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Abstract A high-real-time, high-quality infrared image equalization algorithm has been developed to address the frequent
brightness or darkness in captured images caused by the image’s large dynamic range and high-speed motion of the targets
and cameras during target tracking with infrared cameras. The proposed algorithm adjusts the contrast between the image
subject and background by optimizing the exposure parameters of the infrared camera. First, the image is partitioned by
analyzing brightness variations in adjacent areas. Then, non-continuous area retrieval is performed to identify the image
subject, which is weighted to calculate the image brightness. To support camera miniaturization, the interpolation method
is combined with the lookup table method to iteratively adjust the exposure parameters based on the image’s average
brightness. This algorithm ensures image subject clarity, speed of infrared camera exposure adjustment, and eliminates
the need for additional storage units. Infrared camera testing demonstrates that the proposed algorithm achieves infrared
image equalization at an average speed of 3. 2 frames per second with an average exposure error of 5. 15% , highlighting its
practical application value.
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Fig. 1 Infrared images of the aircraft. (a) Original image; (b) image partitioning; (c) bright area recognition result
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Table 1 Regional continuity adjudication process

R;; R, . Operate
00 If bright/dark flag on, save B, ; coordinate as bright/dark; else, no operation

00 01 If dark flag on, mark the horizontal potential dark blocks, turn off dark flag; else, no operation
10 If bright flag on, mark the horizontal potential bright blocks, turn off bright flag; else, no operation
00 Turn on bright flag, save B, ; coordinate as bright

01 01 No operation
10 Mark B, ; as potential bright block
00 Turn on dark flag, save B, coordinate as dark

10 01 Mark B, ; as potential dark block
10 No operation
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Fig.3 Schematic diagram of the pixel readout circuit
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Fig. 8

Subject recognition results for subjects placed at different positions in the image. (a) Top left; (b) centre; (c¢) top right;

(d) bottom left; (e) bottom right
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Table 2 Adjustment results at different initial exposure times

Experiment
Parameter
1 2
Required frames 3.8 2.6
Error /% 4.81 5.49
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Fig.9 Exposure adjustment process. (a) Initial exposure status; (b) the result of the adjustment for the first frame; (c) the result of the

adjustment for the second frame; (d) the result of the adjusted exposure
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Table 3 Comparison of performance of different exposure schemes

Parameter This paper Ref. [12] Ref. [ 16] Ref. [ 18] Ref. [22]
Sensor type IRD CIS CIS CIS CIS
Iterative method LUT LUT Formula calculation LUT Dynamic step
Required frames 3.2 5(least) 8.5 3.6 4(least)
Error /% 5.15 5.51 6.3 2.25
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