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3D reconstruction method of target based on infrared radiation
polarization imaging
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Abstract: Three-dimensional reconstruction technology has been widely used in the field of industrial automation.
However, traditional 3D reconstruction methods are difficult to obtain accurate results from high-temperature products
of industrial production lines such as glass and forgings that are characterized by a single surface structure, high reflec-
tivity and no texture, because these high temperature products generate infrared polarized radiation. We propose a three-
dimensional reconstruction method of the target based on infrared radiation polarization imaging. First, we establish an
infrared polarization radiation model, and analyze the relationship between the infrared radiation polarization state and
the normal vector of the target surface. Finally, we obtain the three-dimensional morphology of the target surface by in-
tegrating the normal vectors. The method does not rely on the structure and texture information about the target surface,
has low lighting requirements, and can reconstruct the 3D morphology of the target surface with only one data acquisi-
tion. Therefore, it is easy to implement and has a wide range of applications.

Key words: Infrared polarization imaging, Three-dimensional reconstruction, Surface normal vector, Image
processing
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Fig. 1  Vector of infrared spontaneous radiation on a smooth

medium surface

WA s B B %) e SCRT LAAR B 20400 B R SRS
) i B T LA SRR
g, (T ) - &, (TAp)
g, (T @)+ e (T.Ap)
H e (T, @) 18 £ s 20 & XN 0 & 5K,
&, (T, A, o) 13 p 735 X LAY A 0%, TARR W 1A R
THT PRI EE A ARG, o R KT A

Y i 7 SR R S T PR — I B R A
AR o (T, A, @) S5 T HOGIE K4, O HoAe By
et FKOF J38 43 39008 I AN [] 4 R AT 3 0 A ik 236,
FHR

DoLP = (1)

&, (TAp) = a,(TAe) , (2)

e (TAp) =a (T\e) . (3)

PR AE 12 51 1E 3 AT LA 2], 6 TR G A

5 A, AR Y 7 1) L B e S S8R s S 3R 2 Ry
1L HALTR T

a,(TAp) = (1= p,(@.nk)) , (4

a, (TA@)=(1-p (o.nk)) . (5)



3 AR I TLLIMAS IR RARAY b7 =4 T Ak ils

PR B 3T S AR S KA G, T HLA 5 i B
AR Kb n TR A S b RoR T R
I REER o, (@, ny k) p, (@, n, k) 53 AT s Ty [ Fl p J7
MIOESINENF EY

F AL (D) FNS) A ALK (D, AT 2L HM
SR E A KRR

p.(p.nk) = pp(p.n.k)
Do = onk) - putgad) O

A FETR IR A A T LIS 2, JE VR R ST R 5L
FITHE T R AR IR

s* + 17 = 2scosp + cos’@

s 7n7k = s (7)
p.(@un.k) S+ 17 + 2scos@ + cos’@

p,(p.nk) =
s> + * — 2s sing tang + sin’@ tan’@

p,(¢.n.k)

(8)
. \/(n2 -k —sin’p) + 40’k + n® - k> — sin’p
- 2

s* + * + 2ssing tang + sin’@ tan’@

N

(9)
\/(n2 -k - sin*p) + 4n’k* — (n® - k* — sin’@)
2

=

(10)
2 dMESRIR=HERERFE

ST LA A KA S R IR 2R AT W R ki — 4
FE ) S R T o O AR SR B AR SR B I P12 A o
B RN o LA R RS IR S S )
PRI 1) A J LTSGR, SR X R S Tk 1 A
BEAT R NI SR BU IR R A = 4R (5 2. e
B 1A 1 25 0 0 I 2, AR O I 25 K 1o B A
KRG BNV YPAR T 18] i 07 0] S5, T e o R
oA A0 T7 5 Ff L, P R A 246 2 Tl 5 W A3k
T % [ Bt B4 I A1, O 57 AR R A « Tl MR 3R TV 1)
AEXY P BRI A . W 2 s . KR
TR A 2 il 5 WD R T 1) B e A, O 624 6
AR il S Y R TENE R AE XY P S R
AOP AR AR £ o

oI THIARLL AN [ K4 5 v 2 o34 s M7 23
i p PRSI RE IR YA RS , 20T 20 AN AR ST 00 O Pk
ROVl A IR LTSN A AR S i Ik AR BE Y 23
AT, T H £E A0 19 2R S 2 s i B 5 4 A 3 T K Tt
SRR RIEAN

AOp

—

Ry
W

y y

K2 S Bk ik s g K

Fig. 2 Normal vector diagram of smooth medium surface
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ment of 3D reconstruction result
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red polarization angle image, (d) 3D reconstruction result,
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Fig. 10 Surface temperature robustness verification results
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