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Abstract 

Simultaneous measurement of EEG, motion, and gaze in humans has the potential to lead to the discovery of new 

scientific insights. In order to achieve these simultaneous measurements, it is necessary to manage triggers and time 

information between measurement devices, as well as to correct time offsets. However, the management of accurate 

triggers and time information requires the design of a dedicated circuit board and the integration of Transistor-

Transistor Logic signal voltage information. In this study, we report on the building of a trigger circuit and an 

experimental system using it to solve these problems. We created a home-made trigger circuit board for voltage 

integration and combined it with a commercially available microcomputer to realize an integrated trigger circuit and 

measurement system. 
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1. Introduction 

Simultaneous recording of physiological and 

behavioral data in standard data formats and analysis of 

these data in combination may lead to new scientific 

discoveries. So, in recent years, multimodal measurement 

methods and data formats have been attracting attention. 

In response to this situation, data acquisition through the 

Lab Streaming Layer (LSL) [1], new standard data 

formats, such as Brain Imaging Data Structure (BIDS) [2], 

[3], Neuroscience Information eXchange [4] and Open 

metaData Markup Language [5] (NIX-odML) [6], have 

been proposed to integrate and handle multimodal data 

and meta information.  

For these simultaneous recordings, an experimenter is 

faced with the necessity to manage the trigger and time 

information between measuring instruments and to 

compensate for time offsets. In fact, while there are paid 

software and hardware types of equipment that manage 

the trigger and time information, it is so challenging to 

handle between measuring instruments that do not 

support such information. 

The simultaneous measurement of various types of 

information, such as movement and gaze, in conjunction 

with human electroencephalography (EEG), holds 

particular significance due to their intimate involvement 

with neural activities. As introduced by Iturrate et al. [7], 

in the case of humans, the information derived from the 

gaze is directed to the V1 area within a span of 60-90 ms, 

reaches the motor cortex in approximately 220 ms, and 

the expression of fingertip movements is processed with 

a latency roughly between 280-400 ms (it is noteworthy 

that the process is expedited in monkeys [8]). Measuring 

and analyzing brain activities during this process is 

beneficial to understanding human cognitive functions.  

In the previous work, we have proposed a 

methodological design [9] to reveal human-robot 

interactions in the real world by managing Transistor-

Transistor Logic (TTL) signals. This proposal provided a 

specific event analysis based on data from multiple 

instruments and contributed to a reproducible 

experimental scheme in which each element could be 

interchangeable in the future. 

However, to achieve accurate trigger and time 

information to be managed, a dedicated and versatile 

circuit board and its system must be designed to integrate  
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the voltage information of the TTL signal. 

 Therefore, this study reports on the fabrication of a 

trigger circuit and an experimental system using it to 

solve the problems mentioned above. We built a trigger 

circuit board for voltage integration and combined it with 

a commercially available microcontroller to integrate the 

trigger circuit and the measurement system. 

2. Proposed Trigger circuit design and system 

integration s 

2.1. Recording System Integration 

The integrated measurement system of our recording 

instruments is shown in Fig. 1. The system uses a home-

made trigger circuit and a microcomputer for integrated 

management of the voltage and time information output 

from each measurement instrument with and without 

trigger output function. The following is a description of 

the actual measurement instruments that were used: 

 

⚫ g.tec USBamp and g.tec GAMMAbox for EEG 

recording; 

⚫ Perception Neuron 2.0 for Motion Capturing; 

⚫ Tobii Pro Glasses 2 for Eye Tracking. 

 

Perception Neuron 2.0 does not have a trigger output 

function. Nevertheless, the trigger and time information 

can be obtained by combining a trigger circuit and a 

microcomputer, as described in the next section. Note 

that the timing of the first output of the trigger signal 

depends on detecting the pressing of the Axis Neuron's 

recording button using software for the perception neuron 

with a global hook function on Windows. 

2.2. Home-made Trigger Circuit and 

Microcomputer 

Fig. 2 shows the fabrication and design of the trigger 

circuit board. We used Autodesk Fusion 360 [10] to unify 

circuit design (Fig. 2a) and board design (Fig. 2b). The 

designed circuit was fabricated to be integrated with the 

microcomputer (Fig. 3). Moreover, this circuit has two 

input ports (blue and yellow cables), but multiple input 

ports can be managed by increasing the number of level-

shift circuits. For measurement instruments that do not 

have a trigger output, a timer function in the 

microcomputer is used to output a square wave (e.g., 5.00 

[V]) with accuracy in the order of microseconds. The 

trigger and synchronization are managed by 

adding/subtracting the above-mentioned multiple trigger 

inputs to/from this voltage. If other measurement 

equipment has a trigger output, it can be integrated after 

checking the output voltage. 

2.3. Testing Equipment information 

We observed the trigger signals using a digital 

oscilloscope to test the integrated trigger circuit board 

and its recording system. Actually, we connected 

multiple measurement instruments to the input ports of 

the trigger circuit to capture the changes in the trigger  

 
Fig. 1 Recording System Integration for human EEG, motion, and gaze data synchronization. 
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signal. The settings used for observation were an 

amplitude of 2.00 [V]/scale and a period of 100 ms/scale. 

3. Results and Discussion 

We measured the trigger signal from the integrated 

trigger circuit board (Fig. 4). Fig. 4a shows the case in 

which only the trigger circuit was used, and a square 

wave (5.00 [V]) was measured. Fig. 4b shows a 

simultaneous measurement, including trigger signals 

from other measurement devices and the timing of 

multiple trigger inputs. These recorded trigger signals 

showed the management we expected. 

As a limitation, if the measurement start time of the 

measurement device depends on the recording software, 

the accuracy of the trigger may be affected by the system 

clock of the Operating System (OS), leaving room for 

further study. Currently, in this case, a dedicated 

application is developed and used to output the trigger 

from the Universal Serial Bus port to detect the 

measurement start time, which may cause an accuracy 

problem. 
 

4. Conclusion 

We designed a custom trigger circuit board to measure 

EEG, motion, and eye movement simultaneously. This 

trigger circuit board and its system integrate the voltage 

information of multiple TTL signals, allowing for 

accurate triggering and time synchronization between 

different measurement instruments. It also may suggest a 

potential way to provide data from measurement 

instruments that do not have trigger output functions with 

respect to existing measurement methods for integrating 

multimodal data. 

Future work is to investigate the accuracy of triggering 

at system time, etc., when relying on measurement 

software., i.e., the management of time information 

between the OS and the trigger circuit.  

  
a. Schematic circuit diagram b. Circuit board diagram 

Fig. 2 Fabrication and Design of Trigger Circuit Board 

 

 
Fig.3 Integrated Trigger Circuit Board 

 
a. Only Integrated Trigger Circuit Board 

 
b. Combined with Other Measuring Instruments 

Fig.4 Recorded Trigger Signals 
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