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1 Introduction 
Machine vision has become an indispensable part of modern automation, enabling systems to “see” 
and make intelligent decisions without human intervention. From high-speed quality inspection in 
manufacturing lines to complex 3D object recognition in logistics, machine vision software provides 
the algorithms and tools needed to translate camera images into actionable data. Among the leaders 
in this field is MVTec Software GmbH, whose solutions are known for their flexibility, robustness, and 
broad range of supported applications. Their flagship products—HALCON and MERLIC—address both 
the demands of expert developers and the needs of users seeking rapid, no-code deployment. 
 
HALCON is MVTec’s comprehensive standard software for machine vision, designed for developers 
who require maximum flexibility and control. It offers a vast library of operators covering image acqui-
sition, preprocessing, segmentation, feature extraction, 3D vision, and deep learning. HALCON sup-
ports a wide range of programming languages and operating systems, making it suitable for integration 
into diverse industrial environments. For example, HALCON powers applications such as automated 
defect detection in semiconductor wafers, robot guidance in automotive assembly, and OCR (optical 
character recognition) for high-speed postal sorting. Its modularity and performance optimization al-
low solutions to scale from lab prototypes to high-throughput production systems. 
 
MERLIC, on the other hand, is designed for fast, intuitive machine vision application development with-
out the need for programming. Its drag-and-drop interface, built-in tool library, and easy integration 
with automation hardware make it ideal for users who want to deploy solutions quickly. MERLIC also 
incorporates advanced features like deep learning classification, measurement tools, and multi-cam-
era support. Applications include inspecting labels and packaging in the food industry, verifying assem-
bly completeness in electronics manufacturing, and monitoring fill levels in pharmaceutical produc-
tion. This approach empowers companies to create and adjust vision applications directly on the shop 
floor, reducing development cycles and lowering the barrier to entry. 
 
Together, HALCON and MERLIC form a complementary suite that not only covers a wide range of ma-
chine vision needs but also integrates seamlessly with advanced optical hardware such as Optotune 
liquid lenses. Optotune tunable lenses enable fast, software-controlled focus adjustments, allowing 
vision systems to adapt to varying object heights or inspection depths without mechanical movement. 
By combining MVTec’s powerful vision algorithms with the dynamic focusing capabilities of Optotune 
lenses, users can build inspection systems for tasks like multi-layer PCB inspection, automated bottle 
fill checks, or 3D part measurements—delivering both speed and precision while simplifying system 
design. 
 

1.1 Integration of Optotune Liquid Lenses and Cameras 

At the heart of modern camera integration lies GenICam (Generic Interface for Cameras), a standard 
managed by the EMVA. It abstracts hardware interfaces (like GigE Vision, USB3 Vision) from the appli-
cation layer, offering a unified programming interface through modules like GenApi, SFNC (Standard 
Feature Naming Convention), and GenTL. 
A key benefit for liquid lens integration is that cameras conforming to GenICam can expose optics 
control parameters—such as focal power or lens focus adjustments—as standard features. This allows 
software applications, SDKs, or high-level interfaces to control the liquid lens directly through the cam-
era’s GenICam interface, streamlining integration and enabling flexible focus adjustments within ex-
isting vision systems.  
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GenICam Standard Features Naming Convention (SFNC) version 2.7 presents OPTIC CONTROL standard 
naming convention for controlling liquid lens focal power, autofocus (AF) features, etc. This standard 
naming convention facilitates integration of Optotune Liquid Lenses and Cameras and especially ac-
cessing the features through 3rd-party software such as Halcon or Merlic. 
 
          

 
 

 

 

 

 

 

 

 

 

 
Optotune has been working with many camera manufacturers to create an ecosystem for controlling 
liquid lenses through the camera interface. A marketing video on this topic can be found in this link. 
To name a few successful examples, we can mention Basler, Opto-Engineering ITALA, and Allied Vision 
Alvium cameras. In the case of Opto-Engineering ITALA G.EL cameras, a current driver is embedded 
inside the camera and the camera acts as a controller for Optotune liquid lenses. Using the camera 
interface, a full control of liquid lens current, focal power, and AF features is available. On the other 
hand, for Basler or Allied Vision, Optotune ECC-1C controller (which is embedded inside the housing of 
the liquid lens) is required to provide current to the liquid lens. ECC-1C can be connected to the GPIO 
port of the camera (normally using a Y-cable to provide power), and communication between the cam-
era and ECC-1C can be established using I2C or UART.  
 
By combining Optotune’s tunable optics with GenICam-compliant cameras and the powerful vision 
capabilities of MVTec’s HALCON or MERLIC software, engineers can create adaptable, compact, and 
highly reliable machine vision systems. This synergy enables seamless control of focus, rapid adapta-
tion to varying inspection depths, and efficient integration into existing workflows. From robotics and 
precision inspection to logistics and automated quality control, these solutions open new possibilities 
for speed, accuracy, and flexibility in industrial vision. 
 

 
Figure 2. Integration of Optotune Liquid Lenses with Basler (left) and ITALA (right) cameras 

Figure 1. Examples of GenICAM SFNC commands for liquid lens control 

https://www.emva.org/wp-content/uploads/GenICam_SFNC_v2_7.pdf
https://www.youtube.com/watch?v=lGk2l7ATuDI
https://www.optotune.com/ecc-1c
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1.2 Optotune-MVTec Interface Options 

There are three main scenarios for operating Optotune liquid lenses to adjust focal power or imple-
ment an autofocus (AF) routine using MVTec’s HALCON or MERLIC software. 
 
Scenario 1. Focal power control and AF through the camera interface: The liquid lens is connected 
directly to a camera that supports Optotune integration and has an AF algorithm built into its firmware. 
In this setup, the AF routine runs entirely on the camera, and the PC (host) is only used to send the 
necessary commands for the application—no image processing or algorithm execution occurs on the 
host. Both HALCON and MERLIC support this configuration. 
 
Scenario 2. Focal power control through the camera interface and AF using Halcon: The liquid lens is 
connected to the camera, and its focal power can be adjusted via the camera interface, but the AF 
algorithm runs on the PC using HALCON. This approach requires a camera that provides focal power 
control over its interface but does not need to have an onboard AF algorithm. 
 
Scenario 3. Lens control using serial communication of ECC-1C: The camera and the ECC-1C lens con-
troller are each connected separately to the PC. The ECC-1C communicates with the host via serial 
connection using Optotune’s UART-USB cable. In this case, the AF algorithm runs on the PC in HALCON, 
making use of the host’s processing power. This method works with any camera, regardless of whether 
it has built-in Optotune lens integration. 
 

 
Figure 3. Three different scenarios for using Optotune liquid lenses through Halcon 

 

We provide example Halcon codes for these three scenarios and discuss them in the next section. On 
the other hand, for Merlic only the first scenario is available, and it will be discussed in section 3.  
 

2 Optotune Lenses with Halcon 

2.1 Focal power control and AF through the camera interface 

In this section, we discuss scenario 1 for using Optotune liquid lenses with Halcon. HDevelop XL 25.05 
Progress is used throughout these examples. As discussed in section 1.2, scenario 1 is only available 
for cameras which have the possibility of integration with Optotune liquid lenses (through ECC-1C con-
troller or with a built-in lens controller) to control the focal power of the liquid lens and also have an 
AF algorithm implemented on their firmware.  
Example script for this scenario can be found as file AutoFocus_Camera.hdev here: Link 
We dive deep into this script and discuss different commands.  

https://archive.optotune.com/LiquidLensControl_using_Halcon_Examples.zip
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First, ensure that the camera connection is verified in the Image Acquisition tab. This step also allows 
you to confirm the DeviceID, which can then be used in your script. 
 

 
Figure 4. Image Acquisition and camera detection 

 

The camera should be connected using the DeviceID with create_image_source and also connect_image_source. 
After this step, it is important that depending on the light conditions, Exposure time and/or gain of the camera 
is selected. As an example, in the script below, Exposure time of 15ms is selected. All the camera parameters, 
such as exposure time, gain, whitebalance, etc, and also camera parameters for liquid lens control can be 
adjusted by set_image_source_param commands. The main command which needs to be used for Autofocus is 
set_image_source_param(Camera, 'FocusAuto', [], [], 'Once').  

A while loop is used to create a control window with Autofocus button and the best focal power after AF can be 
found by reading the focal power value using get_image_source_param(Camera, 'LensOpticalPower', [], [], 
OpticalPower) command. This helps to represent the best focus focal power as a control parameter, Optical 
power’ as shown in Figure 5. (b).  

 
Figure 5. (a) Image representation and AF. (b) Control variables 
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Figure 6. Hdevelop scripts for focal power control and AF through the camera interface 

 

2.2 Focal power control through the camera interface and AF using Halcon 

In this section, we discuss scenario 2 for using Optotune liquid lenses with Halcon. HDevelop XL 25.05 
Progress is used throughout these examples. As discussed in section 1.2, scenario 2 is available for 
cameras which have the possibility of integration with Optotune liquid lenses (through ECC-1C control-
ler or with a built-in lens controller) to control the focal power of the liquid lens. However, the AF 
algorithm is implemented with a Halcon algorithm.  

Example script for this scenario can be found as file AutoFocus_Camera_Manual.hdev here: Link  
We dive deep into this script and discuss different commands. Let’s start with an overview of the AF 
algorithm. The example autofocus (AF) algorithm presented here uses a two-step process to identify 
the optimal focus, or focal power value, within a user-defined range. The user specifies the minimum 
and maximum focal power values, as well as the step size. In the first step, a coarse sweep, the algo-
rithm increments the focal power across the specified range and calculates a Sobel-filter–based con-
trast metric at each point. A Lorentzian curve is then fitted to the resulting contrast values to estimate 
the focal power corresponding to maximum contrast. In the second step, a fine sweep, the algorithm 

https://archive.optotune.com/LiquidLensControl_using_Halcon_Examples.zip
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performs a higher-resolution search around this estimated focal power to pinpoint the exact value that 
yields the maximum contrast.  
 

 
Figure 7. Hdevelop scripts for focal power control through the camera interface and AF using Halcon 

 

The autofocus (AF) operation is performed using the focus_camera_two_step function. To achieve optimal 
results, it is essential to configure several key parameters. First, define the minimum and maximum values of the 
AF range using AutoFocusParams.FocusMin and AutoFocusParams.FocusMax. Next, specify the size and position 
of the autofocus region of interest (ROI) by adjusting AutoFocusParams.DomainW, AutoFocusParams.DomainH, 
AutoFocusParams.DomainOffsetX, and AutoFocusParams.DomainOffsetY. If the offset values are set to -1, the 
system will automatically position the AF ROI at the center of the image, ensuring a convenient default setup. 

Additionally, make sure that the FocusFeatureName parameter is correctly configured, as this can differ between 
camera models. According to the GeniCAM standard (as noted in Section 1.1), the expected parameter name is 
FocalPower. However, as demonstrated in the example above, some cameras—such as Basler models—use an 
alternative name, like LensOpticalPower. Verifying this setting for your specific device is crucial for successful 
autofocus functionality. 

In the back-end of focus_camera_two_step function, as indicated in Figure 8, there are two steps of a coarse and 
a fine sweep. These two steps are basically similar except for the fact that the Step size and the Min/Max range 
for them are different.  In each of these steps, a Sobel-filter based contrast metric is evaluated to find the best 
focus using a for-loop. Sobel filter is available in Halcon. 
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Figure 8. Two-step AF algorithm based on the Sobel-filter  

 

2.3 Lens control using serial communication of ECC-1C 

In this section, we discuss scenario 3 for using Optotune liquid lenses with Halcon. HDevelop XL 25.05 
Progress is used throughout these examples. As discussed in section 1.2, scenario 3 is available for any 
camera and the liquid lens control is done with serial communication of ECC-1C. The AF algorithm is 
implemented with a Halcon algorithm running on the PC (host). The serial communication of ECC-1C 
can be found in its Datasheet.  
Example script for this scenario can be found in AutoFocus_OptotuneECC_1C_Serial.hdev here: Link 
The AF algorithm is exactly like the one which is discussed in section 2.2 as a two-step process for 
finding the optimal focus using a coarse and a find sweep. Such an algorithm with Optotune ECC-1C is 
presented in a python example here. The main difference here with what was described in section 2.2 
is that the liquid lens focal power control is through serial communication with ECC-1C. It is important 
that the COM port is selected correctly in the corresponding command, optotune_ecc_1c_init ('COM4', 
ECC_1C). Other parts such as the camera properties and also AutoFocusParams are exactly the same 
as what was discussed in section 2.1 and section 2.2. Additionally, to set the focal power to a specific 
value, a command such as optotune_ecc_1c_set_focalp (ECC_1C, 0.75) should be used.  
 

 
Figure 9. Serial connection with ECC-1C 

https://www.optotune.com/s/Optotune-ECC-1C.pdf
https://archive.optotune.com/LiquidLensControl_using_Halcon_Examples.zip
https://archive.optotune.com/OptotuneAutofocusModuleExamples_PythonSDK.zip
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3 Optotune Lenses with MERLIC 
MERLIC is MVTec’s intuitive and all-in-one machine vision software designed for users who prefer a 
graphical, no-code environment. It allows developers and operators to build powerful vision applica-
tions without the need for advanced programming skills. With its drag-and-drop interface and inte-
grated tools, MERLIC supports essential machine vision tasks such as inspection, measurement, and 
positioning. When combined with Optotune liquid lenses, MERLIC can control focus dynamically 
through GenICam-compliant cameras, enabling rapid adaptation to varying object distances and im-
proving efficiency in applications like quality inspection, logistics, and automated assembly. 
Optotune liquid lenses can be controlled in MERLIC only through the camera interface, as described in 
Scenarios 1 and 2. In this setup, the ECC-1C must be connected to the camera, and all communication 
with the lens occurs via the camera interface. MERLIC provides access to camera features, including 
liquid lens parameters. If the camera firmware includes an autofocus (AF) algorithm, MERLIC can utilize 
it; otherwise, only manual focal power adjustment is available. 
In order to start using Optotune liquid lens in MERLIC, firstly, a new image source should be added in 
the Runtime Environment Setup and the camera with liquid lens control should be selected among the 
available devices, as shown in Figure 10. After that, the configuration should be activated. This can be 
done by pressing Activate the configuration to connect this device and configure it.  
 

 
Figure 10. Image source selection in MERLIC 

 

MERLIC provides a live view of the camera feed, allowing users to visualize the image in real time while adjusting 
camera parameters. All standard camera settings are accessible through the interface, including those for 
integrated liquid lenses. The specific control parameters for liquid lenses depend on the camera manufacturer 
and how they are organized within the GenICam feature tree. In the example shown using a Basler camera, these 
parameters are grouped under the OpticControl section. To enable control, the LensConnection parameter must 
first be set to Connect. Once the connection is established, the focal power of the lens can be adjusted 
interactively using the FocalPower slider, as illustrated in Figure 11(a). The AF can be executed using the 
FocusAuto command and its parameters are available in the AutoFunctionControl section, Figure 11(b).  

Imagesource liveview can be added to the ToolFlow of MERLIC and the liquid lens features, such as any other 
parameters of the camera, can be adjusted in a sequence. The ability to control the liquid lens directly through 
camera parameters opens the door to developing a wide range of machine vision applications and tools within 
MERLIC.  
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Figure 11. Camera parameters and liquid lens control in the image-source features 

4 Conclusion 
The integration of Optotune liquid lenses with modern machine vision systems offers a significant leap 
in flexibility, speed, and precision for industrial applications. By enabling electronic control of focus, 
these lenses eliminate the need for mechanical adjustments, reducing system complexity and increas-
ing throughput. When combined with MVTec’s HALCON and MERLIC software, users gain access to 
advanced image processing algorithms and easy-to-use tools that make implementing autofocus or 
depth adaptation straightforward. 

The three interfacing approaches discussed—camera-integrated autofocus, HALCON-based control 
through the camera interface, and direct serial communication with the ECC-1C—cover a wide range 
of application requirements. Whether the goal is maximum simplicity with built-in camera firmware 
solutions or full control and customization using PC-based processing, Optotune lenses provide a scal-
able solution that fits various machine vision setups. 
Ultimately, combining tunable optics, GenICam-compliant cameras, and powerful software platforms 
like HALCON and MERLIC unlocks highly adaptable, compact, and reliable systems. This synergy em-
powers diverse applications, from robotics and logistics to precision inspection and quality control, 
ensuring that machine vision solutions remain efficient, future-proof, and ready to meet the increasing 
demands of modern automation. 
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