Proceedings of the Fifth IIEEJ International Workshop
on Image Electronics and Visual Computing 2017
Da Nang, Vietnam, February 28- March 3, 2017

DYNAMIC CODING DESIGN FOR STATE-TRANSITION-TABLE-DRIVEN
ARITHMETIC CODER: STT-CODER

Fumitaka Ono Ikuro Ueno
Tokyo Polytechnic University

ABSTRACT the combination of interval subdivision values. We
found that the static coding efficiency of STT-coder

We have proposed STT-coder, a simple binary having a 6-bit register with 8 probability states for the
arithmetic coder, in which encoding and decoding MPS probability range less than 0.987 is only 0.5%
procedures can be executed by referring a statdower than the coding efficiency of theoretical
transition table. We found that STT-coder having a 6-bit arithmetic coder.
interval register with 8 probability states achieves In arithmetic coding, MPS (or LPS) interval is
satisfactory performance in static coding. In this paper,calculated by multiplying the current interval and the
as the next step, we studied the dynamic codingpredefined value of MPS (or LPS) probability. As it is
performance based on a probability state transition typepractical to limit the possible values of MPS probability,
rule. In the study, we introduced a new concept of we define the number of the values of MPS probability,
“transit LPS (Less Probable Symbol) ratio” to improve and each context is considered to correspond to one of
the coding efficiency. It was shown that the the values of MPS probability, which is called the
improvement would be around 4% compared to the probability state hereafter.
conventional probability state transition rule. The We will study the dynamic coding design for STT-
proposed method introduces additional 8 probability coder by an adaptive probability estimation scheme
states with little increase of complexity. Compared with based on a probability state transition rule for unknown
a conventional arithmetic coder MQ-coder covering the information sources. This type of estimation is adopted
same range of MPS (More Probable Symbol) in various arithmetic coders such as Q-Coder[4] and
probability, it was found that STT-coder outperforms by MQ-coder[5], because of its simplicity. The dynamic

1.5% in coding efficiency on average. coding performance of STT-coder for 3-bit register is
already studied[1], but to examine the performance for
1. INTRODUCTION 6-bit register needs more theoretical approach. So, we

analyze the probability state transition method and

We have proposed a simple binary arithmetic coderintroduce the new probability estimation method to
STT-coder [1,2,3], in which encoding and decoding achieve highly efficient dynamic coding performance.
procedures can be executed by referring a state
transition table as shown in Fig.1. In order to satisfy the 2.DYNAMIC CODING BY PROBABILITY
condition of state-transition-table-based coding, the STATE TRANSITION RULE
accumulation of bottom address is omitted and the
several offset values of the bottom address are In STT-coder, the probability state directly defines
introduced by allowing the increase of ROM size, to the coding method though some limitation of the
cope with the inefficiency caused by the limitation of combination of MPS and LPS interval sizes are
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Fig. 1 STT-coder block diagram
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given when the actual MPS probability is just the -og(LPS probabilty)
middle of two consecutive probability states. In the setFig.3 Coding efficiency of the conventional
of MPS probability values given in Table 1, the probability estimation

minimum efficiency is set to 99%, and the highest MPS

probability being covered is given from the number of Probability states introduced in static codingt&S as
register bits, which is 0.987, and the number of in Table 1, which cover the MPS probability from 0.5 to

probability states is 8 in 6-bit case. 0.987. In Table 1, the optimum MPS probability Pi and

In the probability state transition type dynamic the ratio of T-MF_’S Bi fpr_ each probability stat_e are also
coding, the transition will be triggered by the occurrence Shown. The coding efficiency by the conventional state
of MPS or LPS, and the probability state indicated by transition probability estimation for STT-coder with 6-
the context is updated by the state transition. bit register is shown in Fig. 3. As you can see, the
Conventional state transition type probability estimation coding efficiency is relatively low at low MPS
is executed as shown in Fig.2. If an LPS happens, theProbabilities, which is similar to other arithmetic coders
probability state for the context will be updated from S such as MQ-coder. In Fig. 3 we also show the statistic
to Sy, that is, the MPS probability estimate will be coding efficiency for each probability state with the
decreased. On the other hand, if an MPS happens, theredetermined minimum coding efficiency of 0.99.
state will not always be updated. It will be updated once
per a certain number of MPSs fromt8 S.;. We call
the MPS which triggers the update as “T-MPS (transit
MPS)”, and other MPS as “NT-MPS (non-transit MPS)”. 3.1 Transit LPSratio

To balance the transition, the following equation ) ) )
has to be satisfied, where an MPS probabilitgipes The phenomenon of showing low dynamic coding
the highest coding efficiency at the probability state S efficiency when MPS probability is around 0.5 can be

and B is the ratio of the number of T-MPSs in the total found in Fig.3. This tendency is considered to be caused
MPSs. by the fact that information sources having lower MPS

1-pi= Bi*p; probabilities do not stay longer at the appropriate

This equation means the probabilities of transition to the Probability - states than those having higher MPS

upper state and the lower state should be equal at thgrc_ab_ability. In order to obtain a_stable and flat coding
probability state S efficiency over the whole range, it is necessary to stay at

In our study of dynamic coding, we at first employ 8 appropriate probability states long enough regardless of
the MPS probability of information sources. However,
in the conventional state transition rule shown in Fig. 2,

3. ADOPTION OF TRANSIT LPSRATIO

Tablel T-MPSratioand T-LPSratio for eight
probability states

the state is updated to a lower MPS probability state
whenever an LPS happens. As the probability staying at

Probability] Optimum| T-MPS ffggsae:dr?t_'&i% the current state is 2@ (p is the optimum MPS
state MPS ratio | Bi1/Bi TLPS | T-MPS probability for the state) it would not lead to flat staying
S pi B; ratio r | Ratio rB: probabilities, if we adopt the probability states
! 1Di . . . .
S 0559 | 0.789 0.6201 0.328| 0.259 mtrqduced in the study of t.he static cod_mg. Therefore,
0410 0201 we introduce a way to restrict LPS transition by a given
Si 0.671 | 0.490) 0.614] O. i probability according to the probability states. We call
S 0.769 | 0.301] 0.603 ) 0.512| 0.154 the LPS that triggers the state transition as “T-LPS
S; 0.847 | 0.181| 0.589| 0.640| 0.116 (transit LPS)”, and other LPS as “NT-LPS (non-transit
S, 0.904 | 0.107| 0.573 | 0.800| 0.085 LPSI)”- o 4 state t » o TAPS ratio |
1.000| 0.061 n Fig. 4, state transition using T- ratio is
S 0.942 | 0.061) 0.555 1000 0.034 depicted. Note that in this case, the ratio causing MPS
S 0.967 | 0.034| 0.535) 1. : transit is derived by multiplying the conventional MPS
S 0.982 | 0.018 - 1.000| 0.018 transit ratio by T-LPS.



Proceedings of the Fifth IIEEJ International Workshop
on Image Electronics and Visual Computing 2017
Da Nang, Vietnam, February 28- March 3, 2017

MPS probability
T—LP? (rg) ) 4 0s 100 e —
(MPS/LPS exchange) —0.
0.99 [ V= \ N

: \
ideal coding efficienc
s C ) s 008 geltoency oo
0.97 - =
T-LPS (r1) ( ) T-MPS (Borog —

0.96

g
[} conventional
S 16 states P hJ
NT- 8 095 =

NT.LPS C MPS s transmon(g—l)’ v P N
= 0.94 / \\
% Bstates/ - \
(@]

T-LPS (r2) ( ) T-MPS (Biry _| 0.93 % g=0. QW‘ ‘
0.92 -
= < Ogj i\ \
|
7.

’, g=u.7
0.90 F
T-LPS (rﬁ) T MPS (Bsrs) - 1.00 2.00 3.00 4.00 5.00 6.00 00
-log,(LPS probability)
NTLPS C@D s Fig. 5 Coding performance for various unified g values
T-LPS T-MPS (B
(r7) (Bore 1.00 g2
9=0.8"2 rg~ris=1
NT-LPS 0.99 g=0.8"2 r10~ris=1 R
0.98 g=0.8"2 riz~ris=1 -
? g=0.8 R
MPS L0 % 0.97
. g —
g 0.96 ==
Fig. 4 State transition diagram using T-LPS i 0.95 16 states
=
5 094 o= 08r4~r7 1
00.93 [ / gUOIb 17=1
3.2 Design of statetransition using T-LPSratio o2 9=0.8re~ 7= 13
8 states g=0.8
0.91 -
For information source which gives the highest 0.90 — —
coding efficiency at the probability statg ®e analyzed 100 200 300  4.00 _5_ 00 600 7.0
the condition of the T-LPS ratio so that the probability ogLPS probability)

staying at Swould be higher than any other states. Ac 2
result, we found the following condition should beFig. 6 Coding performancefor different g values

satisfied: depending states
Bi+1 T .
Bi <ri+1<1 (1=0....6) number of probability states is smaller than

We Compared the cases where the reduction gate conventional arithmetic coders such as Q-coder, we
ria/ri to be 0.7, 0.8, 0.9 as shown by the curves indicatedstudied the extension of probability states to 16 states.

as 8 states in Fig. 5. Among those three, we found that To extend to 16 states, we divided each of 8
the performance ofg=0.8 is the highest, since it Probability states into 2 states, where at the probabilities
provides relatively stable performance at lower MPS corresponding to 1/4 and 3/4 in each of the original

probabilities and its worst efficiency is higher than other probability states, the coding efficiency reaches the
two. maximum. The reduction rates of the T-LPS ratio were

Furthermore, we examined a design to modify the gt 1o +/ 0_7;/ 08409 , so that the rate decreases

reduction rate so that the reduction rate is set to be 1.0 %roportionally and we examined the coding efficiency
some upper probability states with lower MPS ¢ oo three candidates

probability, While_g_:0.8 at other probability states. We By comparing these three values in 16-state model,
found that restriction at upper three probability states
outperforms the other candidates. The coding efficiencywe found that/08 provides the most flat performance
is shown by the curves indicated gs0.8, &-r;=1, in as shown in Fig. 5. The restriction of reduction rates at
Fig. 6, and the values of T-LPS ratio and T-MPS ratio upper states is found to be effective and the number of
are shown in Table 1. upper restricted states should be 6 in 16-state model as
shown in Fig.6.
4. EXTENSION TO 16 PROBABILITY STATES
4.2 Simplified extension without coding parameter
4.1 Extension to 16-state transition change

In the previous section, we designed a coder with 8
probability states having stable coding efficiency, where
the coding efficiency is around 92 — 95 %. Since the

For further modification of state transition, we
examine a simplified 16-state transition, in which each
of 8 states is subdivided into two states having common
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Table 2. T_-L P_S .ratio and T-MPSratio for 1.00 STTcoder. 16 probabiity states
simplified 16 states 0.99 g-0.8% o~ a=1
0.98
.| optimum | T-LPS T-MPS 097 ordinary 16 stat —
probability . . ) R
state MPS Ratio Ratio 8096 A sinpifes 55y
pi fi M Bi EO.QS MQ-code s\)"e‘:é\.dxf"\ \
Swo 0.559 0.328 0.259 50.04 MY \«\—--—\\ \
Su 0.559 0.328 0.259 S 0.3 ‘-\rmstaf;“a‘“ \
Sig 0.671 0.410 0.201 0.92 \‘ ‘\\ \ |
Si 0.671 0.410 0.201 0.01 i \ 1
1 \ _—
20 8;23 821; 8123 0.901.00 2.00 3.00 4.00 5.00 6.00 7.00
1 . . . -log,(LPS probability)
10 0.847 0.640 0.116 Fig. 7 Coding perfor mance of 6-bit STT-coder
231 883; 8238 83;2 compared with other coders
A0 . . .
S 0.904 0.800 0.085 . . .
S;u 0.942 1.000 0.061 comparing with MQ-coder modified to cover the same
S;,O 0'942 1'000 0.061 probability range as STT-coder, it was found that STT-
Sel 0.967 1'000 0'034 coder provides better coding efficiency by 1.5% on
¢ : : : average.
Su1 0.967 | 1.000 0.034 verag
S 0.982 1.000 0.018
Sn 0.982 1.000 0.018 6. REFERENCES
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We compared the coding performance with two
modifications of MQ-coder. The one is MQ-coder
having the same number of probability states, i.e., 16
states, denoted as 16-state MQ-coder in Fig. 7. The
other is 22-state MQ-coder covering the same
probability range as STT-coder by 22 probability states,
in Fig. 7. It can be observed that even simplified STT-
coder outperforms MQ-coder with 22 probability states
on average.

5. CONCLUSION

We studied state transition type probability
estimation for STT-coder and introduced probability
estimation using T-LPS ratio to solve the low coding
efficiency at low MPS probability. Analysis of dynamic
coding performance of probability estimation based on
8-state ideal coding efficiency revealed that T-LPS ratio
improves the coding efficiency by about 2% for 8-state
transition. For 16-state simplified state transition, about
4% improvement of coding efficiency was achieved. By





