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Off-tracking

No trailer steering control

With CVDC path-following control
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Articulation angle
Yaw rate

Assume zero slip

Trailer length

Steer angle
Wheel speed
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Miao, Q, Vision-based path-following control of 
articulated vehicles, PhD thesis, University of 
Cambridge, 2015

0.5 m
additional

off-tracking

Logging
Milk

Livestock
Sugarcane

Military supplies

Zero wheel slip…?

5° camber + low friction

Steered trailer, ideal conditions
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Stereo cameras

Baseline
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L1-R1 match

R1-R2 match

R2-L2 match

L2-L1 match

Method:
A. Geiger, J. Ziegler, and C. Stiller, 
“StereoScan: Dense 3d reconstruction 
in real-time,” in IEEE Intelligent 
Vehicles Symposium (IV), 2011, pp. 
963–968.

Camera motion (R, T) 
through time

Δx, Δy, Δz

Δψ, ΔΘ, ΔΦ

Left image Right image

Baseline
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Simplified, assuming no lateral offset
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• Update buffer at every frame

• Calculate backwards from hitch

• Error accumulation over ~14 m
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• Constant sideslip

• 100 m, 5 m/s, 10 fps

• 14m trailer length

• Ideal cameras

Sideslip

Off-tracking
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Visual odometry algorithm:
A. Geiger, J. Ziegler, and C. Stiller, “StereoScan: Dense 3d reconstruction in real-time,” in IEEE Intelligent Vehicles 
Symposium (IV), 2011, pp. 963–968.
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Rear cameras

Side cameras
Rear cameras

Side cameras

Errors: 1–4 cm

~3.5 m
14° slip
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Off-tracking

measurement

• Side cameras

• 5° slip

• 1.5 m baseline

Z
X

Off-tracking
Theoretical value

Temporary drift

~ 1 x trailer length

Outliers discarded



Computer 
Vision

ethernet

USB 3.0

RT3000 Processor

Stereo cameras
Dual GPS antennae

GPS base station

RT3000 precision:
Heading ~ 0.06°
Position ~ 0.05 m

Off-tracking ~ 0.06 m

CANbus
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Bourn airfield, Cambs.



Computer 
Vision



Computer 
Vision Frame #

All tests:

eRMS (rear) ~ 15 cm
eRMS (side) ~ 25 cm

Initialisation (1 x trailer length)

Test shown:

eRMS = 6 cm
eAVE = 1 cm
eMAX = 17 cm
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1. Simulations (idealised, perfect cameras)
– Accuracy ~ 1–4 cm
– Rear-mounted cameras best
– Drift is bounded

2. Vehicle tests (early stages)
– Accuracy ~ 15 cm
– < 10 cm likely obtainable after refinement
– Rear-mounted cameras best

3. Future work
– Ongoing open-loop tests
– Closed loop tests off-highway
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Also, thanks to:
Dr Pedro Pinies, University of Oxford

Mr Peter Down, CUED

Contact: ccd33@cam.ac.uk


