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ABSTRACT

This project aims to design and build the prototype of six-legged robot (Hexbot)
controlled via Bluetooth signal from smartphone or computer. The purposes are to study
about robot arm equation and apply to robotic movements. The movements include
forward, backward, rotating left and right. The Hexbot can be controlled by two different
control method including fixed motion control and equation-based control. The prototype

is built and tested, then the comparison between fixed motion and equation-based

control is made.
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ry; = sinBy[cos(8, + 03) (cosB,cosB5c0s0, — sinb,cosBg) + sin(B, + 03)sinBssinbg] —
cosB; [cosB,c0s04 — sinb,cosB5sinbg|

ry; = —sin(0, + 65) (—cosB,cos055inb, — sinb,cos6¢) + cos(B, + 05)sinBssinb,
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A157199 2.3 Wisdiees D-H veslauna

i Ay aiq d; Di
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A15197 2.2 @unsadeuiunsngniswuasainfinalussy 3 lWdsinaluwsy 0 lade

cos(q; +gz+4qz) -—sin(q; +qz+qz) 0 Iljcosqy +1;c0s(q; + q2)
T = sin(qy + 4+ q3) cos(q; + g2+ qsz) 0 lising; + lpsin(qy + qz)
o 0 0 1 0
0 0 0 1 (2.5)

LAAIMSUNISATUIUIAUANER SHNEY as%’u%gaoﬂ”mmﬁaLLasﬁmmmewsm 3 §aRAD

WNSNYNSHUAS
cosf —sinf 0 x
T. . = sinf  cosf 0 vy
03 0 0 1 0
0 0 0 1 (2.6)

Wnuneifedean 8,, 0, 0; Aviliwumsndgn1sulasnagedluaunisi (2.5) waraunisi

(2.6) Mna@nuwvinu Gadudfevinli

cosf = cos(q; + gz +q3) (2.7)
sinf = sin(q; + q2 + q3) (2.8)
x = lycosqy + 1c0s(qy + q2) (2.9)
y = lysingy + l;sin(qy + q3z) (2.10)

pnaEnsann1si (2.9) uagaun1sn (2.10) uanhunviniuuagldnuandi

cos(qy + q;) = cosqy€0sq;, — sing4sing;

sin(q; + gq,) = sing,cosq, — cosq;sing;
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x? +y? =12 +15 + 2l41,c0sq,

x2+y?-13-17 (2.11)

& ga
FenAe cosqy =
2141,

d vea l ' L3 - =l ' =t '
AN 92 lmﬂmamammmwwmwawmaum‘m (2.11) 4AN5¥WINN -1 wag 1 «49an

o 1 1 1 1 4=’l} o o 1 = !:‘ o v 1 v
Anameguangasnuanyieunatl amnsaludsiunisasianeiivuald v 6, la

INATAIAN

sing, = +4/1 — cos?q (2.12)
uarldian sing, Mldlugns
q, = atan2(sinq,, cosq;) Z213)

a o oA = = = a € o |
LASDIMUNBUINLAZAUTLEDN A LUANNITN (2.12) LaRItaNITaNITHRDIAINBULINT
nila Fadleldan 8, Aawnsamen 0, lwannisunuai 0, Nieasluaunisy (2.9) wazaunisn

(2.10) uddngushenuaTine3inala nadléde
x = kycosq; — k,sing, (2.14)
y = kysing; — k,cosq, (2.15)

TnuAIAIR ki k, ¥1laa0n ky =1y + 1,cos0, Uag k, = I;sind, WalsAmazAInly
AMSUANANNISH (2.14) wazauni1sy (2.15) I9UA8UITIRLU ki k, Lasnrvuali r =

+I21K2 uay y = atan2(ky /1, ky /1) Betiufe
ky = rcosg
(2.16)
k, = rsing
SuTouaunish (2.14) wazaunisi (2.15) nadlediu

X/r = cosgcosq; — singsing; = cos(g+ q4)

y/T = cosgsing, — singcosq; = sin(g + q;)
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2.4.1 Mini Servo High Torque HS-225BB

5UT 2.11 Mini Servo High Torque HS-22588
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findnmsvirnulaensdwwesdyg aiadiinaranisvyuees
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A51971 2.4 Performance Specifications

Performance Specifications
Operating Voltage Range (Volts DC) 4.8V ~ 6.0V
Speed (Second @ 60°) 0.14 ~ 0.11
Maximum Torque Range oz/in 54 ~ 67
Maximum Torque Range kg/cm 39~48
Current Draw at Idle 8 mA
No Load Operating Current Draw 300 mA
Stall Current Draw 1,200 mA
Dead Band Width 8 us

3199 2.5 Physical Specifications

Physical Specifications
Dimensions (Inches) 1.27 x 0.66 x 1.22
Dimensions (Metric) 324 x 16.8 x 31.0
Weight (Ounces) 0.95
Weight (Gram) 27.0
Circuit Type HT7003 Analog SMT
Motor Type 3 Pole Metal Brush Ferrite
Gear Material Nylon
Bearing Type Top Ball Bearing
Output Shaft (type/@ mm) Standard 24
Case Material Physical Specifications
Dust/Water Resistance N/A
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2.4.2 Driver Module 16-Channel PWM/Servo

gﬂﬁ 2.12 Driver Module 16-Channel PWM/Servo

lunadu Servo 16 %04 12 Bit wuy PWM/Servo Ainsanuuduimasina 12¢ Tdlunis

AIUAN Servo A AanTouniu

2.4.3 Bluetooth

5U#l 2,13 Bluetooth HCO5

Bluetooth Module Ju HCO5 uluga Bluetooth dudusuiisesiutiugunsaldulng)

Tutagiu hanldlunisindedeansseninslulasroulvsameiivusuiiuaoufiames

2.4.4 Power Supply

31]17'; 2.14 Power Supply
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=l 1 oo 1 o 2 c‘ @
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2.4.5 Arduino Uno R3

E‘Uﬁ 2.15 Arduinc Uno R3

a ] =

Arduino 811 (91-9-8-1u %30 0198Tu) Wuvesalulasreulnsaaainszna AVR 7l
MIWAILALUY Open Source fe finsilnmedoyariadu Hardware uag Software fuasn
Arduino gnesnuuvalildauldine fedudanmydmiugEududne fidgldouds
anunsadudas iy Waunsesenasiuesn wielusunsuselasnae

vaina Arduino fadnduvedalulasreulnsanesveniivy uazldiusdaunivates 7
aunsadrluvaulassulavainvane L'%UuiflﬁdwLLazmmsﬁW%'w:iL%uﬁu Snvadaiisnan
Flaluwa

318a2188AUD3A Arduino UNO R3

1. Weusetunsuinmesldlnenseiu USB

2. annsasunazlusunsuiuesanig Arduino IDE

3. Fauedalddu AT Mega 328 P Ussananahitu uduslmismnsnanguneu

4. fuedaldlniaes s5v
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2.5 TUsunsuldau

2.5.1 Arduino IDE
al v o 1 € raidl 1 e 173
Dulvsunsaildvaumugivuesalulasaeulvsamesiitedn Arduino Tdnw C Tu

nsdauvinlidedeni st uagdedl Library Hugilvileus feanunsndludesenla

2.5.2 MATLAB
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Arduino

2.5.3 SolidWorks
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3.3.1 nMsspulusunsy
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(cq1)(cqz) (cqi)(—sqz) sq:  (ajcqq) + (cqi)(@z¢q2)][(@3) (—sqs) 0 (azcqs)
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(57.3sinq; + 94sin(q; + q3) =z
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P
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https://www.arduino.cc/en/Reference/Libraries

“MathWorks” (Online). Available

https://www.mathworks.com/products/matlab.html

“Raa814n150anLUL” (Online). Available

https://grabcad.com/
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Code NM5N9IUVBMUBUA 6 U1

1. nsideusie ugys Tu MATLAB
function varargout = bt_test(varargin)
gui_Singleton = 1;
gui_State = struct('gui_Name', mfilename, ...
‘gui_Singleton’, eui Singleton, ...
'gui_OpeningFcn', @bt_test OpeningFcn, ...
'gui_OutputFcn', @bt _test OutputFcn, ...
'gui_LayoutFen', [1, ...
'sui_Callback!, [I);
if nargin && ischar(varargin{1})
gui_State.gui_Callback = str2func(varargin{1});
end
if nargout
[varargout{l:nargout}] = gui_mainfcn(gui_State, varargin{:});
else
gui_mainfcn(gui_State, varargin{:});
end
function bt _test OpeningFcn(hObject, eventdata, handles, varargin)
handles.output = hObject;
guidata(hObject, handles);
clear bt;
clg
global bt;
bt = Bluetooth('HC-05', 1);
fopen(bt)
function varargout = bt_test OutputFcn(hObject, eventdata, handles)
varargout{1} = handles.output;
function servo 1 Callback(hObject, eventdata, handles)

function servo 1 CreateFcn(hObject, eventdata, handles)
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if ispc && isequal(get(hObject, BackgroundColor'),
get(0, defaultUicontrolBackgroundColor'))
set(hObject,'BackeroundColor','white"),
end
function servo_4 Callback(hObject, eventdata, handles)
function servo_4 CreateFcn(hObject, eventdata, handles)
if ispc && isequal(get(hObject,'BackgroundColor’),
get(0,'defaultUicontrolBackgroundColor'))
set(hObject,'BackgroundColor','white");
end
function servo_7_Callback(hObject, eventdata, handles)
function servo_7_CreateFcn(hObject, eventdata, handles)
if ispc && isequal(get(hObject,'BackgroundColor’),
get(0,'defaultUicontrolBackgroundColor'))
set(hObject, BackgroundColor','white');
end
function servo 10 Callback(hObject, eventdata, handles)
function servo_10_CreateFcn(hObject, eventdata, handles)
if ispc && isequal(get(hObject, BackgroundColor'),
get(0,'defaultUicontrolBackeroundColor'))
set(hObject,'BackgroundColor', white");
end
function servo 2 Callback(hObject, eventdata, handles)
function servo_2_CreateFcn(hObject, eventdata, handles)
if ispc && isequal(get(hObject,'BackgroundColor’),
get(0,'defaultUicontrolBackgroundColor'))
set(hObject,' BackgroundColor','white');

end

function servo 5 Callback(hObject, eventdata, handles)

function servo 5 CreateFcn(hObject, eventdata, handles)



if ispc && isequallget(hObject,'BackgroundColor),
get(0,'defaultUicontrolBackgroundColor'))
set(hObject,' BackgroundColor','white");

end

function servo_8 Callback(hObject, eventdata, handles)
function servo_8 CreateFcn(hObject, eventdata, handles)
if ispc && isequal(get(hObject,'BackeroundColor'),
get(0,'defaultUicontrolBackgroundColor’))

set(hObject,' BackgroundColor','white');
end

function servo 11 Callback(hObject, eventdata, handles)

function servo_11 CreateFcn(hObject, eventdata, handles)

if ispc && isequal(get(hObject,' BackeroundColor),
get(0, defaultUicontrolBackgroundColor'))
set(hObject,'BackgroundColor','white");
end
function servo_3_Callback(hObject, eventdata, handles)
function servo 3 CreateFcn(hObject, eventdata, handles)
if ispc && isequal(get(hObject,'BackgroundColor),
get(0, defaultUicontrolBackgroundColor')
set(hObject,'BackgroundColor',' white');
end
function servo_6_Callback(hObject, eventdata, handles)
function servo_6 CreateFcn(hObject, eventdata, handles)
if ispc && isequal(get(hObject, BackeroundColor'),
get(0,'defaultUicontrolBackgroundColor))
set(hObject, BackgroundColor','white");
end
function servo_9 Callback(hObject, eventdata, handles)
function servo_9 CreateFcn(hObject, eventdata, handles)
if ispc && isequal(get(hObject, BackgroundColor'),
get(0,'defaultUicontrolBackgroundColor'))
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set(hObject,'BackgroundColor',' white");
end
function servo 12 Callback(hObject, eventdata, handles)
function servo_12_ CreateFcn(hObject, eventdata, handles)
if ispc && isequal(get(hObject,'BackgroundColor’),
get(0,'defaultUicontrolBackgroundColor")
set(hObject,'BackgroundColor','white);

end

function servo_13 Callback(hObject, eventdata, handles)
function servo_13 CreateFcn(hObject, eventdata, handles)
if ispc && isequal(get(hObject, BackgroundColor'),
get(0,'defaultUicontrolBackegroundColor))

set(hObject,' BackgroundColor','white');
end

function servo_14 Callback(hObject, eventdata, handles)

function servo_14 CreateFcn(hObject, eventdata, handles)

if ispc && isequallget(hObject,'BackgroundColor'),

get(0,'defaultUicontrolBackgroundColor"))
set(hObject,'BackgroundColor',' white);

end

function servo_15 Callback(hObject, eventdata, handles)

function servo_15_CreateFcn(hObject, eventdata, handles)

if ispc && isequal(get(hObject, BackgroundColor),

get(0,'defaultUicontrolBackeroundColor’))
set(hObject,'BackgroundColor',' white');

end

function servo_16 Callback(hObject, eventdata, handles)

function servo_16 CreateFcn(hObject, eventdata, handles)



if ispc && isequal(get(hObject,'BackgroundColor),
get(0,'defaultUicontrolBackgroundColor"))

set(hObject,' BackgroundColor', white");
end
function servo 17 Callback(hObject, eventdata, handles)
function servo 17 CreateFcn(hObject, eventdata, handles)
if ispc && isequal(get(hObject, BackgroundColor),
get(0,'defaultUicontrolBackeroundColor'))

set(hObject, BackgroundColor',' white");
end

function servo_18 Callback(hObject, eventdata, handles)

function servo_18 CreateFcn(hObject, eventdata, handles)
if ispc && isequal(get(hObject, BackgroundColor'),
get(0, defaultUicontrolBackgroundColor))

set(hObject, BackeroundColor',' white');

end

function pushbutton1_Callback(hObject, eventdata, handles)

a = getappdata(0, 'servo 1Y)
b = getappdata(0, 'servo_2;
c = getappdata(0, 'servo_3";
d = getappdatal(0, 'servo_4,
e = getappdata(0, 'servo_5');
f = getappdata(0, 'servo_6');

¢ = getappdatal0, 'servo 7;
h = getappdata(0, 'servo_8;
i = getappdatal0, 'servo 9

j = getappdata(0, 'servo_10";
k = getappdata(0, 'servo_11;
| = getappdatal(0, 'servo_12);
m = getappdata(0, 'servo_13');
n = getappdata(0, 'servo_14");
o = getappdata(0, 'servo_15";
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p = getappdatal0, 'servo_16;
q = getappdata(0, 'servo_17";
r = getappdata(0, 'servo_18);
global a

global b

global ¢

global d

global e

global f

global ¢

global h

global i

global j

global k

global (

global m

global n

global o

global p

global g

global r

a = strznum(get(handles.servo 1, 'String));
b = strznum(get(handles.servo_2, 'String));
¢ = strznum(get(handles.servo 3, 'String');
d = str2num(get(handles.servo_4, 'String);
e = str2num(get(handles.servo_5, 'String));
f = strznum(get(handles.servo_6, 'String));
¢ = str2num(get(handles.servo_7, 'String"));
h = str2num(get(handles.servo_8, 'String));
i = str2num(get(handles.servo 9, 'String"));
j = str2num(get(handles.servo 10, 'String’);
k = strznum(get(handles.servo 11, 'String’));
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L = strznum(get(handles.servo_12, 'String));

m = str2num(get(handles.servo 13, 'String));

n = str2num(get(handles.servo 14, 'String’);

o = str2num(get(handles.servo 15, 'String));

p = str2num(get(handles.servo 16, 'String"));

q = strznum(get(handles.servo 17, 'String’);

r = str2num(get(handles.servo 18, 'String);

global bt

fwrite(bt, intl6(abcdefghijklmnopgr))

function pushbutton2 Callback(hObject, eventdata, handles)

function pushbutton3_Callback(hObject, eventdata, handles)
clobal bt

fclose(bt)

function figurel WindowButtonMotionFcn(hObject, eventdata, handles)
pos = get(hObject, 'currentpoint’); % get mouse location on figure
X = pos(1);

y = pos(2); % assign locations to x and y

global xi;

global vi;

set(handles.\bl_x,'string’, ['x:' num2str(xi)]);
set(handles.lbl_y,'string', ['y:" num2str(yi)]);

set(gca,'XLim',[0 172.375],'YLim",[0 40.619],'ZLim",[-200 200])
plot(handles.axes2,x,y,'b*);

xi = pos(1) - 86.1875;

set(handles.pl,'String' xi);

yi = pos(2) - 20.3095;

set(handles.p2,'String',yi);

global z1

global z2

global z3

global a

global b



global c

global d

global e

global f

global ¢

global h

global i

global

global k

global |

global m

global n

global o

global p

global g

global r

global z

z1 = getappdata(0, 'p1");

z2 = getappdata(0, 'p2);

z3 = getappdata(0, 'data_z');

z = sqrt((57.3)7A2+(94/2)-(2*57.3%94*cosd(180-(acosd((z3/A 2+(z1-42)A2-(57.3)A2-
(94)72)/(2*57.3*94))));

%a=datax b=datay c=dataz

zetal = z2 / z1;

zeta3 = acosd((z3/2+(z1-42)A2-(57.3)A2-(94)A2)/(2*57.3*94))

zeta2 = acosd(z3/94)+asind(94*sind(180-acosd((z3/2+(z1-42)A2-(57.3)A2-
(94)A2)/(2*57.3%94)))/z)+asind(57.3%sind(180-acosd((z3/ 2+(z1-42)A2-(57.3)A2-
(94)N2)/(2*57.3%94)))/2)-90;

set(handles.servo_3,'String',zetal);
set(handles.servo_2,'String',zeta2);
set(handles.servo_1,'String',zeta3);

function figurel WindowButtonDownFcn(hObject, eventdata, handles)
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hold(handles.axes2,'on’);

function p1_Callback(hObject, eventdata, handles)

function pl_CreateFcn(hObject, eventdata, handles)

if ispc && isequal(get(hObject, BackgroundColor),

get(0,'defaultUicontrolBackgroundColor'))
set(hObject,'BackgroundColor','white');

end

function p2_Callback(hObject, eventdata, handles)

function p2_CreateFcn(hObject, eventdata, handles)

if ispc && isequal(get(hObject,'BackgroundColor'),
get(0, defaultUicontrolBackgroundColor'))
set(hObject,'BackgroundColor','white");

end

function figurel WindowButtonUpFcn(hObject, eventdata, handles)

hold(handles.axes2,'off");

function axes2 CreateFcn(hObject, eventdata, handles)
set(gca,’ XLim',[0 172.375],'YLim',[0 40.619],'ZLim",[-200 200])
function data_z_Callback(hObject, eventdata, handles)

function data_z CreateFcn(hObject, eventdata, handles)

if ispc && isequal(get(hObject,' BackgroundColor'),
get(0,'defaultUicontrolBackgroundColor'))
set(hObject, BackgroundColor',' white");

end
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2. MsuUagAny
function varargout = input_data(varargin)
gui_Singleton = 1;
gui_State = struct('gui_Name', mfilename, ...
'gui_Singleton’, gui Singleton, ...
'gui_OpeningFcn', @input_data_OpeningFcn, ...
'gui_OutputFen', @input_data OutputFcn, ...
'gui_LayoutFen', 1, ..
'gui_Callback', [I);
if nargin && ischar(varargin{1})
gui_State.gui_Callback = str2func(varargin{1});
end
if nargout
] varargout{l:nargout}] = gui_mainfcn(gui State, varargin{:});
else
gui_mainfcn(gui_State, varargin{:});
end
function input_data_OpeningFcn(hObject, eventdata, handles, varargin)
handles.output = hObject;
guidata(hObject, handles);
function varargout = input_data_OutputFcn(hObject, eventdata, handles)
varargout{1} = handles.output;
function data_x_Callback(hObject, eventdata, handles)
x = str2num(get(handles.data_x, 'String);
setappdatal(0, 'data x', x);
function data_x_CreateFcn(hObject, eventdata, handles)
if ispc && isequal(get(hObject, BackgroundColor'),
get(0,'defaultUicontrolBackgroundColor')
set(hObject,'BackgroundColor','white");
end
function data_y Callback(hObject, eventdata, handles)
y = str2num(get(handles.data vy, 'String);
setappdata(0, 'data_y', y);



function data_y CreateFcn(hObject, eventdata, handles)
if ispc && isequal(get(hObject, BackgroundColor’),
get(0,'defaultUicontrolBackgroundColor"))
set(hObject,'BackgroundColor','white");
end
function data_z_Callback(hObject, eventdata, handles)
z = str2num(get(handles.data_z, 'String));
setappdata(0, 'data_Z', 2);
function data_z_CreateFcn(hObject, eventdata, handles)
if ispc && isequal(get(hObject,'BackgroundColor'),
get(0,'defaultUicontrolBackgroundColor'))
set(hObject,' BackgroundColor','white");
end
function send Callback(hObject, eventdata, handles)
%hObject handle to send (see GCBO)
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3. AINUUARILUT WAZAI1NAUNTS

a = getappdata(0, 'data x');

b = getappdata(0, 'data_y');

c = getappdatal0, 'data_z));

| = getappdatal0, 'zetal?);

m = getappdata(0, 'zeta2),

n = getappdatal(0, 'zeta3');

z = sqrt((57.3)A2+(9412)-(2*57.3*94*cosd(180-(acosd((c 2+(a-42)A 2-(57 .3)A 2-
(94)A2)/(2*57.3*94)))));

zetal=b/3;

zeta 3= acosd((cA2+(a-42)A2-(57.3)A2-(94)A2)/(2*57.3*94));

zeta 2= acosd(c/94)+asind(94*sind(180-acosd((cA2+(a-42)A2-(57.3)A2-
(94)A2)/(2*57.3*94)))/z)+asind(57.3*sind(180-acosd((cA 2+(a-42)A2-(57.3)A 2-
(94)12)/(2*57.3*94)))/2)-90;

zeta 1= num2str(zetal);

set(handles.zetal,'String',zetal);

set(handles.zeta3,'String',zeta3);

set(handles.zeta2,'String',zeta2);



