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TeneynbTpa3ByKoBbie UCC/Ie0BAHUA =
C UCNOJIb30BaHMEM CMapPT(OHOB U OAHONNATHBIX
KOMNbIOTEPOB
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AHHOTALNA

06ocHosaHue. PocT [OCTYMHOCTM W BBIYMCIUTENBHON MOLLHOCTM MOBMIIbHBIX YCTPOICTB NPUBOAMT K pacLMpeHuio ux ob-
NacTv npumeHenns. MeguuuHa He cTana UCKIIOYEHWEM: OAHOMNATHbIE KOMMbIOTEPbl U CMapThOHbI aKTUBHO MPUMEHSIIOTCS
B TeNeMeuLMHe.

Llesb — 13yunTb TEXHUYECKYIO BO3MOXHOCTb peann3aLmuy TeNeynbTpasByKoBbIX UCCEA0BaHUA NPYU NOMOLLM OfHOMMAT-
HbIX KOMMbLIOTEPOB U CMApPT(OHOB.

Mamepuanel u Memodel. B naHHOM UccnefoBaHUM NPOBOAMAM 3aXBaT YbTPa3ByKOBOro BUAEOU306paXKeHUs Npu nomo-
wm BHewHux USB-ycTpoiicTB Buaeo3axeata. B kayecTe nnatdopMbl Ans cepBepa TeneynbTpa3ByKOBbIX UCCEA0BAHUN UC-
nonb30BanyM oJHoNNaTHbIe KoMnbloTepbl Raspberry Pi, a Take cMapTdoH Ha base Android. B kauecTBe nporpamMMHoro obe-
cnevenms ucnonb3osanm VLC, Motion, USB Camera. [IuctaHuMoHHas oLEeHKa 3KCNepPTOM NpoBOAUNACh TaKKe Ha MOBMIbHBIX
yctpoucTBax: nocpeacteoM VLC npu pabote Ha cepsepe nporpammHoro obecneyenus VLC, B ocTanbHbix ciydasx — Google
Chrome Ha Windows 7 v Android, Chromium Ha Raspberry Pi.

Pesynemamel. YcTpoiicTBo BMAeo3axBaTa Ha 6a3e umnceta UTV007 no3sonset nonyuuts 6osee KayecTBeHHOe M306pa-
JKEHWe MO CPaBHEHMIO C YCTPOMCTBOM Ha 6a3e unnceta AMT630A. OnTumMantHoe pa3pelueHue Buaeomsobpaxenus 720x576
npu 25 Kkagpax B cekyHay. OnTMManbHbIM NporpamMMHbIM obecnedeHnemM ans opranusaumm teneY3W Ha Raspberry Pi senset-
¢ VLC n3-3a HU3KMX TpeboBaHMit K NponycKHol cnocobHocTu kaHanos cBssu (0,64+0,17 Mout/c). Ins Android-cMapTdoHoB
TeNeynbTpa3ByKoBOe MCCNeA0BaHMe MOXeET ObiTb peanu3oBaHo Ha nporpaMmHoM obecnedequn USB Camera, Ho Tpebyet
DosbLuelt NponycKHow crnocobHocTW KaHanos cBasm (5,2+0,3 Mout/c).

3arnoyenue. Vcnonb3oBaHue yCTPOicTB Ha 6ase ofHOMMATHBIX KOMNbLIOTEPOB M CMapT(OHOB MO3BOJISET peann3oBaTb
BHOAKETHYI0 TeNeynbTpa3BYKOBYIO CUCTEMY, YTO MOTEHLMANBHO COCOOCTBYET MOBLILLEHUK0 KA4eCcTBa BbIMOSHAEMBIX UCCHe-
[O0BaHWUI 3a CYET AMCTAHLMOHHOTO 00YYEHUS W KOHCYNbTMPOBaHMS Bpadel. [laHHble peLLeHnst MOryT MPUMEHSATLCS B TOM
uucne B YAANEHHbIX PEruoHax, Ang 3afady «nosieBon» MeAULMHbI U APYTUX BO3MOXHbIX HanpaBieHUii MOBUNbLHOro 3[paBo-
OXpaHeHws.

KnioueBble cnoBa: ynbTpasBykoBoe ucciepoBanue; Y3U; TeneY3U; teneMeamumHa; Buaeo3axsar.
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Tele-ultrasound imaging using smartphones
and single-board PCs
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ABSTRACT

BACKGROUND: Mobile devices are widely available and their computational performance increases. Nonetheless, medicine
should not be an exception: single-board computers and mobile phones are crucial aides in telehealth.

AIM: To explore tele-ultrasound scope using smartphones and single-board computers

MATERIALS AND METHODS: This study focused on capturing ultrasound videos using external video recording devices
connected via USB. Raspberry Pi single-board computers and Android smartphones have been used as platforms to host a tele-
ultrasound server. Used software: VLC, Motion, and USB camera. A remote expert assessment was performed with mobile
devices using the following software: VLC acted as a VLC server, Google Chrome for 0S Windows 7 and 0S Android was used
in the remaining scenarios, and Chromium browser was installed on the Raspberry Pi computer.

OUTCOMES: The UTV007 chip-based video capture device produces better images than the AMT630A-based device. The
optimum video resolution was 720x576 and 25 frames per second. VLC and OBS studios are considered the most suitable for a
raspberry-based ultrasound system owing to low equipment and bandwidth requirements (0.64+0.17 Mbps for VLC; 0.5 Mbps
for OBS studio). For Android phone 0S, the ultrasound system was set with the USB camera software, although it required a
faster network connection speed (5.2+0.3 Mbps).

CONCLUSION: The use of devices based on single-board computers and smartphones implements a low-cost tele-
ultrasound system, which potentially improves the quality of studies performed through distance learning and consulting
doctors. These solutions can be used in remote regions for “field” medicine tasks and other possible areas of m-health.
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BACKGROUND

At present, mobile devices show higher performance with
lower costs. These factors expand the scope of mobile device
applications, including medicine and telemedicine. [1-3]

Teleultrasonography (or teleultrasound) is a unique
example of telemedicine. [4] In this diagnostic technique, a
functional diagnostics specialist or an ultrasound specialist
receives and analyzes data from a remote ultrasonogram
and sends back a medical report or recommendations. This
process requires a special software and hardware complex.

Some cases of teleultrasound using a smartphone have
been reported, [5-8] i.e., when an image from the screen
of an ultrasound scanner was captured by a smartphone
camera and transmitted using communication programs.
No additional equipment is required, and this is the great
advantage of this technique. However, some technical
difficulties were reported, such as the need for additional
staff or special devices for holding a smartphone when
recording an examination and the lower quality of ultrasound
images delivered to an expert compared with the original.

At present, there are mobile video capture devices that
can be connected not only to a personal computer but also
to mobile devices such as single-board computers (SBCs)
and smartphones.

This study aimed to evaluate technical opportunities for
implementing teleultrasound techniques using SBCs and
smartphones.

MATERIALS AND METHODS

Software

The study used Sequoya 512 Acuson and SonoAce-8000
ultrasound scanners. One of the study authors volunteered
to undergo a standard ultrasound examination of
brachiocephalic arteries performed by a functional
diagnostics specialist. Based on an expert review (three
specialists with >10 years of experience), the image quality
and possibility of interpretation were subjectively assessed.
Thus, fragments of the examination provided were stored in
an ultrasound scanner in the form of 5-s cine loops, which
were then cyclically reproduced on the ultrasound scanner.
A total of nine cine loops were recorded, three for each
mode: B-mode only, B-mode + color Doppler mapping, and
B-mode + spectral Doppler. The expert could evaluate the
image on the monitor screen of the ultrasound scanner and
screen of the client device in real time. Moreover, the above
technique allowed experts to evaluate results obtained with
different software and hardware systems during the same
examination (on the same cine loop).

We used a Defender C-090 USB camera and low-cost
video capture systems from an ultrasound scanner. Since
lox-cost systems use two types of microcircuits (chipsets)
as an analog-to-digital converter, i.e., UTV007 and AMT630A,
both options were tested:
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1) Gembird UVG-002, a video capture device based on
the UTV007 chipset with a resolution of 720 x 576 at
25 frames per second,

2) Espada USB 2.0 —RCA/S-video EUsbRcaé3 (hereinafter
referred to as EUsbRcaé3) is a video capture device based
on the AMT630A chipset with a resolution of 720 x 576 at
25 frames per second.

The following software was used for the on-server study:

+ VLC version 3.0.8 is a free video transmitting and
playing software with the option to stream video from
external devices. It runs under different operating
systems, including Linux and Android. The study used
this software simultaneously on the server and client
of the telemedicine system.

+ Motion Release 4.3.0, free software designed for CCTV
cameras, focused on motion detection in a frame. This
software runs under the Linux operating system and
was installed on SBCs. It has the option of running as a
background process. However, this software can only
broadcast images without sound. Access required user
identification and a password.

« USB Camera version 9.7.9. is freely distributed
software designed to transfer images from USB
cameras, and a non-commercial version was used to
operate as a server on Android devices.

The main criterion for software selection was the ability
to use various operating platforms. Then, these software
and hardware solutions were assessed for suitability for
use as a telemedicine system. Data transfer speed was
evaluated (expressed as mean + standard deviation).
Microsoft Excel software was used for statistical
processing of the results.

Telemedicine System

A telemedicine system consists of a server and a client.

In this paper, a server is a software and hardware complex

that transmits a video image from an ultrasound scanner.

A client is a device that receives and plays video. The client

and the server were connected through a local network

using a Wi-Fi router with a bandwidth of 72 Mbps. During
testing, the highest video signal quality (maximum resolution
and maximum frame rate) was selected. The client was
connected to the server using protocols supported by the
installed software, such as HTTP and RTSP. The following
client programs were required for video playback: VLC
for RTSP, Google Chrome on Windows 7 and Android, and

Chromium on Raspberry Pi for HTTP. Each software installed

on the server supported its codec: JPEG (Motion), VideoH.264

(VLC), and H.264 (USB Camera).

Two connection options are available (Fig. 1).

1. The server is a smartphone (Android 7.0, 2 GHz 8-core
processor, 3 GB RAM, or Onyx Max3 Android 9.0, 2
GHz 8-core processor, 4 GB RAM) connected to a
video capture device via an 0TG-USB cable. The video
capture device is connected to the video output of the
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ultrasound scanner. The client is a laptop based on
AMD E-450 APU, 8 GB RAM, 64-bit 0S Windows 7, or
a smartphone.

2. The server is a single-board microcomputer (Raspberry
Pi 1 Model B, CPU 700 MHz, 512 MB or Raspberry Pi 4,
CPU Quad Core Cortex 1.5 GHz, 4 GB with Linux version
4.19.118-v7+ installed) connected to the video capture
device via a USB cable with a USB webcam. Raspberry
Pi 1 did not have a Wi-Fi module and was connected to
the router via a LAN cable. The client is a laptop based
on AMD E-450 APU, 8 GB RAM, 64-bit OS Windows 7, or
a smartphone.

RESULTS

Ultrasound scanners. Two video outputs were tested
on the Sequoya 512 ultrasound scanner, including a coaxial
output for connecting a video printer and an S-Video output
for connecting a VCR. When the image was analyzed at the
output of the video printer, a black-and-white image was
obtained, partially going beyond the fields of video capture
devices. Conversely, when connected to the S-Video output,
a color image was obtained, corresponding to the original on
the monitor screen of the ultrasound scanner. Sequoya 512
was used with Raspberry Pi-based systems. SonoAce-8000
was used to implement teleultrasound based on Android
devices. As in the previous case, S-Video was selected for
the video output.

UVG-002. This device was successfully detected on all
mobile devices and ran normally with all tested programs.
It provided the declared maximum resolution on all devices.

Server 1

e e dull Smartphone

device

Ultrasound
scanner

ulll Cmaptdon

Figure 1. Connection diagram.
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The maximum frame rate was reached on all devices, except
for Raspberry Pi 1.

EUsbRcab3. This device was successfully identified on
all mobile devices and operated normally with all tested
programs, except for VLC on Raspberry. The declared
maximum resolution was not achieved on any of the devices.
The maximum resolution was 640 x 480.

USB camera. The USB camera was successfully detected
on all mobile devices and ran normally with all tested
programs. The maximum resolution was 640 x 480, and the
frame rate was 30 per second.

Motion software. It has been configured to run as a
server: continuous recording and transmission of images
from video devices with maximum resolution. Owing to
the low performance, Raspberry Pi 1 was able to produce
1-1.5 frames per second. Raspberry Pi 4 had none of these
problems; thus, it was possible to run several processes
simultaneously with the same quality of the broadcast video.

VLC software. The successful installation on Raspberry
Pi 4 allowed streaming from external video capture devices.
We also successfully implemented two VLC applications
simultaneously with video capture from a video capture
device and a webcam, whereas the image quality and frame
rate corresponded to the maximum. In addition, we tested the
ability to run VLC and Motion simultaneously on a Raspberry
Pi 4. VLC was installed on Android devices; however, in this
version, it did not allow the operation of a server but only
functioned in client mode. In the client mode, it was also used
on a Windows laptop.

USB-Cam software. The implementation of a telemedicine
server based on this software was extremely sensitive to the

Server 2

Video capture
device

- '
((W%/ Web%amera \’

Ultrasound N\
scanner

19


https://doi.org/10.17816/DD

20

TECHNICAL REPORTS

quality of the communication channel. Therefore, at a signal
level below 80 dB, it was disconnected, and there was no
difference in which side the low quality of the connection was
from, the server or the client side.

DISCUSSION

Based on the study results, we prepared a list of devices
and software solutions for the implementation of mobile
teleultrasound systems. The test results are presented in
Table 1: a video capture device based on the UTV007 chipset
allows us to obtain a subjectively better image than a device
based on the AMT630A chipset. The UVG-002 device can
operate on all platforms and with all the used software. This
demonstrated a high-quality picture.

The EUsbRcab3 video capture module showed satisfactory
performance on mobile devices. We were unable to set
this module for operating with VLC, even though Motion
EUsbRcaé3 smoothly ran with the same driver. The quality
of the resulting ultrasound image was extremely low on all
platforms: the inscriptions on the image were illegible, and
adequate assessment of the ultrasound image of such quality
was impossible.

For optimal software selection, the platform planned
to be used with the teleultrasound server was determined.
Therefore, in the case of an Android-based smartphone,
USB-Cam is the only software considered; however, in this
variant, teleultrasound will require a special bandwidth of
the communication channel. In our case, the channel capacity
for transmitting ultrasound data was 4.4-5.2 Mbit/s, which
is practically difficult to achieve using cellular networks.
Conversely, when connecting to Wi-Fi, this requirement for
the bandwidth of the communication channel becomes less
important. During the testing, this software and hardware
complex was highly sensitive to the quality of the Wi-Fi
signal (i.e., distance from the access point). Given these
facts, opportunities for the implementation of teleultrasound
in mobile networks are seriously limited.

At present, SBCs are increasingly and actively used in
telemedicine. [9, 10] We consider recent SBCs to be the
optimal platform for the implementation of teleultrasound.
The tested Raspberry Pi models showed a significant
increase in computing power, with the first generation of
Pi 1 being only able to transmit video at a speed of >1.5

Table 1. Test results for software and video signal devices
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frames per second (in our study, the minimum frame rate on
the ultrasound scanner was 16 frames per second), which
is thought to be insufficient to implement a teleultrasound
server. However, this device may act as a client in this
system. Raspberry Pi 4 demonstrated high performance by
simultaneously broadcasting two video streams.

The increased computing power of SBCs allows the
implementation of machine-learning technologies, [11, 12]
including in healthcare. [13] The available computing power
of an SBC may be sufficient for use with a medical decision
support system in parallel with the teleultrasound server for
evaluating ultrasound images for abnormalities.

The choice between Motion or VLC must be guided by the
bandwidth of the communication channel. Therefore, our data
show that one video stream for VLC required 0.5-0.6 Mbps,
and for Motion, the bandwidth should be at least 10 times
greater. The literature review demonstrates that a connection
speed from 0.6 [14] to 1.5 Mbps [15] is the minimum
allowable for comfortable work of a remote expert, provided
that the frame rate is 15 per second and the original video
resolution is preserved. If it is necessary to transfer only the
image from the screen of the ultrasound scanner and there is
no limitation on the bandwidth of the communication channel,
the Motion software is the best solution because it allows
autonomously starting and deploying the teleultrasound
server without human intervention. In other cases, VLC
may be selected. Our study also revealed the possibility of
simultaneously using two different systems.

In a previous paper [16], we showed the possibility of
using streaming technologies in a PC-based teleultrasound
system. However, the use of smartphones and SBCs makes
teleultrasound an even more mobile technique. A device
for a teleultrasound server with the necessary cables fits
easily into a doctor’s pocket, allowing him/her to keep the
connection kit ready and, if necessary, organize broadcasting
the examination within seconds.

Study Limitations

In this study, only two models of ultrasound scanners
were analyzed. However, this technical solution can be
also suitable for other ultrasound scanners that have
similar or different supported video outputs. This study
included only a small number of modern mobile devices,
video capture devices, and software for working with video

Parameters Motion VLC USB-Cam
Codec JPEG VideoH.264 H.264
Connection protocol HTTP HTTP, RTSP HTTP
UvG-002 18,7+2,8 0,64+0,17 5,240,3
Transfer rate, Mbps EUsbRca63 8,6+1,4 - 4,4+0,2
Webcam 15,345 0,49+0,19 2,0+0,1
DOl https://doiorg/10.17816/DD111816
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capture devices and webcams; however, we created several
functioning low-cost systems for mobile teleultrasound.
We focused on searching for the most affordable way to
perform teleultrasound. During the study, the cost of a
mobile device (Raspberry Pi4) and a video capture module
did not exceed 6,000 rubles. At present, a similar package
costs from 12,000 rubles. The software used (Motion, VLC,
and USB-Cam) had a free license or was distributed with an
open-source code. It is assumed that the operating system
(Windows, Linux, and Android) is installed on the devices as
part of the telemedicine system.

For such testing, the bandwidth [17] and security of
communication channels used for healthcare data transmission
must be considered. [3] The organization of VPN tunnels is
one of the possible ways to ensure the security of transmitted
data. However, the study of information security during
teleultrasound is not the goal of this paper. This study is unique
in that it proposes a new technical solution for teleultrasound.

Portable ultrasound systems are now available,
including those with the function of image transmission
(teleultrasound), such as Butterfly iQ + Butterfly Network Inc.,
Kosmos EchoNous, Vscan Air General Electric, and Lumif
Philips Healthcare. However, these systems are expensive
(>500,000 rubles) and do not have all the options necessary
for a complete examination using a stationary ultrasound
scanner. [18] The advantage of our approach is the use
of ultrasound equipment, which is part of the standard
ultrasound equipment.
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CONCLUSION

The use of devices based on SBCs and smartphones
allows the creation of a low-cost teleultrasound system,
which potentially contributes to improving the quality of
examinations performed for distance learning and consulting
HCPs. These solutions can be also used in remote regions as
a part of the “field” of medicine and other possible areas of
mobile healthcare.
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