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Abstract

Photoplethysmography (PPG) using a smartphone cam-
era provides a low-cost and accessible method for mea-
suring fingertip pulse waveforms. However, the effects
of camera acquisition settings and pixel-selection strat-
egy on PPG performance remain insufficiently understood.
We systematically investigated how these factors influence
smartphone PPG quality. Ten camera presets combining
different ISO sensitivity, exposure time, focus, and white-
balance settings were evaluated with five pixel-selection
strategies: Corner, Spread, Grid, Random, and Thresh-
old5%, yielding 50 configurations per participant. One-
minute PPG recordings were acquired using an iPhone 13
mini and the OpenPPG application from 43 healthy partic-
ipants (18 females; 27.3+£5.1 years, Fitzpatrick skin types
I-V), with ECG as reference. After quality-based exclu-
sions, 1,628 recordings were analysed. Performance was
assessed using absolute heart-rate error (|(AHR)|), PSD-
based SNR (SN Rpsp), and ensemble-based morpholog-
ical SNR (SN Reys). Grid showed the best overall perfor-
mance, yielding the lowest mean |AH R)| (2.73 bpm), high-
est SNRpsp (5.48 dB), and highest SN R (7.71 dB).
The best configuration achieved a mean |AHR)| of 1.22
bpm. Mixed-effects modelling showed that higher ISO was
consistently associated with lower HR error and higher
values of both SNR measures, while longer exposure was
associated with higher SN Re,s. These findings demon-
strate that acquisition configuration can influence PPG
performance on the evaluated smartphone and should be
considered part of the measurement protocol.

1. Introduction

Smartphone-based photoplethysmography (PPG) en-
ables physiological measurements using the built-in cam-
era and flash, providing a widely accessible platform for

cardiovascular monitoring [1]. When a fingertip covers
the camera, pulsatile changes in light absorption associ-
ated with peripheral blood-volume variations can be recon-
structed as a PPG waveform.

The quality of the recorded signal depends on multi-
ple factors. While considerable attention has been devoted
to signal processing, motion artefacts, and other external
sources of variability, the camera sensor’s acquisition set-
tings have received less systematic attention.

Camera parameters such as ISO sensitivity, exposure
time, focus, and white balance directly influence the
recorded optical signal, and differences in device settings
have previously been shown to affect PPG measurements
[2]. Moreover, the strategy used to select and aggregate
image pixels may influence waveform quality because il-
lumination and pulsatile information are not uniformly dis-
tributed across the camera image [3,4].

In this study, we systematically evaluate the effects of
camera settings and pixel-selection strategies on smart-
phone fingertip PPG. We compare multiple acquisition
configurations using HR agreement with ECG and signal-
quality measures to identify configurations providing more
reliable PPG measurements.

2. Methods

2.1. Study design

We recruited healthy adult volunteers without self-
reported cardiovascular disease. All participants provided
informed consent, and the study was registered through the
Research Ethics Minimal Risk Self-Registration at King’s
College London (MRA-24/25-51403).

We evaluated 10 camera presets combining different
values of ISO sensitivity, exposure time, focus, and white
balance. We selected presets 2—10 using a Taguchi L9 or-
thogonal array, while preset 1 represented the automatic



Table 1. Camera preset configurations used for smart-
phone PPG acquisition. Preset 1 corresponds to the auto-
matic camera mode, while presets 2—10 were defined using
fixed parameter combinations.

Preset ISO Exposure[s] Focus WB [K]
1 auto auto auto auto
2 100 0.0083 0.0 3000
3 100 0.0100 0.5 4500
4 100 0.0333 1.0 6000
5 400 0.0083 1.0 4500
6 400 0.0100 0.0 6000
7 400 0.0333 0.5 3000
8 250 0.0083 0.5 6000
9 250 0.0100 1.0 3000
10 250 0.0333 0.0 4500

camera configuration. We evaluated five pixel-selection
strategies simultaneously for each preset: Corner (a fixed
10x 10-pixel patch), Spread (five spatially distributed four-
pixel regions), Grid (nine distributed four-pixel regions),
Threshold5% (the brightest 5% of pixels in each frame),
and Random (randomly sampled pixel patches), as illus-
trated in Fig. ??. Thus, each participant underwent 10
measurements, with five PPG signals reconstructed from
each recording.

2.2. Data acquisition

We recorded fingertip PPG signals using an iPhone 13
mini and a dedicated version of the OpenPPG application
[5]. We used the upper-right rear camera lens, as viewed
from the back of the device, for all measurements. Camera
frames were acquired at 100 Hz with exposure times of
0.0083 and 0.0100 s, and at 33 Hz with an exposure time of
0.0333 s. A Polar H10 chest-strap sensor via the HeartFM
mobile application [6] provided the simultaneous single-
lead ECG reference.

Participants remained seated and held the smartphone
in the right hand with the index finger covering the cam-
era and flash. We obtained ten simultaneous one-minute
PPG and ECG recordings from each participant. We
randomised the order of camera presets and applied all
five pixel-selection strategies simultaneously within each
recording.

2.3. Data processing

We exported raw PPG signals, inter-beat intervals
(IBIs), and signal-quality flags from OpenPPG. We per-
formed beat detection using the MSPTDfast algorithm. We
retained recordings when at least 50% of their duration
(> 30 s) was classified as good quality. Signals recon-
structed using the Random strategy were excluded because

this method systematically produced poor-quality wave-
forms.

We calculated PPG-derived heart rate (HR) from the
detected IBIs and compared it with the ECG reference.
HR-estimation error was quantified as the absolute differ-
ence between mean PPG and reference HR, |[AHR| =
|HRpce — HRppg|.

We also assessed signal quality using two complemen-
tary signal-to-noise ratio (SNR) measures. SNRpgp
quantified spectral concentration around the ECG-derived
cardiac frequency and its second harmonic within 0.7-4.0
Hz. SNR.,s quantified beat-to-beat morphological con-
sistency by comparing individual pulse waveforms with a
median ensemble template.

2.4. Statistical analysis

Performance was summarised for each camera-preset
and pixel-selection combination using |[AHR|, SN Rpsp,
and SN R.,,s. We used linear mixed-effects models to as-
sess the independent effects of ISO, exposure time, focus,
white balance, and pixel-selection strategy while account-
ing for repeated measurements within participants. We in-
cluded Participant ID as a random intercept, and adjusted
models for age, sex, Fitzpatrick skin-tone group, reference
HR, and measurement order. Because |AH R| was right-
skewed, we log-transformed it before modelling. We ex-
cluded the random pixel-selection strategy because of its
consistently poor signal quality.

3. Results

3.1. Study population and signal inclusion

A total of 43 healthy participants were included in the
analysis (18 females, 42%; age 27.3 £ 5.1 years). Fitz-
patrick skin types ranged from I to V. From the 2,150
reconstructed one-minute PPG signals, 430 signals ob-
tained using the Random pixel-selection strategy and 92
additional low-quality signals were excluded, resulting in
1,628 signals available for analysis.

3.2. Performance across acquisition config-
urations

Performance differed across both camera presets and
pixel-selection strategies (Fig. X). Averaged across pixel-
selection strategies, the lowest HR errors were observed
for Presets 1, 7, 6, and 4 (3.07-3.32 bpm), whereas Presets
2 and 3 produced the largest errors (8.31 and 7.84 bpm).
Grid showed the best overall performance across pixel-
selection strategies, with the lowest mean |[AHR| (2.73
bpm), highest SN Rpsp (5.48 dB), and highest SN R,
(7.71 dB). At the individual configuration level, Preset 6
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Grid: a fixed nine
distributed
four-pixel regions

Spread: a fixed five
spatially distributed
four-pixel regions

Corner: a fixed
10x10-pixel patch

Threshold5%:
the brightest 5% of pixels
in each frame

Random: randomly
sampled pixel
patches

Figure 1. Illustration of five pixel selection method used in the study. The 'Random’ method was excluded from the main

results

Table 2. Performance across pixel-selection strategies, av-
eraged over all camera presets. Values are mean £ SD.

|AHR| SNRPSD SNRens
Method [bpm] [dB] [dB]
Corner 5.49 £ 8.56 5.27+2.28 6.27 £ 2.47
Grid 2.73+5.35 5.484+2.29 7.71 £2.57
Spread 6.08 £9.63 5.17+2.24 6.05+2.39
Threshold5% 5.32+9.34 5.29 +2.22 6.49 4+ 2.51

+ Grid yielded the lowest |AH R| (1.22 bpm) and high-
est SN R, (8.12 dB), while Preset 10 + Grid yielded the
highest SNRpsp (5.78 dB).

3.3. Effects of camera parameters

Linear mixed-effects models confirmed that both cam-
era parameters and pixel-selection strategy influenced PPG
performance. Higher ISO was consistently associated
with lower HR error (8 = —0.236, p < 0.001), higher
SNRpsp (8 = 0.160, p = 0.001), and higher SN R, s
(B =0.344, p < 0.001).

Longer exposure time was associated with higher
SNRens (B = 0.378, p < 0.001), but not signifi-
cantly with HR error or SNRpgp. Higher focus and
white-balance levels were also associated with improved
SN R.,s, while their effects on the other outcomes were
less consistent.

Compared with Corner, Grid was associated with lower
HR error (6 = —0.674, p < 0.001), higher SNRpsp
(B =0.241, p = 0.033), and higher SN R, (8 = 1.419,
p < 0.001). Spread was associated with lower SN R, s
(B = —0.360, p = 0.002), whereas Threshold5% showed
no significant associations with any of the three outcomes.

Table 3. Performance across camera presets, averaged
over pixel-selection strategies. Values are presented as
mean + SD.

Preset |AHR|[bpm] SNRpsp [dB] SNRe, [dB]
1 3.07 £5.94 5.48 +2.10 6.93 + 2.53
2 8.31 +£13.38 4.96 +1.83 5.54 + 2.09
3 7.84 +12.61 5.22 +2.28 6.30 + 2.58
4 3.32+£5.29 4.97 +£2.49 7.05 £+ 2.40
5 4.18 £8.24 5.20 + 2.09 6.83 £ 2.39
6 3.20 £ 5.86 5.37 £ 2.51 6.87 £2.70
7 3.10 £ 3.84 5.47 £+ 2.06 6.87 +£2.27
8 6.21 +10.55 5.35 +2.40 6.61 + 2.85
9 5.13£9.19 5.50 + 2.25 6.35 +2.27
10 4.71+£7.29 5.51 + 2.53 6.96 £ 2.75

4. Discussion

This study demonstrates that camera acquisition settings
and pixel-selection strategy can substantially influence fin-
gertip PPG performance on the evaluated smartphone. The
Grid strategy provided the most favourable overall perfor-
mance, with lower HR error and higher spectral and mor-
phological signal quality. Mixed-effects modelling further
indicated that higher ISO was the camera parameter most
consistently associated with improved performance across
the three evaluated outcomes.

The favourable performance of the Grid strategy may
be related to its spatially distributed sampling of the im-
age sensor. Sampling multiple regions may reduce the in-
fluence of local illumination inhomogeneities or artefacts
and provide a more representative estimate of pulsatile in-
tensity changes. However, because the evaluated strategies
differed in both spatial distribution and number of sampled
pixels, these effects cannot be attributed solely to spatial



Table 4. Top five preset—pixel-selection configurations
for each performance metric. Values are presented as
mean £+ SD. Lower values indicate better performance
for |AH R|, whereas higher values indicate better perfor-
mance for SNRpsp and SN R,,s.

Rank Preset Pixel method Performance
|AHR| [bpm]
1 6 Grid 1.22 £2.39
2 4 Grid 1.34+£1.34
3 7 Grid 1.96 +2.29
4 1 Grid 2.09 +£4.01
5 1 Corner 2.43 +£4.89
SNRpsp [dB]
1 10 Grid 5.78 &+ 2.54
2 Grid 5.68 = 2.13
3 Grid 5.63 + 2.30
4 10 Threshold5 % 5.58 + 2.45
5 1 Grid 5.57 £2.11
SNRens [dB]
1 6 Grid 8.12 £+ 2.83
2 1 Grid 8.02 + 2.66
3 5 Grid 7.98 +2.41
4 4 Grid 7.93 £+ 2.45
5 8 Grid 7.89 + 3.05

sampling.

Camera settings also influenced PPG performance.
Higher ISO was associated with lower HR error and higher
values of both SNR measures, whereas longer exposure
time was mainly associated with improved morphological
signal quality. These findings indicate that camera param-
eters should be considered part of the PPG acquisition pro-
tocol rather than treated only as implementation details.

Importantly, the present analysis was performed using
a single smartphone model. Smartphone cameras differ
in sensor properties, optical geometry, and internal image-
processing pipelines; therefore, the relative performance
of the evaluated acquisition settings may not transfer di-
rectly to other devices. The present results should thus be
interpreted as evidence that acquisition configuration can
affect PPG performance, rather than as a universal recom-
mendation for specific camera settings. Validation across
additional smartphone models is required before device-
independent acquisition guidelines can be established.

5. Conclusions

On the evaluated smartphone, camera acquisition set-
tings and pixel-selection strategy substantially influenced
fingertip PPG performance. Grid sampling showed the
most favourable overall performance, while higher ISO
was consistently associated with lower HR error and

higher spectral and morphological signal quality. These
findings support treating acquisition configuration as an
integral part of smartphone PPG measurement protocols.
However, specific settings should be validated for each
device before being generalised across smartphone plat-
forms.
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