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Abstract. We introduce a novel method for measur-

ing the speed of periodic events by an event cam-

era, a device asynchronously reporting brightness

changes at independently operating pixels. The ap-

proach assumes that for fast periodic events, in any

spatial window where it occurs, a very similar set

of events is generated at the time difference corre-

sponding to the frequency of the motion. To estimate

the frequency, we compute correlations of spatio-

temporal windows in the event space. The period

is calculated from the time differences between the

peaks of the correlation responses. The method is

contactless, eliminating the need for markers, and

does not need distinguishable landmarks. We eval-

uate the proposed method on three instances of pe-

riodic events: (i) light flashes, (ii) vibration, and

(iii) rotational speed. In all experiments, our method

achieves a relative error lower than ±0.04%, which

is within the error margin of ground truth measure-

ments.

1. Introduction

The measurement of properties of periodic events

has a wide applicability in diverse real-world do-

mains. For example, precise quantification of rota-

tional speed is important in many fields, ranging from

sport analysis to the assessment of rotating compo-

nents in machinery and mechanical systems across

industries such as aviation (especially drones [5]),

energy production using wind turbines [6], and mo-

tor speed testing.

Commercial devices for measuring periodic event

properties, like traditional contact tachometers [4] or

rotary encoders used for measuring rotation speed,

necessitate direct contact with the observed object.

These approaches interfere with the target’s move-

ment, as additional equipment must be in contact

with the observed object.

Figure 1: The proposed method: (i) data captured

from an event camera is aggregated into N non-

overlapping arrays along the time axis, (ii) a Re-

gion of Interest and a template are selected, (iii) 2D

correlation of the template with arrays is computed,

(iv) and the frequency is calculated from the average

of time deltas measured between correlation peaks.

In contrast to contact measurement devices, laser

devices offer highly accurate [7], less invasive mea-

surements. However, reflective material (e.g., a

sticker) must be placed on the target, reflecting the

laser into the sensor while measuring. Under certain

conditions, this limits the application of laser devices

since it might not be convenient or even feasible to at-

tach labels to particular objects or in confined spaces

of the observed machinery. Another disadvantage is

that the device operator must aim the laser precisely

at the target, as missing the reflective material pass-

through results in an inaccurate measurement.

We propose a method that allows for non-contact

measurement of the frequency of any periodic event.



(a) flashing LED (b) vibrating speaker (c) a felt disc with (d) a velcro disc, (e) a velcro disc captured

diaphragm a high contrast mark fronto-parallel view through a glass sheet

at a 45° camera angle

Figure 2: Experimental setup with visualisation of event camera output. Top: physical setups, bottom: events

from a 250 ms window visualised in spatio-temporal space.

The proposed method computes correlations of

spatio-temporal windows in the event space, as-

suming that the period of the periodic motion

corresponds to the time differences between the

peaks of the correlation responses (see Fig. 1). The

method is validated on experiments with periodic

events, i.e. flashing light and vibration, and periodic

motion, i.e. rotation. Our method achieves accuracy

with a relative error of ±0.04% in all our experi-

ments, which falls within the margins of error of the

ground truth.

2. Related work

In this section, we explore existing approaches and

technologies in the domain of rotation speed mea-

surement, as it is the most common periodic event.

Firstly, we delve into commercially available rota-

tion speed measuring devices with contact and con-

tactless options. Subsequently, we explore camera-

based rotation speed measurement methods. Lastly,

we investigate event-based rotation speed measure-

ment methods, examining approaches that utilise

event cameras for accurate rotational speed estima-

tion. Each subsection provides notes on the strengths

and limitations inherent in each approach.

2.1. Commercially Available Rotation Speed Mea-

suring Devices

Commercially available devices offer either con-

tact, e.g. traditional mechanical tachometers, or

contact-less rotation speed measuring, e.g. electro-

static and optical encoder tachometers, including

laser tachometers.

Mechanical tachometers are physically attached to

the target’s shaft and rotate with it to determine the

rotation speed. However, this direct physical connec-

tion introduces inaccuracies due to the mass and fric-

tion of the tachometer. Electrostatic sensors detect

changes in the electromagnetic field caused by a shaft

bearing fixed on the target, estimating the rotation

speed based on the frequency of these changes. Op-

tical encoder tachometers utilise a photoelectric sen-

sor to detect light passing through a disc between a

light source and the sensor. The disc contains opaque

and transparent segments that allow for the estima-

tion of rotation speed based on the frequency of

light changes detected by the sensor. Laser tachome-

ters measure rotation speed by using the frequency

of laser light bounces to its sensor from small and

lightweight reflective labels that must be affixed to

the target’s surface.

2.2. Camera-based Rotation Speed Measurement

Methods

Wang et al. [8] created a rotational speed measure-

ment system based on a low-cost imaging device re-

quiring a simple marker on the target. The method

involves pre-processing sequential images by denois-

ing, histogram equalisation, and circle Hough trans-

form. Subsequently, these processed images undergo

a similarity assessment method. The rotational speed

is calculated by applying the Chirp-Z transform to

the restructured signals, and the method achieves

valid measurements with a relative error of ± 1% in

the speed range of 300 to 900 revolutions per minute

(RPM).

An alternative approach [9] involved the computa-

tion of structural similarity and two-dimensional cor-

relation between consecutive frames. Subsequently,

similarity parameters were utilised to reconstruct a



continuous and periodic time-series signal. The fast

Fourier transform was then applied to determine the

period of the signal, providing the maximum relative

error of ± 1% over a speed range of 0 to 700 RPM.

Camera-based rotation speed measurement meth-

ods offer the advantage of non-contact measure-

ments, eliminating physical attachments to the rotat-

ing object and often providing a cost-effective solu-

tion. However, the frame rate of standard cameras is

relatively low, which can constrain the range of ob-

servable rotating objects and potentially compromise

the accuracy of speed measurements, especially for

high-speed rotations.

2.3. Event-based Rotation Speed Measurement

Methods

Hylton et al. [2] introduced a technique for com-

puting the optical flow of a moving object within an

event stream, demonstrating its application in esti-

mating the rotational speed of a disc with a black-

and-white pattern. However, the algorithm’s design

lacked the sophistication required to deal with the

non-structural and noisy event stream to obtain ac-

curate measurements of high-speed rotation.

EV-Tach method [10] starts by eliminating event

outliers by estimating the median distance from

events to their centroid, flagging events with dis-

tances surpassing a specified threshold as outliers.

Subsequently, it identifies rotating objects charac-

terised by centrosymmetric shapes and proceeds to

track specific features, such as propeller blades.

Event-based rotation speed measurement methods

offer the advantage of high temporal resolution, en-

abling precise tracking of rapid rotational motion.

However, these methods may face challenges in sce-

narios where clear observable landmarks or mark-

ers on the rotating target are absent, limiting their

applicability in specific environments and necessi-

tating well-defined visual features for accurate mea-

surements or knowledge of the centre of rotation.

3. Proposed method

In this section, we introduce our method. Put sim-

ply, our method first aggregates outputs of an event

camera1 along the time axis, then computes a 2D cor-

relation of a selected template with the aggregated

1The data acquired from the event camera are represented as

a list of tuples (x, y, t, p), where x and y denote spatial coor-

dinates of the event, t the timestamp of the event, and p is the

polarity of the brightness change. The p value is −1 in a case of

brightness decrease, 1 in a case of brightness increase, and 0 in

t ∈ [50, 51) t ∈ [57, 58) t ∈ [59, 60) t ∈ [61, 62)

Figure 3: Aggregated events in a fixed time inter-

val of one millisecond for a selected Region of Inter-

est. Positive events ± white colour, negative events ±

bright blue.

data in a selected region of interest, and outputs the

average duration between peaks of correlation re-

sponses. A detailed description follows.

The Region of Interest (RoI) is a two-dimensional

square area represented by four coordinates defining

its top-left and bottom-right corners. We aggregate

events within fixed time intervals with spatial coor-

dinates within the selected RoI into two-dimensional

arrays we call event-aggregation arrays.

The aggregation procedure starts by creating a

two-dimensional array with the same size as the RoI

filled with zeros. We go through the list of events

with spatial coordinates within a chosen Region of

Interest (RoI) and timestamps within a specified time

interval. For each of these events, we modify an el-

ement in an array. The position of this element in

the array corresponds to the spatial coordinates of the

event relative to the RoI. The polarity of the event de-

termines the new value in the array.

We choose one of these event-aggregation arrays

to calculate the correlation with all event-aggregation

arrays. We refer to this selected array as a template.

Fig. 3 visualises four selected event-aggregation ar-

rays, showcasing the spatial distribution of events

within one millisecond set time intervals.

Next, we calculate correlation responses between

the template and all event-aggregation arrays. As ex-

pected, the responses have periodic peaks. When a

peak is reached, it signifies the completion of one

period of the event. An example of periodic peaks

in the correlation responses is shown in Fig. 1.

Subsequently, we compute N delta times ∆ti by

measuring the temporal differences between succes-

sive event-aggregation arrays that exhibit peaks in

their correlation responses. Each ∆ti represents the

microseconds it takes for the observed object to com-

plete one revolution or cycle of states.

a case of no brightness change larger than the defined threshold.

The list contains events with ascending timestamps.



The RPM value based on a single revolution is

subsequently calculated using the following formula

for experiments on measuring the speed of rotating

objects.

RPMi =
106

∆ti
× 60, i = 1, 2, ..., N (1)

Ultimately, we calculate the average RPM value for

each second of data as

RPM =

∑M
i=1 RPMi

M
(2)

where M is the number of samples in one second of

data.

For the other experiments (4.1, 4.2) the frequency

ν expressed in hertz (Hz) is computed for each ∆ti
as

νi =
106

∆ti
, i = 1, 2, ..., N (3)

We then calculate the arithmetic mean frequency of

periodic movement. An overview of the method can

be seen in Fig. 1.

The σ value in Tab. 5-10 is computed as

σ =

√

σ2

M
(4)

where M is the count of measurements during the

respective time interval of 1 second and represents

the standard deviation of the average measured value.

We assume the measurements are independently

identically distributed and drawn from a normal dis-

tribution. We chose the confidence interval of 95.4%,

by which our point estimate of the mean should be

less than 2σ away from the true mean, and our point

estimate of standard deviation should be less than 2σ.

Our proposed method requires parameters that

need to be selected by the user. These parameters

are the event-aggregation duration, position and size

of the RoI and which event-aggregation array to use

as a template for calculating correlation responses.

4. Experiments

First, we present two frequency measurement ex-

periments in this section. In the first one, we measure

the frequency of the flashing diode. In the second ex-

periment, we estimate the frequency of vibration.

Then, we present three rotational speed measure-

ment experiments. In the first experiment, we mea-

sure the speed of a felt disc with a high contrast mark.

In the second experiment, we measure a disc cov-

ered by a uniform velcro material, where any pattern

is hardly observable. In these two experiments, the

event camera is in a fronto-parallel position relative

to the disc. In the third experiment, we show that

our method is accurate when the camera axis is not

collinear with the axis of rotation and points on the

rotating surface are moving along elliptical orbits in

the 2D space. Moreover, the accuracy is not degraded

when data are captured through a transparent mate-

rial for visible light. For physical setups, see Fig. 2.

For each experiment, we maintain the same light-

ing conditions and stationary position of sensors and

the observed object.

Before we dive into presenting the results of our

method, we describe both the event camera and the

ground-truth laser tachometer.

Event camera In our experiments, we used the

Prophesee EVK4 HD event camera. The camera’s

resolution is 1280x720 pixels and can capture up to

1066 million events per second [1]. The behaviour

of the camera is adjustable with five biases [3],

namely with two contrast sensitivity threshold biases

(bias_diff_on, bias_diff_off), two band-

width biases (bias_fo, bias_hpf), and with the

dead time bias (bias_refr). The contrast sensitiv-

ity threshold biases regulate the contrast threshold,

influencing the sensor’s sensitivity to changes in il-

lumination. The bias_diff_on adjusts the ON

contrast threshold, which is the factor by which the

pixel must get brighter, before an ON event occurs

for that pixel, while the bias_diff_off deter-

mines the OFF contrast threshold, which is the factor

by which the pixel must get darker before an OFF

event occurs for that pixel. Bandwidth biases con-

trol low-pass and high-pass filters, with bias_fo

adjusting a low-pass filter to filter rapidly fluctuating

light and bias_hpf adjusting the high-pass filter

to filter slow illumination changes. Dead-time bias

(bias_refr) regulates the pixel’s refractory pe-

riod, determining the duration of non-responsiveness

for each pixel after each event.

In our experiments, the camera contrast sensitivity

threshold biases were set to 20. The high-pass filter

bias was set to 50, and we kept the other biases at

their default values.

Laser tachometer To capture the ground truth

(GT) rotation speed data, the Uni-Trend UT372 laser

tachometer was used. The tachometer range is 10 to

99,999 RPM with a relative error of ±0.04%.



(a) Selected Regions of Interest

125x125 px 45x45 px 20x20 px

(b) Templates with aggregation duration of 0.1 ms.

t=0.1 ms t=0.25 ms t=0.5 t=1 ms

(c) A template as a function of

the duration t of the aggregation time interval.

Figure 4: Setup of experiment 4.1 (see Tab. 1, 2).

P
P
P
PPt(s)

method Ground

truth

Our method

125x125px

Our method

45x45px

Our method

20x20px

[0, 4) 2000
2000

± 0

2000

± 0

2000.54

± 0.82

Table 1: Frequency (Hz) ± 2σ (4) as a function of

the size of the Region of Interest (see Fig. 2a, 4b).

P
P
P
PPt(ms)

method
Ground truth

Our method

60x60px

0.1

2000

2000

±0

0.25
2000

± 0

0.5
757.79

± 17.28

1.0
361.81

± 12.74

Table 2: Frequency (Hz) ± 2σ (4) as a function of

the aggregation time interval (see Fig. 2a, 4c).

We chose the lowest available measurement out-

put rate of 0.5 seconds and captured the measure-

ments via a USB cable. It is worth mentioning that

the optical tachometer outputs only 3 to 5 samples

per second, while our method produces a measure-

ment for each period of the observed periodic event.

The GT frequency is known for the other experi-

ments as it was manually set beforehand.

In the following subsections, we present the men-

tioned experiments and the results of our method. In

each subsection, the selection of RoI and the dura-

tion of the event aggregation are discussed, as we

hypothesised that these two parameters influence our

method the most.

4.1. Measuring periodic light flashes

In this experiment, we used a simple circuit with

a diode and Raspberry Pi controlling it (see Fig. 2a).

We used private software to precisely set the flashing

frequency and portion of the frequency period (duty

cycle) that the diode should emit light. We opted for

2000 Hz and a duty cycle of 50%.

Selection of RoI We selected three distinct Re-

gions of Interest (RoIs) with varying positions and

sizes. The first RoI covers the entirety of the flashing

diode, while the second focuses solely on its upper

half. Lastly, the third RoI is set to a smaller area

within the upper portion of the diode. The results

(Tab. 1) indicate that the precision slightly decreases

when the RoI becomes too small to cover a reason-

able area.

Selection of aggregation duration We fixed the

125x125 pixel RoI mentioned in the preceding para-

graph and conducted experiments by adjusting the

duration of the event-aggregation window. Consis-

tent with our expectations, the method fails with a

window duration exceeding 0.25 milliseconds as the

period of the captured frequency is shorter than the

aggregation duration (Tab. 2). Consequently, this

leads to nearly identical event-aggregation arrays, as

events generated from multiple LED flashes are ag-

gregated into a single array.

4.2. Measuring vibrations

In this experiment, we used a Bluetooth speaker

with two large diaphragms responsible for playing

low frequencies and an Android application allowing

us to play a specified frequency. We opted for 98 Hz,

which is equivalent to tone G2 with classic tuning A4

as 440 Hz and captured one of those diaphragms for

four seconds with the event camera (see Fig. 2b).

Selection of RoI We experimented with different

RoI positions and sizes to find the smallest RoI size

still producing accurate results. We picked three of

them for demonstration purposes (see Fig. 5a,b), with

the duration of the event-aggregation set to 0.25 mil-

lisecond. The results for four seconds of data are

presented in Tab. 3. In these four seconds, 406 in-

dividual vibrations were captured. We can see that

decreasing the RoI sizes impacts the precision only

slightly and that the method results remain accurate

even with a small RoI size.



(a) Selected Regions of Interest

60x60 px 35x35 px 10x10 px

(b) Templates with aggregation duration of 0.1 ms.

t=0.1 ms t=0.25 ms t=0.5 t=1 ms

(c) A template as a function of

the duration t of the aggregation time interval.

Figure 5: Setup of experiment 4.2 (see Tab. 3, 4).

P
P
P
PPt(s)

method Ground

truth

Our method

60x60px

Our method

35x35px

Our method

10x10px

[0, 4) 98
98.1

± 0.63

98.21

± 0.73

98.48

± 0.9

Table 3: Frequency (Hz) ± 2σ (4) as a function of

the size of the Region of Interest (see Fig.2b,5b).

P
P
P

PPt(ms)

method
Ground truth

Our method

125x125px

0.1

98

98.39

±1.5

0.25
98.15

± 1.13

0.5
98.01

± 0.89

1.0
98.05

± 0.88

Table 4: Frequency (Hz) ± 2σ (4) as a function of

the aggregation time interval (see Fig.2b,5c).

Selection of aggregation duration We fixed the

RoI size to 60 × 60 px and set the position as in

the previous paragraph experiment. We present re-

sults from one second of data with various durations

of aggregation ranging from 0.1 milliseconds (ms) to

1 ms. From Tab. 4 we can see that the best perform-

ing aggregation duration was 0.5 ms and that the ac-

curacy generally increases with the aggregation du-

ration in this scenario.

4.3. Measuring rotation speed

In the three following subsections, we present ro-

tational speed experiments. In these experiments, we

used a power drill to spin observed objects. The

power drill is secured to a flat surface to prevent in-

juries. We begin capturing the event data and data

from the optical tachometer simultaneously. By cap-

turing the data for 4 seconds, we measure at least 80

revolutions of the observed object when the power

drill is set to its lowest speed. Since the rotation

speed of the power drill is not constant, we com-

pare the measured data from the tachometer and our

method for each second of the data independently

when experimenting with RoI sizes (e.g. Tab. 5), as

we believe that the rotation speed changes very little

during such time interval.

4.3.1 Felt disc with a high-contrast mark

This subsection presents experiments in the high con-

trast mark setup (Fig. 2c).

Selection of RoI We experimented with different

RoI positions and sizes to find the smallest RoI size

still producing accurate results. We picked three

of them for demonstration purposes (see Fig. 6a,b),

with the duration of the event-aggregation fixed and

set to 0.1 millisecond. The results are presented in

Tab. 5 alongside measurements obtained from the

laser tachometer.

The results show that even the smallest RoI of size

20 by 20 pixels (px) produces errors of the same or-

der as the larger RoI sizes.

Selection of aggregation duration In this experi-

ment, with the duration of the event aggregation, we

fixed the RoI to size 100×100 px. We present results

from one second of data with various durations of ag-

gregation ranging from 0.1 millisecond (ms) to 1 ms.

For the templates for each duration of the aggrega-

tion, see Fig. 6c. The results are shown in Tab. 6.

Increasing the aggregation duration marginally in-

creases the standard deviation of the average RPM

value. We believe that it is caused by the fact that the

mark produces a very distinctive pattern.

4.3.2 Fronto-parallel velcro disc

Here, we present experiments in the velcro disc setup

(see Fig. 2d) with fronto-parallel camera position.

Selection of RoI For the demonstration purposes,

we picked three Regions of Interest of sizes 100×100

px, 60 × 60 px and 40 × 40 px (see Fig. 8a,b). As

shown in Tab. 7, when a distinguishable pattern is

not present in the template, the smallest RoI of size

40× 40 px produces errors of two orders larger than

in the case of larger Regions of Interest.



(a) Selected Regions of Interest

655x655px 100x100px 20x20px

(b) Templates with aggreg. duration of 0.1 ms.

t=0.1 ms t=0.25 ms t=0.5 t=1 ms

(c) A template as a function of

the duration t of the aggregation time interval.

Figure 6: Setup of experiment

4.3.1 (see Tab. 5, 6).

❍
❍
❍t(s)

method
Tacho

Our method

655x655px

Our method

100x100px

Our method

20x20px

[0, 1)
1199.43

± 0.82

1199.12

± 0.53

1199.12

± 0.53

1199.12

± 0.53

[1, 2)
1200.85

± 0.21

1200.48

± 0.64

1200.48

± 0.73

1200.36

± 0.61

[2, 3)
1203.18

± 0.41

1202.53

± 0.93

1202.53

± 0.93

1202.65

± 1.07

[3, 4)
1203.1

± 0.21

1203.49

± 0.87

1203.49

± 0.72

1203.49

± 0.87

Table 5: Revolutions per minute ±
2σ (4) as a function of the size of

the Region of Interest (see Fig. 2c,

6b).

P
P
P
PPt(ms)

method
Tachometer

Our method

100x100px

0.1

1198.9

± 1

1199.12

± 0.53

0.25
1199.06

± 1

0.5
1198.75

± 1.67

1.0
1198.76

± 2.41

Table 6: Revolutions per minute ±
2σ (4) as a function of the dura-

tion of the event-aggregation (see

Fig. 2c, 6c).

Figure 7: The fronto-parallel felt disc with a high-contrast mark experiment.

(a) Selected Regions of Interest

100x100 px 60x60 px 40x40 px

(b) Templates with aggreg. duration of 0.1 ms.

t=0.1 ms t=0.25 ms t=0.5 t=1 ms

(c) A template as a function of

the duration t of the aggregation time interval.

Figure 8: Setup of experiment

4.3.2 (see Tab. 7, 8).

❍
❍
❍t(s)

method
Tacho

Our method

100x100px

Our method

60x60px

Our method

40x40px

[0, 1)
1266.07

± 0.38

1266.21

± 0.83

1265.96

± 1.36

1394.74

± 269.44

[1, 2)
1266.67

± 0.29

1266.46

± 1.13

1266.72

± 1.41

1670.26

± 365.62

[2, 3)
1267.65

± 0.46

1267.61

± 0.75

1267.61

± 1.04

1235.53

± 61.58

[3, 4)
1267.38

± 0.4

1267.48

± 1.05

1267.36

± 1.6

1407.24

± 219.57

Table 7: Revolutions per minute ±
2σ (4) as a function of the size of

the Region of Interest (see Fig.2d,

8b).

P
P
P
PPt(ms)

method
Tachometer

Our method

120x120px

0.1

1266.08

± 0.38

1266.08

± 0.71

0.25
1265.83

± 1.46

0.5
1265.85

± 2.4

1.0
1265.96

± 5.83

Table 8: Revolutions per minute ±
2σ (4) as a function of the dura-

tion of the event-aggregation (see

Fig.2d, 8c).

Figure 9: The fronto-parallel velcro disc experiment.

Selection of aggregation duration We fixed the

RoI size to 120 × 120 px and aligned it with the ob-

ject’s centre of rotation. From Tab. 8, we see that the

average RPM values remain close to those measured

by the tachometer. The standard deviation of the av-

erage RPM increases as the duration of the event ag-

gregation prolongs, which is expected as longer time

intervals of event aggregation reduce accuracy.

4.3.3 Velcro disc with non-frontal camera be-

hind a glass sheet

In this subsection, we present experiments with a vel-

cro disc observed by the camera at a 45° angle that

captures data through a sheet of glass.

Selection of RoI We experiment with RoI sizes

ranging from 200 × 200 px to 35 × 35 px. For RoI

positions, see Fig. 10a. We present results for three

selected sizes in Tab. 9. As shown in this table, the

performance of our method degrades significantly in



(a) Selected Regions of Interest

120x120 px 80x80 px 35x35 px

(b) Templates with aggreg. duration of 0.1 ms.

t=0.1 ms t=0.25 ms t=0.5 t=1 ms

(c) A template as a function of

the duration t of the aggregation time interval.

Figure 10: Setup of experiment

4.3.3 (see Tab. 9, 10).

❍
❍
❍t(s)

method
Tacho

Our method

120x120px

Our method

80x80px

Our method

35x35px

[0, 1)
1578.2

± 1.48

1578.56

± 1.78

1578.56

± 1.78

1257.61

± 192.37

[1, 2)
1580.19

± 0.98

1579.76

± 1.57

1579.77

± 2.24

1392.5

± 147.16

[2, 3)
1578.38

± 0.78

1578.57

± 2.11

1578.97

± 2.26

1435.02

± 130.11

[3, 4)
1577.47

± 0.68

1577.76

± 1.29

1577.36

± 1.85

1394

± 166.97

Table 9: Revolutions per minute ±
2σ (4) as a function of the size of

the Region of Interest (see Fig.2e,

10b).

P
P
P
PPt(ms)

method
Tachometer

Our method

120x120px

0.1

1578.2

± 1.48

1578.29

± 1.21

0.25
1578.56

± 1.78

0.5
1578.16

± 1.55

1.0
1578.95

± 3.05

Table 10: Revolutions per minute

± 2σ (4) as a function of the dura-

tion of the event-aggregation (see

Fig.2e, 10c).

Figure 11: The non-frontal velcro disc experiment.

the case of the smallest 35 × 35 px RoI. We believe

that it is caused by the fact that there are not enough

distinctive events in such a small RoI.

Selection of aggregation duration From Tab. 10,

it is clear that with 120 × 120 px RoI, all aggrega-

tion lengths yield measurements comparable to the

ground truth device measurements. With the longest

event-aggregation interval of 1 ms, the 2σ is approx-

imately two times larger than with the other lengths

and ground truth data.

4.4. Discussion

Based on the presented experiments, we conclude

that (i) a small RoI is feasible without degraded ac-

curacy when a distinguishable pattern is present. (ii)

the best results are achieved when the RoI covers the

area with the highest density of events, and the tem-

plate captures a distinctive pattern emerging periodi-

cally, (iii) the event-aggregation duration of 0.25 ms

is preferred, as it provides a good balance between a

low number of event-aggregation arrays resulting in

faster computations and relatively low standard devi-

ation of the average results.

We could not find the parameters breaking our

method in the fronto-parallel high contrast mark ex-

periment. We believe the mark, static camera, static

lighting, and fixed power drill contributed to this.

Limitations The presented method does not con-

sider an automatic detection of a suitable RoI and

its respective template. Also, no centrosymmetric

objects were tested - the symmetries might produce

spurious peaks.

5. Conclusion

In this paper, we proposed a novel contactless

measurement method of periodic events with an

event camera. The method only assumes that the ob-

served object periodically produces a similar set of

events by returning to a known state or position.

We evaluated the proposed method on the task of

measuring the frequency of periodic events and ro-

tational speed, achieving a relative error lower than

±0.04%, which is within the error margin of the

ground-truth measurement. The precision is main-

tained while measuring frequencies ranging from 20

hertz (equivalent to 1200 RPM) up to 2 kilohertz

(equivalent to 120 000 RPM). We demonstrated ro-

bustness against changes in camera angles.
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