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Leaf area measurement correction based on
smartphone orientation sensor
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2. School of Information and Electrical Engineering, China Agricultural University, Beijing 100083, China;

3. Institute of Agricultural Engineering, University of Bonn, Bonn 53115, Germany)

Abstract Aiming at the problem that it is difficult to keep phone camera’s optical axis vertical with leaf plane when
measuring leaf area under field condition. The pinhole camera model and digital image processing techniques were used
to correct the leaf area measurement in this study to build an error correction model for the gquantitative influence of
camera tilt angle factor on leaf area measurement. The results showed that: 1) Ten virtual oval green leafs with different
sizes were used to test the developed android APP. Simulation results showed that the decision coefficients between
measured area and theoretical area were higher than 97% and decrease with the increase of the camera tilt angle, the
relative error of the corrected leaf area was range from — 6% to 8% ., while the uncorrected error was up to 41% .
2) Leaves of sunflower, tomato, pepper,and eggplants were selected to verify the proposed method. Experiment results
showed that when the camera tilt angle was less than 15 degrees and the distance between leaf and phone was about
30 to 65 cm,the measured relative error was ranged from — 6% to 6% ,while the uncorrected error was ranged from
—27.5% t025%.
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Fig. 1 Image acquisition system structure
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Table 1 Relationship of pixel area of reference N,; and

camera parameter £ with camera height i

Z YR /1% % Pixel area of reference

U B om =%
Camera height %1 R 2 R 3 it Camera
Test 1 Test 2 Test 3 Mean parameter

15 15 257 15 178 15 670 15 368 489 179

20 8 228 8 328 8 304 8 287 468 948

25 5 090 5102 5092 5 095 450 496

30 3 334 3 339 3 340 3338 425 007

35 2 452 2 443 2 445 2 447 424 070

40 1 866 1842 1884 1 864 421 923

45 1 449 1458 1431 1 446 414 248

50 1161 1156 1163 1160 410 266

55 946 941 946 944 403 984

60 796 793 785 791 402 853

65 676 682 679 679 405 849

70 555 557 540 551 381 958

75 489 486 486 487 387 542
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Point o represents the center of the leaf, the corresponding
image point is denoted as ¢. Coordinate system o-xy represents the
plane where the leaf is located, c-uv represents the image plane. a is
the angle between w-axis and x-axis,f3 is the angle between v-axis
and y-axis. L is the distance between the centers of leal and
reference,( is the angle between u-axis and line cr.
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Fig.2 Camera tilt angle model
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Table 2 Relative error caused by camera tilt angle

Z: WY R e o0 i 2 w5 x4l oS vy R o BSLEMAX  pELERMAEXS SR
5 ufhdefn o I a Jefh B RZE e, W2 e Cangle
0~90° >0 =0 =0 >0 JIFS
0~90° =0 <0 =0 <0 & te
0~90° <0 =0 <0 =0 et
0~90° <0 <0 <0 <0 — /T
90°~180° >0 =0 <0 >0 & tes
90°~180° >0 <0 <0 <0 .
90°~180° <0 >0 =0 =0 e te;
90°~180° <0 <0 >0 <0 e tes
180°~270° >0 =0 <0 <0 — Ve te;
180°~270° >0 <0 <0 =0 e te
180°~270° <0 >0 >0 <0 e Tes
180°~270° <0 <0 =0 =0 m
270°~360° =0 =0 =0 <0 et
270°~360° >0 <0 >0 >0 JETS
270°~360° <0 >0 <0 <0 — Ve te;
270°~360° <0 <0 <0 >0 e Tes
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Fig. 3 Measured area and theoretical area when camera tilt angle « is equal to 0°,5°,10°,15°
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Fig. 4 Relative error between measured value and
theoretical value when camera tilt angle « is

equal to 0°,5°,10%,and 15°, respectively
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Table 3 Comparison of leaf area measurement before and after correction

F#% 1IE Uncorrected

#1E Ji Corrected

M B AR/ em?

Leaf No. True area A/ cm? A5 22/ Y L/ em® AR 2/ %%
Area Relative error Area Relative error

1 14. 55 15. 87 9.1 15.03 3.3

2 28. 88 25.17 —12.8 27.98 —3.1

3 35.56 40. 31 13.4 36.73 3.3

4 48. 38 60. 45 25.0 50.52 4.4

5 55. 40 40. 18 —27.5 52.26 —5.7

6 62.78 50. 20 —20.0 59.41 —5.4

7 76.68 80. 71 5.3 77.42 1.0

8 88. 44 100. 23 13.3 92. 88 5.0

9 98.75 92. 60 —6.2 96. 35 —2.4

10 113. 50 140. 77 24.3 119. 54 5.3
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