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Abstract: The rigid frame of conventional robots makes the food industry still need a lot of human involvement. Soft 
gripper is created as one of the solutions for food handling automation system. Various studies have developed 
a variety of soft grippers in food pick-and-place process. The gripper with 2 finger configurations showing 
better performance compared to the gripper with single finger configuration because it can handle more 
diverse object, but the configuration of the fingers is still selected and changed manually. This study proposed 
a method to automatically selecting and changing the finger configuration. This study developed 4-finger soft 
gripper with  a conversion mechanism for 2 finger configurations. The finger configuration is selected based 
on the object’s length-to-width ratio that calculated using machine vision. Canny edge detection method is 
used to detect edge contours from the object’s image. The results obtained in this study show that the finger 
configuration conversion mechanism on the soft gripper made has good repeatability performance, the length-
to-width ratio measurement using machine vision has accuracy up to 97,81% compared to manual 
measurement, and food pick-and-place experiment with 100% success rate.

1 INTRODUCTION 

Traditional rigid end-effectors are used widely on 
automatic production lines, which can perform lots of 
repetitive lifting operations. However, it is difficult 
for them to handle small, fragile, and deformable 
objects due to its bulky and rigid body (Zhong et al., 
2019). Therefore, handling deformable objects such 
as foods still need a lot of human involvement. To 
reduce labor cost, food handling automation systems 
are highly demanded by food industry (Zhongkui 
Wang et al., 2016). 

Soft grippers replaced rigid body on conventional 
robots with a structure made of elastic materials that 
deform continuously in response to the interaction 
with the objects. Soft grippers are able to 
continuously vary their shape without requiring 
complex multi-joint mechanisms, have the potential 
to provide greater adaptability while presenting lower 
costs, simpler structures, and simpler control 
algorithms than hard end-effectors.  Soft  grippers can 
be categorized into three groups based on grasping 
principle: gripping by actuation, gripping by 
controlled stiffness, and gripping by controlled 
adhesion. The most suitable group for fruit handling 
are the first group because of large lifting capabilities, 

good response time, and have the highest techonology 
readiness level compared to the other groups (Navas 
et al., 2021; Shintake et al., 2018). 

Various studies have developed a variety of soft 
grippers. The results show that 3 and 4-finger soft 
grippers with static finger configuration only capable 
to lift up spherical objects (Minh Dang et al., 2021; 
Zhangkui Wang et al., 2018; Zhongkui Wang et al., 
2016; Zhongkui Wang, Zhu, et al., 2017). To handle 
more diverse object, several studies developed 4-
finger soft gripper with 2 finger configurations 
(Zhongkui Wang et al., 2020; Zhongkui Wang, 
Torigoe, et al., 2017). Compared to grippers with 
static finger configuration, soft gripper with 2 finger 
configurations successfully handle spherical and 
elongated objects, but the finger configuration on the 
mentioned study is still selected and changed 
manually.  

This study proposed a method to automatically 
selecting and changing the finger configuration. This 
study developed a 4-finger soft gripper with 
conversion mechanism for 2 finger configurations. 
The object’s shape tendency is affected by its 
elongation factor. Elongation factor (EF) is defined as 
the ratio of the longest segment within an object to the 
mean length of the perpendicular segment (Patel et 
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al., 2021). The finger configuration is selected based 
on the object’s EF that calculated using machine 
vision. Before calculating the EF, the edge contours 
from the object’s image is traced using Canny edge 
detection method. 

2 SYSTEM OVERVIEW 

Image from the object is captured using webcam. The 
webcam send the data to the laptop for digital image 
processing to estimate the object’s EF and selecting 
the suitable finger configuration. Then the laptop 
send the command to the controller based on the 
selected finger configuration via serial 
communication. Next, the controller sends PWM 
signal to the servos and trigger signal to arm robot’s 
I/O port. Servo’s shaft rotation will physically 
determine finger configuration and actuate the fingers 
on the soft gripper. Soft gripper attached to arm robot 
and will perform pick-and-place sequence together. 

 

Figure 1: System overview. 

3 IMPLEMENTATION 

3.1 Soft Gripper with Conversion 
Mechanism 

Soft gripper in this study is created using 3D Print 
method. The body parts are created using PLA 
filament with 25% infill and 1,2mm wall thickness. 
The finger parts are created using TPU filament with 
10% infill and 0,8mm wall thickness. The mechanical 
construction of the soft gripper is refer to reference 
(Mishra et al., 2017) with modifications. 

 

 

Figure 2: Soft grippers CAD Model 

<Rotary base is rotatable to provide 2 finger 
configurations as illustrated on figure 3.  

 
                      (a)                                       (b) 

Figure 3: (a) Perpendicular and (b) Parallel finger 
configurations on the gripper. 

Perpendicular configuration used for spherical 
objects while parallel configuration used for 
elongated objects. Commonly used finger model for 
“gripping by actuation” soft grippers are pneumatics 
(Minh Dang et al., 2021; Zhangkui Wang et al., 2018; 
Zhongkui Wang et al., 2016; Zhongkui Wang, Zhu, et 
al., 2017; Zhong et al., 2019) and tendon-driven 
(Gafer et al., 2020; Hussain et al., 2021; Mishra et al., 
2017). Tendon-driven actuation model is used on the 
gripper in this study because it needs less component 
and easier to produce than the pneumatics model, also 
the pneumatics model is susceptible for leakage in the 
air chamber (N. Tan et al., 2018; Zaidi et al., 2021). 

Two servo motors set on the gripper. The first one 
is TowerPro MG90S located on the lower base and 
used to rotate the rotary base. Another servo is 
TowerPro MG995 located on the upper base and used 
to pull the wire for finger actuation. 

3.2 Elongation Factor Estimation 

Machine vision is used to estimate the elongation 
factor (EF) of the object. Spherical object’s EF is 
approximately 1 (one). Before the EF calculation, the 
edges contour of the object is traced using Canny 
Edge Detection method. Canny is used because canny 
is the best edge detection method compared to 
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Prewitt, Roberts, Sobel, and Laplacian of Gaussian 
(LOG) edge detection method (Ansari et al., 2017; 
Kumar Shah et al., 2020) and reference (Devi et al., 
2017; Luo et al., 2021; Phate et al., 2019; S. H. Tan 
et al., 2021) used canny edge detection to detect the 
edge contours of the food which is the object in this 
study. The program is created on pycharm software 
using OpenCV and NumPy library. Below are the 
steps of EF estimation in this study. 

 

Figure 4: Steps of EF estimation using machine vision. 

The length-to-width ratio of the bounding 
rectangle is the EF estimation of the object. 

4 RESULTS 

4.1 Conversion Mechanism 
Repeatability Test 

The conversion mechanism of the gripper is tested 
with repeatability test. The test is executed by 
changing the finger configuration 20 times. The 
distance between fingers  is measured before and after 
the test. The expected result from this test is the 
distance difference between fingers before and after 

the test is as small as possible that show the 
conversion mechanism has good repeatability 
performance. Each finger is given number as 
illustrated on figure 5. 

 

Figure 5: Gripper's finger numbering. 

The distance between finger 1-4 and 2-3 is 
measured before and after the test. The results 
provided on table 1. 

Table 1: Distance between fingers. 

Condition 
Finger 1–4 
Distance 

Finger 2-3 
Distance 

Before 
Parallel 21 mm 21 mm
Perpendi

cular
49 mm 49 mm 

After 
Parallel 21 mm 21 mm
Perpendi

cular
49 mm 49 mm 

The results show no difference before and after 
the test.  

4.2 Machine Vision Accuracy Test 

The test is excecuted by comparing the object’s EF 
estimation by machine vision and manual 
measurement. The results provided on table 2.  

Table 2: EF estimation using manual measurement and 
machine vision comparation. 

Test 

Elongation Factor 
Error 

(%) Manual 
Machine 

Vision 

1 1,04 1,04 0,00 

2 1,01 1,01 0,00 

3 1,03 1,01 1,94 

4 1,04 1,05 0,96 
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Table 2: EF estimation using manual measurement and 
machine vision comparation. (cont.) 

5 1,01 1,01 0,00 

6 1,34 1,3 2,99 

7 1,00 1,03 3,00 

8 1,82 1,86 2,20 

9 1,39 1,32 5,04 

10 1,44 1,43 0,69 

11 1,00 1,02 2,00 

12 1,49 1,47 1,34 

13 1,00 1,02 2,00 

14 3,49 3,62 3,72 

15 1,33 1,3 2,26 

16 1,31 1,25 4,58 

17 1,01 1,05 3,96 

18 1,06 1,04 1,89 

19 1,32 1,25 5,30 

20 1,28 1,28 0,00 

Average Error Rate 2,19 

Based on the results, the machine vision has 
97,81% accuracy compared to manual measurement. 

4.3 Pick-and-Place Test 

This test is executed by pick-and-place experiment 
using bananas, oranges, round buns, and hot dog buns 
5 times for each objects. The gripper attached to 
UR5e arm robot. 

 

Figure 6: Work Area. 

If the object’s EF estimation is below 1.2, 
perpendicular finger configuration will be used. If the 
object’s EF is ≥ 1.2, parallel finger configuration will 
be used. The representative result for each objects 
provided on table 3. 

 

Table 3: Pick-and-place results. 

Documentation Status Documentation Status

 

 

Success 

 

Success

 

 

Success 

 

Success

The results show 100% success rate at pick-and-
place test. Experiments using round buns showing 
some damaged part at the top of the buns. Based on 
observation during experiments, it is caused by the 
size of the buns is bigger than the opening size of the 
gripper’s finger. 

5 CONCLUSION 

The results obtained in this study show that the 
conversion mechanism of the finger configurations 
on the soft gripper made has good repeatability 
performance, the elongation factor estimation using 
machine vision has accuracy up to 97,81% compared 
to manual measurement, and food pick-and-place 
experiment with 100% success rate. For upcoming 
research, the opening size of the fingers suggested to 
be bigger than the size of the objects to prevent 
damage on the upper parts of the object. 
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