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Converting Data - Overview

- You now have voltage data for each sensor.

- The next step Is figuring out how to convert the voltages into
useful units.

- Each type of sensor comes with a detailed datasheet filled with
useful information, including how to convert the data.

- The datasheets for all the sensors are in the manual.

- If you are interested, the datasheets for the other integrated
circuits used on the payload are available on the DVD.



Converting Data - Process

- All the sensors are proportional to the actual value, but have
an offset — that is, you can use a linear equation to convert
from units to voltage.

- Each sensor can be characterized by its sensitivity and its zero
output offset: Vo, = sensitivity * X + offset, where X is data in
the appropriate units for the sensor in question.

- We want the converted data X in terms of V1, So we solve
the equation for X as follows:

Vgour = sensitivity * X + offset

Vgur - offset = sensitivity * X

(Vgur - offset) / sensitivity = X

X = (1/sensitivity) * VOUT — (offset/sensitivity)



Converting Data — Temperature Sensor 1

- Open the datasheet for the
LM50c temperature sensor.

- The front page gives an
overview of the sensor. Scan
through the datasheet to see
what other information it has,
Including detailed electronic
and mechanical information.

National
Yemiconduclor

LM50

SOT-23 Single-Supply Centigrade Temperature Sensor

General Description

The LMS0 |2 & precision Ingrated-circult Bmpersturs sen-
507 et can s2res a —40°C to +126°C temperature range
using a single pasitive supply. The LMS(s cutput vitage |s
lineary propotional to Cells (Centigrade) Emperatuns
(+10 MVCy and has a DC oftsst of +500 V. The oflaet
alows reading negetive lEmperatures without the nesd for a
e gative supply. The Keal output voltage of the LMSO ranges
rom+100 My k2 +1.78Y ora —40°C o +125'C temperatuns
range. The LMSO does not require any exdarnal callbration of
mmming to provids accuracies of £3°C &t reom temperaturs
and £4'C over the full -40°C o +125°C temperature range.
Timmirg and calbration of the LMSO al he warer kel
aesure kow oost and high accuracy, The LMSO's Insar out-
put, +500 M affsst, and Tactory callbration simpily o cultry
requiredin a single supply environment whers reading nega-
tve temperatures i required. Because the LMS0's quiescant
curentls less than 120 pA, self-heating Is Imited o a vary
low 0.2°C In sl alr.

February 2006

Applications
w CompltErs

= Disk Drives

w Battery Management
® Automotive

w FAX Machines
w Printers

w Portable Medical Instruments
» HWAC

® Power Supply Modules

Features

Calbraled drecty In dagnee Celsius (Centigracs)
Linear + 10.0 mv/'C scale fastor

+2'C accuracy guarantesd at +26°C
Specified for Tull -40" to +125°C range
Sultabske for remote applications

Low cost due to waler-levwel nlmmng
Operates fom 4.5 o 10V

Less than 120 pA current drain

Low sel-heating, less than 0.2°C In stil ar
Nonlinsarty kss hen 0.2°C over temp

UL Recognized Component T

Connection Diagram

S0T-23

e
Top View
Sea NS Package MNumber mi2A

Order Device Suppllad As
Number Top Mark

LMS0BIM2 T&EB 1000 Linits on Taps
and Reel

LMS0CIM2 T5C 1000 Linits on Taps
and Reel

LMSOBIM3X. T&EB 2000 Units on Taps
and Reel

LME0CIMEX T5C 2000 Units on Taps
and Reel

€ 2008 Mational 3emiconducior Corporation D501 2020

www.naticnal com

losueg asnjesadwa)l epesbiuen Alddng-a|buis £2-10S 0SIN1



Converting Data — Temperature Sensor 2

- Scroll down to page 2, where you will see the image below,
along with an equation which gives output voltage in terms of
temperature: Vg1 = 10mV/ °C * Temp °C + 500mV

- Notice that the sensitivity of the device is 10mV/C, while the
zero temperature offset is 500mV.

(4.5V 70 10V)

OUTPUT
LS50 ‘ Vour = (10 mV/C x Temp °C) +500 mY
wei= *1.750V at +125°C

— Vour = +73UMVS
= Vou = +100mV at -40°C

0 203003

FIGURE 1. Full-Range Centigrade Temperature Sensor (-40°C to +125°C)



Converting Data — Temperature Sensor 3

- Solve the equation for temperature in terms of voltage. Be
careful of units. The final equation should use volts rather
than millivolts.

1.) 1000 mV = 1V
2) & Vgur =0.01 V/ °C * Temp °C + 0.5 V
3.) Temp °C/ (V' / 100 °C) = V7 — 0.5V

| 4.) Temp °C = 100%(°C / V)* Vgr — 50 °C




Converting Data — Pressure Sensor 1

- Open the datasheet for the
ASDXO015 pressure sensor.

ASDX Series

SenSym ICT

Medical
hstrumentaticn
Barcenetry

- Notice that unlike the T
temperature sensor, this
datasheet is for a whole series
of pressure sensors.

Fiszoredistive Senser
Precisian ASIC
| Canditianing
High Level Qutput

Temperaturs
Campeneaked
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This ASDX series is an amplified version of SerGym

- ICTs proven performer and industry leading S0
- series sensor This amplified ASDX deviee iz ina
] package with the slightly larger footprint as the

S0 but it offers a high level (4.0 V span) output
on avery cost effective basis This family is fully
calibrated and tem perature compensated using an
onboard ASIC. These sensors are intended for use
with non-corrosive, norHionic working fluids; such

as air and dry gases.

Devices are available to measure absolute,
differantial, and gage pressures from 1 psi

e Wee n an CASC01DM) through 100 psi (AS0X100). The

. absolute devices have an intemnal vacuum reference

and an output voltage proportional to absolute
pressure. Differential devices allow application of
pressure to either side of the sensing diaphragm
and can be usad for gage or differential

measurements.

AlLASDK devices are accurate to within +/- 2.0%

The devices are characterized for operation from a
single 5 wolt supply. The sensor is dedgned and 4
manufactured according to standards laid down in

150 9001, L Invensys

Contact your local SenSym ICT representative or
the factory for additional d etails. Sensor Systerrls




Converting Data — Pressure Sensor 2

PRESSURE RANGE SPECIFICATIONS
Part No. Range

ASDX001 0- 1
ASDX005 0- 5
ASDX015 0- 15
ASDX030 0- 30
ASDX100 0-100

PSI
PSI
PSI
PSI
PSI

Burst
Pressure®

20
20
30
60
150

PSI
PSI
PSI
PSI
PSI

Sensitivity

4.00

0.80 V/PS
0.267 V/PSI

0.040 WV/PsI

V/PSI

PERFORMANCE CHARACTERISTICS®

Zero Pressure Offset
Full Scale Span®
Output at FS Pressure

Accuracy®

Response Time®

Quantization Step®

Voff
Vss
Vfso

Units_
v
v
v

%V fss

ms
mV

- Scroll down to page 3,
where you will see
these tables.

- Locate the sensitivity
and zero pressure
offset of the ASDX015

Vout = 0.267*(V/PSI)*Press. + 0.5V



Converting Data — Pressure Sensor 3

- Solve the equation for pressure in terms of voltage.
1.) Vout = 0.267*(V/PSI)*Press. + 0.5V
2.) Vout - 0.5V =0.267*(V/PSI)*Press.
|3.) Pressure = 3.75*(PSIV)*Vr - 1.87 PSI




Converting Data — Low Range Accelerometers 1

- Open the datasheet for the
ADXL103/ADXL203
single/dual axis precision (low
range) accelerometers.

- Notice the functional block
diagram on the front page.
Block diagrams are useful for
understanding the basics
behind a system without the
overwhelming detail of a full
schematic.

ANALOG
DEVICES

Precision £1.7 g
Single/Dual Axis Accelerometer

ADXL103/ADXL203

FEATURES

High performance, single ‘dual axis accelerometer on a
single IC chip

5 mm < § mm < 2 mm LCC package

1 mg resolution at 60 Hx

Low power: 700 pA at Vs =5V (typical)

High zero g blas stability

High sensitivity accuracy

-40°C to +125°C temperature range

Xand Y axes aligned towithin 0.1° (typical)

BW adjustment witha single capacitor

Single-supply operation

3500 g shock survival

APPLICATIONS

Vehicle Dynamic Control (VDCVElectronlc Stability Program
(ESP) systems

Electrenic chassis control

Electronic braking

Platform stabilization/leveling

Mavigation

Alarms and motion detectors.

High accuracy, 2-axis tilt sensing

GENERAL DESCRIPTION

The AD¥L103ADNL203 are high precision, low pawer,
cormplete single and dual axis sccelerometers with signal
conditioned voltage outputs, all on a single menolithic IC. The
ADXL103/ADXL203 measares acceleration with a full-scale
range of 1.7 g The ADKL103/ADKL203 can measure both
dynamic acceleration (e.g. vibration) and static acceleration
(&g gravity).

The typical noise floor is 110 pg'yHz, allowing signals below
1mg (108" of inclination) to be resolved in tilt sensing
applications using narrow bandwidths (<60 Hz).

The user selects the bandwidth of the accelerometer using
capacitors Cx and Cy at the Xeor and Yoor pins. Bandwidths of
0.5 Hz to 2.5 kHz may be selected to suit the application.

The ADEL102 and ADX1203 are available in 5 mm = 5 mm =
2mm, &-pad hermetic LCC packages.

FUNCTIONAL BLOCK DIAGRAM

ADXLI03

sewzan

v

va

ADXLZ03

Figurs . ADILI 03 A0KLI03 Funcrional Block Diagram

Rew. 0

Information furnishad by Anaks) Davicas |5 balwved to be sccurata and rallabla,
. o raspenslbllity ks asiumed by Anakog Davicas for 15 usa, nor for any

Infringamants of patents of other rights of third partiss that mar rasult from s uza.

of GEhaWiSa UNder anY PatenE of patunt fghts of Anace Duvicas. Tradem ks and

Ons Tachnology Way, P.0. Box 3105, Nerwsod, MA 02052.5108, U.S.A.
Tak 721.3294700 www analog.com
Faci 7813268703 2004 Analeg Davicss, Inc. All rights resarvad.
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Converting Data — Low Range Accelerometers 2

- Scroll down to the

A specifications table on page
SPECIFICATIONS
Table 1. Ta =-40°C to +125°C, Vo= 5V, Cx= Cr= 0.1 uF, Acceleration = 0 g unless otherwise noted. 3
Parameter Conditions Min Typ Max | Unit .
SENSOR INPUT Each Auis
Measurement Range' 117 q
Norlinearity wof Full Scake #3525 | % o -
e - Locate the sensitivity and the
Alignment Error { ADKL203) X Sensor to Y Senso .1 Deqress
Cross Awis Sensitivity 15 L = =
SENSITIATY (Ratometic? B———— O g Offset Wh IC h IS Ca I I e d th e
Sensitivityat Koo, Your Vi l 0 V/g @ D60 | midfg !
Sensitiity Change dus to Temperture® ;3 —l_’ £ c 7y
ZERD g BIAS LEVEL (Ratiometric) Fachd Og VO I t ag e at X Y
0g¥dge Ko o . @ ‘ outT TouT
Initial 0 g Output Deviation from |deal Ve e’ - mg - -
0 g Offsat vs, Temperature .1 g/ t h d t h t
NOISE PERFORMANCE I n I S a' aS ee .
Output Mok 4 Hz V=5V 25°C 1 fi v ims
Moisa Densiry g5t 110 pgiHzIms
FRECUENCY RESPONSE*
Cx, Cr Fanige® 0.002 10 pF
Fear Tolerance 4 n 40 k{1
Sensor Resonant Fraquency 55 kHz
SELFTESTE
Lagic Input Low 1 v * *
Lesgic Input High 4 v V 1 (V/ g) + 2 5 V
§TInput Reskstance to Ground 30 A ki O U T aC C
Output Change at Xour, Your el Testoto 400 75l ng | mv
CUTPUT AMPLIFIER
Output Swing Low No Load 03 v
Output Swing High Mo Load 45 v
PCWER SUPPLY
Operating Yolkage Rangs i fi v
Quiescent Supphy Cunent 07 11 mA
TurmeOin Time" il ms

11



Converting Data — Pressure Sensor 3

- Solve the equation for g’s in terms of voltage.

1.) Vour = 1*(V/g)*acc. + 2.5V
2.) Vout - 2.5V = (VI/g)*acc.

‘3.) Acceleration = V41 *g — 2.5*g

12



Converting Data — High Range Accelerometers 1

- Open the datasheets for the ADXL78
single axis high range accelerometer
and the ADXL278 dual axis high range
accelerometer.

- Notice that they are almost identical. If
you want, you can look at a few pages
to confirm that.

- The conversion is the same, so we will
just use the ADXL78 datasheet. Again,
you can cross-check with the ADXL278
datasheet to be sure.

13



Converting Data — High Range Accelerometers 2

ADNLTS Scroll down to the
SPECIFICATIONS' specifications table on

At To = —40PC to +105%C, 5.0V dec + 5%, acceleration = 0 g, unless atherwise noted.

Table 1.
ModelMNe. AD22279 Model Mo. ADZ2280 Model No. AD22281 p ag e 3 .
Parameter Conditions Min Typ Max Min Typ Max Min Typ Max Unit
SEMSCR
Output Full-Scake Range | loor < £100 pé 37 55 70 g
Manlinearity [ e [ -] 02 2 %
i ' 1 ", = -We use the AD22279
Zross-Axis S2nsitivity 3 -5 +3 -5 +3 % ]
Rasanant Frequ \ 4 24 kHz
sensitivity, Fatie] 55 mV/g/ 351 38 399 2565 27 2835 g
(Over Tempen
OFFSET - - - -
Zero-g Qutput Woltage | Veour —Veo/2, —200 +200 —150 +150 —150 +130 my -— F I n d th e Se n S I t I V I ty
(Owver Temperatura) Wpp =5V ]
NJISE
Maise Density 10 Hz - 400Hz, 113 14 3 18 35 rrgfyHz Wh i C h d ete rm i neS h OW
SV
Clock Moise H 5 5 mY p-p

FREQUENCY RESPONSE 2-pole Bessel

—3 dB Frequency 360 400 &40 380 430 440 360 400 440 Hz
—3 dB Frequency Drift 25 to 2 Hz e O u p u VO ag e

2 2
T O Tuanc
SELF-TEST
Output Change Neo =5V 440 550 &60 304 a0 456 218 270 324 mi
(Cube vs. Veg)?
Logic Input High Voo =5V 35 35 35 !
Logic Input Lows Voo =5V 1 1 1 W

Input Resistance Pull-down 30 50 30 50 30 50 kil acce I e ratl O n
resistor to GND .

CUTPUT AMPLIFIER

Qutput Voltage Swing loyr =400 pA 023 Vo —025 | 025 Vep—025 | Q.25 Wep—025 | V

Capacitive Load Drive 1000 1000 1000 =3
PREFILTER HEADRCOM 280 400 560 a
i : : s - For some reason, the
POWER SUPPLY Nec) 475 5.25 475 525 475 525 v )

Functional Range 35 & 35 & 35 & W - -

Cluiesent Supply Curent | Ve =5V = 15 2 15 2 ma ff t tt
TEMPERATURE RANGE —10 +105 0 +103 —10 105 C Ze ro-g O Se I S OI I I I e

' &ll minimum and manimum spedfications ane guarariesd. Typical speciications ane not guaraniteed.
3 Zaro g outputis ratismelric.

* Salftast cutput atiss = el Tast Output 3t 5 V) % (Vo5 W, f rO m th i S p ag e .

14



Converting Data — High Range Accelerometers 3

{———————PHQB

Nt
XXXXX
XXXX Xout = 2.462V

22280

XouT = 2.500V )

KXXXX
XXXX
22280
08222
XXXX
XXXXX
I

Xout = 2.500V

08Z2T
XXXX Xour = 2.538V

XXXXX
n Loz ]

///////////////////////////

EARTH'S SURFACE

Figure 4. Output Response vs. Orientation

- Scroll down to this chart on page 6. It shows the theory of
how the accelerometers work.

- It also shows the output voltage at 0g (the zero-g offset)
Vout = 95*(mV/g)*acc. + 2.5V

15



Converting Data — Temperature Sensor 3

- Solve the equation for acceleration in terms of voltage. Be
careful of units. The final equation should use volts rather
than millivolts.

1.)1000 mV =1V

2.) & Vout = 0.055*(V/g)*acc. + 2.5V

3.) Vout — 2.5V =0.055*(V/g)*acc.
‘4.) Acceleration = 18.18*(g/V)*Vy,1 —45.45¢

16
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