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Laser ranging between Yatsuyama and Shizuoka University

Nobuaki NIITSUMA* and Shinya ODAGAWA®

Laser ranging has been carried out between the antenna of Tokai University on
Yatsuyama Hill and Building C of the School of Science, Shizuoka University to
make a geodetic measurement of the tectonic movement around the Udo Hills.

One set of corner cube mirrors with three components of 60 mm ¢ in a steel
box with a glass window was set on the handrail of the middle platform of the
antenna of Tokai University on Yatsuyama Hill. Rangemaster III (No.09B8008)
manufactured by K & E Inc. was used for the laser ranging on the 6th platform of
the western stairs in Building C of the School of Science, Shizuoka University (Fig.
1).

The measurements of the laser ranging were carried out in 3 afternoons (4th
and 10th December, 1992 and 29th January, 1993; Table 1). One set of
measurements is composed of 10 measurements every 10 seconds after adjusting to
the level of the reflected laser, and 30 sets of measurements were made each
afternoon. The measurement was started just after warming up the Rangemaster.
The average distance and standard deviation was obtained for the set of
measurements. The level of the reflected laser was also monitored during the set of
measurements. The maximum (Lmax) and minimum (Lmin) of the level were
recorded, and the average of the level (Lave) was calculated for the set.
Comparison of the absolute value of the measured distance among the afternoons
has no geodetic meaning, because the Rangemaster was set independently in each
afternoon. We use the deviation of the measured distance from the average distance
over the afternoon.

A negative correlation was found between the deviation of the measured
distance (AD) and the average level (Lave) as shown in Figure 3. The level of the

reflected laser decreased with time during a set of measurements just after the
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warming up and increased for more than one hour after warming up. The changes
in the level made the measured distance apparently shorten with time for the 3
day’s data (Fig. 2).
greater than 95% confidence in the well controlled sets of measurements on the level
(Fig. 2).

The results presented in this paper show that the precision of the laser ranging

The shortening of the measured distance was observed with

This shortening might be caused by meteorological conditions.

is on the order of mm. The precision will realize the detection of the tilt motion of
the Udo Hills over a period of 10 years in the case of constant rate of movement.
If the movement is stepwise, the geodetic monitor by the laser ranging should give
fruitful data on not only tilting of the Udo Hills but also on subduction of the
Philippine Sea Plate along the Suruga Trough.

Key words: laser ranging, Yatsuyama, Udo Hills, level of reflected laser, tilting.
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Fig. 1. Index Map.
SC: C building of the School of Science, Shizuoka University, YT: antenna of
Tokai University at Yatsuyama, SM: Shizuoka Meteorological Station, YB: NTT
antenna of Yambara, SP: estimated Sliding Plane.
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Fig. 2. Measured distance (AD) and passing time (T). Error bar represents 95%
confidence limit for a measured set for which the level of the reflected laser
beam was set within the Green Area (L=2~3). Broken line: meterological
correction — 100 mm. Corrected distance can be obtained by adding the
correction to the measured distance.

a. 14:05~16:23 on 4th December, 1992
b. 13:38~15:38 on 10th December, 1992
c. 13:49~15:19 on 29th January, 1993
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D : fIEEE, D : HEHSOEERE,
Lmax : RKEEHEL N, Lmin: &P
LNV, Lave : SFHREHEL N,
AD : JERBEDRZE
Table 1. Measurements of laser ranging
between C Building of School of Science,

Shizuoka Univeristy and antenna of
Tokai University at Yatsuyama
(1992,712,74).

D: measured distance, o D: standard
deviation of measured distances, Lmax:
mawvitmiir laval Af wwaflandiad locar han e
llaAaililuill 1CvYyClL Ul 1ITLICUILCU ladtol vcaitil,
Lmin: minimum level of reflected laser
beam, Lave: averaged level of reflected
laser beam, A D: deviation of measured
distances.

Time i} 60 Lmax Lmin Lave ATlime Al

1405 474 b, 2 4.0 0,4 2.5 1] 4, 4
L1410 489 45 49 0.8 1Y 5 +1Y. 4
1415 411 4 4 5. 0 4,1 3.6 LY t4, 4
1420 481 4.8 49 41 L 1y t11, 4
1424 471 53 3.0 i1 /] 1Y +1, 4
1429 469 48 3 2,0 66 14 -0. 6
1433 472 LT 40 40 30 i8 +2, 4
1437 476 3.1 3.4 a1 L8 34 th, 4
1440 467 3.8 3.8 42 3.0 3 -4, b
1458 457 4.8 3.9 2t 3.0 53 -12, 6
1501 483 8,3 .17 1,5 A 96 +13, 4
1505 418 3.1 3.0 2.1 26 50 +8, 4
lo24 475 42 .8 2.0 24 19 th, 4
1527 470 3.9 L9 L0 25 82 +0, 4
1530 468 1.8 2.9 L.§ 2.4 85 -1, 6
1533 469 36 29 2.0 2.5 88 -0. 6
1536 469 1.4 1.9 2.0 25 gl -0, 6
1539 4719 271 29 L§ 2.4 94 +9. 4
1542 475 3.0 2.9 2.0 2.5 917 th, 4
1348 477 28 30 L9 2.5 103 +7.4
1o 457 42 45 2T 36 109 -12. 6
Ly51 469 2.0 5. 0 2.9 4.0 112 -4. 6
1600 459 34 3y 48 34 1l -10, 6
1603 459 3.3 3.9 2.8 3.4 118 -10. 6
1606 458 2.5 32 2.2 A1 il -1t 6
1609 463 3.0 3.0 2.1 2.6 124 -6. 6
1612 469 3.5 3.0 1.3 A 1217 -0. 6
1615 463 4.9 3.9 2.1 3.0 130 -6, b
1618 464 3.0 2.9 1.1 A 133 =5, b
16243 453 3.9 18 4,4 ] 138 -b. b
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EfE(1992,712,710)
D : BlEHEE, oD : fIEEMOEERE,
Lmax : ®KIFEL NV, Lmin : /0K
Ftv v, Lave : FHREHEL L,
AD : HIEEEORE
Table 2. Measurements of laser ranging
between C Building of School of Science,
Shizuoka Univeristy and antenna of
Tokai University at Yatsuyama
(1992,712,710).
D: measured distance, o D: standard
deviation of measured distances, Lmax:
maximum level of reflected laser beam,
Lmin: minimum level of reflected laser
beam, Lave: averaged level of reflected
laser beam, A D: deviation of measured

K3 AE— R KRR C R R e ok B
FEME(1993,71.729)
D : HEHH, D HEHE#OEERE,
Lmax : mARSHEL XV, Lmin : &/8R
LV, Lave : EHRESLL N,
AD : HEHBEDRE
Table 3. Measurements of laser ranging
between C Building of School of Science,
Shizuoka Univeristy and antenna of
Tokai University at Yatsuyama
(1993.71,729).
D: measured distance, o D: standard
deviation of measured distances, Lmax:
maximum level of reflected laser beam,
Lmin:minimum level of reflected laser
beam, Lave: averaged level of reflected
laser beam, AD: deviation of measured

distances. distances.

[1me i} D Lmax Lmin Lave Alime AD Time D oD Lmax Lmin Lave  Alime AD
1338 4971 8.7 Ly Lt LY 0 +36. 0 1349 940 10,7 2.2 Lo b 0 140, 9
1345 492 44 L4 Lt LT i 300 1302 v3L 101 22 [ R T 3 300y
1350 468 45 L8 L9 L4 12 U I35 old 18 44 LY 4l b t1o, Y
1427 4718 40 2.2 L9 A1 44 10 1359  »i3 16,6 2.2 Lo Lo 1y 13,4
1429 484 o5 L5 Ly LU 51 +23.0 1403 045 8.1 4.2 Lo Lt 14 145, 4
1430 490 37T 43 Loy LY 54 29,0 1405 o04 1Y 22 Le Ly I t4, Y
1434 483 3.8 2.5 L5 L0 hb 24,0 1408 509 101 2.2 L L 1Y +9, 4
1436 489 351 45 1L.& 1§ 28 48,0 1411 5% 8.8 41 Wy Ly il 2o,y
1438 476 15,8 2,5 0.0 1.3 64 +19, 0 1414 521 7.9 2.2 11 2.0 19 41y
1442 467 46 25 Ly L0 ti4 +6. 9 LT 52 9% 21 11 I 6 I8 0y
1445 457 2.3 L5 L5 L0 67 -4, 0 1419 462 148 5.0 25 3.8 30 =371
1457 480 3.0 2.8 21 Lo 79 =10 1422 450 134 2.9 Ly 2.1 33 -44. |
1459 433 2.9 L8 L1 L) 81 -4, 0 1424 512 9.8 3.0 Lo 2.0 3o 12,9
thol 460 2.3 L9 Ll L) 83 =10 1427 500 18.9 5.0 11 3.1 38 +,§
1504 43¢ 2.4 28 22 25 8t -1.0 1430 510 7.§ 3.0 Lo 43 41 +10, Y
1506 457 2.2 2.8 4 245 83 -4, 1433 497 10,0 2.9 LT 43 44 =21
1508 452 25 2.8 22 25 90 =90 1444 503 7.4 2.9 L1203 5y +3.4
1510 449 2.1 2.7 2.4 2.6 y2 =120 1447 503 8.3 2.9 LYy 24 28 +3.9
1513 451 2.0 2.8 22 25 CR) -10.0 1449 507 5.9 30 2.0 2.5 60 +7.9
1516 448 2.4 27 L3 2.5 97 -13.0 450 10 7.3 30 LT 2.4 62 +10, 9
1518 447 LS 271 23 45 10 -14. 0 1453 479 59 3.5 2,0 2.8 64 =20, 1
1520 45t 3.2 27 23 L5 LUl -10.0 t455 484 13,2 4.0 L6 2.8 66 =15, 1
1523 444 2.2 3y 23 31 10% =170 1457 489 1.7 3.9 | A 68 =10, 1
1525 445 2.7 3.4 42 31 107 -16. 0 1459 484 10.8 39 21 3.0 10 -1h 1
1527 444 LS 39 212 31 109 -17.0 1501 485 IL.8 3.8 Ly 27 12 -4, 1
1528 445 45 35 L1 28 11l -6, 0 1503 476 9.3 35 2.3 29 74 -23.1
Iv32 445 2.3 L6 41 1Y 114 -16, ¢ 1513 478 143 4.2 22 312 84 -]
1534 444 2.2 3.9 L2 31 116 =170 Isls 468 7.5 4,12 L7 30 86 =300
1536 448 2.8 39 L1 0 Lig -13.0 L5171 481 19,3 3.9 LT 2.8 88 -18. 1
lo38 447 26 3.5 L1 49 120 ~14,0 is1y 474 1.8 43 41 312 Y0 =301

EFREDOFHE L EREEYEHNLE. 4, 20
MO L NVOFH Lave L U EBIEA L %
k7o (F1,2,3).

ZD3IHOPEIZBWTIX, ZOHE, =MWrfH
HLUTUEMERERE L 72720, REBEMEI RE

;3,260,539 mm

12A10H : 3,260,461.0+17.0 mm
; 3,260,540 mm

19934F 1 H29H : 3,260,499.1£23.1 mm
. 3,260,591 mm
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19924212H 4 H : 3,260,469.6+ 8.3 mm W9 5HIENIHDBEIZHALNIZ, T OHEELEAL
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deviation of measured distance (AD).
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Fig. 4. Tilting of Udo Hill and estimated sliding plane (Niitsuma & Nakano,
1991). X: Shizuoka University, thick broken line: sliding plane.
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