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Dual waveband colori—-metric temperature accurate

measurement technology

Li Yunhong, Ma Rong, Zhang Heng, Cao Liu, Huo Ke, Zhao Qiang
(School of Electronics & Information, Xi’an Polytechnic University, Xi’an 710048, China)

Abstract: Non-contact infared radiation temperature measurement has the advantages such as fast
response speed, accurate and convenient. In order to realize accurate measurement of the temperature of
low-middle temperature objects (50 —400 C), a system of dual waveband colori-metric temperature
measurement based on the theory of dual waveband colori-metric temperature measurement was
established. Firstly, the devices need to be calibrated accurately to fit curve which needs a variety of
interpolation algorithm for correction. Then, the blackbody with given temperature’s was measured as a
reference. Experimental results indicate that the system of dual waveband colori-metric temperature
measurement can precisely obtain the true temperature of low-middle temperature objects without the
presence of target launch rate. The standard deviation of the object is within 3 C when the calibrated
confidence is 0.95, which proves the validity of this experiment system. The construction of the
experimental device for accurate measurement of low temperature object in the real temperature has

important research significance.
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Fig.1 Block diagram of dual waveband colorimetric temperature

measurement
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Fig.2 Transmittance fitting curves of filter
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Fig.3 Detector fitting curves matching filter
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Tab.1 Focusing lens in filter transmittance through

the band
Optical filter
(central 8 645 nm 10 700 nm 14 100 nm
wavelength)
Focusing 1
OCUSINg “ens 0.9 0.98 0.69

transmittance
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Tab.2 Experimental results of dual waveband colorimetric temperature measurement
Temperature/C Actual measurement voltage/mV 8 645 nm an('1 10 700 nm an'd 8 645 nm an('i
(1) 8645 nm (2) 10 700 nm (3) 14100 nm 10 700 nm ratio 14 100 nm ratio 14 100 nm ratio
50 38 49 22 0.775 5 2.2273 1.727 3
60 44 55 24 0.800 0 2.2917 1.833 3
70 54 66 26 0.8182 2.5385 2.0769
80 64 75 28 0.853 3 2.6786 2.2857
90 78 90 32 0.866 7 2.8125 2.4375
100 92 100 34 0.920 0 2.941 2 2.7059
110 106 117 38 0.906 0 3.0789 2.7895
120 124 136 41 0.9118 3.3171 3.024.4
130 144 148 45 0.973 0 3.2889 3.200 0
140 164 166 50 0.988 0 3.3200 3.280 0
150 184 189 56 0.973 5 3.3750 3.2857
160 200 206 60 0.9709 3.4333 3.3333
170 224 225 68 0.9956 3.308 8 3.294 1
180 256 252 76 1.0159 3.3158 3.368 4
190 276 265 81 1.041 5 3.2716 3.407 4
200 304 293 86 1.037 5 3.407 0 3.534.9
210 330 309 91 1.068 0 3.3956 3.626 4
220 360 332 95 1.084 3 3.4947 3.789 5
230 400 374 101 1.069 5 3.703 0 3.960 4
240 432 401 110 1.077 3 3.6455 3.9273
250 452 412 113 1.097 1 3.646 0 4.000 0
260 476 429 117 1.1096 3.666 7 4.068 4
270 512 455 126 1.1253 3.611 1 4.063 5
280 544, 477 131 1.140 5 3.641 2 4.1527
290 580 515 139 1.126 2 3.7050 41727
300 612 534 147 1.146 1 3.6327 4.1633
310 652 550 157 1.1855 3.503 2 4.1529
320 700 608 168 1.1513 3.6190 4.166 7
330 752 622 178 1.209 0 3.494. 4 4.224.7
340 808 669 190 1.2078 3.5211 4.2526
350 860 716 199 1.2011 3.598 0 4.3216
360 948 785 205 1.2076 3.829 3 4.624 4
370 1028 855 212 1.202 3 4.0330 4.8491
380 1098 898 225 1.2227 3.9911 4.880 0
390 1163 925 235 1.2573 3.936 2 4.9489
400 1210 975 238 1.2410 4.096 6 5.084.0
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Tab.3 Experiment temperatures of extend blackbody

(1) Experimental ~ (2) Experimental  (3) Experimental  Experimental and Experimental and  Experimental and

Setting temperature of temperature of temperature of real difference in  real difference in real difference in

temperature/ ‘C 8 645 nm and 10700 nm and 8 645 nm and temperature of (1) temperature of (2) temperature of (3)

10700 nm/C 14 100 nm/C 14100 nm/C IC IC Ic

50 47.4750 60.894 5 45.579 1 -2.5250 10.894 5 -4.4209
60 56.017 3 68.662 0 63.838 8 -3.9827 8.662 0 3.8388
70 70.583 1 76.183 5 70.689 6 0.583 1 6.183 5 0.689 6
80 85.421 3 75.000 6 74.036 9 5.4213 -4.999 4 -5.963 1
90 92.475 3 85.400 1 96.638 6 2.4753 -4.599 9 6.6386
100 95.968 7 94.948 1 93.012'1 -4.0313 -5.0519 -6.9879
110 106.531 9 117.316 1 106.881 3 -3.468 1 7.316 1 -3.1187
120 124.018 4 129.642 0 115.747 5 4.0184 9.642 0 -4.2525
130 136.7327 137.027 5 131.617 4 6.7327 7.0275 1.6174
140 141.130 2 138.087 5 132.830 0 1.1302 -1.9125 -7.170 0
150 145.097 4 156.785 2 149.106 3 -4.902 6 6.7852 -0.893 7
160 165.768 2 155.658 7 153.096 9 5.768 2 -4.3413 -6.903 1
170 168.071 4 167.937 8 163.2457 -1.9286 -2.062 2 -6.754 3
180 177.439 6 184.409 3 186.688 6 -2.560 4 4.409 3 6.688 6
190 194.129 3 189.014 6 186.831 4 4.1293 —-0.985 4 -3.168 6
200 195.1550 207.156 0 203.070 7 -4.8450 7.156 0 3.0707
210 205.043 7 218.365 8 220.288 5 -4.956 3 8.3658 10.288 5
220 223.018 7 224.081 8 219.649 7 3.0187 4.0818 —-0.3503
230 232.052 0 236.952 9 234.895 0 2.0520 6.9529 4.8950
240 240.891 7 238.692 4 246.162 0 0.8917 -1.3076 6.1620
250 253.945 6 254.798 0 249.652 8 3.9456 4.798 0 —-0.347 2
260 263.608 8 269.035 8 264.110 0 3.608 8 9.0358 4.1100
270 274.720 7 278.2255 263.195 1 4.720 7 8.2255 -6.804 9
280 277.3298 274.532 2 289.675 3 -2.670 2 -5.4678 9.6753
290 293.388 0 292.084 5 284.749 2 3.3880 2.084 5 -5.250 8
300 301.350 1 298.881 0 296.323 6 1.350 1 -1.1190 -3.6764
310 308.951 7 314.090 1 316.956 6 -1.0483 4.090 1 6.956 6
320 317.9329 322.420 6 320.752 1 -2.067 1 2.420 6 0.7521
330 334.872 7 335.768 1 336.379 2 4.8727 5.768 1 6.379 2
340 338.063 8 340.060 9 338.920 1 -1.936 2 0.0609 -1.0799
350 352.118 0 346.851 9 346.458 8 2.1180 -3.148 1 -3.541 2
360 364.018 1 358.003 6 351.744 7 4.0181 -1.996 4 -8.2553
370 369.012 3 376.501 9 374.465 9 -0.9877 6.5019 4.4659
380 374.918 3 376.214 9 379.591 3 -5.0817 -3.7851 —-0.408 7
390 391.243 1 392.737 6 390.034 8 1.2431 2.7376 0.034 8
400 400.278 4 405.727 2 403.197 1 0.278 4 5.7272 3.1971
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Tab.4 calibration experimental data of extend blackbody
Setting Experimental  Experimental Experimental Experimental —Experimental Mean Mean Mean
temperature  temperature 1 temperature 2 temperature 3 temperature 4 temperature 5  temperature temperature standard
/T /T /T /c /T /c /c difference/C  deviation/C
50 49.766 8 47.473 7 56.247 6 45.979 1 51.4777 50.188 98 0.1890 1.783 840 61
60 60.772 5 53.695 3 64.783 4 63.838 8 61.664 7 60.950 94 0.950 9 1.952 089 79
70 71.673 5 70.581 4 73.749 5 70.689 6 72.3353 71.805 86 1.8059 0.583 990 63
80 77.093 2 84.421 4 72.8213 74.036 9 83.2410 78.322 76 -1.6772 2.361 450 51
90 90.756 9 92.466 0 83.166 2 96.638 6 90.126 1 90.630 76 0.630 8 2.184 633 79
100 95.592 3 94.348 4 94.416 4 94.012 1 103.211 0 96.316 04 -3.6839 1.744. 314 36
110 108.622 6 104.2129 114.773 6 106.881 3 112.795 2 109.457 1 —-0.5429 1.926 666 21
120 122.948 1 124.658 6 127.088 1 115.747 5 124.270 5 122.942 6 2.9426 1.919 148 76
130 133.711 3 136.5770 132.9394 131.617 4 131.7394 133.316 9 3.3169 0.902 859 79
140 135.983 3 141.006 6 134.113 3 132.8300 142.230 1 137.2327 -2.7673 1.869 381 61
150 149.102 4 144.637 3 153.563 6 149.106 3 150.271 2 149.336 2 —-0.663 8 1.430 599 76
160 157.416 6 165.387 1 153.7657 153.096 9 160.885 5 158.110 4 -1.8896 2.292 863 95
170 165.065 7 168.071 5 163.8799 163.2457 173.314.0 166.7154 -3.2846 1.846 360 17
180 182.116 6 177.409 6 182.251 5 186.688 6 181.654 1 182.024 1 2.024 1 1.470 515 85
190 189.429 0 194.194 7 187.261 0 186.831 4 194.492 4 190.441 7 0.441 7 1.653 327 85
200 199.562 2 193.1550 202.461 0 203.070 7 200.590 8 199.767 9 -0.2321 1.769 338 84
210 212.667 1 203.726 7 213.986 1 220.288 5 214.942 1 213.1221 3.1221 2.682 319 44
220 221.333 1 223.018 7 221.3310 219.649 7 222.699 9 221.606 5 1.606 5 0.598 729 76
230 233.595 8 232.052 0 233.840 5 234.840 5 233.534 6 233.5727 3.5727 0.446 852 74
240 240.936 9 240.891 5 235.757 2 246.162 0 244.997 5 241.7490 1.7490 1.834 71798
250 252.452 6 253.945 6 253.759 3 249.652 8 251.439 2 252.2499 2.2499 0.793 628 91
260 263.082 8 263.608 8 264.529 6 264.110 0 262.072 6 263.480 8 3.4808 0.427 416 03
270 271.262 2 274.720 7 275.8709 263.195 1 272.324 2 271.4746 1.474 6 2.226 900 01
280 280.124.9 277.3197 273.3798 289.675 2 283.919 8 280.883 9 0.8839 2.793 696 15
290 288.666 7 293.3880 287.863 0 284.749 2 294.091 0 291.002 2 1.002 2 1.758 147 05
300 298.526 9 301.3500 297.907 2 296.323 6 300.501 1 298.921 8 -1.078 2 0.903 502 80
310 312.9550 308.947 8 312.6509 316.956 6 310.890 6 312.480 2 2.480 2 1.328 484 26
320 318.7477 313.923 9 321.567 1 320.752 1 321.798 2 319.3578 -0.642 2 1.460 823 78
330 335.2373 334.629 8 336.379 2 330.283 5 330.283 5 333.362 7 3.362 7 1.288 058 33
340 338.288 8 338.063 8 337.882 4 338.920 1 342.283 5 339.087 7 -0.9123 0.817942 17
350 347.9577 352.1180 345.296 4 346.458 8 351.679 2 348.702 0 -1.2980 1.373 25919
360 356.416 7 364.118 8 353.386 7 351.744 7 360.878 3 357.309 0 -2.6910 2.304 944 14
370 371.1297 364.5722 374.3509 374.4659 371.044 7 371.112 7 1.1127 1.796 008 67
380 376.600 1 374.918 3 375.290 8 379.591 3 384.525 8 378.1853 -1.8147 1.785 259 85
390 389.830 1 391.243 1 388.212 3 390.034 8 393.3770 390.539 5 0.539 5 0.857912 86
400 401.434 7 400.278 4 400.828 5 405.579 1 402.342 3 402.092 6 2.0926 0.936 486 39
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