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Abstract ; For an agricultural robot, camera vision implements the function of detecting ripeness, shape,
size of crops and locating the stems precisely in order to harvest with no damage. A common calibration
model with adjustable accuracy was needed to achieve higher precision in cooperative works of certain
manipulator and CCD cameras. Creatively, a variable order NURBS surface model for camera calibration
was presented. Firstly, seven images were acquired by a slide way and a calibration board of AO size.
The data was extracted afterward. Based on the thought of NPBS method, four double NURBS surface
calibration models with order of 3, 4, 5 and 6 were setup respectively using data of five images (index:
1,3,4,5 and 7). Other two images (index: 2 and 6) were used to evaluate the calibration error.
According to the requiring preciseness and the calculating time, the models of order 3 and 4 were chosen
to accomplish model switching ( higher order models can be chosen according to higher precision
requirement ). Secondly, camera image plane was subdivided evenly with respect to parameter (u, v).
In each subdivision, an arithmetic average deviation of calibration was calculated by using the model with
lower order. Then a threshold was determined, and the diagram of model switching was formed. That
meant using a higher order NURBS surface model in the higher distortion region, vice versa. Thus,
orders of the NURBS surface model can be chosen according to subdivision of the image plane based on
pre-evaluation of the calibration error. In experiments, it was proved that the average calibration error was
under 0. 89 mm. It was accurate enough for our agricultural robot prototype.
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Tab.1 Data acquisition of captured images

KIBRGI 7 B8R/ mm Bl 5 2
1 550 345
2 650 331
3 750 312
4 850 261
5 950 233
6 1050 194
7 1100 163
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Fig.3 Crossover points detection of image ( cubes)
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Tab.2 Time consuming in NURBS surface fitting

with different orders

KR35 BdESE 4 W/s 5B/ 6 Bi/s
1 345 0. 81 1.31 1.93
2 331 0.77 1.26 1.84
3 312 0.72 1.19 1.74
4 261 0. 61 0.99 1.46
5 233 0.55 0. 89 1.29
6 194 0.45 0.73 1.08
7 163 0.38 0.62 0.91
Bt 1839 4.32 7.03 10. 28
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Tab.3 Fitting error of different surface orders
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6 1.768 0. 459 0. 088
3 1.421 0.310 0. 047
4 1.314 0.295 0.042
0 5 1.243 0.296 0.041
6 1.211 0.295 0.037
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Tab.4 Surface fitting error

FERIS mARZE/mm FERZE/mm 72/mm?
1 1.739 0.470 0. 081
3 1. 828 0. 461 0.090
4 2.076 0.399 0.073
5 1. 309 0. 298 0. 040
7 0.420 0. 167 0. 009
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Tab.5 List of calibration error

LIEECIR= BRIEZE/mm iR ZE/mm 75 2%/ mm>
2 3. 14 0.72 0.10
6 2.19 0.89 0.18
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