Suppl ementary I nfor mat

A Ful ly | nt egr at ed Smar t Ri ng f
Monitoring

Tamoghna Sa%hmi ctago SDHng Baminsathinamosi & Pka Bu
Muyang LYiuns h&n Bldarank 2SaMlbawlhhanmee@GadpdaKkKi 0tiya
SakdaphetYsii rHung Wi nMdulamniaadn P n aHha okhLaudaom g n an
Wanidg Sel ede Omeegd DBj aSasmani Si AG§hes@nWbBdoseph
Wa na3d

aAi iYsuof eng Li Family Department of Chemical a
California San Diego, La Jolla, CA 92093, USA

bDepart ment of Electrical and Computer Enginee
La Jolla, CA 92093, USA

‘Department of Bioengineering, University of (
USA
iDepartment of Mechanical Engineering, Univers

92161, USA

‘Equ@dntribution

i Correspondlilmg eAduintwmorg:@ucsd. edu




Table of Contents
Tabl eCFBRMOS c o mp asrwesaotn dvesv.i ces tested at the r
Figur €H3ARM assembling process.
Figur ®p%2cal image of the fluidic channel sho!
fl ow rate.
Suppl ement aMheNotee i Tal estimation of hydrogel
Figur &68%066 vs. strain rate plot of hydrogel s
Figur ©p$4 . cal i mage of the fluidic channel shc
osmosis vs. natwural perspiration.
Suppl ement aNpgnNMi se®: stress estimation on hyd
FigureMe8S8hanical simulation of the hydrogel un
Figur eéwSaro performance of the glucose sensor
FigureéawStiro performance of the ascorbic acid
Figureéa«w38ro performance of the uric acid sens
Figur éaw383ro performance of the ketone sensor.
Figurel#®ilOro performance of the | actate sensol
Figurelssiltliro performance of the alcohol sensol
Suppl ementary Not e 3: Numer i cal simul ati on
concentrations and sweat rates
FigureS8h2matic il lustration and mat hemati ca
numerical model
Tabl eP&Sr2amet er s, symbol s, fduddmaeruesal usedui at i

Figur eM&sllB: Convergence and

FigureTrSdmsi ent
changes.

numer i cal

Suppl ement 4dEyeNotreni c

Suppl ement &DgbNgt and

Suppl ement &Ppwlot eonsumpti on

Numer i cal

system

depl oyment

Val i dat i c

semehdenoni shewi cgni

overview and con

configuration

me a slur e ment met h



Suppl ement ZPpwNot eonsumption meas2ur ement meth

Suppl ement &8PpwlHot eonsumption meas3ur ement meth

Figur eCiSrilduit schematics.

Figur eF-B5AB : 1 ayer and dril | |l ayout.

Figur eBiSIlI7:0f materi al s.

FigureLoyw8wer control flow chart.

Tabl3EfSf ect of supply voltage on chronoamperor
FigureBISH9dat a acqui sition and transmission wc¢
FigueeDG bias resistor function
FiguR@Re&connection after sl eep.

Fi gur2e2RS21 measurement under different device
FiguRleClsronoamperometric respons-CBrompdr athiam
sequentially for peroxi deardlrdrecdeliont nonda Py tse
FigurdeCl®2onoamperometric responsCByrompdr athiam
sequentially for glucose, VC, UA, and BHB det
Fi gurbeO@®Bt2i c al i magdsl aoyfert hper il mtyienrg -Zonf btahtet efrlye x
Figur5eSEM i mages of the current c¢2n |beactttoerrsy.anc
Figur7eaSE®R® i mages of the differedn bayeéeesyohf
bending.

Figur8SBEM® i mages of t he2sseuprafraacteoro fi nt htehrTeeO di
samples after 20 cycl es.

Figur9eTise® voclapaagcei ty pl ot of the in series con
FiguBB T&e v ocl at paagcei t vy pl ot of veahegi mat cday gan
di scharging rates.

FiguBleT8e charging capacity and coul ombi c e |
sampl es.

FiguB2 TBe voclapaagcei ty pl ot of 3 different bat
di scharging umaeéresdi fferent C

Fi guB3eTIibe voclapaagcei ty pl ot of the battery wunder

O



Fig
Sup
sen
Fig
Fig
Fig
Fig
con
Fig
Fig
Fig
Fig
Fig
Fig
rel

Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
rel

Fig
Fig
Fig

u

p

c

c

c

[ 2 =

c

c

u
a

u

u

| ement &@Cwpl Nbrati on model to
®0 .06 s

BeFISow chart of personalized c
BeeGISucose profile of T1D subj e
B7eKe&t one profile of T1D subjec
rée UsBIl i zation of the personal
entration in a daily test.
roeCudr3rent profiles of glucose
A6GISucose profile of the secon
AéLa&ctate profile of T1ID subje
A2eAl1Sc o h ol profile of T1D subj e
AeCwBrrent profiles of glucose
Ade C&rr ent profiles of glucose
ted to Fig.5¢c.

AeUS (bl ue) and VC (green) pro
AeGISucose profile of healthy s
A7eBKBB profile of healthy subj e
AeUAS profile of healthy subjec
relL &t at e profile of healthy s
b B&AISc o hol profile of healthy s
bleC®wrrent profiles of glucose,
. 6a.

b2eCuwr rent profiles of glucose,
ted to Figure. 6a.

BleCE&mpari son of MARBD cvhsan gRea.t e
bdeCyt ot oxicity test of CHARMOGS
b5eMBl t i dsakyi nont ol erance test of

rde S &sI8f s ¢ hahragrea ¢

teristi.cs of t

he

acquire
al i
ct

t over

i zed

ct

ct

fil

t over

ubj ect

battery

bl ood

bration
over mu | t
mul t i

cal i br

and ket

d

one I

T1D subj ec

over mu | t

over mu | t

and ketone 1

BHB, al co

e of T1D

ubj ect over

ct over mult
mul ti
ubject over
over
and

AA, UA

BHB, al coho

of
component s.

CHARM.



Tabl eCl B ARM6s comparison vs. sweat devices
ComponeParameteThis wvs. Tul|lvs. Cuijvs. FU
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a ) b c
Screen printed sensors

Stacked fluidic assembly with sensors

Interfacing sensor array on the fluidic channel

&

e
Battery folding Connecting battery to F-PCB and connection pad

Front side

f Mount battery + PCB + pad g Align connection pad with

onto the right ring half the open hydrogel slot

Fig. CBARM assembling process. a) The eotmctrod
SEB&nHd) interfaced to the fl uidwict c hSIEBX | c anxial
SEBS casing adprbeivde retvapbe atli ondi ¢ channel i s th
its length such that 1t fits in the ring. d)
and)onnected-PCEB o¢meofre end. TREBotbemeetns tod
el ectrical connections dhetlpad chhmsecan oerl Ipia
accommodat e tMeet ahlyldcommamedcay ons on the other en
pad connects to the printefd) eT hee twhooclhee ma scsad mhbsl
on the hiaGMARMfamdved suehltlpeedoctat db@otonnect or
aligns with the hydrogel sTlhoa rbiad $thpuskeéd Hadt
that |tmhkthkg CHARM ready for wuse.
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ppl ementary Note 1: Theoretical estimati on
e osmotic pressure of a hydrogel i's derive:
essure usiRedinehe TReory. The swelling capaci
uid intake is highly dependent on olhyemeorver a
| vent i nteractions, and i oni c composition
ermodynami c e pgtogprapdri a&tsur €, pH, solution i
mposition). Hence, it i's i mportant to esti
er allll isnwgy behavior and fluid xtraction capa
e total swellisagdepriessdresing the foll owing
“ d) y 11 “ 11 (2)

eweés the solvent mol &ri svotlhuemen u(mb8 rmlo/fmomo)l,e
i's the total gel “swelamthgapeesberel asdi c, 14
nic contributions to the total swelling pre

We first quantified “thef @d asltli cowunnhydbaoage
ery hydrogel vari ant, we esiti mptoed mets vwedl
action after, egmudl gkt atsih®wari(amoedkwlewrss megnt s .

parameters were used folmlhwhe esltcmaat @ech @93 :
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n — (3)
whede i s the initial mass of gel afit eirs etqghua | i
mass of gelfqafodéedrddad ydpgwas cal culjatse d oflrlcomvs :

n p — (4)

wheries the pol ymer -RlAeAns,i tayn d( [1R.VEP ngli/emit he densi
of watern (0loogdondl @) @ T

a2 b12
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B e & o s o e
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Fi g3:G&®/VGH.60 st pdaolmtr amgul ar fredwenaPAdRNMAGe ] r ad
soaked in pure-PBGm gred BopaRBEAGCHhaS88&:

The elastic contribution wastbtel tydaobgel asyso
“ o o n 7 (5)

wheiOe i $he dry gel shear modul us "@fnoerq ub dtiho rpau re
EG and PBS hydwergeelaswatrerdangmpanswaexper i ment
conducaedamagul ar f r e quuseinncgy ao fr( hile®o measdetHrBRu BNt s
Oranged. 8 KPa andP VWRAAEMKPG d-RP&AARNVRBS, respect
(Fi g3) S

The contributiormoflrvemtt hm xpaolgy mert er actions wa
“ — Il Ip n n D] ()]
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The contributions from the i onic interactions

treated with any ionic solvent during the tes

The contributions from the ionic interactions
o o 8

“ ¢Y'Y O 0] cw 0 (7)

wheiWes the ga%i sonis¢é aalbhsol uQe ttehrep edreagtreree ,of |
Wwis the molar volume of the mono’meadn di rsi tt hoef t
concentration of the electrboytll wiwd ahs cmed !

For 1X PBS, we w#fpswamdédc¢(since NaCcCl i's the do

Based o‘n tdgidsl@no@QOidere estimated for PVA PAA
PVA PAAmMm (PBS), respectively.
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dots denotes average valstieandaddededraty3os (8
measurement s.

Suppl ement a&NMyn NMit®es stress estimation on hydri

b Applied pressure

i

a

Hydrogel —»

Frictional contact- -

Fingertip tissue ——»

Cortical bone ——»

Fixed constraint
z Elastic strain (%)
I :V 0 3.31
X S W

Fi gb:M&8chani cal si myldawigpe@lte rofb ellbeormge.t rac vi ew
assembled meshed system with defined frictio
fingerti)pbatesatbevilkew of the elastic strain on

pressure on the hydrogel surface.
The commerci al software ABAQUS was wutilized
hydrogel and fingertip interfaamedenddmean ap

reduced integmashkof@b)( @hD8@xpamicctanal ysi s wer
to ensure the convergence of the simulations.
interface and fingertip tissue was debi déed w
Hyperelastic properties were detsitmead nby aftiat toif

hydrogel . Her eHowlkeamobegpd&dre®l asti c model to c
of the hywdrogel 2% ah.d0o®D137. Linear elastic pr
model the fingertip skin and c@GahdcBoi posardwheE
varEskim 400 K®BaimabBdEdBiica blbe 2 GEoatiadmmdidoh8d b2

Weas s ume dh utntaant csokuidmc o mmodate up to ~30% el ast
this as a conbBeuwatswveeuphpabi |l ity when esti ma
| ayer induced by applying 3 kPa normal pressu
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Suppl ementary Not e 3: Numeni gak $1 x| autnidoenr
concentrations and sweat rates

Finite el ement simulations were performed usi
experiment al systenmiimenai snanlpl F f aendwo wh. A f
channel operating under i ncompressible conc
conservatifoemcwastémough the continuity equat.i
| ooReynol ds number regi mebadvad amitemr o fsit™M@diod Py

p) , the flow was treated as | aminar, i n agree
assaynder these assumptions, fluid transpor:t
t he Brimoldmdn e dStNoakveiserequati ons to capture tt
permeability, and viscous drag in the porous
(Eq..151

The channel geometry, along with the initial
simulations, are shown in Figure S1. Transpor
using theidiofnfviescitdamnequati on (Fickés setcond |
bwas experimentally determined from chronoampc¢
varying analyte concentrations. Astlaitnee acru rrreelnal
and concentr adboear F@.dgwld,s valtlat-drndgert react i
assumption. To capture the sensor response urt

chronoamperometric o/peématri anhett tes Biedledasri mpl
reaction with respect bo vanpalrytpeg esentcengr ath
dependent consumption of anéllhyt e uditsetphiepseineg st
the different tested analytes: glucose, BHB,

0 5 .

_L no no -o0hng T Eq. S1

-—— 088 O "wowhebpeOp "0 ¢ Eq. S2

~, ~

0 6phoy h 0 O o

u = (0,0) (noslip & penetration),
WALL —#-J = 0 (noflux)

C(Olyit):CO P:POUI
u = (up,0) c(xy,0) = 0 forall (xy) € O u-(-n)=0
pP=pP, @ | (no backflow)

= —

4 S|E| Q

< 3

=
XT < 3 mm > v E
M ELECTRODE Not to Scale

—A-J;i=K-c,u=0

N I



Fig.22S&lhematic illustration andf mat hemeowcal f

model . Equation S1 descriilce ® kfelsuiedj ufalt o w niss iwn g |
corrections, whil e Equation S2 govédinfsf uasniaolny t
equation. Thmt,phgam@tdepsesent the solution de
viscosity, paper porosity, permeabilithe tor!
analL,yrespectively. The effective visciosity an
t7TRa n & RBTzz The vAribadhl e@dnote the velocity ar
pressur e, analyte concentration, and ti me, r
quantities, Zmmdldenbseripesr corresponding com|
i represents the different tested analytes: g
The parameteesponespéoni méhret ally determi ned se
parameter values used I nTdlhle s$ mul ati ons ar e
Tabl2eP&r ameters, symbols, fduddumaeruesal usedui at i
Par ameter Symbol|Val ue Uni t

Paper porosity (frac T 0.7 -

Faraday constant "O 96485. 1 i a¢a
Temperatur e Y 293.15 0

Water dynamic Vviscos ‘ 0.89 G0 d

Water density " 997.0 Qs

Paper permeability Q 1 0-&2 G

Glucose diffusion co @) 7. 1% a d

BHB di ffusion coeffi (@) 6. 6°9%e a d

Lactate diffusion co (@) 1. 2e a d

Uric acid diffusion 0 6. 7% a d

Vitamin C diffusion (@) 6. 4% a d

Et hanol diffusion co @) 1. 2e a d

Glucose reaction rat 0 4. %e a o0& € a

BHB reaction rate co 0 1. Pe G o0& € &
Lactate reaction r at 0 1.72e a o0& € a

NP



Uric acid reaction r 0 1. %e a o0& € a

Vitamin C reaction r 0 7. 3e a o0& € a

Et hanol reaction rat 0 2. 8e a o0& € a

’ilenfent Distribution: T00

1 6 4
R T L S T T X 0.9 5 | |
250 . J ! i
D 44 u- .
45dbdbAblltllbdldl:ldt‘lldAALAl‘nAdA‘AIIA F A 0.7 Q
E
: =
0.6 ~ 34
500 2 —m— 1500 elements
105 3 = 1000
T 2 =750
4 0‘4 >
= 500
03 1 - —u— 250
= 100
0.2 0-
0.1 T T T T T

T T T T
0 20 40 60 80 100 120 140 160
y (um)

Fi g.3Mlsh Convergence and Numerical Validation
by progressively refining the mesh and eval ua

channel . Mesh | evel 5 was selected, with 1, 0C¢
| i nef,uratsher refinement produced | ess than a 1
consisted of approximately 60,000 el ements ar
mi nut es. The resulting vililleiflhyowrotohegei £txdint

papehannel s.
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Fig.4(achematic showiomgenheatnpat profile used
i NFi g2g Ci<G. Transient numer i cal ssdepéadenn shb
concentration changes. The inlet analyte conc
mM and then ramped down to 0.30 mM, each ove
bet ween ramps. Tahe Kdptw ovend sotcanty twhr oughout th
foll owing parameters web)jeamahiyterednaepdtphot o
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ncrease and decrease in spatial concentratio

[

inlgt abolute velocity, whichdy emat aledamcahgt a
the x direction, increasing with inlet concen
chanrepltof(al analyte flux in the y direction,
l'ine and negligiBl edifflfwsi eles ewhmgproea;e nt of the
direction, matching t hebunaigonn toufdl et haerc dt iostpaal tf ilya Ix

(@@ convective component of the analyte fl ux i
as expé€cmedstOgmi@®@s 13,16, 19,22,25,28,31,40 mins

Suppl ement AdEy eNotrwsntieemsoverview and control art

The wearable sensing 9ppsee mBteaneasholoddh mifc rao d omwt
unit (MCU; nRF52840ndnfdA&E; aADbO4dg0)roimhe firn

a determinstsat e comi t @l architecture t hat

consumpn while maintaining reproducible el ect
The contr ol program operates cyclically and
chronoamperometric data acquisition, (ii) buf
| oopvower sl eep interval. During each <cycl e, e
stred |l ocally in memory, transmitted wireless

complete, and foll oweodveby ial er pleon gald bledwr e t
cycle begins.

1.1Chronoamperometric acquisition protocol

Chronoamperometric ( CA) measur ement s ar e per
el ectrodes usdonmgt rao lsloefdt wsawiet ch matr i x. For ea
data rate, excitation voltage, and sampling p

The four electrode configurationsdedrieneme aog ulree
The AFE gener at erse andeya seuwwreenniesntt hat are detect e
MCU reads and stores the corresponding curren
duritrhgeg acquisition phase and is explicitly ¢
channel to reduce static power consumpti on.

1.2Firmware state machine and timing control

The firmware 1is i mpl emented as an explicit
initialization, acquisition, transmission, an
enters the acquisition state, during which
per f ormed sequentially across the four electro
the number of measurements acquired per chann
the predefined number of samples is reached.

NY



Upon completion of data acquisition, the firn
during which the BLE radio is enabled, and th
external receiver in bursts. Afters,sudeedsfrumwl
enter spawdrows| eep state for a predefined inter

1. 3Data buffering and wireless transmission

Al |l el ectrochemical data are stored Il ocally i
phase. Data is organized sequentially by chan
ti me. This buffering strategy enabl eastihg, BLE
t hereby reducing radi o duty cycl e and mi ni n

communication and electrochemical measur ement
During the transmission state, buffered data
notifications. Each packet includes metadat a
sample index to ensure correct reconstterrucatlilon
buffered dat a IS transmittedq nitthieal BlzEe d s tt ac k
background radio acti vwvipdwerduaopergatsiubrs.equent |
l1.4Lowower operation and duty cycling strateg
To minimize average power consumption, the fi

of fpiogMver subsystems. The BLE-fraediuenangd caos@c
enabled only during the short transmission wi
aquisition phase, BLE is disabled, and only t
active.

Af ter data transmission, the AFE i s ©placed i
communication interfaces are dipalwled.idTlkRe sM
i mpl emented ®bsisedgd | e&elpayyechani sm, which was
t hewést baseline current consumption on this |
mi n, substantially | onger than the acquisitio
the system spent mo st of -pioweropéerati nhiydec lce
acquiring meaningful CA dat a.

1. 5Watchhaged autonomous restart

Rat her than preserving MCU state across sl e

wat c htdionpears ed r est art mechanism. A hardware wa
reset the MCU after the sleep interval el apse
knowmitial state and initiates a new acqui sit
This approach eliminates the need to retain

reduci-sgatdl power consumptionteamdopasatriesnr rw

N &



cumul ative state drift. Using a full system r
i mproves fault tolerance.

Suppl ement &Br yDeNooutge and depl oyment configuratioc

Two firmware configurations are wused during

configuration, USB seri al commdanimeatlioogngiing e
di agnostic output -polwera) dceopnl foiygwemdttait( @ mob,wf alnic t U S
idisabled to reduce baseline current consumpt.
program is otherwise i1identical bet ween config

a cusdtesmgned desktop probe station. F28&40war e
devel opment kit with the NRF Connect desktop

Suppl ement &r yPo\wetre consumpti on measlurement met

Power consumption measurements are perfor med
Custdoensi gned desktop probe station and a No I
consumption is displayed and recorded in real
a PC, amactcéhri stic current | evels are recordec
sl eep phases.

Distinct current plateaus corresponding to th

burst, awpdwehme sllewp interval are observed, co
the -duytled control progr am. Di sabling aUSB an
Ssubstanti al reduction in baseline current com

Suppl ement @r yPo\wetre consumpti on measairement met

The received signal strength indicator (RSSI)
using a sdmastephampel!l i cation (nRF Tool box, Nor
these measurements, the circuit operates in i
bt fered data are transmitted via BLE notifica

RSSI measurements are performed in a | abora
separation distance of 3 m between the <circu
receiver is held stationary at e a c hi mdeuacseudd e m
vari abiSlhi tvyal uRS are recorded over multiple ti
stability and consistency of the wireless | ir
measurements are intended to provide a practi

and lahkt ywurather thdmeguealciybrchtaedct @diiaati o
Suppl ement 8&r yPo\wetre consumpti on measdirement met

Ther mal i maging is performed to assess tempert
during a complete operating cycle. Ther mal I m
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mera (FLIR C5) at 0 s, 60 s, 300 s, and 600
ese points Sspan t he ful l sequence of el ec
ansmi ssi-paweansdgl| e w.

er the 10 min operating cycle, the device's
om 27.3 AC at the start to 31.0 AC at the e
d stabilizes during the | atter porst ideunt yo f 1
cl ed oper ati epno,weirn awhtiiovh thiegh are confined
ansmission interval s.

e measur ed temperature i ncrease remai ns we
ol ongednts&c¢tin wearable electronics, indicati
cessive ther mal |l oading during normal oper a
g.5 Gilrcui t schemati cs. The <circuit compri s
crocontroller uni t ( MCU, NRF52840, Nor di c
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(AFE, AD5940, Analog Devices), and a power coO
components are selected to minimize board are
noise, and | ow power consumption.

a
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D ot

) A1
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c e e oo o o o4 o o e s tescce oo
Fig.6:F&PICB | ayer and dril |l | ayout. a. fPCB top
copper fill are applied to simplify routing i
suppression and RF transmittivity; b . fPCB b
tracesemj 7a8re used to fan out the delicate BGA
interconnect access (VI A) drill pattern. Stit
and in the RF antenna region tommsBi mhnsebBngr
t he board.



Qty alue Footprint Name Parts
4  10.47uF 0201 [C3,C4,C6,C7
6 [100nF 0201 IC1,C12,C17,C20, C24,C25
1 10uH IND_0402 L5
2 12pF |00201 IC31, C32
1 15nH IIND70201 L3
6 [1uF |00201 IC2,C9,C11,C13,C18,C19
1 TuH IND_0302 L4
1 |LF Crystal LF Crystal 1
5 4.7uF C0201 IC5, C8,C10,C14, C21
1 |HF Crystal HF Crystal 2
1 600ochm@100MegHz R0201 FB1
2 IBpF IC0201 IC27, C28
1 |AD5940 IAD5940 U1
1 |ADP2108 ADP2108 U2
1 JANT_2450AT07A0100 2450AT07A0100 IANT1
1 NRF52840 CKAA INRF52840 U$1
1 RF_LPF 2450LP07C0100 U3
Fig.72B31 1 of matiertsdbadess tTthee component values,
name used to assemble the circuit 0201 packa
board si ze.
| MCU Start |
3
| DCDC on \
&
No Detect 5940
¥ Yes
| Initialize 5940 |
L 2
| Chronoamp Start ‘
3
Finish Data Collecti ves
Ins dala Lollection
>
for All four channels » l Turn off 5340 ‘
*
¥No [ MCU sleep for 8 minutes ‘
Collecting Data ‘ A 4
r | MCU reset | —
No

Finish Data Collection
for a single channel

¥ Yes

Turn on BLE

T

Send data via BLE

$

Turn off BLE

¥

Switch Channel

Fi g.8 ISdwower

enabl
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contr ol
t h2C MCdJd wse rDtCe r
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MCU power
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whet her the AFE i1 s appropriately <connected.

chronoamperometry at the first sensor | ocati ol
is enabled to wirelessly transmit t hne adgaatian t o
for power savings. The AFE then switches to th
ti mes before entering the idle state. 't ther
round of sensing.

Tabl3EfSfect of supply voltage on chronoamper ol

mV bias was appliegdeaicstoers. aThe Oledbsur ed mean
similar from 2.8 to 3.8 V, while the 3.3 V su
Operaat o8.3 V resulted in increased variati ol
stability outside the nominal operating range
Supply Vol tagMean cugA)ent |STDeA(
2.3 0.0477 0.0247
2.8 0.0488 0.0041
3.3 0.0487 0.0036
3.8 0.0495 0.0057
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Timer wave-up

Host scans for known
devices (non-stop)

Data acquisition

Enable BLE
advertising (no longer
than 60 s)

BLE connection
establishes

Each packet contains a

max of 4 data points,
switching position, and
starting index

MCU prepares data
packets

BLE

Host subscribes to TX
notifications

BS1E9® :dat a
periodical
connect
sconnédctdhrenameturns

BLE transmits data
packets sequentially

Host receives and
decodes data packets

BLE transmission
completes

Data processing,
visualization, and
storage on the host

BLE disconnect

Return to sleep

uding posi tion and

l nuously
recei

vesecadds dt he

sualizati on and

storage.

acquisition and transmi
by ti mer perfor ms
on, prepares dat a
t o eep. Each
starting i ndex
scans for the known devi
transmitted packet

acqui
packet s,
packet
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b
13:48.07 443 > RX: Starting scan. 13:56:02.581 > RX decoded: starte15, counted, pose1 ->0.047883, 0047968 00479‘0 0.047752
p 13:56:02.581 > RX decoded: stant=19, count=3, pos=1->0.047883, 0.0478
15 connection u 56:02.615 > RX decoded: sun.zz ommm P03=2>0. oezsvs a mwz o mns 0048162
13:48:34.126 -> RX: Subscribed to TX notifications (047986, 0.048247,0.048116

13:48:34.126 -> RX decoded: start=0, count=4, pos=0 > 0.080666, 0.054430,0.052081, 0.050841 132005 659 2 A decoces. sanad, coumics, po&=2¢0048.'l|2 amna 0.04850
0.047320,0.047582,0.047562
0047386, 0.047:

13:48:34 229 -> RX decoded: stant=19, count=3, pos=1->0.048032, 0.047771,0.048032 ISST2STTISRACoES 7" connection

e 1
13:48:34 229 > RX decoded: start=22, countad, pos=2 >0.051420, 0.048349,0.048415, 0048480 13:57:29.127 -> RX: Subscrded 1o TX notéicatons.
13:48:34 264 > RX decoded: starta26, counted, poss2 >0.048219, 0.048153,0.048284, 0.048219 13:57:29.127 > RX decoded: starta0, countas, pose0 > 0.064338, 0.049511,0.049511,0.049576

13:48:34 264 -> RX decoded: stan=30, count=3, pos=2 >0.048349, 0.048284, 0.048480 135729127 -> RX decoded: start=#, count=4, pos=0> 0.049511,0,043511,0 049445, 0.049249
13:48:34.306 > RX decoded: star=33, counte4, pose3 ->0.067384, 0.047423, 0.047554, 0047488 13:57:29,162 > RX decoded: stari=8, count=3, pos=0 > 0.049511,0,049053,0.049249
13:48:34.306 -> RX decoded: stane37, counta3, pose3 > 0.047488, 0.047293, 0.047488 13:57:29.162 > RX decoded: starta1 1, counted, posa1 ->0.066592, 0.047547,0.047808, 0.047678
13:48:34 560 -> RX: Disconnected, scan.. 135729202 > RX decoded: tan=15,count=4 pos=1 >0.048004 0. 47873, 0.047673,0.047808
135729234 > RX decoded: starta19, counte3, pose ->0.047613, 0.047743, 0.047547
ISS00S0TASRXCaEd 2 © Connection 135729 234 > RX decoded: star-22,countet, pos=2 »0.072726, 0 047ETS, 0 048071, 0.048008
13:50.05.439 > RX: Subscrbed o TX notficatons 13:5729.266 -> RX decoded: s1a11=26, counte4, pos=2 >0.047810, 0.048136, 0.048267,0.048202
13:50.05.438 > RX decoded: state0, countd, posed > 0.064816, 0.049512.0.049512,0.048512  13:57:28.266 > RX decoded: starta30, countsd, pose2 >0.04807 1, 0.048267, 0048071
35 . counte2, ot 9577,0 0495120049642 13:57:29.301 > RX decoded: start=33, counte4, pos=3>0.047436, 0.047436, 0.047632, 0.047501
135005474 > RX decoded: tar-8,countad, poz=0 >0 043708,0.049708,0.049708 135720.901 > RX decoded: stare37. count=3, poss3 >0, 047371, 0.04T371,0.04740
13:50.05.505 > RX decoded: starta11, counted, pose ->0.047874, 0.048069, 0.048069,0.048004 13:57:29.561 > RX: Disconnected, restarting scan...
135005 805 > RX decoded: tan=15, counl~. os=1 >0.04T678,0.047874.0.047674,0.047809 —
13:50.05.543 )Rxdemded stan=19,count3, pos=1 0.047874,0.047609. 0.04787. 8" connection
135005543 > stanta22, Counte4, poss2 0.051763,0.047791, 0. Gi7aas 0045152 135905 31 = R, Subeermedts o SoAS
135003 579 2 A decoded. dan-a8, coomic Pose2 20048182, 0.048312. 0 048162.0.048182 13:53.03.311 - X Gecoaed. =D, counlad, pos=0 > 0.077062,0.043848,0. 04652, 0,049587
135005 879 > RX decoded: tane30, counta3, pose2 >0.047921, 0048081, 0. 047191 133909311 > AX decoded:ta4, counte, pose0 > 0049821, 0048391, 0.049521,0049%25
13:50.05.611 > RX decoded: state33, counta4, pose3 ->0.056235, 0.047332, 0.047267,0.047332 13:59:03 344 > RX decoded: starta8, counte3, pos=0 -> 0043456, 0.0497"
135005643 >Rx¢e¢m¢ 2tan=37, count=3, pos=3 >0.047136,0.047593,0.047267 1359.03.391 > RX decoded: start=11, count=2, pos=1 ->0.065981 aonesa Sadrae1,0 04051
13:50:05.905 -> RX: Disconnected, rectarting scan. 135900291 > RX decoded: sadatS, counid,soee! 0047821, 0.040051, AOTIS, 0047205
“ 13:59.03.391 > RX decoded: stant=19, count=3, pos=1->0.047660, 0047856, 0.04772!
connection 135903426 > RX decoded: san-22. count4,pos=2 >0.048633,0.048175,0 wws oms
135136 144 > RX. Subccbedto TX notfcaton nted, 1,0.048175,0.04837
13:51:36.124 5 RX deooded saf, ouiad, possd > 0.054325,0 043439, 04374, 0.048179 1359.03 460 A decoded: 42130, cour-,p0e-2 >0.048116,0.040308.0.
133138 144 2 cecodes sated, countet Oz=0 > 0.049570,0043439.0 049244, 0.049504 13590402 R decoced:1a33, countet PO5=3 >0 068843, 0 047264, 0 047004 0.047199
13:51:36.183 > RX decoded: stari=8, counte3, pose0 -> 0.049504, 0.049439, 0.049374 95 2 RX decaded. dared?, counted, po.-:s 0047195,0.047264,0.047460

13:51:36.183 -> RX decoded: start=11, count=4, pos=1->0.075449, 0.047930, 0.047930, 0.047604 1351037029'“
13:51:36.216 > RX decoded: start=15, count=4, pos=1->0.047865, 0.047800, 0.047800, 0.047669
13:51:36.251 > RX decoded: sart=19, count=3, pos=1 >0.048126, 0.047930, 0.048126 S00SS02SSRKCINEEY 5 Connection

13:51:36.251 -> RX decoded: stant=22, count=4, pos=2 ->0.065370.0.048456, 0.048130,0.048391 14:00:33.511 -> RX: Subscrbed to TX notifications.

13:51:36.286 -> RX decoded: starte26, counted, pose2 ->0.048456, 0.048064, 0.048260, 0.048195 MOOJJ SH > RX decoded: startw0, countad, posed > 0.073887, 0.049302 0.043432,0.049302

k
it

13:51:36.286 -> RX decoded: stant=30, count=3, pos=2 ->0.048260,0.047999, 0.048456 1->RX decoded: start=4, count=4, pos=0 -> 0.049497, 0.049432, 0.049628,0.049106
13:51:36.318 > AX decoded: stant=33, count=4, pose3 »0.061899, 0,047265, 0,047336, 0.047722 uo\m 3512 2 decoses St coomcs porcd - 0 0489760048875 0

13:51:36.355 > RX decoded: starta37, counts3, pose3 ->0.047396,0.047526, 0.047461 551 > RX decoded: starta11, countad, posel ‘7006248‘ 0.047806,0.047872,0.047872
13:51:36 574 > RX: Disconnected, 140033585 2 RX decoded: dant3.counie,potct 2.0 047808, 0047008, 0 047872.0 047537
135508048 >R Foundargel NANOSS.TX © 645677309008 14:00:33,624 > RX decoded: 19, count=3, poss' 0047087 0 047808 0 4008
ISS0RSASSRXICosae 4" connection countss, 0048199, 0.048133,0.048264
13:53:09.281 -> RX: Subserbed to TX notffications. uoousznonxamam ﬂ.'m-26 mum-l po.-2’;004!|99 0.048199, 0047!72 0048133
135300281 > RX decaded: a0, couted, pOzed > 0043291, 0 049617.0.049487,0 040457 140033 664 > RX decosed ata30 counted pose2 >0 048068 0.048068.

13:53.09.318 -> RX decoded: started, counts4, poss0 -> 0.049422,0.049487, 0.049552, 0.049357 =33, counts4, 0.047161, DM?CES 0047356
135309318 > RX decoded: start=8, count=3, pos=0 > 0.049226, 0.049357. 0.049226 14:00:33 636 -> AX decoded: stant=37, count=3 po.-a—,nomm 0.047356,0.047487
135300353 > RX decaded: a1, counld, paset >0 085076, 0047841, 004TT11,0047T76 140053929 3 R. Deconeced.seiane

13:53:09.384 > RX decoded: stant=15, count=4, pos=1->0.047711,0.047581, oonsw 0.04784 —
13:53:09.384 > RX decoded: stant=19, count=3, pos=1 >0.047841,0,047972,0.04 100 Connection
13:53.09.418 > RX decoded: starta22, counted, poss2 >0.069175,0.048122, owm 0048383 14:02:00.217 > RX: Subscred to TX notéicator

13:53:09.450 > RX decoded: start=26, counta4, pos=2 ->0.048318, 0. uma o wasa 0048383 " oz 00253 5 FX decoded. stat=D, countes, pos=0 > 0 043883, 0043492 0 049557, 0 043961

13:53:09.450 -> RX decoded: start=30, coum-’l pos=2 >0.048318,0. :02:00.253 > RX decoded: starte4, countsd, pose0 > 0.049296, 0.049296, 0 0‘9361 0.049296
13:53.09.492 -> RX decoded: starte33, counted, pos=3 >0.066271, 0. M727‘ D Mﬂ" 0047402 |‘ 02:00.285 > RX decoded: starte8, counts3, pos=0 -> 0.049035, 0. 04936
13:53.09 492 -> RX decoded: stan=37, eonmld Pos=3 >0.047402,0.047336,0.047467 0200265/;”6&0«0 stant=11, counts4, pos=1->0.056368, 0. 22 0047&7 0047952
13:53:09.759 -> RX: Disconnected, restarting scan. unted, posat >0.047952, 0047807 oman 0047756
“ 14:02:00.323 > RX decoded: state19, counte3, pose1 >0.047622.0.047822.0.

5% connection 14:02:00.359 -> RX decoded: stant=22, count=4, pos=2 ->0.049016,0.048168, 0046!02 0048102

13:54:36.647 > RX.: Subscrbedto TX notiications 140200359 > RX decosed: ata26 counted pose2>0048168.0 048233, 0048007, 0048233
13:54:36.647 > RX decoded: stant=0, count=4, pos=0 -> 0.065675, 0.049730,0.049403, 0.049599 14:02:00.390 -> RX decoded: stant=30, counts=3, pos=2 ->0.048298, 0.047972, 0.04803:
135436 647 > X deooded:tated. counted, possd >0 0495340 049730.0 043796, 0.043665 140200 423 >RX decoded: i3, counted, posed >0 048383,0 0475410, Girn. 0047s7
476,0.047541,0.047672
135435 718 2 A decoded: stcT] conist om0 030195, 0/048045,0 047973, 0 047979 14.02.00 685 - RX. Doconnectes,eciartg scan
13:54:36.718 > RX decoded: starta15, counta4, pos=1->0.047979, 0.048110,0.048110,0.048110 *
w 54:36.752 > RX decoded: m-w counts3, pos=1->0.048110,0.048110,0.047848 11t connection
54:36.752 > RX decoded: st 522 e A 004260 e el Ix connect
135438 789 X decoded: 4an-28,counio. posc? 2.0 047918, 0 04B1T7.0 0481120 048177 140326170 - X decodad a0, counie.poeed> 0 056316, 0 049646, 0 049645, 049580

13:54:36.789 > RX decoded: start=30, counte3, pos=2 ->0.048373, 0.048373,0.048243 14:03:26.170 > RX decoded: startad, count4, pos=0 -> 0.049515,0.049646, 0043449, 0049646
13:54:36.824 > X decoded:stana33, counte4 pos=3 >0.054162, 0047441, 0.047310,0.047506 140326 201 >RX decoded: ta8, count=3, pos=0 > 0149777, 0,049449.0.049777
13:54:36 856 -> RX decoded: started7, counte3 wd 0047637, 0.047506, 0.047571 14:03:26.201 > RX decoded: starta1 1, countad, pose1 ->0.048403, 0.048077, 0.047946, 0.047620

13:54:37.069 -> RX: Disconnected, 14:03:26.237 > RX decoded: start=15, count=4, pos=1->0.047881,0.047751,0.047881,0.047620

14:03:26 237 > RX decoded: stant=19, counte3, pos=1 >0.047946, 0.047881,0.045142

ISSS020ASRXICONENE 6 connection 14:03:26.275 -> RX decoded: starta22, counte4, pos=2 ->0.069392, 0.048326, 0.048392, 0.048261
13:56:02.501 > RX: Subscrbed o TX notficatons 14:03.26.310 > RX decoded: start=26, count=#, pos=2->0.048196, 0.047935, 0.048131,0.048131
135602801 > RX decoded: started, counied, pose0 > 0051065, 0,040629,0.049620, 0040629 14:03.26.310 > X decded: saa30, counted, pos=2 > 0L.047870,0.048131, 0048131
TRS012501 X dacded: e counied, POt > AAGN0Z Q48237 0.04006, 004503 140028363 > X dacoded:r, ol potd OB, 047084, 047400,0047530
13:56:02.538 -> RX decoded: star=8, count=3, pos=0 -> 0.049498, 0.049302 0.0494¢ 549 RX decoded: 5037 count=.paced 0 O4TEST 0.047530.0 047289
13:56:02.581 > RX decoded: startal1, countad, posel >0.064736, 0.047817, 3 047687.0.047348 1403 28 615 2 P Dosonmecad  restarting scan.
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showcngi-tiawahmeep cycCesredponding
seri al monitor outputs from the

protocol

packets

demonstrate successful

BLE receiver
B L Ewa keec ocnyncelcet si

Il
—

0]



0 Bare Circuit RSSI 0 Package-Obstructed RSSI
20 -20
& 40 & 40
= =
75} 9]
v -
2 60 g -60
-80 -80
-100 -100
0 2 4 6 8 10 12 14 0 1 2 3 4 5
Distance (m) Distance (m)

Fig. RRR2: measurement wunder different device ¢
circuit measur ed i n a bar e circuit conf i gu
communication up to approximately 14 m, with
dBm at 0 mimataeppro93 dBm at 14 m. b . RSSI o f

measur ed Fonodgn cohfiguration. The communi cat
approxi mately 5 m, with RSSI reaching approxi
standard rdemi3atriemedt ed RSSI measurement s.
C1 Cc2 C3 C4
04
Y
¢ L
<
3 ——
I=
2
5 -101
&)
-15 T T T T T
0 60 120 180 240
Time (s)

Fi g23 Ghronoamperometric responsePCB,omopdera@l am
sequent ipaelrloyx i fder idrat ¢ tuis @ mcaanr blmlnueel ect r Cdle sy

Y
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2.0 Voltage
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cycle. The difference between the capacity at
vol tage platform is shown, which indicates t
di scharge.
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Start measuring —Al, and AL
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