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Abstract 

 
 The image compression required signed data that has a symmetric about zero to 

improve the efficiency of the compression. The unsigned images will convert to signed images 

using 1’complement (1’C) converter or 2’complement (2’C) converter. 

 The converter (1’C or 2’C) has two problems first is the transform is not reversible because 

the overlap in the last two values for 1’C or the first two values for 2’C. Second it is high cost 

for the general converter. The proposed method is a hybrid method between 1’C and 2’C 

make the overlap in the middle two values, that will give a reversible conversion and it has a 

very low cost for the general converter. 

  

 الخلاصة

  
إن معظممأ أمظ ممط اممور  تحتمم إلى بيممات إث ة اممماة حمل ممط ةة في ممط نممع  المماإلى ن بممي إن ةعممر  تحتمم إ بممنن ةة في ممط    مم  إ   ممر  تحمم    ممان  

 ع   ط اور  تحت إلى بيات إث ب فيع  تحت اماة    ل ط  ةة في ط      إ   ر إث ة اماة حمل ط ةة في ط نع  الاإلى 
وك يما  تحةم في يي   تح ق مد   ب ط ح م   إ مساوي تحنتم   تح   مط  تح تم و  و تميأ هم ه  تحع   مط ةا ميت      مي أ  تحلنمااد أو   بما يإن ه ه  تحع   ط تية

 تع  غير عكس ط ةستب بت ل ت  كأ ن  تحت اماة عن  أول أو آخ  ق  يي 

 تحلنممااد تح نتمم   تحلمما  وهمم    تحيي ممي  مم ت ي إث بتمم ل تمم  كأ ن إن  تحة في ممط    ةبممط تسمميت     ممي أ   بمما ي تح نتمم    ول ممملم  تحت اممماة و   ممي أ 

نهما تع م   تحت اماة عن   تح   يي  تح  ةى و  تحتي  ي لع صف  م جب و صف   اتحب و ه ه  تح   يي تك ن ميساوفيط ن      إ عن  إج  ء  لحساةاة إلا أ

ث أن ه ه  تحة في ط   ف تعةد   ا لى إق  ط  ةسر ةكلير ملم ت ك  تحتي تعة يا  تحة في يي ق أ مخي فط عن  إعا تها إث ة اماة حمل ط  ةة في ط      إ  إاا ط إ

    ا  ط    
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1- Introduction 

 
The codec in the image compression systems expects its input sample data to have a 

nominal dynamic range that is approximately centered about zero. The preprocessing stage of 

the encoder simply ensures that this expectation is met. Suppose that a particular component 
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has n-bits/sample. The samples may be either signed or unsigned, leading to a nominal 

dynamic range of      22
11

 ,



nn

  or  1-  ,0 2
n

  respectively. If the sample values are 

unsigned, the nominal dynamic range is clearly not centered about zero 
[1]

. 

Thus, the nominal dynamic range of the samples is adjusted by subtracting a bias of  2
1n
 

from each of the sample values. If the sample values for a component are signed, the nominal 

dynamic range is already centered about zero, and no processing is required. By ensuring that 

the nominal dynamic range is centered about zero, a number of simplifying assumptions could 

be made in the design of the codec. 

The post processing stage of the decoder in the image compression systems essentially undoes 

the effects of preprocessing in the encoder. If the sample values for components are unsigned, 

the original nominal dynamic range is restored. Lastly, in the case of lossy coding, clipping is 

performed to ensure that the sample values do not exceed the allowable range 
[2]

 . 

 

2- Signed Converter 

 
  There are two types of the classic signed n-bit converter. First is the 2’C signed n-bit 

converter that is a circuit subtract a constant value that equal to [ 2
1n
] from the unsigned data. 

Second is the 1’C signed n-bit converter that is a circuit subtract a constant value that equal to 

[ 12
1
 -

n
] from the unsigned data. The general circuit of the two types is in fig(1) using n-bit 

register with n-bit adder/subtractor. 

 The classic signed n-bit converter can be implement-using FPGA that will give a high 

speed and low cost. The implementation of classic signed n-bit converter required 8-n cells 

with delay time equal to ng/2 sec where n is the number of bits in data bus and g is the delay 

of the basic cell of FPGA 
[3]

. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig(1): circuit of the classic signed n-bit converter 
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3- Adder/Subtractor Components 
[4,5,6]

  

 
There are two approaches to built adder/subtractor firstly by use the 2'complement as 

shown in fig(2), secondly by use the 1'complement as shown in fig(3). 

Table (1) shows the 1'complement method has same speed but it is lower cost from 

2'compement because it need to one carry adder when 2'complement need to two carry adder 

outputs. 

 
Table (1): The rational delay and cost of 1'C and 2'C Add/Sub. 

 

Component 1'C 

Circuit 

Carry 

Adder 

2'C 

Circuit 

Core 

Adder 

1'C Add/Sub 2'C Add/Sub 

Rational Delay 1 5 6 10 17 17 

Rational Cost 1 10 11 20 33 44 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig(2): Block diagram of 2’C adder/subtractor a) Total circuit   b) 2’C circuit. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig(3): Block diagram of 1’C adder/subtractor. 
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4- The Proposed Method 

 
The classic signed n-bit converter (1’C or 2’C) has two problems first is the transform is 

not reversible because the overlap in the last two values in 1’C or the first two values in 2’C. 

Second it is a high cost for the general converter when implemented using FPGA.  

The idea of the proposed method is that use a 1’C for the values less than 2
1n
 and 2’C for 

the values higher or equal to2
1n
. This hybrid method between 1’C and 2’C make the overlap 

in the middle two values as in the following example in table(2) that represent the result of a 

signed 3-bit converter using the three methods. 

The result in table (2) shows that the 1’C and the 2’C have two equivalent values that come 

from two different values. However, the proposed method give two equivalent values in 

magnitude but different in sign in the middle of the values (-0, +0). These two values will 

give a reversible conversion as shown in example in table (3) that represents the result of 

inverse of a signed 3-bit converter using the three methods. 

 

Table (2): The result of a signed 3-bit converter.  

 

Unsigned 1’C 2’C Proposed 

n2  n1  n0 s   n1  n0 s   n1  n0 s   n1  n0 
0     0     0 1     1     1 1     1     1 1     1     1 

0     0     1 1     1     1 1     1     0 1     1     0 

0     1     0 1     1     0 1     0     1 1     0     1 

0     1     1 1     0     1 1     0     0 1     0     0 

1     0     0 0     0     0 0     0     1 0     0     0 

1     0     1 0     0     1 0     1     0 0     0     1 

1     1     0 0     1     0 0     1     1 0     1     0 

1     1     1 0     1    1 0     1     1 0     1     1 

 

Table (3):The result of inverting of a signed 3-bit converter.  

 

Original  Inv. 1’C Inv. 2’C Inv. Proposed 

n2  n1  n0 s   n1  n0 s   n1  n0 s   n1  n0 
0     0     0 0     0     0 0     0     0 0     0     0 

0     0     1 0     0     0 0     0     1 0     0     1 

0     1     0 0     0     1 0     1     0 0     1     0 

0     1     1 0     1     0 0     1     1 0     1     1 

1     0     0 0     1     1 1     0     0 1     0     0 

1     0     1 1     0     0 1     0     1 1     0     1 

1     1     0 1     0     1 1     1     0 1     1     0 

1     1     1 1     1    0 1     1     0 1     1     1 

 
The result in table (3) shows that the result of the two classic methods of the signed/unsigned 

is not reversible, while the proposed method of the signed/unsigned is a reversible. 
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5- The Implementation of a General Signed N-Bit Converter 

 
  The implementation of the classic signed n-bit converter as shown in fig(1) requires to n 

cells for the n-bit register and 9n-2 cells for the adder/subtractor circuit, the total cost is 10n-2 

with maximum delay equal to (2n+2)g sec. 

The implementation of the proposed signed n-bit converter requires totally as shown in fig (4) 

to n cells with maximum delay equal to 1g sec. 

 

6- Conclusions 

 
  The two classic methods of signed converter has an overflow in first two values in 2’C or 

last two values in 1’C. However, the proposed method is a hybrid method that will use the 

2’C method for the first half of values and 1’C method for the last half of values. 

  This hybrid method wills have an overflow in middle two values, that will give a two 

advantages the first it is reversible because the two overlapped values have same value (0) 

with different pseudo sign (+0, -0). The second advantage it has a very simple circuit. This 

simplicity come from the two classic methods required to adder/subtractor while the proposed 

required to just XOR and NOT operations. The simple circuit will give a low cost circuit and 

very high speed because the direct implementation as shown in fig(4). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig(4): Digital circuit of the proposed signed n-bit converter.   
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