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Synthetical Multilevel Quality Analysis and Control
Technique for Raman Lidar Temperature Detection
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Abstract The original data acquired by Raman lidar system is calibrated by ten equations. The temperature is
inversed, and it is compared with standard temperature at the same moment and the same effective altitude
qualitatively. Then 50 groups of data are selected as statistical samples. From the perspective of quantitative analysis
(similarity evaluation, difference evaluation, and comprehensive evaluation), the characteristic statistics of the
samples is carried out by weight coefficient, error diagnosis and standard processing. Quality evaluation parameters
and analysis method of each level are filtered. The acquired evaluation standards of each level are all based on the
sample library with lager amount, which can represent average behavior of the temperature detection of lidar better.
The test of real-time detection samples beyond the sample library indicate that the comprehensive multilevel control
technique can describe the advantages and disadvantages of temperature data detection of lidar effectively.
Temperature detection effect of lidar at different weather conditions exists differences.
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Fig. 1 Atmospheric temperature profile of Xi'an from FNL data and radiosonde data at 20:00 BST on October 13, 2013
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Fig. 4 (a) Temperature profiles and (b) error profiles inverted from different calibration equations

at 19:30 BST on October 22, 2013
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Fig. 5 Error obtained from the two temperature inversion methods with 5 groups of random selection
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Table 1 10 groups AD determined by 11 groups of weight coefficients (random sample)

AD /K
« B 13/10/22 13/10/22 13/10/23 13/11/06 13/11/06 13/11/15 13/11/16 13/11/16 14/03/31 14/05/06

19:30 20:30 02:30 19:50 20:30 20:00 19:15 20:07 20:19 20:17

1 0 3.84 1.76 5.32 3.93 3.23 3.83 3.65 4.15 4.01 4.70

0.9 0.1 3.90 1.79 5.45 3.99 3.41 3.88 3.75 4.28 4.00 4.72
0.8 0.2 3.97 1.81 5.59 4.05 3.59 3.93 3.84 4.41 4.00 4.75
0.7 0.3  4.03 1.84 5.72 4.11 3.77 3.99 3.84 4.55 4.00 4.78
0.6 0.4 4.09 1.86 5.86 4.17 3.95 4.04 4.03 4.68 4.00 4.81
0.5 0.5 4.16 1.89 6.00 4.23 4.13 4.09 4.12 4.81 3.99 4.84
0.4 0.6 4.22 1.91 6.13 4.29 4.31 4.14 4.22 4.94 3.99 4.87
0.3 0.7 4.28 1.94 6.27 4.35 4.49 4.19 4.31 5.07 3.99 4.90
0.2 0.8 4.35 1.96 6.41 4.41 4.67 4.24 4.41 5.20 3.98 4.93
0.1 0.9 4.41 1.99 6.54 4.47 4.85 4.30 4.50 5.33 3.98 4.96
0 1 4.47 2.01 6.68 4.53 5.03 4.35 4.60 5.46 3.98 4.99

L 22 T TR IR SN P R P A T 6 DR 2 T 30 4 B s ) 78 A b A A A 3R i ey b B 9 AL A
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Table 2 Lidar detection samples and corresponding AD of 50 groups

13/10/22 13/10/22 13/10/23 13/10/23 13/11/06 13/11/06 13/11/06 13/11/15 13/11/15 13/11/15

Time
19:30 20:30 01:30 02:30 19:20 19:50 20:30 19:20 19:40 20:00
AD/K 3.84 1.76 5.40 5.32 3.65 3.93 3.23 2.59 5.04 3.83
. 13/11/15 13/11/15 13/11/16 13/11/16 13/11/16 13/11/16 13/11/16 13/11/16 13/11/16 13/11/24
Group 20:20 20:40 01:35 01:51 02.:37 19:00 19:15 20.:07 20:22 19:34
AD/K 3.55 2.77 5.87 6.33 2.96 4.04 5.10 4.15 4.67 4.74
) 13/11/24 13/11/24 13/11/25 13/11/25 13/11/25 13/11/26 13/11/26 13/11/26 13/11/27 13/11/28
Time 20:12 20:42 19:20 19:47 20:03 19:33 19:50 20:23 20:00 19.27
AD/K 3.30 3.40 6.15 6.12 6.19 4.05 3.33 3.52 3.22 5.00
i 13/11/28 13/11/28 13/11/28 13/11/30 13/11/30 13/12/01 13/12/01 13/12/03 13/12/03 13/12/05
Time 19:56 20:25 20:43 19:34 20:27 19:33 20:06 19:30 20:46 19:51
AD/K 3.15 3.58 3.07 3.41 3.66 4.31 5.28 3.80 3.02 3.61
] 13/12/05 13/12/06 13/12/09 13/12/09 13/12/10 13/12/15 13/12/28 14/03/31 14/03/31 14/05/06
Time 20:13 20:26 19:39 20:09 20:03 19.57 19:59 20:19 20:42 20:17
AD/K 2.48 6.37 6.48 3.62 5.81 3.00 6.77 4.01 5.01 4.70
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Table 3 Detecting precisions and maximum errors of 50 groups

T 13/10/22 13/10/22 13/10/23 13/10/23 13/11/06 13/11/06 13/11/06 13/11/15 13/11/15 13/11/15
ime
19:30 20:30 01:30 02:30 19:20 19:50 20:30 19:20 19:40 20:00
Max
—13.63 4.87 —18.55 18.28 11.76 15.44 16.85 —6.94 —21.51 15.29
error /K
Height /m 9600 5820 9600 10860 790 16610 14160 12340 3740 790
Precision /% —5.88 1.90 —8.04 8.18 4.13 7.39 7.88 —3.13 —8.06 5.37
Low
—2.55 —1.13 —4.21 3.57 4.13 2.61 3.00 —1.88 —8.06 5.37
precision /%
T 13/11/15 13/11/15 13/11/16 13/11/16 13/11/16 13/11/16 13/11/16 13/11/16 13/11/16 13/11/24
ime
20:20 20:40 01:35 01:51 02:37 19.:00 19.15 20:07 20:22 19:34
Max
9.24 8.95 31.91 13.95 10.21 15.78 25.81 11.07 25.12 —16.00
error /K
Height /m 14160 2570 12340 2030 14160 12340 12340 12340 14160 16610
Precision /% 4.35 3.26 14.35 5.03 4.79 7.13 11.66 5.00 11.81 —7.68
Low
3.17 3.26 4.61 5.03 —2.33 2.53 —2.98 3.68 2.88 4.17
precision /%
T 13/11/24 13/11/24 13/11/25 13/11/25 13/11/25 13/11/26 13/11/26 13/11/26 13/11/27 13/11/28
ime
20:12 20:42 19:20 19:47 20:03 19:33 19:50 20:23 20:00 19.27
Max
11.43 11.08 16.20 —15.79 15.31 20.30 17.79 16.33 14.69 21.08
error /K
Height /m 2570 2570 10860 9600 3140 2030 9600 12340 2570 3140
Precision /% 4.24 4.11 7.45 —6.97 5.71 7.51 7.97 7.51 5.56 7.93
Low
4.24 4.11 5.09 4.75 5.71 7.51 4.11 5.71 5.56 7.93
precision /%
T 13/11/28 13/11/28 13/11/28 13/11/30 13/11/30 13/12/01 13/12/01 13/12/03 13/12/03 13/12/05
ime
19:56 20:25 20:43 19:34 20:27 19:33 20:06 19:30 20:46 19:51
Max
14.90 15.70 16.18 12.93 12.94 —12.21 16.79 18.20 16.70 22.61
error /K
Height /m 2570 2570 14160 3140 9600 790 8500 10860 14160 16610
Precision /% 5.58 5.88 7.57 4.83 5.79 —4.32 7.24 8.26 7.77 10.71
Low
) 5.58 5.88 4.92 4.83 4.41 —4.32 —5.25 4.16 3.40 3.80
precision /%
T 13/12/05 13/12/06 13/12/09 13/12/09 13/12/10 13/12/15 13/12/28 14/03/31 14/03/31 14/05/06
ime
20:13 20:26 19:39 20:09 20:03 19:57 19:59 20:19 20:42 20:17
Max
12.09 12.50 —19.12 12.68 —17.78 11.68 15.50 10.47 17.25 —11.21
error /K
Height /m 12340 7520 14160 2030 12340 9600 12340 8500 7520 790
Precision /% 5.53 5.22 —8.92 4.68 —8.07 5.09 6.97 4.38 7.01 —3.83
Low
4.27 —4.00 4.00 4.68 5.23 4.21 —5.23 3.78 2.82 —3.83

precision /%

Notes: Height is the altitude of the maximum error emerging. Low precision represents the precision below 4 km.
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Table 4 Whole floor error parameters of 50 groups
) 13/10/22 13/10/22 13/10/23 13/10/23 13/11/06 13/11/06 13/11/06 13/11/15 13/11/15 13/11/15
Time 19:30 20:30 01:30 02:30 19:20 19:50 20:30 19:20 19:40 20:00
AVER /K 1.55 1.10 —1.61 4.72 3.26 2.92 5.03 —0.01 2.98 2.40
RMSE /K 5.76 2.53 6.96 8.26 5.61 5.93 6.53 3.19 8.64 6.06
] 13/11/15 13/11/15 13/11/16 13/11/16 13/11/16 13/11/16 13/11/16 13/11/16 13/11/16 13/11/24
Time 20:20 20:40 01:35 01:51 02:37 19:00 19.15 20:07 20:22 19.34
AVER /K 3.96 4.16 5.96 2.58 2.82 3.85 1.38 4.36 3.08 4.30
RMSE /K 5.75 5.28 10.70 8.02 4.79 6.63 7.87 6.49 7.52 7.81
) 13/11/24 13/11/24 13/11/25 13/11/25 13/11/25 13/11/26 13/11/26 13/11/26 13/11/27 13/11/28
Time 20:12 20:42 19:20 19:47 20:03 19:33 19:50 20:23 20:00 19.27
AVER /K 6.82 5.39 4.54 4.10 4.60 8.78 7.47 8.39 8.90 8.07
RMSE /K 7.98 7.03 8.96 8.81 8.77 10.15 8.50 9.59 9.81 10.38
) 13/11/28 13/11/28 13/11/28 13/11/30 13/11/30 13/12/01 13/12/01 13/12/03 13/12/03 13/12/05
Time 19:56 20:25 20:43 19:34 20.27 19:33 20:06 19:30 20:46 19.51
AVER /K 7.21 7.99 8.17 8.00 6.57 3.80 4.44 6.49 6.62 6.61
RMSE /K 8.33 9.36 9.40 8.88 7.84 6.71 8.76 8.31 7.67 8.47
13/12/05 13/12/06 13/12/09 13/12/09 13/12/10 13/12/15 13/12/28 14/03/31 14/03/31 14/05/06
Hime 20:13 20:26 19:39 20:09 20:03 19.57 19:59 20:19 20:42 20:17
AVER /K 6.56 4.56 2.83 4.90 5.98 7.94 2.49 3.57 4.82 —1.61
RMSE /K 7.18 8.97 8.51 6.57 10.08 8.74 7.12 5.64 8.07 5.85
10f ’ Ly .
* Pos
gl * o, . ‘.'“0 . ..'.Ao’o .
. . . ®
; 6L ’: . LR - ° "
= *.
al
.
ol
1‘0 2.0 i‘iO 4b 5b
Group No.

Bl 6 50 4L4RM#E A4S RMSE FUAH X - RMSE i) B Hi R &
Fig. 6 Dispersion degree of RMSE and mean RMSE of 50 groups detection samples
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Fig. 7 AD and RMSE (a) before and (b) after normalizing of 50 groups detection samples
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Table 5 10 groups synthetical evaluating parameters chetermined by 11 groups of weight coefficients(random sample)
Q

A y 13/10/22 13/10/22 13/10/23 13/10/23 13/11/06 13/11/06 13/11/15 13/11/16 14/03/31 14/05/06
19.30 20:30 01:30 02:30 19.50 20:30 20:00 20:07 20:19 20:17
1 0 0.08 0.08 0.07 0.10 0.09 0.06 0.05 0.06 0.08 0.15
0.9 0.1 0.09 0.09 0.07 0.11 0.10 0.07 0.05 0.07 0.09 0.16
0.8 0.2 0.10 0.10 0.07 0.12 0.11 0.07 0.05 0.08 0.10 0.17
0.7 0.3 0.11 0.11 0.07 0.13 0.13 0.07 0.05 0.09 0.10 0.18
0.6 0.4 0.12 0.12 0.08 0.14 0.14 0.08 0.05 0.10 0.11 0.19
0.5 0.5 0.13 0.13 0.08 0.14 0.15 0.08 0.05 0.11 0.12 0.21
0.4 0.6 0.14 0.14 0.08 0.15 0.16 0.08 0.05 0.12 0.12 0.22
0.3 0.7 0.15 0.15 0.08 0.16 0.18 0.09 0.06 0.13 0.13 0.23
0.2 0.8 0.16 0.16 0.08 0.17 0.19 0.09 0.06 0.13 0.14 0.24
0.1 0.9 0.17 0.17 0.09 0.18 0.20 0.09 0.06 0.15 0.14 0.25
0 1 0.18 0.18 0.09 0.19 0.21 0.10 0.06 0.16 0.15 0.26

R F i B 255 PR S8, 2 ISR B 50 4 Q IR IR E AT F 2 0. 1DV N 58 = G FIAm i
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Fig. 8 Flow chart for SMQAC technique
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