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Calibration of IR camera and 3D lidar using thermostat
heating hollow net

Zong Min, Yang Yi, Zhu Hao, Fu Mengyin, Wang Shunting
(State Key Laboratory of Complex System Intelligent Control and Decision, Beijing Institute of Technology, Beijing 100081, China)

Abstract: With the integrated perception system of IR camera and 3D lidar, the calibration based on
feature point matching was studied and the thermostat heating hollow net was designed to provide
feature points. Infrared image feature points were extracted by Harris corner detector. To decrease the
influence from mixed pixels, plane fitting of heating net and plane conformity check of laser points on
net were used to locate the edges in depth image. Edges’ average value at corner was calculated to
extract depth feature point. At last, NMSM -EM method was adopted to optimize the result. The
research results show that the integrated perception system can accurately perceive mobile robot’ s
running environment in dim light.
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Fig.3 Image feature points detection of IR camera

PDF #fi % ffi *'| "pdfFactory Pro" = 454 I www.pdffactory.com


http://www.pdffactory.com

% 12 37 7 RE.ER

KR R AR S R M B AR 3D MR F ik ALk 4201

3.3 3D MAE XA S AIERBE SRS A

Eh?i%f(j'ﬁ)ﬁzﬁﬁﬁiﬁﬁ, TEAS A AL IFAS — 8 IE
WA R RO s B AR AT R R — IR AR
2R TR AR S R MER B BUR A MERE A A
PRI B RR AR, e AT RCHE LG . S5 ¢
ik (L34 3 A~ A FULA L v 1, 1R 22 3K, SCH R
FRAEME R e NS = s n AN FHROER A
A O s AR P={pilpi=(xi, yi,2),i=1--n}, HOL
FLNR R TR B 2 (O R Rde Ab

PO 1 )7 4 : Ax+By+Cz-D=0, 2l fL 46 b1 2R

KO ce= Y, d; (Ax+By,+Cz-D)?, Jiri d, Oy P il

SUEITH Y FE B, d=|Ax+By+Czi-D|, H THRHE(ELE
SROETH 6 R AR A2+ B2+C2=1, Ptk AT SR FH P AR B H
T Bk SR R B A, 19 A9 B R A

f= X d; - A(A%B*+C?-1) (4)
f X DR FIFLRECNE, 115
D=A( X, x)/n+B( X y)/n+C(Xz)/n  (5)

é\

> (%) X Axdy X AxAz,
A= ZAXiAyi Z(Ayi)2 ZAyiAzi (6)

iZ (Az)?

Z AXx;Az; 2 AyiAz;

:TZE:EF' ;AXi=Xi— 2 Xi/n;Ayi=yi- 2 yi/n;AZi:Zi- 2 Zi/no

WK AXE)RAARK@), L5725 A B.C K5
I SBONE Tu@fﬂ%mﬁﬁﬁAl-[A,B,C]T—
MA,B,CI. Ay R SEXF FRAE 4, Ay A0 fe/INRRAIE (BT 17
FRREAIE 1) 2t B R~ R S8 A B .C,
B RIS, T AT A R DL
T R R A 0 2 . (1) HHE d SRR HE R 2 o
(2) A s PR SERE e d, R
di' >keo WA R iZ s AN e -1 L, T DAOERR , 55536 P ky
W 2~2.5;(3) A —MTE L — WA gIER, B
FAAH AR ASAE b — 2B IR BR , W% s AR i R i s
o S AR i 2k ATH R IR BERRAE A5 A&l 4 Fﬁf?
TR BERRAIE A5 R 2 U 1 SRS L, #E T8 X

BT R BB A 1 1, R A AR AR e 1R X
B G G 1 xe BMERAE , MM S i/ x BI{E
W, ze AR 250 2 (A8, vT 0l O A
i L 1) 50 )

Candidate nrea
for feature point

[ 4 7B B X S s T AR
Fig.4 Plane fitting and checking is used to find edges in depth

JERG £ i I3

image

3.4 REFESMSIREE
(X, Yir, 2r) AL T TR BE AR AL LRI B0 ) fR i Ab | e

ABRAAREE - MREBRER, KL, ﬁb%m‘ﬁi‘”
JEAH 2o AT IE . SO SR TR0 4 5 e i1 1 41
ST B X, Y 2 IR B AR R W BN AR
— SR BOL TR OGO B B Z (HKEE A 6
M= G MDA o $53R) , 6 FT op AT ES Xe, yi f23T
(8 PO A D e KAl RGE AR B, B 5 A 15 3
(8- T 7 R B ST AT AR TE ST A TR BE REAE AR AR AN
(NP,

Xy=Dsin 6/ (Asin +Bcos B;sin g+ Ccos 6;C0S ¢r)

yir=Dsin Bysin gyl (Asin +Bcos Bisin g+ CcosBicosgr)  (7)

2=Dcos 6;cos ¢yl (Asin O +Bcos 6;sin ¢+ Ccos 6;,C0S ¢r)
3.5 EHELERIMUL

WO T IR AR R (X, Yo ) 121, o NJBRES
FIPGRALAFR RN
Ma,i=[Xai, Youi Zaid =R [Xui s Vi, Zri] "+ T (8)

B o BB HRACER L, ARG R 224 5K (9)
A H bR e g, SCP R NMSM-EMIEAGTE A
Tkt AT LRI AR (BT th A RO HE DT EE A3

. 2
min X KD, Yo 2" Lo 2T ()

cl,i

o
x

WEER

PEATRAGALN TR S BC eSS, AR SO A i 4%
P2 S IR S P MR, ol FH 45 TR 2R 0 B T AL

PDF #% ffi ™' "pdfFactory Pro" & &4 # *F www.pdffactory.com



http://www.pdffactory.com

202 2905 8k TAE

% 43 %

HEAT I S04 A0 fA 5 - 25°~25° , 8 [n] 99 4
70 [l -50°~50°, 44 M1 7 HE Ol 0.25°, R 3 A
PAGAEMG SO 5 =B, T 4 6 B A A B X
% {8~ 2.350,

il AT 5 2% KA 1 480 T3S 2 A e i °F
PR RIT @038 1(a)in , BEIE RIT B4 PR BE R AIE 55
e 5 3 AR A G L, WP 5(a) BT ; B i I 53 e S5
R 22 W R R IR o, AR TR A S B 45 S dn
FK1(b)FE 5(b) TR, B kREM 3 HEPR# H 42
SEURRAE AU TN 3% Bl S 15 22 R U, AR 1(b) Y 45 2R
KIRIHA R, MR 3 LA AE o5 0 29 3, Ko e v &4 SRR A 7
ik, NMSM-EM Ak 25 R an2 1(c)FE 5(c) i,

1 BABEERBGNZEAEBRER

Tab.1 Conversion between lidar and IR camera
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Fig.5 Projection of the depth feature points on IR image using R/T
in Tab.1
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Fig.7 Calibration using the method introduced in reference[4]
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