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Abstract

A new coding methed—Difference Base-bit plus Overflow-bit Codi-
ng (DBOC) is proposed Compard with the Huffman coding, this
method does not require the statistical properties of coded data,
and it can be realized in real-time. Experiments show that the coding
efficiency can reach over 90%. With this coding method an excellent
result has been obtained in an on-board data compression system for
imaging spectrometer.
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1, Introduction

In the research of an on-board data compression system for the High-
Resolution Imaging Spectrometer (HIRIS)!?), in order to represent the
data compressed by the Two-True-Value Linear Prediction (TIVLP)®
with the least number of bil and get the maximum compression ratio of
the system, it is necessary for the result obtained to code efficiently in
real-time It is known that the Huffman coding is the optimal coding met-
hod,But it requires statistical properties of source data,and itsalgorithm
is complicated and can not be realized in real-time’®?, For this reason we
have proposed a new coding method—Difference Base-bit plus Overflow-
bit Coding, This coding method does not reguire the statistical prope-
rties of the source data Its algorithm is simple and direct, and is suita-
ble to operate on-line,

2. Difference Base-bit Plus Overflow-bit Coding

After the original data are compressed by the TIVLP, a great deal
of redundant information is removed, If the compressed results are dire-
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ctly represented, it requires a large number of bits to express compress-
ed data, This is not of benefit Lo the increment of the total data compre-
ssion ratio of the system, In fact,there is still a larger redundance in the
compressed data, If the compressed data are coded efficiently to remove
the redundant information once more, the total data compression ratio
of the system can increase further, Below we will discuss the coding me-
thod in two steps.
1.Adjacent-Difference for Reducing the Value Range

Generally speaking, the greater the mean u of the source data to be
coded, the larger their value range and the longer the average code
length T. to express these source data; on the contrary, the smaller the
mean i, the smaller the value range and the shorter the average code
length L, So we must first reduce the value range of the source data to
be coded in order to decrease the average code length L.

Table 1 lists 48 groups of source data, which are results of the corn
spectral data compressed by the TIVLP. Seeing from the table 1, the
values of y1(i) and y2() (=1, 2, --48) all are relative larger, The means
are as W;=72.75 and pu,=73.06 respectively, The values of RL ) (i=1,2,-48)
are relative smaller, the mean is RL =3.35. Undoubtedly, the total num-
ber of bit to express 48 y1() or y2() must be greater than that to
express 48 RL (i), and the average code length of the former must be
longer than that of the latter. In fact, the source data y1(i) and y2@®
ompressoed by the TIVLP are two adjacent samples, while y1(i) and
v2 (i-1) are the two nearest samples of the two adjacent prediction lines,
there is correlation between them, K The differences between them is as fo-

llowing,

Ay1() =y1(@)-22(: - 1), i=2,3,N; (1)
Ay2@) =y2(-y1@), i=1,2,+N; (2)
Ag1(1) =g1(D) (3)

The values of Ayl() or Ay2(@) must be smaller than that of y1d) or y2
(i), and the mean of Ayl@)or Ay2(i) also must be snaller than that of the
source data,

The difference Ay1() and Ay2(i) of the compressed result of corn
spectral data are listed in table 2, Their value ranges are greatly reduced,
The means of them are decreased to u,” =4,35 and u,” =5,77 respectively.
If we code Ayi1d) and Ay2¢i) instead of yi1(@) and y2¢), il requires a
small number of bits to express the source data, and the average code
length . can be shortened, In reconstruction the source data can be gain-
ed according to following,
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71 (1) =Ay1(1); (4)
¥2() =Ay2() +y1(@), i=1,2,-N (5)
y1() =Ay1() +y26G-1), i=2,3,N; (6)

We call this procedure, which replaces the source data with the differen-
ce value of its neighbors, “adjacent-difference”, This procdeure has genera-
lity and can be used for any kind of source data,

2. The Base-bit Plus Overflow-bit Coding

Generally, in source data to be coded there must be a value R(=2") then
than which most of source data are smaller,In the compressed result of corn
spectral data mentioned above, for example, among 48 run lengths RL (i)
there are 35 RL (i)s whose values are smaller than R=4=2"(n=2), this
number accounts for 739% of rhe total number, In table 2 among 48 Ay1(i)s
there are 37Ay1(i)s whose values are smaller than R=8=2(n=3), the nu-
mber accounts for 77% of the total number; among 48Ay2 (i) s there are
36 Ay2() s whose values are smaller than R=8(n=3),the number accounts
for 759% of the total number For such a kind of source data whose most of
values are smaller than a certain critical value R, we code them with a cod-
ing method named Base-bit plus Oveflow-bit Coding (BOC), This coding
method divides a coding result into base-bit and overflow-bit two parts,
The base-bit is the parlt whose length is fixed, the length of base-bit is
decided by R. The overflow-bit is the part whose length is unfixed, the
length of overflow-bit is decided by the values greater than R, Each
overflow-bit “1” represents value R (=2"). How many times greater than
R the value of coded data is, how many number of overflow-bits there
are, For marking the end of overflow-bit, one bit #0” is used as a comma
of overflow-bit, In coding with this method, since most of values of the
source data are smaller than R, the length of overflow-bit is equal to
zero, n+ 1 bits is enough to express each coding results, among them
one bit is comma, If source data are with signs, an additional sign-bit
is needed, total n+2 bits required, while for coding small proportion of
source data whose values are greater than R, a coding result involves
the base-bit and the overflow-bit'two parts,

This coding method is direct and convenient, it does not require sta-
tistical properties of source data and can represent the source data with
the least number of bit,In coding of the data compressed by the TIVLP,
assuming the lengths of base-bit of Ayi1d), Ay2@) and RLG) to be k, n
and m respectively, considering RL () no sign, only 5+k+n+m bits are
required for most of source data.,In coding of the compressed data listed
in table 1, for example, the lengths of base-bit are k=n=3,m=2,it takes
only 13 bits to express most of coding results, Comparing with 24 bits (3
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bytes) taken when the source dala are directly expressed, the number of
bit is greatly decreased,

3, Effect of L, on Coding Efficiency

Compared with Huffman coding,the BOC has only one parameter L,
the length of base-bit,The relation curves between the length of base-bit
L, and the coding efficiency 1 are showed in Fig.1.The horizontal coor-
dinate is the inverse of u the mean of source data, If the p is know, the
L, corresponding to the maximum n can be gotien from the figure, The
greater the mean u,in other words, the smaller the 1/u, the longer the
length of base-bit L, For instance the mean of the y2d)(=1,2,-48)list-
ed in table 1 p,=173.06,its inverse 1/u, =0,0137, knowing from the figure,
when L, =6 the coding efficiency reaches the maximum; by contrast, the
mean of Ay2@) (i=1, 2,--, 48)1,’ =5.77, its inverse 1/u,’ =0,17, when L, =
the coding efficiency reaches the maximum, Since the Ay2(3) is with a
sign after difference,an additional sign-bit is needed., The length of base-
bit for Ay2(i) is actually 3 bits It is thus obvious that 3 bits can be sa-
ved on an average when we code each Ay2(i) instead of y2().

When we perform coding with this method the mean of the source
data can be roughly estimated according to the data to be coded, then se-
lect an appropriate L,. The horizontal coordinate in Fig. 1 is taken the
logarithm for the purpose of compressing the proportional scale of the
coordinate, It could be seen more clear that the shape of each curve is
very plane,if the coordinate were taken linear scale, As for a certain u,the
difference between two efficiencies correspordirg to two reightor curves
is not wvery large, This makes it become easy to select L.,, Even if the
mean of the source data is estimated with large error, the coding effici-
ency does not reduce very much,

Now we take compressed results of corn spectral data as the examples
to illustrate the effect of the deviation of L, on the efficiency,The first
example is coding of Ay2(). It has been gotten above that p,” =5.77, itls
inverse 1/p,/ =0.17, and when L,=n=2 the coding efficiency reaches the
maximum,When we code Ay2@{)(i=1,2,+48) with L,=n=1,2,3 speparately
the three average code lengths corresponding 1o each L., obtained are
LA,,=5.61,5.23,5.54 respectively.It is evident that when n=2 the average
code length is the shortest, The second example is coding of RL (). The
mean of RL (i) is RL =3.35, its inverse is equal to 0.3, Knowing from
Fig.1, when L,=m=1 the coding efficiency reaches the maximum, When
we code RL ) (=1,2,%,48)with L, =m =0, 1,2 separately, the three average
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code lengths are L., =3.69¢c, 3.50, 3.63. It is obvlous that when m =1 the
average code length is the shortest, It can be seen from these two exa-
mples that the coding result changes very little, even if the length of
base-bit is selected with error, When the L., is taken the neighboring
values of the length corresponding to the mean,the two deviations of the
average code length of {Ay2()} are 7.2% and 5% respectively,and these
of {RL¢)} are 5.4% and 3.7% respectively., The deviations all are not
very large, This means that the selectionof L., has a wide available range,

It is known from discussion above that it is of benefit to the incre-
ment of coding efficiency to select an appropriate length of base-bit L,
when coding with the BOC,

4, Experimental Results and Analysis

We perform an experiment with the compressed of each GIFOV’s
spectrum in the HIRIS, First we convert the {y1(1), y2@), RL)} (=1,
2,-+, M) into {Ay1(),Ay2(),RL)}(i=1,2,--N) by adjacent-difference, then
code them with the BOC, Table 3 lists the coding results of compressed
data of twnety-one kinds of typical earth resources spectra, For the
convenience of analyzing and evaluating the coding efficiencies, table 3
also lists the entropy H.(x) of each kind of compressed data, the entro-
py H,(x)of the data after difference and two coding efficiencies m,,n. co-
rresponding to these two entropies,All the coding results listed in table 3
are obtained under the condition of the L, taken the value of the maximum
coding efficiency, The Shonon’s theorem of distortionless coding tells us
that the average code length I, is never smaller than the entropy of the
source data, But the average code length L listed in table 3 all are small-
er than their entropy H, (x),and the coding efficiency m,, which is defined

as H,(x) divided by L, is greater than 100%. This is because the entropy

"H.x) of N groups of source data is obtained in terms of the generation
probability of each value of {y1 (i), y2(),RL (i)}.Since some correlation
between the source data has been removed after the adjacent-difference,
the entropy becomes smaller H,(x).In fact, it is the data after adjacent-
difference {Ay1@),Ay2(),RL (i)} that the BOC code,The efficiency m,, wh-
ich is defined as H,(x) divided by I, is the coding efficiency of the BOC,
It meets the Shonon’s theorem of distortionless coding. In table 3 1. all
are above 90%, this result is similar with that of the Huffman coding,

The Difference Base-bit plus Overflow-bit Coding is a new coding
method, which does not require statistical properties of source data, Its
algorithm is direct and simple, It first reduces the value range of sourc
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data by the adjacent-difference, then codes the difference with the BOC,
The only one parameter of this method is the length of base-bit L,, whi-
ch is decided by the mean of the source data, A suitable L., can make the
average code length the shortest, The selection of L, has a wide availa-
ble range,The deviation of average code length caused by neighboring va-
lues is generally smaller than 5%. The coding efficiency can reach above
90%, which is similar wit>h Huffman coding.Through ihe experiment of 21
kinds of typical earth resources spectra,the average code length usually is
not greater than 5 bits in a 8-bit digital system, the coding efficiency is
iecreased by near 1 times,
Table 1 Compressed data of corn spectrum te be coded (N=48)

i | @R ®RL W] i | n@u@SLG | i | 5@ n6RL G
1| 9 g 1 18 163 164 4 35 51 54 10
2 10 11 3 19 165 162 5 36 81 78 0
3 1m 11 4 20 150 149 3 37 78 83 0
4 13 15 3 21 } 149 149 6 38 8 82 9
5 20 19 10 22 | W7 15 0 39 70 68 2
6 12 12 2 23 | 145 139 1 40 67 67 3
7 14 17 0 24 | 134 132 1 41 64 52 1
8 17 24 1 25 | 12 16 1 12 41 33 1
9 33 66 0 2 (. 102 9% 0 43 2% 22 4
10 66 79 0 27 | %0 86 0 44 3 8§ 3
11 79 111 0 28 66 55 0 45 7 8 17
12 111 131 o0 29 55 51 0 16 28 30 2
13 131 143 0 30 51 37 0 47 31 32 3
14 143 147 2 31 37 32 1 48 32 31 27
15 152 153 8 32 30 28 1

16 158 158 12 33 26 29 7

17 160 162 2 J 34 48 48 1 M 72.75 73.06 3.35

Table 2 Data to be code after difference

i Ay () Ay, () | i Ay ) A¥ G)
1 9 -1 40 -1 0
2 2 1 41 -3 -12
3 0 0 42 -11 -8
4 2 2 43 -7 -4
5 5 -1 | 44 ~13 -1
6 -7 0 J 45 -1 1
7 2 3 | 46 20 2
8 0 7 l 47 1 1
9 9 33 } 48 0 1

0 |

., =
(=4

} B 4.35 5.77
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Table 3 Coding results of cmpressed data of 21 typical earth raésources spectra

\ . ‘ Properties of Data Coding Results
No \ Name of Spectrum ‘ _
| l H. (z) Hs (@) L omd%) m.0%)
1 | Organic-dominated Soil £.59  3.85 4.01 114.3  95.9
2 | Iron-affected Soil 4.94  4.37 4.58  107.9  95.4
3 i Calcitic Carbonatite 5.16 4.11 4.40 117.2 93.5
4 Kaolinite 5.51  4.63 4.87 113.1  95.0
5 Beans 5.64 4.33 4.46 126.7 97.1
6 | Corn 5.64  4.73 5.03 113.0  94.0
7 Red Pine 5.48  4.53 4.96 110.6  91.4
8 ) Birch 5.52 4.42 4,59 120.3 96.4
g | Water 4.88  4.03 4.33 112.6  92.9
P : ; : : : :
{
21 Snow 5.51  4.64 4.86 113.2  95.4
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