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Automatic Guidance System for Tractor

based upon Position-measurement Systems

E B #
C. H. Choi
Summary

An automatic guidance system based upon two position-measurement systems was designed to record where

the tractor traveled and to guide the tractor along the predetermined path. An algorithm, using the kinematic beha-

vior of tractor movement, was developed to determine the steering angle to reduce lateral position error. The algo-

rithm was based upon constant travel speed, constant steering rate, and zero slip angles of the tractor wheels. The

algorithm was evaluated through use of computer simulation and verified in field experiments.

Results showed that the distance interval between position measurements was an important factor in guidance

system performance. The position-measurement error of the guidance system must be less than 5 cm to be accepta-

bly precise for field operations. An algorithm based upon a variable steering rate might improve the stability of the

guidance system. More accurate measurement of tractor position and yaw angle, and faster error processing are

required to improve the field performance of the guidance system.
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Fig. 1. Block diagram of automatic guidance system
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Fig. 2. Front wheel movement, from F; to Fi+,, depe-
nds upon front wheel angle (3), steering angle
(0z), and tractor yaw angle (8). Front wheel
moves AFp in p direction and AFp in Q dire-

ction
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Fig. 3. Leteral position errors (e, er, and eg) at imp-
lement, front wheel, and look-ahead position,
respectively. Slope difference (¢:) can be found
between tractor yaw angle (6) and slope from

P1 to P3
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ning ratios (5, 10, 15, and 20 deg/m)
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Table 1. Mean and Standard deviation of absolute maximum error (Max) and RMS error when following a strai-

ght-line path. Values represented are the average of four replications

Method Implement Front Wheel
Max RMS Max RMS
cm cm cm cm
Tape Measurement
Mean 99.0 40.9
Std. Dev. 25.0 4.8
Computer Reading
Mean 101.3 38.3 109.5 42.0
Std. Dev. 284 9.2 239 7.8
Computer Simulation®
Mean 79.6 34.0 84.0 35.0
Std. Dev. 26 0.7 38 1.2

 Program simulated position-measurement error of 50 cm.
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Fig. 10.Tractor movement, with one AGNAV, when
following a sinusoidal path with a 5m ampli-

tude and a 50m period
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Table 2. Mean and standard deviation of absolute maximum error (Max) and RMS error when following a sinu-

soidal path with 5m amplitude and 50m period. Values represented are the average of four replica-

tions
Method Implement Front Wheel
Max RMS Max RMS
cm cm cm cm
Tape Measurement
Mean 783 34.8
Std. Dev. 10.2 6.1
Computer Reading
Mean 90.2 40.8 84.6 276
Std. Dev. 9.0 1.7 244 6.9
Computer Simulation®
Mean 849 32.7 90.9 33.5
Std. Dev. 8.8 0.9 76 18

? Program simulated position-measurement error of 50 cm.
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Fig. 11.Tractor front wheel movement, with one AG-

NAV, when following a 5m step path
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