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Abstract:

Chemists hope to liberate themselves from te-
dious, repetitive experiments and devote them-
selves to more creative work. Therefore, this
project will try to introduce cooperative robots
to replace manual operations. After visiting the
chemical laboratory of AAU, this report will
analyse and deconstruct the task and the dilu-
tion experiment of the quinine solution involved.
On this basis, the concept of decoupling complex
operations into several basic robot actions is pro-
posed. The corresponding relationship between
manual operations and robot actions is shown in
one flow chart. In the practice part, this project
establishes a set of robot workbench that meets
the requirements of the chemical laboratory and
is also consistent with reality by measuring the
size and position of the existing equipment in
the laboratory in the simulation software. Write
the robot action sub instructions, try to combine
them into the main program arbitrarily, and fi-
nally complete a set of user-defined experimen-
tal operations. Although there are still problems
in the control of syringes, the rest have been
tested and verified to meet the project require-
ments.
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Chapter 1

Introduction

This chapter introduces the project background of the chemical experiment from automation to in-
telligence and describes the advantages and significance of using robots to replace traditional manuals.

1.1 Project background

With the development of information technology, numerical control and automation technology have
been widely used in many fields. Compared with manual manufacturing, the advantages of regu-
larity, high efficiency and controllability of robots are undeniable after the improvement of the 21st
century[1] . However, in chemical manufacturing and especially in the research of new drugs, manual,
repetitive operation still accounts for most of the proportion. Chemists are eager to break away from
inefficient, traditional operations and have more time to exert their imagination, experience and theo-
retical knowledge and invest in more innovative research[2] . Therefore, since the 1990s, experts from
different disciplines have been working together to study efficient and automated molecule synthesis
laboratories [3]. Fortunately, significant progress has been made in some areas. For example, many
chemical laboratories have put forward many concepts of rapid preparation of drugs and tried to build
them. The fundamental goal of accelerating the experiment has achieved phased success.

At the current time node, how to make the chemical laboratory more intelligent replace the high
efficiency of synthesis has become the focus of a new round. Pharmaceutical chemists need efficient
synthesis tools that can operate freely according to the analysis results, rather than expensive produc-
tion machines that can only perform a single type of experiment[4]. Ideally, the intelligent laboratory
should have the following characteristics: (1) It can perform various experimental operations; (2) The
sequence of operations and the use of molecules should be entirely customised; (3) The process should
be simple and conforms to the intuition of non-robot professionals; (4) The interface should be intuitive
and concise.

This report will try to apply robots to the chemical laboratory, looking for the possibility of replac-
ing manual synthetic to reduce the long-term impact of the environment on the health of operators
and avoid the risks brought by some human factors. Under this assumption, non-robot professional
experimenters can also randomly combine a set of main programs that will perform complete chemical
experiments according to the existing subprograms in the software (or even only keywords). The cus-
tomised main program will be directly uploaded to the robot, and the robot can experiment according
to the expectation of chemical analysis. At present, the project is only in its early stage, and there is
still a lot of future work.

3
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Chapter 2

Context Analysis

This chapter will introduce AAU’s chemical laboratory, reference experiments, and tools. Through the
decoupling of chemical operations, it can be converted into the basic actions that the robot arm can
perform.

2.1 Task analysis

This section will focus on the specific content of the task and sort out the work flow of this project.

Briefly summarise the mission background and objectives in section 1.1. Because the operations
of chemical experiments have strict norms, there has been no apparent change in the past century.
Chemical practitioners hope to realise the iteration of operations through automation technology. The
characteristics of the robot, such as safety, stability and fast speed, make it possible for the robot arm to
replace most of the repetitive operations in chemical experiments. Therefore, this project hopes to use
robots to complete some traditional basic human operations. Ideally, a robot can perform automatic
synthesis of the molecules. The conceptual diagram is shown in Figure 2.1

Figure 2.1: The Conceptual diagram of project task[5][6][7]

The execution program of the robot is based on the combination of several basic actions, so one of
the critical steps is that the chemical experiment operations involved should correspond to the robot’s

5
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actions. In other words, the experimental operation needs to be decoupled into basic actions with high
repetition, and the robot will reproduce these sub-operations. The entire robot experiment will be
realised at the program level by establishing several basic action program modules and reorganising
them, including movement and grabbing. Then combine the subprograms into the main program
according to the sequence. The chemist only needs to click the execute bottom of the main program to
order the robot complete the experiment. Summarise the above process into the following Figure 2.2
and this project will complete subsequent project on this basis.

Figure 2.2: The work flow of the whole task

2.2 Analysis of chemical part

This section will focus on chemistry-related parts, including chemical laboratories and chemical exper-
iments. The human operation is simplified and classified into different robot actions. Finally, according
to the task requirements, the logical structure of robot action will be summarised.

2.2.1 Reference chemical experiment

Taking the dilution of quinine solution as the example, this project attempts to simulate the basic chem-
ical operations and establish a physical model which is still easily operable in the real environment.

The whole human operations except the calculation of diluting quinine solution are described as
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follows. The specific experiment video demo can be seen in GitHub:Automatic-synthesis-of-Molecules-
by-UR5:

• Step 1: prepare tools, undiluted quinine solution and distilled water. The tools include a beaker
or test tube containing the compound and a syringe that can quantitatively absorb the liquid (the
measurement of the molecules needs to be calculated and weighed in advance).

• Step 2: the syringe is moved directly above the quinine solution container, and the quantita-
tive quinine solution is extracted from the container in batches and loaded into different empty
containers in turn.

• Step 3: clean the syringe. The specific operation is to align the syringe with the clean water tank,
discharge and extrude the residual liquid and air in the syringe, stretch into the clean water tank,
suck enough clean water, lift the syringe and release the internal liquid. This process needs to be
repeated 3-5 times to ensure no residual quinine solution in the syringe.

• Step 4: the syringe is moved directly above the distilled water container, inhale the required
amount of distilled water in batches, and move them to the required containers.

• Step 5: clean the syringe (the operation is precisely the same as in Step 3).

2.2.2 Convert to robot’s action

According to the chemical experiment operation introduced in the subsection 2.2.1, the specific oper-
ations can be sorted to facilitate the subsequent transformation of specific human actions into robot
actions.

Because the project requires the implementation of the action execution of the robot, the classi-
fication standard of chemical operations must also refer to the types of basic actions of the robot.
According to the different execution parts, it can be divided into the action performed by the robot
and the tools. Tools can also be divided into gripper and syringe. Therefore, all operations moving
to a certain position belong to the robot’s path planning, including moving to the top of the test tube
and moving to the top of the pool. Picking up and placing the test tube correspond to the opening and
closing of the gripper. All liquid transfer belongs to the scope of syringe work. The ?? shows the above
action categories.

Robot Gripper Syringe

Chemical operations Movement of tube or solution Grab the test tube Liquid transfer

Robot’s actions Path planning of robot Gripper control Syringe control

Table 2.1: Classification of both human and robot actions

The sorted actions need to meet the following requirements so that the actions can be subdivided
again: first, clarify the specific coordinates of different containers and tools; Second, the end actuator

https://github.com/Haoxiang95/Automatic-synthesis-of-Molecules-by-UR5
https://github.com/Haoxiang95/Automatic-synthesis-of-Molecules-by-UR5
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of the robot must accurately move to the inside or right above different containers (there will be no
collision in this process); Third, the syringe needs to be controlled as planned; Fourth, the gripper
needs to be controlled as planned; Fifth, the action path of the robot arm must be freely planned, and
non-robot professional operators can quickly set or modify the ideal action path.

Robot’s action Action requirements Critical measures

Path planning
Obtain the objects’ position Establish an unified coordinate system

Obtain the objects’ shapes Measure the objects’ dimensions

Design the robot’s movement route Set way-points and path types

Gripper control Open or close Create a control program

Syringe control Push or pull the syringe handle Create a control program

Table 2.2: Action requirements and corresponding concrete measure

Referring to the behaviour requirements in Table 2.2, it is necessary to refine the actions into basic
actions and set completion goals. The premise of determining the position coordinates is to establish a
complete setup and a unified coordinate system with the robot as the origin. All containers and tools
will occupy specific coordinates and attitudes in the reference coordinate system of the robot. Secondly,
the fixed-point coordinates above the test tubes are determined according to the length of the tool as
the preparation point, which is convenient for the robot to extend more smoothly into the tube. Third,
fix the syringe and the handle, stretch or push the syringe handle through the transmission of the mo-
tor and screw rod to control the syringe. Fourth, the program directly controls the opening and closing
of the gripper. Fifth, the above operations will exist in the different basic programs, and the operations
can be completed by directly calling these programs to form a main program when necessary.

Based on the dilution process of quinine solution in subsection 2.2.1 and the corresponding rela-
tionship between human operations and robot actions in subsection 2.2.2, the logic structure shown in
the figure below can be summarised.
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Figure 2.3: The chemical operation flow of Quinine solution dilution and correspondence between operation and robot action

2.2.3 AAU chemical laboratory

Since this project is based on the chemical laboratory of AAU, this section will introduce the chemical
laboratory and chemical tools in detail and summarise the expected robot workspace.
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Figure 2.4 shows one worktable in the AAU chemical laboratory, which is called a fume cupboard.
The lab mainly takes several of these closed worktables as the operation platform. The specific size of
the platform is 2m × 1.2m, and the operator needs to open the glass window and carry out the exper-
iment on the platform. Therefore, the standard workbench will be placed with conventional chemical
tools such as a heater, test tube and weighter.

Figure 2.4: The standard work station in the AAU chemical laboratory

The syringe and beaker shown in Figure 2.5 are usually used in the experiments. The syringe can
adjust the volume of liquid inhaled through the knob at the handle end and display it on the side.
Once the suction volume is determined, each push and pull of the syringe handle will only draw a
fixed volume of liquid. Beaker is a standard container for liquid, which will be replaced by test tube
in the project.

In addition, a heater and a distilled water pool, as common tools in chemical experiments, should
also be added to the project. Refer to Figure 2.6 for the shape of the heater. The 12 groups of inner
holes of the heater are used to place the test tube to be heated. Unique inner holes lead to the shape of
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the test tube that can be heated is also unique. There are no restrictions on the the pool’s shape. More
figures of laboratory can be accessed in GitHub:Automatic-synthesis-of-Molecules-by-UR5

Figure 2.5: The syringe and beaker in the AAU chemical laboratory

Figure 2.6: The heater and teat tube in the AAU chemical laboratory

https://github.com/Haoxiang95/Automatic-synthesis-of-Molecules-by-UR5
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2.3 Technical analysis

This section will specifically introduce the robot type and tools used in this project, and show their
appearance, advantages and disadvantages.

2.3.1 Robot

This project adopts the UR5 cooperative robot arm of the universal robot prepared in the AAU labora-
tory, as shown in Figure 2.7 [8]. This type of robot has the following advantages[9]:

• The max payload of UR5 robot is 5kg

• The 6-axis robot arm has 6 degrees of freedom (DoF)

• The working radius is 850mm

• Graphical and 3D visual programming, easy to learn and use

• High precision, which can reach 0.02mm

Figure 2.7: The UR5 robot[8]
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2.3.2 Gripper

The RG2 gripper[10] of OnRobot is used in this project. Please refer to Figure 2.8. RG2 is a flexible two
filter robot gripper, which has the following advantages[11]:

• The maximum stroke is 110mm, which is enough for the requirement of this experiment;

• The finger end can be customised and replaced, and containers of different sizes can be used
more flexibly;

• The maximum payload of the gripper is 2kg;

• Automatically calculate the payload in use to reduce the complexity of programming;

• Automatic depth compensation;

• Automatically calculate tool center point (TCP)

Figure 2.8: The RG2 gripper used in this project

2.3.3 Syringe

First of all, the syringes used in the chemical laboratory are different from that used in this project, but
the principle is almost the same. For the shape and use method of syringes in the chemical laboratory,
please refer to subsection 2.2.3.

As shown in Figure 2.9, the syringes used in the project are entirely developed by AAU. The
Arduino board (esp32) is used for data processing and control. The command sent by the computer
is received through the communication protocol to control the forward and reverse rotation of the
motor. The rotation of the motor will drive the screw rod to convert the rotary motion to up and down
linear motion. The fixing part of the screw rod is connected with the tail of the syringe. When the
motor rotates forward, the screw rod will drive the syringe handle to move up, while the syringe body
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does not participate in the movement, so the stretching movement of the syringe can be realised. The
pushing movement of the syringe can be completed similarly. The motion control system used in the
syringe is open-loop control so that it can be further optimised in the future.

Figure 2.9: The syringe tool used in this project

2.4 Conclusion

The chemical laboratory expects to place one or more cooperative robots in an enclosed space of 2m
× 1.2m. The robot can automatically carry out the chemical operation according to the quickly writ-
ten main program. The object’s position can be planned without obtaining the position coordinates
through camera and machine vision processing. Meanwhile, all molecules needed have been placed
in the predetermined position before the robot operation begins. This project is based on a simple
solution dilution operation and does not involve more complex actions. Finally, robots and tools are
readily available in the AAU laboratory and do not need to be manufactured separately.



Chapter 3

Problem Analysis Conclusion

Based on the analysis of the second chapter, this chapter will extract the relevant requirements of the
project experiment and the standards to verify whether the project meets the requirements.

The final problem formulation can be stated: A non-robot expert can make the robot perform customized
chemical experiments through simple operations.

3.1 Requirements

The experiment of this project must meet the following requirements to ensure that the final experi-
mental effect meets the expectation:

• The sizes of the objects in the simulation environment should be consistent with those in the real
environment, which means the robot will not collide with objects in moving;

• The coordinates of objects in the simulation environment should be consistent with those in the
real environment. For example, the robot can accurately move to the inside of the test tube;

• The workbench layout in the simulation environment should conform to the operation intuition.
For example, the preparation and completion area of the compound should be close to the win-
dow, etc. Refer to section 4.2 for specific requirements;

• The control program of the tool shall be integrated into the simulation software;

• The path planning of the robot should be intuitive and straightforward;

• The subroutine should be prepared in advance. The chemical operator only needs to select the
required subroutine to establish a set of the main program to complete a task;

• The simulation results must be verified in the physical environment;

• Accidents such as collisions shall not occur during the movement of the robot;

• The action of the robot needs to increase the speed control to ensure that the test tube will not be
damaged in the process;

• Ensure the integrity of the experimental instruments during the physical experiment;

• When the robot has multiple subroutines running, it should be ensured that there is no confusion
between these programs;

15
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• This project will focus on the reference experiment, the dilution of Quinine solution;

• A non-robot expert should be able to use the system.

3.2 Test standard

From the conceptual simulation to the physical practice of the project, researchers need to have a
complete set of test standards to ensure that the project’s effect meets the expectation. The following
operational test criteria will satisfy this requirement:

• The tool coordinate system must be consistent with the actual situation, including parameters
such as angle, coordinate and robot attitude;

• The home of the robot should be consistent with the actual situation. That is, when the program
of returning the robot to the ’home’ position is sent to UR5, the posture of the robot should be
consistent with that in the simulation;

• The robot coordinate system is consistent with the actual situation. That is, when the robot
receives the movement to some specific points, it will make an action utterly consistent with the
simulation effect;

• The size and position of the objects must be consistent with reality. That is, when the robot
receives the program moving to the interior of the object, it will make an action completely
compatible with the simulation effect;

• When the robot receives the control program of the tool, the tool will run as expected;
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Chapter 4

Concept Design

This chapter will design two simulation concepts according to the analysis conclusions and require-
ments. Then try to run the test program in the simulation environment to compare the advantages and
disadvantages of the two concepts. Finally, a more appropriate concept will be selected for subsequent
actual development and commissioning.

4.1 Simulation software

In this project, RoboDK will be used as the simulation software for path planning. RoboDK is a simula-
tion program[12] specially used for various robot applications. Through three-dimensional modelling,
a simulation environment with a scale of 1:1 to restore the actual scene can quickly establish an intuitive
and straightforward robot coordinate system, world coordinate system and other common reference
systems. Coordinate data can be transformed between these frames. Based on exact coordinates,
quickly setting the target at the desired location is available. RoboDK can quickly create a complete
program according to the required point positions and their sequence, that is, the ’path planning’ of
the robot. In addition, RoboDK also supports offline self-editing Python programs, which can be run
directly. This helps to implement some infrequently used customisation functions. The following will
summarise the advantages of the software[13]:

• The interface is intuitive, and even non-robot professional operators can get started very quickly;

• It has a vast library, which can be called directly, such as UR5 in this experiment;

• Directly upload self-made 3D modelling;

• The motion path of the robot can be easily planned;

• The planned path can be easy re-edited to present completely different tasks;

• The software has a variety of standard post processors, which can be directly connected to the
mainstream robot. In this way, the software can automatically generate the program and send it
to the robot;

• Have offline python programming function;

• It can automatically optimise the path of the robot to avoid singularity, axis restriction and colli-
sion;

18
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The interface is shown in Figure 4.1 below:

Figure 4.1: The interface of RoboDK

4.2 Setup requirements

In order to make it easier for operators to observe and control the experimental process and even stop
the robot in time when there are errors in the experiment, the layout of the workbench must meet the
following zoning requirements:

• Ensure that the working space of the robot is enough to cover all objects on the table;

• Place objects with different functions in different areas;

• The desktop should be 2m to 1.8m long and 1m to 1.2m wide.

• It is better to leave enough space between zones to prevent an unnecessary collision when the
robot moves;

• The operator should place the compound prepared in advance nearby to prevent accidents when
placing the compound;

• The operator should collect the configured solution nearby to prevent accidents;

• The heating and clean pool can be placed away from the window;
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4.3 Concept with one robot

In view of the above requirements, compared with the workbench layout in the chemical laboratory,
continue the setup already arranged in the laboratory for expansion, that is, use a single mechanical
arm for operation and partition the desktop more carefully. The conceptual simulation diagram of
the concept is shown in Figure 4.2 below. The desktop size is 2m × 1.2m, meeting the experimental
requirements. Note: since it is only a conceptual diagram, the dimensions of the objects and tools
used in the drawing are not completely consistent with the physical objects and can only be similar.
However, in the practical operation stage, the object will be modelled again according to the size to
ensure that the simulation results are consistent with reality.

Figure 4.2: The simulation for concept 1

First, areas of different colours can be distinguished from the top view of Figure 4.3. These areas
also represent different functions. According to the colour division, the functions can be expressed as
follows:

• Yellow area: preparation area. The operator puts the compounds and containers required for
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the experiment in this area, and the robot arm automatically and sequentially looks for these
items needed according to the plan. This area is close to the window, which is convenient for the
fixed-point placement of the operator;

• Purple area: experimental area. The compound was transferred from the yellow area to the pink
area for the experiment. The specific practical operation of the robot will be completed in this
area as far as possible. Since this area is close to the window, the operator can more conveniently
observe the progress of the experiment and judge whether there are problems in the current
operation. If there is a problem, the process of the robot should be stopped immediately to stop
the experiment;

• Green area: finished product placement area. The prepared compound will be clamped through
the robot arm and placed in the area. This area is also close to the window, which is convenient
for the operator to take;

• Blue area: distilled water holding area. A small pool will be arranged in this area. In order to
prevent the solution from remaining in the syringe during the experiment, it is necessary to clean
the syringe. After the syringe is transferred to the area, repeat the two basic actions of sucking
liquid and releasing liquid five times;

• Red area: heating area. A heater will be placed in this area. When the experimental compound
needs to be heated, the mechanical arm will clamp the test tube containing the solution and
transfer it to the heater;

Figure 4.3: Areas of different colours have different functions
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Figure 4.4: The available working area for concept 1

Secondly, two cylinders of different colours can be distinguished from the top view of Figure 4.4.
Among them, the red cylinders and their areas outside are not in the workspace of UR5. In other
words, the robot in the areas outside the red cannot reach and make any operation. The working
space within UR5 is green. Note that although the working range of the end flange can be directly
shown in RoboDK, as shown in Figure 4.5. However, because the tools carried at the end need some
additional space, the working range is different from the actual ’working space’. It is concluded that
the workspace of the end flange is larger than the workspace that can be reached by the end of the
tool, which is obtained after many attempts in the simulation environment.
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Figure 4.5: The work space that the UR5 can reach

To sum up, the concept has the following disadvantages:

1. The working range of the UR5 robot is obviously smaller than the usable desktop size, resulting
in a waste of area and a reduction in the number of equipment arranged, which may not be
suitable for chemical experiments with high complexity;

2. A single robot experiment must involve tool replacement. Because the two most basic operations
of the experiment are to grab and move the liquid, it is doomed that two tools should be used
to complete it, so a single tool can not undertake even the most straightforward experiment. On
this basis, considering how to replace tools, placement of tools, etc is needed.

The advantages of this concept are:

1. Low cost. The price of a mechanical arm is between thousands and tens of thousands of Danish
Kroner. Each additional robot arm will have a significant impact on the cost;

2. The initialisation of robot is simple. Each additional robot needs an extra series of operations
such as initialisation, calibration, etc.
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The advantages and disadvantages are sorted in the following Table 4.1:

Advantages Low cost Simple initialization

Disadvantages Small working range Tool replacement

Table 4.1: The advantages and disadvantages of a single robot concept

In the conceptual simulation, the simulation program is compiled in this project, which can com-
pletely simulate the dilution experiment of quinine solution. The final analogue video effect can be
downloaded and viewed in GitHub:Automatic-synthesis-of-Molecules-by-UR5.

4.4 Concept with two robot

Two UR5 are arranged relatively, and only one kind of tool is installed on the end flange of each robot.
This concept requires the same concept for desktop partition, and it should be classified and sorted
as much as possible to make it easy to operate. Note that the dimensions of the objects used in the
concept map are consistent with those in concept 1. New modelling will be used for path planning
to ensure the consistency of dimensions. The specific conceptual simulation diagram is shown in Fig-
ure 4.6 below, and the desktop size is also 2m × 1.2m.

Referring to the Figure 4.6, the prepared compounds need to be placed in the purple area. Tak-
ing this project as an example, the area where quinine solution, stock solution and distilled water are
placed; The green area is the space for placing the finished compounds; The orange area is the opera-
tion area, and the reaction mainly occurs in this area. Red is the heating area used to place the heater;
blue is the water tank, which is used to clean the residual liquid in the syringe. all of the functions are
sorted in Table 4.2.

Area’s colour Area’s function

Purple Placing the prepared compounds

Green Placing the finished solution

Orange Operation

Red Placing the heater

Blue Placing the pool

Table 4.2: The function introduction of different areas in concept 2

https://github.com/Haoxiang95/Automatic-synthesis-of-Molecules-by-UR5
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Figure 4.6: The simulation for concept 2

The advantages of this concept are:

1. There is no need to change tools during an operation to avoid a lot of trouble;

2. Make full use of the whole desktop than concept 1 to reduce regional waste;

The disadvantages are as follows:

1. High cost. The cost of two robots will double compared with a single robot;

2. The programming is more complex, so it is necessary to achieve the cooperative operation of two
mechanical arms and control the time more strictly.

The advantages and disadvantages are sorted in the following Table 4.3:

Advantages No tool replacement Large working range

Disadvantages High cost More complex program

Table 4.3: The advantages and disadvantages of two robot concept
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In the conceptual simulation, the simulation program is compiled in this project, which can com-
pletely simulate the dilution experiment of quinine solution. The final analogue video effect can be
downloaded and viewed in GitHub:Automatic-synthesis-of-Molecules-by-UR5.

4.5 Conclusion

As the UR5 robot is used in this project, the scope of work will be narrowed compared with the
chemical laboratory of AAU. In the future, researchers can consider replacing a giant robot, such as
UR10 shown in Figure 4.7. At the same time, the placement position of desktop containers can also
be enlarged in equal proportion. The disadvantages of a single robot are easy to overcome. However,
the cost of the two robot concept is too expensive and does not have any advantage in terms of cost
performance. Therefore, after comprehensive consideration, this project decided to adopt the idea of
concept I.

Figure 4.7: The work space that the UR10 can reach

https://github.com/Haoxiang95/Automatic-synthesis-of-Molecules-by-UR5
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Chapter 5

Practise

This chapter will focus on restoring the simulation results to the physical environment and the prob-
lems that will be encountered.

5.1 Establish simulation environment

In order to program the robot more accurately and efficiently and to enable non-robot professionals
to master and write the main program quickly, the project determines to simulate in the RoboDK en-
vironment that can automatically generate URscript and send it to UR5. The first part is to establish
a simulation environment in RoboDK, and only on this basis can the desktop setting and the path
planning of the robot be completed.

First, there must be an accurate UR5 robot model in the simulation environment. RoboDK has
prepared many mainstream robot arms for R & D staff in its online library. Among them it has the
robot arm used in this project. The addition method is: Please click the logo shown in Figure 5.1 to
enter its online library directly. Directly search the ’Universal Robot’ in brand classification. Choose
’UR5’ and open it in RoboDK.

Secondly, establish a worktable (2m×1.2m) that meets the standards of the chemical laboratory.
Since the worktable will not impact the final effect, two standard worktables (with a size of 1m×1.2m)
of the online library are directly selected and spliced in parallel. The reason for choosing two small
tables instead of a whole table is that the physical environment in the laboratory is only half of the
standard. This advantage is that it can make the workspace more intuitive by hiding the second ta-
ble in subsequent experiments. At the same time, if needed in future experiments, it can be quickly
modified by ’displaying’ the second table. (the displayed operation is to right-click the object to be
displayed/hidden and select ’visible’)

Finally, to simulate the effect of the closed environment of the workbench, the cell frame in the
’tool’ can also be added. The final effect is shown in Figure 5.2. However, to more clearly observe the
movement of the manipulator and the changes on the worktable, it is hidden ’in subsequent operations.
So far, the initial establishment of the simulation environment has been completed.
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Figure 5.1: How to choose a robot in RoboDK
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Figure 5.2: The basic robot cell in RoboDK

5.2 Set coordinate system

Because the robot system needs to use many coordinate systems, such as tool frame, robot base frame,
world frame, and so on, this section will introduce all coordinate systems used in the project and their
functions.

5.2.1 Robot base frame

The robot base frame is also the reference frame, which refers to the coordinate system established by
the whole system with the base of the robot as the origin. The objects in this frame should be directly
related to the robot, so it should include: the robot, Syringe, and Gripper. The specific parameters are
shown in Figure 5.3:
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Figure 5.3: The parameters in the UR5 base frame in RoboDK

5.2.2 World frame

The world frame is used to place objects that do not affect the program, for example, workbench, cell
frame, test tube fixture, heater, and test tube. To quickly and directly set the path points of the robot
action, it is not necessary to calculate the actual coordinates through the coordinate transformation
matrix. The parameters of the world frame should be consistent with those of the reference frame.

Figure 5.4: The parameters in the world frame in RoboDK

5.2.3 Working frame

The working frame is the frame used to place the robot way-point. In robot programming, the des-
tination is usually set as the way-point to clarify the specific position reached at the end. The line
automatically planned by the program between the way-points is called the moving path of the robot.
Therefore, an independent frame is needed to place each required way-point. Also, the selected pa-
rameters are consistent with the datum frame for the convenience of coordinate processing.
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Figure 5.5: The parameters in the working frame in RoboDK

5.2.4 Tool frame

The tool frame is established with the centre point at the end of the tool as the origin. Since there
is no intuitive connection between the datum frame and the set road points, the frame of the point
in direct contact with the way-points will be established. The advantage is that adjusting the robot’s
position can intuitively judge whether the position is the target position. However, it should be noted
that the tool frame is one of the frames of the robot and does not store any object or point position.
The way-points data will be placed in the working frame instead of the tool frame after data processing.

After each tool is installed, its tool frame needs to be reset. Therefore, how to modify the tool frame
will be described below. There are two ways to set up ’tool centre point’(TCP) on RoboDK, and both
methods have taken syringes as the example.

The first method is to drag TCP on the image directly. Click the icon shown in Figure 5.6 in the
RoboDK interface. At this time, the tool frame is highlighted, as shown in Figure 5.7. Just drag TCP
directly to the target position. This method is simple and straightforward to use, but its disadvantage is
also pronounced. The position is not accurate enough and can usually be used as a coarse adjustment.
For precise adjustments, please refer to the other methods.

Figure 5.6: The parameters in the working frame in RoboDK
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Figure 5.7: The parameters in the working frame in RoboDK

The second method is calculated through data, which is more accurate and suitable for the current
project.

• Step 1: set a certain point in the plane. For example, fix a pen on the workbench. The nib is used
as the determination point to lay a good foundation for the follow-up;

• Step 2: as shown in Figure 5.8, click ’Utilities’ and’Define Tool Frame (TCP) ’to get the page
shown in Figure 5.9;

• Step 3: manually control the robot to align the end of the syringe with the nib. Find the position
data; under this posture on the robot teaching pendant;

• Step 4: input the data into the first row of the window shown in Figure 5.9;

• Step 5: manually control the robot and change the angle to align the end of the syringe with the
nib again. And input the data on the teaching pendant into the second line again;

• Step 6: repeat step 5 twice to obtain the complete posture data of the four robots;
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• Step 7: click ’Update’ to complete TCP adjustment;

Figure 5.8: How to set the TCP in RoboDK

Figure 5.9: The tool definition window in RoboDK
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The completed tool frame parameters are shown in Figure 5.10. After adjusting the TCP of both gripper
and syringe, the setting of all frames is completed.

Figure 5.10: The parameters in the tool frame in RoboDK

5.3 Dimension measurement

Firstly, it needs to be clear that not all items used in this project are standard parts, which models can
be downloaded directly through the online material library. Non-standard parts here specifically refer
to objects with the following two types of characteristics: 1. When the robot sets the way-point, the
size of the object needs to be used as a reference; 2. The specific shape and size of the object cannot
be downloaded from the open-source material library on the network. The dimensions that need to
be referenced for the robot path planning in the first point are critical dimensions. According to the
understanding of the experimental process, the following key dimensions can be found:

• The diameter of the syringe is used to judge whether the syringe can be extended into the test
tube;

• Diameter of the large test tube;

• Height of the large test tube;

• Diameter dimension of the large test tube fixture;

• Height and depth of large test tube fixture;

• Diameter of the large test tube;

• Height of the large test tube;

• Diameter dimension of the small test tube fixture;

• Height and depth of the small tube fixture;

• Outer ring diameter dimension of heater;

• Diameter dimension of heater inner holes;

• The number of holes in the heater and their position distribution;

• Maximum travel of gripper;
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• Distance from the end of the gripper to the robot; flange in three standard coordinate axes (x-axis,
Y-axis and z-axis directions);

• Distance from the end of the syringe to the robot flange in three standard coordinate axes (x-axis,
Y-axis and z-axis directions);

Based on the above critical dimensions, it can be determined that the object with the first feature
includes a syringe, gripper, large test tube, small test tube, large test tube fixture, small tube fixture and
heater. The gripper belongs to the robot tool circulating in the market and can be downloaded to the
three-dimensional model in GitHub:Automatic-synthesis-of-Molecules-by-UR5. Therefore, the gripper
is not a non-standard part of the project, and its related dimensions do not need to be measured. After
measurement, non-standard parts and their key dimensions can be sorted into the following standard
two-dimensional views, which are shown in following figures.

Figure 5.11: The 2D three view of the test tubes

https://github.com/Haoxiang95/Automatic-synthesis-of-Molecules-by-UR5
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Figure 5.12: The 2D three view of the fixtures

Figure 5.13: The 2D three view of the syringe
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Figure 5.14: The 2D three view of the heater
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5.4 3D modelling

3D modelling is a necessary step to fully reproduce the most accurate critical size data of tools and
containers in the RoboDK simulation environment. Refer to section 5.3 for all non-standard objects that
will affect the setting of way-points. They are syringe, test tube, small tube, test tube fixture, small tube
fixture and heater. The 3D modelling of these objects will be carried out according to the dimensional
data measured in the previous section. There are two points to note:

1. This model is only the basic model to facilitate the robot to set the way-points. It only contains
all key dimensions without perfect restoration of their shape;

2. Creo 4 software is adopted in this project to draw 3D models, and the output format must adopt
STL or STP;

Finally, the following 3D model will be drawn according to the size measured in the previous
section and can be added to the simulation. But it is worth noting that unit conversion is required if
operators use these four files named ’Fixture_ 2’, ‘ Heater ’, ‘ Syringe ’and ’Small tube’. The method is to
double-click the object and modify the size to 0.03937 times in the right attribute bar.(1mm=0.03937inch)

Figure 5.15: The 3D model of the fixture_1
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Figure 5.16: The 3D model of the fixture_2

Figure 5.17: The 3D model of the heater
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Figure 5.18: The 3D model of the small tube

Figure 5.19: The 3D model of the syringe
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Figure 5.20: The 3D model of the test tube

5.5 Restore the location of the real environment

To correspond the objects’ position in the simulation with reality, this project takes the UR5 robot as
the zero point to measure the coordinates of other objects. The layout of all objects meets the project
requirements. All coordinate data are accurately recorded in the software workstation. For specific
values, refer to Figure 5.21 or download the workstation in GitHub:Automatic-synthesis-of-Molecules-
by-UR5. Because the number of test tubes and fixtures is insufficient, the division of preparation area,
operation area and completion area is not reflected. However, this method can still be followed in
future experiments to rebuild the workbench and write programs quickly.

Operation method: double click the selected object, click ’more operations’ in the right attribute
bar, and enter the coordinate value at the lowest position parameter.

https://github.com/Haoxiang95/Automatic-synthesis-of-Molecules-by-UR5
https://github.com/Haoxiang95/Automatic-synthesis-of-Molecules-by-UR5
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Figure 5.21: The dimension of the workbench’s layout

Figure 5.22: The simulation and physical layout of the workbench
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5.6 Path planning

Path planning is to set several way-points based on the working coordinate system at the robot’s end.
The program can freely assign whether a straight line or curve will connect the way-points. The line
between points is called the moving path of the robot. The robot’s path planning is how to arrange the
sequence of these way-points and the connection type between points.

The first thing to be confirmed is which points are worth setting as way-points. Taking the gripper
as an example, the positions where all test tubes need to be clamped need corresponding way-points.
When the gripper moves to these way-points, it means that the opening and closing of the gripper
can accurately control the corresponding test tube. These way-points can be called working points.
Secondly, vertical space is needed as a buffer before the robot moves to the target position. Therefore,
a buffer point, also known as the preparation point, is required directly above all clamping points at
a certain distance. Usually, a constant Z value should be set in the robot’s frame to correspond to
the desired height. In addition, the robot’s home position needs a home point, and a starting point
of action is also required directly above the working area. Since the length and end position of the
syringe are different from those of the holder, the syringe needs to be reset to another set of points.
The position of the starting point and the home point remains unchanged. The working point becomes
the coordinate where the syringe goes deep into the inside of the test tube. The preparation point
needs to be adjusted with the length of the syringe. Cleaning points shall also be set above and in
the pool’s centre. Setting way-points is: move the robot to the required posture, select the working
coordinate system and click the icon shown in Figure 5.23 to create the corresponding target. At this
point, the way-point is created. So far, all way-points have been set.

Figure 5.23: How to add a target as the way-point in RoboDK

Then make a program of basic actions with high repetition. Create a program by right-clicking
’Simulation Event Instruction’ in ’Add Instruction’. Select ’Set Object Position (relative)’ in ’Action’
and select both robot frame and working frame. Select the corresponding way-points in the order of the
desired moving position of the robot, and finally choose the type of the path as shown in Figure 5.24,
i.e. linear or circular. The program has high flexibility, so it needs to be arranged according to the
experimental needs.

Figure 5.24: Three path types can be selected as required
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5.7 Control of tools

The two common tools used in this project are the gripper and the syringe. Because the syringe
controlled by the robot is not a commodity that can be purchased in the market, AAU designed a
physical structure and a control system for the standard medical syringes. The motor’s output is
controlled through the Arduino board, and the motor rotates to drive the screw rod to move up and
down, which finally completes the control of the syringe. The structure can be seen in subsection 2.3.3.
This section will explain how to control these two tools and write them into the main program.

5.7.1 Gripper

There are two methods to control the gripper. First of all, the standard method is to use the written
program for control. According to the system requirements of the UR5 robot, Python needs to be used
to write URscript code and pass the instructions to the robot through a communication protocol. Note
that this program is an open-loop control[14]. Hence, the program only sends the command to control
the gripper but does not receive feedback information from the robot and will not make modifications
at the program level according to the feedback results. However, this does not mean that the gripper
is uncontrollable. Because both UR5 and RG2 have force feedback sensors, the robot will make flexible
operations according to the feedback force after clamping. When the pressure obtained by the force
sensor reaches the preset critical value, the gripper will not continue to tighten. The program flow
chart is shown in Figure 5.25.

Figure 5.25: The flow chart of gripper control

According to the flow chart in Figure 5.26, the following code can be compiled. The specific code
can be downloaded at GitHub:Automatic-synthesis-of-Molecules-by-UR5:

The first method’s disadvantage is that it can only be used alone. The program cannot be compiled
into the main program and the error of "unable to find the program" will be reported. Therefore, it
cannot be used in the main program of RoboDK. But the advantage is that Python can directly control
it. The platform is not limited, and the program can be run as long as Python can be run.

https://github.com/Haoxiang95/Automatic-synthesis-of-Molecules-by-UR5
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Figure 5.26: The Python code that controlled the gripper [15]

Another method is to call the I/O digital output signal in RoboDK. The specific operations are:
create a new program, right-click ’Set or Wait I/O Instruction’ in ’Add Instruction’, as shown in
Figure 5.27. Set the port to ’10’(which may be different from other robots), and the digital output
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’0’ represents opening the gripper. In contrast, the digital output ’1’ represents the closing gripper.
The advantage of this method is that it can be freely added to the main program without compilation
problems. The disadvantage is that the platform is limited and can only be used in RoboDK.

Figure 5.27: How to set the digital output in RoboDK

Finally, the program of the gripper is completed. The effect of the workstation should be the same
with that in Figure 5.28

Figure 5.28: The final effect of the gripper’s workstation
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5.7.2 Syringe

Syringe control is the part that cannot be realized in this project. The reason is that the control of the
syringe is independently controlled by Arduino and independent of the mechanical arm. The software
can only simulate the output of the robot. Therefore, the software can not drive the motor of the syringe
directly. At present, the method used by the AAU laboratory is to transmit commands through the
MQTT communication protocol. The essence is to write C + + code that can control Arduino IDE
on the syringe and burn the code into the Arduino board through the data line port. The execution
command is sent to the subscriber of the syringe through mosquitto so that it can execute the forward
or reverse rotation of the motor. The specific principle can be shown in Figure 5.29, and the C + + code
can be viewed and downloaded at GitHub:Automated_synthesis[16].

Figure 5.29: The working principle of the MQTT communication protocol

The above method cannot achieve the goal since RoboDK supports Python programs and does not
support C++ programs. Here are two possible approaches to controlling the syringe, which can be
further studied in future work:

First, the first method does not need to change the syringe structure. But under this premise, hun-
dreds of C++ code lines must be rewritten into Python code. Since Arduino usually does not support
Python, the solution is to compile and upload the Firmata package to the used Arduino in advance
so that the control board can execute Python code. The successfully verified code can be added in a
method similar to controlling the gripper in subsection 5.7.1. The advantage of this method is that
there is no need to modify the structure of the syringe, but the disadvantage is that Python code can-
not be typically written into the main program. The principle is that when the software sends the
main program to the robot, it will automatically generate URscript code. However, the code will only
display the name of the python program, but the content will be missing, so the system will report an
error. When the syringe needs to execute the command, the operator must manually double-click the
corresponding Python program.

The second method needs to change the syringe structure and bind the trigger condition of Arduino
to the output of the robot. Since the syringe does not need to consider the stroke length of push and
pull (for this reason, please refer to the description of the syringe principle in subsection 2.2.3), the

https://github.com/MartinJensen37/Automated_synthesis/blob/main/src/ESP_32.c
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digital output can be selected as the trigger signal. Set the IO value at a specific port through the event
simulation of RoboDK, and the program can be directly written into any main program. When the
robot receives the main program, the terminal outputs current, which is also used as the input signal
of Arduino to trigger it to execute the corresponding program. So far, the control operation of a set
of syringes is completed. This method has the advantages of concrete universality, can adapt to the
development of various tools and can be directly written into the main program without additional
control of operators. The effect of the workstation should be on the basis of that in Figure 5.30

Figure 5.30: The effect of the syringe’s workstation

5.8 Write the main program

The logic of the robot’s action needs to be sorted out. This section will take the pickup and place of
test tubes as an example to introduce the operation process in detail.

First, determine the experimental goal. That is, the robot needs to transfer the test tube from
Fixture_2 to Heater_2 and can also reverse the operation. According to the description of the general
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task, the experiment includes the following basic actions: the robot returns to the initial point, the robot
grabs the test tube from the Fixture_2, the robot places the test tube at the Heater_2, the robot grabs the
test tube from the Heater_2, and the robot places the test tube at the Fixture_2. To ensure the modular
continuity of the above five basic actions, each primary action’s starting position and ending position
are in the same position, which can also be regarded as the interface of the subprogram module. In this
way, no matter whether any subprogram is spliced, the robot’s actions can be seamlessly connected.

Figure 5.31: The logical relationship between main program and subprogram

In addition, to ensure that the robot’s action is relaxed and will not cause damage to the equipment
or test tube due to too fast speed, the program needs to increase speed control. The speed control
principle is that when the gripper moves vertically around the test tube, the speed must be reduced to
50mm/s. The full speed of the robot is 500mm/s. The speed control method is: to right-click and select
’Set Speed Instruction’ of ’Add Instruction’ before the moving instruction is modified. Change the
moving speed value in the’Set Value’ window.
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Figure 5.32: How to modify the speed of the robot

Figure 5.33: Modify the speed value in ’Set Value’ window

Taking the "grabs the test tube from the Fixture_2" program as an example introduces how to write
the subprogram. The first step is to move the robot to the starting point (full speed) and ensure that
the gripper is open. The second step is to move the robot curve directly above the test tube for prepa-
ration. The robot descends vertically to the clamping position (slow speed) in the third step. Step 4:
close the gripper. Step 5: the robot rises vertically to the ready position (slow speed). Return to the
starting position at full speed (step 6). In this process, steps 1, 2, 3, 5 and 6 involve path planning.
For the method, please refer to section 5.6. Step 4 involve the control of the gripper. Please refer to
subsection 5.7.1 for the method.

According to the sequence of subprograms, right-click the prepared subprogram and select ’Make
the Main Program’. To ensure the smooth operation of the main program, the waiting time instruction
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should be added as a kind of adjustment. So far, the main program has been written. The prepared
workstation can be downloaded in GitHub:Automatic-synthesis-of-Molecules-by-UR5.

5.9 Test verification

After writing the main program, you can try to send the program to the robot and test and modify
the program through the actual operation of the robot. Connecting the software to the robot will be
performed as the first step. First, select ’Network Setting’ in the teaching board of UR5 and record
the IP address of the robot. Secondly, in RoboDK, click the "Connect Robot" option as shown in Fig-
ure 5.34. Enter the value shown in Figure 5.35 in the left status bar. Note that the IP address of the
robot may have been changed, so operators need to check whether it is consistent before entering.
After everything is set, click ’Connect’ to complete the operation.

Figure 5.34: How to connect to robot in RoboDK

Figure 5.35: The connecting parameters in this project

https://github.com/Haoxiang95/Automatic-synthesis-of-Molecules-by-UR5
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After connecting the robot, simulate the operation of the software as the last insurance before the
actual test. After the check is correct, select the program to be executed by the robot, and right-click
’Send Program to Robot’ to carry out the physical trial run. According to the test results, many de-
bugging will be made, and the final effect can refer to the video demo in GitHub:Automatic-synthesis-
of-Molecules-by-UR5. This item has been verified to perform the "operation of transferring test tubes"
without errors. In addition, because the posture and size of the syringe are pretty different from the
gripper, another path planning is also done in this project.

Figure 5.36: How to send the program to the robot

https://github.com/Haoxiang95/Automatic-synthesis-of-Molecules-by-UR5
https://github.com/Haoxiang95/Automatic-synthesis-of-Molecules-by-UR5
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Chapter 6

Conclusion

The project is expected to replace the traditional human chemical operation with high repetition
through the automatic action of one robot to improve experimental efficiency and human safety. This
chapter summarises and evaluates the completed parts of the project.

Conclusion

In the task analysis, the ultimate task goal is defined, that is, to try to use robots to perform routine
chemical experiments. Based on the fact that the project is still in its early stage, the objectives of this
project are set as follows: 1. Use the robot to perform some actions with high repetition in chemical
experiments and record them as programs; 2. Integrate these actions into a simulation software in
the form of a modular subprogram together with the control program of the tool; 3. The operator
can customise the execution sequence of subprograms according to the experimental needs and finally
summarise them into the main program. In the analysis of the chemical part, the layout requirements
of the robot workbench are sorted out based on visiting the chemical laboratory and recording the
shape of common instruments and the size of the workbench. Secondly, decouple the watched com-
plete dilution experiment of quinine solution, and finally, make a one-to-one correspondence between
the decoupled essential operation and the robot action. The existing robots and tools in the AAU lab-
oratory are introduced in detail in the technical analysis.

In the simulation stage, this project gives two different concepts. The difference is the number
of robots used. Because the UR5 robot is used in this experiment, and its actual workspace is much
smaller than the standard workbench in the chemical laboratory, the idea of using two robots to place
them relatively came into being. In this chapter, the workbench layout is designed in the simulation
software for the two concepts, and the two layout concepts fully meet the requirements put forward
by the chemical laboratory. In summary, the two concepts are compared from the aspects of cost per-
formance and operation difficulty. Although both have their advantages and disadvantages, the idea
of one robot with a lower cost is retained.

In the practice stage, this project has established two sets of workstations in the simulation software,
corresponding to two different tools, respectively. The gripper’s control is easier to integrate into the
software. The common parts of the two workstations include establishing simulation environments,
the setting of the multi-level frame, the position parameter measurement of workbench layout, and the
size measurement of instruments and tools. Based on this, 2D three views figures and 3D models are
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drawn. The difference is that the two tools’ size leads to path planning incompatibility, so the relevant
subprograms of path planning are made according to the basic operations in task analysis.

Moreover, the robot has tested these programs, and the coordinates of the way-points have been
verified to be accurate. In addition, the control method of the gripper has also been integrated into
RoboDK, which means that the operator can call the control program anywhere in the main program.
This process meets the intuitiveness of operation. The staff with zero-robot-operation-foundation can
quickly master establishing the main program in a few minutes. However, due to the structure and
control program of the syringe, it can not be integrated into software at present. This report puts
forward two feasible methods for this situation. Since both methods require a lengthy research time, it
is only used as a reference for follow-up research.

According to the simulation and actual test, it can be concluded that the project has completed the
following objectives: the selection of concept, the establishment of the simulation, the methodology of
subprogram creation and the integration of the gripper control program into the software. The final
effect is that the staff with zero-robot-operation-experience can quickly master the method of making
the main program in a short time, and the process is intuitive and straightforward. The main programs
that can be executed include the path planning of the syringe and the robot controlling the gripper to
move the test tube from any position to the destination.

Evaluation

The final idea of the project is to replace the traditional manual operation with robots completely.
However, because of the project’s progress, only the initial part is completed, focusing on the integra-
tion of control procedures into a single software.

Since the chemical experiment referred to in this project is relatively basic and only includes the
use of two types of tools, there are few kinds of robot actions involved. It can be divided into robot
movement, gripper opening and closing, and syringe control. According to the starting point and end-
point, the robot’s movement can be further divided into several subprograms. The experiment aims
to establish these subprograms in the simulation and combine them in a modular way to generate
the main program that can perform specific tasks. The system can automatically generate the main
program into code and send it to the robot.

In the concept proposal stage, two concepts are formulated according to the requirements put for-
ward by the chemical laboratory. Both ideas can meet the project requirements, and the feasibility of
this process has been verified in the simulation process. Therefore, according to their advantages and
disadvantages, this project chose the concept of a single robot. However, this does not mean that the
concept of the two robots will no longer be considered. Given that more and more complex tools and
operations will be added in the future, the advantage that the two robots can assist each other may be
more prominent.
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In the practical part, the robot’s path planning and gripper control have been integrated into the
software and can be called arbitrarily. This part has been verified. The function of being improved is
the control of the syringe. Since the syringe is controlled by Arduino and independent of the robot,
the software cannot control the syringe in theory. However, there are still two methods to solve this
problem. One is to redesign the physical structure of the syringe and bind the input trigger condi-
tion of the controller to the output of the robot. At this time, the syringe can be controlled indirectly
only by controlling the output on the robot flange with software. Second, the original C + + program
should be wholly rewritten into a python program. This is because only the Python program can be
compatible with both Arduino and RoboDK. In addition to the above two methods, it does not rule
out the existence of other more straightforward solutions, which need to be further studied in future
work.

In conclusion, the project has accurately completed most of the initial goals and has been verified to
be feasible. Due to time constraints, the remaining part needs to be continuously developed in future
work.



Chapter 7

Future Works

This project has completed the two fundamental problems of robot path planning and gripper control
and successfully combined them in RoboDK software. The easy-to-use feature enables even non-robot
practitioners (Chemical operators) to master how to control the robot quickly. However, the project is
still in its early stage, with a lot of work still placed on the to-do list. This chapter will list some future
work and future research directions.

Future Work

The future work is mainly to repair the deficiencies in the current project. According to the prob-
lems mentioned above, including the inability to control the syringe, the inability to write the syringe
program into robodk software, the setting of the laboratory is not enough to restore the chemical lab-
oratory, and the model of the robot is not enough to cover all areas of the workbench, etc. This section
will focus on the direction of improvement and possible successful methods.

1. Modify the physical structure of the syringe. The syringe is independent of the robot at this
stage, so the software cannot connect and control the syringe. The first solution is to change the
input signal of the syringe to the digital output or analogue output of the robot. When the robot
receives the program, it will release the current signal, which will become the input trigger signal
of the syringe control board. Finally, the software can indirectly control the push and pull of the
syringe handle;

2. Rewrite the control procedure of the syringe. RoboDK currently only supports Python programs,
while syringes use C + + programs. These two are incompatible. Therefore, try to rewrite the
code without changing the physical conditions of the syringe. Through ’firmata’ or ’Pyfirmata’,
Arduino can be compatible with Python;

3. Expand the experimental workbench. The expected size of the chemical laboratory is 2m ×
1.2m. The current project cannot meet the demand, so it is suggested to expand the experimental
workbench;

4. Add experimental instruments. There are too few experimental instruments in the current
project, which makes it impossible to restore a natural chemical experiment accurately;

5. Change the robot. The current working range of UR5 is far less than the expected size, so it can
be considered to replace a larger model of a robot;
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6. Establish a more prosperous simulation environment, and the method is almost the same as that
of this project;

7. Redesign the placement and replacement of tools

Future Research

As the project is still in its early version, there are still a lot of research directions for follow-up devel-
opment. Only some suggestions are listed here for reference:

1. Increase the types of chemical experimental instruments to meet the requirements of more com-
plex chemical experiments;

2. Standardize the trigger conditions of the end tools of the robot and generalise the control program
of the tools. For example, all tools can be controlled by controlling the output of the robot;

3. Optimize the controller of the end tool of the robot, preferably using a unified program language,
such as Python;

4. Simplify the working interface of the software deeply. In the current RoboDK workstation, the
main program and subroutine are not classified in the structure tree, resulting in that the operator
needs to select the required subroutine from a large number of parallel programs every time to
form a new main program;

5. Try to bring the preparation stage of the chemical experiment into the operating range of the
robot;

6. Add a 3D camera to obtain the position of the object through the machine vision algorithm
instead of the fixed position;

7. The subroutine can be further refined and decoupled into the form of Tool + Action + Object +
Place adverbial. They are combined in the form of puzzle blocks to achieve a broader range of
action coverage.
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