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Table 1 The calibration method for flickering pixels
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Input: Sequential gray—level images: X (width, height, temperature, integration time, samples)

Initialization: Coefficient of energy image calculation: hg., h,, 5, ; Integration time: #; Threshold: cth

for i—th temperature

end

for i—th integration time

Calculate sequential energy images L: L=—

sigmaX=std (X (:, : ,i,j,:),0,5);
sigmalL=std (L (:, :,,j,:),0,5);
meansigmaX=mean(sigmaX,'all’) ;

meansigmal.=mean(sigmal.,all’) ;

mapl.=zeros (width, height) ;
mapX=zeros (width, height);

X _hw

ty ty 7

mapL(find(sigmaX=>cth* meansigmaX)) =1;

mapX (find(sigmal.>>cth* meansigmal.)) =1;

map={ind( (mapL-+mapX)=>0);
flickerallmap ( : , :, 7,j)=map;

end

flickermap= find (sum( flickerallmap ) >>0) ;

Output: flickermap
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FIHI 320X 256 1 3~5 pum Tilf 5% oK £1 41 48 - T ZEM 2% Ak B HGH 22wl i I B A& (DCN 1000H4) #17
ST EAIE . LA TS AS RR I R (303 K, 313 K, 323 K, 333 K, 343 K) , 4 4N A [al B4R IR (3 200 ps, 640 ps,
960 ps, 1 280 us) 4L 20 A~ A ] TAE A5, 78 20 4> T A 5 R X 2950 8 5k SR AR UE AT A% -

FEANTR TAE ST N e 8 B AN TR, 46 2 R 7645 T AR AR R A T i 250 A8 Ak o 1E 5 15 T 1 1 s
i Tk 1R 43 BF [ 385 o, 247 MR 7 A0, DR 1 RS 00 o A Bt e o (ELIA 8 B MR P O OR R B B BB G, T 2RI
JC M P 2 B T A A M P A (R g el 0 L A A3 2 LIV IS AL T G M N A D A v ) i v e K 2 A T
23 Mk 20 T 3 K 0 W R T S B X ARG I ke L T A 2 A TR I S A TR B8 B 2 R B [
T BE 3G g R TAE RN E L S AER Z IR . A SO IR A S — AR SR I B R Y T
JREE AR AS I, X4 v 1 12.49 %,

*2 BIESTHRUATHE
Tabel 2 Number of flickering pixel detected at each operating point

Integration 320 ps 640 ps 960 ps 1280 ps

time Increase Increase Increase Increase

Temperature A rate A b rate A b rate A b rate

303 K 195 210 7.69% 176 192 9.09% 162 172 6.17% 121 135 11.57%
313K 185 195  5.41% 158 169 6.96 % 127 135 6.30% 102 114 11.76%
323 K 174 187  7.47T% 125 136 8.80% 93 104 11.83% 86 106 23.26%
333K 141 157 11.35% 96 108 12.50% 75 92 22.67% 72 87 20.83%
343 K 133 145  9.02% 72 87 20.83% 69 84 21.74% 48 55 14.58%

Note: A is the detection result of traditional methods, B is the detection result of our method

HARIEE G A TAE RN A SCOI7 R bn € ROR , B 22 R0 07 16 3EAT S 45 25 A AR N D0AR € , 45 R N
F 3TN o I8 Bl i RE 22 A I B S T R A A S A0, ek T I S R L R S i RE /N B TN DT R B i B T
R, ARGt i e /b o R P AR A 2 G N 4% D T I R AR B T MR P R AT A I (E R A TR T B4 7 R
Y, i 32 BRI A5 AR 3 20 P 04 52 0, HAS: R v T I 3 A N 1T R R P AR sl M S A 0 A ST
T o DR PRI G I Sl W P G N0 L2 e 7 05 22 A7 Sy S I A v (L 52 B4R 0 48 £ 5 e B Al 38 )P B, B xR
L 137 AR A DN 0 i AT A , A B v T AT A O 1k IR T AR SO i o AR SCT5 vk aE g AT ORI
JEE V1 RS 000 45 SRR 285 45 Ok R A D0 8 =l 2 2 P % ) R DA O/ U A, FUAG: PR B e 2 o HRAR TR B IR, AR
SRS 75 A 0 6 T8 e B F R RS i 1 9.41 %0 .

K3 BEATHEESGHEHTEATHRUERTLL

Table 3 Comparison of detection results of various methods under compound condition operating points

Method Number
2 times the average fluctuation amplitude 391
2 times the average noise equivalent temperature difference 505
2 times the average gray-level temporal noise 521
Our method 570

Ve 7 g R 3 PR 4500 S G D00 b F¢) DA 5 A0 L iy P 508y S A 0 ) DR S0 X 7 A5 S8 i B R R/ . E
3 ] 5 Pk ARG EFY ) TA) G ) 450 T M V7 23R 8 /0N T iy R PR A5 0k S A I 6 TR T AR T e R R B 2 g,
B/IN B TR G RE A BE S S PR B 1Y 5, SR B9 TR T RE A SR i TR ks Y o B B PR W b 1 ARG T iy 1 4% T
B A , 55K E PRGOS I AR 45 45 RE 8 S IR A5 o0 i B R AR 3 2Pk A2 W, 45 & B SCHEI .
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LLAMRIN 5 I A B T 2K A R AR N JTAF TR RUER TT , IR 1 204055 /08 B AR A I X B . 78 2040 5
g8 9c brfd A b R 58 TAE AR B el 2 B A T 47 8 FVECE 728 40 . B — A RO N G UR SR RS 18 58
g3, Fobm R 25 3R T8 10 LA S BREL AN 535 /0y B A 30 373 S5 v 00 0k B2 BR 20 I T ) A B A2 A
TE JEh 45 N T8 77 A= 618 Tt DR RIAIL B A 5 it AR 90 DA 8 I 00 e ) AR (Do HG Ay 1 2 il YT T, 9 i) Sy
T 28 0E ) B 2R 75 TN T | T 28 s 1) 8 8 75 TR e TIT 26 I BRI 75 A S AT IV 26 1/ f W R TN T, JF 23 A 1 4% 26 1A
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T 26 TF vy 4% 4 08 75 DN ST R IV 288 1/ 7 DA G JHE MR P I T AR e il Jal e 75 398 T 2 18 484 0 5 11 288 I 1o 8% 284 W
DR 0 JHE M 7 i AR s Jl e 7 8y 22 e i /1 5 11 288 [ B M 75 D) 0 7 7 A T A A e 7 A B BIL Y BRI 7 . B
T RSN JE AAN B AAAE TR & Z Pk B A I T, LR PR By 5 2
T LG R R AR X TN T AT A6 I, 45 T i) 07 S 85 K B TR T8 B T4t (B3 T Wi 1o 38 558 /N 14 TR I 5 9k
T K 5 T A 2% 4o 15 B 408 78 ¢ I TR AR A 18 5 e 418 F] s w0 AN 52 R4 I [ £ 52 ), 7 G D0 1 4 7 e i 56
BN TT, TR b 13X — AR . A A5 RS, I o kR E e
AR 22 TAF AT 458 J5U IR K 2 RGN ] et 3 PR A8 A7 TR JT A I figp phe 17 B — T AR GO0 TR T 0k 45 1F
A8 38 53 AR TT MR L S8R 14 50 il 38 B 14 DA T T A 1] R 8 3k SEE G B iE L B — TR U I T AR I 3 48 i
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Calibration Method for Flickering Pixels under Compound Condition
Operating Points of IRFPA Detector

ZHAO Wenxin"?, LAT Xuefeng', XIA Yucheng', LI Sujun', ZHOU Jinmei'
(1 Institute of Optics and Electronics, Chinese Academy of Sciences, Chengdu 610209, China)
(2 University of Chinese Academy of Sciences, School of Electronic, Electrical and Communication Engineering
Beijing 100049, China)

Abstract: In recent years, there has been a growing demand for long—distance target detection,
leading to an increased focus on dim and small target detection technology based on the infrared band.
However, this technology is often plagued by false alarms caused by flickering pixels in the Infrared
Focal Plane Array (IRFPA). The occurrence of flickering pixels is multifaceted, resulting from a
combination of internal defects and external conditions. In practical applications of infrared systems,
the detector’s operating point is typically adjusted dynamically based on the target and scene, thereby
altering the time—frequency characteristics of the flickering pixels. During the calibration process, a
single operating point is insufficient to stimulate all flickering pixels, resulting in only a partial
display of flickering pixels. Furthermore, gray-level image detection is affected by detector non—
uniformity, making it difficult to detect flickering pixels with low responsivity and leading to
instances of missed detection.

Flickering pixels can be attributed to various internal defects, including defects in the readout
integrated circuit, poor contact, uneven carrier concentration, impurities, crystal dislocation, and so on.
Additionally, external stress variations also contribute to the occurrence of flickering pixels. The temporal
characteristics of flickering pixels are jointly determined by internal defects and external stress conditions.
The complex mechanisms of these defects and the variable external stress conditions result in the chaotic
behavior in flickering pixels. By summarizing the causes and mechanisms of flickering pixels, four distinct
categories have been identified based on their specific time-frequency characteristics: Class I -Forward
burst noise flickering pixel, Class [l ~Opposite burst noise flickering pixel, Class [ll -~Step noise flickering
pixel, and Class IV —1/f noise flickering pixel. These four categories exhibit different trends of variation
under compound operating point conditions.

The noise in Class I primarily originates from defect energy levels generated by semiconductor
defects within the bandgap. This type of noise is highly sensitive to the system's operating state and
increases with the PN junction’s working current. The noise slowly increases with the increase of
temporal noise at the operating point. On the other hand, Class [l noise refers to flickering pixels,
which are a specific type of Random Telegraph Signal (RTS) noise. As the channel width in the PN
junction increases, the impact of interface defects on the non—uniformity of carrier current
diminishes, leading to increased noise as the working current of the PN junction decreases. The noise
slowly decreases with the increase of temporal noise at the operating point. Class [ noise is
generated under particular external stress conditions and has limited correlation with the PN
junction’s working current. It arises from the combined effect of internal defects and external stress,
resulting in random step noise at specific operating points. In Class IV noise, poor crystal contact is
the primary factor, influenced by the operational state. This type of noise is more pronounced at low
frequencies, with an overall downward trend in its spectrum. Similar to Class I noise, the noise
slowly increases with the increase of temporal noise at the operating point.

Apart from typical flickering pixels, there are also flickering pixels with a mixture of various defects,
displaying more complex characteristics. Due to these complexities, calibrating flickering pixels under a
single operating point is challenging.

In comparison, compound condition operating points provide more comprehensive excitation
conditions, enabling a higher occurrence of flickering pixels. The calibration of flickering pixels is more
efficient and allows for an increased detection rate under compound condition operating points.
Additionally, energy images can correct image non-uniformity, while the response value remains
unaffected by the integration time. Combining energy images with gray-level images helps overcome
missed detections caused by detector non—uniformity. Therefore, a calibration method for flickering pixels
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is proposed to address the limitations of traditional calibration methods. This method employs twice
average energy temporal noise and twice average gray-level temporal noise as thresholds to detect
flickering pixels under compound condition operating points. The detection results are then merged to
obtain the flickering pixels map. This article verifies the proposed method through experiments conducted
using the HgCdTe IRFPA detector (320X 256) and the French HGH company's surface source blackbody
(DCN 1 000H4). The experimental results show that the average detection rate of flickering pixels at a
single operating point has increased by 12.49% , while the overall detection rate of flickering pixels has
improved by 9.41% compared to traditional methods. The calibration method effectively addresses the
issues of insufficient excitation conditions for flickering pixels at a single operating point and miss detection
of flickering pixels caused by detector non—uniformity, thereby improving the detection rate of flickering
pixels.

Key words: IRFPA detector; Flickering pixels detection; Flickering pixels calibration; Compound
condition operating points; Energy image
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