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A Study on the Adjustment of Precise Leveling Nets
by the Method of Dynamic Least Squares.
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Abstract

The method of least squares has been applied to the static data, but it was not app-
lications for the processing of observed values accompaning real-time variation.

In this paper, having been considered all observations to be the function of time,
leveling nets were analized dynamically by introducing the concept of time to convent-
ional method of least squares. ‘

As a results, the method of dynamic least squares was well applicable to the adjust-

ment of leveling nets.
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X 1. Parameters of the program for method of
dynamic least squares

M : Route number

N : Number of bench mark except the fixed point
L :Time index

P : Matrix of weight of observational eguation
A : Matrix of 'coefficient of observational equation
AL : Observational values

T :Vector of time interval according to the ob-
servation

V  : Residuals

SD : Standard deviation of one observation

XM : Standard deviation of expected values

LH : Number of fixed time

TH : Line of fixed time

XT : Excepted values of fixed time
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& 2. Data for curve with time variation

No. 2(T) y(1) H P
1 2 2.5 1 1
2 2 3.2 0 1
3 3 6.0 3 1
4 4 14.4 9 1
5 4 11.7 8 1
6 5 4.0 1 1
7 5 17.5 12 1
8 6 7.0 4 1
9 6 7.5 2 1
10 8 13.0 10 1
11 8 5.5 2 1
12 9 7.0 3 1
13 10 10.2 6 1
14 10 15.3 12 1
15 12 6.6 1 1
16 13 12.2 7 1
17 13 9.8 4 1
18 14 16.2 9 1
19 15 14.3 6 1
20 15 7.5 0 1
21 16 11.9 3 1
22 16 20.5 10 1
23 17 17.9 8 1
24 18 26.6 11 1
25 19 25.5 8 1
26 20 14.7 1 1
27 20 20.8 5 1
28 21 31.2 9 1
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218 2. Curve by method of dynamic least squares
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B.M.

1%l 4. Leveling nets

E 3. Data for the nets adjustment of leveling of

Fig. 4
Route| B.M. Dist. | Obs,
No. Diff. | T.| Remark
F rom! To | (km) (m)

1 |B.M. 1 0.40| 0.106; 0| 1987.3.21
2 IB.M. 1 0.40) 0.108] 14 {9 : 00~5: 00
3 B.M. 1 0.40] 0.108) 28 (first)
4 1 2 0.30 8.430] O | 1987.4.4
5 1 2 0.30] 8.4311 14 [9:00~5: 00
6 1 2 0.30] 8.433] 28 (second)
7 2 3 0.30] —4.060] 0| 1987.4.18
8 2 3 0.30] —4.056| 14 |9 : 00~5: 00
9 2 3 0.30] —4.057) 28 (third)

10 3 4 0.30| 3.777, 0

1 3 4 | 0.30] 3.779 14

12 3 4 | 0.30] 3.779 28

13 4 5 0.40] 12.062; 0

14 4 5 0.40 12.058] 14

15 4 5 0.40| 12.061[ 28

16 2 6 0.30 2.114 0

17 2 6 0.30 2.113] 14

i8 2 6 0.30 2.115} 28

19 6 7 0.30 3.5180 0

20 6 7 0.30 3.516| 14

21 6 7 0.30] 3.518| 28

22 7 8 0.30] —3.561| 0

23 7 8 0.30| —3.559 14

24 7 8 0.30| —3.558( 28

25 8 9 0.40] 5.294| 0

26 8 9 0.40 5.207| 14

27 8 9 0. 40 5.293| 28

28 9 10 0.30 0.114} 1 1987.3.22

29 9 10 0.300  0.113! 1519 : 00~5:00

HeE Haw- 19884 6 1

30 9 | 10 | 0.80 0.115{ 29 | - (first)
31 | 10 | 11 | 0.30 10.281| 1| 1987.4.5
32 1 10 | 11 | 0.30 10.281] 15 {9:00~5: 00
33 | 10 | 11 | 0.30 10.279| 29 | (second)
34 | 11 5 | 0.30] —5.984/ 1 |1987.4.19
35 | 11 5 | 0.30] —5.982] 15 |9 :.00~5: 00
36 11 5 0.300 —5.982| 29 (third)
37 12 | 0.30 —2.788] 1

38 12 | 0.30] —2.787| 15

39 12 | 0.30] —2.739] 29

40 | 12 | 13 | 0.30—11.272 1

41 | 12 | 18 | 0.30—11.275 15

42 | 12 | 18 | 0.30—11.272 29

43 | 13 | 14 | 0.30, —2.792] 1

44 | 13 | 14 | 0.30, —2.790| 15

45 | 13 | 14 | 0.830] —2.750| 29

46 | 14 | 15 | 0.30] —3.983] 1

47 | 14 | 15 | 0.30] —3.983 15

48 | 14 | 15 | 0.300 —3.982 29

49 | 15 |B.M.| 0.40] 0.472 1

50 | 15 |B.M.| 0.400 0.471] 15

51 | 15 |B.M.| 0.40[ 0.472 29 |

H 4. Comparision of results of leveling nets by
D.L.S. and L.S.M.
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42.20614
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50. 35349
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52. 74954
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¥ 5. Results of nets adjustment by D.L.S.

B. M. Adj. Elev.(T1)|Adj. Elev.(T2)|Ad}, Elev.(T3)
1 42.2061 42,2076 42,2089
2 50. 6358 50.6408 50.6458
3 46. 5764 46. 5855 46. 5945
4 50. 3535 50. 3653 50.3771
5 62.4139 62.4222 62. 4306
6 52.7495 52.7559 52.7623
7 56. 2670 56.2731 56.2791
8 52.7065 52.7175 52.7284
9 58. 0020 58.0103 58.0186

10 58.1157 58.1251 58. 1345
11 68.3974 68.4027 68. 4079
12 59.6763 59. 6818 59. 6872
13 48. 4040 48.4028 48.4016
14 45.6123 45.6134 48.6146
15 41.6291 41.6300 41.6309
t=0 t==50 =100

j1c mm

8| 5. Adjustment of leveling nets by D.L.S.
(50 days)
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- & 6. Comparison of mean values of observational elevation differences with adjustment elevation differ-
ences in the two station.

Adj. .height Diff. Obs. Diff. Comp.
From To (m) first second third aver. B-A)
oM Mo L 0.1061 0.106 0.108 0.108 0.1073 0.0012
ol o2 8.4297 8.430 8.431 8.433 8.4313 0.0016
AP A —4.0504 | —4.060 | —4.056 | —4.057 | —4.0576 —0.0018
M. 3 A 3.7771 3.777 3.779 3.779 3.7783 0.0012
o s A 12. 0604 12.062 12.058 12.061 | 12.0603 ~0.0001
s - 85 2.1187 2.114 2.113 2.115 2.1140 0.0003
B0 85 ALV 3.5175 3.518 3.516 3.518 3.5173 ~0.0002
o o B s ~3.5605 | —3.561 | ~—3.550 | —3.558 & —3.5593 ~0.0012
o & AR 5. 2955 5.204 5.297 5.2903 5.2046 ~0.0009
o oo o X0 0.1187 0.114 0.113 Y| 0.115 0.1140 0.0003
g‘."ulg? o 10. 2817 10. 281 10. 281 10.279 | 10.2803 —0.0014
66,5974 634139 ~5.9835 | ~—5.984 | —5.982 | —5.982 | —5.9826 —0.0009
. oAl ~2.7376 | —2.738 | —2.737 | —2.730 | —2.7380 0. 0004
oz A ~11.2723 | —1l.272 | —11.275 | —11.275 | —11.2740 0.0017
A o —2.7917 | —2.792 | —2.790 | —2.790 | —2.7906 —0.001
Lt o 15 —3.9862 | —3.983 | ~—3.983 | ~—3.982 | —3.982%6 |  —0.0006
o 1o Rt 0.4709 0.471 0.471 0.472 |  0.4713 0.0004

pD. 28~36.
g £ X M 2. HEEMES, “NHBoEE”, 1974, pp.443~
448.
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