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Objective 

This example demonstrates custom methods to decrease baseline update rate in CapSense® Component. This enables 
implementing features like gesture with very slow baseline update rate. 

 

Requirements 

Tool: PSoC® Creator™ 4.3 

Programming Language: C (Arm® GCC 5.4.1 and Arm MDK 5.22) 

Associated Parts: All PSoC 4 MCU parts 

Related Hardware: CY8CKIT-149 PSoC 4100S Plus Prototyping Kit, CY8CKIT-145-40XX PSoC 4000S CapSense Prototyping 
Kit 

Overview 

This code example demonstrates how to slow down baseline update rate. Currently, the CapSense Component supports the 
slowest baseline update rate as 1/255. Some advanced gesture features like double-tap and scroll detection need very high 
scan rate; the slowest update rate provided by the CapSense Component may not be slow enough. 

This project features the CapSense Component configured with three mutual capacitance buttons. However, the custom 
baseline update technique is equally applicable to any sensor type with self-capacitance sensing, and any widget type such as 
sliders and touchpads. 

Hardware Setup 

This example uses the kit’s default configuration. See the kit guide to ensure that the kit is configured correctly. 

Software Setup 

The example uses a terminal software such as the CapSense Tuner (which is included with PSoC Creator Tool).  

Background 

CapSense Components calculate the baseline by filtering the rawcount using an IIR filter, using the following equation. See the 
CapSense component datasheet for more details. 

𝑂𝑢𝑡𝑝𝑢𝑡 =
𝑁

𝐾
× 𝑖𝑛𝑝𝑢𝑡 +

(𝐾 − 𝑁)

𝐾
× 𝑝𝑟𝑒𝑣𝑖𝑜𝑢𝑠𝑂𝑢𝑡𝑝𝑢𝑡 

where: 

K is always 256. 

N is the IIR filter rawcount coefficient selectable from 1 to 255 in the customizer. 

An IIR filter is applied on the rawcount to calculate the baseline; the IIR coefficient determines the baseline update rate. Currently, 
the CapSense Component supports the slowest baseline update rate as 1/255, when the ‘Regular widget baseline co-efficient 
(N)’ is set to ‘1’.  

For some application which needs higher scan rate, the current slowest baseline update rate may not be slow enough. For 
example, a gesture feature such as ‘One-finger Flick1’ needs to have a high scan rate to identify high-speed displacement. By 
setting a higher scan rate, baselines update faster as well. This can cause non-detection of finger touchdown when the finger 
touch frequency is high, as shown in Figure 1. 

                                            
1 A flick gesture is a combination of a touchdown followed by a high-speed displacement and a lift off event. Refer CapSense Component 
Datasheet section ‘General Gesture Parameters’ for more details on different gesture features. 
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Figure 1. Custom Use Case Showing Non-Detection of Finger Touch due to Baseline Update2 

Touch is not detected as 
the baseline updates to 

higher levels

 

To get maximum scan rate and smaller signal (CY8CKIT-149 PSoC 4100S Plus Prototyping Kit by default has higher signal), to 
show the behavior shown in Figure 1, the following custom settings are applied (see Figure 7 to Figure 13). 

• Number of sub-conversions is set to 20. 

• Because Button Signal = 450, Finger Threshold and Noise Threshold are set to 360 and 180 respectively. 

• SAMPLES_BASELINE_UPDATE can be changed to zero in this code example to show the default behavior without applying 

the custom baseline update algorithm mentioned in this document. See Figure 6 for the improved response after 
applying the algorithm mentioned in this document. 

• Sensor auto-reset is enabled. 

                                            
2 Similar behavior is applicable for long press with the auto reset feature enabled. 
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Design and Implementation 

A software counter is used to control the execution of the baseline update algorithm.  

Figure 2. Custom Baseline Update Flowchart 
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The CapSense_ProcessWidgetExt(uint32 widgetId, uint32 processMode) function performs data processes for the 

specified widget specified by the processMode parameter. If this parameter is set to CapSense_PROCESS_ALL, this function 

executes all the tasks, with each bit representing each process.  

If you clear the baseline update process CapSense_PROCESS_BASELINE bit in processMode, this function performs all the tasks 

except the baseline update (Code 1). See CapSense Component datasheet. 

Code 1. Example for Skipping Baseline Update Process 

 

uint32 processMode = CapSense_PROCESS_ALL; 

 

processMode &= (~(uint32 )CapSense_PROCESS_BASELINE); 

 

CapSense_ProcessWidgetExt(widgetId, processMode); 

 

 
Figure 3 shows the PSoC Creator schematic for this code example. 
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Figure 3. TopDesign Schematic of CE229162_CapSense_CustomBaselineUpdate 

 

Operation 

Open the main.c file to configure this project. Define SAMPLES_BASELINE_UPDATE to set the number of scan samples before 

updating the baseline. 

/* User configuration: number of scan samples before updating baseline */ 

#define SAMPLES_BASELINE_UPDATE  (10u) 

1. Build the project: Build the project “CE229162_CapSense_CustomBaselineUpdate” and program it into the PSoC 4100S 

Plus device. Choose Debug > Program. 

2. Launch Tuner GUI and monitor data: See the CapSense Component datasheet section CapSense tuner to set up the 

Tuner GUI. 

This example requires to use the Graph view tab in Tuner GUI. As shown in Figure 4 and Figure 5, the baseline updates 
to rawcount value per the baseline IIR filter setting (rate = 1/255), every SAMPLES_BASELINE_UPDATE number of samples. 

Figure 4 shows the baseline update waveform for SAMPLES_BASELINE_UPDATE set to 0 (baseline update is executed every 

sample). 

Figure 4. Custom Baseline Update (SAMPLES_BASELINE_UPDATE = 0) 

 

http://www.cypress.com/
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Figure 5 shows the baseline update waveform for SAMPLES_BASELINE_UPDATE set to 10 (10 samples are skipped before 

executing baseline update). 

Figure 5. Custom Baseline Update (SAMPLES_BASELINE_UPDATE = 10) 

 

Note: Figure 4 and Figure 5 show the zoomed-in version of behavior shown in Figure 1. 

http://www.cypress.com/


 PSoC 4 CapSense Custom Baseline Update 

www.cypress.com Document Number: 002-29162 Rev. ** 6 

Figure 6 shows the use case mentioned in the Background section after applying the above algorithm, where 
SAMPLES_BASELINE_UPDATE is set to 10. The following result shows that the baseline is not reaching a higher level due to 

frequent touches. 

Figure 6. Custom Use Case Showing Detection of Finger Touch After Applying Baseline Update Algorithm 

 

Components and Settings 

Table 2 lists the PSoC Creator Components used in this example, how they are used in the design, and the non-default settings 
required so they function as intended. 

Table 2. PSoC Creator Components 

Component  Instance Name Purpose Non-default Settings 

CapSense CapSense 
The CapSense Component is 
configured to scan 3 – CSX buttons 

For Basic Setting, see Figure 7. CapSense Basic 
Settings 

For Advance Settings, see Figure 8. CapSense 
Advanced Settings 

For Widget Settings, see  Figure 9 to Figure 13  

EZI2C EZI2C 
To establish communication with the 
Tuner application 

Data Rate (kbps): 400 

Sub-address size (bits): 16 

 
For information on the hardware resources used by a Component, see the CapSense Component datasheet. 

http://www.cypress.com/
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Figure 7. CapSense Basic Settings 

 

Figure 8. CapSense Advanced Settings 
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Figure 9. CapSense Button0 Widget Settings 

 

Figure 10. CapSense Button1 Widget Settings 
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Figure 11. CapSense Button1 Tx Widget Settings 

 

Figure 12. CapSense Button2 Widget Settings 
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Figure 13. CapSense Button2 Tx Widget Settings 

 

Table 3 shows the pin assignments for the project done through the Pins tab in the Design Wide Resources window for this 
code examples. These assignments are compatible with CY8CKIT-149 PSoC 4100S Plus Prototyping Kit and CY8CKIT-145-
40XX PSoC 4000S CapSense Prototyping Kit. 

Table 3. Pin Assignments 

Pin Name CY8CKIT-149 CY8CKIT-145 

CapSense:CintA P4[2] P4[2] 

CapSense:CintB P4[3] P4[3] 

CapSense:Rx[0] P4[6] P1[4] 

CapSense:Rx[1] P4[5] P1[5] 

CapSense:Rx[2] P4[4] P1[6] 

CapSense:Tx P0[2] P1[3] 

EZI2C:scl P3[0] P1[0] 

EZI2C:sda P3[1] P1[1] 

Reusing This Example 

This example is designed for CY8CKIT-149 PSoC 4100S Plus Prototyping Kit and CY8CKIT-145-40XX PSoC 4000S CapSense 
Prototyping Kit. To port the design to a different PSoC 4 MCU device and/or kit, change the target device using the Device 
Selector and pin assignments in the Design Wide Resources Pins settings as needed.  
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Related Documents 

For a comprehensive list of PSoC 3, PSoC 4, and PSoC 5LP resources, see KBA86521 in the Cypress community. 

Application Notes 

AN85951 - PSoC 4 and PSoC 6 MCU 

CapSense Design Guide 
Describes how to design capacitive touch sensing applications with PSoC 4 and PSoC 6 

AN79953 - Getting Started with PSoC 4 Introduces the PSoC 4 device and explains how to build a PSoC Creator project 

AN64846 - Getting Started with CapSense 
This guide is an ideal starting point for those who are new to capacitive touch sensing 
(CapSense). 

PSoC Creator Component Datasheets 

CapSense 
Supports various interfaces such as Button, Matrix Buttons, Slider, Touchpad, and 
Proximity Sensor 

EZI2C Slave Supports one or two address decoding with independent memory buffers 

Pins Supports connection of hardware resources to physical pins 

Clock Supports local clock generation  

Device Documentation 

PSoC 4100S Plus Datasheet PSoC 4 Technical Reference Manuals 

PSoC 4000S Datasheet  

Development Kit Documentation 

CY8CKIT-149 PSoC 4100S Plus Prototyping Kit 

CY8CKIT-145-40XX PSoC® 4000S CapSense Prototyping Kit 

Tool Documentation 

PSoC Creator  Look in the downloads tab for Quick Start and User Guides 
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https://www.cypress.com/search/all/PSoC%204100S%20plus?sort_by=search_api_relevance&f%5B0%5D=meta_type%3Atechnical_documents
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https://www.cypress.com/documentation/development-kitsboards/cy8ckit-149-psoc-4100s-plus-prototyping-kit
https://www.cypress.com/documentation/development-kitsboards/cy8ckit-145-40xx-psoc-4000s-capsense-prototyping-kit
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Worldwide Sales and Design Support 

Cypress maintains a worldwide network of offices, solution centers, manufacturer’s representatives, and distributors. To find the 
office closest to you, visit us at Cypress Locations. 

Products 

Arm® Cortex® Microcontrollers cypress.com/arm 

Automotive cypress.com/automotive 

Clocks & Buffers cypress.com/clocks 

Interface cypress.com/interface 

Internet of Things cypress.com/iot 

Memory  cypress.com/memory 

Microcontrollers cypress.com/mcu 

PSoC cypress.com/psoc 

Power Management ICs cypress.com/pmic 

Touch Sensing cypress.com/touch 

USB Controllers cypress.com/usb 

Wireless Connectivity cypress.com/wireless 

PSoC® Solutions 

PSoC 1 | PSoC 3 | PSoC 4 | PSoC 5LP | PSoC 6 MCU 

Cypress Developer Community 

Community | Code Examples | Projects | Videos | Blogs  
| Training| Components 

Technical Support 

cypress.com/support
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