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Non-Intrusive Healthcare System for Estimation of Vascular Condition
in [P-Enabled Wireless Network

Sang-Joong Jung, Tae-Ha Kwon, and Wan-Young Chung*

Abstract

A real-time wireless monitoring and analysis methods using the wearable PPG sensor to estimate cardiovascular condition is studied
for ubiquitous healthcare service. A small size and low-power consuming wearable photoplethysmogram (PPG) sensor is designed as a
wrist type device and connected with the IP node assigned its own IPv6 address. The measured PPG waveform in the IP node is collected
and transferred to a central server PC through the IP-enabled wireless network for storage and analysis purposes. A monitoring and
analysis program is designed to process the accelerated plethysmogram (APG) waveform by applying the second order derivatives to
analyze systolic waves as well as heart rate variability analysis from the measured PPG waveform. From our results, the features of
cardiovascular condition from individual's PPG waveform and estimation of vascular compliance by the comparison of APG-aging index

(Al) and ratio of LF/HF are demonstrated.

Keywords : Wearable PPG sensor, Accelerated plethysmogram waveform, Heart rate variability, Vascular compliance, Aging index,

IP-enabled wireless network
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S: Upstroke start time
P: Percussion wave
T: Tidal wave

C: Incisura

D: Dicrotic wave

U: Upstroke time

E: Ejection time

H: Wave height

a: Early systolic positive wave
b: Early systolic negative wave
c: Late systolic re-increasing wave
d: Late systolic re-decreasing wave

e: Early diastolic positive wave

b (®)

Fig. 1. Characteristics of PPG and APG waveforms; (a) PPG
waveform, (b) APG waveform.
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Fig. 2. System architecture for measurement system.
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Fig. 3. Designed wearable PPG sensor.
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Table 1. Hardware specifications of IP node and gateway

Item Specification

MCU MSP430 (16 bit RISC: 3 MHz) (IP Node)
S3C2410 (ARM9 Core) (Gateway)

RF IEEE 802.15.4

RF chip TI (Chipcon) CC2420 (2.4 GHz)

(0N TinyOS-1.x/2.0 (IP Node)
Embedded Linux (Gateway)

Protocol IPv4/IPv6 Dual Stack

Stack (TCP, UDP, ICMP v4/v6)

6LoWPAN  Transmission of IPv6 Packet over

802.154

AR AdS Y3 HEY T 152 sl 2719 229 IPvd F4
7} IPv6 F4E HEE o] Ao EY0|(2002:d27d:Tedb: 1,
210.125.126.219)2F A (2002:cbfa:79d2::cbfa:79d2,
203.250.121.21000] 217} gl om SFE [Pv6 Fae A
AEEIL Q= TPvd Aol A] Higksto] ARG-S3ITE E3] A0 ES)
o= [P :=E5(2002:d27d:7edh:100:22:ff:fe00:a)l IPv6 F4AS
SFsto 2 GLoWPAN Yol IP & T3t 957 YEY T gl
SAEQ} FAlo] 7hse7] fiie]| QlElal ANUEY 71 &
4 A Agt 25 7HAA oot webA [EEE 802.15.4
RZ TFEZT} GLoWPAN ZREZS 0|43 gy dES &
3 o] 9l YEYIY SAETL GLoWPAN Ul9] IP k=t

A AT A ¢ long AR tE Ao BAAE &
, A 9 BUE RS 7HssHA steltt Table 12 1P 7|8k £
Y| E Qo] ARE-E IP l=E0f Ao Ego] o] EAS LEhSITt

of

M ool I

3.3 M Z=73

24

ful

Aol PPG AlAfol|A1 2] dlofe] A4 UART Al2|d
o IP B9 wpo|A8 HEZE Z4H dlo|g)7t $35m,
SAE glojgE 129 5 Hlo]EX 7502 S ET= flo]HE 25
Hlo]E 9] 6LoWPAN H|o|g HjZl 02 ~L4dsto] Ao|EQo|E &
3 AMHZ ASSIEE 513, Fig. 4+ IP EojlA TAE w7l
H&o Hojz glon 6 LoWPAN &)t9} IEEE 802.15.4 97
agksto] F 100 HRo|EQ] w7l o2 skl E3E IP 7|5t
FAUE]AYY] AFS e 14 IPE =Eof HE3 6
LoWPANZHF ol 4| E|AE 3}9ict,

E3} o}2 glolelel= g2 PPG HlojHE 430 Zlo] &
LB 2 PPG 1 ZE o]§5to] ALt blo[H HFo] o] Foi Al
Aol gt &elo] Hasirt, A 08 HEH blofe= 7714
A TS Slal AR AR SA4H PPG AlSo| tf?
BUEE TG LabVIEWS AR-sH] Lal3it, Fig, 5(a)
£ AR AYoRRE A& PPG ATE A7HECR 93} n]islo]
53 APG Alsof|A 2] Ztzke] Madel TA%) (a, b, ¢, d, o)

1o o
ol op

C

9|L

7’79,

IPv6 Address

| IP Node Address I Gateway Address

| 16 bytes 16 bytes -~ -
' _ -~
6LoWPAN Format (100 bytes) / -

IEEE 802.15.4 Header Payload

Mesh Header ‘ 6LoWPAN Header

\

PSay PPG Signals

| Node ID (00 0a) ] Sensor_type (00 60) | PPG data
2 bytes 2 bytes 25 bytes
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APG Waveform
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Fig. 5. Monitoring program in real time; (a) Peak wave detection
of APG waveform, (b) HRV analysis in frequency
domain.
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Table 2. Analysis performance of APG waveform

Age 20-25 26 - 30 31-35 36 -40
Male Female Male Female Male Female Male Female
b/a -0.79+0.08 -0.80+0.11 -0.81+0.11 -0.72+0.11 -0.72+0.11 -0.60+0.11 -0.57+0.13 -0.54+0.11
c/a 0.01+0.13 0.007+0.10 0.01+0.12 -0.01+0.12 -0.08+0.13 -0.10+0.07 -0.18+0.11 -0.20=+0.08
d/a -0.10£0.13 -0.10+0.16 -0.17+0.15 -0.24+0.09 -029+0.11 -030+0.08 -0.38+0.14 -0.36+0.12
e/a 021+£0.12 0.19+0.08 0.21+0.09 0.17+£0.05 0.22+0.08 0.19+0.05 0.19+0.08 0.20+0.05
APG-AI -091+£023 -095+0.31 -0.86+0.28 -0.64+0.26 -0.57+0.28 -036+0.23 -0.20£0.19 -0.16£0.27
02 02
0.4} 01
0.6} . = " 0
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Fig. 6. Comparison of APG analysis parameters; (a) b/a value, (b) c/a value, (c) d/a value, (d) e/a value.
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Table 3. HRV analysis in frequency domain

Parameter  LF (ms2) HF (ms2)  Ratio of LF/HF
20-25 619.96 270.72 2.29
26-30 602.57 249.43 241
31-35 605.23 238.28 2.54
36-40 589.45 227.59 2.59
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Fig. 7. Comparison of Al and ratio of LF/HF in age group.
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