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Stereo Photogrammetry of Fruit Trees
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Summary

By combining size of fruit tree with focal length of lens, plane accuracy and depth accuracy of stereo
photogrammatry] SPOwere calculated at several resolutions of digital image to examine possibility of
measuring fruit trees by SP. As the results, throughout a tree crown of any case, the plane accuracy did not
exceed several mm, and the depth accuracy did not several decade mm. A focal length of lens was searched
by combining these results with possible photographing horizontal distance in each orchard where each size
of fruit trees are planted at its highest density. Following methods were effective for SP ; upward photo-
graphing using a standard tripod, two sheet pile of net to prevent hail as the back and hand-held type of
control point] GCPOset. Orientation succeeded at 100%, when these upward photographs were put in the
same coordinate system as aerial photogrammatry. The measurement errors in X and Y coordinates from
Lhe simple modeling method were very small. Bul, calculated values of Z coordinale and the measured
values were clearly left from the 1 : 1 line. As a correction method of the Z coordinates, linear regression
equations using the calculated values of the GCP data against the measured ones were effective. In most
characters of cherry branches, the calculated values from SP and the measured ones were on their 1:1
lines. For the five cherry trees with different sizes, the measurement errors decreased by the correction

method using wide-angle lenses.

Key Words : stereo photogrammetry[] fruit trees, tree form, branch form, measurement error
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Fig. 1. A simple illustration of the stereo photogram-

metry. Op and Oz indicates a left lensand a

right one, respectively.
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Fig. 2. The effect of difference in the resolutior] 600-1800 dpilJon a digital image of current shoots which

diameter was about 5 mm. The several strings to measure three-dimensional coordinates of the cen-

tral axis and the diameters were shown in D.

13



11 goooooooooosbo o110

oooooooo—-oooooooob, oooobooo
oooooooooooooooobooooooboooo
gooooooooOoOoOoOOOO0OO0OO0O0O000 20
DM

1moooooooooooooooooooooo
gooooooooooooooooooooog
oooooOooOooooooooot1o
oooooooooooo4mO00OO0ODOOOOO
O 1mO1.5m02m0d 2.5m0 3m0 3.5m0 4 m0O 5m0O
O0é6mOd00000O0%000O0O0OOOODODOODOO
0000000 13%5emd0000=0000,7000
goooooov7oOo0O0O0O0O00O0000O0O0O000
oOoooocOoOooOorFLO00ODOO6000000OFLS8
mm OOO0OFL1I8mm OOOFL24mm 000 FL28mm
OOOFL3®SmmOO000O FLOmmOOOOODOO
ooopoooooso@mooooooooooooo
ooooooooooOoOoOOoOOOOO0OO0oOoO00o
photographing horizontal distance(] O O 0 PHDO O 0O O
o0o0oooooooooooboOo0sbboooooo
0 00 600 dpild 1200 dpild 1800 dpid2400dpi O O O 3600
dpi0 00000000000 0O0OO0ODOO00O0OO0
OO0O00ObDmin00000000ODmaxO00D00O0OOO

Height

Central

axis

Camera height (CH)

Fig. 3. The explanation of the photographing horizontal
distances] PHDO the minimum distancé] DminO
and the maximum distancé] Dmax[in a cylinder
having a height and a widti] diameter(as a

fruit tree.

gooos3pooooooooooooooOoOoO0ooo
10000020000000000
gooo
=000000000.0000000
X100000o000 010
goo0o00o=0000XO000 020
ob0o00dpi00000O0O010000000000OO
00o00o0o0oO0oo0o0o0000o0001000000Xo
000yoooooooooooooooo 10000
gbozoooooooooooooooooooooo
gbooooooboooooooOoooooooboooon
oob010co0oooooooooooobo1000o00
O02ammX36mmOOOOOOOOOODODOODOOOOO
/00000000000000000 1000000
gobDO0o0oO0o1'000o000obb00o0oDbO0O000PHD
goooooooooooobo<kos7000OOOOO
000000 /736mmXO00+00,/2000000=
1.500000000000000/36mmX00 +0
0/2000000000000000020000
gobooooobooooooooooboooooboooon
goooooooooooooooooooooboooon
goooooooooooooooooooooboooon
0000020 00000000000000000
gooooooooooooooooooooobooon
gooooooooooooooooooooobo 100
oooo3demmdO000C0CO0O00OO0O0OOOOOOOO
0ooo.67001.500000000000100000
goooboooooobOoOooooboobOonoo.sooboono
ooo03dsmmO00000O00O0COOOCOOOOOO
o0o0ooooooo002amm00000000O0O0O0
PHD OOD0OO0O000.67=000<100000000
00000000 .36mmX0O0 X1.5+00,72000
1=000<1.50000000000000000,736
mmX0O0O X1.5+00.720000000000PHD
goooooooooooooooooooooooon
jgzooooooooooooooooooomooo
goooooobooooooooooOooooboooon
goooooobooooOooooOooOooOooooboooo
gobooooobooooooooobooooooboooo
goooooooooooooooooooooboooon
goooooooooooboobooooo



gooboooooo —oooooooo 15

2. 0000000000O0DO0OD0OO0OODOOOO
goooooooooOoOO0OO0OO0O0O0O000000
goooo 20
pooooooooOooOOOOOO0O0O0OO0O0O0O000
gooooooooOoOoOoOoOOOoOOOoOoOOoOoOOO
gooooo3popooooooooooooooooog
oooooooooOoOoOOOOO0OO0O0OO0OO0O00000
ooooooooOoOO0OmOo 400000000 D GerPO
oooooooos30oooo0ooo0oo0o0o0o0000ag
goooooooOoOoOOO0OO0OO0OO0O0O00000000
ooooooooO0OO0OO0O0000000000 4000
1. 00009%000000000000000B00
O000O00O0OTreespace0 TSOOOOOOOOOOO
0000000000 O00Row spaceORSOOOOO
gooooooooOoooOoOoOoOoOoOoOoOooOoOooQg
goooooooooooooooooooooooo

Fig. 4.

000000000000050MO00000000
00000000 PHDOMOOOOO 00/ 20F
Bo0/2060-°00000000000
000000000000000000000000
2000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000 100000000000000000
000000000 60A0DO0ONONOONOOODOO0N
0000000000000000000000000
00000000000000000000060BO
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000

The photographs of several examples of the control point set] GCP set[] A and B were stationary types,

and C and D were portable ones. A and D were made of aluminum angles, B was wooden, and C was

made of acrylic resin tubes.
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Photographing horizontal distance (PHD)
=((RS-TS/2)*{TS/2))%*

3

§;)ace (TS)

Fig. 5.
spacé] RSO, a tree crowrd]a circledand the
photographing horizontal distancé] PHD shown

in Fig. 30which can be most lengthened.

Fig. 6. A subject having uniform scaled] AQand that
having big change of scales] B[
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Fig. 7. Branches figures and tree form figures from the stereo photogrammetry. A, B and C is the front view, the side
view from the simple model method and that using corrected Z-value from the stereo photogrammetry value in
Experiment 3, respectively. E and F is the front view and the top view from the indoor stereo photogrammetry
value of a 6-year-old treé] D[] respectively. H and I is the front view and the side view from a 12-year-old tree

0 GO respectively. K and L is the front view and the side view from a 16-year-old tred] J[] respectively. A hori-
zontal red baf] in H-LOindicates 50 c¢m.
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Fig. 8. The photographs of the five trees in Experiment 8] A-DO F is the photograph of the B tree by a fisheye

lens.
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Table 1. The theoretical accuracies of XY plane and depthl] Z[Jat the nearest and the farrest points in the digital images
0 2400 dpilJof several sizes of cylinders which could be photographed using the six lenses with different focal
length and at the shortest photographing distancd] PHDO The camera height was 135¢m and the base line
ratid] =PHD/Distance between the two camerasfwas 7. These photographing distance$] Dmin, Dmax and
PHDOwere illustrated in Fig. 3.
Focal Cylinder size Shape Photographing Nearcest point Farrest point
length of distance Accuracy Accuracy Accuracy Accuracy
of lens Width Height  IHeight/  photo- PHD Dmin Dmax of XY of depth of XY of depth
O mm0O 0 m0O 0 m0O ‘Width graph O m0O 0 m0O 0 m0O plantl mmOO0 ZO mm O plantl mm0O0 Z0 mmO
8 6 4 0.67 L* 4.33 1.33 7.80 1.76 12.35 10.32 72.21
18 6 4 0.67 L 6.00 3.00 9.38 1.76 12.35 5.52 38.61
24 6 4 0.67 L 7.00 4.00 10.35 1.76 12.35 4.56 31.93
28 6 4 0.67 L 7.67 4.67 10.99 1.76 12.35 4.15 29.08
35 6 4 0.67 L 8.83 5.83 12.13 1.76 12.35 3.67 25.67
50 6 4 0.67 L 11.33 8.33 14.58 1.76 12.35 3.09 21.60
8 5 4 0.80 L 3.83 1.33 6.87 1.76 12.35 9.08 63.58
18 5 4 0.80 L 5.50 3.00 8.43 1.76 12.35 4.96 34.69
24 5 4 0.80 L 6.50 4.00 9.38 1.76 12.35 4.14 28.96
28 5 4 0.80 L 7.17 4.67 10.02 1.76 12.35 3.79 26.52
35 5 4 0.80 L 8.33 5.83 11.15 1.76 12.35 3.37 23.61
50 5 4 0.80 L 10.83 8.33 13.59 1.76 12.35 2.88 20.14
8 4 4 1.00 L 3.33 1.33 5.96 1.76 12.35 7.88 55.15
18 4 4 1.00 L 5.00 3.00 7.48 1.76 12.35 4.40 30.81
24 4 4 1.00 L 6.00 4.00 8.43 1.76 12.35 3.72 26.01
28 4 4 1.00 L 6.67 4.67 9.06 1.76 12.35 3.43 23.98
35 4 4 1.00 L 7.83 5.83 10.18 1.76 12.35 3.08 21.56
50 4 4 1.00 L 10.33 8.33 12.61 1.76 12.35 2.67 18.69
8 3.5 4 1.14 uY 2.92 1.17 5.37 1.54 10.80 7.10 49.70
18 3.5 4 1.14 8] 4.38 2.63 6.67 1.54 10.80 3.92 27.47
24 3.5 4 1.14 8] 5.25 3.50 7.48 1.54 10.80 3.30 23.10
28 3.6 4 1.14 U 5.83 4.08 8.03 1.54 10.80 3.04 21.25
35 3.5 4 1.14 U 6.85 5.10 9.00 1.54 10.80 2.72 19.06
50 3.5 4 1.14 U 9.04 7.29 11.11 1.54 10.80 2.35 16.46
8 3 3.5 1.17 U 2.50 1.00 4.54 1.32 9.26 6.01 42 .05
18 3 3.5 1.17 U 3.75 2.25 5.67 1.32 9.26 3.34 23.35
24 3 3.5 1.17 U 4.50 3.00 6.37 1.32 9.26 2.81 19.67
28 3 3.5 1.17 U 5.00 3.50 6.85 1.32 9.26 2.59 18.11
35 3 3.5 1.17 U 5.88 4.38 7.68 1.32 9.26 2.32 16.26
50 3 3.5 1.17 U 7.75 6.25 9.50 1.32 9.26 2.01 14.07
8 2.5 3.5 1.40 U 2.08 0.83 3.97 1.10 7.72 5.25 36.73
18 2.5 3.5 1.40 U 3.13 1.88 4.87 1.10 7.72 2.87 20.06
24 2.5 3.5 1.40 U 3.75 2.50 5.44 1.10 7.72 2.40 16.80
28 2.5 3.5 1.40 U 4.17 2.92 5.83 1.10 7.72 2.20 15.42
35 2.5 3.5 1.40 U 4.90 3.65 6.51 1.10 7.72 1.97 13.78
50 2.5 3.5 1.40 U 6.46 5.21 8.00 1.10 7.72 1.69 11.86
8 2 3.5 1.75 U 1.78 0.78 3.51 1.03 7.20 4.65 32.53
18 2 3.5 1.75 U 2.75 1.75 4.32 1.03 7.20 2.54 17.79
24 2 3.5 1.75 U 3.33 2.33 4.84 1.03 7.20 2.13 14.93
28 2 3.5 1.75 U 3.72 2.72 5.19 1.03 7.20 1.96 13.73
35 2 3.5 1.75 U 4.40 3.40 5.81 1.03 7.20 1.76 12.31
50 2 3.5 1.75 U 5.86 4.86 7.19 1.03 7.20 1.52 10.65
8 1.5 3 2.00 U 1.42 0.67 2.72 0.88 6.17 3.60 25.22
18 1.5 3 2.00 U 2.25 1.50 3.42 0.88 6.17 2.01 14.09
24 1.5 3 2.00 U 2.75 2.00 3.87 0.88 6.17 1.71 11.94
28 1.5 3 2.00 U 3.08 2.33 4.17 0.88 6.17 1.58 11.04
35 1.5 3 2.00 U 3.67 2.92 4.71 0.88 6.17 1.43 9.98
50 1.5 3 2.00 U 4.92 4.17 5.90 0.88 6.17 1.25 8.74
8 1 2.5 2.50 U 1.06 0.56 1.93 0.73 5.14 2.56 17.91
18 1 2.5 2.50 U 1.75 1.25 2.53 0.73 5.14 1.49 10.40
24 1 2.5 2.50 U 2.17 1.67 2.90 0.73 5.14 1.28 8.96
28 1 2.5 2.50 8] 2.44 1.94 3.16 0.73 5.14 1.19 8.36
35 1 2.5 2.50 U 2.93 2.43 3.62 0.73 5.14 1.09 7.66
50 1 2.5 2.50 U 3.97 3.47 4.62 0.73 5.14 0.98 G.84

* Landscape.

¥ Upright.
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Table 2. Relationships between the photographing horizontal distancd] PHD[] the tree spacd] TS the row spacdé] RS
the width of orchard roadl WOROand the occupied ared] %[

TSmO WORImO R8I mO PHIDI mO % of area TSmO WORImO R8I mO PHID) mO % of area
6 1 10 7.62 17.10 2.5 1.5 1 3.02 19.06
6 5 11 8.51 12.82 2.5 2 1.5 3.48 13.61
6 6 12 9.49 39.25 2.5 2.5 5 3.95 39.25
6 7 13 10.44 36.23 2.5 3 5.5 1.43 35.68
6 8 11 11.40 33.61 2.5 1 6.5 5.40 30.19
5 3 8 6.04 19.06 2 1 3 2.24 52.33
5 1 9 6.96 13.61 2 1.5 3.5 2.69 11.86
5 5 10 7.91 39.25 2 2 1 3.16 39.25
5 6 11 8.86 35.68 2 2.5 1.5 3.64 31.89
5 7 12 9.82 32.71 2 3 5 1.12 31.410
1 2.5 6.5 1.92 18.31 1.5 0.5 2 1.416 58.88
1 3 7 5.39 11.86 1.5 1 2.5 1.90 17.10
1 1 8 6.32 39.25 1.5 1.5 3 2.37 39.25
1 5 9 7.28 31.89 1.5 2 3.5 2.85 33.61
1 6 10 8.25 31.40 1.5 2.5 1 3.34 29.144
3.5 2.5 6 1.60 15.79 1 0.5 1.5 1.12 52.33
3.5 3 6.5 5.06 12.27 1 1 2 1.58 39.25
3.5 3.5 7 5.53 39.25 1 1.5 2.5 2.06 31.40
3.5 1 7.5 6.01 36.63 1 2 3 2.55 26.17
3.5 5 8.5 6.97 32.32 1 2.5 3.5 3.01 22.13
3 2 5 3.81 17.10 0.5 0.5 1 0.79 39.25
3 2.5 5.5 1.27 12.82 0.5 1 1.5 1.27 26.17
3 3 6 1.74 39.25 0.5 1.5 2 1.77 19.63
3 3.5 6.5 5.22 36.23 0.5 2 2.5 2.26 15.70
3 1 7 5.70 33.64 0.5 2.5 3 2.76 13.08
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Fig. 9. Photographing methods in stereo photogram-

metry for a fruit tree.
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Fig. 10. A schema of the stationary type GCP set.

4

X

Fig. 11. A schema of the portahle type GCP set.
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Table 3. The mean error between the measured value and the calculated value of the each item in Experiment 3.

Items Unit Mean error SD? n

X coordinate cm 1.182 1.01 188
Y coordinate cm 0.877 1.054 188
Z coordinate cm 5.037 3.802 188
Basal diameter cm 0.201 0.169 376
Terminal diameter cm 0.203 0.181 134
Lenglh cm 2.263 3.535 105
Inclination angle ° 11.47 8.969 105
Direction angle ° 53.54 12.58 101
Radius of curvature cm 11.61 15.29 116
Distance from base of its mother branch cm 3.463 3.213 206
Branching angle ° 12.79 9.166 170
Volume of branch cm® 1.191 10.25 120

“ Standard deviation of error.
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measured values of total volume of branches.
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Tree form figures from the stereo photogrammetry of a tred] A tree as shown in Fig. 8Jusing the five

lenses having different focal length in Experiment 5. The left, middle and right row indicates the front

view, the side view and the top view, respectively, in each of the lens. A horizontal har in each figure

indicates 50 cm.
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Table 6. Comparisons of the total volume, length and number of branches between the five stereo photogrammetries

using the five lenses, where the all visible branches except the spurs were measured from the photographs.

[Focal length Total volume Relative value Total length Relative value Total number Relative value
of lens of branches to the mean of branches to the mean of branches to the mean
0 TvBO TVB® 0 TLBO TLB? 0 TNBO TNB?
O mm0 O cm30 0 %0 Ocem0 0 %0 0 %0
35 31939 101.2 8773 95.1 171 100.9
28 34222 100.5 9951 107.9 166 97.9
24 29506 93.5 8920 96.7 171 100.8
18 30497 96.6 9241 100.2 170 100.2
8 17214 119.6 9986 108.2 154 90.8

“Mean value of the four results of stereo photogrammetries using the four lensefl 35, 28, 24 and 18 mm
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in focal length[]
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Fig. 18. A flow chart of an utility program which uses exporting data from the software for stereo

photogrammetry.
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Fig. 19.

Right photograph

An erred measurement which is easy to arise in cases of crowded branched] A and BO An elaborate

method of drawing a string for avoiding the erred measurement] C and DO The principle of an auto-

matic calibration-interpolation of an erred coordinate in the utility progranil the insertion of the

fignreld
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Kikuchi, TO 19740Growth and structure of the shoot
system of apple trees as characterized by the frequen-
cy distribution of shoot lengths. Bull. Fac. Agri. Hiro-
saki Univ. 23 : 27-59.
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method for analyzing architecture as it relates to fruit
quality using three-dimensional computer graphics.
Ann. Bot. 70 : 265—269.
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