A Novel System for Measuring Visual Potentials Evoked by Passive Head-Mounted Display Stimulators
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Abstract

Purpose The objective of this work is to evaluate the performances of a novel integrated device, based on passive Head-Mounted Display (HMD), for the pattern reversal visual evoked potential (PR-VEP) clinical test. 
Methods Google Cardboard® are used as passive HMD to generate the checkerboard pattern stimuli through an Android® application. Electroencephalographic signals are retrieved and processed over 20 subjects, 12 females and 8 males between 20–26 years old. Morphological PR-VEPs and frequency response were compared with previous literature results, to test the reproducibility and the efficacy of the proposed solution. 
Results PR-VEPs evoked by our novel prototype showed typical triphasic waveforms in moderate agreement with those obtained with other more expensive HMDs and standard commercial devices. Statistical analysis did not highlight strong differences among the systems over the features analyzed except for the P100 amplitude and peak time (**p<0.005). 
Conclusion The proposed solution opens the door for a new generation of non-invasive first-level diagnostic devices of optic nerve pathologies inexpensive and easy to access.
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Introduction

Visual Evoked Potentials (VEPs) are bioelectric signals clinically helpful for early detection of several neuropathologies [1]. They provide reproducible and quantitative information on the integrity of the visual system and optic neuritis [2]. Additionally, VEPs can help discriminate blindness from malingering when the diagnosis of the demyelinating disease is in doubt for the clinical neurophysiologist/ophthalmologist or poorly visualized by clinical imaging, such as MRI [3], or other traditional diagnostic tests [4].
VEP waveforms are produced by the central nervous system when it is triggered by an explicit external visual stimulus. They are extracted from the electroencephalogram (EEG) through the signal averaging technique [5]. Among the several types of visual stimuli, Pattern-Reversal Visual Evoked Potentials (PR-VEPs), produced by checkerboard stimulation, are the most widely used in clinical practice [6] due to the lowest variability in waveform and peak time across different subjects [7]. VEP waveforms depend upon the temporal frequency of the stimulus. At low temporal frequencies, the VEP waveform displays a pre-defined number of excursions and is called transient VEP [8]. All the standardized VEPs for clinical electrophysiology are evoked by transient VEP [9, 10].  The amplitude and peak time of the signals generated by these type of stimuli help the clinicians to differentiate various disease processes [11–13] in the diagnostic process. However, some factors such as gender [14, 15] and age [16, 17] influence the morphology of the signal.
PR-VEPs in healthy subjects comprises N75, P100, and N135 responses which correspond to negative (N) and positive (P) peaks provoked by stimuli. Irregularities in both the peak time and the amplitude of these components or a total absence of peaks indicate an alteration of the integrity and function of the visual pathway [18, 19]. For instance, a reduction in the P100 amplitude can reflect neuronal and/or axonal loss in the visual system, such as optic nerve atrophy, while an increase in the P100 peak is due to a lagged neural conduction which is common in optic nerve diseases such as optic neuritis [20].
 	So far, clinical and research laboratories have evoked PR-VEPs for more than 40 years presenting visual stimuli on cathode ray tube (CRT) monitor [21], plasma displays and LCD displays [22], precisely calibrated [23]. 
To overcome the drawbacks related to the cost and large size of the standard PR-VEPs stimulators, we previously proposed a novel low-cost and portable solution to elicit PR-VEPs using Smart-Glasses which shown performances comparable with available commercial instruments [24]. In this study, we investigate the performances of a passive Head-Mounted Display (HMD) to evoke PR-VEPs stimuli. 
In the last few years, several research groups have explored the possibility to combine brain monitoring with virtual reality-based HMD to evaluate the functional visual loss in biomedical applications [25, 26].
We believe that HMD stimulators for PR-VEP test can improve efficiency in healthcare services for patients with mobility issues, leading the way for innovative low-cost and portable non-invasive medical diagnostic devices. Furthermore, this new technology will benefit clinical procedures which to date are considered highly dangerous since they can cause postoperative visual impairment. For instance, intraoperative VEP monitoring by wearable devices during neurosurgical procedures or other surgeries performed in the prone position may help to detect in a non-invasive way any dysfunction occurring in the optic pathway, from the retina to the visual cortex while the patient is under anesthesia [27].
A passive HMD does not carry onboard electronics: an example is Google Cardboard® (Google, Mountain View, US) which consists of a cardboard mask equipped with a smartphone. For this reason, HMDs are light and ergonomic [28] and because of their portability and time-reducing application development their use is widely increasing in the healthcare industry. Although the smartphone location is close to EEG sensors on the head, smartphone-based passive HMDs are compatible with EEG technology since it does not influence the quality of the signals [29]. With this assumption, we evoked PR-VEP responses through an Android-smartphone Google Cardboard® system, retrieving the biosignals acquired on 20 healthy subjects and we compared the results with those previously obtained in [24].
According to our knowledge, there is no research work which fully exploits the advantages of Google Cardboard® as HMD to evoke visual potentials using patterned-transient VEP. The key advantages are the portability and costs. The Google Cardboard® is paired with a smartphone and it can be transported easily while traditional monitors can cause inconvenience when being carried. Additionally, the cost of the Google Cardboard (even considering the paired smart phone) is significantly lower when compared to the cost of other built-in electronics HMDs. What we propose is a portable solution for non-invasive first level diagnostics of optic nerve pathologies not only inexpensive, but accessible to all service.


Methods

Instrumentation

PR-VEP tests were performed using Google Cardboard® mounting an Android smartphone as a stimulator, g.HIamp-Research multi-channel biosignal amplifier (g.tec medical engineering GmbH, Austria) to acquire the EEG signal from which the averaged PR-VEP is extracted, and a trigger generation circuit to time-lock the EEG signal to the visual stimulus (Fig.1). 
Among the other passive HMDs, we chose Google Cardboard® for its inexpensive nature, portability, and the software development kit (SDK) available which allows developers to create customized apps with either Unity or native Android® [30]. Leveraging this characteristic, we developed an Android® application specifically for Google Cardboard® that lets the user set the stimulation parameters of temporal frequency, spatial frequency, and contrast ratio, before performing the test. It is worth mentioning that there are some more robust devices realized with more durable materials than cardboard.  However, we believe that, once this approach proves fruitful, the best solution will be a purpose-built holder (for instance 3D-printed).
[bookmark: _Hlk72766697] Samsung Galaxy S9® (operating System: Android®) was used to display the pattern for all conducted tests with Google Cardboard. To use this platform, users place the smartphone into the back of the cardboard viewer and access the content through the lenses. We used 25 mm x 45 mm biconvex lenses realized in optical glass for 3D virtual reality. However, we recognize that the best quality is not achieved using these lenses because they can generate degradation of the image towards the edges. The maximum field of view that Google Cardboard is capable of displaying is 80 degrees, which is higher than the maximum field of view of the human eye generally tested (60 degrees). For all the measurements performed with the Google Cardboard in this study we estimated empirically a field of view of 36 degrees, considering 4 cm aperture, magnified by 1.5 and viewed at 8cm distance. The software application divides the display into 2 halves and processes the images into the left-eye and right-eye perspectives to provide stereo vision. When the user starts the PR-VEP test, the app displays the checkerboard-patterned stimulation, while a trigger, in the form of a sound impulse, is generated synchronously. 
The sequence of images representing the stimulation pattern was generated using Matlab to match the checkerboard parameters described in Table 1. This sequence was overlaid by an impulsive audio signal. The ON/OFF sound signal presented the following parameters: 60 s duration, 20000 Hz sampling frequency, 170 mV voltage amplitude, 250 ms time ON and 250 ms time OFF (each interval of 250 ms of ON consists of a sinusoidal curve at 800 Hz). We created then an .mp4 video containing the sequence of reversing checkerboard images and the audio sound which acts as a trigger, generating a voltage peak exactly at the reversal time event. To generate the trigger signal, the analog audio sound output from an audio jack was amplified, rectified and given as input for a threshold comparator. We used a LM324N integrated circuit (Texas Instruments, Dallas, USA), powered by a single power supply (3.6 V, through the series of three 1.2 V batteries each). The analogue circuit which acts as amplifier block comprises the first LM324N operational amplifier, a 10 kΩ resistor, the series of two 47 kΩ feedback resistors, and a 1.8 nF capacitor to eliminate frequencies > 800 Hz. The amplified audio signal has an amplitude of 0 - 1.7 V.  The analogue circuit which rectify the signal uses a silicon diode of the 1N4001 series, a 1 kΩ resistor, and a 2.2 μF capacitor acting as a capacitive filter. The waveform output from the rectifier block is in the range 0 - 1.1V, due to the voltage drop on the silicon diode. The threshold comparator analog circuit performs a step function, converting the rectified analog signal into a logical output value. This square wave falls within the 0 - 2 V range. 
[bookmark: _Hlk73122347]To evaluate the synchronization between the audio trigger and the visual stimulus, we connected the smartphone to the first channel of a digital oscilloscope (RIGOL MSO5104 Mixed Signal Oscilloscope, 100 MHz, 4 Channels, Beaverton, OR, USA) using the audio jack. Then we connected a photodiode BPW34 (Vishay Intertechnology, Inc.) and its conditioning circuit to the second channel of the oscilloscope to acquire the light signal produced by the visual stimulus. Schematic of the measurement is reported in Figure 2a. As possible to appreciate in Figure 2b, video and audio signals are 108 µs delayed. Despite this delay is minimal, this measurement indicates that codecs can indeed introduce minimal jitter. Figure 2c shows a schematic of the custom electronic circuit as wells as signals measured at the input (VIN) and output (VOUT). This trigger signal is sent to the g.HIamp multi-channel biosignal amplifier via parallel port. Trigger reading is enabled only on the rising edge. The amplifier is connected directly to a PC via a USB connector without the need for other data acquisition devices. No mean luminance artefacts were detected on the visual stimulus. We also measured the luminance for different brightness settings of the smartphone using a photometer (Testo 540, TEquipment, Long Branch, NJ, USA, Part Number: 05600540) in a custom 3D printed box, to better emulate the carboard enviroment (d). To override the phone's brightness compensation, we set the phone brightness at 60% (147 cd/m2 ) in a constant semi-dark environment.
The trigger-activated EEG acquisition and the averaging process are achieved by using the software g.Recorder which allows the recording, display and storage of the acquired biosignals. The data is stored in hdf5 format. EEG were collected from the scalp through 64-channel passive electrode driver box for g.HIamp and gold-cup electrodes positioned in Oz (active electrode) referenced against mid-frontal electrode Fz, according to International Standard 10/20 [31]. Ground electrode was positioned at the left mastoid. A fourth electrode was placed in Fp1 for measuring the impedance and ensuring signal quality. An impedance value minor than 10 kΩ was considered reliable. The EEG signal was sampled at 1200 kHz and filtered with 1Hz-100Hz bandpass filter without any notch filters as ISCEV standards require.  A total of 100 responses were averaged with an analysis time of 300ms. 


Data Recordings

[bookmark: _Hlk63188830]We collected a total of 40 PR-VEP signals from a group of 20 people from 20 to 26 years, 12 females and 8 males. All participants provided written informed consent after receiving an explanation of study objectives. To compare the data collected in this study to the data previously reported, 80% of the population used in this new study was the same of the previous publication [24]. In addition, the measurements performed using the Cardboard-based device were collected within the space of 6 months from the Retimax and Smart Glasses tests previously reported.  We included in the study only subjects with normal or corrected-to-normal vision without any history of ophthalmologic diseases. No alterations or changes in the vision established with the visual acuity test were detected within the subjects over time. Subjects who required to be corrected-to-normal vision were let free to wear glasses or contact lenses under the cardboard. 40% of the population required the correction (-1.25D to -3.35D).Subject preparation protocol was the same used in [24]: a full-field PR-VEP test was performed using a monocular stimulus on both eyes of each subject using cardboard-based prototype. The orders of presentation (left eye or right eye stimulation) were randomized among subjects.
The Android® application on the smartphone generated the stimuli by reversing a checkerboard pattern projected through the lens of Google Cardboard®. Stimulation variables set up in this work follow the experimental protocol used in [24] for better comparison (Table 1). 


	[bookmark: _Hlk82780783]Stimulation Parameter 
	Google Cardboard
	Retimax
	Smart Glasses

	Pattern Shape
	Reversal checkerboard
	Reversal checkerboard
	Reversal checkerboard

	Aspect Ratio
	1:1
	16:9
	16:9

	Spatial Frequency
	60 minutes of arc
	60 minutes of arc
	60 minutes of arc

	Temporal Frequency
	2 reversal per seconds (RPS)
	2 reversal per seconds (RPS)
	2 reversal per seconds (RPS)

	[bookmark: _Hlk73122423]Luminance
	 146 cd/m2
	50 cd/m2
	N/A

	Michelson Contrast
	100%
	100%
	100%

	Field size
	36 degree
	23 degree
	N/A


Table 1. Set of stimulation parameter used in our experimental protocol and utilized by our Android® application to generate the patterned stimuli and comparison between Retimax, smart glasses stimulation from [24].


Data Analysis and Statistical Methods
[bookmark: _GoBack]
[bookmark: _Hlk63359228]PR-VEPs were analyzed using Matlab custom-made algorithms. Ten features regarding peak time (N75, P100, N135, N75-P100, P100-N135 peak time, ms) and amplitudes (N75, P100, N135, N75-P100, P100-N135 amplitudes, µV)  of the three dominant peaks were automatically extracted from each waveform. The absolute power density was calculated to give information on the frequency domain. The frequency domain analysis was performed using the Fast Fourier Transform (FFT) algorithm (with the resolution of 0.125 Hz) to calculate absolute (μV2/Hz) power density. The absolute power of a band is the integral of all of the power values within its frequency range. The band of interest in our case is 1Hz-32Hz. The analysis aims to compare outcomes produced by the Google Cardboard-based prototype with previous works, examining the agreement between the different stimulators.. GraphPad Prism 8 software was used for all other statistical analysis. To compare the results obtained using the cardboard-based prototype with those obtained in the previous works, two-way ANOVA with Tukey's multiple comparisons test was used to assess statistical significance between different groups and between subject’s eyes. Pearson’s correlation test was also applied to establish the agreement between different stimulators. Bland Altman test was conducted to evaluate the agreement among different stimulators.


Results

Results obtained from the comparative analysis are discussed in this section. Figure 3 shows the average of all the PR-VEP waveforms collected during the test, divided for right eyes and left eyes. In both the averaged signal morphologies is possible to appreciate the typical triphasic waveforms of a PR-VEP. In addition, N75, P100, and N135 components are well-defined and show similarity between each other.
Table 2 and Table 3 compare the averaged features extracted from the PR-VEPs evoked by the cardboard-based prototype with those of the previous work. In terms of PR-VEP amplitudes and latencies, averaged results from Cardboard appear remarkably similar to those evoked by Smart Glasses despite they remain shorter than those evoked by Retimax. Significant differences are found between P100 amplitudes and P100 latencies in both eyes (**p<0.005) compared to those obtained in the case of Retimax. 
In terms of PR-VEP power density, averaged results from Cardboard-based stimulator gives more information content in the frequency domain than those obtained by smart Glasses, but still less than those obtained by commercial devices. No significance is found between Cardboard and Retimax for power density feature of left eyes while significance is found for right eyes (**p<0.005). 
Figure 4 reports the boxplots and whiskers of the relative amplitudes and peak time features. The medians (which are close to the average values) show similar value in terms of amplitude, especially for the P100-N135 feature. The median values for the peak time are better related to those obtained by Retimax stimulation. However, the box plots display slightly different distributions of views. No outliers are reported in boxplots for the features extracted from the Cardboard. Overall, the ranges are comparable within the methods in most of the cases. 
[bookmark: _Hlk61457316]We found a good agreement between Cardboard-based device vs. Retimax device, with a Pearson’s Correlation value of 0.97 (**p<0.005) indicating overall a good correlation between signals. We also found strong agreement between intra-subject’s eyes, with a Pearson’s Correlation value of 0.99 (****p<0.0001) indicating a good correlation in terms of both amplitude and latencies. 
[bookmark: _Hlk63359157]Figure 5 shows the Bland Altman plots for the P100 components in terms of amplitude and peak time. We chose to focus more on this feature since the P100 is the most stable and relevant component of the PR-VEP. All the P100 amplitude analyzed presented a bias (3.46 µV for Retimax vs Google Cardboard-based device, and 1.43 µV for Smart Glasses vs Google Cardboard-based device). Bias was also found comparing the P100 time peak among the methodologies (14.22 ms for Retimax vs Google Cardboard-based device, and 23.82 ms for Smart Glasses vs Google Cardboard-based device). Interestingly, the peak time bias comparing the new technology with a standard method is shorter than those calculated between Google Cardboard-based device and Smart Glasses from previous publication. 
Concluding, statistical analysis highlighted a good agreement between signals despite some differences among the systems in terms of P100 amplitude and peak time. 


		Left Eye

	
	Google Cardboard
	Retimax
	Smart Glasses

	Amplitude (µV)

	N75 Amplitude
	-1.51 ± 2.69
	-2.05 ± 1.65
	-2.48 ± 1.27

	P100 Amplitude
	7.81 ± 3.24**
	10.99 ± 2.98
	8.67 ± 3.14

	N135 Amplitude
	-5.06 ± 2.24
	-3.12 ± 1.95
	-3.64 ± 1.35

	N75-P100 Amplitude
	9.32 ± 4.27**
	13.04 ±3.88
	11.15 ± 3.72

	[bookmark: _Hlk61455539]P100-N135 Amplitude
	12.88 ± 5.16
	14.11± 4.16
	12.31 ± 4.19

	Peak Time(ms)

	N75 Time Peak
	49.87 ± 3.62**
	64.4 ± 8.59
	57.2 ± 5.96

	P100 Time Peak
	88.00 ± 12.41**
	106.4 ± 4.18
	103.8 ± 10.73

	N135 Time Peak
	155.45 ± 14.49
	167.4 ± 14.52
	164.4 ± 9.87

	N75-P100 Time Peak
	38.12 ± 12.68
	42 ± 10.5
	46.6 ± 10.56

	P100-N135 Time Peak
	67.45 ± 14.90
	61 ± 15.78
	60.6 ± 8.63

	Frequency Domain (µV2/Hz)

	Power Density
	9.42 ± 4.13
	11.48 ± 2.68
	9.12 ± 2.36


Table 2. Features results table for left eyes of subjects analyzed: comparison between Retimax, smart glasses stimulation from [24] and the Cardboard-based prototype of this work. Values are shown in terms of PR-VEP peak times, amplitudes and power density (presented as mean ± standard deviation). Significance at **p<0.005 for Cardboard prototype compared to the standard Retimax.



		Right Eye

	
	Google Cardboard
	Retimax
	Smart Glasses

	[bookmark: OLE_LINK1]Amplitude (µV)

	N75 Amplitude
	-2.10 ± 2.74
	-2.54 ±1.70
	-2.71 ± 1.26

	P100 Amplitude
	6.99 ± 3.60**
	10.73 ± 2.75
	8.99 ± 3.18

	N135 Amplitude
	-4.74 ± 2.11
	-3.62 ± 1.45
	-3.56 ± 1.51

	N75-P100 Amplitude
	9.09 ± 5.31**
	13.27 ± 4.22
	11.71 ± 3.89

	P100-N135 Amplitude
	11.73 ± 4.82
	14.36 ± 3.88
	12.56 ± 4.36

	Peak Time (ms)

	N75 Time Peak
	50.83 ± 3.38**
	68.6 ± 7.48
	58.8 ± 7.00

	P100 Time Peak
	94.45 ± 11.33**
	106.4 ± 4.56
	104.2 ± 8.84

	N135 Time Peak
	156.04 ± 13.96
	159.4 ± 12.60
	168.8 ± 10.43

	N75-P100 Time Peak
	43.62 ± 11.43
	37.8 ± 10.5
	45.4 ± 9.10

	P100-N135 Time Peak
	61.58 ± 18.85
	53 ± 10.92
	64.6 ± 10.56

	Frequency Domain (µV2/Hz)

	Power Density
	8.92 ± 3.70**
	11.77 ± 2.68
	9.14 ± 2.63


Table 3. Features results table for right eyes of subjects analyzed: comparison between Retimax, smart glasses stimulation from [24] and the Cardboard prototype of this work. Values are shown in terms of PR-VEP peak times, amplitudes and power density (presented as mean ± standard deviation). Significance at **p<0.005 for Cardboard prototype compared to the standard Retimax.

Discussion

We propose a novel system for measuring PR-VEPs evoked by a Cardboard-based prototype.  Google Cardboard® are used to generate the checkerboard changing pattern through an Android® application, while EEG signals from 20 volunteers are retrieved and processed for measuring PR-VEPs. Results are compared with the literature, to test the reproducibility and the efficacy of the proposed solution and to check the agreement to the commercial devices. Statistical analysis did not highlight strong differences among the systems over the features analyzed except for the P100 amplitude and peak time. PR-VEPs evoked by Cardboard device stimuli showed typical triphasic waveforms compared to those obtained with other more expensive HMDs and standard commercial devices. However, we recognize that the peak time is a crucial VEP parameter. The new method here proposed exhibits more than twice the P100 peak time variability than a standard VEP registration device. Ideally, the new stimulator should guarantee sensitivity within the same limits as the existing methods and therefore, the difference in variability here encountered may harm the sensitivity.
One of the limitations of the proposed method HMD-based PR-VEP stimulation includes the lack of the patient's visual fixation monitored by the clinician. Traditionally, during the PR-VEP test doctors monitored constantly the subjects and requested them to concentrate on their visual task over time. For instance, this aspect is crucial in the pediatric population [32]. In HMD-based stimulation, the field of view of the subject is confined in the visual display, therefore the eye cannot be monitored constantly. Although PR-VEP test requires attention to the stimuli during the recording, it generally does not necessitate patient feedback. This is the reason why PR-VEP are considered so far the most reliable technique for monitoring noncooperative or young children [33]. However, VEP test can often be time consuming if the patient loses concentration during the test which will require to be retaken, incurring additional cost to the patient for the extra time at the hospital.
Another benefit of the use of HMD is related to the higher degree of freedom given to the patient compared to a normal monitor display-based device. In fact, it’s been proved that the use of the recumbent position increases patient comfort and improves the signal to noise ratio [34]. The use of HMD-based devices for VEP exam facilitates the recumbent position.
Future directions for these particular aspects will see the introduction of an HMD internal system able to give access to the clinician of the eye monitoring during the exam. 
In addition to discussed points, future studies on different patterned sequences of stimulation will be used to prove the clinical benefit of the proposed solution.


Conclusion

In conclusion, the advantage of using passive HMD to evoke PR-VEPs includes not only a drastically reduction of the hardware costs but a completely new approach for non-invasive first level diagnostics of optic nerve pathologies, opening doors for innovative telemedicine-based applications.
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Figure List

Fig.1 Experimental Setup: Google Cardboard (a), Android smartphone (b) as a stimulus generator, g.HIamp-Research multi-channel biosignal amplifier to acquire the EEG signal (c), and a trigger generation circuit to time-lock the EEG signal to the visual stimulus (d).

[bookmark: _Hlk63360093]Fig.2  Evaluation of the synchronization between the audio trigger and the visual stimulus, trigger rettification and visual stimulus optimization. Schematic of experimental setup : the smartphone inside the cardboard is connected to the first channel of a digital oscilloscope using the audio jack, while a photodiode is connected to the second channel of the oscilloscope to acquire the light signal produced by the visual stimulus emitted by the smartphone display (a). Oscilloscope output during the measurement (b). Trigger generation from an audio signal and a custom electronic circuit: On/off audio signal (VIN) and square waveform (VOUT) sent to the g.HIamp multi-channel biosignal amplifier via parallel port, as well as the chematic representing the electrical circuit used to generate the trigger for the stimuls-signal synchronization and picture of the custom-made board (c). Visual Stimulus represented by a checherboard pattern: luminance for different brightness settings of the smartphone is measured by a photometer in a custom 3D printed box, to better emulate the carboard enviroment (d).

Fig.3  PR-VEP waveforms collected during the test, divided for right eyes (a) and left eyes (b). N75, P100, and N135 components are well-defined and show great similarity between each other. Data are analyzed with Matlab (mean values ± standard deviations)

Fig.4 Features extracted from PR-VEP signals of 20 healthy subjects. Amplitude values for Right Eye (a), Left Eye (b), Latencies for Right Eye (c), Left Eye (d). Data reported as box and whiskers (Turkey). Significance at **p<0.005 for Google Cardboard prototype compared to the standard Retimax.

Fig.5  Bland Altman results for P100 amplitude and peak time comparing performances obtained with Google cardboard-based device and results previously published with Smart Glasses and Retimax stimulations. Bland-Altman plots of P100 amplitude comparing Google cardboard-based device with Retimax (a), and Smart Glasses (b). Bland-Altman plots of P100 peak time comparing Google cardboard-based device with Retimax (c), and Smart Glasses (d). The green line shows the mean of the differences (=bias) between the two methods, and the red horizontal lines show the upper and lower 95% limits of agreement.
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