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Problem



Maintaining ideal temperature of beverages is
challenging

(¢) Impact on taste and enjoyment of the drink

(o) Existing solutions in the market are expensive, e.g.,
Ember Mug

(®) Accessibility issues for average consumers




Solution



Advanced temperature control system to maintain
desired temperature

(¢ Intuitive app interface for setting temperature
(o) Affordable cost compared to existing solutions

(o) Eliminates the need for time-consuming and wasteful
reheating
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O 2-Year Protection Plan $13.99

What's Covered? Covered by Clgde

Designed for home or office, the new Ember Mug? does more than simply
keep your coffee hot. Our smart mug allows you to set an exact drinking

temperature, so your coffee is never too hot, or too cold.

Ember then maintains your chosen temperature for up to 1.5 hours with the
Ember Mug? 10 oz and up to 80 minutes with the Ember Mug? 14 oz - so your
hot beverage stays perfect. Ember Mug?® is safe to hand wash and

submersible up to 1 meter in water.




Design Overview



Sensors & LEDs Subsystems / \
A

: . Y :
A G v w0 :
Recharged Battery/Heating Subsystem ¢ Temperature Sensor Lighting System ;
: : 19-C47RSGHBHC- | |
- o : DS18B20 SVO12T ;
( Battery ) ¢ : ; Blocks Legend
- % i "
= e T et o droid Sensors/LEDs
\ two 2500 mAh Cells K DO LK bl Battery Heating
. 4 '
o A . : g Y 2 Microcontroller
y i keeps temperature logs .
J,X-jf,:\' : o - deploys ML model for recurrent Android App
- ' ' Microcontroller SoC time-series tmalysis
ags ® \ H — vistalizes trendy
Qi Li-ion Charger :  Lae > " - sends notifications Arrows Legend
Receiver i ESP32-WROVER-IE-NSRS 2.4 GHz Wi-Fi Data (wired)
5 i Data(wireless) |
inductive charging s Power (wired)
(/, ~ E \ = d r Power (wireless)
H 5 T 1 [ (- e S
\ Universal Qi Charger Transmitter | ! — Y -~
\‘ J i PTC Heating Element

FIT0845 / \_ J




+3.3
SATT +3.3%
Ssv i
T AMS1117-3.3 Rid
SW2 10K
Sk val2 SW_SPST EB%: GNo
RL = Ri4 El 13
A 51K S 51K Temp Sensor
’_' - '_ PS1 12
b1 E - bs % MEE4S03055C Heater +33v
c2
M 220F =2 b a 0z M [Feea T a3 D12 4y
“6. b "{’. g <6 : DMN2058U E—
i o 100nE; Ll yin | —Vout Sensar Hadule
L <~ {}
GHD
GND GND GND GHD GND
[ GHD i
sws_:;sr festho Betdta 2L
BaTT
Qi Reciever Board ¥sv 10 1016 3 L | hep LED
+5¢ 3 4
TP4056—186:
5 i 5 7 LED Maduls
e GND
AT &5 +5V BATT
5 j. Battery 1000F ; Js
B jg? o Power Supply L3
GHD
GHD GND

U1
ESP32-WROVER-|

u Battery Module
VODIVS 7 s
) ] oI5 Al 1000F T 22uF
i B
" ! CEN 3l
H yBus AR +3.3¢ i GND GND
USBJJ;MI 5 i 100 25 500500 [E—x
Nl i 02 24 g, SDI/5DL B2
T ! o4 26 g, sHD 02 M2
! 105 29 45 swp/so3 8y
e e',, 43 USB_OP vBUS R13 i 02 scs/oup [
= M7 T - USB_oN 45V 2K [ ) 1043 16l g5 ser/aLrq2d
£2 18 FEEN IR e i 014 13f gy RXDD R
EE by o3f ozg NIl T =9 ! 1015 23 1015 e = TX0p
' x2 2 v 8 B | 1013 7 rasl 135
C ho G £ | 1019 31| 1010 a3 |8 134,
s [EPH ! 1021 33 jom [& 1033
4 & i | 1022 36| 122 103z }& 1832
< VBUS ! %ﬁl 1023 10z1 12—:8§3
A GND  GHD  GND B ! 02 oz
1
! cnp B
SUSPEND 3¢ 10K (NC) H exp [32
SUSPERD{L /
H
Ll e i H
i Txr/6rinafihk o i Centrol Hoduls o
e T /GPin.a !
RS485,/GPI0.2 AE
WAREUP/GP10.3
6PI0.4 B3¢ Hani AL Majed (haniaaz)
Srishti Modgil (smodgil2)
RIS Q2 Stql Lu (sqNu3)
558050-6
Sheet: /Design Draft #1
B w File: Circuit.kicad_sch
THle: Smort Mugs — Project #56
Size: A4 [ Date: 03/22/2023 [ Rev:
€P2102N—Axx-xQFN28
xx -4 KiCad E.D.A. kicad {6.0.10) [ 1811

3 I L3 I ] I




+3.3V

Ui
ESP32-WROVER-I
z
YOD3YS [ T & 1 cs
e 1000F T~ 22uF
old 41 EnsoRr_vp
_EN 3] en
GHD GND

104 250 5o 500500 PA—

102 24,5 SDI/ShL [RE—¢

'U“—lﬁi 104 SHD/502 [ u¢

105 28f o5 swpssp3 (185
1012 14 \p12 SCS/CND A2

1043 16 013 SCK/CLK42I— 3¢

104% 43 5qy rxpp (AL R¥QO

1013 23 045 Txpp |35 TX00
1018 30 54 038 H— 135

1019 34 049 1036 |8 134

1021 33| 021 1033 |2 1033

1022 36| 1022 1032 |B 1032
1023 3 023 s 102

1025  19f 195 lo26 a2 1020

Ghp 1B
Exp P22
GHD

Centrol Hodule




=
fare

=4
LTST-C171KRKT ﬂ 2
-~

GHD

Qi Reciever Baard
+5V

L— IN+

GHD

ATT
3-551: +3.3V
A U4 M
AMS1117-33
Sy vo2
= Ri4
2 5.1K
i
o
o S;UF = 2 +DS§
=T 22uF x r~
¥t o
G
A ~ < =
ND GHD GHND
PATT
+5Y
U3
TP4056— 18650
ouT+ i
B+ Br1
Battery
B-—
IN— ouT- -i \j
GND

Battery Module

+3.3V

GND

Rii
52 1CK
SW_SPST
EN
S
CB
1B0nF
SWi
SW_SPST
109
0—2 -]
€3 oV AT
100nF 1 L7 5
{%- Power Supply
GHD




Programmer

¥BUS +3.3V
A +5V ¥,
USB_B_Mlcro
I (ST e
- VRS 4L I 100nF I 4.7uf
3 USB_DP VEUS R13
e P u% N @45y 2K ‘_| GND GND
b= 4 @ I B h| X
£3 < o3 ~EF 35 mT =2 xRS ™D RS —— OB RXOP
q % & =] S o~ RXD 25 RXD R10 —— IR TXCD
] ] i g ™™ AT = |
o = = m
o 8 o B g R4 TTc 3 LT,
o a in 22.1K =257 D
= e o bSR
- Bvaus prRpR—OTR
usp DN S D— TcD i Dgp
GND GND  GND  GND - USB_DP 4 /K |2 RI
47.5K R8
: SUSPEND 3¢ 10K (NC)
SUSPEND 14:)q1
DI a1 GHD AN SEIDS & GHD
i) eatiie g RXT/GPIO.L [
10K RS4B5,/GPI0.2 i
WEREUP /GPI0.3 i
GPI0.4 B¢
GPI0.5 2L
cPi0.g Rk
RIS
CHREN ﬁ((
CHRO
S chrifi
[V
:L uz2

GND

CP2102N—-Axx-xQFN28

3




1023

2

GND

P51 RE 5
MEE1SC3055C 100 &
T
+¥In | +Yout 4 L
| RYT =
=¥in | —Vout 3 10k
v
Heatlag Module GHD

+5Y

- | Jz2
= | Heater

Q3
DMMNZ058U

1D12

1
2
1018 3
4

éb LED Hodule
GNE

~

1
5 13 GND
z Temp Sensor
R12
4.7 +3.3V
] iy
Sensar Hodule
J4
RGE LED




00D

°39%

2 + &NB

\\'
| \
. i 1
= "‘_‘ 4
(158 == 7
{ X
S B
- u.z 3
62 L4 :’-:. | =117 23
RP & = Bl
=
o . ]
07
¢ . Q2 °
‘ = 3 | )
Ui
° e
= ul
° o °
®
-
: Zoie
=t
- = -
Q) HOY

coomo

\Q][ °

(#)




Video Demonstration
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http://www.youtube.com/watch?v=2AVvhHkqb9Q

De:cription Manufscturer | Quanuty | Extended | Link
Price

Wireless power Li-ion charger Receiver compliant | Adafruit 1 31495 Link
with Qi (WPC) with RT1650 Chip
Universal Qi Wireless Charging Transmitter Adafruit 1 326.85 Link
TP4056 Type-C USB 5V 1A Battery Charger | Adafruit 1 38.02 Link
Module Charging Board with Dual Protection
Functions
PTC HEATING ELEMENT - 5V 100C DFRobot 2 $5.00 Link
Panazonic NCR18650B 3400maAh 4 A Battery Panazonic 2 3882 Link
Battery Holder (Open) 18650 2 Cell SMD (SMT) | Eoutstanding | 1 3882 Link
Tab
ESP32-WROVER-IE-NSRS Hileizo 1 $3.60 Link
USB - micro B USB 2.0 Receptacle Connector 5 | Molex 1 $1.01 Link
Position Surface Mount, Right Angle; Through
Hole
56V 186V 5V Bi-Directional SOD-523 ESD |LRC 3 $0.02 Link
Protection Devices ROHS
25V 300mW 1202100mA.1V 1.5A NPN SOT-23 | Jiangsu 2 $0.01¢7 |Link
Bipolar Transistors - BJT ROHS Changjinz

Electronics

Technology

Co., Ltd
LDO Voltage Regulators $00mA & 1ALDO Texas 1 $3.07 Link

Instruments
USB Interface IC USBXpress - USB to UART | SiliconLabz |1 34.66 Link
Bridge QFN20
Tactile Switches 6.0X8.35MM R/A 160G E-Switch 2 30.42 Link
Programmable Resolution Anaslog 1 §7.78 Link
1-Wire Digital Thermometer Devices

Inc./Maxim

Integratad
Addreszable Lighting - 1 LED Serial Red, Green, | Everlight 1 50.2 Link
Blue (RGB) 1.80mm L x 1.80mm W Electronics

CoLud
RedLED 4 si.12 Link
56V 186V 5V Bi-Directional SOD-323 ESD [LRC 3 $0.79 Link

Protzction Devices ROHS

Total

ost table

97.30
VS.
$129.95

HEAPER!




Performance Analysis



Subsystem

Expected:
o Less than 2% difference with the actual temperature.
o Detected temperature send to ESP32
(o) Achieved:

© Room temperature: 19.44 °C/ 67 °F
o Detected temperature: ~20.50 °C
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g Subsystem

Expected:
© Heating element controlled by a GPIO pin of ESP32

© Heating element heats up liquid in the mug
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ved: output voltage from GPIO 5

Voltage (V)
0

L | Il | L | 1 1 L | 1 1 1 | L | 1 | 1

Time (s)
||
g
-_'

I X
<<
U
M




Voltage (V)
0

20 10 10 20
lllllllllllllllll]lllllll
T
-0 09 MIN
N I
5 .2 12 MAX
w 4] I N | I
g o — -— e
S | { 1L
~ — =1 VDC
— -l | l ll-l
T.I]: ]

o [T R

a5 -25-20-15-10 -5 0 5 10 15 20 25

ey 2



Successes and Difficulties



+3.3
SATT +3.3%
Ssv i
T AMS1117-3.3 Rid
SW2 10K
Sk val2 SW_SPST EB%: GNo
RL = Ri4 El 13
A 51K S 51K Temp Sensor
’_' - '_ PS1 12
b1 E - bs % MEE4S03055C Heater +33v
c2
M 220F =2 b a 0z M [Feea T a3 D12 4y
“6. b "{’. g <6 : DMN2058U E—
i o 100nE; Ll yin | —Vout Sensar Hadule
L <~ {}
GHD
GND GND GND GHD GND
[ GHD i
sws_:;sr festho Betdta 2L
BaTT
Qi Reciever Board ¥sv 10 1016 3 L | hep LED
+5¢ 3 4
TP4056—186:
5 i 5 7 LED Maduls
e GND
AT &5 +5V BATT
5 j. Battery 1000F ; Js
B jg? o Power Supply L3
GHD
GHD GND

U1
ESP32-WROVER-|

u Battery Module
VODIVS 7 s
) ] oI5 Al 1000F T 22uF
i B
" ! CEN 3l
H yBus AR +3.3¢ i GND GND
USBJJ;MI 5 i 100 25 500500 [E—x
Nl i 02 24 g, SDI/5DL B2
T ! o4 26 g, sHD 02 M2
! 105 29 45 swp/so3 8y
e e',, 43 USB_OP vBUS R13 i 02 scs/oup [
= M7 T - USB_oN 45V 2K [ ) 1043 16l g5 ser/aLrq2d
£2 18 FEEN IR e i 014 13f gy RXDD R
EE by o3f ozg NIl T =9 ! 1015 23 1015 e = TX0p
' x2 2 v 8 B | 1013 7 rasl 135
C ho G £ | 1019 31| 1010 a3 |8 134,
s [EPH ! 1021 33 jom [& 1033
4 & i | 1022 36| 122 103z }& 1832
< VBUS ! %ﬁl 1023 10z1 12—:8§3
A GND  GHD  GND B ! 02 oz
1
! cnp B
SUSPEND 3¢ 10K (NC) H exp [32
SUSPERD{L /
H
Ll e i H
i Txr/6rinafihk o i Centrol Hoduls o
e T /GPin.a !
RS485,/GPI0.2 AE
WAREUP/GP10.3
6PI0.4 B3¢ Hani AL Majed (haniaaz)
Srishti Modgil (smodgil2)
RIS Q2 Stql Lu (sqNu3)
558050-6
Sheet: /Design Draft #1
B w File: Circuit.kicad_sch
THle: Smort Mugs — Project #56
Size: A4 [ Date: 03/22/2023 [ Rev:
€P2102N—Axx-xQFN28
xx -4 KiCad E.D.A. kicad {6.0.10) [ 1811

3 I L3 I ] I







ating subsystem

re

-

§ e

—— - aamm mmmam =
| it nmm - O o o o e
O r—

£ . < Wd‘iﬂ = 2 2

pr——— ] 8 - - ~ . sEssEEEEBREREE O
|| 58 . - N
e | - - - R lhiilnillnlw
g I - R\ R i!wlllhhli-F
“a "ssEEEEEE
" oa P T e
- - -

T i

woa -

oa a

O al

wa| om N
aal . g
- O
“n
= | MEAREE AmAEE mARAE mAmAE
-m mEEmEE mEmEEE mEEEE mmEEE 2|
-= i
o Bl 8
AR R R R R R R Y =
na AAmmaaEmamaaan -
Amammmazmaaasasigasanssnannnnndannnalhn
o - AmssmAsssssrssssns s RaAAAAAAARA R annnalha o
o
o R R R R R w
aa
7 R a—

w E R l.hli.h.lill)\ill"))))))),,,)).) maa - uw
saaas 1 0 1 I o =m0
MASsssAsAzARsAmAAmAmmAm ettt L L L LV P 37T vy
e T T el L L LTI S A
AmssssssssREsssmEEEEmE AN <
= & £ 3 8 2 2 8 8
AmaAs mmanm mEmam mmam el I — LEEET
o wam m LYY VYRV, AAAA _ABRARR A_RBRARR

. SAAsAnAmas - - -
aaa 3 AAAAAAAAAARSSARRRR mERAEEEARE.
)-l)iIlh)))))‘))l)),,)))’,)) ,,’)',))‘,,'
. &-)))hi)i))-)))l))))))))))) mEEEEsnaa
L e AAAAAAAKAAAAAAAAAAAAASAR hh-)))))))nnH
R R T e L i
= e
L PR rr A AAAAAAARAARAAARm
= ARAAEsean
L e AAAAAAR
MEAAE A e ))))hh))n)i))) AAaazaaa
- a-\nniihnihi)\)-nnh)hix L )):))))))))))))
Aws\&m)\.&\mh)hb&u&hh)h R lllllhnnnnnh))))
an 2 o) ] Q 8 3 5
LR | — -
i AAAAA AAAAA A2AAA as:
AR AAAAm
@a |+ Adaas sasan aanad AMMAS ASAAS _sasmm mABAA ARAAA AAAAA Aamn. |

AAAAA _AAAAR

AAAAA




STATIC ELECTRICAL CHARACTERISTICS
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re: Success

Responsive and user-friendly front-end

Integrated the front-end with a real-time NoSQL database
Configured the ESP32 to connect to a Wi-Fi and database
Program the ESP32 to receive temperature data from web app

Communicates with the temperature control loop




re: Difficulties

(o) Switch between a lot of microcontrollers
(®) Subsystems were not fully integrated

(¢) Resolved mostissues




Conclusion
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e learned this semester

Program microcontroller
Connect web app to a real time database
Connect microcontroller to wifi and to real time database

Soldering experience
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Got KiCad experience




e learned this semester

Real-World Problem Solving
(@ Interdisciplinary Collaboration
() Project Management

(o) Lifelong Learning




Any questions?




