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 Robots are becoming increasingly integrated into everyday life, not only in 

industrial applications but also in creative, educational, and entertainment 

contexts. With recent advancements, collaborative robots are now lighter, 

safer, and easier to deploy alongside humans, making them well-suited for 

tasks that require precision and adaptability. This paper presents an integrated 

control framework for the ABB GoFa 6-DOF collaborative robot, enabling it 

to autonomously perform precise writing and drawing tasks. The system 

leverages CAD-based path design in SolidWorks and ABB RobotStudio’s 

AutoPath tool to generate motion trajectories from a library of modeled 

characters, symbols, and figures. A socket-based communication interface 

connects the robot controller with a user-friendly human-machine interface 

(HMI), allowing users to input custom text or select predefined figures in 

real time. The framework has been implemented and validated on the 

physical ABB GoFa robot, demonstrating high accuracy, repeatability, and 

usability for applications such as public exhibitions and educational settings. 
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1. INTRODUCTION 

Robots have traditionally been employed to enhance efficiency and reliability in manufacturing and 

automation processes. Their adoption has gradually expanded to domains such as agriculture, logistics, and 

space exploration, where robotic systems reduce human workload while maintaining high levels of precision 

and repeatability [1], [2]. More recently, advances in robotics and artificial intelligence (AI) have extended 

robotic applications beyond industrial environments into human-centered settings, including homes, 

workplaces, educational institutions, retail spaces, and service environments [3]–[5]. In these contexts, robots 

increasingly support assistance, collaboration, and service-oriented tasks, reflecting a shift toward closer 

human–robot interaction. 

In parallel with this evolution, there has been growing interest in robots that replicate or augment 

human capabilities in creative and cognitive-motor activities. Representative examples include robotic 

systems capable of playing musical instruments, cooking, preparing coffee, or competing in games such as 

chess and air hockey [6]–[8]. Among these applications, robotic writing and drawing have attracted particular 

attention due to their technical challenges and symbolic significance. These tasks require precise path 

generation, smooth motion execution, and consistent surface interaction, while also showcasing robotic 

dexterity and creativity. Articulated and anthropomorphic robots are especially well suited to such 

applications because of their kinematic similarity to the human arm. When equipped with appropriate end-

effectors, such as pens or markers, these robots can reproduce handwriting and drawings with high fidelity, 

https://creativecommons.org/licenses/by-sa/4.0/
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enabling applications ranging from interactive art installations and STEAM education to public 

demonstrations and human–robot engagement platforms. 

Jean-Pierre and Saïd [9] developed an “Artist Robot” to draw human portraits in a manner that 

mimics human artists. They used a 6-DOF KUKA industrial robot equipped with a camera, pen, and eraser to 

capture a visitor's image, process it, and generate a drawing trajectory. The robot operates in Futuroscope 

Park in France, combining real-time image processing (Canny edge detection) with robotic motion control to 

create portraits. It can complete a portrait in under five minutes and can process up to 1,000 trajectory points 

to balance speed and detail. The project has been successfully deployed as a park attraction since 2006, 

producing over 80 portraits daily and receiving high visitor interest.  

Tresset and Fol Leymarie [10] also introduced Paul, a robotic system that creates observational face 

drawings without explicit knowledge of facial features or human-like learning. Instead, it uses a cycle of 

processes mimicking artistic techniques, enhanced by two forms of visual feedback, computational and 

physical, to iteratively refine its work. Pichkalev et al. [11] presented a system that extracts edge points from 

webcam images using a Canny edge detector and converts them into curves via cubic spline interpolation for 

robotic drawing. The system includes a user-friendly interface with adjustable parameters and uses a KUKA 

KR3 R540 robot to reproduce the processed image on paper. However, the setup in these works is highly 

task-specific and usually requires controlled lighting (e.g., spotlights) and a uniform background for reliable 

image capture. 

Beyond portrait drawing, other works have explored broader aspects of robot-assisted sketching and 

visualization. For example, Song et al. [12] analyzed impedance control to create detailed pen art on arbitrary 

surfaces without explicit surface reconstruction or visual feedback. Similarly, Jain et al. [13] focused on a 

force-controlled portrait-drawing robot that can operate on arbitrarily shaped, non-calibrated surfaces by 

using force sensing to dynamically orient the pen, eliminating the need for surface calibration. Extending to 

2.5D applications, Lam et al. [14] introduced techniques for drawing on contoured surfaces using a 3-DOF 

sketching platform, integrating image processing and surface projection algorithms to generate pen 

trajectories for both flat and uneven surfaces. 

In parallel, artists and researchers have explored the use of robotic systems as autonomous or 

collaborative tools for artistic painting. Representative examples include the e-David system, which controls 

various painting mechanisms to produce robotic artworks [15], as well as approaches that combine non-

photorealistic rendering techniques with robotic painting to generate distinctive artistic styles [16]. 

Additional interactive and collaborative painting systems have been reported in [17] and [18], demonstrating 

how robots can assist human users in region-based painting and shared creative processes. 

In the domain of robotic text writing, Yussof et al. [19] proposed a character segmentation 

algorithm that decomposes letters into straight lines and curves. These primitives are stored and later used to 

guide a Mitsubishi RV-2AJ robotic arm in reproducing the characters. However, the study focuses solely on 

the Latin alphabet and lacks comprehensive experimental validation. Abdelaal [20] focused more on 

movement control programming using robot-specific programming languages. The work analyzed circular 

and straight-line motions, which are critical in industrial applications such as welding, painting, and 

machining. It also explored the relationship between motion speed and accuracy when commands are 

generated internally by the robot controller. 

Sun and Xu [21] was among the first to introduce robotic calligraphy writing using a manipulator, a 

task that poses additional challenges due to variations in brush tip deformation and the need to assess ink 

wetness and dryness during writing. Similarly, Lin et al. [22] demonstrated a robotic arm capable of writing 

Chinese characters using a brush. In this work, brush stroke behavior was modeled by measuring brush 

footprints, such as shape, lag, and orientation, and representing strokes using Bézier curves combined with 

Direct Linear Transformation. While this approach avoids explicit physical modeling of the brush, it relies 

heavily on precise calibration and is sensitive to brush type. Nevertheless, the system achieved high-fidelity 

results, with an average evaluation score of 94/100 based on character shape, positioning accuracy, and 

stroke balance. 

Another robotic calligraphy system for Chinese characters was presented by Chao et al. [23]. In a 

different direction, Zhang et al. [24] aimed to replicate human handwriting in real time by tracking hand 

movements using RGB-D data from a Kinect sensor. The authors used geometric moments and contour 

extraction, followed by a real-time smoothing technique, N-RPRI Interpolation, to convert discrete hand 

motion into continuous robot trajectories. Numerous studies on robotic writing [25], [26] and drawing [27]–

[29] further demonstrate the growing interest in robotic systems for creative and expressive tasks.  

Another important aspect in robotic writing and drawing is trajectory generation, as the resulting 

motions must simultaneously ensure geometric fidelity and smooth velocity and acceleration profiles. These 

requirements become particularly challenging when trajectories contain sharp corners, dense waypoints, or 

complex curved strokes. Prior studies have explored curve-based representations, such as Bézier-curve stroke 
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modeling and brush footprint estimation, to obtain compact and smooth stroke parameterizations [22]; 

however, these methods typically require additional modeling effort and are sensitive to tool and surface 

characteristics. An alternative approach relies on spline interpolation (e.g., cubic B-splines) to smooth 

piecewise-linear waypoint paths while maintaining curvature continuity, which improves motion smoothness 

and reduces jerk but may introduce approximation errors and requires careful tuning of smoothing parameters 

[30]. Beyond geometric considerations, execution performance also depends on time parameterization under 

actuator constraints, where trapezoidal or limited-acceleration velocity profiles are commonly used to 

balance speed and accuracy [31], [32]. These considerations highlight a fundamental trade-off in robotic 

writing and drawing: high accuracy often favors dense waypoints and minimal blending, whereas high speed 

and smoothness favor spline-based smoothing and optimized time scaling, which may deviate from the 

intended geometry. 

However, there remains a lack of a comprehensive and flexible framework for generating motion 

libraries that allow robots, especially articulated or high-degree-of-freedom robots (6 DOFs or more), to write 

arbitrary text or draw various figures. Most prior approaches are either highly task-specific or require 

significant manual programming effort. Designing precise trajectories, calibrating tool orientations, and 

managing communication between user interfaces and robot controllers often require expert knowledge in 

robot kinematics, and programming. There is a pressing need for systems that lower the entry barrier, 

enabling artists, educators, students, and other non-specialists to direct robotic drawing and writing without 

deep technical expertise.  

To address these limitations, this work proposes a user-friendly and adaptable control pipeline for 

enabling writing and drawing capabilities on an ABB GoFa 6-DOF robot. Our approach integrates 

SolidWorks for creating text and symbol surfaces, ABB RobotStudio for converting those surfaces into 

motion paths, and socket-based communication with a custom human–machine interface (HMI). Through the 

HMI, users can input text or select predefined images, which are then converted into executable robot 

trajectories without manual trajectory programming. SolidWorks enables the design of all English alphabet 

characters, digits, and symbols as surface profiles, which are then processed in RobotStudio to extract path 

points. These are transmitted to the robot via TCP/IP socket communication, allowing real-time, dynamic 

task execution. The proposed framework has been implemented and tested on the ABB GoFa collaborative 

robot. Experimental results confirm the robot’s ability to accurately execute diverse writing and drawing 

tasks based on user input, demonstrating both the feasibility and practical potential of the system for 

interactive exhibitions, education, and creative applications. 

The remainder of this paper is organized as follows. Section 2 introduces the proposed framework, 

beginning with a system overview, followed by the design of the end-effector and experimental setup. It then 

describes the path generation procedure, the integration of the HMI, and the control framework that connects 

high-level user inputs with low-level robot motion execution. Section 3 presents experimental results 

obtained on the physical ABB GoFa robot, demonstrating writing, drawing, and cleaning tasks. Finally, 

section 4 concludes the paper by discussing the strengths and limitations of the proposed system and 

outlining directions for future work. 

 

 

2. METHOD 

This section outlines the complete integration process, from the tool and hardware setup to the 

control architecture and high-level user interface, which enables the GoFa robot to perform a wide range of 

writing and drawing tasks. 

 

2.1.  System overview 

The overall system architecture of the proposed framework is illustrated in Figure 1. The hardware 

components are shown in Figure 1(a), where an ABB GoFa collaborative robot is equipped with a custom-

designed end-effector tailored to the three target tasks addressed in this study, namely writing, drawing, and 

cleaning. The robot is powered and controlled by an ABB OmniCore C30 controller, which is responsible for 

motion execution, command handling, and communication with peripheral devices. The system interfaces 

with a user-friendly HMI, typically deployed on a user-side computer, via a TCP/IP network. This HMI 

enables users to define task parameters and establishes a socket-based TCP/IP connection with the robot 

controller. 

Figure 1(b) depicts the operational workflow of the framework. The process begins with the user 

selecting one of the three available task modes. In the writing mode, the user inputs textual content and 

specifies the desired font size. In the drawing mode, predefined geometric figures are selected along with 

their corresponding dimensions. In the cleaning mode, the robot executes erasing motions to clear the 

workspace. Once the task parameters are defined, the HMI initiates a TCP/IP connection to the OmniCore 

controller, which operates a RAPID-based socket server. The overall communication follows a client–server 
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architecture, where the HMI functions as the client and the robot controller acts as the server. Task commands 

are then transmitted to the robot for execution. Upon task completion, the robot sends feedback to the HMI to 

confirm successful execution and waits for subsequent commands, after which the procedure repeats. 
 

 

 
 

(a) (b) 

 

Figure 1. System architecture of the proposed framework: (a) hardware configuration and communication 

setup and (b) operational workflow and task execution process 
 

 

The following sections present the key technical components of the proposed system in detail. First, 

the end-effector design is introduced, covering the mechanical structure, material selection, compliance 

mechanism, and mounting strategy used to ensure stable and versatile task execution. Next, the path 

generation workflow is described, including the CAD-based modeling process, the use of AutoPath for 

trajectory generation, scaling operations, and trajectory formatting for robot execution. The HMI is then 

presented, focusing on user input handling, socket-based communication, and task selection logic. Finally, 

the control algorithm is detailed, including the overall flowchart, data parsing procedures, motion planning 

strategy, and execution logic within the robot controller. 

 

2.2.  Integrated end-effector tool design and setup 

One of the key challenges in robotic writing and drawing tasks lies in the design of an end-effector 

that enables accurate, stable, and repeatable interaction with a planar writing surface. The tool must be 

mechanically compatible with robot kinematics while providing sufficient compliance to compensate for 

surface unevenness and positioning uncertainties. Based on the concept introduced in [33], we developed a 

customized end-effector, referred to as the “Pentool”, specifically tailored for use with the ABB GoFa 

collaborative robot. 

The Pentool is designed to be fully compatible with the ABB GoFa flange interface, lightweight 

enough to remain within the robot’s payload limitations, and easily replaceable to support rapid tool changes. 

To meet these requirements, the entire structure is fabricated using PET-G material through fused deposition 

modeling (FDM) 3D printing. PET-G was selected due to its favorable balance between mechanical strength, 

impact resistance, and flexibility. These properties allow the tool to withstand repeated contact forces during 

writing and cleaning tasks while maintaining sufficient robustness for long-term operation. 

The mechanical structure of the Pentool consists of four main components: a socket flange, a base 

body, an upper body, and an integrated cleaning element. The socket flange is designed to mount securely 

onto the ABB GoFa robot’s end-effector and incorporates a spring-loaded locking mechanism that enables 

fast, screw-free attachment and removal. Two lateral buttons actuate the locking mechanism, allowing the 

tool to be released or secured within seconds. This design significantly reduces setup time and supports rapid 

switching between different end-effectors during experiments or demonstrations in Figure 2. 

The main body of the Pentool employs a modular two-part structure consisting of a base and an 

upper body connected through a twist-lock mechanism. This configuration allows quick replacement of the 

writing instrument without disassembling the entire tool. A compression spring is integrated inside the base, 

providing controlled axial compliance along the tool’s vertical axis. This compliance compensates for minor 

height variations of the writing surface and ensures consistent contact force between the pen tip and the 

surface, thereby improving line quality and reducing the risk of excessive contact force that could damage 

either the tool or the writing medium. The effective compliance range is approximately 5–8mm, which was 

experimentally determined to be sufficient for stable writing performance. 
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Figure 2. The socket flange with a spring-loaded locking mechanism for quick, screw-free tool attachment to 

the robot's end-effector 

 

 

In addition, a cleaning pad mounted at a 45-degree angle on the upper body enables the robot to 

perform self-cleaning actions without requiring tool replacement. This feature supports automated cleaning 

routines and improves system autonomy. The complete Pentool assembly, including its mounting position on 

the robot flange, is illustrated in Figure 3. The total mass of the assembled tool is approximately 180g, 

ensuring safe operation well within the payload capacity of the ABB GoFa robot. 

 

 

 
 

Figure 3. Design of the Pentool and its mounting on the ABB GoFa robot 

 

 

2.3.  Path generation for writing and drawing tasks 

To perform each writing or drawing task, the robot requires a series of predefined waypoints. Using 

the built-in position control of the ABB Omnicore C30 controller, the robot can accurately move to the 

desired positions, provided that the motion data is correctly formatted and within the robot’s reachable 

workspace. However, manually generating motion paths for letters, numbers, or figures is tedious, repetitive, 

and prone to human error, especially when handling large datasets. To address this, we propose a semi-

automated method for generating motion paths. Our approach uses SolidWorks to create 3D models of 

letters, numbers, and symbols, which are then imported into RobotStudio. Using RobotStudio’s AutoPath 

feature, way-points and trajectories are automatically generated from models. AutoPath analyses the 

geometry and robot workspace, then computes a collision-free, optimized sequence of points that the robot 

can follow. This method allows us to build a custom library containing all letters of the English alphabet, 

numerical digits, and various user-defined symbols or images. Importantly, new content can be added to the 

library with minimal additional effort. The overall procedure for generating path points is illustrated in 

Figure 4, and the following section provides a detailed explanation of the path generation method. 

 

 

 
 

Figure 4. Step-by-step procedure for generating path points 
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2.3.1. Initialization and preprocessing 

Path point generation begins by modeling letters, symbols, and images as 3D objects in a CAD 

environment like SolidWorks. For letters and numbers, they can be created using the Text Tool and extruded 

to form 3D features. For symbols and figures, they are either manually sketched or imported from vector 

files. After completing the sketches, these models are exported in .SAT format and imported into ABB 

RobotStudio using the Import Geometry feature. They are then aligned and positioned on a virtual surface 

that simulates the actual working area of the GoFa robot. The overall process of creating the 3D model and 

generating the corresponding path points is illustrated in Figure 5. Figure 5(a) illustrates an example of a 3D 

letter model created in SolidWorks that is imported into RobotStudio for path point generation. 

 

 

  
(a) (b) 

 

Figure 5. Example of 3D letter objects: (a) letters modeled in SolidWorks and (b) automatically generated 

path points of a letter using the AutoPath function in RobotStudio 

 

 

2.3.2. Automatic path point generation 

Using the AutoPath function in RobotStudio’s Path Programming tool, the contours of imported 3D 

objects are automatically detected to generate motion paths. RobotStudio creates a sequence of targets along 

the selected contour, each containing position data from the geometry, orientation aligned with the surface, 

and configuration details such as the default workobject and joint setup. This process converts the object’s 

geometry into a trajectory the robot can follow for writing or drawing. Figure 5(b) shows an example of path 

points generated along a letter's contour using AutoPath. After generating the path, some parameters may 

need to be tuned to ensure accurate execution. For example, individual targets may require updates to the 

workobject or tool orientation, while the overall path settings define motion type, speed, transition zones, and 

tool selection. These refinements enhance precision and reliability during operation. 

Although AutoPath generates trajectories at a fixed scale defined by the original CAD model, these 

trajectories can be efficiently resized to match user-defined writing dimensions. This is achieved through a 

geometric scaling operation applied directly to the target positions generated. 

Let a path point in the local coordinate frame of the imported geometry be defined as (1). 

 

𝒑 = [𝑥, 𝑦, 𝑧]𝑇 (1) 

 

To resize the writing pattern, a uniform scaling factor 𝑠 is applied to the planar components of the path. Since 

writing occurs on a planar surface, scaling is performed only in the XY plane, while the vertical coordinate 𝑧 

is kept constant to preserve consistent surface contact (2). 

 

𝒑′ = [𝑠 ∙ 𝑥, 𝑠 ∙ 𝑦, 𝑧]𝑇  (2) 

 

After scaling, the path is transformed from the local object coordinate frame into the robot workspace using a 

rigid body transformation. This transformation aligns the path with the desired writing location and 

orientation on the working surface (3), 

 

𝒑𝑤𝑜𝑟𝑙𝑑 = 𝑅 ∙ 𝒑′ + 𝒑𝒕  (3) 

 

where 𝑅 ∈ ℝ3×3 is the rotation matrix defining the orientation of the workobject frame, and 𝒑𝒕 ∈ ℝ𝟑 is the 

translation vector specifying its position relative to the robot base frame. 
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 This transformation strategy allows the same geometric path to be reused at different sizes and 

positions without regenerating the underlying CAD model or recalculating the trajectory in AutoPath. As a 

result, the system supports flexible scaling and placement of writing and drawing tasks while maintaining 

consistent motion behavior and surface contact quality. The implementation of path generation and scaling 

procedure is summarized in Algorithm 1. 

 

Algorithm 1. AutoPath-Based Trajectory Generation 
Input: CAD model 𝐺, workobject 𝑊𝑂𝑏𝑗, tool 𝑇𝑜𝑜𝑙0, scale factor 𝑠, transform (𝑅, 𝑝_𝑡) 
Output: Executable target list 𝑇exec 

1. 𝐺 ← ImportAndAlign(𝐺,𝑊𝑂𝑏𝑗) 
2. 𝑇 ← AutoPathExtractTargets(𝐺) 
3. for each 𝜏 ∈ 𝑇do 

4.    AssignToolWObj(𝜏, 𝑇𝑜𝑜𝑙0,𝑊𝑂𝑏𝑗) 
5.    OrientToPlaneNormal(𝜏,𝑊𝑂𝑏𝑗) 
6.    𝜏. 𝑝 ← 𝑅 ⋅ [𝑠 ⋅ 𝜏. 𝑥, 𝑠 ⋅ 𝜏. 𝑦, 𝜏. 𝑧]𝑇 + 𝑝_𝑡 
7. end for 

8. ExportPath(𝑇) 

 

2.3.3. Limitations and discussion 

 While the AutoPath-based approach significantly simplifies trajectory generation, several limitations 

should be noted. First, complex geometries containing overlapping contours or nested shapes may result in 

ambiguous traversal order. In such cases, manual reordering or segmentation of the path is required to ensure 

correct stroke sequencing. Second, AutoPath does not inherently optimize stroke direction or pen lifting 

behavior, which may lead to unnecessary motion or discontinuities. These issues are addressed through post-

processing and rule-based path refinement. Finally, since AutoPath operates on geometric features rather than 

semantic stroke information, the generated paths may not always reflect human-like writing behavior. Future 

work will integrate stroke-level planning and vision-based feedback to enable adaptive correction and more 

natural writing trajectories. 

 

2.4.  Human–machine interface (HMI) 

The human–machine interface (HMI), shown in Figure 6, provides an intuitive platform for 

configuring and executing robot tasks. The interface is organized into three functional modes: writing, 

drawing, and cleaning. In writing mode, users input text content and specify the desired font size. In drawing 

mode, users select predefined shapes or import custom images and adjust their geometric scale before 

execution. In cleaning mode, the user can command either a full area erasing operation or a localized 

cleaning action targeting a specific region. In addition, the HMI allows users to configure communication 

parameters such as the robot controller’s IP address and port number, enabling flexible deployment across 

different network environments without modifying the underlying control software. 

 

 

 
 

Figure 6. User-oriented HMI 

 

 

2.4.1. Communication architecture and data exchange 

 Communication between the HMI and the robot controller follows a client–server architecture 

implemented over a TCP/IP socket connection. The HMI acts as the client, while the ABB OmniCore 

controller runs a RAPID-based socket server listening on port 1025. Once connected, the HMI transmits 
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structured command packets containing the task type (writing, drawing, or cleaning), relevant parameters 

(e.g., text content, scale, or cleaning mode), and execution flags. The lightweight message format ensures low 

communication latency, typically within a few milliseconds, which is sufficient for supervisory control. Basic 

error handling is implemented to reject malformed data and notify the user in case of connection failures, 

ensuring safe and reliable operation. 

 

2.4.2. Execution feedback and error handling 

 Once a command is received, the robot controller validates the data format and initiates the 

corresponding RAPID routine. Execution status messages, including task start, completion, or error 

notifications, are sent back to the HMI in real time. This feedback is also displayed in the HMI panel shown 

in Figure 6, allowing users to monitor system state and execution progress. Basic error handling mechanisms 

are implemented to ensure safe and reliable operation. If a connection attempt fails, the HMI notifies the user 

and prevents command transmission until communication is restored. Similarly, malformed or incomplete 

data packets are rejected by the controller, and an error message is returned to the HMI. These measures 

prevent unintended robot motion and enhance system robustness during operation. 

 

2.5.  Control algorithm and motion execution 

This section outlines the control scheme developed to process user input into executable commands 

for the ABB GoFa robot. Communication begins with a TCP/IP socket connection between the HMI client 

and the robot controller. The user configures the correct IP address and port to match the robot’s settings. 

Once connected, the system is ready to receive commands. The HMI supports two main functions: 

writing/drawing and cleaning, with the appropriate tool selected for each. Users can input text and font size 

or choose predefined figures from a graphical library. When the “Send” button is pressed, the data is encoded 

and transmitted to the controller for processing. 

Upon receiving a command, the robot controller processes the input according to its type: text, 

drawing, or cleaning. For text input, the content is parsed character by character, with each character matched 

to a corresponding entry in a local stroke library and scaled to the specified font size. Drawing inputs are 

handled using predefined templates, which are similarly scaled to the user-defined dimensions. For cleaning 

operations, two modes are supported: selective cleaning and full-surface cleaning. In selective mode, the user 

specifies a rectangular region on the board to be cleaned. In full-surface mode, the robot executes a coverage 

path over the entire previously marked area to ensure complete cleaning. Tool changes, positioning, 

workspace boundaries, and safety checks are systematically handled for each mode prior to execution to 

ensure reliable and safe operation. 

The final output is a normalized list of path points, meaning that all coordinates are transformed into 

a consistent reference frame, ensuring that paths generated from different input types—text, drawings, or 

cleaning commands—share a common coordinate basis. This unified representation is then passed to the 

motion planning module for trajectory generation and execution. A detailed flowchart of the overall control 

framework is shown in Figure 7. 

 

 

 
 

Figure 7. Control algorithm for writing, drawing and cleaning tasks using the ABB GoFa robot 

 

 

Motion execution is performed by the OmniCore controller. For each trajectory segment, motion 

parameters such as velocity, acceleration, and blending zone are explicitly defined to ensure smooth and safe 

operation. Typical parameters include moderate linear velocities for writing and drawing tasks, reduced 

acceleration near surface contact, and fine blending zones to maintain continuous motion without abrupt stops. 
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Before execution, safety checks are applied to verify that all target points lie within the predefined 

workspace limits and that no tool collisions are expected. If a violation is detected, execution is aborted and  

a warning is sent to the HMI. Once validated, the robot executes the trajectory sequentially. Status  

feedback, including execution start, completion, or error conditions, is continuously transmitted back to the 

HMI, allowing real-time monitoring. The overall procedure of planning and execution is summarized in 

Algorithm 2. 

 

Algorithm 2. Motion planning and execution procedure 
Input: Command 𝓒 = {τ, θ} 
Output: Status y ∈ {DONE, ERROR} 
1.   Receive 𝓒 
2.   If ToolSelected(τ) = false then return ERROR 

3.   I ← (τ = ERASE) ? Erase(θ) 

       : (τ = WRITE) ? Write(Parse(θ), Font(θ)) 

                     : Draw(Figure(θ), Scale(θ)) 

4.   SetStartPose(); SendExecute() 

5.   If  Ack() = false then return ERROR 

6.   Execute(I); return DONE 

 

 

3. RESULTS AND DISCUSSION 

This section presents several performances of the GoFa robot in writing and drawing tasks. After 

completing the library for letters, numbers and images, the robot is able to execute the given motions 

accurately and is able to write any text and draw any image. 

 

3.1.  Motion parameters and safety considerations 

 All experiments were conducted using a consistent set of motion parameters and experimental 

conditions; any deviation from these settings is explicitly stated where applicable. Cartesian linear motions 

were employed for all writing, drawing, and cleaning tasks to ensure accurate surface-following behavior. 

The maximum linear velocity was set to 1000 mm/s for most trajectories, while acceleration limits were 

automatically managed by the ABB OmniCore controller to maintain smooth contact with the writing 

surface. To maximize positioning accuracy and stroke fidelity, the transition (blending) zone was set to zero, 

forcing the robot to reach each target point precisely before moving to the next. Motion interpolation and 

velocity profile generation are handled internally by the OmniCore controller, which follows the standard 

trapezoidal velocity profile defined in ABB RAPID motion planning, consisting of acceleration, constant-

velocity, and deceleration phases. 

Safety checks are systematically applied prior to execution to ensure reliable and repeatable 

operation. All generated target points are verified to lie within predefined workspace boundaries 

corresponding to the physical writing surface. During all experiments, the commanded motion along the 𝑧-

axis is kept constant. Vertical compliance is instead provided by the spring mechanism integrated into the 

Pentool, which allows a displacement of approximately ±5 mm along the 𝑧-direction. This compliance is 

sufficient to compensate for minor height inconsistencies of the writing surface while maintaining stable 

contact force. 

To ensure reproducibility, all experiments were performed using the same hardware and software 

configuration. CAD models were created using SolidWorks, and path generation was carried out in ABB 

RobotStudio using the AutoPath feature. The robot was controlled by an ABB OmniCore controller running 

RobotWare v7.18. Prior to experimentation, the workspace and tool configuration were calibrated once and 

reused consistently across all trials. 

 

3.1.  Text writing performance and path generation 

We developed a library containing all 26 letters of the English alphabet (both uppercase and 

lowercase), as well as digits from 0 to 9. Depending on the complexity of each character’s shape, between 10 

to 50 path points are typically required to accurately represent it. Simpler characters such as “i”, “I”, or “l”, 

“L” require fewer points, whereas more complex characters like “g”, “G”, or “q”, “Q” demand denser 

trajectories for precise rendering. Linear strokes are executed using straight-line motions, while curved 

segments, such as those in “c”, “C”, or “s”, “S”, are handled using circular motions. All path points are 

automatically generated using the procedure mentioned above, with only minor manual refinements. These 

refinements include adjusting the tool orientation to ensure proper alignment during writing, repositioning 

starting points to mimic typical human writing behavior, and fine-tuning path points to more closely follow 

the contours of certain characters. These improvements help enhance the natural appearance and accuracy of 

the robot's writing motions. For multi-line text input, the robot executes a line-by-line writing sequence, 
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moving from left to right across each line, then returning to the left margin and shifting downward by a 

constant spacing before continuing with the next line. This motion pattern closely imitates human 

handwriting and ensures uniform character alignment across lines.  

Through the HMI, users can enter custom text and specify desired font sizes. This input is then 

encoded and transmitted to the robot for execution. Figure 8 presents several examples of the ABB GoFa 

robot performing writing and drawing tasks. In particular, Figure 8(a) illustrates the robot executing text-

writing operations with smooth and precise motion across different font sizes. While the present 

implementation supports only the English alphabet, the proposed approach is readily adaptable to complex 

font styles or multilingual inputs, as long as the characters can be represented as SolidWorks models for path 

point generation. It is also worth noting that the writing surface used in our experiments is not perfectly flat, 

with slight height variations across the board. However, thanks to the integrated spring mechanism in our pen 

tool, the robot can maintain consistent contact with the surface, enabling successful writing without excessive 

pressure or loss of contact. 

 

 

   
(a) (b) (c) 

 

Figure 8. Examples of the ABB GoFa robot performing writing and drawing tasks: (a) text writing in various 

font size, and drawing complex figures of (b) the simple “cooperative” symbol and (c) the university logo 

 

 

3.2.  Symbol and image drawing performance 

For drawing tasks, although path points are automatically generated to follow the contours of a 

given symbol or image, additional refinement is often necessary, particularly for large, complex, or highly 

detailed figures. Compared to text writing, symbol and image drawing typically require more post-processing 

to ensure visual fidelity and natural motion. In cases where a figure consists of multiple layers or nested 

contours, manual selection of individual contours may be needed during the path generation process to 

achieve the desired level of accuracy. 

The number of path points required to capture a figure depends largely on its complexity. For 

example, the simple “cooperative” symbol illustrated in Figure 8(b) requires approximately 243 path points, 

while the university logo in Figure 8(c) involves around 655 path points due to its intricate design and finer 

structural details. In our implementation, both symbols and images are stored in a predefined library and can 

be accessed via the HMI, where users can also freely adjust the scale of the drawing. Figures 8(b) and 8(c) 

showcase the GoFa robot successfully executing drawing tasks with varying levels of complexity, 

demonstrating the flexibility and precision of the proposed system. 

 

3.3.  Automated board cleaning with mounting pad integration 

To enable autonomous board maintenance, the GoFa robot is equipped with a custom-designed 

mounting pad for cleaning operations. For this task, the system switches the Tool Center Point (TCP) to the 

one corresponding to the cleaning pad and executes a predefined motion sequence optimized for wiping the 

board surface. The cleaning trajectory maintains consistent pressure and full coverage, ensuring that the pad 

remains perpendicular to the board throughout the process. In this work, the cleaning procedure was 

experimentally verified to determine the optimal number of wiping passes and appropriate contact pressure 

during motion. Alternatively, a vision-based method could be employed to automatically assess surface 

cleanliness and adjust the number of cleaning sequences accordingly. 

Figure 9 shows the robot configured with the cleaning pad attached, preparing to clean the board. 

This feature enhances the overall autonomy of the system by allowing it to clear previous content without 

human intervention, making it ready for subsequent writing or drawing tasks. Such functionality is especially 

useful in demonstration or classroom settings where repeated tasks are performed in sequence. 
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Figure 9. Configuration of the GoFa robot with the integrated cleaning pad mounted at the end-effector 

 

 

3.4.  Quantitative evaluation and system adaptability 

Multiple writing and drawing trials were conducted to evaluate the accuracy and repeatability of the 

proposed system. Across repeated executions under identical conditions, consistent stroke placement and 

character geometry were observed, with no noticeable drift between trials. These results demonstrate that the 

robot can execute writing and drawing tasks with sufficient accuracy for clear handwriting and precise figure 

rendering. Execution time increased with task complexity: writing individual letters, as shown in Figure 8(a), 

typically required 3–10s depending on the selected scale, whereas drawing complex figures with several 

hundred path points, such as those in Figures 8(b) and 8(c), required approximately 50s and 145s, 

respectively. Compared to manual point-by-point programming, the proposed AutoPath-based approach 

significantly reduces setup time and improves repeatability. 

The proposed framework is readily adaptable to other robotic platforms and task variations. Since 

the task logic and path generation are decoupled from robot-specific motion execution, the approach can be 

transferred to other industrial or collaborative robots (e.g., UR or KUKA systems) by modifying only the 

low-level motion interface. Multilingual writing can be supported by extending the character library with 

additional CAD models. Although experiments in this work were conducted with the writing surface placed 

horizontally on a table, the system can be adapted to boards mounted at arbitrary orientations by 

appropriately redefining the workobject frame. For curved surfaces with known geometric characteristics 

(e.g., spherical surfaces), the method can be extended with minor modifications. However, writing on 

unknown or irregular curved surfaces would require additional sensing, such as force–torque feedback or 

vision-based surface estimation.  

 

 

4. CONCLUSION 

In this work, we presented the development of a simple and easily integrable framework that enables 

a 6-DOF ABB GoFa robot to perform a variety of writing, drawing, and cleaning tasks. The system allows 

users to input custom text, numbers, and symbols through a user-friendly HMI, and automatically generates 

corresponding robot paths with minimal setup. Our framework has been successfully implemented on a real 

robot, demonstrating its potential for educational demonstrations, public exhibitions, and interactive robotics 

applications. The proposed solution supports an expandable library of characters and images, making it 

accessible to users without in-depth knowledge of robotic programming or configuration. The integration of a 

custom-designed writing tool and an automated cleaning pad further enhances the autonomy and versatility 

of the system. 

However, there are still some limitations in our framework. First, a certain level of manual 

adjustment is required during the path generation process to ensure smooth and natural robot motion, 

particularly for complex or irregular shapes. This is crucial, as unnatural or jerky movements can negatively 

impact on the user experience; a key aspect of our user-oriented application. Additionally, the system 

currently lacks real-time feedback mechanisms, such as vision or force sensing, which restricts its ability to 

compensate for surface irregularities, tool slippage, or positioning errors. 

Future work will focus on extending the framework with real-time feedback and adaptive control 

mechanisms. In particular, the integration of vision systems can enable online surface tracking and error 

detection, allowing continuous monitoring of execution quality. Force or force–torque sensors could be 

incorporated to regulate contact pressure during writing and cleaning tasks, improving robustness on uneven 

or compliant surfaces. Furthermore, online trajectory correction strategies could be implemented to adapt 

motion paths dynamically in response to sensory feedback. Moreover, machine learning techniques could be 

employed to automatically extract object contours from images, enabling a fully autonomous path generation 

process. A more robust path optimization module could also be integrated to refine trajectories automatically 

and ensure smoother, more reliable execution.  
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