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ABSTRACT

Fall Detection System Design on Wireless Body Area
Network Environment

Baek Woon-Sung
Advisor : Prof. Pyun, Jae-Young, Ph.D.
Department of Information Communication Engineering

Graduate School of Chosun University

Real-time health monitoring with wearable sensors i1s an active area of research. In
this domain, observing the physical condition of elderly people or patients in personal
environments such as home, office, and restroom has special significance because they
might be unassisted in these locations. The elderly people have limited physical abilities
and are more vulnerable to serious physical damages even with small accidents, e.g. fall.
The falls are unpredictable and unavoidable. In case of a fall, early detection and prompt
notification to emergency services is essential for quick recovery. However, the existing
fall detection devices are bulky and uncomfortable to wear. Also, detection system using
the devices requires the higher computation overhead to detect falls from activities of
daily living (ADL).

In this thesis, the proposed new fall detection system using one sensor node which
can be worn as a necklace to provide both the comfortable wearing and low computation
overhead. The proposed necklace-shaped sensor node includes tri-axial accelerometer and
gyroscope sensors to classify the behaviour and posture of the detection subject. The
simulated experimental results performed 5 fall scenarios 50 times by 5 persons show
that the proposed detection approach can successfully distinguish between ADL and fall,

with sensitivities greater than 80% and specificities of 100%6.
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1
PRl A ASd A FAE AEEAG AolRanLe THH 52

= o] ge)ol
AN wEolt) olel A4 A AA FAA AEEAG AolmizEE HEF o f

= 9gE A oy dojdRA RE= EAS HA A 7] "o 7hEEA e Aol
EAaFEe 2 o]FAdeo A7l Ax % ok Al g AFgs AA = A 35
&2 A, 3% Aolz22~3%E, MCU (Micro Controller Unit), RF (Radio Frequency)
chip¥} ¢tHYZ A= o™ TelosB AA == [17]5 7|Hte 2 A #sth. 1

il
¢

)
o
ol
32

N

¥ 5= AA s AA EEtolo] 1y HelFm glom, 1Y 6 RE FEo
AR A4 wEe] AARFolr (i WM FE, (i WM Hug melFu
9tk

Serial
Flash D
y y
3—Axis Reset
Accelerometer ) SW
RF P MCU LED 1
(CC2420) (MSP430F1611)
3—Axis LED 2
—»]
Gyroscope LED 3
y y
ISP Connector
LDO (10pin)

¥ 5 AgtalE AA == HAA EE tholoj 1Yy
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CC2420 3% IS A
obH| L} (RF chip) (MMATRILC) T OWer LED

'
Z
X
Reset 1% Afo| 2 Aqg= Flash 2% Ao]2Aq=
SW (LY3100ALH) (m25p80) (LPR5150AL)
(a)
ISP connector MCU
{10pin) (MSFP430F1611)

Sensor v0.2

vinU nuezordd

8!

o
(4]
|
w
O
C =

LDO

(b)
a8 6, AotEtE 3% JME LAY 3% AolRAFER

T8E A =55 (a) 49, (b) 3™
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a. 3% 71&£ %A

35 TMEEA=

= A e (X, Y=, Z5)9 7FE5 % (acceleration) S =4 = ¢l
ZF =] o)™ | Freescale Semiconductorol A W& MMA7331LCE AF&3tt} [18]. 2H
< AHA THESEEAS EFo|th.

i

g 70 A mEo] AREEE THEEA
(MMA7331LC)
7FEEAY Z7]= 3mm x S5mm x Ilmm= v$ ZFom 400pAe] WS A
AR A o' L

zo 29

R

ko] 724 % (angular velocity)E =4 4 e #A
olm B =Ro|MiE 2% AolmAmIe} 1% AolrAzxg FASAY. 19 8 (a)
T 2% AolRAFEoln, (b= 15 AR A

(a)

(b)

a9 8 AA =t ALR3 Rfo|RAF I,

(a) 2% Aol ~mX

(LPR5150AL), (b) 15 Ae]l2 233> (LY3100ALH)
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I+

X, YE& YEUYE 25 Ao|Z22F3XE LPRAHISOALS AHEstda Z&EEE
6000°/s 744 AT 4= Aot [19]. 15 Aol2aza L= 75 S YeEh Y LY3I00ALHE
AbgE o, A& E £ 1000%/s7HA SAE = v [20] BRE Ao|RAFEZ=
STMicroelectronicsoll A ¥H= AlFolH, v A8 AR LPFE W Hstal &=

ol At EF BE ¥ YL ofdEI Folth

¢

N
J{m
o

c. Micro Controller Unit

=)

e

¥ 9. A x=of AF8-3 MCU (MSP430F1611)

(

tlo

MCU+ AlA o x3td g FA&& Aostes 7lss 3h, & =TdA
+ Texas Instrumentsol] A #|2$+ MSP430F1611& A3ttt [21].

Mo

3 2. MSP430F1611¢] 5%

Ultra-Low-Power MCU
16-Bit RISC Architecture
1.8 ~ 36v @& A3 HYY

125-ns Cycle time
12.20 x 12.20mm
48kB Flash
1024B Ram
12-Bit ADC
Dual 12-Bit DAC
16-Bit Timer
2 USART, I2C
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1 o]fri= ATmegal289] Hl&| 7|7} 2Fal 2.2ve] activeE =94 IMHzuEF 330pA
9 AFE AR standbyEEZ=AE LI1pA, Off L= E 0.20AS AR E 2A
g MCU°|7] w&o]t}. ®=3 12-Bit A/D Converter 871 & WHdstal oA 7H&4%
Aot Apolmizize] opdm &9 Fhe o AFgsiA AT o, 48256Byte
o ZHA wWiEg e 10kByted S ZHAa dvh " 9= AHAAl ANEE
MSP430F1611¢] 2] R<rol™, MSP430F16112] 54S % 20 Ag sl vebuidoh

P

d. Radio Frequency chip
Texas Instrumentsol| Al 7&¢gt CC2420 AF&3tA T [22]. CC24202 IEEE 802.154
WAl T FAS At v S5 FHelw, 24GHz ISM (Industrial Scientific
Medical) & AF&3tH AA UWEHYA, zighee 52 2= Zo] ALSEY. 19 10

= CC24209] A A Es5olnt

Olr
2

% 10. AA =0 AFE-FF RF chip (CC2420)

3£ 3. CC4209] 54

ISM band 1671 =
H) 250kbps AE&EE
oo e AR (Rx: 188mA, Tx: 17.4mA)

il

7 x fmm
Direct Sequence Spread Spectrum W2
2.1 ~ 36v @2 Hg ¥4

4-wire SPI interface
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CC2420 MCU¢} 4-wire SPI &4l stH, SI, SO, SCLK, 121l CSnZE -/ & o]
gttt CSne SPI Chip selet® SPI enable¥} disables w33l SIE= SPI Bus9
inputo. 2 Abg&¥th SOE SPI Bus9 outpute]™, SCLK+= serial clock &2 A}-83kc},
& 39 545 Bgste] YErATH

e. Serial ID

g gte FAEL =25 FHEY| fdiA MAC (Media Access Control) =4

g poaa TEHT. AAW CCAUN AAdE MAC Faehe Aol gith 1A

MAC F45 AT o s DS2411 H& Ab&skslon [23], AlxdA A a3

64H1E Algld ¥ E g8 v wiiEel DS2411 HelA 64¥EE 7HA 9 MAC
&

19 11. 24GHz inverted F Antenna

L= Ko
T =
Hibel me Abgate F

A8 AAFE THoz HyAY 7] g A olr) <
ool weh wepe] Wapdlth ¥ mENE ofe 74 o
dut Fol A 24GHzI A AHE7b5E inverted F SIS Abgstglon, o) oS e
+ 33dBelt} [24]. 1% 11& A4 inverted F helLbe] R5e wolFm ok,

g. Flash

Serial flash memoryZ4] M25P80S AF&3l o, 8Mbite] dHolHE #7335ty
25MHz SPI bus interfaceZ 7}# 1L o} [25].
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h. LDO (Low-Dropout Regulator)
LDOE AM&3te] thekst dets AFEd 4= Al shlh 243 9] MIC5219-3.3BMb5
S AREEtR o [26], 2 AA wmEofA] AFEE 4 olE Wb fJEAGS + 43V

B HW + 12V7HA o], 39k 3.3Vo

i. LED
LEDE 34, W7ba), stebslo 5 3708 Abgetgion, 247 dolg 4, $413)

Aelel 5% e

A 4ol el sl
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C. 34 A AA =9 Fg 94X

& S golakeh (7] S A WMIOH Aa0s WA RaAaE
Hol = olelgel gk wlolt} faAFe] AAE FAsn Jadd Ay

=
oo 28 Aoy, ARt ofye} AlM el A, Mol A7), FA SR LAl

0%
m {
o

ol
o

o

2 uehg gojth EW wmEEo] 2 AFe] fiAsm 9y Wi wrd FAe &
g FA mE wEY A s 4gaa 92 Holth 3 £BA e
AAE ol ot WHE At [8l BE /40 SMA9 9ge ngHAT £ &
Hefol thepsty] wiol B 7 Ao ve 4% AnE vehd,

_21_



ol

—_
fie)

1

Standing
(Non—fall)

HolA o A

[e)

=

<

He17E ¢
— 22 —

Z] o]
Am g
Start

2]
Not—standing

Data acquisition
(Lying forward, Lying backward,
Lying leftward, and Lying rightward)

wla o 2 st

Aol &

Q.
N

AA wE e wAzE 7t

I S Al

D. ¥4 #A ¢xndgd=



dEs FAJE AA (ying) ZEUHY 3 (1T,,,) st ##S ZFE7t 43839
lying (forward, backward, leftward, and rightward)®] Z 7] w3 &) 3

52 dgor JH@t ¥e T,,S 94% TARS 0 FANEEst =g

v
dlo
o
fru
5V
oz
filo
NI\
o
ol
rir
-

Q7] WEe] B wRA T, o 2%z Agselt

a
L (Tyy) &9 Aol Add 7= 3 4555 ogste] Hido] HAZS W 5

1_4

2% 44AT 1 ol UREe g

< °F 1x Qhell WA gt} [15]. o] & Wt o2 S A a3t dHoleE 2%t
o3|

i
ol
tlo
PN
>
ot
i)
£
)
>
>
w
o
E’ﬂ
|
N}

T2 A& 7 Avk wref SAFC] v AT AAF (4g, 50°/s) o] F o= e
Sod ol G R dddt E =M AR g AlRee AN =E=E

Abgsto]l AR B AddS Fo dAsd

1. AR s AABe) ZE

backward: Z(+g)

top: X(-g) ? /1

right: Y(-g) sensor
< —>
left: Y(+g)

Yo v
forward: Z(-g) bottom: X(+g)

= .
=4 PERY U3 lying R ASEAR
A7 47 A4 =22 %E A W 3% ASEAY 7 FS e, o) 3y
[e)
=

s g2 EASATH aﬂ—% Tol g AN =EE FEHT A BE SF0
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o olw @4 oledlE (bottom: XF) 0.2t T8 (o] A3, v Bgel e
of WAA Pt oYF &R FEE g

.
ol galo] Aot Aol Ztwg A F 9l

0. =sin(|A |)

b irin Al AL A

,=sin(A, ) A= A, -1<A<]

0,=sin(|A |) 2)

olA] o]z Hlo]HZE 7FAaL A & AAl (standing)et 4 W3] lying (forward,
backward, leftward, and rightward)2 &<1& 4 2t} 29 15914 E 4 A% F
o] WSt WA= £ 1gol 7HAA YERdh 7F 39 X]‘i’iﬁrfﬂ A
7HEE (Ax, Ay, Az)¢t 2 (2)5 ol&ste] 0°%-F 90°Atele] Zt=o] Az
A ARG 1F 162 S4E TFEEE o] &3 ARE A% AW Z4e
Oz)5 HAF gtk 29 A & F 9%l lyings 7HE 7 Ao, 7
detr] fg 23S AElste] E 49 YEhldTh 7 F9o AW s AR
(40°)& o]-g3ste] waste] sk, wkeF lying AEi7E T, 2ok AA A &Eohd
GAom oAt v dAR g

¥ 4. Lying 78 27 g xE

A} Al ox > 40° Oy > 40° 0z > 40°
Standing true false false
Lying forward false false true
Lying backward false false true
Lying leftward false true false
Lying rightward false true false
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X ax: Stadin Lying Lying Lying Lying
9 & L forward backward leftward rightward
| I i P i P e
21 —t— — I 1 i i -
% 15 . ! | [
nooq | | |
§ 05 ' |
p O | | 1 L ‘I IJI lI |
£_0.5
A '1 |
_ =_
-1.5 —
10 ! ] 30 1o ! ] 6q 0
ec]

Y axis ! ! ! | :
2.5 —
1.5 L

n 1 } 4 | I—
T FL
£ 1 ‘ A |
g 0 04 1 N 1 I
C_
'y _'“;)
1 1 1 1 |
-1.5 —
| 10§ 30 TN 6( 0
1 1 I oe] ! I
| ‘ o i i
Z axis
1 1 I 1 I
2.5 —
2
% I I I i '_
1.5 —
n 1 l4 »‘
-
g 051 I ; I I [i il ! i | |
g 0
A -
15l | | | 1 [ I ! L J
0 10 20 30 40 50 60 70
Time [sec]
2% 15, A= AFAl (standing) @ 4932 99 #Al(lying forward,

lying backward, lying leftward, and lying rightward)oll 4] A3+ 2} =9

=
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2. HEES AEE

e A owst Fugiol WART ol WA NHoE e TS
Q3 Ao AWz FEAL ofu BARE Y (FEE, 45E)e ADL Hob

st dyeE da2v. " 17 (aE 87FA ddbd el ADL (standing, running,
walking, lying, bending, sitting on the ﬂoor, sitting in the chair, and walking on
the stairs)] 7F% SVMelH, (b= 5L ADLS Z+&4%E SVME HoFi gl
SVM2 4 (3)= o &sto] At < 3l

Goyy =G> +G2+G? 3)

SVMe tft#9) 4 44 Que oM b3 AugoR AgHc wep B o
JEAA 04 Ew
& Rolth 1 ol fE

Aeo] 2 ATL T A9

P
it
fu 2
l‘é
>,
i
[
il
1%
ofo
ol
=
>
o
o,
st
vk
N
o od
o
&l

th o] ADLS HA s 3 AAT + = agle] & & Advk wef A
o] SVME ®A HAEA lyings FevuW 5dad 497HA4 =
2o B EglA Adelt FneEe 19 1394 et A4 lying® WA X
e g o5l A ol 3e SVMS AAgt. 19 e
(forward, backward, leftward, and rightward)®} A
st 7S = SVMHE ZHE5 % SVMS 747 HojFal Q. & #=ioA dA-s A4}
= AAES 19 189 SVME 7|Hto 2 4g o] 9] 714 = SVMI 507/s o] Aol zh&:
T SVMe =2 AAs

e
L)
=}
—+
=
@
2}
—+
2.
=
“
=
X
lo
AL
o
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1"

2> RTOD e
o o

e~

Standi

| Walking
on the stairs

Sitting Sitting

Lyin Bendin i i
in the chair 1 the floc yine € Walking  Runnin

0+ T rrrr—rrrrr-r—errrrrrterrrr e rher e
10 20 30 40 50 60 70 80 90 100 110
Time [sec]
(a)
200 Sitti Sitti
. itting itting . . . . Walking
Standi in the chair 1 the floc Lying Bending  Walking Running on the stairs
160 ‘ i
) |

' '2'0' ' 30 a '4'0' ' 50 . '6'0' h 70 B 80 B '9'0' B 100 ' 110 h
Time [sec]

(b)

9 17. dukA 2l 8712 ADL (standing, running, walking, lying, bending,

sitting on the floor, sitting in the chair, and walking on the stairs)e] SVM;

(a) 7}4 = SVM, (b) 4% SVM
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12
Fall

forward

Fall
backward

Fall
le ftward

Fall
rightward

Fall
on the stairs

oo

2> QO ROS !

S

5 10 15 20 25 30 35 40
Time [sec]
(a)
240 T T T T T -
Fall : Fall | Fall | Fall | Fall
forward backward leftward rightward on the stairs
180

5 10 15 20 25 30 35 40
Time [sec]

(b)
a9 18, 49Eke] YAt (forward, backward, leftward, and rightward) ¥}
Akl Aol YA (on the stairs)2] SVM;
(a) 7F4 %= SVM, (b) 714 %= SVM
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2= ADLS 7HAAL 9 A3 S ste dHeles B ofdg&o] Anh o= QIzhe] 8
T TR et e dEolgt Abgwit g Zpolrh 7] wiitolth. LA
o] =EE [6-7I[14]e1 4 Lukdg o7 AR 5 7HA o] Yt (o=
dolx 7] (fall forward), $I& YolA7] (fall backward), 9Z oz dojx7] (fall
leftward), 2% o2 Wo|x]7] (fall rightward), AldolA Wo]x]7] (fall on the
stairs))@ 9 7FX1 9] ADL (A 7] (standing), &J Aol 9F7] (sitting in the chair), BF=Fol
k7] (sitting on the floor), 7] (lying), 27| (walking), ©2]”7] (running), A% =2}
7}7] (go upstairs), Al¥t W&l 7] (go downstairs), T+45-2]7] (bending))S 4 &}&}o]
AYE otlon, wmaA erlel wEA w7 T3 2 wQlojup A AN dojnt
7] A& FFES AL
G AdS =9 B SAE der dderde B2 ouwel V] wWimel %
T 24419 A7 A9 JFA e vdAR A e, it 7] 175Cm, B =
A T1Kgeld. 2 23S sty doll d@dAsddA 2 Aug s S A
| 3% 75 =AS 35 Aolzamizw A E Hdo] e AlA
A

rhe
i
i
-
R
s
N
i

o

n

= =
standing el A Alzketo] zh WgFow Yigs AdEsidn. v
]

2
Aol wARn s vz Dol
K

of gelste] HeEh AT
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3E 5. ADL¥ 97 49 Aluege

ZR8F 7} 2kAE 503
3§ =} 59 (&4, Ht yo] 244, Ht 7] 175Cm, H¥t H5FA 71Kg)
AER F4 50Hz
W E g8 F 3.7V Li-ion, 1000mAh

7] (standing)
o) z}of] k7] (sitting in the chair)
nlthol] ¢k7] (sitting on the floor)

w71 (lying)

ADL 7 7] (walking)
@2]”7] (running)
AYPF A &2}717] (go upstairs)
5 A W& 7171 (go downstairs)

T2 7] (bending)

ko2 dojx]7] (fall forward)

= dojAx7] (fall backward)
s Ao 2 dojx]7| (fall leftward)
Zo0 72 Jojx]7] (fall rightward)
Aol A @oj=] 7] (fall on the stairs)

i

@)
-

A7) = oAl et7] — A7] — Higel 2] — 57 — A7

ADL g o ©
95 oA — 7] - 287 - Ag 287 — A WE@ ] — A7
— FE7] — A7)
7] — o Holx7] — A7
g A7 — FHZ gdolx7] — A7)
9% A M7 — fF o7 HojA]7] — A7
A7) = LEZOZ HolA 7] — A7
A7) — Al A doj A7) — A7)
HE A7) 080 ~ 90 steps (1 minute)
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[ @#71 150 ~ 180 steps (I minute)
2. "HeolE 4 ® EYEH

H %—E,—oﬂ/ﬂ xﬂ?l—z‘;}{_ 1:11/6} 7‘jo] }\]v}_\‘Eﬂ.Q. 1:})\} 7Lx] x]—‘] ollg]
o

=
IR A ZF = CHE AHgsER e

2 A3 U} o.m = ukal 7k 5lo)] = I 3 D=
E]' Eﬂ O]E1 = T':"lo}oq 1o M= 1o 7UX] = ol‘oﬂ L]'E}“THD]' —‘—?1’} —= A]’
2 35 5 - 2] O)olE 2= o) Sk ol
o 0}01 ?ﬂ' T':oﬂ "dﬂ] EO]’E T 1\1\7]] 0}}}\1:]'-
i Dection Recover 102 - = 5
00 s COM3 57600 Angle of between body and ground I,
) A ARe) 2k v
Open 2 @l
= [
j a:
Reset L@ I;"
R
o
FileLoad ‘ Bnalysis v #A g =
=
w Y
Node 2 NodelZFilename  D:WBBaskWiliraless Body Atea Netwarki Taln A@c . M
-
Tims A% &y az G av &2 - instal
Loz ez AE W M | A _
004 253 a2 p42 23 M2 2die i 714 % SVM 0
DOE ZEE2 2486 2447 201D 2039 o4 )
0OR SR 24EE B443 2R3 oM3 4% " ]
ol PSR pME3 PME M6 mEE M3 “ v
014 26 285 2443 20 WFH 0 4 "
nIE S5 mER M7 20 MGl 235 g =
018 25F 283 20 18 0% 23% i, 7
2 R T ME G mM3 M3 L o
N2 &% 2 263 223 46 2430
024 SRR 2B BT 2R HM2 p4AD
026 B2 M Ml 223 243 o e part
e R B ~ 3 - = == 5
Timel By bz Gix Gy Gz Tams{s)
0z 02117, 00780, 5847 2079, 02214, -
004 00450, DOVAL. BT 402, -0220. e Z+ &= SVM o
0.06 01752, 009, -5047. 25883, 0054,
0,08 01752, DA, 4385, 43ET. 0723 ]
o1 01533, 00Am,, -3289.. 14619, D056, [
el 00762, 00803, -1.827.. 1.4619.. 39950, E
016 -0.029.. 02847, -1461.. T.3095. 1498, z
016 00073, 003, -BPIE. L4RIG. 1485 o
2 00657 00219, -5847. 43857, D565, svm
0.2z 00343, 0263, 4. E4EL. 04305
024 01168, 01095, -4750.. 40202, 04438,
.26 00343, 0157, 49, 43E7. 0
028 00349, OIWE, -4750. G4l 08T i s 3 = = =i
3 01160, 01606, 4751 4367, 1501, e
¥ 19, sz
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o] %= (specificity)

=
=

= (sensitivity) %}
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fie)
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T g1 | AR 2 | AYA 3 | APA 4 | JPA5
¥ | 5 | F | F|EF % B
qA FE - I - O O - O - - A B - O -
Fog Ygojx7) 45 | 5 | 43 | 7 | 46 | 4 | 4 | 6 | 43 | 7
H 2 do|A 7 31 | 19 | 47 | 3 | 48 | 2 | 4 | 9 | 37 | 13
Fall | 9% o2 dojx] 7| 4 | 10 | 33 | 17 | 30 | 20 | 42 8 48 2
egxog Jo|xy] | 34 | 16 | 36 | 14 | 35 | 15| 35 | 15 | 49 | 1
Aol A dojA 7] 46 | 4 | 44| 6 | 46 | 4 | 47 | 3 | 43 | 7
A 7] 0 |50 | 0 |5 | 0|5 | 0|5 | 0|5
7317 0 |50 | 0 |5 | 0|5 | 0|5 | 0| 5
o} zke] gk 0 | 50| 0 |5 | 0|5 | 0|5 | 0| 5
7 0 |50 | 0 |5 | 0|5 | 0|5 | 0|5
ADL | ntetel] 9k7] 0 |50 | 0 |5 | 0|5 | 0|5 | 0|5
A7 0 |50 | 0 |5 | 0|5 | 0|5 | 0|5
=g 7] 0 |50 | 0 |5 | 0|5 | 0|5 | 0| 5
Ag &8 717 0 |50 | 0 |5 | 0|5 | 0|5 | 0|5
Ag W71 0 |50 | 0 |5 | 0|5 | 0|5 | 0|5
Eo|% (%) 100 100 100 100 100
NAE (%) 784 81.2 82 83.6 88
A= (%) 92.3 93.3 93.6 94.1 95.7
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L1, L2 BEAD240-1035-1
L3, L4 L0402 - 7.5nH 5%
L5 L0603 - 5.6nH 5%
Cl, C2, C3, C5, Cl16, C20, C21, C26, C28 C1608 - 0.1pF
C4, C22 C3216 Tantal - 10pF
C6 C1608 - 100nF
Cc7 C1608 - 10uF
C8, C14, C25 C1608 - 10nF
C9, C15 C1608 - 470nF
C10, C12 C1608 - 20pF
Cl11, C13 C1608 - 2.2nF
C17, C18, C19 C1608 - 3.3nF
C23, C24, C27 C1608 - 68pF
C29, C30 C2012 - 0.5pF + 0.25p
C31 C1608 - 5.6pF 5%
C32 C1608 - 5.6pF + 0.25p
C33 C3216 Tantal - 2.2uF
C34 C1608 - 470pF
D1 LED 0603 - Blue
D2 LED 0603 - Red
D3 LED 0603 - Green
J1 0.5mmPitch - Series 6288
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Ul MSP430F1611

U2 M25P80

U3 DS2411

U4 LPR5150AL

us LY3100ALH

U6 MMA7331LC

u7 CC2420

Us 2pin connector

U9 DNO07 - F patch ¢t}
u10 MIC5219-3.3YMb5
S1 CTT-1101NH

R1 R1608 - 51MQ
R2 R1608 - 100k

R3 R1608 - 100%

R4 R1608 - 220%

R5 R1608 - 470%

R6 R1608 - 2.2kQ
R7, R10, R12, R13 R1608 - 10k&
RS, R9 R1608 - 33k&
R11, R14 R1608 - 1MQ
R15 R1608 - 43k 1%
R16, R17 R1608 - 0%

X1 CFV206 - 32KAZF-UB
X2 NX32255A-6MHz
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