Shape from Thermal Radiation:
Passive Ranging Using Multi-spectral LWIR Measurements
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Introduction: Challenge Method Experiments

Is passive ranging possible using a single thermal camera? . Thermal radiation theory 1. Black body target

o ' ' ica- Measure a black body, which is moved awa
We propose a novel depth sensing technique refer to physics All objects radiate LWIR light according to Planck's law, depending on their from the camera eve%y 1m. 4

based cues, long wavelength infrared (LWIR). temperature and emissivit | | T Gromdd /7| T Gromdl
« The proposed method is the first attempt to prove that LWIR is useful P Y Estimate the eacoh U”k”OWO”S when the black 310 15 20 S0 15 20
Planck's law body is set to 50°C and 90°C. - RMSE =3.324
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Our method overcomes many weakness of conventional methods. HVIR fight Y - | ;::
Stereo cameras | Structured light LiDAR ours o nght attenuati()n and Imaglng mOdel |

Dark scene Impossible Possible Possible Possible
Texture independence No Yes Yes Yes Lambert-Beer law expresses transmission of the air. Black body

Far range Baseline Impossible Possible Possible By using a filter, attenuated LWIR light at a specific wavelength can be observed. A device with emissivity ~ 1 can control the temperature.
Outdoor Possible Difficult Possible Possible
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Depth to the black body from the camera [m]
Risk of interfering Low High High Low depth d All unknowns are estimated roughly correct compared to Ground Truth.
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Emissivity = it Estimate depth

L . . . _ To estimate unknowns, we use three equations with different wavelengths. — - S
* The main idea is modeling LWIR light attenuation through the air. Using filters enables to multi-spectral observation. 0246810121402 4 6 810121402 4 6 8101214 02 4 6 8 1012140 5 10 15 20 25 30

» Multi-spectral observation enables estimate not only depth but The depth can be derived from the difference in extinction coefficient at different wavelengths. B The results suggest that the proposed method can be adapted to real-world environments.
also temperature and emISSIVIty' 1, Deriving T: Find T that satisfies this equation.
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Assumptlons I(Al) — gMe (Al, T)e °4 ( 1) 1 In (I(Al)Me(AZ;T)> _ 1 In (I(Al)Me(/13;T)> COHCIUSIon
Th . - I(1,) = eM,(A,; T)e 94ir (42)d Opir A2) = 0pir (2) \IADMeQ3T)) ™ 0air (A) = 0piy (A1) \I(A3)Mo (A5 T) . . .
. e attenuating spectrum of the air is known. PRy  We propose a novel and unique depth sensing approach using an LWIR camera.
« Emissivity of the target is not wavelength-dependent in LWIR. [(A3) = M, (A3; T)e™4ir /3 2, Deriving d: substitute T. 3, Deriving ¢ : substitute T and d. — Estimating not only depth but also temperature and emissivity.

« The target object does not reflect LWIR light from any other Solve unknowns 1 n (’ (ﬂl)Me(ﬂz?T)) . 1(41) «  We demonstrate the effectiveness in real-world experiments.
heat source. —; Oair (A2) = Opir (1) =\ (A2)Me(A1;T) Me (Ay; T)e™oair ()¢ « This is first attempt. We expect our findings will be improved to practical level.
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