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Fig. 1.2 State of manual forest measurement(measurements of trunk location).
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Fig. 1.3 State of manual forest measurement(left:measurements of tree height,
right:measurements of diameter at breast height).
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Table 3.1 Specifications of mobile 3D-LIDAR.

Size [mm] 90 (W) x 125 (D) x 225 (H)
Weight [g] 870 (Scanning section only)
Measurement range [deg] =+ 60 (pitch) , 360 (yaw)
Rotational speed [rpm] max 120
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Fig. 3.1 Procedure of measurements conducted on forest slope.
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Fig. 3.2 Developed mobile 3D-LIDAR: scanning section (left), total setup (right).



Fig. 3.3 Positions of mobile 3D-LIDAR when rotating by 90 degrees.
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Fig. 3.4 Signal processing flow of 3D-LIDAR.
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Fig. 4.2 Point-to-line matching and point-to-plane matching in LOAM.

Table 4.1 The motion of the 3D-LIDAR in the supposed scenel] the average frequency and the
maximum amplitude

Roll [Hz] Pitch [Hz] Roll [deg] Pitch [deg]

oo 2 2 1 1

ooogd 0.5 0.5 6 20
ooooon 1.7 1.7 3
oooooboooo 0.5 0.5 10 6
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oooooo 0.7 1.7 4
oooooo 0.7 1.7 4

il oo ooobobobobobobobDboDoD
dddoooooobooboobooooboboobobbboooooooooooboobobbob
0000000000 MUOOOOOOOOTable41 0000000000 OrollO0O0O pitch
dddodoooooooobooboboboobobobobobbboboooooooougg xooo
O000 zO0002000000000000D00DOyDOODOOODOODO
ooobooboboboooooboooobooboboobOobDOoooooobOobo 200bD0D
OO0D0000D0O00O0b0o00OOd Fig.43000 Fig.4400O0O00O0O0O0O0ODOODOODOODOO
000000000000 000DO0000DO0000OD Fig.4500000000D00000OO
gdodooboooboooboboboobobobobboboobbobobobobobbbobobobbbobbobobobDb
0000000000000 x00000000O00000000D0O00O0rollDO0O pitch OO
O0000000005HzO000 20deg0 00000000 ODOOO 2Hz000 SdegO0O
OO0bDO0bOO0o0ob0200000b00000D00D 4000000

13



Table 4.2 Experimental resultsC] wall A, BO .

ooooo 00 AOO[m] Ao[m] BOO [m] Bo[m]
stop O -2.962 0.023 -2.985 0.038
stop O -2.959 0.023 2.975 0.038
roll 5 deg, 2 Hz O -2.968 0.024 -2.994 0.041
roll 5 deg, 2 Hz O -2.960 0.023 -2.973 0.038
pitch 5 deg, 2 Hz O -2.940 0.047 2.928 0.095
pitch 5 deg, 2 Hz O -2.945 0.026 -2.946 0.040
roll 20 deg,0.5Hz O -2.960 0.023 2.974 0.039
roll 20 deg, 0.5Hz [ -2.962 0.023 -2.982 0.041
pitch 20 deg, 0.5Hz O -2.955 0.144 -2.958 0.282
pitch 20 deg, 0.5Hz O -2.963 0.039 2.982 0.052
00 2.93 -2.93
A yOOooooo
B.y0DOOOODOODOOOOOOOOOOOD ADDODODOOAODOOOOOO
C.xO00OOOOO
D.xO0OOOOOODOOOOOOO0OOOOOCOOOOOOCOOOOnoon

O000AODBOOOODpitchOO00O0O0OOCCODOOOOOrolOO0O0OOOOOOODODO
0000000000 3000000mMUOODN roll,pitch,yaw OO OO O0OOOOO02000
OO00000O0ROSOOOODODO hectormapping [39]00000000000ODO0O x,y, yaw O
ooooo0ooDooo
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Ooo0O0ooooO0OooooO0OooooO00oooooOoOooooOooooOooOoooooOoooo
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ooo0OC0OOOoO0O0o0o0o0oooooooooooOoOOOOoOoOOoOoooooooooooDO
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Table 4.3 Experimental results(] wall C, DO .

ooooO 00 COO[m] Co[m] DOO [m] Do [m]
stop O 1.467 0.007 1.478 0.049
stop O 1.472 0.008 1.485 0.049
roll 5 deg, 2 Hz O 1.491 0.047 1514 0.070
roll 5 deg, 2 Hz O 1.477 0.013 1.498 0.050
pitch 5 deg, 2 Hz O 1.463 0.007 1.462 0.050
pitch 5 deg, 2 Hz O 1.468 0.008 1.466 0.051
roll 20 deg, 0.5Hz [ 1.480 0.072 1511 0.088
roll 20 deg, 0.5Hz [ 1.474 0.020 1.498 0.053
pitch 20 deg, 0.5Hz O 1.462 0.007 1.471 0.057
pitch 20 deg, 0.5 Hz [ 1.472 0.009 1.498 0.052
00 1.48 1.48

Fig. 4.3 Experiment environment.
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AE =

Fig. 4.4 Experiment environment(target walls and measurement point).

Fig. 4.5 How to vibrationO roll direction and pitch direction( .
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Fig. 4.6 3D point cloud seen from directly above (stop).

Fig. 4.7 3D point cloud seen from directly above (not corrected at pitch 20 deg, 0.5 Hz)
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Fig. 4.8 3D point cloud seen from directly above (corrected at roll 5 deg, 2 Hz).

Fig. 4.9 3D point cloud seen from directly above (corrected at pitch 5 deg, 2 Hz).
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Fig. 4.10 3D point cloud seen from directly above (corrected at roll 20 deg, 0.5 Hz).

Fig. 4.11 3D point cloud seen from directly above (corrected at pitch 20 deg, 0.5 Hz).
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Fig. 4.12 The 3D indoor mapO the vertical view towards the corridor(d
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Fig. 4.13 The 3D indoor mapO the parallel view towards the corridor(d
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Fig. 4.14 Experiment environment.

The 3D outdoor map at the flats[] the vertical view towards the direction of movement[
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Fig. 4.16 The 3D outdoor map at the flats(] the parallel view towards the direction of movement(]

Fig. 4.17 The 3D outdoor map at the slope the vertical view towards the direction of movement[

Fig. 4.18 The 3D outdoor map at the slope the parallel view towards the direction of movement[]
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Fig. 4.19 Experiment environment.

Fig. 4.21 Experiment environment.
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Fig. 4.22 Experiment environment.

Fig. 4.23 3D map of forest slope.
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Fig. 4.24 3D map of forest slope.
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Fig. 5.1 Flowchart of 3D forest measurements.
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Temporary central axis [,
obtained by cylinder fitting
Parameters of model cylinder
Radius 7y

Range of cylinder fitting

Model cylinder

Unit direction vector uy,
L mﬁ .......... : d parallel to cylinder central axis

1.0my Point by, of cylinder central axis

One scan for trunk k

Plane Lj having normal vector
parallel to temporary central axis [},
and passing through point

at height of 1.2 m

from the ground on [

Standing tree k

Ground

Fig. 5.2 Central axis obtained by cylinder fitting and plane to project trunk points.
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Fig. 5.3 An example of projection of trunk points onto a plane.
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Fig. 5.4 An example of projection of one scan for trunk k onto plane L; and fitted circle to the points.

Central axis l;c of standing
tree k passing through
central point ¢;, and being
parallel to temporary
central axis [},

Temporary central axis [,
obtained by cylinder fitting

L2 g Trunk location pj, at a height
of 1.2 m from the ground
on central axis [,

Central point ¢;, thatis
average of points calculated
by circle fitting on plane L,

Standing tree k

g 7%6 Delaunay
triangulation
9 @5 :
10@
4 € i
®© 1
11 !
Approx. ® @3
30m 12
© |
3 © 3
® @, |
14
. Approx. !
10 m 1

Fig. 5.6 Measurement area and Delaunay triangulation for evaluation of distances between standing trees.
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Fig. 5.7 Trunk caliper.
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Fig. 5.8 Measuring diameter at breast height by the trunk caliper.
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Fig. 5.9 Measurement path 1, 2, and 3.
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Table 5.1 Means of diameters at breast height, their errors, and means of scan num ratios whose
scanned perimeter rates are 0.3 or more in each path.

Diameter Diameter Diameter Scannum  Scannum  Scan num
Tree Ground  (Error) [em]  (Error) [cm]  (Error) [cm] ratio ratio ratio

number  truth [cm] in path 1 in path 2 in path 3 in path 1 in path 2 in path 3
1 32.8 33.5(0.7) 32.5(-0.3) 36.3 (3.5) 0.625 0.513 0.668
2 34.7 33.7 (-1.0) 35.0(0.2) 354 (0.6) 0.654 0.715 0.684
3 39.8 38.1(-1.7) 39.3 (-0.5) 41.0(1.2) 0.495 0.536 0.593
4 32.7 30.8 (-1.9) 32.0 (-0.6) 32.6 (-0.1) 0.578 0.691 0.643
5 383 34.8 (-3.6) 37.6 (-0.7) 399 (1.5) 0.637 0.556 1.000
6 49.8 43.6 (-6.2) 48.4 (-1.4) 42.6 (-7.1) 0.433 0.412 0.617
7 29.2 26.6 (-2.6) 28.6 (-0.7) 259 (-3.3) 0.713 0.675 0.605
8 35.1 33.3(-1.8) 32.2(-2.9) 32.7(-2.4) 0.664 0.557 0.660
9 45.6 39.2 (-6.4) 43.8 (-1.9) 43.7 (-1.9) 0.578 0.534 0.560
10 44.5 42.3 (-2.2) 40.6 (-3.9) 42.6 (-1.9) 0.572 0.510 0.495
11 342 33.4 (-0.8) 33.9(-0.3) 32.7 (-1.5) 0.656 0.761 0.851
12 38.4 37.3(-1.1) 37.8 (-0.6) 39.0(0.6) 0.642 0.662 0.623
13 37.3 38.2(0.9) 37.7(04) 44.5(7.2) 0.527 0.490 0.560
14 41.2 41.2 (0.0 41.9 (0.7) 44.7 (3.6) 0.663 0.546 0.423
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Fig. 5.10 Means of diameters at breast height for ten times measurements.
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Fig. 5.11 Correlation between scanned perimeter rates and errors of diameter at breast height at one scan.
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Fig. 5.12 Evaluation of errors of mean diameters at breast height to means of scan num ratios
whose scanned perimeter rates are 0.3 or more.
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Fig. 5.13 Means of distances between standing trees for ten times measurements.
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Table 5.2 Means of diameters at breast height and their standard deviations in each path.

Diameter Diameter Diameter

Tree Ground (o) [em] (1o)[cm] (lo)[cm] Maximum Minimum Difference [cm]
number  truth [cm] in path 1 in path 2 in path 3 diameter [cm]  diameter [cm] (max — min)
1 32.8 335(1.6) 325(1.7) 363 4.3) 34.0 30.5 35
2 34.7 33.7(0.7) 350(1.4) 35.4(0.8) 35.0 33.5 1.5
3 39.8 38.1(1.9) 393(1.1) 41.0(1.9) 40.9 37.2 3.7
4 32.7 30.8(1.0) 32.0(0.9) 32.6(0.8) 34.0 31.3 2.7
5 38.3 348 (2.0) 37.6(2.8) 399(3.2) 41.5 34.8 6.7
6 49.8 43.6 (2.5 484(1.7) 426(4.2) 51.8 48.0 3.8
7 29.2 26.6(1.4) 28.6(1.3) 259(3.4) 29.2 27.2 2.0
8 35.1 33.32.6) 322014 3270.7) 37.6 322 54
9 45.6 39.2(1.6) 43.8(3.0) 43.7(1.8) 48.0 40.6 7.4
10 44.5 423(1.5) 40622) 42624 459 42.0 3.9
11 342 33.4(0.8) 33.9(1.00 32.7(3.2) 34.8 33.0 1.8
12 38.4 37.3(1.8) 37.8(1.8) 39.0(1.4) 39.2 35.6 3.6
13 37.3 382(1.9 37717 445Q.9) 38.0 35.8 2.2
14 41.2 41.2(3.3) 41925 447(1.9) 414 37.8 3.6
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Table 5.3 Means of distances between standing trees and their errors in each path.

Distance Distance Distance
Tree  Ground  (Error) [m] (Error) [m] (Error) [m]
number truth [m] in path 1 in path 2 in path 3
1-2 2.631 2.615 (-0.016) 2.586 (-0.045) 2.575 (-0.056)
1-13 5.233 5.231 (-0.002)  5.205 (-0.028) 5.204 (-0.029)
1-14 8.781 8.777 (-0.003)  8.756 (-0.025) 8.765 (-0.015)
2-3 5.422 5.429 (0.007) 5.438 (0.016) 5.416 (-0.006)
2-12 4.364 4.335 (-0.028) 4.355 (-0.009) 4.325 (-0.039)
2-13 4918 4928 (0.010) 4.927 (0.010) 4.977 ( 0.060)
3-4 3.757 3.720 (-0.037) 3.740 (-0.017)  3.735 (-0.022)
3-11 3.035 2.988 (-0.047) 3.001 (-0.034) 3.004 (-0.030)
3-12 4.782 4.759 (-0.022) 4.770 (-0.011)  4.760 (-0.021)
4-5 6.631 6.652 (0.021) 6.569 (-0.062) 6.644 (0.013)
4-10 4.989 4.962 (-0.027) 4.973 (-0.016) 4.957 (-0.032)
4-11 4.554 4.544 (-0.010)  4.551 (-0.003) 4.537 (-0.017)
5-6 4.148 4.089 (-0.059) 4.149 (0.001) 4.073 (-0.075)
59 4.748 4.680 (-0.068) 4.723 (-0.025) 4.710 (-0.038)
5-10 5.567 5.561 (-0.006) 5.556 (-0.011)  5.596 ( 0.029)
6-7 1.113 1.132 (0.019) 1.101 (-0.012) 1.052 (-0.061)
6-9 5.043 5.003 (-0.040) 5.014 (-0.029) 4.999 (-0.044)
7-8 5.365 5.320 (-0.045) 5.351 (-0.014) 5.346 (-0.019)
7-9 5.006 4.983 (-0.023) 4.997 (-0.009) 4.963 (-0.043)
8-9 1.827 1.835(0.008) 1.823 (-0.003) 1.815(-0.011)
9-10 4.708 4.699 (-0.009) 4.688 (-0.020) 4.682 (-0.026)
10-11 6.429 6.395 (-0.034) 6.402 (-0.027) 6.380 (-0.049)
11-12 3.326 3.330 (0.004) 3.320(-0.006) 3.332 ( 0.006)
12-13 4.743 4.728 (-0.015) 4.757 (0.015) 4.776 ( 0.034)
13-14 5.875 5.864 (-0.010) 5.835(-0.039) 5.835 (-0.040)
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Table 6.1 Diameter of breast height calculated by cylinder fitting and measured by manual.

Tree Ground Proposed
number truth [cm] method [cm]  Error [cm]

1 38.9 42.2 3.3
2 27.0 26.5 -0.5
3 36.1 37.0 0.9
4 49.1 50.5 1.3
5 38.0 374 -0.6
6 25.0 26.8 1.8
7 499 49.2 -0.7
7
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Fig. 6.5 Extracted point cloud of breast height (vertical axis is X, horizontal axis is y).
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Fig. 6.6 Extracted point cloud of breast height (vertical axis is z, horizontal axis is y).
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Table 6.2 Trunk location indicated with coordinates of plane coordinates system.

Tree number x coordinate [m] y coordinate [m]

1 -3.225 2.855
2 4.545 5.838
3 2.528 7.297
4 8.080 5.675
5 3.991 11.339
6 5.106 16.545
7 9.306 24.008

Table 6.3 Distance between a tree and a tree calculated by proposed method and measured by manual.

Tree Ground Proposed
number truth [m] method [m] Error [m]

1-4 11.780 11.652 -0.128

2-4 3.511 3.539 0.028

34 5.806 5.784 -0.022

5-4 7.036 6.986 -0.049

6-4 11411 11.269 -0.141

7-4 18.695 18.373 -0.322
7

5 0 5 10 15 20 25
6
20

x 5
15 I P 4

I
PR
y o / / 3
10 2

Fig. 6.7 Delaunay triangulation of measurement area (vertical axis is x, horizontal axis is y).
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Fig. 6.8 Approximate plane of measurement area (vertical axis is z, horizontal axis is y).
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Fig. 6.9 Classification based on eigenvalues obtained from covariance matrix.
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Fig. 6.10 Classification of point clouds by clustering with feature as normal.
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Fig. 6.13 Pairs of trees for evaluation of distances between standing trees.
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Fig. 6.17 Result of classification (single scale » = 0.1m).
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Fig. 6.18 Result of classification (single scale » = 0.2m).

Fig. 6.19 Result of classification (single scale r = 0.4m).

Fig. 6.20 Result of classification (multi-scale r = 0.1,0.2,0.4m).
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Fig. 6.21 Result of classification (multi-scale » = 0.2,0.3,0.4m).

Fig. 6.22 Extracted point clouds at breast height (single scale r = 0.4m).

3D Viewer

Fig. 6.23 Extracted point clouds at breast height (multi-scale r = 0.2,0.3,0.4m).
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Fig. 6.24 Means of diameters at breast height for ten times measurements.
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Fig. 6.25 Means of distances between standing trees for ten times measurements.
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Table 6.4 Means of diameters at breast height, their errors, and the index in each path (tree 10 40).

, . _ Valid Valid Valid
Diameter Diameter Diameter measurement ~ measurement — measurement
Tree Ground  (Error) [ecm]  (Error) [cm]  (Error) [cm] times times times
number  truth [cm] in path 1 in path 2 in path 3 in path 1 in path 2 in path 3
1 18.3 11.6 (-6.7) 20.0(1.7) 15.6 (-2.7) 4 4 1
2 16.4 9.7 (-6.7) 18.5(2.1) 18.3(1.9) 4 1 1
3 16.9 12.5 (-4.4) 17.3(0.4) 19.0 (2.1) 9 3 3
4 23.1 20.1 (-3.0) 21.0 (-2.2) 23.2(0.1) 9 10 6
5 212 150(-63)  204(-08)  15.8(-5.4) 3 10 3
6 20.5 10.8 (-9.8) 19.7 (-0.9) 21.3(0.8) 5 6 1
7 21.5 17.9 (-3.6) 20.5 (-1.0) 20.1 (-1.4) 8 9 5
8 22.3 17.1 (-5.2) 21.8 (-0.5) 20.8 (-1.5) 9 9 7
9 15.7 9.6(-6.0)  143(-14)  83(-7.4) 5 9 2
10 21.0 16.1(-49)  21.7(0.7) no data 4 9 0
11 22.0 6.7 (-15.3) 19.7 (-2.3) 15.9 (-6.0) 3 5 4
12 21.0 13.8 (-7.2) 17.9 (-3.2) 19.8 (-1.3) 7 8 4
13 18.3 15.6 (-2.7) 14.0 (-4.3) 16.6 (-1.7) 8 9 3
14 16.3 72(:92)  147(-16) 153 (-1.0) 5 10 2
15 13.1 87(-44)  108(-23)  203(72) 8 6 3
16 31.2 24.8 (-6.4) 31.2 (0.0) 29.6 (-1.6) 10 10 9
17 19.8 21.0(1.2) 18.6 (-1.2) 18.6 (-1.2) 4 5 4
18 19.2 22.7(3.5) 17.1 (-2.2) 18.2 (-1.0) 9 5 9
19 23.3 19.9 (-3.5) 21.9 (-1.4) 21.7 (-1.6) 10 9 8
20 143 1.1(32)  11.9(24)  129(-14) 7 9 5
21 17.0 9.9 (-7.2) 11.7 (-5.3) 10.7 (-6.3) 4 5 2
22 16.7 11.3(-5.4) 153 (-1.4) 15.1 (-1.6) 6 3 9
23 154 10.7 (-4.7) 13.4 (-1.9) 13.7 (-1.7) 7 6 3
24 9.7 7.5 (-2.3) 10.7 (0.9) no data 3 6 0
25 24.6 257(1.1)  214(32)  237(-09) 3 10 9
26 18.8 12.4 (-6.4) 18.5 (-0.3) 17.6 (-1.2) 4 4 7
27 19.8 15.7 (-4.1) 17.9 (-1.9) 18.0 (-1.8) 8 5 5
28 13.7 15.0 (1.3) 12.3 (-1.4) 11.0 (-2.7) 8 6 2
29 212 162(:50) 187(25  22.0(0.8) 10 10 7
30 16.7 10.6 (-6.1) 16.4 (-0.4) 15.3 (-1.5) 5 10 8
31 23.1 17.6 (-5.6) 20.8 (-2.3) 21.7 (-1.4) 2 7 3
32 16.5 15.1 (-1.4) 12.4 (-4.1) 13.0 (-3.4) 6 4 4
33 18.7 15.5(-3.2) 18.6 (-0.1) 17.4 (-1.3) 9 9 9
34 19.8 14.1 (-5.7) 19.2 (-0.6) 19.5 (-0.3) 9 8 9
35 18.3 13.2 (-5.1) 16.8 (-1.6) 15.3 (-3.1) 5 10 6
36 23.5 13.5 (-10.0) 21.1 (-2.4) 20.6 (-2.8) 3 9 8
37 20.0 33.8(13.8) 16.9 (-3.1) 18.8 (-1.2 2 5 9
38 18.3 25.2(6.9) 17.5 (-0.8) 15.7 (-2.6) 9 5 9
39 20.5 24.7(43)  195(-1.0)  19.8(-0.7) 10 9 9
40 11.3 8.0 (-3.3) 7.0 (-4.3) 10.6 (-0.7) 5 2 5
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Table 6.5 Means of diameters at breast height, their errors, and the index in each path (tree 410 72).

, . _ Valid Valid Valid
Diameter Diameter Diameter measurement ~ measurement — measurement
Tree Ground (Error) [em]  (Error) [cm]  (Error) [cm] times times times
number  truth [cm] in path 1 in path 2 in path 3 in path 1 in path 2 in path 3
41 17.4 14.3 (-3.1) 13.3 (-4.1) 15.9 (-1.5) 5 9 8
42 154 11.1 (-4.3) 14.7 (-0.7) 13.3 (-2.1) 3 4 7
43 18.6 15.6 (-2.9) 16.7 (-1.8) 18.8 (0.2) 9 6 8
44 16.4 15.8 (-0.7) 15.0 (-1.4) 15.9 (-0.5) 8 7 9
45 20.3 159 (-44) 184 (-18)  188(-1.5) 7 8 9
46 16.5 13.8 (-2.7) 13.0 (-3.5) 13.5 (-3.0) 2 5 8
47 13.5 no data 12.1 (-1.3) 11.5 (-2.0) 0 1 5
48 18.0 14.8 (-3.2) 18.1(0.1) 16.1 (-2.0) 7 3 8
49 16.2 108(-5.5)  13.9(24)  146(-1.6) 7 6 8
50 173 129 (-44)  167(:06)  16.1(-1.2) 8 6 9
51 19.9 14.2 (-5.7) 19.1 (-0.8) 19.7 (-0.2) 3 9 9
52 12.8 7.0 (-5.7) 8.8 (-4.0) 8.5 (-4.3) 2 4 6
53 17.6 10.6 (-7.0) 18.1(0.5) 17.0 (-0.6) 9 6 9
54 16.4 138(-2.6)  13.6(28)  147(-1.7) 5 6 10
55 9.8 96(:02)  69(2.9) 8.5 (-1.3) 1 3 6
56 17.4 12.4 (-5.0) 14.5 (-2.9) 15.9 (-1.5) 6 2 4
57 10.5 5.4 (-5.0) 11.4(0.9) 7.5 (-3.0) 3 1 4
58 13.3 7.4 (-5.9) 9.7 (-3.6) 12.2 (-1.1) 6 2 6
59 16.1 11.2 (-4.9) 14.9 (-1.2) 16.2 (0.1) 7 6 8
60 18.0 153(-27)  18.1(0.1)  17.0(-1.0) 6 9 9
61 14.1 14.6 (0.5) 13.0 (-1.1) 11.2 (-2.9) 3 5 8
62 6.0 no data no data no data 0 0 0
63 6.4 5.8 (-0.6) 4.0(-2.4) no data 3 1 0
64 18.4 12.0 (-6.5) 13.8 (-4.6) 18.6 (0.2) 7 4 9
65 17.8 164(-14)  159(¢-19)  17.0(-0.8) 7 6 8
66 18.7 9.4 (-9.3) 19.5 (0.8) 17.1 (-1.6) 1 6 7
67 6.5 no data no data no data 0 0 0
68 17.2 9.0 (-8.2) 15.8 (-1.5) 16.0 (-1.2) 5 5 8
69 17.7 129(-48)  179(02)  17.8(0.1) 5 7 9
70 14.1 no data 10.4 (-3.7) 13.0 (-1.1) 0 3 3
71 19.2 18.0 (-1.2) 20.0 (0.8) 20.5(1.3) 5 2 8
72 20.9 13.3 (-7.6) 19.6 (-1.4) 20.8 (-0.2) 3 6 8
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Table 6.6 Means of distances between standing trees and their errors in each path.

Valid
measurement

Valid
measurement

Valid

Distance Distance Distance

measurement

Tree Ground (Error) [m] (Error) [m] (Error) [m] times times times
number  truth [m] in path 1 in path 2 in path 3 in path 1 in path 2 in path 3
4-7 3.559 3.153 (-0.405)  3.220(-0.339)  3.101 (-0.457) 8 9 4
4-8 2.908 2.780 (-0.127)  2.646 (-0.262)  3.414 ( 0.506) 9 9 5
7-8 2.042 1.714 (-0.328)  1.722(-0.321)  1.840 (-0.202) 9 8 6
16-19 4.071 3.668 (-0.402)  3.706 (-0.365)  3.637 (-0.434) 10 10 9
16-20 2.434 2.161 (-0.273)  2.045 (-0.388)  2.025 (-0.409) 8 10 6
19-20 1.978 1.740 (-0.239)  1.784 (-0.194)  1.827 (-0.151) 8 10 6
29-33 2.549 2216 (-0.333)  2.178 (-0.371)  2.186 (-0.363) 9 9 6
29-34 1.885 1.545 (-0.340)  1.454 (-0.431)  1.468 (-0.417) 9 9 7
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59-65 3.013 3.029 (0.016)  2.937(-0.076)  2.887 (-0.126) 7 5 9
60-65 2.194 2.179 (-0.015)  2.257(0.063)  2.091 (-0.104) 6 5 9
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