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Novel technique for utilizing analogue video signal for IRFPA raw 2 

data transfer for calibration purposes 3 

Abstract: Infrared focal plane array (IRFPA) is a bi-dimensional array of micro scaled 4 

infrared detectors which become essential sensing devices in a wide range of applications. Due 5 

to the need for mobility and power saving, new uncooled IRFPA’s have become more suitable 6 

to substitute cooled IRFPA in many applications that require lighter weight and lower power 7 

consumption. Electronic Designers aim to reduce power consumption by integrating circuits 8 

inside high-density chips, invent new solid state components which consume less power and 9 

eliminate excess components when they are rare to use. This paper focuses on eliminating high 10 

speed digital data link channel from low profile portable IR camera and instead of that, it 11 

proposes manipulating bit arrangements by video processing unit to overcome video signal 12 

major issues like noise, clipping, and pixel resolution.  13 

Keywords: IRFPA, uncooled Thermal camera, calibration, TPC, FPGA, Verilog, LabVIEW,  14 

composite video, DAC, GigE, white level clipping, low power consumption.   15 

1. Introduction 16 

Infrared focal plane array (IRFPA) is a two dimensions matrix of micro infrared detectors 17 

which collect photons on a certain wavelength [1]. In most of the literatures, they call it 18 

infrared detector although it is constructed of rows of micro detectors. Either alone or 19 

combined with others, IRFPA becomes an essential sensing elements in a wide range of 20 

applications like robotics, medical, military, astronomy and surveillance [2]. Due to the nature 21 

of IRFPA sensing which could represent a new dimension of physical image that cannot be 22 

seen by naked human eye [3]; researchers have spent years of effort to develop this type of a 23 
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sensing device starting from one propping detector to a bi-dimensional matrix which can be 24 

easily represented as an image showing a heat distribution map (image) for a targeted body [4]. 25 

Besides that, IRFPA’s types have developed from cooling dependent detectors to have a very 26 

competitive uncooled IRFPA. Although both types have their own specific scope of use which 27 

still in use, and their demands, which are growing, but the need for mobility guided the need to 28 

develop uncooled IRFPA closer to cooled IRFPA in the matter of image resolution and micro 29 

detector size [5]. 30 

Mobility forces any electronic device to be less in power consumption, size and weight. 31 

Besides eliminating the cooling engine, as in cooled IRFPA, which is the most power 32 

consuming part; modern uncooled IRFPA is aiming to hardwire as much as possible of readout 33 

circuitry elements on micro based footage inside the IRFPA detector to eliminate power 34 

dissipations. According to this concept, designers are challenged to circuits and invent 35 

techniques to satisfy requirements with less electronic components. This research aims to 36 

eliminate the need for using a high speed digital channel to transmit image data and focuses on 37 

developing a reliable low cost technique to utilize composite video signals as data carries for 38 

IRPFA calibration process. 39 

 40 

2. Background. 41 

Unless implementing an external ADC unit; modern uncooled detectors are internally equipped 42 

with 12bits ADC within a complete set of hardwired pre amplification components and 43 

analogue conversion to a digital unit. Figure 1 illustrates the whole block diagram related to the 44 

interest of research in this paper. Also, Figure 1 shows the ideal design when the pre 45 
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amplification circuit is separated from the detector although modern detectors give the 46 

flexibility to utilize the internal pre amplification circuit. 47 

 48 

Figure 1: System basic operation modes 49 

This research made on a detector who gives a 12 bit raw data but it is capable to integrate with 50 

external 14 bit ADC, too. The research is to save more power by finding out a solution towards 51 

eliminating more components; researchers in this paper build their proposed technique upon 52 

utilizing the internal integrated circuit. 53 

When the system operator selects to work on live mode, the raw data stream shall be processed 54 

by a real time video processing unit to correct the image and to do some needed image 55 

enhancements before it is made ready for presentation. By its nature, infrared detector creates 56 

mono color image which needs 8bits gray scale representation, only. To do so, a resolution 57 
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reduction task shall be implemented in the last stage of real time processing to convert the data 58 

from 12 to 8 bits type which shall be suitable for wide range of video show devices. Figure 2 59 

illustrates video DAC clocking diagram which is capable for RGB video streaming, also. In 60 

case of mono color as in IRFPA, a designer can select any of 8bits channel and short remaining 61 

two channels to ground to assure zero level.  62 

 63 

Figure 2: Video DAC Clocking Diagram 64 

Calibration process is the task to take the system to a standardized platform to read and reset 65 

the system under ideal conditions [6]. This task needs to process raw data streams without any 66 

image enhancement process. Raw data shall be in a form of 8bits or multiples to match the 67 

need to perform software operations on the data. Due to the need for 12bits or higher ADC 68 

resolution, a 16bits data packet is enough to carry a single pixel data. In order to have a reliable 69 

calibration data, modern systems are equipped with at least one high speed digital channel 70 

either for purpose of gathering the raw data or presenting the video using embedded system. 71 

IRFPA Calibration process is a very slow process and requires a prepared lab for purpose of 72 

IRFPA calibration routine which normally has to have optical bench, blackbody and frame 73 

grabbing system. One of the most popular and efficient IRFPA calibration techniques is to 74 
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calibrate for two point correction purpose (TPC) which corrects non-uniformity phenomena in 75 

micro detectors response for similar referenced source in front of all of them [7] [8]. TPC relies 76 

on first order approximation for non-uniformity behavior over a range of temperature: 77 

�
��
��� = ������	����� +  ������   (1) 78 

Where 79 

(ij) is micro detector (or pixel) address in the array. 80 

; k is frame sequence  81 

; y
ij
 is the pixel response 82 

; xij is actual radiation 83 

The purpose of TPC is to find out the gain and offset from a sequence of temperature 84 

measures. Correcting gain and offset shall strip fixed pattern noise and temporal noise which 85 

are added naturally due to manufacturing tolerance and purity of core material [9]. From 86 

equation 1; 87 
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Where ��� is the gain value for a pixel and ���  is the offset value for the same pixel so that 90 

 	�� = ������ −  ���                          4 91 
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Digital calibration channel offers a very reliable carrier due to full duplex feature which both 92 

sides communicate while transmission to assure a correct receiving beside over heading the 93 

data by check sum and some extracted information to check received data quality and 94 

minimizing data rejection. Most of calibration routines suggest gathering a multiple of 16 95 

frames to create one averaged frame under that moment of calibration process which requires 96 

consecutive farms. For this reason, the system shall has a high speed digital channel and avoid 97 

using RS232 channel although it is available in most systems. 98 

Digital channel has the task to carry back an updated lookup tables which holds new 99 

calibration data. This stage of calibration process which would normally being the final step 100 

does not require a speedy carrier and could transfer data on a slower digital channel. 101 

3. Analogue Video characteristics 102 

Video signal carries video information to video show device which is a manipulated data of 103 

original raw data but after correction, image enhancement and range reduction from 12 to 8 bits. 104 
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105 
  106 

Figure 3 Video signal output waveform 107 

There are three challenges while using video signal as a data carrier. First, video signal is an 108 

open_loop analogue signal which links in one way direction starting from a transmitter to a 109 

listening receiver without any kind of feedback. Video signals has a coded signal which trigger 110 

for beginnings of frames and lines. Second, RS-343 support 8bits gray scale representation 111 

which is not enough for higher dynamic ranges like 12 bits in this topic. The third reason is that 112 

video signal tolerates highly in a matter of signal quality because at the end, it will represent the 113 

gray level as a change in voltage level which needs serious rules to avoid issues of early clipping, 114 

noise and impedance mismatching. Some of the issues could be controlled on design rules level 115 

like impedance matching [10]. 116 

 117 

UNDER PEER REVIEW



8 

 

 118 

Figure 4 Impedance matching design guide for analogue video 119 

Mismatching is an issue that could seriously reduce the final aggregated power at receiver or 120 

increasing the noise figure. Matching the impedance requires a proper termination which 121 

following rules [11] as in Figure 4. Figure 4 considers a well matching design after video DAC 122 

output in transmitting side and before video ADC input in receiving side; including circuit 123 

design and the selection of video connecter e.g.  BNC type as well. This has nothing to do with 124 

cable except to assure selecting a high quality cable with the same impedance matching, as 125 

well.   126 

  127 
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4.  Proposed technique 128 

During continuous applied research and studies on thermal imager based on IRPFA form 129 

model rearches could find three major limitations that have to be solved before utilizing video 130 

signal for transfering 12bits raw data for calbration purpes. 131 

 132 

1. Most video DAC’s support 8 bits digital data input for gray scale level or 8 bits 133 

three channels RGB which means that data shall be split into two 8bits packets. 134 

2. Due to extreme testing with different DAC’s in transmission and receiving to 135 

assure receiving any data correctly within packet range from 0 to 255 decimal; 136 

researchers found out rare cases of level clipping below but close 255 decimal 137 

level which means there is a risk of not reaching or reading the maximum voltage 138 

level which means the maximum packet value shall be considered to not be 139 

reaching a certain threshold. 140 

3. An influence by noise affects the minimum digital resolution. It could change the 141 

gray level few grades higher or lower. Noise affect can be a serious issue in the 142 

most significant packet due to a packet merge operation that shall be done in the 143 

destination to gather back the desired 12 bits raw data. There for, merging 144 

incorrect (noisy) packet in the most significate side shall extremely offset the 145 

data. 146 

 A Proposed technique could solve all issues by implementing new procedures in transmitting 147 

and receiving sides when the operator changes the system mod as in Figure 1 to calibration 148 

mode. 149 
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 150 

   151 

 152 

Figure 5. Two packets data manipulation 153 

Figure 5 demonstrates bits distribution among packets. Bit0  is the least significant bit and 154 

which has a minimal impact on data value because its value change as a matter of error is 1/16 155 

of the error impact in case of convergence  to 8 bit data streaming for real-time operation 156 

mode. In real time operation mode which is 8 bit grayscale representation; will not observe any 157 
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effect if the gray level was changed by one level more or less which practically means 158 

neglecting the value of the least significant bit or (bit 0). Saving the position of bit 0 of the 12 159 

bits raw date will enhance the reliability to receive more stable data. 160 

Bit 5 in both packets represents the value of 32 decimal. Among testing the maximum value 161 

sent and received over video line which should be 255 the research found that in rare cases it 162 

was received in a less amount because the analogue level was clipped earlier than the desired 163 

level. Also, cable quality and impedance matching and filtering circuit affects the level of the 164 

signal which will represent in different but a close value. Fixing bit 5 of all of the packets, 165 

while steaming to the value 0, basically means to avoid the maxim value of reaching more than 166 

233 decimal in any packet which keeps the interpolation to analogue signal by video DAC in a 167 

very safe place of clipping. 168 

Out of the remaining 11 bits data resolution after ignoring bit 0, first packet will carry 7 bits of 169 

according to bit distribution in figure 1. Any noise level may interrupts an analogue signal that 170 

will appear as fluctuation on the least part of digital value which will increase the minimum 171 

resolution value. This paper proposes that the calibration process shall be done in a restricted 172 

lab which uses reliable tools and cables to minimize the influence on calibration process. And 173 

as a reliability assurance, the proposed technic bypasses the three least significant bits of 174 

second packet. The receiving side has to combine both packets to one 12bits packet. Any 175 

impact of noise level on the second packet which will appear as a tiny change in the least 176 

significant part of the second packet shall appears as a high fluctuation impact on the 12 177 

merged bits. This is due to a significate change in bits position e.g. (bit 0 in the second packet 178 

shall be bit 8 in 12 bit merged packet). This situation presents a serious issue of reliability 179 
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which guided the technic to position the remaining 4 bits of 12bits raw data in a place far away 180 

of noise impact as in Figure 5. 181 

5. Experiment and results. 182 

Instead of using high speed digital like for calibration purposes, researchers utilize a video 183 

frames grabber to collect and digitize frames for calibration device. Figure 6 demonstrates the 184 

experiment setup. Instead of calibration digital link as in Figure 1, the setup shall use the 185 

analogue link which used for carrying video to video-show device (see Figure 1) to carry 186 

calibration data to calibration PC. A video grabber in between shall condition the video signal 187 

and digitize it into bit form.  188 

 189 

Figure 6 experiment setup which consists of IRFPA camera, calibration PC, and video frames 190 

grabber in between. 191 

Real Experiment setup as in Figure 7 uses a video grabber from Pelora (product: iPORT 192 

analog-Pro External Frame Grabbers). This video grabber can collect pixels and digitize them 193 
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and send them through GigE channel to calibration PC. IRFPA camera has a Ulis detector 194 

(model UL 03 26 2 size 384x288)  and is equipped with UART link (RS232) to the processing 195 

unit whom researchers could utilize it for operations command & control and to update 196 

correction lookup tables due to analogue video channel is one direction channel. Figure 8 197 

shows closer view for IRFPA Camera, optics and video grabber. 198 

 199 

Figure 7 : Experiment setup. 200 
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 201 

Figure 8 Setup closer view 202 

Video driving circuit which is a part of camera electronics designed with consideration for a 203 

75Ω impedance matching. Moreover, Figure 9 shows an OpAmp which is in purpose for 204 

eliminating power decay issues that caused by long transmission cables. 205 

 206 

Figure 9: Impedance matching circuit 207 
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Regarding Figure 5, researchers redesign video processing FPGA to handle two packets 208 

requirements. Figure 10 illustrates processes and parallel modules modifications. In this 209 

research we suggest two 8bits FIFO’s to handle the two packets where the first FIFO shall 210 

handle lower significant packet and second one for most significant packet. Verilog code has to 211 

generate a new clocking system and create new parallel modules for the new transmission 212 

schema.  213 

//========================================================== 214 
PLL_IP_Module( 215 
    .POWERDOWN                      (1), 216 
    .CLKA                           (clk_24_5_MHz), 217 
    .LOCK                           (CLK_OK), 218 
    .GLA                            (CLK_59MHz), 219 
    .GLB                            (CLK_14_75MHz), 220 
    .GLC                            (CLK_7_375MHz) 221 
    ); 222 
//========================================================== 223 

 224 
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Figure 10 FPGA reconfiguration for two packets arrangement. 225 

To align with analogue video clocking rules and due to frame grabber limitations by the 226 

manufacturer; FPGA has to send first FIFO data and hold the second FIFO until the end of all 227 

real pixels before it starts sending the second FIFO data. 228 

//========================================================== 229 
  230 
    assign      Display_Pixel_Visible_L    =   Display_Pixel_Visible && (Pixel_Count < 384) ; 231 
    assign      Display_Pixel_Visible_H   =   Display_Pixel_Visible && (Pixel_Count >= 384) ; 232 
//========================================================== 233 
  234 
always @(posedge CLK_14_75MHz_PLL or negedge S_rst )begin 235 
 if(!S_rst) begin 236 
        Pixel_Count  <= 0; 237 
    end else begin 238 
        if(Display_Pixel_Visible) begin 239 
            Pixel_Count  <= Pixel_Count + 1; 240 
        end else begin 241 
            Pixel_Count  <= 0; 242 
        end 243 
    end 244 
 end 245 
//========================================================== 246 
always @(posedge CLK_14_75MHz_PLL or negedge S_rst )begin 247 
 if(!S_rst) begin 248 
 249 
    end else begin 250 
        if (PIXEL_X_X<384)Display_Pixel = {PixelRawL[6:5],1'b0,PixelRawL[4:1],1'bX}; 251 
        else Display_Pixel = {PixelRawH[11:10],1'b0,PixelRawL[9:8],3'bXXX}; 252 
        end   253 
end 254 
//========================================================== 255 

On calibration PC, researchers developed a software based on LabVIEW platform to aggregate 256 

data from GigE port and reconstruct the 12bits data recursively, according to Figure 5.   257 
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 258 

Figure 11: LabVIEW sub VI's for data aggregations and bit mapping to 12bits original form. 259 

Figure 11 shows part of calibration software where to collect data from GigE buffer [12]. It 260 

shall capsulate pixels in 16bits forms to be suitable for video processing purposes over PC; by 261 

set all upper four bits to zero. 262 

Resulting from this research’s promising technique, it resolves the most challenging obstacles 263 

to utilize video signal for 12bits or higher data transmission. 264 

6. Conclusion. 265 

This research could solve the need to save more power and space by eliminating rarely used 266 

electronics and instead of that, it proposes utilizing video channel for calibration purposes. 267 

Composite video standard could satisfy carrying 384x288 pixels but in higher resolutions may 268 

need more efforts to customize frame video grabber for this purpose. 269 

 270 

 271 

UNDER PEER REVIEW



18 

 

7. References 272 

 273 

[1]  D. A. Scribner, M. R. Kruer and J. M. Killiany, "Infrared focal plane array technology," 

Proceedings of the IEEE, vol. Volume: 79, no. 1, pp. 66 - 85, 1991.  

[2]  R. Rodolfo, F. Miguel, N. T. Sergio and E. P. Jorge, "Embedded nonuniformity 

correction in infrared focal plane arrays using the Constant Range algorithm," Infrared 

Physics & Technology, vol. Volume 69, pp. 164-173, 2015.  

[3]  M. Vollmer and K.-P. Möllmann, Infrared Thermal Imaging: Fundamentals, Research 

and Applications, John Wiley & Sons, 2011, pp. 281-326. 

[4]  F. Fan, M. Yong, H. Jun, L. Zhe and L. Chengyin, "A combined temporal and spatial 

deghosting technique in scene based nonuniformity correction," Infrared Physics & 

Technology, vol. 71, pp. 408-415, 2015.  

[5]  J. L. Tissot, S. Tinnes, A. Durand, C. Minassian, P. Robert and M. Vilain, "High 

performance Uncooled amorphous silicon IRFPA with 17µm pixel-pitch," Electro-

Optical and Infrared Systems, Vols. 7834 78340K-4, 2010.  

[6]  C. Nicolás, R. Rodolfo and F. Miguel, "FPGA-based Neural Network for Nonuniformity 

Correction on Infrared Focal Plane Arrays," Digital System Design (DSD), 2012 15th 

Euromicro Conference, pp. 193 - 200, 2012.  

UNDER PEER REVIEW



19 

 

[7]  A. F. Milton, F. R. Barone and M. R. Kruer, "Influence Of Nonuniformity On Infrared 

Focal Plane Array Performance," Optical Engineering, vol. 24, no. 5, 1985.  

[8]  J. M. Mooney, F. D. Sheppard, W. S. Ewing, J. . E. Ewing and J. Silverman, 

"Responsivity Nonuniformity Limited Performance Of Infrared Staring Cameras," 

Optical Engineering, vol. 28, no. 11, 1989.  

[9]  R. Rodolfo and F. Miguel, "A digital architecture for real-time nonuniformity correction 

of infrared focal-plane arrays," in Field Programmable Logic and Applications (FPL), 

2013 23rd International Conference, 2013.  

[10] A. R. Lopez, "Impedance matching equation: Developed using Wheeler's methodolgy," 

Antennas and Propagation Society International Symposium (APSURSI), 2012.  

[11] G. Xiao and . K. Yashiro, "Impedance matching for complex loads through nonuniform 

transmission lines," IEEE Transactions on Microwave Theory and Techniques, vol. 50, 

no. 6, 2002.  

[12] N. Instruments, "How to Acquire from GigE Vision Cameras with Vision Acquisition 

Software," National Instruments, 2016. [Online]. Available: 

http://www.ni.com/tutorial/5750/en/. 

 274 

 275 

UNDER PEER REVIEW



20 

 

 276 

 277 

UNDER PEER REVIEW


