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[Abstract]

In this paper, we propose an edge computing-based exercise data collection device that can be
provided for exercise rehabilitation services. In the existing cloud computing method, when the number of
users increases, the throughput of the data center increases, causing a lot of delay. In this paper, we
design and implement a device that measures and estimates the position of keypoints of body joints for
movement information collected by a 3D camera from the user's side using edge computing and transmits
them to the server. This can build a seamless information collection environment without load on the
cloud system. The results of this study can be utilized in a personalized rehabilitation exercise coaching

system through IoT and edge computing technologies for various users who want exercise rehabilitation.
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I. Introduction
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II. Background

1. Edge Computing
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2. Edge Computing in Healthcare
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Fig. 2. Personalized Rehabilitation Exercise Coaching
System

III. Design

1. Configuration of System Architecture
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2. Configuration of Cloud Plarform
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Table 1. Specification of Edge Device
Item Specifications
GPU NVIDIA Volta Architecture
384-NVIDIA CUDA Core&48-Tensor Core
CPU 6 Core NVIDIA Carmel ARM 64bit CPU
6MB L2 + 4MB L3

DLA 2 NVDLA engine

XLsézrerator 7-Way VLIW vision processor

Memory 8GB 128bit LPDDR4x 51.2GB/s
Storage micro SD

Video 2x 4Kp30 | 6x 1080p 60 | 14x

Encode 1080p30(H.265/H.264)

Video 2x 4Kp60 | 4x 4Kp30 | 12x 1080pé0 |
Decode 32x 1080p30(H.265) etc.

Camera 2 MIPI CSI-2 PHY rane

Connectivity | Giga bit ethernet, M.2 E(WiFi/BT)
Display HDMI and DP

USB 4 USB 3.1, USB 2.0 Micro-B

ETC GPIO, I2C, 12S, SPI, UART

Appearance | 103mm x 90.5mm x 34mm

IV. Implementation

1. Implementation of Edge Device
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Installed-Size: 194
Depends: nvidia-cuda (= 4.4.1-b5@), nvidia-opencv (= 4.4.1-b5@), nvidia-cudnng (= 4.4.1
4.4.1-b58), nvidia-l4t-jetson-nultimedia-api (>> 32.4-8), nvidia-l4t-jetson-multimedial
Homepage: http://developer.nvidia.com/jetson
priority: standard
section: metapackages

pool/main/n/nvidia-jetpack/nvidia- jetpack_4.4.1-b50_arm64.deb

ec502e1e3672c059d8dd49e5673c5b2d8c606584d4173e514bbc4376547a171
5a405f1ad533bfcded28ed1fob237bssec3gbes
1267b31d8b8419d9847b0ec4961b1534

Verston: 4.4-b144
Architecture: arms4
Maintainer: NVIDIA Corporation
Installed-Size: 195
Depends: nvidia-container-csv-cuda (= 10.2.89-1), libopencv-python
vinfer-plugin-dev (= 7 cuda16.2), libnvonnxpars
! .501), vpi-samples (= 0.
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Fig. 4. JetPack 4.4.1 Installation for Jetson Xavier NX
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Table 2. Specification of 3D Camera

Item Specifications

X (2208x1242) @ 15fps, 2x

Output (1920x1080) @ 30fps

Resolution X (1280x720) @ 60fps, 2x(672x376)
@ 100fps

Field of View Max. 110°(H) x 70°(V) x 120°(D)

Interface USB 3.0/2.0

Depth Range 0.3m to 20m (1 to 65.6 ft)

Depth Accuracy | < 1% up to 3m | < 5% up to 15m
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void GLViewer::updateView(sl::Mat image, sl::Objects &objects)
{
mtx.lock();
image_handler.pushNewlmage(image);
BBox_obj.clear();
objectsName.clear();
bones.clear();
joints.clear();
for (auto i = objects.object_list.rbegin();
i 1= objects.object_list.rend(); ++i) {
sl::ObjectData& obj = (*i);
if (renderObject(obj)) {
auto clr_id = generateColorClass(obj.id);
if (obj.keypoint.size()) {
for (auto& limb : sl::BODY_BONES) {
sl::float3 kp_1 = obj.keypoint[getldx(limb.first)];

sl::float3 kp_2 = obj.keypoint[getldx(limb.second)];

float norm_1 = kp_1.norm();

float norm_2 = kp_2.norm();

if (std::isfinite(norm_1) && std::isfinite(norm_2)) {
bones.addCylinder(kp_1, kp_2, clr_id);

Fig. 5. GLViewer Function for Skeleton

ole} o] LA o AE|uol S o] &3 BAA 43
Ak Fig. 63} 2.

Fig. 6. Result of Motion capture using Pose
Estimation

Gstreamser+= 3D 71tf2tel F4f ohdo] AREAL 24
A AEY HlolHE RTPO 7|8tsto] Add 4 Q=
= QA5 AFA S E8sto] oYt 2= o AF]
tlo]de] uie] E2i7] Ant 3t g0l eu=folste] ¢
A QEgsta AER]Y HlolHE WebRTCz A1&stct.
Fig. 7.2 WebRTC Ad{o]lAf RTP mf7ls $A415H= A
Bo| 1 Qlr},

o

4c0a-8

9e-4c0a

9e-4cBa-81chb

4cBa-81ch-{

d9e-4coa-8lch

. Receiving RTP packets from WebRTC server
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Table 3. List of Plugins used by Gstreamer element

Plugin Specifications
Place 3D camera information (color
zedsrc images, depth maps, etc.) into the
Gstreamer pipeline
Separation of threads between
queue

elements

3D camera information and skeleton

zedodoverla ;
y of motion capture

autovideoconvert | Choose the right color for your video

video/x-raw,

format=1420 Create raw video in 1420 format

Encode raw video to MPEG-4 AVC

x264enc (Advanced Video Codec), H264
H264 encoded data is stored in RTP
rtph264pay packet
rtpsession Session manager : receivi.ng RTP .and
RTCP packets and managing sessions
. Used to transmit UDP packets over
udpsink

the network

2. Implementation of Cloud Platform
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AFRSHYE 9 W2 Spring-bootE AREsHH FNEet public void afterConnectionClosed(final WebSocketSession
. session, CloseStatus status) throws Exception
Spring-boot?] 2to]He{g] oJE/o] Aol ZAlE A (
6}7] *?’léﬂ 571% %}%ﬂq E/ﬂ 7137_@] 0"5’5}%¥51 /?_]iﬂ log.debug("[Handler::afterConnectionClosed] status: {},
9] 7—|1' 7];‘71;?_15 187H HHO 9] 37‘(}%]_ _7,5}_@_% %Ej"f—ipﬂ %q sessionld: {}", status, session.getld());
B B stop(session);
Fig. 82 FRIE RTP w712 ©7] 9t ofj&2j7{o]/de] A} }
vh 2E0] QRRe Bl Zlo|n Figdt FAES} A
@Override
H}lo] A 710] sHEZ] A} j to] ealudy o o] Ho
} ]4 ‘—}:4 C{HE 1 } } 4] =T o= E‘—] A ]q protected void handleTextMessage(WebSocketSession
session, TextMessage message) throws Exception
public class Application implements WebSocketConfigurer {
{ JsonObject jsonMessage = gson.fromJson(
@Bean message.getPayload(),JsonObject.class);
public Handler handler() String sessionld = session.getld();
{ log.debug("[Handler::handleTextMessage] {}, sessionld:
retum new Handler(): {}", jsonMessage, sessionld);
! try {
@Bean String messageld = jsonMessage.get("id").getAsString();
public KurentoClient kurentoClient() switeh (messageld) {
{ case "PROCESS_SDP_OFFER":
return KurentoClient.create(): handleProcessSdpOffer(session, jsonMessage);
} ’ ' break;
@Bean case "ADD_ICE_CANDIDATE":
public SenvletServerContainerFactoryBean handleAddlceCandidate(session, jsonMessage);
createServletServerContainerFactoryBean() { brea"k,T o
ServletServerContainerFactoryBean container = new case dIS © '( ) ) M y
ServletServerContainerFactoryBean(); ban k?Stop session, Jsoniessage).
container.setMaxTextMessageBufferSize(32768); g frezla‘,
return container; efault
b sendError(session, 'lnvalid message, id: " +
@Override messageld);
public void ) break;
registerWebSocketHandlers(WebSocketHandlerRegistry registry)
{ Fig. 9. Handler java code between Kurento and Edge Device
registry.addHandler(handler(), "/rtpreceiver");
} _
= ino- T 0l AlIsH Ajle 7
public static void main(String[] args) throws Exception —?{]_]E_Q} Sprlng boot ﬂ 5 = 2% E'.‘L}L. Flg 10“-}
{ Fdu
SpringApplication.run(Application.class, args);
}
! j
. . . . . [DEBL Application argument(
Fig. 8. Application java code to receive Kurento RTP packet [DEBUG] Environment variable(

840 (jhnne}atj}annlnadsfkurEntu-Lutoriai-jaua{kurenta-rtp-rece
rtp-receiver)

files: default

for 4.841)

Fig. 10. Interlocking and execution of kurento and
spring—boot
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