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Abstract. The principle, configuration, and the special features of an infrared
imaging system are presented in this paper. The work has been done in two
parts. First, the nonuniformity of IRFPA is detected using a processing system
based on FPGA & microcontroller. The FPGA generates system timing and
performs data acquisition, while the microcontroller reads the IRFPA data from
FPGA and sends them to the computer. Afterwards the infrared imaging system
is implemented based on DSP & FPGA. The DSP executes high level algo-
rithms such as two—point nonuniformity correction. The FPGA here performs
two functions: the first one is reading the IRFPA video output and sending it to
DSP; the second function is reading the corrected data from DSP and sending
them to video encoder which converts the digital data to the analog video sig-
nal. The experimental results show that the system is suitable for the real time
infrared imaging with high quality and high precision.
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1 Introduction

With the development of Infrared Focal Plane Array (IRFPA) technology the advan-
tages of high density, excellent performance, high reliability and miniaturization have
become available in Infrared (IR) imaging systems [1]. At present, acquisition of high
quality images has become the key problem of IR imaging systems. Such systems
generally need to process mass data in real-time. The processing includes various
algorithms such as nonuniformity correction, image segmentation, local characteris-
tics extraction, image de-noising, image enhancement, etc; hence there must be a well
integrated high-speed information processing system [2].

Another important problem of infrared imaging systems is fixed-pattern noise (also
known as spatial nonuniformity noise) which arises because of the difference in response
characteristics of each photodetector in an IRFPA [3], [4]. To solve this problem, photo-
response nonuniformity correction must be applied by software or hardware [5].
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Because of these requirements, a system has been designed which has the capabil-
ity of detecting and correcting nonuniformity and displaying high quality infrared
image. This imaging system is based on DSP&FPGA and fulfills the requirements of
infrared imaging systems.

Nonuniformity detection system is described in section 2, while infrared imaging
system is investigated in section 3. Next, the experimental results are shown in section
4. Finally, conclusions are drawn in section 5.

2 Nonuniformity Detection System

2.1 Hardware Configuration of the Nonuniformity Detection System

The schematic diagram of the signal processing system for IRFPA nonuniformity
detection based on FPGA & microcontroller is shown in Fig. 1. This system consists
of an IRFPA, a driving circuit, an ADC, a FPGA and a microcontroller.

The IRFPA is an infrared opto-electronic device sensitive to radiation in the 7.7 to
10.3 micrometer spectral region. It includes a high-sensitivity focal plane array
formed by photovoltaic Mercury Cadmium Telluride diodes connected to a silicon
CMOS readout integrated circuit.

The driving circuit unit provides the necessary signals and supply voltage for
IRFPA's proper operation. This board also acts as a buffer so that the ADC board has
no effect on IRFPA's video output signal.

The output of IRFPA is an analog signal and the signal processing system is digi-
tal, so this analog signal should be converted to digital format first. This is done us-
ing ADC , which transforms the analog video signal to digital. In order to be applica-
ble to image data processing with high speed and precision, a 12 bit ADC whose
sampling frequency is up to 25 MHz is selected so that a high resolution output of
digitized data is obtained.

The FPGA used in IRFPA nonuniformity detection system has two functions. It
acts as both synchronization and timing Control Module and harmonizes the other
units in the system, including the output circuit unit of the IRFPA and the ADC sam-
ple unit. It also acts like a SRAM and stores IRFPA's video output. Another part of
the system is a microcontroller that reads the data stored in the FPGA and then sends
this data to a computer using the RS232 standard.

2.2 Software of the Nonuniformity Detection System

The software of the FPGA has been written using verilog hardware description lan-
guage. The written software causes the FPGA to store IRFPA output data and also
produces the necessary synchronization signals.

The software for the microcontroller has been written using C language. The writ-
ten software activates microcontroller serial interface, reads the data stored in the
FPGA and sends them to computer. Also a program has been written in MATLAB
which reads the IRFPA data from Microcontroller using computer's serial port and
saves them in a lookup table.
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Fig. 1. Schematic diagram of signal processing system for IRFPA nonuniformity detection

3 Infrared Imaging System

3.1 Hardware Configuration of the Infrared Imaging System

The schematic diagram of the real-time IRFPA imaging system based on DSP
&FPGA is shown in Fig. 2. This system consists of an IRFPA, a driving circuit, an
ADC, a FPGA and a high speed DSP.

The ADC transforms the analog output of IRFPA to digital format. The FPGA reads
digital video data from ADC and stores them. When one complete frame is read, the
DSP reads this data through external memory interface unit (EMIF). The DSP used here
is Texas instrument’s TMS320VC5510. This DSP achieves high performance and low
power consumption through increased parallelism and total focus on reduction in power
dissipation. This DSP has an operating frequency of 200 MHZ [6].

The EMIF unit of DSP offers configurable timing parameters so that it can be used
as an interface to a variety of asynchronous memory types, including flash memory,
SRAM, and EPROM [7]. The FPGA here acts like a SRAM. The DSP reads the video
data using EMIF unit and then applies nonuniformity correction coefficients to the
data read and corrects them.

After applying nonuniformity correction, the video data is ready for display. But it
should be noted that the digital data can not be displayed directly on TV and should
be converted to standard television signal. To do this he FPGA reads the corrected
data from DSP using host port interface (HPI). The host port interface (HPI) unit of
DSP provides a 16-bit-wide parallel port through which an external host processor
(host) can directly access the memory of the DSP [8]. The conversion of digital data
to standard television signal is done using ADV7177. The ADV7177 is an integrated
digital video encoder that converts Digital video data into a standard analog baseband
television signal [9].

3.2 Software of the Infrared Imaging System

The software written for infrared imaging system consists of FPGA and DSP pro-
grams. The FPGA program is written using verilog hardware description language.
The written software causes the FPGA to read digital output of ADC and store it like
a SRAM, which can be read by DSP. Also the written program causes the FPGA to
read the corrected data from DSP using host port interface (HPI) and send them to
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Fig. 2. Schematic Diagram of real-time infrared imaging system

video encoder. The software of DSP is written using C language. The written software
activates EMIF and HPI units of DSP. Also this program applies the nonuniformity
correction algorithm to video data.

3.3 Nonuniformity Correction Algorithm

The so-called nonuniformity of IRFPA is caused by the variation in response among
the detectors in the IRFPA under uniform background illumination. There are sev-
eral factors causing nonuniformity. The main sources of nonuniformity are: (1)
response nonuniformity, including spectral response nonuniformity; (2) nonuni-
formity of the readout circuit and the coupling between the detector and the readout
circuit; and (3) nonuniformity of dark current [5]. Without nonuniformity correction
(NUC), the images from the IRFPA are distorted and are not suitable for image
formation [10].

There are two main types of nonuniformity correction (NUC) techniques. The first
is to calibrate each pixel by the signal obtained when the FPA views a flat-field cali-
bration target (usually a blackbody radiation source) held at several known tempera-
tures, and it assumes the response characteristics of detector are constant temporally;
this method is usually called calibration-based correction. The second is to use an
image sequence to estimate the correction factors or to estimate the corrected signal
directly, this kind of method is based on the scene and requires no calibration of the
FPA, and therefore it is called as scene-based correction. Although the latter method
is convenient and has developed greatly recently, there exist two disadvantages. The
first one is that it does not reveal the correspondence between the signal output and
the thermal radiation (or temperature) of the object observed. The other is, for lack of
prior information about the FPA, many scene-based techniques are sophisticated and
need a procedure to estimate the correction factor, which makes its realization imprac-
tical in some real-time systems, especially where the correction needs be implemented
by hardware. Consequently, calibration-based NUC methods are still the main com-
pensation method in many IR imaging systems, especially systems used to measure
the accurate thermal radiation or temperature of the scene [5].
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The algorithm used here is a two-point correction method which is a calibration-
based method. In this algorithm detector outputs are assumed to be linear and stable in
time, as shown in Fig. 3. Detector output can be expressed as [11]:

S,:,‘(¢):Kij¢+Qlj . (1)
Where ¢ represents the incident irradiance on detector (i, j), S, (@) is the output

of detector (i, j), and K;and O, are the gain and the offset of detector (i, j)

respectively.
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Fig. 3. The linear model of response curve of detector in IRFPA

According to the radiation range of a scene that IRFPA observes, two irradiances
¢, and @, are chosen as the correction points, and the detector response data at these
two points are recorded using the nonuniformity detection system which was investi-

gated in section 2. Then the average value of all detectors output S, (¢) and

S i (@, ) in the IRFPA are calculated, respectively.

_ 1 N M
S0 =N ;S,,w : @)
- 1 N M
S, =NX—MZ ;S,-jwm . 3)

The line determined by (S;(¢,),S,) and (S;(9,),S,) ., illustrated in Fig. 4, is
used as the normalized line for the correction of the response of all pixels. Then the

output value S, (@) and its corrected value S ” (@) are related as follows:
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Fig. 4. Sketch map of the two-point correction

The normal two-point NUC based on the linearity model has the advantage of little
online computation. IRFPA imaging systems need to process data in real time, there-
fore this method is selected to correct nonuniformity.

Equation (4) can be written as:

Sii(9)=G;;Si(@)+0;; - (5)

G and O are the correction coefficients for the gain and offset of the (@, j) de-

tector. Gij and Oij are precalculated and then stored in the FLASH memory unit.

When the system is operating, it reads them out of the flash and corrects data it in real
time.

4 Experimental Results

The performance and capabilities of the IRFPA signal processing system are validated by
procedures that connect the image processing system to the IRFPA. The IRFPA is made
of Mercury Cadmium Telluride with 4*288 detectors, operating at a frame rate of 100
frames per second. It should be noted that operation of IRFPA at 100 frames per second
is due to limitations of imaging system. Results are shown in figures Fig. 5(a) and Fig.
5(b) respectively. Fig. 5(a) is the infrared image before nonuniformity correction. The
nonuniformity has distorted the image of the hand. Fig. 5(b) is the infrared image after
nonuniformity correction. The imaging quality is greatly higher than raw image.
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(b)

Fig. 5. (a) Infrared image before nonuniformity correction (b) Infrared image after nonuni-
formity correction

5

Summary and Conclusion

The IR imaging industry is rapidly expanding, thus, the need to improve the perform-
ance of processing systems for such applications is also growing.

Nonuniformity detection, correction and displaying high quality infrared image

which are done in this paper are the challenging tasks of the IR imaging systems. The
proposed IRFPA imaging system has the capability of nonuniformity detection, cor-
rection and displaying infrared images and fulfills these complex tasks.
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