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Abstract — In this paper, we present a solution to combat some 
of the development issues in the implementation of modern Human-
Machine interfaces (HMI) solutions. We introduce the Capacitive 
Sensing Haptic Evaluation platform (CASHE), which is an 
evaluation board (EVK) with plug-and-play connections for sensing, 
haptics, and LED controlling, that supports the integration of modern 
HMI technologies to improve ease-of-use, user experience, and user 
safety. This paper shares current market issues and how the CASHE 
tool can help developers and designers create prototypes rapidly by: 
1) Abstracting prototyping from code to PC program with intuitive 
User Interface. 2) Providing an all-in-one solution for capacitive 
sensing, haptic feedback, sound feedback, and LED control,  
and 3) allowing for seamless transitions from design to demo 
environment.  
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I. INTRODUCTION 
 During the last decade, screens and smart surface solutions 
has become a synonym with high quality and top-of-the-line 
products. In automotive, mechanical buttons are slowly being 
exchanged with big dashboard screens, while household 
appliances and pharma equipment are getting flush smart 
surfaces with capacitive sensing and LEDs, making it easy to 
clean and use.  [1] 

 With the transition from mechanical buttons to smart 
surfaces and digital displays, the tactile feedback has been 
missing. To solve this issue, haptic components, such as 
ERM’s, LRA’s, Piezo actuators and Exciters are used to create 
a vibration on the surface, mimicking the physical action taken 
by the user. The increased development time and cost plays a 
large role in the adaptation of the technologies, but are 
outweighed by benefits of functional safety, design 
possibilities, cleanliness, and production costs. Research has 
found that interactions that use visuals, sound, and haptics 
create the deepest understanding and if they are not tuned 
together, the overall quality perception is diminished and 
deemed poor. [2] [3] 

The CASHE by Hamsø Engineering is designed to 
alleviate the upfront development costs and to allow the 
designer to focus on the application, not on the technical 
development of the hardware and software. The CASHE 

platform comes with intuitively designed UI program that 
allows the user to set and configure the sensing input, the 
haptic feedback, and the visual feedback. 

II. RELATED WORKS 
The Drv2624 [4] evaluation board designed by Texas 

Instruments was investigated as a related work. The board 
contains 7 capacitive sensing buttons and one haptic actuator 
output, with a PC application to interact with the device. While 
the program enables changing of many parameters and 
adjusting the performance of actuators, it requires knowledge 
about the device's registers and is not intuitive out of the box. 
Furthermore, it lacks LEDs control as well as sound feedback. 
The toolkit is designed for evaluation purposes only and cannot 
be used to directly develop new products.  

The Da728xevalkit [5] by Renesas was also researched as a 
related work. This evaluation board and developer toolkit use 
similar principles to Texas Instruments' solution. However, the 
Da728xevalkit has several drawbacks that make it less than 
ideal. Firstly, it only includes three capacitive sensing buttons, 
additionally, while the PC program is slightly more user-
friendly than its competitors, it still requires a certain level of 
expertise to use effectively. Furthermore, while the 
Da728xevalkit's pattern generating tool is extensive, it still has 
limitations and does not allow for as much customization as 
other tools on the market. Finally, the kit is only designed as an 
evaluation tool and cannot be used for direct product 
development, which may limit its usefulness to some users. 

III. METHODOLOGY 

A. Hardware 
The CASHE builds on an embedded architecture that 

consists of an industry leading microcontroller that can be 
used for various sensing methods (capacitive sensing, 
inductive sensing, etc.) together with a haptic driving IC and 
LED controller IC. The power to the device comes with USB-
C Power Delivery methods allowing for various power 
settings depending on the need. A barrel jack connector is also 
present, so that power can be directly taken from the 
application itself (i.e., power from a car). The CASHE has an 
inbuild ADC + DAC & Amplifier combo, so that it can record 
and play sounds, either directly through a speaker system or 
through its own amplifier 
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B. Computer Application 
To ensure that the developer of HMI solutions can focus on 

the user experience and the application, the Capacitive Sensing 
Haptic Evaluation Board (CASHE) comes with a 
comprehensive PC program. Unlike current solutions on the 
market, the program is cross-platform, which means that it can 
be used on Windows, Linux, and Mac-OS. In the future, we 
plan to explore a web-assembly version and make the CASHE 
Configurator available from the browser to further enhance 
accessibility. 

1) Communication 
To make the usage of the platform as open and modular as 

possible, the communication between devices has been 
designed to resemble terminal/console commands. All the 
inputs to the microcontroller are sent using a human-readable 
protocol that utilizes parameters and flags similar to well-
known operating system consoles, ensuring ease of use. More 
advanced users who would like to have more control over the 
setup can manually type in commands into a built-in terminal 
window or use their serial communication terminal of choice. 
The microcontroller will parse the commands and deserialize 
them into a configuration file that will be saved on non-volatile 
memory. Moreover, it is planned to include direct access to 
peripherals from the terminal to, for example, allow a manual 
trigger of a haptic feedback. 

The communication layer of the application has been 
designed to be completely dependency-free, which provides 
possibilities to be a pluggable component for other UI 
applications, making it fully independent of the UI layer. 

2) Flexibility 
 Moreover, the whole system has been designed to adapt to 
new board versions and types, supporting more or fewer 
capabilities with minimal to no changes. The platform design 
specifies the capabilities of each board through configuration 
files, depending on its type and software version. This 
approach not only allows for scalability and flexibility in the 
future when it comes to new products but also guarantees 
backward compatibility when new versions of the PC and 
microcontroller programs are released. This ensures that 
developers can use the CASHE platform without worrying 
about changes in the underlying hardware or software. 

C. Embeded program 
1) Modules 
To achieve maximum versatility and flexibility in the 

embedded program, it has been broken down into distinct 
modules, which can be easily reused in future application 
boards or different versions of the CASHE board. Among the 
modules is the communication module responsible for 
handling serial communication between the board and PC, 
while the command parsing module is responsible for parsing 
commands and their parameters from user input. The 
configuration module contains and handles all the necessary 
information about the uploaded configurations, which are sets 
of actions to be taken whenever specific input is detected. 

2) Drivers 
Additionally, there is a hardware abstraction layer defined 

by a set of interfaces to the drivers. This approach decouples 
the rest of the modules from the hardware they are utilizing 
and shifts the responsibility to control specific components on 
the board such as DAC/ADC, haptic driver, or LED controller 
to the drivers that are specifically written for the board. By 
implementing this modular design, the tool can be easily 
extended to accommodate new hardware and functionality 
while maintaining compatibility with existing modules. 

IV. RESOURCES 
       For the embedded program to respond to the user's inputs, 
it needs to go through a process that involves multiple 
modules and configurations. This process enables the program 
to perform the necessary actions based on the user's input. 
Here is a simplified explanation of how the sensing input is 
processed and dispersed through different configurations to 
perform all the necessary actions. 

 
       The command parsing algorithm in the embedded 
program is responsible for taking in user input from serial 
communication and parsing it into predefined commands that 
the system can understand and utilize. Once the input is 
received, the algorithm identifies the command and its 
parameters, then verifies the correctness of the input before 
executing the corresponding action. 

Fig. 1. CASHE Platform Diagram 
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V. EXPLANATIONS 
Developing an HMI interface implements multiple 

technologies and requires expert know-how in all of them with 
a high investment cost. 

A. Computer Application 
The PC program brings the embedded architecture together 

with the functionality. The main window of the UI shows the 
overall configuration on the board and will adapt to which 
EVK (in future also application board) is connected. With this, 
the developer can start setting up what should happen and 
when it should happen. This means that the developer only 
must consider the functionality of the application and not the    
extensive work that comes before it. The UI will handle all 
logic needed for the LEDs, haptic feedback, and sensing 
behavior. Normally developers are required to write custom 
code for each component, often spending considerable time 
studying technical documentation and troubleshooting errors 
arising from the integration of different functionalities. 
However, the introduction of the CASHE system has 
significantly streamlined this process. By leveraging an 
intuitive UI, even non-experts can achieve the desired 
outcomes with minimal programming knowledge. Through a 
simple selection process, the UI automatically configures the 
relevant components, enabling the rapid deployment of fully 
functional devices within minutes. Thus, CASHE represents a 
significant advancement in the field of HMI development, 
promoting ease-of-use and accessibility without compromising 
on the richness of available features.  

 
 

 
1) Home View 
The CASHE Configurator application is composed of two 

primary screens, each serving a distinct purpose. The first 
screen displays a list of previously created 
scenarios/configurations. These configurations are comprised 
of specific actions that are executed when designated 
conditions, such as digital or sensing inputs, are met.  

 
2) Editor View 
The second screen is an editor that enables the creation of 

new scenarios/configurations. This screen is specifically 
designed to follow the design process from left to right, starting 
with specifying the inputs on the left and the outputs on the 
right. In this editor, the developer can define triggers, such as 
digital or sensing inputs, and specify the corresponding actions 
to be taken once the trigger is activated. These actions include 
haptic or sound feedback, output channels, LED output, and 
digital logic outputs, such as a value sent over I2C to other 
devices. Each of the configuration entries has customizable 
parameters that can be modified to further personalize the 
configuration. An example of such parameters would be trigger 
for sensing inputs being either press or release, color and state 
of the LEDs or strength of haptic feedback output. 

The user-friendly interface of the CASHE application 
simplifies the process of creating and modifying scenarios, 
allowing developers to focus on the user experience and the 
application functionality. 

Fig. 2. CASHE Configurator - List of Created Configs Screen 

Fig. 3. CASHE Configurator - Config Editor Screen 

184



VI. DISCUSSIONS 
With the world becoming increasingly digitalized, we 

interact more and more through various products and 
applications where we do not gain immediate feedback. As 
literature has outlined, our understanding is at its highest when 
the visual, tactile, and acoustic senses are used in combination. 
[6] For applications where fatalities or injuries can be the 
outcome of a misunderstood action, we must put an increased 
effort to the development and the interfaces we interact with 
play a large role in this. [7] Visuals and acoustics have been 
studied thoroughly over the past decades; however, haptic 
feedback has not received the same focus within research even 
though it is one of the most essential senses (and one of the 
first we as humans use).  [8]  

Within HMI solutions, several industries and technologies 
meet to create one final solution for the consumer. Firstly, you 
must consider the application and how it should look. Once 
you have settled on a smart surface or a screen solution, you 
must consider the electronics needed for the application. For a 
smart surface solution, you need to consider LEDs, sensing 
inputs, the haptic behavior, the tactile material of the surface, 
how it gets mounted and the curvature. For screens, you must 
select whether it should be resistive or capacitive screens. The 
next topic is the mechanical integration which is heavily 
affecting the haptic feedback design. Designers must consider 
where to mount the haptic actuator and if it should be global or 
localized feedback. These are only a few of the topics that must 
be addressed when designing a HMI solution, which is setting 
a high barrier of entry for any developing company looking 
into creating their own HMI solution for their prototypes or 
products. [9] [10] [11] [12] 

By shortening the development time, companies of any 
size, can create professional and high-end quality products at a 
much lower expense. Not only are they able to save costs and 
have a shorter time-to-market, but with the shift of focus, more 
efforts can be put into creating user experiences that increase 
user satisfaction and user safety in industries where a lack of 
focus can lead to fatalities. 

With the use of the CASHE EVK and Configurator 
application, Hamsø Engineering aims to disrupt the market in 
the hope to simplify the design process of HMI solutions and 
to put the focus where it really matters – on the application 
and the user. 

VII. CONCLUSION 
This paper has outlined the goal of the CASHE project 

from Hamsø Engineering, while defining some of the issues 
within HMI development. The paper has described the 
ongoing project development and the market perspective of 
HMI solutions within the industries of particularly automotive 
and household appliances.  The paper has outlined the outlook 
of HMI solutions and addressed potential fields of interest for 
research. 
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