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Abstract. The paper reviews current commercial and research solutions in the 

field of grippers for automated tomato harvesting. The gripping devices are 

classified according to the method of harvesting tomatoes, namely individual 

fruits and branches. The requirements that the design of a gripping device for 

harvesting tomatoes must satisfy are formulated also based on preliminary 

laboratory tests. The requirements include the mechanical properties of the 

tomatoes and the required characteristics of the gripping device. A 

preliminary design concept is also proposed for harvesting tomatoes with a 

specific focus on the large-size tomato varieties. 

Keywords: Tomato Harvesting, Gripper, Harvesting Robots. 

1 Introduction 

Tomato harvesting is a very important task requiring extensive manual work. Several 

companies, including Priva, Octiva, and Xihelm, are actively developing automation 

and robotics for tomato cultivation. Xihelm is focused on robotic solutions for 

tomato harvesting, but no implementation has been documented yet. Floating 

Company Robotics offers a commercial robot specifically designed for efficient 

cherry tomato harvesting. However, concerns arise regarding the careful placement 

of branches, potentially impacting fruit shelf life. Metomotion provides a 

commercial robot capable of harvesting various tomato varieties using scissor-

shaped grippers. Inaho has developed a unique cherry tomato-picking robot with 

parallel modules resembling a soft conveyor belt, although multiple attempts may be 

needed for harvesting, posing potential fruit damage. Pioneering research in tomato 

harvesting emerged in Japan in the 1980s [1] with contributions from Tateshi Fujira 

and collaborations with Naoshi Kondo [2]. Some papers present only schematic 

designs without further development [3,4]. A solar-powered robotic system using 

artificial balls for experiments is condered in [5]. However, it is still an open problem 

to provide an adaptable grasping solution for small productions of large size 

tomatoes. 
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2 Review of existing solutions 

Literature review has been made as based on the procedure, which consisted of 

searching for sources dedicated to robotic tomato harvesting in Scopus, 

Researchgate and Google. An analysis was carried out of the source, as well as other 

sources on same topic found in connection with this source (citations, references, the 

same authors). Within the framework of the current paper, a filtered part of the found 

sources relating to the development of entire robotic systems or their gripping 

devices is cited. 

Some of the earliest development of tomato grippers, along with other robotic 

components, began in Japan [6]. To date, researchers from around the world have 

developed several different gripping devices for harvesting tomatoes. They may 

have a different number of fingers and a different way of grasping and tearing off 

the fruit. Let's analyze existing solutions, grouping them by the type of object being 

grasped. 

Mobile platform chassis for tomato harvesting robots were developed in [7-9], but 

these seem applicable to a broader range of fruits and vegetables. A post-harvest 

device on a mobile platform for safely moving tomatoes to a basket is developed in 

[9]. A system using a movable cart to control manual tomato harvesting is considered 

in [10]. Kinematics and workspace for manipulators considering the required 

harvesting area are considered in [11]. Manipulator for tomato harvesting, its 

simulation, checking design parameters, force-torque calculations, and developing a 

control system, excluding the gripping device aspect are considered in [12]. 

It is worth noting the competition for robotic tomato picking, which has been held 

in the city of Kitakyushu (Japan) annually since 2014 [13]. The competition takes 

place in a greenhouse at the Kitakyushu Research & Science Park. Its dimensions 

are 10 x 20 m. The greenhouse is equipped with IoT sensors that measure 

temperature, humidity, soil pH and light. The competition mainly involves teams 

from the city of Kitakyushu, but teams from other universities also participate. To 

pick tomatoes, robots need to adapt to lighting conditions, which brings the task closer 

to real-life conditions. The team from the HAYAHI-LAB laboratory won the 

competition the most times. Over the years of the competition, several scientific 

results were obtained, and published in papers [14], [15]. 

 

2.1. Gripping devices for individual fruits 

It is worth noting that as a result of the review, not a single commercial solution was 

identified that uses individual fruit harvesting. However, most of the research work 

is devoted specifically to individual fruit harvesting. 

Some of the agricultural grips can be combined into a group of flexible grips, printed 

using a 3D printer using flexible materials. One of these grips, designed specifically 

for harvesting tomatoes, is discussed in [16]. A similar grip, but used for various 

objects, including tomatoes, is discussed in [17]. 

A three-finger gripper made of ABS+ plastic with force sensors, based on a crank-

slider mechanism, is proposed in [18]. The influence of gripper motor parameters 

such as input current and motor speed on the shrinking process and deformation of 
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tomatoes was investigated in [19]. A   recently popular AI tool Chat GPT, was used 

during the design development in [20]. The gripper design consists of two 

hemispheres, similar to the design proposed earlier in [21]. A device for harvesting 

tomatoes is proposed in [22], based on drawing tomatoes with air and cutting off the 

fruit. There are also many other grippers designed for tomatoes [23-33]. 

 

2.2. Gripping devices for branches with fruit 

All commercial solutions found for harvesting tomatoes use branch picking or other 

methods of group harvesting. Descriptions of commercial solutions are described in 

introduction. The number of research solutions for branch gripping is extremely 

limited [34-35]. 

3 Requirements and Challenges 

The advancement of robotic technologies for tomato picking necessitates thorough 

planning and execution of field experiments. They are based on the measurement of 

the response to mechanical stresses of controlled compression and penetration under 

controlled deformation conditions, i.e. the conditions to be monitored when 

harvesting operations are planned to be mechanized in order not to damage the 

product. 

 

3.1 Tomatoes properties 

Table 1 shows the properties of tomatoes that should be taken into account 

when designing gripping devices. 
Table 1. Tomatoes properties 

 

Property Min value Max value Comment 

Weight 14 g 

(Grape) 

454 g 

(Beefsteak and Heirloom) 

Based on the size of tomatoes of 

different varieties 

Size 10 mm 

(Cherry) 

150 mm 

(Beefsteak and Heirloom) 

Based on the size of the tomatoes of 

different varieties 

Young’s 

Modulus 

2.32 4.07 According to [18,36-38] 

Poisson’s 

Ratio 

0.55 0.74 According to [18,36-38] 

Shape spherical ellipsoid/irregular According to [23,39,40] 

Stiffness 3 N/mm 

(mature) 

30 N/mm (green) According to [23,39,40] 

Grasping plane horizontal ±15 deg from horizontal According to [23,39,40] 

Surface smooth 

and dry 

dusty and wed According to [23,39,40] 

Pose 

altitude 

300 mm 1500 mm According to [23,39,40] 

Stalk 

orientation 

vertical ±30 deg from vertical According to [23,39,40] 
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3.2 Compression and penetration tests 

To assess the firmness of the tomatoes, a series of compression and penetration 

tests were carried out on different tomato varieties. The aim was to establish action 

thresholds for the gripper so as not to damage the fruit. The tests were carried out at 

room temperature using a TA-TX Plus texture analyzer (Fig. 1). The different 

cultivars of tomatoes chosen were: Piccadilly tomatoes, Cherry Tomatoes, Rib 

Tomatoes, Oxheart Tomatoes, and Grape Tomatoes. Three ripening indices were 

considered: unripe tomato, medium ripe tomato, and fully ripe tomato. Compression 

tests involved loading the sample between two plates, applying a force and recording 

the deformation. The cycle included compression, decompression and a second 

compression, revealing changes in the structure of the sample. This assessed material 

behavior under compressive pressures, plastic flow and ductile fracture limits. 

Penetration tests used cone penetrometers to measure stress-strain properties by 

inserting a metal cone into the specimen at a constant speed and force. The probes 

were applied in triplicate with a 100mm dish and 5mm tip, a test speed of 2mm/sec 

and a trigger force of 5 grams. Compression indices varied for different samples (10 

mm for Piccadilly, 20 mm for others), while penetration tests maintained a 10 mm 

index. The thresholds found during the tests (Fig. 2-3) ranged from 9.29 - 28.13 N 

for penetration (on fully ripe grape tomatoes and unripe cherry tomatoes 

respectively), while for compression these values were 30.16 - 302.89 N (on medium 

ripe Piccadilly tomatoes and unripe cherry tomatoes respectively). 

 

Fig.1. TA-TX Plus Texture Analyzer during tests 
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Fig. 2. Example of compressed tomato and its damage (showed by arrow) and maximum 

peaks obtained during trials 

 

 

 
Fig.3. Example of a penetrated tomato and its damage (showed by arrow) and   maximum 

peaks obtained during trials 
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3.3 Regulatory Considerations 

Based on the analysis performed and the sizes of tomatoes of various varieties, 

requirements have been drawn up that must be met by a tomato gripping device 

(Table 2). 

Table 2. Gripper requirements 

Metrics Value Comment 

Harvesting rate 30 kg/hour To provide productivity comparable to manual 

labor [41] 

Accuracy 1 mm Sufficient accuracy based on the size of the 

tomatoes 

Payload 500 g According to the maximum weight of large types 

of tomatoes (Beefsteak and Heirloom) 

Workspace 150 mm x 150 mm x 

150 mm 

According to the maximum size of large types of 

tomatoes (Beefsteak and Heirloom) 

Measured Force 

of Sensor 

1-30 N According to the tomato stiffness range [23,39,40] 

Type of Sensors Piezoresistive, 

piezoelectric 

Suitable for tomatoes 

Energy Source 

of  Actuators 

Electrical preferable 

(other suitable options 

can be used) 

Compromise between functionality and energy 

consumption, enabling its implementation in 

current agricultural robotics [42] 

Control position control, force 

feedback 

Control algorithms with the stiffness of the object 

for the handling of fruits [42] 

Material Non-toxic material Since tomatoes are a food product 

4 Possible Gripper Design 

Let's consider one of the options for the structure of a gripping device that can be 

used for harvesting tomatoes. A specific design solution has been identified in this 

work as the one DOF (degree of freedom) mechanism, which is represented in Figure 

4. It is made up of two four-bar mechanisms, ABCL and EFGH. This mechanism is 

an extension of a design solution that was addressed previously in [43]. This 

mechanism provides a symmetrical bending of the palm around the revolute joint at 

point L after adequate dimensional synthesis. The revolute joint in the L joins the 

palm's two parts. A motor is installed at point E and can actively bend the palm. 

However, to achieve a passive adjustable palm bending, turn off this actuator and 

use the k stiffness of a spring attached at point L. Depending on your grasping 

requirements, you can choose between active and passive palm operation modes. 

The proposed palm also serves as a base for three fingers that can be attached to it at 

positions D1, D2, and I. The bending of the palm also results in the rotation of the 

fingers, which aids in the grasping of an object. The design of the proposed gripper 

is shown in figure 5[44]. The proposed design of the gripping device allows us to 



7 
 

satisfy the requirements formed above. In particular, the design allows the use of 

electric actuators and the installation of the necessary sensors to implement force 

feedback. All-round fruit gripping allows for stable gripping of tomatoes weighing 

500 grams. The gripper will be non-toxic to products if food-grade plastic is used or 

has a special coating. 
 

 
Fig. 4. Kinematic model of the driving mechanism for the proposed palm. [44] 

 
Fig. 5. An example of grasping configuration while holding a cylindrical object: a) 

scheme, b) real environment 

5 Conclusions 

Presently, extensive research and various commercial solutions exist for robotic 

tomato harvesting; however, widespread implementation remains limited. As a 

result, manual labor is still widely employed for tomato harvesting. An ongoing 

challenge is the effective integration of recognition and control algorithms, as well 

as equipment, into real-world environments. Laboratory studies often fall short in 

addressing all the complexities of real-life conditions. The field of tomato harvesting 

requires increased automation to overcome existing limitations in the application of 

robotic systems. This paper delves into current literature, conducting preliminary 

testing to identify primary design requirements and constraints for achieving a 

human-like, gentle, and adaptable harvesting process for large tomatoes by 

proposing a possible design concept. Future investigations will center on designing 

a novel robotic gripper based on the proposed human-like concept.
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