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Abstract

The human body evolved over long ages from hominids to adapt to the environment.
During the era of our hominid ancestors, locomotion evolved from quadrupedal to
bipedal walking. Furthermore, since the ape-man era, humans have crafted tools from
surrounding materials like wood and stone. Throughout this evolutionary process,
rather than altering their bodies to handle specific actions, humans seem to have adapted
their bodies to utilize the objects around them. In this evolutionary journey, humans
adapted to various challenges not by drastically changing their bodies themselves, but by
evolving tools. Even today, humans continue to confront the limitations of their bodies
while seeking to assist and extend their daily movements through technology. Mean-
while, the natural world contains organisms that achieve diverse movements through
unique bodily structures. We wondered: if parts from other organisms were added to
the human body—which evolved through natural selection to shed unnecessary elements
—how might this alter our daily physical operations? Therefore, our group developed a
“body augmentation interface for daily actions using electromyography measurement.”
After gathering information on various organisms within the group, we focused on the
structure of tentacles, which enable flexible movements impossible for the human body.
In the first phase, we constructed two mechanisms: a pneumatic tentacle structure and a
wire-based tentacle structure, and discussed their challenges. Through these activities,
we determined the primary mechanism to be developed and examined which felt more
like an extension of the body. After deliberation, we concluded that the wire-based sys-
tem would be the main focus. Discussions also raised concerns: the wire-based system
might experience changes in range of motion due to the use of motors and servo motors,
and the durability of the control wires could potentially decrease due to friction when
winding them around motors. We also considered that the model structure of the ten-
tacle might significantly impact its range of motion. Based on these considerations, we
constructed a wire-based tentacle structure approximately 30cm in total length during
the first semester, incorporating these points into our discussions while building it. For
the tentacle construction, we used a PC application called Fusion and produced it using
a 3D printer.

Keyword Body augmentation, electromyography, tentacle structure, pneumatic
pressure, control circuitry, 3D printing

-1 -



BR

2.2

B3IE
3.1
3.2

3.3

F4E
4.1

4.2

55
By
AFad =7 VIBIAEHN ...
2.1.1 fFomIk .. ...

2.1.2 IS AT L DR
2.1.3 EOMEMDEHI

BiIOE ...
RE&E R i

FREAL ..
AR ..
321 7774 7@EM ... ... ...
3.2.2 ZEEMMEESS ... ... ... ...
323 ARNARNRRAT 4R L.
3.2.4 JERERMEAWEER . . . . .. ... ...
3.2.5 CREEERmEE ... ...
3.2.6 FEIMEE 2Xm—r2 7 4 LK)
WG ..
3.31 Arduino ... ...........

3.3.2 HlHTa T A
333 DCFXFYy—FE—2X
334 3D FUE

R

BIARRSRY . . . . .
411 VAXY—ROMFRFT AL Z .
41.2 ZESEXOMFEME . . ... ...
4.1.3 ®iECHEfEL 2T o a . L.
B ...
421 UAXY—ROMFRT AL Z .
422 BIWCEWELZTw oA, L.
423 EEHE ... L.
BR

EFEFEBROER . ...
WERE QR . ..
EZR

- il -

11
11
11
12
12
13

14
14
15

16



6.1
6.2
6.3

BTE
2E3

iR A
Al

FEFOBITEICOWVT oL
TRENE . . o
BRILBROATREMEICOWT o oo

o

VV—XQ—FK
Arduino ZEI X 57200Da—F ...

-1iv -

17

18

19



Body augmentation interface using biologic signals
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(a) WER (b) FERD
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R T A4 ZDBEICAEHAS RN, Ui L, EEREOEIMIEY, YRR 25
WKFTHRL &S T 28F L FROEEBITFR T AL ZTHITDONL L 5I1TRD, T4 AN
DFGHHEIT LTV D Z e AR S Nz, DUMCRHMEEBR O RZ RS,

5.1 IBFRERDIER

TERL 72 7 N4 ZDHEFRMEREZ MGES 5729, HRA RBIROWIA TR 5.1-M 5.4 D X 512, Hlo
FicgY e ECIRETOIEREREZEM L. 2OME, K54, K55DL51Cy MR b
NElED Y L, NESPHRIROVERERLERZ e TER. T2, BVIBLEREITS 2T, #
BE S, FAL ZARERIEET 2 MRARIBVICHEDL ST, WHICH2WEEHE EIFs 2
CORJRE L 2 o 7.

5.1: EFF5ER 1 5.2: HHFFSER 2 5.3: 1EF5EER 3 5.4: EFF5ER 4

5.5: N2 L T2 kT

Group Report of 2025 SISP -14 - Group Number 21



Body augmentation interface using biologic signals

5.2 #ERE DT
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E6E BE
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2ZHDYED & 5 HREINPLT VD DR EIF3 Z e BREECH - 72, Zhug, MFoLkEftx%
L, RO R REX RS20, MZOREVE—XEHALEZLPRERTH- 7. Z
ZT, MFOEMESLOLPVEBIIRICEET 2 Z 2T, MADOIERICHRIKEMNER ML B Z T
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8 A Y—Xd—F

A.1 Arduino ZH@IE37-HDI1—F

include < Servo.h >

define MOTORIN1 3

define MOTORIN2 5

define EMGPIN A0

const int samples = 10; // F¥H 22 ¥ > T
int emgValues[samples];

int index = 0;

void setup()

pinMode(MOTOR;N1,OUTPUT);
pinMode(MOTOR; N2, OUTPUT);
Serial.begin(9600);

void loop()

int rawValue = analogRead(EMGpIN);
emgValues[index| = rawValue;

index = (index + 1)

/] “EEfER R

long sum = 0;

for (int i = 0; i | samples; i++) sum += emgValues]i];
int avgValue = sum / samples;

/] EMDEE 7Y >+

Serial.println(avgValue);

int thresholdForward = 200; // B

int thresholdReverse = 600; // Bf#

int sustainTime = 1000; // 1s L ECTEI{ET 3

static unsigned long aboveTimeForward = 0;

static unsigned long aboveTimeReverse = 0;

/] — IE#RZEMF —

if (avgValue j thresholdForward avgValue j thresholdReverse)
if (aboveTimeForward == 0) aboveTimeForward = millis();
if (millis() - aboveTimeForward ¢ sustainTime)
digitalWrite(MOTOR; N1, LOW);
digitalWriteMOTOR; N2, HIGH); / /iF iz
aboveTimeReverse = 0; // Wi x f < —1ZV kv b

/] — WS —

else if (avgValue ;= thresholdReverse)
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if (aboveTimeReverse == 0) aboveTimeReverse = millis();
if (millis() - aboveTimeReverse ; sustainTime)
digitalWrite(MOTOR; N1, HIGH);

digital Write(MOTOR N2, LOW); / /i¥i#x
aboveTimeForward = 0; // [E# X A ¥ —13V > b
/] —EBHT RV (FiE) —

else

aboveTimeForward = 0;

aboveTimeReverse = 0;
digitalWrite(MOTOR; N1, LOW);

digital Write(MOTOR N2, LOW); / /fZ1k
delay(20);
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