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Functional Testing of First—Aid Gadget Prototypes
for Relief Robot
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Abstract: This paper proposes functional test methods of first-aid gadgets which are special
end-effectors, for relief robot. In recent years, researches have been actively conducted on robots that
can perform rescue operations on behalf of rescue workers in dangerous areas such as disasters and
wars. These special robots mainly perform the task of finding or transporting injured people. However,
it is sometimes they necessary to provide first aid in the field. Among the various first-aid operations,
gadgets are being developed for oxygen supply, injection, and hemostasis operations that can be used
in a defense/civilian area by using robot technology. Previous studies have proposed first-aid gadgets
that are suitable for onsite situations and enable robots to perform the given task quickly and
accurately. In this paper, we design a test procedure suitable for the functions of first-aid gadgets,
summarize the results, and introduce future research directions.

Keuwords: First-aid gadget, End-effector, Functional test
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[Fig. 1] Concept of relief robot for first-aid

[Fig. 2] Injection gadget: injection control module (upper
device; gray) and injection module (lower device; blue)

[Table 1] Specification of injection gadget

Item Description
. An injection of the automatic injector is given to
Function |. .
injured person
A special gadget with built-in trigger for automatic
Feature .. S
injector and exchangeable injection module
Actuator | Linear motor
Size @100 mmx 149 mm
Weight 1.24Kg
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[Fig. 4] Oxygenation gadget: oxygenation gadget control
module, 2-jaws with air cuff, and cervical collar

[Table 2] Specification of oxygenation gadget

Item Description
Function .C?rwcal spine protection and oxygen supply for
injured person
A special gadget for cervical spine protection and
Feature oxygen supply 4 liter per minute for 10 minutes for
injured person
Actuator | BLDC motor, Air pump motor
Size 340 mmx430 mmx>283 mm
Weight 3.37Kg
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[Fig. 6] Tourniquet gadget: tourniquet gadget control module
and 2 jaws with air cuff

[Table 3] Specification of tourniquet gadget

Item Description

Function | Hemostasis of arms and legs of injured person

A special gadget for hemostasis for 10 minutes at a

Feature pressure of 300 mmHg or more against blood pressure
at arms and legs of injured persons

Actuator | BLDC motor, Air pump motor

Size 200 mm>130 mmx120 mm

Weight 3.41Kg
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[Table 4] Test procedure of injection gadget

Seq. | Procedure

Record video with camera and log experiment data with

' Ipag
) Combine the injection gadget control module mounted on the
tool magazine to the ATC master plate
The injection gadget control module is equipped with the
3 injection gadget module and simultaneously confirms a

connection via the injection gadget module connection
confirmation pin

The injection gadget is brought into contact with a thigh of
4 the injured person, and the contact state is monitored through
the contact sensor mounted on the injection gadget

Detach the injection gadget module at the tool magazine and

5 . . . .
confirm the detachment via the connection confirmation pin
Place the injection gadget control module at the tool

6 . .
magazine and separate it from the ATC master plate

7 Attach automatic injector (Atro-Farm) injection to the

injection gadget module and secure safety pin

8 Repeat the procedure @) ~ ®
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[Table 5] Test result of injection gadget

Item Evaluation method Result
Injector Visually check safety pin structure of Pass
Safety Pin automatic injector

Injection angle Determine whether the injector is in Pass

vertical contact with the contact sensor

Injection shot | Check whether the injector are triggered| Pass

Intramuscular T T

S Check injection and injection time in the

injection . B Pass
. thigh within 10 seconds

function

CAN Check CAN communication port and Pass

Communication | check data log

IG_CTRL_INJECTION

IGC_CTRL_CONNECT

Time (sec)

[Fig. 9] Control signals of injection gadget (CAN message)
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[Fig. 10] State signals of injection gadget (CAN message)
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[Table 6] Test procedure of oxygenation gadget

Seq. | Procedure

Record video with camera and log experiment data with

' I pag

Combine the oxygenation gadget mounted on the tool
magazine to the ATC master plate

The oxygen supply gadget is brought into close contact with
3 the injured person's face and the control PC operates the jaw
drive motor in the closing direction.

The control PC commands jog re-gripping, at the 2/3

4 . . .

operating radius of the jaw.

Check that the jaw is open to the maximum open position,
5 and the control PC operates again the jaw in the closing

direction.

After confirming whether the jaw is closed by the limit
6 sensor, the gadget control PC commands the air cuff
operation.

When the air cuff pressure reaches 100 mmHg, the
pneumatic motor is stopped

Check the gadget's facial adhesion and cervical traction
when the oxygen supply gadget is switched off.

[Table 7] Test result of oxygenation gadget

Item Evaluation method Result
Gadget Check oxygen supply adapter and Pass
Structure oxygen supply device
Re-Gripping Check jog re-gripping fun.ction, at the Pass
2/3 operating radius of the jaw
ical

CeI‘VlCZ.l Check cervical traction function Pass
protection
CAN Check CAN communication port and

N Pass
Communication | check data log
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[Table 8] Test procedure of tourniquet gadget

Seq. | Procedure

Record video with camera and log experiment data with

' I pag

Combine the tourniquet gadget mounted on the tool

2 .

magazine to the ATC master plate

Place the tourniquet gadget near the injured person's upper
3 abdomen, and the control PC drives the jaw drive motor at

full power

After the jaw motor reaches the maximum grip position, stop
4 the operation of the jaw motor and monitor the contact state
with the contact sensor.

Applying pressure to the air cuff with a pneumatic motor,

> until the pulse stops (300 mmHg above blood pressure)

6 After stopping operation of pneumatic motor, wait for 1
minute

7 Check whether the tourniquet gadget transmits the
hemostasis completion information to the control PC

g Check if the external hemostatic timer works when the

tourniquet gadget is switched off

[Table 9] Test result of tourniquet gadget

Item Evaluation method Result
Pressure Check whether the gadget air pressure Pass
capability sensor is output more than 600 mmHg

. Check whether external hemostasis
Hemostasis . . . .
. timer is activated when the gadget is| Pass
timer

separated

. Check pulse wave for 30 seconds with

Hemostasis Pass

pulse wave sensor

CAN Check CAN communication port and

P
Communication | check data log as
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[Fig. 15] Control signals of tourniquet gadget (CAN message)

TG_FDBCK SENSOR_A1~3

------ TG_FDBCK_SENSOR_Af
-~ - TG_FDBCK_SENSOR_A2
— TG _FDBCK_SENSOR A3

TG_FDBCK_SENSOR_B1-3

------ TG_FDBCK_SENSOR_B1
- TG_FDBCK_SENSCOR_B2
—TG _FDBCK_SENSCR_B3

T T T T T T T T T T T T T T T T 1
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 8O0 85
Time (sec)

[Fig. 16] State signals 1 of tourniquet gadget (CAN message)
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