
Tree nurseries are responsible for providing strong and healthy seedlings to ensure 
their development into trees and increase overall efficiency of forest regrowing 
process. Seedlings during the first stages of development are usually grown in large 
greenhouses or dedicated open fields. Despite growing indoors in a greenhouse, a 
lot of weed seeds may get into the soil in different ways: ventilation, mobile 
machines, workers, birds etc. Currently weeding is performed by periodically 
removing the trays affected and working manually. This is time consuming and costly 
process. The ultimate solution would be full automation of inspection and weeding 
process on-site using some mobile robotized equipment. Such equipment will have 
to localize in the greenhouse to be able to operate on plants at different areas. Aim 
of the current study is to evaluate possibility to use main camera primarily intended 
for plant inspection also for localisation purposes in tree nursery greenhouses using 
visual odometry (VO). Four different VO methods were compared on a set of 111 
experimental images. Results show, that phase cross correlation method with its 
1.056 s execution time for 111 frame images and 0.7 mm error over one metre is the 
best option to use for linear movement of a sensor bundle in a greenhouse 
environment.

Tree seedlings during the first stages of development are grown in large 
greenhouses or dedicated open fields. A typical greenhouse installation of this kind 
for Pinus sylvestris L. is shown below. At the far end of the greenhouse irrigation 
installation can be seen. 

Working laboratory prototype and greenhouse set-up of sensor bundle  is shown 
below: 1 – axis with driving stepper motors; 2 – sensor bundle with cameras; 3 –
trays with seedlings.
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Summary Statement of the problem

Experimental setup

3x3 cm

Spreading of weeds, pests and diseases may have severe negative economical 
impact as price for high-value tree seedling like oak is about 700 EUR per 1000 or 25 
trays of seedlings. Therefore, continuous monitoring of area and early warning about 
problems could be very beneficial. It would be rational to use existing infrastructure 
for this task. The idea of this research was to use the greenhouse moveable 
automated irrigation bar for monitoring sensor bundle, basically a box with cameras 
moving along this bar (one axis) and movement of irrigator along greenhouse 
(another axis). For operation of such CNC device in 17x90m area a localization 
system is required. Use of dedicated sensors like encoders or laser range finders is 
costly and is affected by harsh greenhouse environment. Aim of current study was to 
evaluate VO algorithms for localization purposes of the sensor bundle using built-in 
cameras to eliminate the need for external sensors.

dx

Sensor bundle incorporates Alvium G5-
508 RGB camera with Edmund optics 
TECHSPEC® HR Series 16 mm Fixed 
Focal Length lens, pixel size 3.45 μm. 
This was used as data source of image 
sequence for visual odometry. 
Calibration of the camera (obtaining intrinsic camera matrix) was performed and 
images were undistorted using open-source computer vision library OpenCV [5]. 
Images were taken on laboratory prototype running for one meter every 10 mm, 111 
images in total. All images were taken on constant height 500 mm. Below two images 
showing camera movement along X axis are given. “Ground truth” or real pixel 
movement for 100 image sequence was determined manually by counting pixel 
displacement between undistorted frames using ruler ticks as reference.

Main results

Four visual odometry methods were 
used for evaluation. Each method 
detects pixel movement between 
two consecutive images using 
different approach.
• Optical flow (Lucas-Kanade);
• Dense optical flow (Farneback);
• 2D image correlation;
• Phase cross correlation.

Python implementations of all methods were 
used for evaluation. 

The comparison between the measured ground truth displacement in milimeters 
and the values calculated using the OV methods are presented below. Comparing 
the real displacement in each individual frame (represented by the red line) to the 
calculated displacements obtained by the OV methods, the following results were 
observed: optical flow (error range: -3.17% to 2.72%), dense optical flow (error 
range:  -6.78% to 2.30%), correlate2d (error range:  -7.65% to 4.59%), phase cross 
corelation (error range:  -13.81% to 6.36%).

1086.2

1079.1

1068.9

1086.4 1085.9

1060

1065

1070

1075

1080

1085

1090

Ground truth Optical Flow Dense Optical
Flow

Correlate 2D Phase cross
correlation

m
m

According to the obtained results Phase cross correlation method with its best 
execution time and reasonable error is the best option to use for linear movement of 
a sensor bundle in a greenhouse environment.

Method 
Total distance, 

mm 
Com-parison, 

% 
Error, % 

Real movement 1086.2 100 0 
Optical Flow 1079.1 99.35 -0.65 
Dense Optical Flow 1068.9 98.41 -1.58 
Correlate 2D 1086.4 100.01 0.01 
Phase cross correlation 1085.9 99.97 -0.03 

 

Main conclusions

1. Phase cross correlation method for 111 frame images and 0.7 mm error over 
one metre is the best option to use for linear movement of a sensor bundle in a 
greenhouse environment.
2. VO camera to surface distance changes for 500 ± 20 mm height considered in 
this study theoretically may result in VO errors in the range of –3.9% to +4.2%.
3. To increase overall accuracy, it is recommended to add height measurement 
sensor for more accurate pixel to mm conversion; or to use object of known size in 
the view of VO camera. In the case of tree nursery seedling trays with cells of regular 
size could be used for that purpose.
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