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1. Purpose of the field demonstration. 

The Description of Work for the VineRobot Project (Annex I: DoW) establishes the scheduling of 

two public demonstrations for the vineyard robot. The purpose of the first demo was to show the 

progress achieved on the robotic platform in terms of mobility, stability, navigation, and safety, 

and was initially proposed to be held in month 19 (June 2015). The good progress made in the 

robot design showed that it could safely carry crop sensing units such as the fluorescence 

sensors, and it was decided to test and demonstrate the bio-sensing capacities together with the 

other navigation skills along the first official demo. This modification of the original plan helped to 

gain some time in the design and integration of the crop sensors, as valuable data was acquired 

during the testing days around the demo. However, the need to measure the level of anthocyanins 

in grape berries forced the rescheduling of the demo, as grapes in June still do not present the 

right color intensity for fluorescence-based detection. As a result, the official demo was postponed 

to 15 September, 2015 [month 22], and took place in a vineyard selected by VIBU and located in 

Buzet sur Baïse, France.    

2. Platform stability, usability, and dynamic performance. 

The robot was, for the first time, operated by people not directly involved in its design and 

construction (Workpackage 2), as local invitees to the demo and other VineRobot partners 

assisted in starting and halting the robot over the tests. The joystick resulted very helpful to load 

and unload the robot for its transportation, as well as for placing it between the vine rows at test 

initiation. The control monitor was also essential to interact with the robot; therefore, both 

elements proved their key role in making the robot suitable for the non-IT expert. The robot was 

tested in soil with cover crop of 15 cm (Figure 1). The dynamic behavior of the platform was 

satisfactory for all the velocities tested (1 – 5 km/h). Two of the four shock absorbers that comprise 

the suspension system, though, showed signs of mechanical fatigue at the end of the tests, which 

resulted in friction noises when the robot moved. Nevertheless, the navigation stability of the robot 

was always excellent. The only stability problems noticed during the tests were due to a weak 

power supply when the batteries discharged after several series of tests, especially with regards 

to the computer (12-V system) that made the stereo camera freeze the main program. This issue 

was overcome in the field by adding an extra battery, but a new approach to handle the robot’s 

power system is going to be developed in the upcoming months. Figure 1 shows the first prototype 

used in the official demo and the environmental conditions surrounding the robot in the tests 

conducted on 15 September, 2015, in Buzet. A video showing the capabilities and rate of 

achievement of the robot for the different requirements was shoot and submitted to the PO.          

    

Figure 1. First VineRobot prototype and testing site in Buzet (15 September, 2015). 
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3. Navigation analysis for inside-row guidance. 

The first situation studied from the tests is the behavior of the robot in automatic navigation for a 

complete row at an average speed of 2 km/h. Figure 2 shows the actual path followed by the 

robot and the velocity register recorded by the onboard GPS. As represented in the figure, the 

rows have an approximate length of 110 m, and the resulting robot path was very straight. 

 

Figure 2. Robot trajectory (left) and speed register (right) for one of the demo tests. 

The plot of Figure 3 represents the steering command (blue) sent to the steering controller. As 

expected, the average angle is zero, but the deviation from the average is very small, which 

indicates the high stability of the navigation systems. Also notice that the actual angles registered 

by the potentiometer (red) are offset about 1-2 degree from the control commands, showing that 

the error in the estimation of the angle by the potentiometer, induced by the mechanical 

construction of the steering mechanism, is less than 2 degrees. This difference was easily 

corrected in the software when the control law was enunciated.  

 

Figure 3. Actual angles and steering commands sent by the navigation controller. 
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The source of navigation commands is based on the image analysis performed on the density 

grids deduced from the 3D scenes captured with the stereoscopic camera. It is important to 

include in this study the performance of the vision process, as the inside-field navigation relies 

entirely on the outputs of the stereo camera and its further processing. The vision algorithm 

estimates the lateral offset of the robot as the deviation of the target point from the current position 

measured in the direction perpendicular to the robot motion. Even though the target point is 

located 5 m ahead of the robot, which magnifies the actual offset, Figure 4 demonstrates that the 

majority of the lateral corrections exerted fell within a central band of 20 cm in width, showing 

again the high stability of the steering corrections. Figure 5 plots the angles calculated by the 

vision algorithm (green), whose magnitudes are normally bounded between the control command 

and the actual angle steered by the robot, which is common as the feedback signal of the control 

system is provided by the linear potentiometer. 

 

Figure 4. Vision-based estimated offsets of the robot for a look-ahead distance of 5 m. 

 

Figure 5. Vision-calculated angles, sensor-measured real angles, and control commands. 
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One of the major concerns in the development of the navigation controller for the VineRobot was 

the potential loss of accuracy and stability with time, as a consequence of error accumulation after 

traversing multiple rows. The goal of the VineRobot is to fulfill mapping missions for a number of 

hours, optimally up to 3, and consequently there is a need to assess reliability over maps involving 

several rows. To do so, the robot was set to map four rows, where the headland turns were 

manually executed but navigation inside the field was fully autonomous. Figure 6 depicts the path 

traced by the robot and the velocity reached in every row. Obviously, speed drops coincide with 

headland turns. The velocity plot indicates that the last row was traveled at higher speed. 

 

Figure 6. Robot trajectory in a 4-row test (left) and speed register (right). 

The trajectory plotted in Figure 6 yields four parallel lines, where no sign of error accumulation is 

noticeable through visual inspection. A more mathematical analysis can be carried out by 

representing the angles calculated by the vision algorithm, the actual angle steered by the robot, 

and the control command sent to the steering motor. Figure 7 provides such a plot, which shows 

excellent results for the four straight paths of Figure 6. 

 

Figure 7. Key angles and control commands for a 4-row trajectory. 
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4. Navigation analysis for headland turns. 

The development of a protocol for the turning maneuver at the headlands has been the object of 

a multiplicity of field tests between May and September 2015. Although it is not completed yet, 

we can estimate that after the results achieved over the first demo, the rate of achievement is 

about 70 %. With the current algorithm (as of 09/15/2015), the robot executes neat turns following 

a semicircular arc (that is, without reversing) most of the times, but sometimes the robot gets too 

close to one of the sides and shows a lack of stability when it engages at regular speed to keep 

on mapping. An additional sensing aid based on ultrasonics is currently under development to 

deal with this problem and make turning as stable as straight guidance. Figure 8 plots a robot 

path encompassing an automatic turn (in the origin of coordinates) between two rows also guided 

autonomously. The velocity plot of Figure 8 indicates that the protocol for headland turning 

involves slowing down when the robot approaches the end of the row (points 500 to 600), and 

negotiating the turn at very low speed until the next row is in view. At that point, the turning routine 

ends and the inside-field algorithm takes over (around point 650).    

 

Figure 8. Robot trajectory when executing an automatic U-turn at the headland and successful 

engagement into the following row. 

The geometry of the turn can be analyzed in detail by tracking the angle steered by the wheels 

between the end of one row and the engagement to the next one. Figure 9 indicates that the robot 

took a right turn and the wheels were steered to approximately + 20⁰. When the front wheels 

reached that maximum angle (physically limited by the steering linkage), the robot computer sent 

commands involving small angles, until the turn was near completion. In that moment, negative 

angles of about -7⁰ were commanded to straighten up the wheels and align the robot with the 

next row. The engagement maneuver applies a progressive velocity from the slow turning pace 

to the mapping speed set by the user at the beginning of the mission. Figure 10 depicts the vision-

based estimated offsets of the robot, where point 600 provides significant information about what 

happened at the entry of the new row. An offset of + 60 cm indicates that the robot entered the 

new lane close to the left row, and a sequence of decreasing positive angles displaced it towards 

the centerline of the lane, until it was centered. After point 650, the inside-field navigation 

algorithm guided the robot as usually to complete the second row.      
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Figure 9. Key angles and control commands for an automatic turn at the headland. 

 

Figure 10. Vision-based estimated offsets of the robot for an automatic turn at the headland. 

5. Impact of high speed under low battery power. 

The worst-case scenario for the safe navigation of the robot in autonomous mode was detected 

when the batteries were approaching exhaustion at the end of the day, usually in the evening. In 

such circumstances, it was revealing to see how the robot responded at the challenge of high 

speed navigation. Figure 11 depicts the trajectory followed by the robot at high speed for a test 

run in the evening when the batteries were working at low capacity. The speed chart shows that 

the robot navigated between 4 km/h and 5 km/h, which corresponds to the mode “high speed.”   
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Figure 11. Robot trajectory and velocity chart at high speed mode and low battery power. 

Low power level for the 24-V system resulted in speeds below usual values and certain 

clumsiness as the reaction of the robot to the terrain was less stable. In general, this was not a 

problem for inside-row navigation, but the slower response of the steering motor had a higher 

impact in the navigation performance. Steering commands sent by the computer were executed 

with a slight delay that made the robot become sluggish in the response to direction corrections. 

In addition, a low powering capacity for the 12-V system implied less computing power to analyze 

the images, which in turns led to another delay in the calculation of steering commands. Even 

with all these disadvantages, the robot managed to safely reach the end of the row, but a closer 

look at the principal parameters involved in the navigation control reveals the magnitude of the 

delays in the response. Figure 12 shows a shift in the plots between the angles requested (blue) 

and the angles actually turned (red). Yet, the magnitude of the corrections was always quite small, 

bounded in the interval [-1.5⁰, +1.5⁰], which accounted for the stable behavior of the robot.             

 
Figure 12. Key angles and control commands for high speed navigation. 
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6. Integration of fluorescence sensors in the robot. 

In addition to test the navigation capabilities of the VineRobot, the demonstration was also used 

to integrate the crop sensing units in the robot for the first time, allowing the acquisition of crop 

data on the fly. In particular, three fluorescence sensors were mounted and separately run in the 

robot:  

1. Leaf sensor to detect nitrogen. It was located at a high position to map the top part of 

the vine canopy. 

2. Anthocyanins sensor with a color camera to discriminate grapes and leaves. An auxiliary 

computer grabbed and processed the images, sending the filtered data to the robot 

computer for building the maturity map. 

3. Anthocyanins sensor without a camera, with newly-developed optics to make 

anthocyanins readings directly and send them to the robot computer for mapping. 

The data communication between the fluorescence sensors and the robot computer was 

physically attained through an RS-232 cable, using a customized protocol that the robot computer 

was ready to understand. Multiple passes were conducted and data was gathered from the three 

sensors and the on-board GPS receiver, although crop maps are still under evaluation and were 

not available at the time of writing this report. Figure 13 shows two views of the robot equipped 

with the two fluorescence sensors for mapping the levels of anthocyanins in grapes; with the RGB 

camera (right), and without the camera (left). The rear mast allows the vertical displacement of 

the platform supporting the sensors, so it was adjusted according to the parameter being 

measured. In Figure 13 the sensors were placed at the height where most of the grapes were 

located. The supporting platform also accepted lateral adjustments, which were realized at the 

beginning of the tests. Keeping a constant distance between the grapes and the sensor was 

critical to obtain meaningful results, and an ideal distance of 30 cm could only be achieved in 

automatic mode due to the high stability of the navigation system. When the sensor was tested 

in a quad manually driven, the closest distances attained were in the range 40 cm – 50 cm. The 

figure also evidences the full coverage of weeds along the lanes, which sometimes challenged 

the robot in its motion when early in the morning the weeds accumulated dew water increasing 

slippage.     

 

Figure 13. Fluorescence sensors mounted and connected to the VineRobot. 
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7. Video recording during the demonstration. 

Although the mathematical analysis of the key parameters involved in the navigation control of 

the robot is essential to assess its performance, there is no better way to show that something 

works than seeing it in action with your own eyes. Therefore, for those who could not attend the 

public meeting held in Buzet on 15 September, 2015, there exists a set of video recordings that 

show the behavior of the robot for a variety of scenarios including straight guidance, headland 

turning, safeguarding, and the three preset velocities for mapping.     

8. Final conclusions. 

The first field demonstration showed that the design of the robot fits well the environment in which 

it is going to actuate. Chassis, transmission, suspension, steering, dimensions, and weight all 

compose a robotic platform that moves excellently in the vineyards. The tests proved that 

navigation inside the vine rows is very stable and impressively accurate, but headland turning still 

needs some work to assure a success rate of 100 %. This implies increasing complexity a step 

ahead by incorporating an additional sensing device to perceive the blind zone through the first 

meter ahead the bumper. In addition, power management turned out to be quite critical as a failure 

source, and a new design is on the way, where the main control algorithm will constantly be aware 

of the power resources of the robot to automatically cancel the mission if there is a failure risk 

derived from a power drop. Overall, the key features of the VineRobot have been established and 

successfully evaluated, therefore the construction of the definite version can begin departing from 

the current prototype to further improve current weaknesses and endow the robot with a 

commercial-like attractive look.     

 


