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ABSTRACT

In this paper, we propose the method of hardware-design for the division operation of image frame-unit
processing in mobile phone camera. Generally, there are two types of the data processing, which are the
parallel and serial type. The parallel type makes it possible to process in realtime, but it needs significant
hardware size due to many comparators and buffer memories. Compare the serial type with the parallel
type, the hardware size of the serial type is smaller than the other because it uses only one comparator, but
serial type is not able to process in realtime. To use the hardware resources efficiently, we employ the serial
divider since frame-unit operation for image processing does not need realtime process. When compared

with both in the same bit size and operating frequency, the hardware size of the serial divider is
approximately in the ratio of 13 percentage compared with the parallel divider.
1=
Serial divider, Parallel divider, Comparator, Minimization
| . INTRODUCTION issue.
In this paper, we propose hardware
As the requirement of consumer is implementation of a minimized serial divider

augmenting, mobile phone is getting smaller,
nevertheless functions that mobile phone
includes are getting increased. In this reason,
how we wuse small hardware resources for
many functions of mobile phone is important

that is applied to an Image Signal Processing
(ISP) in mobile phone camera.

There are many processes for ISP such as
Auto Exposure (AE), Auto White Balance
(AWB), etc. And each process needs division
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operation. However, hardware implementation
of divider is one of the most complicated
functions. There are two types of divider which
are the parallel divider and the serial divider.
The parallel divider can process in realtime, but
it has large hardware size since it needs
comparators as many as quotient bits and
buffer memories for synchronization of each
signal[l]. The serial divider ought to hold the
input signal during data is outputted because
of serial operation. Therefore it can not process
in realime. But it has smaller hardware size
than the parallel divider because it does not
need many buffer memories, but needs one
comparator as well.
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Fig. 1 Operation region of image sensor.

Figure 1 shows the operation region for
frame-unit processing of image sensor [2]. The
image sensor is composed of active region and
nonactive region. Image is displayed when
active region and then ISP is operated when
nonactive region for a next frame because there
are so many clocks between frames, which
human can not perceive. For example, in the
case of the 2-mega image sensor, operation
region has about 120,000 clocks as shown in
figure 1. ISP does not need realtime operation
and input value is held during nonactive
region. In this reason, we would apply the
serial divider to ISP.

The paper is organized as follows. Section 2
presents the instructions of the proposed
system, and section 3 depicts the results of
hardware design and the  performance
comparison. Section 4 gives conclusions.

1. SYSTEM MODEL

In this section, we explain the difference of
operation methods between the parallel divider
and the serial divider.

2.1. Parallel Divider
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Fig. 2 Processing steps of parallel divider

Figure 2 shows processing steps of the
parallel divider. Because the parallel divider
operates as pipeline structure, it is able to
output data at each clock cycle. In this reason,
the parallel divider can process in realtime.
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Fig. 3 Structure of Parallel divider

Figure 3 shows a structure of the parallel
divider. It shows that how many comparators
in the parallel divider are needed to make a
quotient [1]. It needs a comparator for each
divider and dividend. In this reason, parallel
divider needs comparators as many as quotient
bits.
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2.2. Serial Divider
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Fig. 4 Structure of Serial Divider

Figure 4 shows a structure of the serial
divider [3]. There is only one comparator to
compare a dividend with a divider. The
division  processing  reiterates = comparison
between divider and dividend by sharing one
comparator to derive the quotient.

For serial division operation, a dividend is
separated into A-part that has n+l bits and the
B-part that has m-n+1 bits, which m dedicates
MSB of the dividend and n dedicates MSB of
~ the divider in figure 4. The A-part is compared
with the divider and then MSB of the B-part
would be alternated with LSB of A-part for
next comparison.
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Fig. 5 Serial Divider Block Diagram

Figure 5 shows a block diagram of the serial
divider [4]. If the A-part’s value is larger than
the divider's one, a novel value of the A-part
becomes the A-part minus the divider. In
addition, its LSB is supplemented with MSB of
the B-part. If the divider's value is larger than
the A-part’s one, a novel value of the A-part
becomes the values from the second bit to the
last bit of the A-part’s value and then its LSB
is supplemented with MSB of the B-part.

The B-part is left shifted at each process.
LSB of the novel A-part is alternated with MSB
of the left shifted B-part for next comparison
process.

If the divider's value is larger than the A-part’s
one, the quotient is saved as ’0/, but if the
contrary condition, the quotient is saved as 1".

To consider the remainder of this operation,
LSB of the novel A-part ought to be transferred
to ‘0’. If the remainder value is ‘0, the
quotient is outputted. If the remainder value is
'l", the quotient is added with 1" and then it
is outputted. However, if every bits of the
quotient are 1", it is not added with 1" to
prevent an overflow [5].
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Fig. 6 Operation results of serial divider
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Figure 6 shows operation results of the serial
divider. Because of serial operation, input
values are held until data is outputted as
aforementioned. Hence, it can not be realtime
process.

1. Design of Performance

There are examples of the parallel divider
and serial divider that have same input and
output bit size. Four examples designed by
using Verilog-HDL models are shown in Table
1, 2. After the verification, the models are
synthesized by using the Synopsys synthesizer
with the TSMC 0.25um library.

3.1. Parallel Divider

Table 1. The synthesize results of the parallel

divider.
o Input .
Dividend Divider
[bit] [bit] [bit]

33 24 13

28 20 10

24 16 8

11 13 14

Table 1 shows gate counts of the parallel
divider in the different in/output bit size. The
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average gate-count is 7265 as shown in Table 1.
3.2. Serial Divider

Table 2. The synthesize results of the serial
divider.

Dividend | Divider | Quotient
[bit] [bit] [bit] R
33 24 13 1058
28 20 10 990
24 16 8 838
11 13 14 884

Table 2 shows gate counts of the parallel
divider in the different in/output bit size,
nevertheless on a par with bit size of the
parallel dividers in table 1. The average gate-
count is 943 as shown in Table 2.

3.3. Comparison Hardware size

Table 3. Comparison of hardware size between
the parallel divider and the serial divider

...1 | Hardware
T [%] .:_:__: :
1 8232 12.85
2 7968 12.42
3 6417 13.06
4 6440 13.73

Table 3 shows comparison of hardware size
between the parallel divider and the serial
divider that have same in/output conditions.
Each case, the hardware size of the serial
divider is approximately in the ratio of 13
percentage compared with the parallel divider.

3.4. Operation time of dividers

Table 4. Comparison of operation time [clock]

41451617
17 1181191 20

Sernial
divider 16 13248164 |70 | 86 [102

Table 4 shows the operation time of this
system. This example has 28 bits dividend, 20
bits divider and 10 bits quotient. The parallel
divider generates the first quotient at the 14th

clock and then other quotients are generated
simultaneously with following clocks. However,
the serial divider generates the first quotient at
the 16th clock and then other quotients are
generated each 16 clocks later.

IV. Conclusion

In this paper, we propose the serial divider
that has small hardware size in comparison
with the parallel divider. The division operation
is the requisite arithmetic-operation for ISP.
However, it requires large hardware size
compared with its capacities. Since the
proposed serial-divider in this paper operates
the division with significantly small hardware
size as it employes one comparator, it is
applied to any system. Hence, we are able to
expect that the proposed system is more
straightforward than parallel divider in ISP.
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