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Abstract Recent advances in network infrastructures, sensors, and IoT devices have accelerated the
research and development of monitoring and interaction technologies designed for people, buildings,
and environments. In particular, there has been an increasing demand for monitoring technologies
for vulnerable people such as the infirm, disabled, and children. In this paper, we propose an
efficient hospital room management system based on IoT care robots. The status of hospital rooms
can be monitored and controlled more efficiently and intuitively by utilizing IoT devices and a cloud
platform. We demonstrated the feasibility of the proposed system through the implementation of a
prototype based on ARTIK IoT devices and the ARTIK Cloud platform. We found that the proposed
system requires approximately 600 ms and 130 ms to collect sensor data and respond to alerts,
respectively, which demonstrates it can operate in real-time.
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Table 1. REST API for getting device status

API (method: GET) Response

did (device ID)

availability (device

/devices/{deviceld}/statu availability)
(develd: req. parameter) | ringer
snapshot|  urine
wasteBasket
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var WebSocket = require(ws’);
ws = new WebSocket(
"wss://api.artik.cloud/v1.1/websocket?ack=true");

temp = sensor.read().temp; // with 3 party sensor
humi = sensor.read().humi; // library

var data = {
"temperature": temp,
"humidity": humi

h

var payload = '{ // payload for data transmission
"sdid":"+device_id+""+ts+',
"data": '+JSON.stringify(data)+,
“cid":"+getTimeMillis()+"

|

ws.send(payload, {mask: true}); // websocket send

00 5. 000 OO0 OO0 OO0 OO
Fig. 5. WebSocket-based transmission of
temperature/humidity information
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mgqttDataLen = snprintf(mqgttData, sizeof(mqttDat
a), "(\"urineBag\":%d}", sample.am_data);
snprintf(mqttTopic, sizeof(mqttTopic), "/v1.1/mess
ages/%s", DEVICE_ID);

mqtt_msg_t message;

message.payload = mqttData; // sensor data
message.payload_len = mqttDatalen;
message.topic = mqttTopic; // ARTIK cloud topid
message.qos = 0;

message.retain = false;

ret = mqtt_publish(pClientHandle, message.topic,
(char*)message.payload, message.payload_len, me
ssage.qos, message.retain); // MQTT send

00 6. MQTT OO0 OO OO OO
Fig. 6. MQTT-based transmission of sensor info

34

[0T Flojets: Sxfo|AEE AntE oFx] &ef9] tiu}
OJARA] O]mlolut oA} 2kgsle] HAUY] HRE
AAREo® 3AY AL SH/EVS 3R Al 8%
of diet e-g gt P MLk 4= Qlrk ol fst
of, Fofeia STolAEE ElolAl 7|9t fI%e HAfstaL
o ofg ZRE0] WebSocket APIE o851 H
ojeje}t AM FHE Huk=rh

4.

4.1

3 HolA ARkeke Aladle] maele] s B
21l ol thstol AAlE] Al & Ao 1
FEER] TS 9I5io] 1) 0T Aoj2e] sheglol @ 4
zEGJo] A, ) AN BEQ] hEgle] T4 Bl Aue
9ol . 3) FAolet Fejolole AxEgo] A, 4)
B4 el gt ol ZR9E Tulols L 8 A 4]
g2 Sl

124rmrm X TEemm X T
49 X 30X 03
1069/ HOMUTauchecrean

Pawer pupphy 2%mm X 23imm X 9mm
Termp/Hurmidity tentor S40 " 480 [video)

00 7.loT OO0 OOOOO
Fig. 7. loT CareBot Prototype

-

& =

® =1
=H¥a
.Ir: “
L
# Talw ang

00 8 loTOOOO OO OO 0oOoOO
Fig. 8. Video streaming with loT CareBot

I8 72 [oT Aol Z2EERIS e itk
TZEERIY st=glol= IBM TJBOTS] 3D T3 4
AnjA S vio 2 WA X|gof| A 7RgE 7, 3D &
E Z3ES ofF 710 Huat Z35t9i [oT Aol
tAaZdolols HA AHE A3 Ele] & ol
#5819 Node.JS2F HTML5, CSS3, Javascript 715t
4 AHE Aot E3L =Xl BHA i AEH
g ABIAE ARFSE7] flste] MJPG streamer 715H]
A AEY AHE 5519t 19 82 95 ¥
ojZe|A 1] QUEjF|o|ARA 7} Bl ZAfsl= Alof
5Z 5ol AEY H= WA U9 94 FEE X3
T U {9 ofeE} 259] Hines &85t g
HA0] 37l el 3 HEGS T 4= k. A

sroen Y 9 gAe] el Hidh et JEE &
A 23 4> 3o, Qarle AolRe] Mdsie Al
A 7R g A o] Y RS vigeR Hrt g
SR A T AuAE AlEd 5 Sl

I3 9= oFF 053 HE 7Rk Al BE IR EER)
< HEAL it 19 99 ()= =91 Al 719te] 3l



) el 24 BET} A0 e 24 BERA 49
U AT go] Wep S8 85 o5 g2 ofg
Selee Foldon Aadt 19 99 (e Mol
A 7o) 2715 A 24 wET R8Tk 24
BEEA 247} 2AP1S o] 2e] S Gapks
PPM A2Z ofe] Sekomo] 271408 At

(b) Infrared distance sensor and gas sensor
g0 9. 00 0OODO OO OO
Fig. 9. ARTIK-based sensor modules
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Table 2. ARTIK Cloud sensor data logs

Record Time|Receive Time Data
20:35:56.024| 20:35:56.642 | 1 numidity’:44,
temperature":26}
20:35:46.274| 20:35:46.900 | , { humidity"43,
temperature":27}
20:35:35.888| 20:35:36.020 | .\ numidity”:43,
temperature":27}
20:35:26.840| 20:35:26.981 | 1 humidity44,
temperature":26}
20:35:17.570| 20:35:17.710| % humidity":44,
temperature":26}

— DELABE_sickRoom - WasteBasket

= DELAB_sickRoom - Humidity

— DELAB_sickRoom - Temperature

00 10. ARTIK Cloud OO0 OO
Fig. 10. ARTIK Cloud data chart
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(b) Water-level of urine bag (full)
00 11. loT OODOO OO OO OO OO
Fig. 11. Getting hospital room info via loT CareBot

(b) patient alert

00 12. 0000 0O0DDOOO OD OO OO0
Fig. 12. Management of a room via wearable client
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Fig. 13. ARTIK Cloud device setting
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Fig. 14. ARTIK Cloud rule setting

0300 0000 00O 00 o000 oo
Table 3. ARTIK cloud messages and rule data logs

Device Time Type Details Data

sickRoom| 8:30:30.518| Message |wasteBasket| 2100

patient | 8:30:30.525| Message | urineBag 410

sickRoom| 8:30:35.551| Message |wasteBasket| 2650

{"waste
Basket":
2650}

wasteBasket

sickRoom| 8:30:35.690| Action X
Action

patient | 8:30:35.567| Message | urineBag 490
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Table 4. Comparison with previous systems

sickRoom| 8:30:40.528| Message |wasteBasket| 1000

criteria [31 | [5] | [6] | [8] | Proposed

patient | 8:30:40.529| Message | urineBag 570 cost efficiency] Low | Mid | High | High High
. {"urine ;
i . i urineBag . enwronment 0 X 0 0 0
patient | 8:30:40.661| Action Action Ba%}.57 sensing
patient | 8:30:45.305| Message | urineBag | 650 interaction |+ obilemobile web | "OPOL web,
- modality wearable
sickRoom| 8:30:45.306| Message |wasteBasket| 1550 o - " " 5 - 5
cloud service
. emergency
sickRoom| 8:30:50.285| Message 1
g Call rule support | O X X X (o]
sickRoom| 8:30:50.396| Action | STEMAENCY | None
CallAction
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