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1. Introduction

The vibrational behavior of vehicle body structures and components directly affects Noise, Vibration and
Harshness (NVH), perceived quality, durability and the early detection of abnormal mechanical couplings.
Measuring the operational vibration response of the vehicle makes it possible to locate resonances, identify
transmission paths and determine which panels or subassemblies contribute most to cabin vibration and noise.

Laser Doppler vibrometry measures surface vibration velocity from the Doppler shift of a laser beam reflected
by the target. As an optical technique, it does not add mass, does not require contact sensors or cabling and
preserves the dynamic boundary conditions of lightweight panels, glazing and trims.

Ommatidia's multibeam Laser RADAR extends this principle from point measurements to dense spatial
acquisition: 65 points are acquired simultaneously and, by scanning the field of view, vibration maps are
reconstructed over the complete body or selected components. The result is a direct view of how the vehicle
vibrates, for example with the engine running or under controlled acoustic or mechanical excitation.
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Figure 1: Experimental setup for operational automotive body vibration measurement with Ommatidia Q2.
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2. Q2 system concept for automotive vibrometry applications

The equipment used in this test was the Ommatidia Q2 multibeam Laser Doppler Vibrometer, based on
FMCW (Frequency Modulated Continuous Wave) Laser RADAR technology. It was used in vibrometry mode,
which allows the non-contact measurement of the velocity or displacement of a surface in 65 simultaneous
points arranged in a line.

Figure 2: Ommatidia's Q2 multibeam Laser Doppler Vibrometer.

The main Q2 specifications and characteristics relevant to this automotive test are as follows:

+ High-accuracy long-range metrology: 1.0-50 m measurement range with a precision of 20 ym + 6
pm/m.

*  Multi-point vibrometry: sampling at up to 40 kHz over 65 simultaneous points

+ Integrated accelerometer to compensate for ground vibration

* Pointing aid and autofocus: Full-HD RGB camera (1920 x 1080) with automatic focusing.

+ Industrial design and connectivity: IP54 protection, atmospheric compensation, Gigabit Ethernet, GPS
synchronization, analog I/O and digital output.

+ Unified software and open data: Ommatidia Atelier™ control software and HDF5 format for post-
processing, OMMViewer™ for data processing

3. Data acquisition and measurement workflow
The test is performed by placing the Q2 in front of the vehicle at a distance compatible with the required field
of view, typically at 4 or 5 meters (Figure 1).

The workflow starts with an intensity scan to verify that the optical return is sufficient over the region of interest.
As it can been seen (Figure 3) the signal level is high even though the car is black. Even for the tire the signal
level is high enough.
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Figure 3: Intensity image

Then, a metrology scan is performed. In this mode, the instrument works in a pure lidar mode, generating a
cloud of points (Figure 4) where the vibrometry will afterwards me measured.

Figure 4: metrology measurement

Lastly, the vibrometry scan is taken. During this scan, each measurement line contains 65 simultaneous points
(“frame”) and the sequence of lines reconstructs the vibrational behavior of the scanned area. The phase from
one frame to another is kept by using an additional single beam vibrometer. The resulting HDF5 file can be
opened in Ommatidia's OMMHS5Viewer for spectrum analysis, waveform inspection and geometry-linked
operational deflection shapes.

4. Data post-treatment

The data post-treatment was performed with the SW package OMMViewer (included with the Q2). This SW
allows several data processing operations: peak extraction, mode maps. Mode animation (ODS), cross-
correlation maps, waveforms and STFT.

4.1. Peak identification
The first step in the analysis of the data is to identify the positions of the vibration peaks. This can be done
either automatically or manually (Figure 5) and for the whole field of view or for certain regions of interest. In
this case we have created a mask containing the car in order to not consider the background, but we could
also restrict the analysis to a certain part of the car.
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Figure 5: Peak extraction for the whole field of view.

5. Frequency-resolved vibration mapping and data interpretation

The primary output is a frequency-resolved spatial vibration map. Each map associates vibration amplitude
with a selected frequency peak or frequency band, enabling the measured response to be located directly on
the vehicle geometry.

The main mode is at 28Hz and it corresponds the rigid full body movement (Figure 6):
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Figure 6: Frequency-resolved 2D vibration amplitude map of the vehicle body at 28 Hz.
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In this acquisition, the highest response levels are observed around the front two side doors region and other
locally less constrained areas. These regions are consistent with zones where vibrational energy is more
strongly transmitted or amplified, whereas low-amplitude regions may correspond to modal nodes, stiffer
areas or less efficiently excited zones.

Frequency-resolved vibration maps make it possible to compare how different parts of the structure respond
at different frequency components. As shown in the following examples, the regions with the highest vibration
levels are not the same at 28 Hz, 42 Hz and 85 Hz. An area or subassembly that shows a strong response at
one frequency may present a much lower response at another, while other areas can become more active.

This information is particularly useful for vibration analysis, since it helps identify which parts of the structure
are contributing most to the operational response at each frequency and supports the localization of
frequency-dependent vibration patterns. For example, at 42 Hz we can distinguish a vibration mode localized
at the tire, which is probably coming from a direct coupling from the engine to the tire via the front axis.
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Figure 7. vibration response at 42 Hz.

At 85 Hz, which is close to the 3 harmonic of 28Hz, we see more localized vibrations at the tires, the doors,
and the rear mirror, which are more loose and prone to more vibration (Figure 7).
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Figure 7: vibration response at 85 Hz.

The different outputs obtained from the Q2 acquisition can be combined to provide a comprehensive analysis
of the vehicle’s operational vibration behavior.

6. Conclusion and industrial value

Ommatidia's Laser RADAR technology extends laser Doppler vibrometry from point-based measurements to
dense spatial characterization of automotive bodies and components. For NVH, product engineering and
quality-control teams, the Q2 provides a quantitative full-field tool to visualize the operational response of the
real vehicle, identify global body modes and local panel modes, compare design configurations and support
FEM correlation without modifying the structure under test.

Beyond full-body vibration analysis, the same approach can be applied to windscreen bonding inspection,
interior panels, glazing, trim parts and damping materials. By combining 3D metrology, multibeam vibrometry,
spatial scanning and HDF5-based post-processing, the Q2 supports non-contact testing for development,
diagnostics and industrial integration, reducing preparation time and avoiding accelerometer mass loading.
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