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Sound level meters are usually calibrated in accordance with the complex process of Periodic Tests 

described in IEC 61672-3 [1]. During calibration, measurement data is often read from the display of the 

sound level meter, even though many devices already have a digital interface. This paper discusses the 

challenges that a manufacturer-independent calibration laboratory faces when attempting to use digital 

interfaces to automate the calibration process and offer this service to customers cost-efficiently. As well 

as various hardware interfaces, the laboratory must respond to different communication protocols, which 

are often not published by the sound level meter manufacturer or are poorly documented. The paper 

concludes with a plea for a uniform 'calibration interface' for sound level meters, which could reduce the 

cost of this calibration service.  

1 Introduction 

The calibration of sound level meters remains a critical task in ensuring the traceability, reliability, and comparability of 

acoustic measurements across industrial, environmental, and regulatory applications. With the increasing prevalence of 

digitally interfaced sound level meters, calibration laboratories are confronted with new challenges that extend beyond 

those associated with traditional analogue instruments.  

Modern sound level meters often incorporate advanced digital interfaces, enabling automated data exchange, remote 

control, and integration into complex measurement systems. While these features offer significant advantages in terms of 

functionality and efficiency, they simultaneously complicate the calibration process. Variations in proprietary 

communication protocols, data formats, firmware implementations, and command structures necessitate adaptable 

calibration strategies and flexible software infrastructures within calibration laboratories. As a result, ensuring compliance 

with IEC 61672-3 [1] while maintaining operational efficiency has become an increasingly demanding task. 

Furthermore, the need to calibrate multiple device types within limited timeframes places additional pressure on 

laboratories to optimise their workflows without compromising measurement uncertainty or standard conformity. 

Traditional manual calibration approaches are often too time consuming for the calibration of complex devices like sound 

level meters. Consequently, there is a growing demand for automated or semi-automated calibration systems capable of 

interfacing with a wide spectrum of devices while ensuring reproducibility and auditability of results. 

This paper addresses the key challenges faced by calibration laboratories in this context and explores potential approaches 

to improving efficiency in the calibration of digitally interfaced sound level meters. Emphasis is placed on the 

harmonisation of communication processes, the development of scalable calibration architectures, and the integration of 

standard-compliant verification procedures. Through this discussion, the paper aims to contribute to the advancement of 

calibration practices in line with evolving technological and regulatory landscapes. 
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2 Overview of Calibration Requirements according to IEC 61672-3 

The scope of the standard encompasses laboratory-based verification procedures rather than field checks, thereby focusing 

on high-precision assessments conducted under controlled environmental conditions. 

A central component of IEC 61672-3 is the definition of key verification measurements. These include, most notably, 

level linearity, frequency weighting, and time weighting. Level linearity tests assess the instrument’s ability to respond 

proportionally across a specified range of sound pressure levels, ensuring that measurement deviations remain within 

acceptable tolerances. Frequency weighting verification evaluates the conformity of the instrument’s frequency response 

to standardised weighting curves, such as A, C, or Z weightings. Time weighting tests, on the other hand, examine the 

dynamic response characteristics of the instrument, typically verifying compliance with Fast, Slow, and Impulse time 

constants. Additional checks may include tone burst response, depending on the class of the instrument. 

The implementation of IEC 61672-3 has significant implications for calibration laboratories. Laboratories must be 

equipped with appropriate reference instrumentation, such as precision sound sources, reference microphones, and 

environmental control systems, all of which must themselves be regularly calibrated. Personnel must be trained in the 

application of the prescribed procedures and in the evaluation of uncertainty budgets. Additionally, laboratories are 

expected to operate within quality management frameworks, often aligned with ISO/IEC 17025, to demonstrate 

competence and ensure the validity of their results. The reference devices and trained personnel incur significant costs 

and therefore the calibration of a sound level meter should be carried out as efficiently as possible in order to keep the 

costs for the client within a bearable range. 

3 Conventional Manual Calibration Procedures 

For the adjustment of sound level meters as a first step in the calibration process, acoustic reference sound sources such 

as acoustic calibrators or pistonphones with only one frequency point are used. On the other hand, variable reference 

sound sources such as acoustic couplers and anechoic chambers are used to measure the frequency response with the 

various evaluation filters or the level linearity.  

Figure 1 shows a calibration system that provides a defined pressure sound field by means of an acoustic coupler, whereby 

frequency and sound pressure can be varied in certain ranges. For a precise and traceable representation of the sound 

pressure, a reference microphone is used with the coupler, and a closed control loop is created by a controller that provides 

the excitation signal to the coupler and measures back the signal from the reference microphone. The calibration software 

can now be used to set any frequency and sound level, adjust it by means of the closed control loop while the measured 

value of the sound level meter can be read by the operator and transferred to the calibration software via keyboard. 

Similarly, electrical measurements can also be made on the sound level meter, where the electrical output signal from the 

controller is fed into the sound level meter by means of a substitute capacitor instead of the microphone capsule. 

 

Figure 1 Determination of the frequency response of a sound level meter (SLM) by means of an acoustic coupler 
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Depending on the range of functions of the sound level meter, more than a hundred measuring points must be collected 

for the acoustic measurements alone. The additional electrical measurements further increase the effort for calibration. 

Since the operator must concentrate on the display of the test specimen during the entire measurement and transfer the 

measured values correctly, the manual calibration process is neither efficient nor error-resistant. The valuable working 

time of the well-trained operator is mainly used for the manual entry of measured values. 

 

4 Semi-Automated Approaches Using Display Capture and OCR 

A helpful semi-automatic approach is therefore the use of a camera that takes images of the display of the device under 

test (DUT) during the measurement and translates it into a measuring value using OCR, which can then be automatically 

transferred to the calibration software (see Figure 2). This relieves the operator somewhat, but he also must monitor this 

process closely. Depending on the quality of the DUT display, the camera and the lighting conditions, the OCR program 

can make errors in the image evaluation, which should be detected by the operator in time. By correcting the camera 

settings, the exposure conditions and the image section to be evaluated, the image evaluation can then be significantly 

improved and thus measurement errors can be avoided. In addition, this semi-automatic method must also take over 

another task that falls to the operator in the manual process. Since the display of the sound level meter is not immediately 

stable after adjusting a reference sound pressure, e.g. due to the set time weighting, the software must independently 

determine when the measured value is stable and can be transferred to the measurement report. Here, too, errors can occur 

in the implementation. 

 

 

Figure 2 Semi-Automated approach using a camera and OCR software to read the display 

The semi-automatic approach is therefore not completely error-free and still requires the operator's attention during the 

measurements. In addition, the settings on the sound level meter, such as the various weighting filters, must also be made 

manually by the operator during the measurement process. It would therefore be desirable if the calibration software had 

access to a digital interface of the DUT with which its settings can be controlled and the measured values can be read. 

This should allow fully automatic measurements to be carried out at a very low error rate, if it is ensured that the output 

values of the digital interface correspond to the display values and that the control of the DUT works reliably. However, 

the following section shows that the use of such digital interfaces can also lead to challenges for the manufacturers of 

calibration systems or the operators of the calibration laboratories. 
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5 Challenges of Digitally Interfaced Sound Level Meters 

The increasing integration of digital interfaces in modern sound level meters introduces a range of challenges for 

calibration laboratories, particularly when aiming to establish efficient, standard-compliant, and fully automatic 

calibration procedures. While digital connectivity offers significant potential for automation and data integrity, the 

absence of harmonisation across devices and manufacturers creates substantial obstacles in practice. 

5.1 Hardware Interface Diversity 

A primary challenge lies in the diversity of hardware interfaces implemented by different sound level meter 

manufacturers. Instruments available on the market may provide communication via USB, RS-232, Ethernet, or 

proprietary physical interfaces. Each of these interfaces requires specific hardware configurations, drivers, and 

communication setups within the calibration system. As a consequence, laboratories must maintain a wide range of 

interface components and ensure their compatibility with existing infrastructure. This not only increases system 

complexity but also leads to higher maintenance efforts and potential points of failure. Furthermore, legacy interfaces 

such as RS-232 remain in use alongside modern high-speed connections, complicating efforts to standardise calibration 

environments. Since most sound level meter types can be connected by means of hardware interfaces, which are common 

in PCs, the variety of hardware interfaces in this device class is usually not a major challenge. However, in the case of 

devices that are used stationary, such as for airport noise monitoring, and which transmit their measurement data directly 

to a cloud service via mobile network, the digital connection can be difficult, as the temporal connection between the data 

that can be read in the cloud and the excitation in the calibration system cannot always be clearly established. In this case, 

a second direct digital interface to the PC is the better alternative for data transmission, if it is available. Interfaces that 

are not common in PCs, such as I2C, I3C, SPI, etc., are usually not found in sound level meters and would require e.g. 

additional specialized interface cards in the controller, as  outlined in Figure 3, which significantly increase the effort for 

a calibration system. 

 

Figure 3 Required capability of the calibration system to communicate  

with DUTs via a wide variety of digital interfaces 

5.2 Software Protocol Heterogeneity 

Beyond the physical connection, the heterogeneity of software protocols represents a more significant and less tractable 

challenge. Manufacturers typically implement their own command sets, communication sequences, and data formats for 

device control and data retrieval. These protocols differ in structure, syntax, timing behaviour, and error handling 

mechanisms. As a result, calibration software must either be individually adapted to each device type by the calibration 

laboratory or rely on a growing collection of device-specific drivers delivered by the manufacturer of the calibration 

system (see Figure 4). This fragmentation hinders the development of unified calibration workflows and reduces the 
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reusability of software components. Additionally, updates in device firmware may introduce changes to the 

communication protocol, requiring continuous maintenance and validation efforts within the calibration laboratory. 

 

Figure 4 Besides different digital hardware interfaces the implementation of type-specific  

software drivers that decode the commination protocols of the DUTs is required 

The effort that the manufacturers of calibration systems or the calibration laboratories would have to spend on this would 

significantly increase the prices for the calibration service. In addition, however, the question also arises as to whether 

suitable drivers can be developed for all sound level meter models. 

5.3 Limited Accessibility of Interface Specifications 

A complication arises from the limited availability of detailed interface specifications. In many cases, communication 

protocols are proprietary and not fully disclosed by manufacturers. This restricts the ability of calibration system 

developers and laboratories to implement direct communication with the instruments. Consequently, laboratories become 

dependent on manufacturer support, which may vary in quality, availability, and long-term commitment. In some cases, 

reverse engineering efforts are required to achieve integration, which is both time-consuming and potentially unreliable. 

The lack of transparency also poses risks for long-term system stability, as undocumented changes in device behaviour 

may remain undetected until they impact calibration results. 

Taken together, these challenges illustrate that the integration of digitally interfaced sound level meters into calibration 

workflows is not merely a technical extension of existing procedures, but rather a structural issue affecting 

interoperability, efficiency, and sustainability. Addressing these challenges requires approaches that balance the need for 

standardisation with the protection of manufacturer-specific implementations, while enabling calibration laboratories to 

maintain control over their processes. 
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6 Conceptual Approach for Standardised Digital Integration 

In order to address the challenges outlined above, a conceptual approach is required that enables efficient integration of 

digitally interfaced sound level meters while minimising dependency on device-specific implementations. A key objective 

is to decouple the calibration system from the heterogeneity of hardware interfaces (which may not be possible and 

necessary as discussed above) and proprietary communication protocols, thereby establishing a scalable and maintainable 

architecture. 

6.1 Design Principles 

The proposed approach is based on the principle of abstraction, whereby all device-specific communication is 

encapsulated within clearly defined interface boundaries. Instead of integrating individual communication protocols 

directly into the calibration software, a uniform interaction layer is introduced. This layer defines standardised commands 

for common calibration tasks, such as initiating measurements, retrieving results, or configuring instrument settings. 

A strict separation between the calibration system and the underlying device communication ensures that modifications 

at the instrument level do not propagate into the higher-level calibration logic. As a result, the calibration workflow can 

be designed independently of specific device implementations. This not only reduces software complexity but also 

improves maintainability and facilitates the extension of the system to additional instrument types. Modern calibration 

software should already be prepared for this separation between the basic logic of the calibration software and the control 

of the DUTs, so that only the question of how the integration of the test specimens into this software architecture is 

implemented in practice remains to be clarified. 

6.2 The PTB Approach: Executable Interface Modules 

An implementation of this concept is used by the Physikalisch-Technische Bundesanstalt (PTB), Germany, based on the 

use of manufacturer-provided executable interface modules. In this approach, each sound level meter is accompanied by 

command-line interface (CLI) callable executable files, typically provided as standalone applications by the manufacturer. 

These executables act as intermediaries between the calibration system software and the DUT (see Figure 5). 

 

 

Figure 5 Communication between calibration software and sound level meter  

via a standardised executable file that is called via the command-line interface (CLI) 

The calibration system interacts exclusively with these executables via a predefined and standardised interface. To the 

author’s knowledge, the PTB currently requires a separate executable file for each combination of weighing filters, time 

filters and measurement ranges to be tested. The measured values are output via text files, which are read by the calibration 

software. A simpler approach in future could be to provide just one executable file for a specific sound level meter model, 

in which the parameters for setting measurement ranges and filters are passed via command-line arguments in a 
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standardised format. The executable, in turn, handles all device-specific communication, including protocol 

implementation, timing control, and error handling. The measurement values could be returned via the CLI or alternatively 

provided as a file in a structured machine-readable data format (e.g. XML or JSON). 

A central feature of this approach is that the interface between the calibration system and the executable is standardised 

across all manufacturers. This ensures that the calibration software can invoke different devices in a uniform manner, 

regardless of their internal communication mechanisms. At the same time, manufacturers retain full control over their 

proprietary protocols, as these remain encapsulated within the executable and do not need to be disclosed. 

6.3 Advantages of the Approach 

The use of executable interface modules provides several significant advantages. First, it enables a high degree of 

standardisation at the system level, allowing calibration laboratories to implement consistent and automated workflows 

across a wide range of devices. Second, it reduces the integration effort for new instruments, as only the corresponding 

executable needs to be incorporated, without modifying the core calibration software. 

Furthermore, the approach enhances maintainability by delegating responsibility for protocol implementation and updates 

to the device manufacturers. Changes in firmware or communication behaviour can be addressed within the executable 

without requiring intervention by the calibration laboratory. This reduces the risk of system incompatibilities and ensures 

long-term stability. 

At the same time, the concept addresses concerns related to intellectual property protection. Manufacturers are not 

required to disclose proprietary communication protocols, as these remain internal to the executable module. This lowers 

barriers to adoption and encourages broader industry participation. 

Overall, the proposed approach represents a pragmatic compromise between the need for standardised calibration 

processes and the realities of a heterogeneous device landscape. It provides a viable path towards scalable automation 

while maintaining flexibility and respecting manufacturer constraints. 

7 Conclusion 

Although many modern sound level meters have digital interfaces that could allow these devices to be calibrated 

automatically, the variety of hardware interfaces and communication protocols prevents this. Integration by manufacturers 

of calibration systems or calibration laboratories would require excessive effort that would not be compensated for by 

customers of calibration laboratories. Furthermore, programming interface software by calibration system manufacturers 

or laboratories raises the question of who would verify this software and how, which would also lead to additional effort. 

Using a camera and OCR software to read the display of the DUT is only a half-hearted solution, as it is not possible to 

automate the switching of weighting filters during measurements, and the results of the OCR software cannot be trusted 

without human supervision. Furthermore, some devices lack a proper display as they are designed to transmit data directly 

to other software services. 

Therefore, the approach taken by PTB, which requires manufacturers to provide software with a standardised interface 

for setting and reading DUTs, seems to be the most efficient. The manufacturer would only need to program this software 

once, and this could be verified with the device's functions at the time of pattern evaluation tests. While the manufacturer 

is not required to disclose specific details about their interfaces or transmission protocols, they must make this software 

available to calibration system manufacturers and laboratories under reasonable conditions. The latter should be in the 

general interest of manufacturers, as they should want to ensure that their devices can be calibrated with the least possible 

effort. This would increase customer acceptance and potentially encourage them to purchase new models rather than 

holding on to old ones, which they have already invested a lot of money in calibrating and maintaining. 
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