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On the Atmospheric Correction in

Electro-optical Distance Measurement

Mituru UEDA and Tugio MATUNAGA

Abstract

The very first VLBI observation was carried out only 20 years ago. But the VLBI technique faces some
difficult problems, such as measurement of propagation delay due to the atmosphere, improvement of the
physical model etc.

GPS interferometric observations were carried out in Japan for a variety of baseline lengths, and from
this analysis it is concluded that 1~2 ppm accuracy of baseline lengths can be attainable with the GPS
interferometric positioning. One of the important problems in the Electro-optical Distance Measurement
(=EDM) is how to estimate the refractive index n or refractivity N (=(n—1) X 10-%) under concerned
atmospheric conditions. In practise the mean refractivity N, is calculated by the mean temperature Tn
and pressure P, averaged from the observations at the two end points. The reasonable results can be
obtained by using these N, and Pn when the observations are carried out two hours before or after the
sunset or sunrise. When the observations are obliged to be carried out at other times, We need another
estimation of refractivity. Kukkamaki proposed a refraction correction formula based on his empirical
temperature model :

t=a+bZ¢
where a, b, and ¢ are constants and Z is the height above the ground. We estimated the temperature
midway between the two end points by this formula.
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Table 1 Distance measurement of K—O

D i s. M e s u. o f K - 0O
D at e 1 987, 11 .15, S at. P M1 2
K e}
T (dr y) 1 0. 8 0 8. 30
-
AL m o s p. T {we L) 9 2 7. 8
VC“ uod i P 7 6 2. 2 7 4 8. 8
i g bt 4 7 4 215 2
I n s t. H . 1 5 3 2 1 5 3 4
Ve r. amns
N umb e r s e t 1 s e t 2
1 5942.821 5942.820
2 5942.8212 5942.821
3 5942.821 5942.821
M e a s u. 4 5942.8212 5942. 817
v oal o u e 5 5042.825 5942.819
G 5942.8123 5942.819
7 5942.820 5942.821
8 5942.824 5942.820
9 5942.820 5042.818
10 5942.820 5942.818
I\; o - 2 (5 ] MV ( M:n >D i 5942.821
St oan D e 0.0019842 T m 9. 5 5
P o 75 5. 5 0 E m 7. 38 3
P T 1 7 1 4 E - T 0. 0 0 2
A S m 0 1 31 C oo . D i 5942.9512
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Fig.3  Distribution of measured value in various time (Otoko—yama)
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Noj DrGn) | o | ASn |DriASn | INo|l DrGn) [ ¢ | ASn|Drrasn
1 5942.804 | 0.002750 | 0.171 | 5 942.975 Lo 9609.995 | 0.002 124 | 0.3 |O 9 610394
2 5 942.797 | 0.001785 | 0.174 |O 5 942.971 2 9609.992 | 0.001 714 | 0.401 9 610. 396
3 | 5942.79% | 0.001068 | 0.178 | 5942975 3 0002598 | 0.397 |O 9 610.38
4 5942.818 | 0.017 370 | 0.179 5 942. 997 4 n D03 817 | 0.398 | O 9 610.394
5 5942.829 | 0.021625 | 0.171 | 5 943.000 51 |0.007576 | 0.418 | 9(10.397
6 5942.795 | 0.007 575 | 0.163 | O 5 942.958 G| 9609980 | 0002947 | 0.391 | O 9 610,377
7 5942.796 | 0.001897 | 0.153 |O 5 942949 7 %9 610.008 | 0.000 228 | 0.368 | O 9 610.37
8 |fe 592804 | 0.002032 | 0.149 |O5 942954 _8 | 9610.015 | 0.001 626 | 0.363 | O 9610377
9 | 5942810 | 0.003233 | 0.144 |O 5 042.954 9 vﬁ 9010.030 | 0.003279 | 0.352 |O 9610.382
10 [ £ 50942813 | 0.001910 | 0.138 |O5042.952 | |10 % 9610.038 | 0.00293 | 0.345 |O 9 010,383
11 |7 5942804 | 0.001828 | 0.135 | 5942040 | |11 [% 96i0.042 | 0.004 268 | 0.343 | O 9 610,385
1245912809 | 0.002479 | 0.138 [O 5 942.947 12| 709610.022 | 0.002 167 | 0.341 | O 9610.366
13| % 5942.808 | 0.001 549 0.133 5 942. 941 13 |%9610.020 ) 001 414 | 0.337 | 9610.303
14 | f5942.821 | 0001934 | 0.131 |O6 M2.952 9610.031 | 0.001 268 | 0.334 | 9 010.365
15 [ 5042.820 | 0.001 (82 0.133 | O 5 942.953 B 0.001 813 | 0.335 | O 9 610.38 |
16 | A 5042800 | 0.003659 | 0.132 [O5942.952 | | 16| ¢ 0002300 | 0.335 | O 9 610.371 |
17 |#5042.85 | 0.000161 | 0.127 [O 592952 | |17 % 9610038 | 0.003 185 U
T8 [% 5o s | ool 802 | 0,123 O 5942953 | |18 4 9010046 | 0.002779 | 0.320 O 9 610.366
19| A 592834 | 0.002508 | 0.124 [ O 5 942,950 19| 90610.048 | 0.003 314 | 9610363
20 |~ 5942837 | 0.0027%9 | 0,126 |O 5 942.963 20| 9610.047 | 0.001 954 19 1O 9 610.366
21| 594284 | 0.002655 | 0.128 | O 5 942 902 21| 00610.040 | 0.002730 | 0.314 | O 9 610.384
22| 5042822 | 0.001 785 | 0.140 | O 5 942902 22 9010025 | 0.003547 | 0.38) | 96I0.405
23| 504282 | 0002632 | 0.149 | 5942978 | | 23| 9610.00 | 0.002723 | 0.377 | 9 610.397
24| 5042.80 | 0.002725 | 0.163 | 5 942,99 24| 901003 | 0002723 | 9 610,405
mean ) | 5ed962 | iwean) I D A X0 T
o R 0,016 174 s | b oz s |
Table 2 General atmospheric correction Table 3 General atmospheric correction
(Otoko—yama) (Ryuo—Zan)
daylight night
No| time [T (k) IT(o) | AT| Dr+ASn]| [No] time [T(k) |T(0) | AT|DriASn
1§ 11:00] 16.30°C{ 16.40°C [ -0.10 5 642,975 8 1 18:00] 13.60°C| 1L.40C| 2.20 | 5 042,954
| 2 j12:00] 1740 [ 1590 | 150 5 942.971 9 | 10:00] 13.00 | 10.30 [ 270 | 5 942,954
3 1 13:00] 16.60 | 1790 |-1.30 5 942.975 10} 20:00] 1190 | 9.40 | 2.50 | 5 942.95
4 | 14:00] 1760 | 17.20 | 0.40 5 942.997 110 2100} 1140 | 920 | 2.20 | 5 942,040 |
5 1 15:00] 1640 | 1580 | 0.60 5 943.000 121 22:00 1220 | 9.10 | 310 | 5942.947 |
6 | 16:00] 1550 | 13.60 | 190 | 5 942.958 137 23:00] 11,00 | 890 | 2.10 | 5 942041
L 7 T aeno] 1440 [ 1170 | 2.70 5 942.949 14 ] 24:00] 10.80 | 830 | 2.50 | 5942.95
{210 7:00) 10.20 | 7.76_| 2.50 5 942.962 151 1:00] 1160 | 840 | 3.20 | 5 042.953
|22 ] 8007 140 | 10.60 | 0.80 5 942. 962 161 2:00] 10.80 | 840 | 240 | 5 042.95
23] 9:00] 1540 | 1210 | 130 | 5 942.978 17] 3:00] 1020 | 7.30 | 290 | 5942.952
24| 10:00] 1550 | 14.60 | 0.90 | 5 942.992 18] 4:00] 930 | 7.10 | 220 | 594295
| o = 0.015 733 5942.974 {191 5:00) 9.80 | 7.20 | 2.60 | 5 042.959
20 | 6:00] 9.80 | 7.40 | 2.40 | 5 942.963
| ¢ = 0. 006 005 | 5942.952
Table 4 Standard deviation of corrected distance in daylight and night (Otoko—yama)
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daylight night
No| time |T (k) |T(r) |AT |Dr+asSn No| time |T (k) |T(r)|aT |[Dr+aSn
1] 12:007 29.00°C| 26.40°C| 2.60 9 610.394 S | 19:00] 24.00°C | 23.00°C | 1.00 9 610.377
2 [ 1300 2940 | 27.20 2.20 9 610.3%6 9 | 20:00| 23.00 21.90 1.10 9 610. 382
3 | 100! 29,00 26. 10 2.90 9 §10.386 10| 21:00 | 22.60 20. 80 1.80 9 610.383
4 | 15:00 28.90 25. 90 3.00 9610304 | | 11| 22:00| 22.80 | 20.80 2.00 9 610.385
5 | 16:00 | 28.30 26. 60 2.20 9 610.397 | 1 12| 23:00] 22.80 20. 40 2. 40 9 610.366
6 | 17:00| 26.90 | 2610 | 0.80 | 9610377 | | 15| 24:00| 22,00 | 19.90 | 2.10 | 9 610.363
71 18:00 ] 25.10 22.80 230 | 9610576 | 14| 1:00 2180 | 19.80 200 1 9 610.365
19, 6:00] 18.80 18.90 | -0.10 | 9610.363 | |15 2:00] 22.00 19.70 250 | 9 610.368
20| 7:00| 20.00 19.20 0. 80 9 610.366 | | 16 | 3:00, 2160 | 20,00 1. 60 9 610.371
21| 8:00) 24.20 20.60 3.60 9 610.384 17 4:00! 19.40 19.60 | -0.20 9 610.360
221 9:00| 26.00 23.10 2.90 9 610. 405 18| 5:00| 19.20 19.30 | -0.10 9 610. 366
23| 10:00 | 28.40 24.00 4.40 9 610.397 1 L o= 0.008 392 9 610.371
24| 11:000 2020 | 2400 ; 5.20 | 8 610.405
Lo= 0013 211 |9 610,388
Table 5 Standard deviation of corrected distance in daylight and night (Ryuo—Zan)
1 No. 1| No. 2 |No. 3| No. 4 |No. 5]mean
3| GAOC| 705 | 8175 | 825 | 815 | 7
6 | 640 | 7125 | 800 | 7.95 | 8125 | 7.43
9 6.30  6.975 7875 | 7.8 | T.915 | 7.38
12| 6o | G | 765 | 780 | 790 | 7.3
L5 620 | 925 | 770 | 7.85 | T.9%5 | 7.32
18| 610 4 6,85 | 740 | 7.575 4 8.025 | T.185
210 015 4 6.8 50 70 T9% | T2
24 6 675 7.15 1375 |75 ) T.01
Table 6 Temperature distribution
P=p IISATr TORROWMTH 5. DL HHEEIIHIZ T
AR E ) kb B, EMtn kI IJW)P?MH'JLIEJ L7e#ti ko = ﬂi‘h'“%
P32 E5 CR/RBIECBIENAHAICBIENTS
P=P, (%) B R eeeee e 3) 2. %A, SUEOBLAS BEE R ISR TER
fLLP & h IR B S TB I LAAMRLH G, HADRIOWRIN I
Py, :h=012R T 250E BN TREL DD,
T, P h=0I2 AT 2R
T & h iR s5E 5. BWMEEICL D HE
)
Rd :2.87x10%m » 52 » k! L — AL S HU eI 2 B A A RFEERI,
@ SUHIERE KD & H IR BY,
SO LS LT RO A B A, SRR K D=DrFASNFAC woererererrerreeeaennnnnens (5)
SR % AL, Dr : WHEOFRT 2 HEM
Dr ASn  HEHE AR IE
ASrn:J’U (AS— AR)dx  ceeesreseeseeseneens ) AC : SEIME
LLTk»E, oLyl LTHiLLzLDh Table ThHb.
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No | Dr i 6 ] ASn | Dr+ASn |ASn [Dr+ASn’ | ASitaC| Dr+ASAC]
1, 5942804 | 0.002750 | 0.171 5942.975 1 0.163 | O 5942.9%7 1 0.166 O 5 M2.970 |
b2 5942797 0.001 785 | 0.174 O 5942971 § 0.172 | O 5 942.9%9 5 0.175 1O 5 942,972
(73 1 594279 | 0.001 063 0.176 | 5942975 | 0.168 | O 524294 4 0171 [O5 42,967 |
D4 | 5942.818 | 0.017 379 0.179 L 5942.997 L 0.17d 5012992 & 0176 | 5 042.991 |
e 5042829 | 0.021 625 | 0.171 | 5043.000 | 0.166 | 5942995 4 0.170 1 5 942.999
[ 6 5042.795 | 0.007 575 | 0.163 | O 5942958 | 0.162 [ O 5 0942957 . 0.165 1O 5 942960
D7 1 5942796 | 0.601 897 0155 | O 5942949 § 0.154 [ 5942950 ¢ 0.158 O 5 942.954
78 T& 5942.804 | 0.002 032 149 |O5942.954 [ 0.147 |O5942.953 | 0.155 [ O 5 942.957 |
9 & 50942810 ] 0.0037233 | 0.144 OS5 942954 § 0.145 [ O 5 M2.955 | 0.150 O 5 942.960
10 | % 5942813 | 0.001 910 | 0.138 105042952 | 0.139 [ O5%42.952 ; 0143 (O35 M2.95%
11 7% 5942804 | 0.001 828 0.135 | 50942940 | 0.13 | 5942.932 § 0.13% | 5 942.943
T12TA 5942809 0.002 479 138 1O 5942947 | 0.140 [ O 5912.949 | 0144 1 O5 M55
P13 4 50942808 | 0.001549 | 0.133 5942941 | 0.133 | 5942.041 | 0.137 | 5 042,045 |
T4 % 5042821 | 0000934 | 0.131 [O5942.950 § 0.131 1O5942.952 § 0.1% O5 ML _ |
15 7% 5042820 | 0.001 682 | 0.135 O 5942.953 | 0.135 ;O 5 942,955 1 0.139 O 5 942.959 |
16 % 5942821 | 0.003 659 | 0.1532 {O 5 942.952 0.131 O 5942952 | 0.135 [O5 942956 |
17 4 5942825 | 0.001 161 0.127 [ O 5 942.952 0.128 1O5 942,953 | 0.132 ;O 5 942.957
18 % 59428350 | 0.001 802 0.123 1O 509042.953 | 0.122 1O 5942.952 § 0.127 1O5 242957
19 & 50942831 | 0.002508 | 0.124 (O 5942959 | 0.125 [O50942.95 | 0.122 [O5 942.963 |
20 I & 5 942.837 | 0.002 759 0.126 1O 5 942. 963 0.125 1O 5942.962 1§ 0.130 | O 5 942.967
21 5942.834 . 0.002 655 0,128 1O 5942.962 | 0.128 1O 594292 L 0.132 1O 5 942. 966
221 5942822 | 0.001785 0.140 1O 5942.962 | 0.154 | O 5942.95 | 0.138 [ O 5 242.%0 |
23 5942.829 | 0.002 632 0149 | 5042978 L 0.145 1O 50942.974 4 0.145 | O 5 942.977
24 5042829 | 0.002725 0.163 | 5042.992 | 0.159 . 5942983 & 0.161 | 5 942.990
mean [ 5042962 | ©5 042960 | "5042.964 |
G a 0.016 174 | 0014 191 L0013 7%
Table 7 The Results by three different sorts of correction
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