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This paper proposes a kind of pipelined electric circuit architecture implemented in FPGA, a very large
scale integrated circuit (VLSI), which efficiently deals with the real time non-uniformity correction
(NUC) algorithm for infrared focal plane arrays (IRFPA). Dual Nios II soft-core processors and a DSP with
a 64+ core together constitute this image system. Each processor undertakes own systematic task, coor-
dinating its work with each other’s. The system on programmable chip (SOPC) in FPGA works steadily
under the global clock frequency of 96Mhz. Adequate time allowance makes FPGA perform NUC image
pre-processing algorithm with ease, which has offered favorable guarantee for the work of post image
processing in DSP. And at the meantime, this paper presents a hardware (HW) and software (SW) co-

Pipelined
Repal time design in FPGA. Thus, this systematic architecture yields an image processing system with multiproces-
SOPC sor, and a smart solution to the satisfaction with the performance of the system.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Making a Comparison with other thermal imaging systems,
infrared focal plane arrays (IRFPA) imaging system has its excel-
lence, e.g., its high packing density, low cost, reduced signal leads
through the dewar, high feasibility on chip signal processing, and
high flexibility for system integration and so on [1-3]. It has wide
application prospect in infrared imaging fields [4], such as astro-
navigation, military, robotics. But the equipment of infrared focal
plane array (IRFPA) also has its inner defect. For example, the
non-uniformity of its response is its important technical problem
in application that must be solved [1,5,6].

The non-uniformity of infrared focal plane array image becomes
the fixed-pattern noise (FPN) on the images, which worsen seri-
ously the temperature resolution of infrared image [1]. So, nearly
all infrared focal plane arrays equipments will apply non-unifor-
mity correction techniques.

In view of that researchers have made plenty of work on the
non-uniformity correction (NUC) algorithm for infrared focal plane
arrays, and have gained satisfactory accomplishments [7-27]. But,
hitherto, in this field, there have not been enough research about
the topic on “How do we apply multiprocessor technique, a pow-
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erful and arrogant computer technology field at present, to im-
prove the systematic performance, when we come across a rigid
requirement of systematic real time.” So, this article does not
emphasize the research of this algorithm itself and its related the-
ory, but, only for its realization method, makes the detailed re-
search and discussion. Now, some comparison and analysis are
made between some predecessors’ methods and ours.

Up to now, the realization method for real-time NUC algorithm
of on chip digital signal processing in practical implementation has
mainly divided into four catalogs:

1. Based on the software in DSP [28].

2. Based on the architecture of DSP and FPGA [29].

3. Based on the mere customized hardware module in FPGA of
high performance [30-32].

4. And based on the customized hardware module plus single
embedded soft-core microprocessor in FPGA [33].

Thus, we develop a discussion among all on chip digital signal
processing methods. To DSP based means [28], they will not be
put into consideration because, in our system, DSP plays a more
significant role to perform some more sophisticated algorithms,
that is, so-called post image processing. So, in the period of pre-
processing of image, to reduce its burden is essential in order to
gain a high performance in term of the entire image processing
system. As far as FPGA based methods are concerned [30-33], they
are almost cannot exert all the potential of hardware efficiency to
improve systematic throughput. To the method based on
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Fig. 1. A conceptual schematic of hardware architecture.

DSP&FPGA [29], it belongs to a conventional method to realize NUC
algorithm in FPGA.

In this paper, we present a novel realization method of HW/SW
co-design with hardware pipeline technique, and multiprocessor
technique. Pipelining is the method to partition the workload of
any task into equal subtask is greatly reduced compared to the
time to complete the whole task. Therefore, the system can run
with much higher clock frequency [34]. And using these tech-
niques, we have successfully realized high speed and real time
non-uniformity correction algorithm and complicated multi-chan-
nels dataflow communication tasks. Our system schematic dia-
gram is shown in Fig. 1, which, in the rough, shows the heavy
communication tasks, which the real-time image system must
accomplish.

2. A HW/SW co-design for the realization of real-time NUC
algorithm based on hardware pipeline technique and
multiprocessor architecture

2.1. An overview of reference-based NUC algorithm for infrared focal
plane arrays realized in FPGA

NUC techniques can divide into two types [10]. One relies on
the known blackbody calibration-source, such as two-point or
multi-point calibration techniques, that is, reference-based NUC
algorithm. The other is focused on some scene-based algorithms.
And each has its advantage. To reference-based NUC algorithms,
such as, two-point calibration (TPC) technique corrects both gain
and offset variations, in theory it can completely correct the detec-
tors non-uniformity although it is not very precise under the cir-
cumstance when the dynamic range of detector is large.
However, its low calculation complexity results in its ability to
be real-time realized in hardware [18]. To put this fact into ac-
count, we adopt this algorithm in the article. And TPC contempo-
rarily satisfies our application in principle prototype.

What is TPC? According to the radiation range of scene that IRF-
PA observes, two irradiances are chosen as the correction points,
and the detector response data under the two points are recorded
respectively. In this paper we utilize twin images under different
temperature to represent the twin irradiances, e.g. a frame of im-
age from a high temperature and a respective low one, derived
from infrared focal plane array (IRFPA) image equipment. The def-
inition of frame is M x N =320 x 256 pixels. Every pixel is ex-
pressed by the format of 16 binary numbers. Two frames of

image may be expressed by matrices Xwy.nv = X320x256 =

X11 X1256

. and Ymun = Y320x256 =
X320.1 X320,256 320x256
Y11 Y1256
, respectively. Their respective ele-
Y3201 ¥320256 ] 320x256

ments are x;; and yj;.

Where (i, j) are the coordinates of a detector in the array.

The average values of matrix elements are calculated from the
twin original image matrices:

_ 1 M N
XMxN:MXNZZXij 1)
i=1 j=1
B 1 M N
Yivun = MxN Z Zyij (2)
i=1 j=1
And, the correction parameter matrices Apxn = A320x256 =
[ agq a2 Q1256 |
az1 az2 02256
o o o and Brwn = B3aoxas6 =
| 03201 03202 320256 | 3204256
bl.l b1,2 b1256
b b b .
21 22 2256 , whose respective elements
_b320,1 bsz02 b320.256 1320x256

are a; and by;, are obtained, according to the following formulae:

B 1 M N
XM><N = m ; J;XU = aij,‘j + bU (3)
_ -l M N
YMxN:MXN;;yij:aﬁyij+blj 4)
Thus

Xi—Yi
q="1"Yi j_12. ... M j=1,2,.. N 5
Xy J (5)
by =% - Yy i=1,2,...,M, j=1,2,....N 6)

Xij — Yij

The algorithm that needs realizing in FPGA is formula (7) shown
below:

(7)

Xij — Yij = Xj—
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