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Abstract— To improve the rate-distortion (R-D) quality,
x265 rate-control makes a variety of vital decisions—such as
scene cut detection, slice type decision, and coding-unit quantization parameter ( Q P) offsets—leveraging on lookahead to
evaluate the information propagation through the current and the
near future consecutive frames. However, as the frame base Q P
that dominates the bit amount allocated to one frame was only
determined by the long-term complexity history in the original
algorithm, the frame bit allocation became insensitive to the
recent scene changes with the growth of coding time. In addition,
the specified threshold in slice type decision, which was compared
to the estimated frame coding costs to detect the B-type slice,
did not consider the impacts of quantization. As mentioned
earlier, the irrational elements degraded the rate accuracy and
the R-D performance of x265. In this paper, the frame base
Q P is determined with not only the coding complexity history
but also the complexity changes and the data dependencies
between the current and the near future pictures by exploring
lookahead. Moreover, the quantization scale is introduced to the
threshold specification in slice type decision, which identifies more
pictures as B-type properly when increasing Q P. The proposed
algorithms were conducted in x265 version 2.4. Experiments
revealed that under the default preset (–preset medium), 0.617 dB
on average and up to 1.705 dB Bjøntegaard-Delta quality gains
were achieved, while saving the encoding time by 1.13% and
improving the rate accuracy by 4.2% on average.
Index Terms— HEVC, x265, rate control, CU-tree, MB-tree,
slice type decision.

I. I NTRODUCTION
S THE essential technique in video coding, rate-control
plays the vital role in the band-limited practical communication systems, which are subject to the discrepancy between
the time-varying picture complexity and the constant band
limitation. If we apply an constant quantization scale (Q),
the required rate bandwidth might overflow or underflow the
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limitation seriously. The function of rate-control is to find
the Q for each coding unit (CU) that minimizes the RateDistortion (R-D) cost under the specified rate constrains [1].
The rate-control algorithm can be formulated as


Ri = Rc,
(1)
min
(Di + λRi ) s.t.
Qi

i

i

where, Q i stands for the quantization scale of the i th CU;
Di and Ri are the corresponding distortion and rate, respectively; Rc represents the rate constraint. Although rate-control
is not developed as a normative tool in any video coding
standard, it has prominent impacts to the coding quality in the
specified bandwidth limitation scenario. Every video coding
standard reference software [2]–[6] recommends its own ratecontrol algorithm, and all commodity hardwired and software
encoders [7]–[11] strive for promoting the performance of ratecontrol module.
The traditional rate-control algorithms in reference software
endeavored to improve the accuracy of rate model parameterized by Q. In specific, H.263 developed its rate model on
the assumption of Gaussian distributed prediction residues and
L2-norm distortion [3], [12], [13]. The quadratic models of
MPEG-4 [14] and H.264/AVC [4] both stemmed from the
Laplacian distributed residues and L1-norm distortion [15].
Ding, et.al., noticed that the rate estimation deviated from the
theoretical model at low bit rates, therefore, they proposed
the rule of thumb power function model [16]. Mallat and
Falzon [17] derived the theoretical power function model for
low bit rates, i.e., D(R) = C R 1−2γ (where γ ≈ 1 and
C > 0), which is more accurate at low rates (R < 1bit/pixel)
than the previous high-resolution quantizations based model,
i.e., D(R) = C2−2R (where C > 0). The ρ-domain model [18]
explored the linear relation between the percentage of zeros in
quantized transform coefficients (that is denominated as ρ) and
the rate R. Specifically, R = θ (1 − ρ), where θ is a constant.
The reference software of the state-of-the-art video coding
standards, High Efficient Video Coding (HEVC) [19], [20],
explored the power function rate model [17] to develop
the relationship between the target rate and the associated
Q P [5], [6], [21], which was denominated as λ-domain model.
0.56% rate accuracy and 1.08dB R-D performance improvements were achieved by λ-domain model as compared to the
Q-domain counterpart [4] adopted by HM-8.0 [6]. Gao, et.al.,
improved the λ-domain method by building multiple CU-level
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models. The model selection of a CU lies on the supportvector-machine and Nash-bargaining-solution [22].
The aforementioned rate-control algorithms neglected the
impact of data dependency in motion estimation. In specific,
improving the quality of one picture block would reduce
the distortions of all predicted blocks, which applied this
block as the reference. In practice, the optimal bit allocation
in a spatial-temporal dependent coding environment is more
efficient to coding quality improvement [23]–[27]. The early
algorithms exploited the data dependency in frame-level, and
applied the Viterbi or other fast search algorithms to find the
optimal Q configurations [23]–[26]. Gao, et.al., developed the
skip-mode CU percentage based quality dependency factor,
which evaluated the degree of quality dependency between
the reference frame and the predicted ones, to optimize the bit
allocation for key frames [27]. The CU-level data dependency
analysis scheme came from the MacroBlock-tree (MB-tree)
technique [28] in H.264/AVC [29] software encoder x264 [7].
In literature [28], the MB-level information propagation in
consecutive pictures and the overall distortions when altering
the Q of one MB were analyzed by lookahead module, and
then the MB-level quantization parameter (Q P) offsets were
determined. This technique was inherited by x265 [8], a software encoder for the up-to-date standards HEVC [20], and was
denominated as coding-unit-tree (CU-tree). The R-D efficiency
comparisons between x265 version 2.4 and HM16.17 under
the configurations of constant quantization and rate-control
are shown in Fig.1. Under the constant quantization, HM16.17
outperformed x265 because HM16.17 applied the more efficient hierarchical prediction structure with 5 dyadic hierarchy stages and the bi-prediction Inter-coded key pictures
[30], [31]. In contrast, with the rate-control enabled, as the data
dependencies were leveraged by CU-tree based rate-control of
x265, its coding efficiency was superior to that of HM16.17.
However, Fig.1 and the tests in Section IV demonstrated that
the rate accuracy of x265 was inferior to HM16.17.
As compared to the next generation standards being brought
up, such as AV1 and JEM, HEVC provides the good coding
efficiency at the relatively low computational complexity. For
example, JEM achieved an averaged 30% rate saving as
compared to HM at the cost of 10.5x encoding time [32].
Consequently, x265 is still playing an important role in the
industrial community as a high performance software encoder.
In the original x265, each frame has its dedicated frame-level
base Q P. The CU-tree is adopted to estimate the CU Q P
offsets by analyzing the information propagation in successive
frames. For one CU, its coding Q P value is the sum of the
frame-level base Q P and its specified Q P offset. In the original algorithm, the frame-level base Q P value only depends
on the complexity sum of the previously encoded frames,
which cannot respond to the current scene change sensitively.
To overcome this hindrance, we apply the lookahead module to
estimate the full resolution coding overheads and the degree
of information dependency in the future pictures, and then
improve the performance of frame-level base Q P definition.
Additionally, we refine the performance of slice type decision
by considering the impacts of quantization in lookahead to
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Fig. 1.
Coding quality comparisons between x265 version 2.4 and
HM16.17 under the conditions of constant quantization and rate-control
enabled (The tests of x265 applied the configurations of “–preset placebo”.
The tests of HM16.17 were carried out under the configurations of
“encoder_randomaccess_main.cfg”. The target rates for HD1080p sequences
include 1mb/s, 2mb/s, 4mb/s and 6mb/s. The target rates for other sequences
are composed of 500kbps, 1mb/s, 1.5mb/s and 2mb/s).

detect the B-type slice properly. Experiments revealed that an
averaged 0.617dB quality gain was obtained by our proposals.
The rest of this paper is organized as follows: Section II
introduces the background of CU-tree technique and the associated terminology, and presents the proposed frame-level base
Q P derivation methods. Section III describes the optimized
slice type decision algorithm. The experiments are illustrated
in Section IV. Conclusions are drawn in Section V.
II. F RAME -L EVEL BASE Q P D ERIVATION
x265 adopted CU-tree technique to derive the CU-level
Q P offsets. Section II-A explains the principle and describes
the lookahead procedure adopted by the CU-tree information propagation analysis. The terminologies required in the
following sections are introduced in Section II-A as well.
Thereafter, the analytical frame-level base Q P algorithms and
the improved I-frame bits amortization leveraging on lookahead are proposed in Sections II-B, II-C and II-D, respectively.
A. x265 CU-Tree Introduction
The essential of CU-tree is to evaluate the amount of
information of each basic picture block contributing to the
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Fig. 2.
Information propagation in half resolution prediction procedure
(Pn−1 , Pn and Pn+1 are half sampled pictures of the original source ones. The
circle filled with slash pattern in CU1,1 of Pn represents the new generated
n (1, 0); Other grey blue area is the inherited information
information c1,1
n (0, 0) − cn (1, 0)).
c1,1
1,1

predictions in future pictures. x265 and x264 both applied
the lookahead scheme to implement three functions, i.e.,
deciding the slice types of pictures to be coded, analyzing
the motion vectors of all basic picture blocks, and achieving
the information propagation amounts with the basic picture
block grain. The lookahead module collects a number of
future pictures, which is 20 in default, and then, carries
out half-resolution motion-estimation (HRME) on these subsampled source pictures to achieve the SATD costs without
quantization, reconstruction, or entropy coding operations. For
the nth half-resolution picture, with the defined slice type,
the lookahead module calculates the Intra and Inter costs of all
8×8-CUs, which are expressed as cnx,y (d0 , d1 ), where x and y
are CU indices, d0 is the difference between the picture order
count (POC) of the current CU and its list0 reference POC, and
d1 is the difference between the current POC and the POC of
list1 reference. When d0 and d1 are both nonzero, cnx,y (d0 , d1 )
is a bi-prediction cost; If d0 > 0 and d1 = 0, cnx,y (d0 , d1 )
denotes the uni-prediction cost; Finally, if both d0 and d1 are
equal to 0, cnx,y (0, 0) denominates the Intra prediction cost.
In the following description, the uppercase character C denotes
full-resolution frame-level prediction complexity, and Ċ represents the corresponding half-resolution frame-level prediction
cost. In Section II-D, the symbol C n (d0 , d1 ) represents the
P- or B-prediction cost of the nth frame, of which the temporal
distances of list0 and list1 are d0 and d1 , respectively.
Let us investigate the information propagation incurred by
motion prediction. As illustrated in Fig. 2, it is assumed that
there are three P-frames, i.e., Pn−1 , Pn and Pn+1 . The CU
under analysis is CU1,1 in Pn . The Inter motion prediction
constructs the information propagation paths. For example,
if CU0,1 and CU1,1 in Pn+1 both applied CU1,1 in Pn as
the reference, these two blocks inherited some pieces of
information from CU1,1 in Pn . Obviously, besides the inherited
information, one block also has its own generated information.
The fundamental issue is to define the inherited information

and the generated information quantitatively. In literatures
[7], [8], [29], the total information contained in a CU is defined
as the Intra prediction cost, i.e., cnx,y (0, 0). The Inter prediction
cost is the difference between the current CU and its reference
signals, which is attributed as the newly generated information.
As Fig. 2 applies the uni-direction P-prediction, the Inter cost
of CU with index (x, y) in the n-th frame is expressed as
cnx,y (1, 0). The difference between Intra cost and Inter cost
is the amount of information inherited from the references.
In Fig. 2, cnx,y (0, 0) − cnx,y (1, 0) is the piece of inherited
information of CU x,y in Pn . When CU x,y in Pn is used as the
n denotes
reference of Pn+1 , the propagate-in information pi x,y
the weighted sum of propagate-amount information ( pa) of the
n is a weighted sum of
future dependents. For instance, the pi 1,1
n+1
n+1
pa0,1 and pa1,1 . The overall propagate-in information and
propagate-amount information of Pn are denominated as P I n
and P An , respectively.
n ,
One key issue is how to derive the value of pax,y
n
n
n
given pi x,y , cx,y (d0 , d1 ) and cx,y (0, 0). The propagate-amount
n
should include the inherited information,
information pax,y
n
n , which is
i.e., cx,y (0, 0) − cnx,y (d0 , d1 ), and a fraction of pi x,y
formulated as


n (d , d )
c
0
1
x,y
n
n
pi x,y
pax,y
= cnx,y (0, 0) − cnx,y (d0 , d1 )+ 1− n
.
cx,y (0, 0)
(2)
In (2), the term
cnx,y (d0 , d1 )
cnx,y (0, 0)

n
pi x,y

n depending on the newly generrepresents the portion of pi x,y
n . Another
ated information, which does not contribute to pax,y
crucial issue is to deduce the variable pi with the associated
pa values available. For example, as shown in Fig.2, when
n is known, how to define the associated reference CUs
pa1,1
n contributes to
in Pn−1 and how much information of pa1,1
the pi values of the referred CUs. It is defined that all blocks
in the half resolution pictures have the uniform size s × s
(s = 8 in x265 and x264). According to the motion vector,
we can find the reference area (or the receptive field), marked
as the yellow block in Pn−1 . Because the reference pixels on
n
Pn−1 cover the joint areas of four adjacent 8 × 8-blocks, pa1,1
contributes to the propagate-in information of CU0,1 , CU0,2 ,
CU1,1 and CU1,2 in Pn−1 . In specific, if the overlap area of
the receptive field and the associated CU (CU x  ,y  ) is denoted
as S(x,y)→(x  y  ) , the portion of pa, i.e.,

S(x,y)→(x  y  )
pa,
s2
is transferred to the pi of CU x  ,y  in the reference picture.
For example, assuming the joint area of the yellow block and
n−1
9
n
pa1,1
is dispatched to pi 0,1
.
CU0,1 in Pn−1 is 3 × 3-pixels, 64
If the current CU is B-type, its pa is split equally between
the two reference directions.
One prominent argument of CU-tree is that, the quantization
of the current block not only degraded its own fidelity, but
also produced the additive distortions to all predicted blocks
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using the current block as the reference (Simply considering
the stationary background blocks coded with skip mode). If the
Q perturbation of the current CU is Q, the overall distortion
variations (D) are composed of the change of the current CU
n distortions. For the current CU,
distortions and that of pi x,y
as the quantization is merely carried out on the prediction
residues, the distortions of the generated information, i.e.,
cnx,y (d0 , d1 ), are affected. On the other hand, the inherited
information, i.e., cnx,y (0, 0) − cnx,y (d0 , d1 ), is copied from the
n is
references, therefore it is independent with Q. As pi x,y
the total information copied from the current CU, its distortion
n , i.e.,
is also modified by Q. However, only a fraction of pi x,y
cnx,y (d0 , d1 )
cnx,y (0, 0)

n
pi x,y
,

is affected by Q; In contrast, other portion of


cnx,y (d0 , d1 )
n
1− n
pi x,y
,
cx,y (0, 0)

n ,
pi x,y

i.e.,

It is reasonable to assume that the overall distortion amount is
proportional to c . From (3), as compared with the distortion
n
= 0), D of the referred CU is
of not referred CU ( pi x,y
scaled up by the factor r , that is written as follows.
r =

cnx,y (d0 ,d1 )
cnx,y (0,0)

n
pi x,y

cnx,y (d0 , d1 )

= 1+

n
pi x,y

cnx,y (0, 0)

(4)

The second term of the right hand in (4) indicates the effect
n . When pi n approaching 0,
of the propagate-in signal pi x,y
x,y
r regresses back to 1 properly.
According to the analysis of literatures [1], [23], the
Lagrangian multipliers of all coding units in a stream with
the optimal bit allocation, which are formulated as
λ=−

D/Q
D
=−
,
R
R/Q

(5)

Considering the case of the referred CU, its D is dilated by
a factor of r . That is
2 .

λ = a · r · Q

2 = Q 2 .
r · Q

(7)

As r > 1, (7) illustrates that the heavily referred block should
use smaller quantization scale. This is reasonable, because
reducing the distortions of the reference CU will improve the
quality of all predicted ones efficiently.
In HEVC and H.264/AVC, the relationship between Q and
Q P is formulated as
Q =b·2

Q P−12
6

.

(8)

Substituting (8) into (7), we deduce that the difference between

Q P and Q P as

(6)

(9)

where, Sδ is denominated as Q P delta strength and its value
is 3 as derived by the theoretical analysis. However, the above
analysis assumed the ideal information propagation efficiency.
In literature [28], the experimental results demonstrated that
the optimal value of Sδ is 2, which was adopted by x265.
It should be emphasized that (9) corresponds to the Q P of
16×16-CU in the full resolution source picture. When the CU
size is larger than 16 × 16, its Q P offset is the average of all
16 × 16 sub-CUs’ Q P values. For any CU, the applied Q P
value is the sum of the frame-level base Q P and the specified
Q P. In x265, the frame-level base quantization scale for the
nth frame is defined as


n
C
0.04 1−qc
,
(10)
Q= n ·
R
fd
n
where, C
is the accumulated complexity since the last scene
n
is the variable m_cplxrSum, that is updated
cut (In x265, C
by functions rateControlEnd and rateControlUpdateStats.),
n is the corresponding target bit number (the variable
R
m_wantedBitsWindow in x265), fd is the frame duration (For
example, when the frame rate is 50, the corresponding f d
is equal to 0.02), and qc is the quantizer curve compression
factor (default value is 0.6 in x265). The drawback of the
original algorithm comes from the first or the scene cut
related I-frame Q value computation. In this case, C is
experimentally formulated as
0
= 0.01 · 7 × 105
C

should have the same value. In other words, every bit should
be assigned the same contribution to the distortion costs.
In CU-tree technique, it is assumed that the term R/Q
is not affected by the propagate-in signal. Q of the current
CU will not affect the rates of its predicted CUs as well.
In consequence, λ is linear with D.
For the non-referred CU, of which r =1, λ is proportional
to Q 2 [33], written as
λ = a · Q2.

To the end of 
λ = λ, from (5) and (6), we derive that

Q P = 
Q P − Q P = −Sδ log2 (r ) ,

which depends on the inherited information, is not affected
by Q. In summary, the total information related with Q is
formulated as
cnx,y (d0 , d1 ) n
pi x,y .
c = cnx,y (d0 , d1 ) + n
(3)
cx,y (0, 0)

cnx,y (d0 , d1 ) +
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qc

· s,

(11)

where, s is a scale factor (In x265, when the resolution is
larger than 720p, s = 2.5; Otherwise, s = 1.). The value
0 is the averaged bit number of one frame. The above
of R
method could make the Q value of the key I-frame even larger
than those of the following P-/B-frames. For instance, when
encoding the sequence of FourPeople at the constant bitrate
1mb/s, the Q P of the first I-frame was 32.88. In contrast,
the averaged Q P of the following P-frames was merely
28.98. As we know, HEVC provides the Skip-Mode coding
technique, with which the reference picture block is directly
copied without any prediction residues. Because the I-frame
in FourPeople contains the stationary background that will
be coded in Skip-Mode, blurring the key I-frame will degrade

Authorized licensed use limited to: Tsinghua University. Downloaded on March 17,2020 at 08:42:42 UTC from IEEE Xplore. Restrictions apply.

2562

IEEE TRANSACTIONS ON IMAGE PROCESSING, VOL. 28, NO. 5, MAY 2019

the quality of all following frames that apply the I-frame as
the reference.
In the following discussions, we develop the I-frame base
Q P algorithm by using the HRME results in Section II-B.
As we know, the bit amount of I-frame is usually much larger
than that of the following P- and B-frames. How to amortise
the superfluous bits of the I-frame to the following P-/B-frames
is another influential issue, which is explained in Section II-C.
The P-frame base Q P derivation algorithm is formulated
in Section II-D.

Algorithm 1 I-Frame QP Derivation

B. I-Frame Base Q P Determination
As the initial key reference frame, the distortion of I-frame
will be inherited by the following P- and B-frames through
data dependencies produced by the motion compensation.
The importance of I-frame rate-control optimization has been
emphasized by the previous works. For example, the Q P
offsets derived through statistical methods were proposed in
the literature [27] to improve the coding performance, the
rate accuracy, and the quality smoothness comprehensively.
Given the rate of I-frame, the literature [34] optimized the
CTU-level rate allocations via Nash bargaining solution to
enhance the SSIM metric. The fundamental of our I-frame
base Q P algorithm is to evaluate the real complexities of the
full resolution I-frame and its following P- and B-frames from
the HRME frame-level SATD costs. With the estimated full
resolution costs and the rate constraints, the optimal I-frame
base Q P can be derived.
Let RT denote the desired bit number of one frame. For
example, given the target rate of 500kb/s and the 50fps frame
rate, RT is equal to 10kb. R I is the proper bit number of
I-frame and R B P represents the averaged bit number of one
frame in the following B-/P-frames. The ratio between R I and
R B P is expressed as
α=

RI
.
RB P

(12)

When no scene cut exists, in general, α  1. To the end of
achieving the averaged RT in k +1 frames, from (12), we have
RT =

R I + k RαI
,
k+1

that is
RI =

RT (k + 1) α
.
k+α

(13)

Now, (13) describes the desired bits of the I-frame. With the
SATD costs of I-frame (C I ), from Q = s · C I /R I , we could
estimate the value of Q. Although C I is not available in this
phase, the corresponding low-resolution I-frame cost, which is
denoted as Ċ I , has been derived in HRME. For a picture using
the same Q, its original I-frame rate and the corresponding low
resolution rate are written as R I and Ṙ I , respectively. With the
ratio between R I and Ṙ I , i.e.,
γI =

RI
,
Ṙ I

we have
Q=s

CI
Ċ I
γ I · Ċ I
=s
=s
.
RI
RI
Ṙ I

(14)

Given the low-resolution costs, including Ċ I , Ċ P , and Ċ B ,
and the target rate RT , we can calculate the Q P of I-frame and
the key parameter α as described in Algorithm 1. Ċ P and Ċ B
are the averaged costs of P-frames and B-frames in HRME,
respectively. γ I is a parameter with variable Q PI that is
obtained by statistical method. In specific, by encoding the
original sequences and the associated half-resolution sequence
under the same constant Q P, we achieved the corresponding
averaged rates and then got the value of γ I (Q PI ). The function
f Q P (·) maps the quantization scale Q to its quantization parameter Q P. The inverse function f Q (·) maps Q P to Q. The
scaling factor s is related with the frame resolution. When the
resolution is larger than HD720p, s = 0.53; Otherwise, s = 1.
Q P is the averaged CU-tree based Q P offsets of the current
frame. Q PBP denotes the Q P offset between B-frame and
P-frame, of which the default value is 2.271 in x265.
As α is the critical parameter, we would present more details
about the derivation of a0 ( Q´P I ) and a1 ( Q´P I ) on the basis
of regression method. For any sequence, we use the constant
Q P configuration, in which Q PP = Q PI + 1.5 and Q PB =
Q PI + 3, to obtain the target α. For each Q PI , we tested
the typical video sequences to develop the overdetermined
equations for parameters a0 (Q PI ) and a1 (Q PI ), which could
be solved by least-squares regression. We notice that, with the
increase of picture size, the correlation between timing-domain
neighboring pictures decreases. For example, as illustrated by
Table I, the average Q P of the five 416×240 sequences was
−5.22. In contrast, this metric in our HD1080p tests degraded
to −3.4. The minimum information feedback occurred in
the sequence BasketballDrive, of which the value of Q P
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TABLE I
Q P IN C LASS B AND C LASS D S EQUENCES

Fig. 3. C P and C B definition of a MiniGOP with N B = 3 (MiniGOP under
analyze is composed of the P-frame Pn and its leading three B-frames; C P =
C n (4, 0); C I |P = C n (0, 0); C B is the average of C n−1 (1, 1), C n−2 (2, 2)
and C n−3 (1, 1)).

D. P-Frame Base Q P Derivation
is merely −1.3. Therefore, based on the picture resolution,
two sets of parameters were built in our algorithm. The
HD1080p and the beyond ones share one set, and other smaller
resolutions share the other set.
C. I-Frame Bits Amortization Algorithm
In general, as the I-frame prediction costs are larger than
the P- and B-frame counterparts and the I-frame quantization
scales are very possibly smaller than those of the following
frames, the ratio between R I and R B P , i.e., α in (12), is
much greater than 1. The complexity of the nth encoded
frame, i.e., C n , is defined as the product of the encoded
bits and the frame-level base quantization scale. Recalling
(10) and (11), if no special treatment is carried out, when
1 is equal to
encoding the first P-frame next to the I-frame, C
q

1 = 2R . The abrupt increase
C I +0.01· 7 × 105 c ·s, and R
T
1
of C  will dilate the Q value of this P-frame seriously.
As this P frame is a key reference, its large fidelity losses
will be propagated in the following frames. To ameliorate this
adverse impact, x265 amortizes 77%, which is denominated
as the amortize fraction (a F ), of the I-frame complexity over
the next k = 68 frames. The amortize cost (Ca ) is written as

aF · CI
.
Ca =
k

R I − RT
k (α − 1)
=
,
RI
(k + 1) α

NB C B
CP
+
f Q (
Q P + Q P)
f Q (
Q P + Q PBP )
CP
1
PI
= (N B + 1)RT + τ
C I |P

f Q ( Q P)

(15)

where, the default value of k in x265 is 68.
n
denote the sum of complexity until the n-th coded
Let C
picture. According to aforementioned I-frame Q P algorithm
n is recast to
and the proposed amortize factor (15), C
⎧
⎪
0
if n = 0
⎪
⎪
⎪
⎨(1 − a F )C I
if n = 1
n
C
(16)
=
n−1
−1
n
C + a F · C I · k + C if 1 < n ≤ k
⎪
⎪
⎪
⎪
n−1
⎩C
+ Cn
Others.

(17)

In (17), the term
τ

However, the definition a F = 77% is a rule of thumb.
The accurate value of a F should be determined by α. From
(12) and (13), the amortize factor α F in our algorithm is
formulated as
aF =

In x265, the frame-level base Q is derived as (10). The main
drawback is that, as C is the accumulated complexity of all
encoded pictures, the frame-level Q becomes more insensitive
to the recent frame complexity changes with the increase of
encoded frame number. To overcome this hindrance, the frame
base Q P development should consider both effects of the
long-term complexity history and the lookahead costs in
the current MiniGOP to be coded. In the following paragraphs, we will introduce the effects of the current short-term
MiniGOP in the P-frame base quantization scale definition.
Let N B denote the number of B-frames in the current
MiniGOP. For example, N B is equal to 3 in Fig.3. The P-frame
SATD cost and the averaged B-frame SATD cost in the current
MiniGOP are C P and C B , respectively. C I |P is the SATD
cost of encoding this P frame with Intra modes. Figure 3
shows the conceptions of C P , C B and C I |P . If the propagatein information of the P-frame is P I , the short-term P-frame
base quantization parameter, i.e., 
Q P, is expressed as

CP
PI
C I |P

represents the information of the current P-frame utilized by
the following frames, in which τ is the utilization efficiency.
n and c n (0, 0) with
From (9) and (4), substituting Q P, pi x,y
x,y
Q P, P I and C I |P , respectively, we deduced


Q P
P I = C I |P 2− 3 − 1 .
(18)
Substituting (18) and (8) to (17), we obtain
 =
Q

1
(N B + 1) RT




−Q PBP
−Q P
−Q P
.
× C P 2 6 −τ C P 2 3 − 1 + N B C B 2 6

Finally, considering the impact of the quantizer curve com is
pression factor, as shown in (10), the short-term Q
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expressed as
1−qc
 = (0.04/ f d )
Q
(N B + 1) RT


−Q PBP
−Q P
−Q P
6
3
6
× CP2
− τ C P (2
− 1) + N B C B 2
.

(19)
The second term in the square bracket of (19) represents
the partial of the P frame residues transmitted to other frames
in the motion estimation procedure. The value of −Q P
indicates the degree of data dependencies to the current
P-frame. The principle of our algorithm is that, with the
increase of −Q P, more bits are allocated to this P-frame
accordingly. The value of τ depends on the video signal
properties. Therefore, τ should be updated according to the
deviation of Q, i.e., ∂ Q. In x265, ∂ Q is defined as
(B n − n · RT )Q
,
(20)
TB
where, n is the encoded frame number, B n is the actual used
bit number after encoding n frames, n·RT denotes the target bit
number of n frames, and T B is the tolerance buffer (T B is the
variable abrBuffer defined in x265 version 2.4.). Accordingly,
the update formulation of τ is expressed as
∂Q =

τnew = τold − ∂ Q

1−qc C (2
0.05( 0.04
P
fd )

−Q P
3

− 1)

(N B + 1) RT

frame, i.e., f n+N−1 , is temporally attributed as P type in the
slice type decision. The slice type decision is divided into
several epochs. In each epoch, we decide the first MiniGOP
in F, of which the tailing P-frame is f ν−1 , and then, F is
updated by
 removing all frames belonging to this MiniGOP,
i.e., F = f i |ν ≤ i ≤ n + N − 1 and f ν−1 is used as φ. If F
is not empty, the next epoch will be carried out.
In each epoch, the key target is to find the first P-frame in F.
Our fast slice type decision is also based on the HRME (recalling Section II-A). Let ιC denote the POC of the current frame
under analysis in F. Ċ ιC (d0 , d1 ) is the frame-level HRME
cost of the current frame f ιC , of which the forward and
the backward POC differences are d0 and d1 , respectively.
N IιC (d0 , d1 ) is the number of Intra-coded 8 × 8-CUs in HRME
processing. NCU is the total number of 8 × 8-CU in a halfresolution-frame. If any one of the following conditions is
satisfied, f ιC is determined as the P-type frame:
•

•

•

,

(21)

where, τnew is clipped in the range of [0.05, 0.8]. The proof
of τ update equation is given in Appendix A.
We notice that C P and C B are unavailable at present.
However, the low resolution costs, i.e., Ċ P and Ċ B , have
been achieved from lookahead. The ratios θ P = C P /Ċ P and
θ B = C B /Ċ B can be estimated during the encoding procedure.
Consequently, (19) is recast to

−Q P
(0.04/ f d )1−qc ˙

Q=
CP θP 2 6
(N B + 1) RT

−Q PBP
−Q P
˙
3
6
. (22)
− τ C P θ P (2
− 1) + N B Ċ B θ B 2
The frame base Q of the current P-frame, which is the
(n + 1)-th picture to be coded, combines both impacts of the
long-term (10) and the short-term (22), that is formulated as


n
C
0.04 1−qc

·
+ 0.7 · Q,
(23)
Q = 0.3 ·
n · RT
fd
n
is formulated as (16). For the B frame, its base
where, C
Q P value definition is identical to the original x265 algorithm, which is affected by the related P-frame Q P values
and Q B P .

III. Q UANTIZATION S TRENGTH BASED
DYNAMIC S LICE T YPE D ECISION
The P-/B-slice type decision problem is stated as follows: Let φ = f n−1 denote the last nominated P-type
frame,
the subsequence undetermined frame list is F =
 i
f |n ≤ i ≤ n + N − 1 , where n and i represent the frame
POC indices. The default value of N is 20 and the last

First, the P prediction cost of f ν+1 using f ν−1 as the
reference, i.e., Ċ ν+1 (2, 0) is derived. If N Iν+1 (2, 0) >
NCU /2, f ν and f ν+1 in F are both identified as
P-frames.
Second, if Ċ ν (1, 0)+Ċ ν+1 (1, 0) < Ċ ν (1, 1)+Ċ ν+1(2, 0),
that is the PP type coding costs of { f ν , f ν+1 } is less than
their BP type costs, then f ν is assigned as P type.
If the above two conditions are not met, f ν is B type.
Then, the list F is scanned from f ν+1 to f ν+B S −1 ,
where B S denotes the maximum B frame number in a
MiniGOP. In this procedure, the frame f ν−1 is applied
as the reference to compute Ċ ιC (ιC − ν + 1, 0), where
ν + 1 ≤ ιC ≤ ν + B S − 1. If the following condition is
satisfied, i.e.,
Ċ ιC (ιC − ν + 1, 0) > NCU · T,

(24)

where the parameter T is a quantization strength related
threshold, f ιC is determined as P type. The essence of
this P-frame detection algorithm is that, when the prediction differences between the current frame f ιC and the
reference f ν−1 is competitive to the quantization noises,
which is a fraction of Q in L1-norm distortion, it is
reasonable to assume that, f ιC could further improve its
coding efficiency with the bi-direction prediction, when
the quantized residues approaching all-zeros status [35].
Therefore, using B-type for f ιC is optimal.
The key threshold T is defined as follows. We first define
the low threshold TL as
TL = max (300 − 50(ı C − ν − 1), 30),
and define the high threshold as
TH = 66 · Q P ,
where Q P is the last P-frame base Q. TL is devised for
the screen-content coding scenarios, in which the weak
sampling noises lower the prediction residues. If Ċ ν (1, 0)
and Ċ ν+1 (1, 0) are both less than 150 · NCU , we deem
the current video to be a screen-content one, and then
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TABLE II
C ODING C ONFIGURATIONS

TABLE III
C ODING Q UALITY OF S INGLE -T HREADING M EDIUM C ONFIGURATION

Fig. 4. Snapshots of the video sequence Zaowujie. (a) POC=0. (b) POC=14.
(c) POC=49. (d) POC=59.

use TL . In summary, T is defined as
⎧
TL Ċ ν (1, 0) < 150 · NCU and
⎪
⎪
⎪
⎨
Ċ ν+1 (1, 0) < 150 · NCU
T =
⎪
TL TH < 300
⎪
⎪
⎩
TH otherwise.
If (24) is not met, f ν+B S is attributed as P-type. Once
the P frame is detected, its leading undetermined frames
are defined as B-type. The middle position B-frame is the
reference B-frame. By introducing Q in the threshold TH ,
with the increase of quantization, more frames could be
identified as B-frames properly.
After the above processing, the frames in the first MiniGOP
are pushed out of the list F and the same amount of new
pictures are pushed into the tail of F. The slice types of all
frames in F are reset. The last defined P-type frame is used
as φ in the new round of slice type decision epoch.
IV. E XPERIMENTS
In this section, we evaluate the coding performance of the
proposed rate-control algorithms in terms of coding quality, coding time, rate converge speed, rate accuracy and
buffer occupancy. The proposed methods were conducted on
x265 version 2.4+96-58b4fa89c42d [36]. The hardware test
platform is Huawei RH5885 server, which combines Intel®
XeonTM E7-4830-v2 2.20GHz processor and 128.0GB RAM.
The x265 encoder was compiled with GCC version 4.4.7 under
CentOS-6.9 operation system.
Twenty-seven typical open test sequences [37], including
classes A-F, were tested. In addition, to verify the adaptability,
we introduce the in-house 720p sequence Zaowujie, a typical
jubilee show video sequence. The snapshots of Zaowujie
are shown in Fig. 4, which illustrates high dynamic range
background, frequent scene cuts and complex object motions
in this sequence.
We carried out the tests on single-threading and multithreading typical configurations, which are shown in Table II.
In the single-threading tests, we removed all parallel encoding

tools, such as frame-level parallel and wavefront parallel
processing (WPP), to eliminate the adverse effects of parallelism on the parameter estimation and to estimate the timing
more accurately, as compared to the multi-threading tests.
The tests with multi-threading configurations evaluated the
coding quality improvements in parallel encoding applications.
Bjøntegaard-Delta Bit-Rate (BDBR) and Bjøntegaard-Delta
PSNR (BDPSNR) metrics [38] were employed to compare
the coding qualities in this paper.
The coding performance results of single-threading are
shown in Table III. The original x265 version 2.4 is the
standard benchmark. BP and BR in Table III stand for the
average PSNR difference (BDPSNR) and the average bit
rates difference (BDBR) [38], respectively. T represents the
encoding time reduction, which is defined as
T =

Torg − Topt
× 100%,
Torg
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with Torg and Topt denoting the original x265 encoding time
and the time of x265 with our optimizations, respectively.
In these tests, we fixed the single encoding thread to a specific
core. This method could reduce the timing variance caused by
the process migration. On average, 0.5866dB coding quality
gain, or equivalently 17.32% rate reduction, was achieved
by our proposals. Meanwhile, our algorithms reduced the
encoding time by 1.13% on average. The time saving of
our algorithms came from the proposed slice type decision
scheme. As we know, the early-termination (ET) method is
adopted in x265 Rate-Distortion-Optimization (RDO). When
more pictures were identified as B-type properly, more RDO
timing was saved by the ET method. For example, as the
B-frame number of BasketballPass was increased by 52%,
its encoding time was reduced by 5.27% accordingly.
For the videos with stationary background, such as
BasketballDrill, FourPeople and KristenAndSara, our
I-frame base Q P derivation algorithm improved the quality of
prominent I-frame, which was the key reference for the following pictures. For example, under 1.5mb/s rate constraints, the
I-frame Q P value of FourPeople derived by our algorithm
is 24.6 (P-frame Q P:24.82; B-frame Q P:31.31). In contrast,
the I-frame Q P in original x265 is 32.87 (P-frame Q P:26.37;
B-frame Q P:32.24). On the other hand, for the videos with
fast scene cuts, such as Zaowujie and SlideShow, our algorithm dropped the I-frame quality adaptively. Specifically,
when the Zaowujie I-frame Q P was 36.66 in the original
x265, our algorithm increased it to 37.34. The coding gains
of Zaowujie and SlideShow mainly come from the proposed
P-frame base Q P calculation scheme.
The R-D performance analysis of multi-threading configurations is illustrated by Table IV. As compared to the original
x265, the averaged coding quality gain of our algorithms is
0.6165dB, which is 0.02dB higher than the single-threading
counterpart. This trivial improvement is caused by our amendments of the bugs in x265. For example, the flaws of skip cost
estimation in HRME degraded the CU-tree accuracy especially
with multi-slice parallel processing.
The coding quality statistics of our algorithms under other
presets, including veryfast, faster, fast, slow, slower, veryslow and placebo, are illustrated in Table V and Table VI.
We observed that, with the increase of encoding complexity, the coding quality gain of our algorithm boosted up
accordingly. Specifically, as shown in Table V, under the
veryfast configurations, our algorithms achieved 0.5083dB
BDPSNR gain averagely. This metric was increased up to
0.6643dB under the placebo configurations. This phenomenon
was caused by the augment of the frame number in lookahead
procedure. For example, the veryfast specified the lookahead
frame number as 10; In contrast, this parameter was increased
to 60 in placebo. Introducing more frames in lookahead
boosted the estimation accuracy of our algorithms.
It should be noted that the coding quality of SlideEditing
in multi-threading slow configuration was lower than the
original x265. This BDPSNR degradation came from three
aspects. First, recalling (19), (20) and (21), the P-frame base
Q is derived from the statistical information B n , i.e., the
real encoding rate. Under the multi-threading configurations,

TABLE IV
C ODING Q UALITY OF M ULTI -T HREADING M EDIUM C ONFIGURATION

to speed up the processing, B n was obtained from the partially encoded frames. For screen content videos, such as
SlideEditing and SlideShow, because the complexity changes
rapidly even in the same frame, the estimation accuracy
of B n dropped accordingly. Second, our P-frame base Q
algorithm targets for not only the quality improvement, but
also the specified bit rates. Compared to the original x265,
the bit rate accuracy was enhanced obviously. As shown
in Fig.5, when the target rate is 1mb/s, the actual rate of
x265 is 549.99kb/s, and the corresponding PSNR is 45.331dB.
In contrast, our algorithm improved the rate utilization by
32.4% with 5.160dB PSNR melioration. Finally, we observed
that the RD-curve gap was affected by the number of the
samples which were used to fit the curves. In Fig.5, “x265/
Ours-8point” and “x265/Ours-4point” represent the RD-curves
fitted with eight samples and four samples, respectively. The
quality loss of our algorithm mainly occurred at low rates.
This gap was dilated when using four samples to fit the curves,
which was the case in our BDPSNR calculation.
The coding quality comparisons between the proposed algorithms with other up-to-date rate-control methods are listed
in Table VII. The λ-domain rate-control algorithm implemented in HM16.17 [5], [6] was adopted as the standard
benchmark. The comparisons are not fair, because x265 did
not implement all encoding techniques, such as hierarchical
prediction structure with multiple dyadic hierarchy stages and
bi-prediction P-frame. Nevertheless, the averaged BDPSNR
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TABLE V
C ODING Q UALITY OF O THER P RESETS W ITH S INGLE -T HREADING (BDPSNR:dB)

Fig. 5. SlideEditing RD-curve comparisons between the original x265 and
the proposed algorithm (rate constraints: 1mb/s, 875kb/s, 750kb/s, 625kb/s,
500kb/s, 375kb/s and 250kb/s).

gain of our proposals was 0.847dB. As compared to the up-todate machine-learning based rate-control algorithm [22], our
work outperformed with 0.513dB BDPSNR improvement.
The comparisons in terms of Bjøntegaard-Delta Structural Similarity (BDSSIM) between the original x265 and
ours are illustrated in Table VIII. Under different presets,
0.0083-0.0104 BDSSIM gains were achieved by our ratecontrol optimizations. The subjective fidelity analysis is shown
in Fig.6. As compared with x265, more details were preserved

by our algorithms. For example, two pictures in Fig. 6a
are 650 × 620 region in the 248th picture of SlideEditing.
It was observed that the slash pattern hatch in the background,
which was blurred by x265, was reserved properly by our
algorithms. The subjective quality gap was dilated with the
decrease of target rate. In the comparisons between Fig.6d
and Fig.6e, we noticed that the structural deformation of the
face outlines, the compression artifacts (including the blocking
and the ring noises) became more conspicuous as reducing
the rate from 1mb/s to 300kb/s. Figure 6b demonstrated the
advantage of our P-frame base Q P algorithm. In particular,
the 217th picture of SlideShow was detected as one heavily
depended reference, and then its Q P was reduced accordingly
by (22). As compared with x265, the PSNR of the 217th
picture was enhanced by 6.44dB, which contributed to the
quality melioration in the following 36 predicted pictures.
Another prominent issue leading to our subjective fidelity
improvement is our better rate-control accuracy, as illustrated
in Fig.5. This can be traced by analogy for other sequences,
such as, KristenandSara and PartyScene. For example,
given the 100kb/s target rate for KristenandSara, the actual
rate of the original x265 was 70.43kb/s, while our algorithm
achieved 101.35kb/s.
Quality consistency is one prominent metric, which is
used to evaluate the impact on human visual perception. The
quality inconsistency comparisons in terms of the frame-level
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TABLE VI
C ODING Q UALITY OF O THER P RESETS W ITH M ULTI -T HREADING (BDPSNR:dB)

TABLE VII
C ODING Q UALITY C OMPARISONS (BDPSNR:dB)

PSNR standard deviation were illustrated in Table IX. It was
observed that our quality deviation of the low-resolution
videos (classes C and D) was 1.503dB averagely, 0.960dB
larger than the average quality fluctuations of the higher
resolution counterparts (classes A, B and E). This phenomenon
was caused by two reasons. The first reason is the CU-tree
algorithm of x265. As shown in Table I, the amplitude of
Q P offsets always diminishes with the increase of frame
resolution, which means the lower quality fluctuation. The
second reason lies on the intrinsic scene changes of the coded
videos. In specific, the maximum quality fluctuations (2.451dB
in our algorithm and 1.882dB in the original x265) came
from BQMall, of which the real-time frame grain PSNR

statistics are shown in Fig. 7. In the beginning 150 frames,
the foreground peoples with fast and complex motions made
the rate-control module reducing the quality to the minimum
29.581dB in 83rd frame to reach the target rate. After that,
with the shrinkage of complex motion areas, the smaller framelevel Q P values were applied under the same rate constraints.
Accordingly, the quality was raised to 38.138dB in the 385th
frame with our algorithm.
As compared to the original x265, the frame-level PSNR
standard deviation was deteriorated by 0.159dB averagely. Our
slice type decision and P-frame base Q P algorithms were
the main reasons. Let us still use BQMall to analyze this
phenomenon. With our slice type decision, the percentage of
B-frame number in BQMall stream was increased by 33.8%,
which increased the amount of propagate-in information of
the dependency P-frames. Recalling (4) and (9), this would
increase the Q P offsets of P-frames consequently. On the
other hand, as shown by (22), because our P-frame base Q P
algorithm could detect and respond to the complexity changes
sensitively, our frame-level PSNR improvements were faster
than the original x265. For instance, in the 297th frame, 2.4dB
frame-level PSNR gain was achieved. Moreover, the following
rate accuracy analysis, as illustrated by Fig.8, will reveal that
these quality meliorations were achieved by meeting the given
rate constraints accurately. The overall quality consistency of
our algorithms is competitive to the performance of [22].
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Fig. 6.
Subjective quality analysis (In each sub-figure, the left picture is the snapshotting of the video encoded by our proposals,
and the right picture is the corresponding one from the original x265). (a) SlideEditing@400kb/s (our PSNR=46.36, x265 PSNR=43.85).
(b) SlideShow@200kb/s (our PSNR=35.61dB, x265 PSNR=29.17dB). (c) ChinaSpeed@300kb/s (our PSNR=32.02dB, x265 PSNR=31.49dB).
(d) FourPeople@1mb/s (our PSNR=42.76dB, x265 PSNR=40.83dB). (e) FourPeople@300kb/s (our PSNR=39.14dB, x265 PSNR=37.65dB).
(f) BQSquare@150kb/s (our PSNR=31.70dB, x265 PSNR=29.93dB). (g) BasketballDrill@400kb/s (our PSNR=35.36dB, x265 PSNR=33.14dB).
(h) BQMall@500kb/s (our PSNR=36.80dB, x265 PSNR=33.88dB). (i) PartyScene@300kb/s (our PSNR=29.82dB, x265 PSNR=27.38dB). (j) RaceHorsesC@300kb/s (our PSNR=28.36dB, x265 PSNR=27.16dB). (k) Johnny@100kb/s (our PSNR=38.65dB, x265 PSNR=36.77dB). (l) KristenandSara@100kb/s
(our PSNR=37.18dB, x265 PSNR=33.01dB). (m) BQTerrace@500kb/s (our PSNR=32.90dB, x265 PSNR=30.39dB). (n) Cactus@1mb/s (our PSNR=34.48dB,
x265 PSNR=33.51dB). (o) Traffic@500kb/s (our PSNR=33.65dB, x265 PSNR=31.09dB).

The rate accuracy is another critical performance for a ratecontrol module. The rate accuracy comparisons are shown
in Table X. Compared with the counterparts [21] and [22], our
rate accuracy was 1.8-2.8% lower. This was because our CUtree compatible rate control algorithms merely strived for the

target rate by adjusting the key frame-level base Q P values.
In contrast, the algorithms in [21] and [22] reached the target
rate by the CU-level Q P adjustment. As compared to the original x265, our rate accuracy was improved by 4.2% averagely
leveraging on the proposed P-frame base Q P algorithm.
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TABLE VIII
S UBJECT C ODING Q UALITY C OMPARISONS IN BDSSIM

TABLE IX
Q UALITY C ONSISTENCE C OMPARISONS (dB)

TABLE X
B IT R ATE A CCURACY C OMPARISONS (%)

Fig. 8.
Comparisons of real-time rate R n with respect to coded frame
number between our proposals and original x265 rate-control algorithm.
(a) BasketballPass@500kb/s. (b) RaceHorsesD@500kb/s. (c) BQMall@
500kb/s. (d) FourPeople@1000kb/s. (e) KristenAndSara@1000kb/s.
(f) Kimono1@4mb/s.

Fig. 7. Frame-level PSNR statistics of BQMall with 500kb/s target rate
constraints.

In x265, after encoding n frames, the actual real-time rate
R n is defined as
Bn
Rn =
.
n · fd
The R n curve comparisons between the original x265 and
our optimizations are shown by Fig.8, with which we can

evaluate the converge speed and the converge accuracy of
one rate-control module. For the consistent scene sequences,
such as FourPeople and KristenAndSara, our rate-control
algorithms achieved the target rate faster than the original
x265. For example, in the test of FourPeople, our algorithms
reached the rate of 1mb/s at the 70th frame; In contrast,
x265 got the target rate after the 170th frame. Our algorithms
outperformed x265 when encoding the sequences being
plethora of complex motions and scene changes, for example,
the other four sequences in Fig.8. Let us investigate the R n
curves of BQMall. With introducing the short-term quanti that is derived from lookahead, our P-frame base
zation Q
Q P is more sensitive to the future changes of prediction
costs. As shown in Fig.7, around the 170th frame, our ratecontrol module detected the following cost reduction, and
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and HM16.17 are illustrated in Fig.9. The peak-to-valley gap
of a buffer occupancy curve represents the minimum buffer
size requirements that can prevent overflow and underflow
cases. As compared to the original x265, for the videos with
complex motions and scene changes, such as BasketballPass,
BQMall, RaceHorsesC, etc., our algorithms reduced the
fluctuation of buffer occupancy, which indicated less overflow or underflow cases. For the videos with stationary scene,
as compared to x265, our algorithms allocated more bits
to the first I-frame to improve the picture quality, which
might consume more buffer resources. The worst case was
Traffic, in which the required buffer size of our algorithms
was increased to 7mb from the original 4mb. However, the
gain was an averaged 0.6dB picture quality improvements. The
metric of buffer occupancy of our proposals and the original
x265 both lagged behind HM16.17 and the work of [22]. This
is an intrinsic challenge of the MB-tree/CU-tree technique.
As compared to [6] and [22], the CU-tree based rate-control
algorithms, including ours, merely strive for the target rates by
adjusting the frame-level base Q P, because the CU-level Q P
offsets have been decided. The advantage of CU-tree is better
picture quality. In contrast, its disadvantages include lower rate
accuracy and larger buffer occupancy. However, Table X and
Fig.9, illustrated that the proposed optimizations ameliorated
the above two symptoms of the original x265 CU-tree ratecontrol module.
V. C ONCLUSION

Fig. 9.
Buffer occupancy comparisons. (a) BlowingBubbles@500kb/s.
(b) BasketballPass@500kb/s. (c) BQSquare@500kb/s. (d) BQMall@500kb/s.
(e) PartyScene@500kb/s. (f) RaceHorsesC@500kb/s. (g) FourPeople@1mb/s.
(h) KristenAndSara@1mb/s. (i) BQTerrace@6mb/s. (j) Traffic@8mb/s.

then improved the quality by decreasing the frame-level base
Q P values. x265 also adjusted the quality under the similar
trend, but its intensity was weaker than ours. In consequence,
Fig.8c revealed that, as compared to x265, our rate was more
accurately maintained. For Kimono1, the scene cut occurs at
the 141st frame. Our algorithm converged to the target rate
within 70 frames. In contrast, the rate of the original x265
deviated from the target rate by 10.0%.
In the practical video transmission system, the output buffer
is required to resolve the mismatch between the actual realtime generated bit number and the bandwidth constraints. The
buffer occupancy statistics of our proposals, the original x265,

The proposed rate-control algorithms improved the coding quality and the rate accuracy of x265 leveraging on
the information from lookahead procedure. The contributions
of our work are summarized as follows: (1) By exploring
lookahead, we estimated the full resolution frame-level coding
complexities and the information propagations, with which we
could derive the crucial I- and P-frames’ base Q P values
accurately. (2) With considering the impacts of quantization
in the threshold definitions, we enhanced the efficiency of
slice type decision algorithm to detect more B-frames properly.
As a result, the coding quality and the rate accuracy were
both ameliorated. Experiments revealed that, with the default
configurations (–preset medium), an averaged 0.617dB and
up to 1.705dB BDPSNR quality gains were achieved by
our proposals, while reducing the encoding time by 1.13%.
In addition, the rate accuracy was improved by 4.2% on average with our frame-level base Q P determination algorithms.
Finally, it was demonstrated that our algorithms outperformed
the original x265 rate-control module in terms of rate converge
speed and buffer occupancy control as well.
A PPENDIX A
T RANSMISSION E FFICIENCY τ U PDATE E QUATION
Let Q opt denote the optimal quantization scale value,
Q cur is the current quantization scale value. The squared error
between Q opt and Q cur is
e2 = Q opt − Q cur

2

.
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Therefore, the derivative of e2 to τ has the form of
−Q P


∂e2
0.04 1−qc C P (2 3 − 1)
.
= Q opt − Q cur
∂τ
fd
(N B + 1) RT

(A.1)

The decent direction is equal to − ∂e
∂τ .
Then, we have
2

∂e2
.
(A.2)
∂τ
Considering Q opt − Q cur is proportion to ∂ Q, which is
formulated as (20), we define that
τnew = τold − δ

δ Q opt − Q cur = 0.05∂ Q.

(A.3)

Substituting (A.3) and (A.1) to (A.2), we obtain τ update
scheme as
τnew = τold

0.05(0.04/f d )1−qc C P (2
− ∂Q
(N B + 1) RT

−Q P
3

− 1)

.
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