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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, 12C, 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
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Description: NVIDIA Jetpack Meta Package
ption.m ad1262280bdbc54909ae109d1d32c0a8

Version: 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

2x (2208x1242) @ 15fps, 2x

Output (1920x1080) @ 30fps

Resolution 2x (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
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Fig. 6. Result of Motion capture using Pose
Estimation
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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



Design of Personalized Exercise Data Collection System based on Edge Computing 67

QM 78x] 712 7]9t] WebRTP AlsfS &35t <o) £
7] efat w4 78N AE2|Y Hlo]H & A4S $feh O

Fig. 113} Zict

) st

Fig. 11. Web initial screen and motion capture streaming
data reception standby screen

9] cato] 2ol 54
xEa)y sfgie

MARE 94 2R dAke] 9

Fig. 129} 7t

FitCube Motion Capture - RTP Receiver

wid
Cid
g
Cia
Cid
i
Cid

I a

Fig. 12. Web streaming screen of motion captured video

Fig. 132 2% £4F o} 39 stmgtoz Zako
£ Auio] B4 Ane wolw girt

. Results the value of each keypoint of the body
of the motion capture image

V. Conclusions

2 eRe jol By AEes 24 AT Mg
ok SA7IN) 85 Hlole] £33 13t K] AR
AABLS AQSIGTE B W BT S0l Al
AR % 25 HolE 332 Solof Bje) MARE 1%
2 ARl gslel S0 AAsoz Mashe

AL 40 ARRAL ZAZA = AIZE A|A59] 2A17t
drisict o] & %%‘}71 st} 2 =FolAe B &
Ol ABAIEOIA FE HHE MAstoz ZHet
A|AEIO] H51E £ 4 Q131 HIThH Akgdo]] Aglst 791
o= JH 2AS 9ot tjuto] A A 9 H8-S A¥s
Fct 39 K] guto] A W WebRTCE @A 7|8t
of| A %&}% # A= AAR 0 Spring-bootE A

85to] oz AHAYE 7]gto] R MR E sHolst 4~ 9)
£2 oo Fe 2AE ALl HA8 Agrio] 5
A 5492 B3t AZIRIEC] B2 AR o] gulas] s
s As A & Ak 71E BAAS 24 AR
57 JRoe Algels 7154 AR 7K glo
U, £ d7o) Anee 249 U9 A4S B o2E

rulo
;L
ga)
s O
3 2
m
olI
ol
2
=
i
o
18
g
1z
Q
e
m
_|
E)*l

olsta AP A
Aoz AlRg 2 o
S o2 AARE £F B4 ¥ AXH 0D WHA

LA
A MY S =& Algold 2y 3 Al U5

éﬂm =9 9 408 5

REFERENCES

[1] Maarten G. Lansberg, Catherin Legault, Adam MacLellan, Alay
Parikh, Julie Muccini, Michael Mlynash, Stephanie Kemp,
"Home-based Virtual Reality Therapy for Hand Recovery After
Stroke," Physical medicine and rehabilitation, to be published. doi:
10.1002/pmrj.12598.

[2] Keith Shaw, "What is edge computing and why it matters,"
https://www.networkworld.com/article/3224893/what-is-edge-co
mputing-and-how-it-s-changing-the-network html

[3] A. O. Akmandor and N. K. Jha, "Smart health care: An edge-side
computing perspective," IEEE Consum. Electron. Mag., vol. 7, no.
1, pp. 29-37, Jan. 2018.



68  Journal of The Korea Society of Computer and Information

[4] M. S. Hossain and G. Muhammad, "Cloud-based collaborative
media service framework for HealthCare," Int. J. Distrib. Sensor
Netw., Vol. 10(3), Art. no. 858712, Mar. 2014.

[5] G. Muhammad, M. S. Hossain, and N. Kumar, "EEG-based
pathology detection for home health monitoring," IEEE J. Sel.
Areas Commun., Aug. 31, 2020. doi
10.1109/JSAC.2020.30206

[6] L. Liu, Z. Chang, and X. Guo, "Socially aware dynamic

early access,

computation ofoading scheme for fog computing system with
energy harvesting devices," IEEE Internet Things J., vol. 5, no.
3, pp. 1869-1879, Jun. 2018.
[71 M. S. Hossain and G. Muhammad, "Deep learning based pathology
detection for smart connected healthcare," IEEE Netw., vol. 34,
no. 6, pp. 120125, Dec. 2020. DOI : 10.1109/MNET.011.2000064
[8] Y. Abdulsalam and M. S. Hossain, "COVID-19 networking
demand: An auction-based mechanism for automated selection of
edge computing services," IEEE Trans. Netw. Sci. Eng., early
access, Sep. 24, Sep. 2020. DOI : 10.1109/TNSE.2020.3026637
[9] C. Hegde, P. B. Suresha, J. Zelko, Z. Jiang, R. Kamaleswaran,
M. A. Reyna, and G. D. Clifford, "Autotriage-an open source edge
computing raspberry pi-based clinical screening system,"
MedRxiv, to be published. DOI : 10.1101/2020.04.09.20059840
[10] Min Chen, Wei Li, Yixue Hao, Yongfeng Qian, Iztok Humar,
"Edge cognitive computing based smart healthcare system,"
Future Generation Computer Systems, Vol. 86, pp. 403-411, Sep.
2018. DOI : 10.1016/j.future.2018.03.054
[11] Oueida Soraia, Kotb Yehia, Alogaily Moayad, Jararweh Yaser,
Baker Thar, "An Edge Computing Based Smart Healthcare
Framework for Resource Management," Sensors. Vol. 18(12):
4307, Dec. 2018. DOI : 10.3390/s18124307

[12] Sun ke, Bin Xiao,
High-Resolution Representation Learning for Human Pose
Estimation," 2019 IEEE/CVF Conference on Computer Vision
and Pattern Recognition(CVPR), pp. 5686-5696, Feb. 2019.
DOI : 10.1109/CVPR.2019.00584

[13] JetPack SDK, https://developer.nvidia.com/embedded/jetpack

[14] WebRTC, https://webrtc.github.io/webrtc-org/architecture/

[15] Huayou Su, Mei Wen, Nan Wu, Ju Ren, and Chunyuan Zhang,

Dong Liu, JingdongWang, "Deep

"Efficient Parallel Video Processing Techniques on GPU: From
Framework to Implementation," The Scientific World Journal,
Volume 2014, Article ID 716020, Mar 2014. DOI : 10.1155/2
014/716020

[16] Kurento, https://www.kurento.org/documentation

[17] R Y. Jang, R. Lee, M. W. Park, and S. H. Lee, “Development
of an Al analysis service system based on OpenFaaS,” J. KCA,
Vol. 20(7), pp. 97-106, July 2020. DOI : 10.7840/kics.2021.46.
2.390

[18] Spring Boot, https://spring.io/projects/spring-boot

[19] MPII Human Pose, http:/human-pose.mpi-inf.mpg.de/

[20] Christian Rupprecht, Iro Laina, Robert DiPietro, Maximilian
Baust, Federico Tombari, Gregory Hager, Nassir Navab, "
Learning in an Uncertain World: Representing Ambiguity
Through Multiple Hypotheses," IEEE International Conference
on Computer Vision 2017, Aug. 2017. DOI : 10.1109/ICCV.2
017.388

[21] R. A. Giiler, N. Neverova and I. Kokkinos, "DensePose: Dense

2018 IEEE/CVF

Conference on Computer Vision and Pattern Recognition, pp.

7297-7306, Feb. 2018. DOI : 10.1109/CVPR.2018.00762.

Human Pose Estimation in the Wild,"

Authors

Hyon-Chel
Biomedical Engineering Konkuk University in
2014, a MS

Jung received B.S degree in

degrees in  Biomedical
Engineering from Konkuk University in 2017.
PhD Candidate in Health and Evironmental

Science from Korea University in 2019. He is currently a
Researcher in Wonju Midecal Industry Techno valley. He is

interested in digital convergence business model, Health

Cloud, mobile Health Care Service.

Duk-Kyu Choi received a B.S. degree in

Electronic  Engineering from  Kyungpook
1990, a M.S. and

Ph.D. degrees in Electronic Engineering from

National Univeristy in

Kyungpook National Univeristy in 1993 and

1997,
Department of Avionics Engineering, KyungWoon University.
He is Embedded

technology, Mobile Telecommunication.

respectively. He is currently a Professor in the

interested in system, Digital video

Myeong-Chul Park received a B.S. degree in
Computer Science from Korea National Open

University in 1999, and the M.S. and Ph.D.

y degrees in Computer Science from
".,‘m GyeongSang National University in 2002 and

2007,

respectively. He is currently a Professor in the
Department of Avionics Engineering, KyungWoon University.
He is interested in Visualization, Simulation, Education of

Software, Virtual Reality, and Parallel Programming.



