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ABSTRACT 
Spraying and pollinating date palm trees is currently done 

manually by a team of three workers from a platform lifted 18 
meters or more above the ground. This method is extremely 
unsafe and many accidents have happened due to lack of 
stability when the platform is in a lifted position. Alternatively, 
date clusters are occasionally sprayed by a large pressurized 
sprayer directly from the ground, a method that is highly 
unselective and environmentally harmful. In this paper we 
present the concept of an automatic apparatus that can 
effectively and accurately spray and pollinate date clusters from 
a robotic apparatus mounted to a standard tractor operated by a 
single driver. The apparatus consists of a robotic arm and 
computer controlled sprayer, guided by a computer vision 
system that detects and localizes date clusters with a camera. 
This system will minimize risk of injury, significantly save 
manpower (from three to one person per team), and deliver the 
spray with maximum accuracy thereby reducing chemical 
disposure. A small scaled prototype has been built and is 
currently under preliminary experiments. 

 
INTRODUCTION 

Spraying and pollinating of date palm trees in Israel is 
currently being done by a team of three workers.  The team 
constitutes of one driver and two assistants. The workers stand 
on a platform lifted up to 18m high, and operate manual 
spraying guns. The workers target the spraying heads towards 
the date clusters or flowers. This method is extremely unsafe 

and many accidents have happened due to lack of stability 
when the platform is in a lifted position. Alternatively, date 
clusters are occasionally sprayed by a large pressurized sprayer 
directly from the ground, a method that is highly unselective 
and environmentally harmful. In this paper we present a novel 
design of an almost completely autonomous date palm trees 
sprayer that will be able to accurately target spray of the date 
clusters. 

Several research problems are inherent in the  development 
of the proposed robotic apparatus. First, we need to develop a 
platform that would be stable, could reach heights of up to 
18m, and could be folded down for transportation and storage. 
Second, a control system should be developed to detect and 
automatically target the spraying gun toward the date clusters. 
Third, a simple and easy to use user interface should be 
designed to allow the farmer to easily operate the apparatus. 

According to these specifications a scaled down model of 
the system has been developed and tested in the lab (see Figure 
1). This model is being used for feasibility study, and based on 
this study later on a full sized model will be developed for 
conducting actual field experiments. The model is composed of 
a 122cm by 52cm manually towed wagon. On top of the wagon 
a four linked prismatic mast is attached through a revolute joint 
that allows the mast to be folded down.  At the end of the mast 
a two degrees of freedom (DOF) pan-tilt head is attached. This 
head is used for aiming the spraying hose, and for moving the 
camera that is mounted on top of the spraying hose. A PC based 
control system controls the motion of the entire system while 
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the user interface uses a separate two line LCD display, three 
push buttons, and a small wireless numeric keypad.  Based on 
preliminary tests and experiments the model is being modified 
and enhanced. In the following sections we review related 
literature, we present the scaled-down prototype, we discuss 
relevant computer vision issues, and we conclude with some 
short-term future work. 

 

 
Figure 1: The scaled down prototype in a folded 
configuration. 

 
RELATION TO PREVIOUS WORK 

Robots have been developed for many agricultural 
operations such as cultivating, transplanting, spraying, 
trimming, and selective harvesting. Extensive research has been 
conducted in applying robots to a variety of agricultural 
harvesting tasks:  citrus, apples, tomatoes, asparagus, 
cucumbers, melons, and grapes [1]. Studies concentrated on 
object detection in natural environments, gripper and 
manipulator design and autonomous guidance. 

Dealing with natural objects requires a high-level of 
sophistication from robots. Operating in unstructured and 
dynamic environments further complicates the problem. The 
decreasing cost of robots has enabled their wide introduction 
into commercial food applications and animal operations 
(automatic milking and shearing). The validity of the technical 
feasibility of agricultural robots has been widely demonstrated 
[1]. Nevertheless, despite the tremendous amount of research in 
the last decade, commercial applications of robots in complex 
agriculture applications are still rare. While few systems were 
developed (e.g., see [2]), production inefficiencies and lack of 
economic justification are still the main limiting factors [3]. 

Spraying robotic systems. An autonomous tractor for 
spraying was developed at the Robotics Institute of Carnegie 
Mellon University [4].  A precision sprayer was developed and 
tested with a robust crop position detection system [5] for 
varying field light conditions for rice crop fields. Another 
usage of robots for agricultural application was performed for 
targeted spraying of trees [6].  

Kevin et al. [7] developed a fluid handling system to allow 
on-demand chemical injection for a machine-vision controlled 
sprayer. The system was able to provide a wide range of flow 

rates of chemical solution. Balsari et al. [8] conducted a three-
year experimental study in apple orchards of Southern 
Piedmont to determine the quality of spray deposition on the 
canopy, the incidence of ground losses and of drift effect 
according to the sprayer adjustment. Results indicated that the 
application of reduced volumes (300 – 500 l/ha) calibrated 
accordingly to the plants growth stage allowed to obtain a 
better coverage of the target and to reduce ground losses, while 
increasing drift risks were registered when fine droplets were 
sprayed.  

Manor et al. [9] used turbulent air-jet nozzles, which 
helped to penetrate even dense canopies and accurately deposit 
the droplets on different leaves on both sides. By using several 
turbulent air-jets nozzles an accurate vineyard sprayer was 
adjusted.  

Nishiwaki et al. [5] developed and tested a nozzle 
positioning system for a precision sprayer. The data from a 
vision sensor was transmitted to a herbicide applicator that is 
made up of micro-controller, slide-able arms coupled with 
spray nozzles. Nozzles were drove to optimal positions. The 
system was tested to evaluate performance. It had a high 
accuracy, enough to apply to Japanese rice crop field. 

Wiedemann et al. [10] developed a spray boom that would 
sense mesquite plants. Sprayers were designated to tractors and 
all-terrain vehicles. Controllers were designed to send fixed 
duration pulses of voltage to solenoid valves for spray release 
through flat-fan nozzles when mesquite canopies interrupted 
the light. The levels of mesquite mortality achieved were 
equivalent to those levels that have been achieved by ground 
crews hand spraying the same chemical solution.  

A machine vision sensing system and selective herbicide 
control system was developed and installed on sprayer by 
Steward et al. [11]. The system operated with an overall 
accuracy of 91%. Significant differences in pattern length 
variance and mean pattern width were achieved across speeds 
levels ranging from 3.2 to 14 km/h. Spray patterns tended to 
shift relative to the higher travel speeds.  

Zheng et al. [12] developed a tree image processing, tree 
crown recognition, and smart spray execution system. The tree 
imaging system included a CCD camera, an image grabber, a 
computer, and experimental set up. The tree crown recognition 
system based on back propagation neural networks was 
developed as the spraying pesticides depended greatly on the 
tree crown types. Six typical tree crowns (cone, spherical, 
cylindrical, umbellate etc.) could be determined.  The spray 
execution system consisted of a spraying table, nozzles, 
solenoid valves, and relays. Similarly, autonomous operation of 
a speed-sprayer in an orchard was achieved using fuzzy logic 
control of image processing and ultrasonic sensors and steered 
by two hydraulic cylinders [13]. 

 
THE DEVELOPMENT OF A SCALED DOWN MODEL 

A scaled down prototype was developed as the first step in 
the development of the date palm trees sprayers. Several 
reasons make such a scaled down model an essential tool for 
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feasibility study. First, to make sure the model answers its’ 
designation, and provides the customer needs. Second, there is 
a need to examine how the integrated systems function and 
perform altogether. This scaled-down model was developed 
under strict limitations of working space, time, and funding, 
and was completed in our lab within one year, costing less than 
quarter of a full scale model. Although the smaller size model 
is electrically actuated while the full scale model will probably 
be hydraulically actuated, it exactly mimics the structure and 
functionality of the bigger model.  This prototype is simple to 
control, relatively inexpensive to develop and the batteries take 
small space. It also leaves enough flexibility to implement 
various control schemes. Extensive experiments of the scaled 
down model will prove the functionality of the system, and will 
serve as a test bed for examining various control paradigms. 
Later on, based on the experimental results a better full scale 
model could be built. 

The main concept of the system is to get the spray head as 
close to the dates clusters as possible and to spray while in 
motion. After considering several design concepts, a proper 
concept for the system was chosen. This concept is based on 
the two main issues: work safety and the ability to conduct 
accurate spraying. Figure 2 shows the conceptual design of the 
full scale system. The apparatus is composed of four 
components: carrying wagon, uplifted telescopic mast, spraying 
head and an automatic control unit for target detection and 
tracking. The current model is 6:1 scaled down model that can 
be unfolded up to a height of 3.1m when fully open.  Next we 
will describe each component individually. 

 
 

The wagon:  the carrying wagon has four wheels and is 
towed by an agricultural vehicle. Any kind of tractor can fit the 
towing hook thus a designated vehicle is not required. The 

towing hook has two rotational DOF: one to allow steering and 
the other to ensure that if the spraying system overturns, the 
tractor and the driver will not tip over as well. During the busy 
season in the orchards there is a lot of use of the high lifted 
platforms tools and using a wagon will reduce the need of those 
expensive vehicles. 

Since stability is an important issue for this high rise 
sprayer, the structure of the wagon is designed to be heavy, to 
keep the center of mass as close to the ground as possible. The 
large width and wheels span is necessary to reduce the roll 
angle while wheels go over an obstacle (e.g., a small rock, a 
mound or a pit in the ground).  
 

The mast: In order to get the spraying head to the desired 
height, the lifting is done using a telescopic mast supported by 
an electric piston and a folding and unfolding system based on 
cables and an electric winch. The elevation system is mounted 
on the carrying wagon, having one rotational DOF and 
supported by the electric piston. The telescopic mast links are 
made of four box beams joined together by tensed stainless 
steel cables and a pulleys system. One end of the cables is 
attached to the winch drum at the bottom of the mast, and the 
other end goes over one link and under the following link and 
finally attached to the link (see Figure 3 (b) and (c)).  
Consequently, when the winch spins it causes the cables to 
become shorter and thus reduces the overlapping amount of the 
box beams in each other, causing an extension of the telescopic 
mast. The opposite happened while the winch spins in reverse 
direction – the cables get longer thus the mast will be folded 
down. To maintain stability of the links a counter cable is 
stretched from the top link to the winch drum, wounded in 
direction opposite to the winding of the main cables. Hence, it 
fits the lengthening direction and amount of the mast. Between 
every pair of beam boxes there are six roll bearing to provide 
smooth sliding and to allow enough room for the cables to pass 
through. Opening all the links simultaneously makes it simpler 
to apply control system and to study the stability of the system. 

 

 

 

Figure 3: (a) The folded sprayer mounted on a wagon,  
(b) the open telescopic mast and the winch, and (c) pulleys 
and cables system of the folded telescopic mast. 

(a)                  (b)          (c) 
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Figure 2: Design model of the dates sprayer. 
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The spraying head: The spraying head is a structure 

composed of two cameras and a spraying hose connected to the 
top of the telescopic mast through a gimbal – a computer 
controlled pan-tilt system that can drive the spraying hose, thus, 
with those two DOF the head can home in on the dates clusters 
while in motion and having a continuous tracking. The spray is 
applied by an air blast sprayer, a fluid chemical is injected into 
a blast of air going out of the hose of the spraying gun. The air 
blast is being produced by a big blower mounted on the towing 
tractor and then is being conveyed up to the gimbal through a 
flexible pipe that runs along the mast. By attaching the blower 
and the pesticide tank to the tractor, unwanted vibrations of the 
mast are prevented and we can get the spraying system 
powered directly by the tractor’s PTO (power take off). Figure 
4 shows the spraying head of the prototype. Note that in this 
preliminary version there is only one camera mounted on top. 

 
Figure 4: The spraying head of the prototype. 

 
Control and operation of the system: While on storage or 

transportation, the system is kept folded – both the winch and 
the piston are in a low position and taking small amount of 
space, storing the system that way makes it easy for 
maintenance and conveniently handled.  There is no need of 
initial calibration every workday since the system is already 
mounted and calibrated according to the specific system design 
and geometry. However, an initialization and check up process 
is automatically conducted when the system starts up. 

The operation of the complete system contains four steps, 
all controlled by a heavy duty rugged laptop computer. The first 
step is to tilt the mast up to 70º using the electric piston. The 
second step is opening the telescopic links of the mast using the 
motor which to drives the winch drum, this step ends when the 
spraying head is at the desired height – about one meter bellow 
the dates clusters. Hence, the lower branches do not interfere 
with the detection and spraying. This height of the spraying 
head will stay fixed during the work in the orchard. Third step 
is to adjust the tracking gear to track a certain marker which 
was initially posted on each tree. The last step is to turn on the 
autonomous tracking mode and from this moment on the 
system is self functioning. 

The user interface of the system allows simple and intuitive 
operation. It is composed of a wireless keyboard and three 

control buttons. The keyboard is for entering the desired height 
of the mast when indicated to do so on a small LCD screen. 
The three buttons are for lifting, opening the mast, and for 
tracking. Both the winch and the affixed axis of the mast are 
equipped with optical encoders to close the control loop. For 
the cluster locating and tracking there is a use of two servo 
motors to move the camera in pan-tilt axis, the sequence of 
images from the cameras are processed in the computer that 
produce a signal to correct the location of the cluster in the 
image, relative to the spraying hose.  The control architecture is 
sketched in Figure 5. 

 

 
 
 
 
The prototype: as discussed above a 6:1 scaled down 

prototype has been built and is currently undergoing initial tests 
in the lab. Figure 6 shows the prototype in its’ folded 
configuration, but with the mast being tilted upward. The 
system is mounted on a 52cm by 122cm wagon, and in folded 
configuration its’ maximal height is 128cm while in unfolded 
configuration the mast reaches height of 3.1m.   

 
Figure 6: The prototype in a fully open configuration. 

 
 

User interface 

 
 

Controller 

Image 
processing 

 
 

Computer

 
 

Cameras and 
spraying head 

Figure 5: The control architecture of the spraying system. 
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COMPUTER VISION ASPECTS 
A key component in the described system is its ability to 

acquire and analyze visual input. For the prototype described in 
this paper two vision modules have been developed, both of 
which assume that the spraying targets are marked in with a 
distinctively colored marker which is placed in their vicinity in 
order to facilitate target identification via color-blob tracking 
(but see future work for relaxing this assumption). For the sake 
of our application, a red elastic band stretched just below the 
crown, was more than enough to achieve the targeted spraying 
function (see Figure 2). 

The initial vision module was based on the detection of 
color blobs having a user-defined spec in the RGB space. A 
predefined uncertainty sphere around the predefined RGB color 
point provided a mean for target identification under variable 
illumination and also under masking of the spray (see Figure 
7). 

 

 
 

Figure 7: Color blob tracking under different 
illumination conditions (day vs. night) and/or 
masking by the spray (left). 

 

 
The orchard environment in which targeted spraying 

should be executed constitutes numerous targets of similar or 
identical appearance. As the robotic platform moves along an 
isle, these targets become occasionally occluded, sometimes by 
one another. This constraint poses severe requirements on the 
tracking system which should be able discriminate between 
identically looking targets whose image plane trajectory 
intersect each other in unpredictable ways. To cope with this 
situation an enhanced tracking framework which allows 
combining information of tracked objects from several cameras 
in order to provide robust tracking even under the discussed 
conditions was developed. In particular, using two single-image 
trackers mounted in a calibrated stereo configuration, and 
applying constraints such as continuity of object trajectories in 
space-time and the inability of objects to intersect in space, the 
system is able to track several objects simultaneously and avoid 
tracking mistakes even if these objects merge and intersect in 
the image plane. A demo of this capability in lab conditions is 
demonstrated in Figure 8. This Figure shows the ability to track 
multiple objects of identical appearance. While the two balls in 
the left and right sequences perform different 3D trajectories 
(crossing on the left  vs. turning back on the right), this cannot 
be discriminated from the different video sequences which look 
very similar. Employing two such trackers in a calibrated stereo 

configuration allows performing correct tracking in both cases. 
Note how the system fixes the wrong object identification 
(color-coded) shortly after the objects split in the turn-back 
sequence (rows 4 and 5 in the right column). 
 

CROSS OVER SCENARIO TURN BACK SCENARIO

  

  

  

  

  
Figure 8: Tracking multiple objects of identical 
appearance.  

 
 

CONCLUSIONS 
In this paper we present a new concept of accurate 

spraying of date palm trees. We also present the design of a 
small scaled prototype which has been built and is currently in 
experimentation. Tracking of the date cluster is based on visual 
tracking of markers (colored signs) which were initially posted 
on the trees. Since there is a width of about 1m of the spray 
cone it is enough to track a single marker posted at the top end 
of the tree trunk. The visual tracking system is based on a 
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stereo vision system capable of tracking and distinguishing 
between multiple objects in real time.  The developed system 
would prevent workers from working at heights and risking 
their lives. Moreover, it will reduce human labor as we will 
need only one worker (the driver) instead of three in the current 
machines. 

Future work aims to design a more heavy duty pan-tilt 
head that will allow to perform field tests with our prototype 
initially on smaller trees. Later on we plan to design and build a 
full size version of the sprayer that will allow spraying of high 
trees with real size spraying guns.  

ACKNOWLEDGMENTS 
The authors would like to acknowledge the support of the 

Jewish Colonization Association (ICA) foundation and the 
BGU Paul Ivanier Center for Robotics Research and 
Production Management. 

REFERENCES 
[1] Edan, 1999. Food and Agricultural Robots. In: The 

Handbook of Industrial Robotics: 1143-1155, 2nd 
Edition. Editor: S.Y. Nof, John Wiley and Sons. 

[2] Hannan, M.W., T.F. Burks. 2004. Current 
developments in robotic harvesting of citrus. ASAE 
Paper No. 043087, ASAE, St. Joseph, MI 49085. 

[3] Sarig, Y. 1993. Robotics of fruit harvesting: a state-of-
the-art review. Journal of Agricultural Eng. Research 
54(4): 265-280. 

[4] Stentz, A. 2001. Robotic technologies for outdoor 
industrial vehicles, SPIE Aerosense 2001 Conference. 

[5] Nishiwaki, K., Amaha, K., Otani, R. 2004. 
Development of nozzle positioning system for 
precision sprayer, Automation technology for off-road 
equipment, ASAE, St. Joseph, Michigan, USA, 2004. 

[6] Zheng., J. 2005. Intelligent pesticide spraying aims for 
tree target, Resource, ASABE, St. Joseph, Michigan 
USA, September. 

[7] Kevin P. Gillis, D. Ken Giles, David C. Slaughter, D. 
Downey, 2001. Injection and fluid handling system for 
machine-vision controlled spraying. ASAE Paper No.  
011114,  ASAE St. Joseph, MI 49085. 

[8] Balsari., P., Marucco., P., Oggero., G. 2002. Spray 
Applications in Italian Apple Orchards: Target 
Coverage, Ground Losses and Drift, Paper number 
021002, ASAE, St. Joseph, Michigan, USA. 

[9] Manor., G., Gal., Y. 2002. Development of an Accurate 
Vineyard Sprayer, paper number 021033,  ASAE, St. 
Joseph, Michigan, USA. 

[10] Wiedemann., H.T., Ueckert., D.., McGinty., W.A. 
2002. Spray boom for sensing and selectively spraying 
small mesquite on highway rights-of-way, Applied 
Engineering in Agriculture 18(6): 661 – 666.  

[11] Steward., B. L.,  Tian., L. F., Tang., L. 2002. Distance 
–based control system for machine vision-based 

selective spraying; Transactions of ASAE, Vol. 45(5): 
1255 – 1262. 

[12] Zheng., J., Zhou. H., Xu. Y., Zhao. M., Zhang.H., 
Xiang. H., Chen. Y. 2004. Pilot study on toward-target 
Precision Pesticide Application in Forestry, ASAE 
Annual Meeting 2004; ASAE, St. Joseph, Michigan, 
USA. 

[13] Shin, B.S., H. Kim, J.U. Park. 2002. Autonomous 
agricultural vehicle using overhead guide. in 
Automation Technology for Off-Road Equipment, 
Proceedings of the July 26-27, 2002 Conference 
(Chicago, Illinois, USA)  701P0502: 261-269. 

 


