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Calibration Between Sparse LIDAR and Visible/Infrared Imaging Systems
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Abstract: Pose estimation between LIDAR and imaging system is the prerequisite for the data fusion. Among
current mainstream off-line calibration methods, common checkerboard is generally effective for 64-line and
above LIDAR, but not for 16-line LIDAR due to its sparse data and will lead to large error. Furthermore, when
involving calibration of infrared imaging system, specially-made checkerboard is needed to produce difference
of emissivity. Aiming at the problem of less information provided by sparse LIDARs, we propose a new
calibration method that can jointly calibrate LIDAR and visible/infrared imaging systems. A novel diamond-
shaped nine-hole calibration board is designed, and a geometric constraint loss function is proposed to optimize
the coordinates of feature points. Finally, the infrared and visible light imaging systems are used respectively,
to calibrate with 16-line LIDAR. Good results are achieved and show that, all the average reprojection error is
within 3 pixels. The proposed method can also be used in calibration of multi-band imaging systems that
include sparse LIDAR, visible imaging system and infrared imaging system.
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Fig.1 The calibration board designed by this paper
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Fig.2 Calculating circle center coordinates using LIDAR data
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Table 1 Comparison of initial value errors of two methods

3D Constraint Method (a)

PnP Method (b)

Number Rotary axis Angular  Translation error Rotary axis Angular  Translation error
error(a) error (a) @) error(b) error (b) (b)
1 6.0x107° 5x107° 2.3x107° 0.890 0.165 0.376
2 6.4x107® 8x107° 3.1x10°° 0.593 0.067 0.434
3 2.9x10°° 8x10°° 5.3x10°° 0.283 0.038 0.387
4 6.1x107° 3x107° 4.9x107° 0.733 0.048 0.218
5 5.7x107° 8x107° 7.7x107° 0.710 0.070 0.520
6 3.4x107° 1x10~ 7.2x107° 0.904 0.022 0.615
7 5.9x10°° 7x107° 5.5x107° 0.278 0.036 0.497
8 3.9x10°° 3x10°° 3.9x10°° 0.820 0.021 0.581
9 5.3x10°° 9x10-% 2.9x107° 0.718 0.027 0.480
Average 4.4x107° 6x107° 4.7x107° 0.658 0.054 0.456
®2 ARITEHI R
Table 2 The simulation results of our method
Lidar loss Lidar loss Camera loss Camera loss ] .
Rotary axis Angular  Translation
Number before after before after
o o o o error error error
optimization optimization  optimization  optimization
1 49377 0.0147 4.3755 0.0010 5.9x10-3 0.0025 3.6x107°
2 4.6482 0.0333 4.6580 0.0030 4.2x1078 0.0001 6.9x1073
3 4.1757 0.0054 4.2307 0.0052 5.310°3 0.0003 5.8x107°
4 4.4703 0.0009 4.6283 0.0034 4.3x1078 0.0046 8.9x1073
5 4.7989 0.0010 4.4958 0.0011 7.1x1073 0.0082 79x1073
6 4.8751 0.0054 4.1330 0.0018 7.1x1073 0.0162 6.9x1073
7 4.2961 0.0035 4.4130 0.0095 8.4x1073 0.0224 5.1x10-3
8 4.4903 0.0013 4.4346 0.0073 8.9x1073 0.0043 1.1x1072
9 4.4642 0.0018 4.5932 0.0153 7.3x1073 0.0142 9.9x10-3
Average 4.5729 0.0075 4.4402 0.0053 6.5x1073 0.0081 7.3x1073
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(a) 16-line LIDAR and visible imaging system
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Fig.3 Calibration experimental equipment
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(a) Visible image
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(b) LIDAR point cloud data
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(c) AHRGI =
(c) Experimental scene of infrared imaging system
K4 szieis s KBE
Fig.4 Experimental scene and data

(d) ZLorEE

(d) Infrared image
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Table 3 Experimental results of visible imaging system

) . Translation  Reprojection ) ) Translation Reprojection
No. Rotation matrix Ri® (c) . Rotation matrix Ri°(d) .
vector ti(c)  error (c)/pixel vector ti°(d)  error (d)/pixel
(09905 -0.1364 —0.0192] ~0.0172] 09882 -0.1524 -0.0156 ~0.0172]
00172 X :4.7595 00172 X :2.3598
1 ~0.0138  0.0403 -0.9991 0.0660 _ ~0.0132 00166 -0.9998 0.0660 '
| 01371 09898  0.0381 | 00116 | y:2.7523 0.1526 09882  0.0144 00116 | y:2.0767
(09906 -0.1358 —0.0111] r-0.0165] (09859 -0.1661 —0.0205] r-0.0165]
0.0165 x:3.5315 0.0165 X:2.6225
2 ~0.0104 0.0063 -0.9999 0.0188 _ ~0.0149 0.0350 -0.9993 0.0188 '
| 01859 0.9907 ~ 0.0049 | [ 0.0200 | y:54321 | 0.1667 09855 0.0320 | | 0.0200 | y:2.0955
(09924 -01224 -0.0114] r-0.0233] [0.9883 -0.1513 —0.0204] 7-0.0233]
00233 X:3.2698 0.0233 X:2.2155
3 ~0.0100 00119 -0.9998 0.0664 _ ~0.0179 0.0176 -0.9997 0.0663 '
| 01225 09924  0.0106 | | 0.0262 | y:4.5639 | 01516 0.9883  0.0147 | | 0.0262 | y:2.0061
709904 01377 —-0.0141] r-0.0219] ro. 0.1512 —0.0176] r-0.0219
09904 -0.1377 -0.0 0.0219 Y 30629 09883 -0.1512 -0.0176 0.0219 X 2.0246
4 00115 0.0199 -0.9997 0.0636 00151 0.0183 -0.9997 0.0635
| 01379 09903 0.0182 | | 0.0244 | y:4.1338 | 01515 09883 00158 | | 0.0244 | y:1.9887
ro. ~0.1374 ~0.0092] 7-0.0130] 9881 01537 —0.0057 -
0.9905 -0.1374 -0.009 0.0130 < 34974 09881 -0.1537 -0.005 0.0130 23178
5 00104 0.0079 —-0.9999 0.0569 00027 0.0195 ~0.9998 0.0569
| 01373 0.9905  0.0093 | | 0.0258 | y:4.9327 0.1538 0.9879  0.0189 0.0257 y:2.0198
A focti X:3.6242 A ot x:2.3080
Vverage reprojection error Verage reprojection error
ge reproj y:4.3629 ge reproj y:2.0374
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Table 4 Experimental results of infrared imaging system
) o ) Reprojection
. . Translation Reprojection . . Translation
No. Rotation matrix R (c) . Rotation matrix R (d) error
vector t (¢)  error (c)/pixel vector t°(d) .
(d)/pixel
[0.6866 0.7269  0.0072 0. [0.6358 0.7717 0.0134 [-0.0395]
0039 X:3.0472 X:2.4367
1 0.0169 —0.0060 —0.9998 0.0140 _ 0.1654 -0.1193 -0.9789 0.0140 _
|-0.7268 0.6866 -0.0164] | 0.0235 y:3.0035 | 07539 06247 -02034) | 00235 |  Y:21505
[0.6701 0.7339 —0.0379] [—0.2037 [0.6327 0.7743  0.0100 ] [-0.0486 |
x:3.5839 X :2.6007
2 0.0534  0.0342 -0.9979 -0.3452 _ 0.1600 -0.1181 -0.9800 0.0016 _
|-0.0503 -0.0796 -1.0010| | -0.0601] y+4.3602 07577 06216 -0.1986] | 00297 | y:2.2385
[0.6765 0.7363  0.0092 | [~0.0803] [0.6229 0.7822  0.0100 ] [-0.0803]
0.0803 x:3.3312 0.0803 X : 2.8646
3 0.0168 -0.0029 -0.9998 -0.0819 _ 0.1317 -0.0922 -0.9870 -0.0819 _
|-0.7362 06766 -00143| | 0.0745 | y:33218 |-07711 06161 -0.1604| | 0.0745 | y:2.1971
[0.677 7354 0.0112 ] [—0.2447] [0.5524 0.8332  0.0249 [-0.2447]
0.6776 07354 0.0 0.2447 «-3.2049 0.55 0.8332  0.0249 0.2447 24126
4 0.0343 -0.0163 -0.9992 -0.0381 0.1678 -0.0819 -0.9824 -0.0381
| -0.7346  0.6775 -0.0363 | | 0.0815 | y:3.1438 | -0.8165 0.5469 -0.1851 | | 0.0815 | y:2.3031
[ 0.6686 0.7436 0.0077 | [-0.0673] [0.6255 0.7802  0.0075 ] [—0.0673]
0.0673 X :3.0379 0.0673 X:2.6443
5 -0.0017 0.0118 -0.9999 0.0042 _ 0.1605 -0.1192 -0.9798 0.0042 _
|-0.7436 0.6685 00092 | | 0.0303 | y:3.7253 |-0.7635 06141 -01998] | 0.0303 | y:2.1625
A focti x:3.2410 A ot X:2.5918
verage reprojection error verage reprojection error
ge reproj y:35121 ge reproj y:2.2103
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(a) The reprojection error of ICP iteration method
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Fig.5 Reprojection error
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(a) Projection results of visible imaging system
K6
Fig.6 Results of LIDAR point cloud projection
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