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Nighttime Localization and Error Analysis for Indoor

Mobile Robot based on Heterogenous Cameras

Student : Chih-Ying Chen Advisor : Dr. Jen-Hui Chuang

Institute of Multimedia Engineering

National Chiao Tung University

ABSTRACT

The main purpose of this thesis is:to construct a mobile system that integrates
heterogeneous cameras, a near-infrared ‘and-a mid-infrared camera, for nighttime
surveillance. The system, which consists of these cameras and a mobile robot, can
locate target objects, e.g., human or animal, using some reference LEDs in the scene.
The system first detects high temperature objects and the reference LEDs in the
mid-infrared image and near-infrared image, respectively. The localization of target
object can then be performed efficiently by homographic transform and planar
coordinate transformation. In order to reduce the localization errors, we also study
how errors may be generated during the localization process, and possible ways to
reduce their influences. Experimental results show that, with the help of such analysis,
more accurate and reliable object localization can be achieved with the proposed

surveillance system.
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27 67 107 147 187 227 267 307 347

54 |

04 |

134

174 |

214
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B 4-8 117 B¢ 35 e

2A2RHS AL Ao i

Point Result Truth Error Variance

X y X y X y dist X y dist
1 42.00 | 89.24 | 27.00 | 94.00 | 15.00 | 4.76 | 1574 | 0.22 | 0.07 0.15
2 86.02 | 4453 | 67.00 | 54.00 | 19.02 | 9.47 | 21.25 | 0.05 | 0.02 0.05
3 164.87 | 42.97 | 147.00 | 54.00 | 17.87 | 11.03 | 21.02 | 0.19 | 1.11 0.30
4 152.56 | 177.43 | 147.00 | 174.00 | 5.56 3.43 6.65 1.03 1.07 0.58
> 158.49 | 133.30 | 147.00 | 134.00 | 11.49 | 1.18 | 1158 | 0.45 | 0.73 0.48
6 200.24 | 84.51 |187.00 | 94.00 | 13.24 | 949 | 16.32 | 0.24 | 1.75 0.99
! 225.23 1 219.61 | 227.00 | 21400 | 182 | 561 | 594 | 1.13 | 1.20 1.80
8 266.06 | 217.77 | 267.00 | 214.00 | 1.25 | 3.77 | 4.02 | 0.60 | 2.98 3.18
d 300.04 | 209.91 | 307.00 | 214.00 | 6.96 | 4.14 | 831 | 131 | 231 0.08
Y 1025 | 588 | 1231 | 058 | 1.25 | 0.85
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Point Result Truth Error Variance

X y X y X y dist X y dist
1| 4168 | 89.08 | 27.00 | 94.00 | 14.68 | 492 | 1549 | 021 | 018 | 0.11
2 | 85.60 | 44.39 | 67.00 | 54.00 | 18.60 | 9.61 | 20.94 | 0.08 | 0.14 | 0.05
3 |164.49| 42.80 |147.00| 54.00 | 17.49 | 11.20 | 20.81 | 030 | 172 | 0.43
4 1152.15|177.27 | 147.00| 174.00 | 515 | 327 | 624 | 0.82 | 1.60 | 0.77
> |158.19|133.18 | 147.00| 134.00 | 11.19 | 1.61 | 11.33 | 045 | 062 | 0.59
110978 | 84.56 |187.00| 94.00 | 12.78 | 9.44 | 1595 | 0.25 | 273 | 1.06
" 122478 219.43 | 227.00 | 214.00 | 2.43 | 543 | 595 | 010 | 143 | 147
8 1266.11|217.26 | 267.00| 214.00 | 156 | 3.68 | 409 | 041 | 442 | 402
9 1299.66 | 209.64 | 307.00 | 214.00| 7.34 | 447 | 882 | 150 | 260 | 0.16
avg 10.14 | 596 | 12.18 | 046 | 172 | 0.96
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Point Result Truth Error Variance

X y X y X y dist X y dist
1| 4026 | 88.78 | 27.00 | 94.00 | 1326 | 522 | 1426 | 058 | 012 | 0.38
2 | 85.08 | 45.08 | 67.00 | 54.00 | 18.08 | 8.92 | 20.16 | 0.15 | 0.06 | 0.19
3 116379 | 45.41 |147.00| 54.00 | 16.79 | 859 | 18.89 | 0.36 | 178 | 0.85
4 1148.80|179.85|147.00| 17400 | 1.82 | 585 | 642 | 255 | 1.88 | 0.74
> |155.79 | 135.62 | 147.00 | 134.00| 879 | 1.81 | 9.07 | 166 | 158 | 1.38
6 110812 88.15 |187.00| 94.00 | 11.12 | 585 | 1262 | 046 | 248 | 144
" 12202022412 | 227.00| 214.00 | 6.80 | 1012 | 1221 | 2.95 | 2.38 | 4.88
8 |261.44|222.80|267.00|214.00| 556 | 880 | 1045 | 405 | 508 | 835
9 |295.00|216.27 | 307.00 | 214.00| 11.91 | 2.90 | 12.34 | 345 | 296 | 441
avg 1046 | 6.45 | 12.94 | 180 | 203 | 251
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Error Variance
X y dist X y dist
(V- A

10.25 | 588 | 12.31 | 0.58 1.25 0.85
10.14 | 596 | 12.18 | 0.46 1.72 0.96
1046 | 645 | 1294 | 180 | 2.03 2.51
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Point Result Truth Error Variance
X y X y X y dist X y dist
1 37.32 | 100.40 | 27.00 | 94.00 | 10.32 6.40 12.14 0.27 0.06 0.31
2 78.56 | 62.67 | 67.00 | 54.00 | 11.56 8.67 14.45 0.11 0.06 0.14
3 156.08 | 64.63 | 147.00 | 54.00 9.08 10.63 | 14.00 0.42 1.02 1.01
4 149.76 | 183.48 | 147.00 | 174.00 | 2.76 9.48 9.93 0.73 1.09 0.72
5 153.81 | 144.57 | 147.00 | 134.00 | 6.81 10.57 | 12.61 0.42 1.58 1.07
6 263.55 | 223.90 | 267.00 | 214.00 | 3.45 9.90 10.52 1.70 5.23 6.11
7 223.00 | 224.06 | 227.00 | 214.00 | 4.00 10.06 | 10.85 0.94 1.02 1.43
8 263.55 | 223.90 | 267.00 | 214.00 | 3.45 9.90 10.52 1.70 5.23 6.11
9 296.20 | 218.62 | 307.00 | 214.00 | 10.80 4.62 11.80 1.27 2.61 242
avg 6.92 8.91 11.87 0.84 1.99 2.15
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Point Result Truth Error Variance

X y X y X y dist X y dist
1 42.83 | 89.52 | 27.00 | 94.00 | 15.83 | 448 | 16.46 | 0.26 | 0.20 0.16
2 90.21 | 46.16 | 67.00 | 54.00 | 23.21 | 7.84 | 2450 | 0.10 | 0.14 0.07
3 179.17 | 48.45 | 147.00 | 54.00 | 32.17 | 555 | 32.67 | 0.24 | 1.67 0.25
4 171.90 | 184.88 | 147.00 | 174.00 | 24.90 | 10.88 | 27.21 | 1.13 | 1.39 0.52
5 176.49 | 140.23 | 147.00 | 134.00 | 29.49 | 6.23 | 30.18 | 0.60 | 2.27 0.40
6 221.09 | 92.76 | 187.00 | 94.00 | 34.09 | 1.74 | 3415 | 0.27 | 0.96 0.34
! 256.08 | 231.48 | 227.00 | 214.00 | 29.08 | 17.48 | 3396 | 1.36 | 1.28 0.32
8 302.47 | 231.26 | 267.00 | 214.00 | 35.47 | 17.26 | 39.57 | 3.38 | 6.37 0.59
9 340.17 | 225.24 | 307.00 | 214.00 | 33.17 | 11.24 | 35.08 | 1.85 | 3.36 0.69
avg 28.60 | 9.19 | 3042 | 1.02 | 1.96 0.37

41




RS RNTEE L L
B 413 3 ML L¢P o BEHFRRFL LG ERP - L F R 2 hE
42 §(2)pk o & 4-8 BT 4 > E el B % o

27 67 107 147 187 227 267 307 347

14

. 4
54 +2 +

3
94 | 4+ °
1 6
134 +5
174 + +- 4
7 8 9

214 + e

254 b

W 4-13 1% 0 g5 ¢ 0 A R A HE T ik R 2 LR K U

£ 481" LY AR Y R EL AT A .

Point Result Truth Error Variance

X y X y X y dist X y dist
1 41.68 | 89.08 | 27.00 | 94.00 | 1468 | 492 | 1549 | 0.21 | 0.18 0.11
2 85.60 | 44.39 | 67.00 | 54.00 | 18.60 | 9.61 | 2094 | 0.08 | 0.14 0.05
3 164.49 | 42.80 | 147.00 | 54.00 | 17.49 | 11.20 | 20.81 | 0.30 | 1.72 0.43
4 152.15 | 177.27 | 147.00 | 174.00 | 5.15 | 3.27 | 6.24 | 0.82 | 1.60 0.77
> 158.19 | 133.18 | 147.00 | 134.00 | 11.19 | 1.61 | 11.33 | 0.45 | 0.62 0.59
6 199.78 | 84.56 | 187.00 | 94.00 | 12.78 | 9.44 | 1595 | 0.25 | 2.73 1.06
7 224,78 | 219.43 | 227.00 | 214.00 | 243 | 543 | 595 | 0.10 | 143 1.47
8 266.11 | 217.26 | 267.00 | 214.00 | 156 | 3.68 | 4.09 | 041 | 442 4.02
9 299.66 | 209.64 | 307.00 | 214.00 | 7.34 | 447 | 882 | 150 | 2.60 0.16
avg 10.14 | 596 | 12.18 | 046 | 1.72 0.96
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X y dist X y dist
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