kbps.

TABLE II
VIDEO SEQUENCE AKIYO, 10 S, AT FOUR DIFFERENT BIT RATES

each other, while the sequences coded with JM 10.2 vary widely.
Fixed QP achieves similar results to those for H.263. Fig. 8
shows the results for 10 s of the video sequence News. The per-
formance of MultiStage is even more striking on this sequence;
the curve for quality at 100 kbps is almost a straight line. Fixed
QP also shows a very flat curve, but the average PSNR is lower,
because this method cannot hit the target rate precisely and thus
wastes some bits.

Tables II-V give more information about the performance of
MultiStage. MultiStage is compared with JM 10.2 and fixed
QP on four different video sequences at four different rates.
One advantage of the embedded coders over the quantization-

TABLE III
VIDEO SEQUENCE FOREMAN, 10 S, AT FOUR DIFFERENT BIT RATES

based coders is the ability to precisely control rate. Applying
MultiStage to H.264 results in higher error rates than with the
embedded coder, particularly at low bit rates. Compared with
JM 10.2 and fixed QP, the minimum PSNR is always highest
with MultiStage and the variance is almost always lowest. Note
also that the average PSNR is comparable with JM 10.2. The
delay, calculated according to the method in Section III-A, is
lowest with JM 10.2. This is because JM 10.2 devotes less total
bits in the beginning of the sequence than either of the other
methods (so it may be flexible later on). The effect is most
striking in Foreman, which has the most variance overall due
to scene changes.
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TABLE 1V
VIDEO SEQUENCE NEWS, 10 S, AT FOUR DIFFERENT BIT RATES

Target rate Method Rate (% error) PSNR Buffer
Min | Avg | Var | delay(s)
25 kbps MultiStage 27.9(11.5%) 30.6 | 30.9 | 0.00 1.17
Fixed QP=37 | 24.8 (-0.7%) | 29.8 | 30.1 | 0.02 0.47
IM 10.2 25.2 (0.8%) 28.7 | 309 | 047 048
50 kbps MultiStage 51.4 (2.9%) 339 | 347 | 0.10 0.70
Fixed QP=32 | 44.8 (-104%) | 333 | 33.5 | 0.01 0.36
IM 10.2 50.1 (0.3%) 324 | 349 [ 0.56 0.35
75 kbps MultiStage 75.7 (1.0%) 363 | 37.0 | 0.11 0.55
Fixed QP=29 | 65.5 (-12.7%) | 35.6 | 359 | 0.01 0.30
IM 10.2 75.2 (0.3%) 349 | 373 | 0.62 0.30
100 kbps MultiStage 100.4 (0.4%) | 38.6 | 38.7 | 0.00 0.29
Fixed QP=26 95.2 (-4.8%) 380 | 382 | 0.01 045
IM 10.2 100.2 (0.2%) | 362 | 39.2 | 0.69 0.29

TABLE V
VIDEO SEQUENCE TREVOR, 5 S, AT FOUR DIFFERENT BIT RATES

Target rate Method Rate (% error) PSNR Buffer
Min | Avg | Var | delay(s)
25 kbps MultiStage 304 (21.7%) | 29.5 | 29.6 | 0.00 2.31
Fixed QP=40 24.6 (-1.7%) 275 | 292 | 1.55 0.95
M 10.2 25.5 (2.1%) 250 | 294 | 7.31 0.60
50 kbps MultiStage 53.8 (7.7%) 32.1 | 32.6 | 001 1.61
Fixed QP=35 45.8 (-8.3%) 30.8 | 322 | 0.95 0.70
M 10.2 50.2 (0.4%) 28.0 | 32.7 | 5.26 0.25
75 Kbps MultiStage 76.4 (1.8%) 34.0 | 344 | 0.01 1.29
Fixed QP=32 | 67.0 (-10.7%) | 32.7 | 33.9 | 0.57 0.59
IM 10.2 75.2 (0.3%) 31.1 | 348 | 559 0.15
100 kbps MultiStage 100.6 (0.6%) | 35.5 | 35.9 | 0.00 1.17
Fixed QP=29 99.6 (-0.4%) 35.0 | 36.0 | 0.41 0.84
JM 10.2 99.8 (0.2%) 31.6 | 36.3 | 5.88 0.10

V. CONCLUSIONS AND FUTURE WORK

As our results demonstrate, the MultiStage algorithm is an
effective approach for near-constant-quality coding of quanti-
zation-based video. Clearly, it can be applied only for offline
applications (e.g., DVD coding). On the other hand, it achieves
global stability with time complexity essentially linear in the se-
quence length. The only other algorithm we know of that does
that is Schuster et al.’s bisection method from [11], but Mul-
tiStage seems to converge faster, especially at medium to high
rates.

We have also introduced a novel approach for optimal block-
level rate allocation for H.263, which maintains the DQUANT
constraint. Our solution, based on a dynamic programming so-
lution to a modified multiple-choice knapsack problem, is guar-
anteed to be optimal, as long as the rate and distortion of each
block depend only on its QP. Our algorithm does not rely on
the quantizers being convex or even monotonic (and, in fact, in
H.263 they are not always so).

There are many interesting directions for possible future work
on the algorithms presented here. Some of the more important
ones include the following.

Buffer management: The current work does not address
the issue of channel bandwidth and buffer constraints. It
is not clear how to interpret the MINMAX criterion in the
presence of such constraints. Lee and Ortega claim in [16],
that once buffer constraints become tight for some portion
of the sequence coded to MINMAX distortion, the question
becomes how to allocate bits to the rest of the sequence.
However, this is not always the case; a constant-quality

allocation of bits for the tight portion might not be optimal
globally.

Block mode selection: H.263 allows macroblocks in
P-frames to be coded either in either P (predicted) or I
(intra) mode. In our implementation we forced all blocks
to be encoded as P blocks, which is suboptimal. Wiegand
et al. showed in [24] how mode selection can be per-
formed, and it seems that the MCKS framework should be
able to support that task.
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