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CHAPTER 1
Introduction

111 which the Reader is Guided
Through the realm to where the T-HRECS roam
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The T-HRECS can be found hunting ina pack
in the mountains just south of the Eisbach



CHAPTER 1: INTRODUCTION

1. INTRODUCTIO N

1.1

SUMMARY

The Temp-eHiaghurResol uti on El ectHRIEC®&I) Con
dewe i s a high ASésm)utdieoon ce0.fl1 measur
Conductivity (EC), Temperature (-T), and
Temperature Compensated (EC. pb TDR®O dev
OEA O&ZAm@ATAI pr avhiaded he four point calib
the range of interest. THRE@S aavaicluableam

T RS232*: A Modified RS232 interface wit

T XB: Xbee Radi o device

T SD1 2 : Serial -D2@0 tRRdudmt emptalt eVer si on
standar d.

T DL: Datal ogger uni t designed to work
system and featuring LoRa radi o commun

T 4t 0200 mA output

T MR: Mu |l t F1RPa ndgeev i el f eat uri ng-2hi0o@PM ,and
and 02,0009090 6 m)

Table 1 coHRPBCR®svdarhieamts currently avail

T Rated at |l P67 dust and waterproof. Th
Im of water up to 30mins.

T LightnilegtatdcEDi spcrhoatregcet dES D)

T Galvanically |l solated to avoid ground

EacHRHECS is composed of four parts:

1. The probe itself has an inner and out
ol der probes, the outer el ectrode we
thread base. The inner electrode 1is
internal high accuracy thermistor

2. The anlowmizeum shroud protects the el
while stildl all owing water to freely

3. The cable is sheathed in nylon to pro

4. The device driver i s househdouisni nagn el
is the driving circuiptrotiecctcliodi)ngghl
i solation, and conversion to the desi
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Figure 1: The T -HRECS probe

The prcoobmepoised of two parts: 11 Mmhe ehecnhniecal
outer electrode with a k value of 0.1 and 2.
electrode from ddmagd, yalfllow mg owatderi t . Han
on the probe before each use.

1.2. THEORY OF OPERATION

The-HREGS a conductivity and temperat u|
Temperature is measured using an NTC the
1h whehea s the specific resistivity. The
bet ween two (i nnee) aenlde coturtoedre si na nodu rc ochapse
di stance between them, L and the Area of

Figure 2: Principle of measuring resistivity between two cells.

An alternating voltage is applied and the re
Thepeci fic resistivity is given by

-5-



CHAPTER 1: INTRODUCTION

TRy
Typically, S/L is not <calculated exact|
known specifht cdrfdudhttcanees, stance of thi
Cel | constant is given by
Y
#
z
The cel |l c 0 AFSREaONSt (oefx crepst MR) is ~0. 1.
stability and accur acgyS/actm)t.h e Tlhoew ecro nrdauncg
given by the reciprocal of the specific
~e PO
OOE V

TheHRIECS upeisntaomdodly nt ot ument ie nEC t hr ot
calibration pr & ad@wrhe 30Met Itihreerde fiome do n
value for each propel,byboami aktbeef t woi set
is for the |l ower range 0@ em)dafnidneadc,ot e
for the upper range (luWs, erd0dmf i ned, but g

Conductivity is dependent on temperatur e
EC. T, i s t he EC normalized to a temper
compensation which is the most accurate

1 Non-Linear Function (nlf) compensatiggbased on European standard (ONORM EN 27888 1993) to 25°C.
Above 10°C, this is essentially 2.0%/°Car@fC it is reduced to 1.9%/°C
-6-



CHAPTER 1: INTRODUCTION

T-HRECS TM7-RS232 TM7-XB TM7-SDI12 TM7-DL TM7-4t020
Parameters EC, T, EC.T (nlf)
EC Resolution 0.001 pS/cm 0.015 pSfcm 0.001 pS/cm
EC Range§ 0 to 10,000 pS/cm 0 to 200,000 pS/cm
EC Accuracy¥ (0-2,000 pS/cm) £1% of value
(2-10 mS/em) £10% of value (2-200 mS/cm) 3% of value
EC Stabilityy 0.01% of value
T Resolution 0.001°C 0.002 °C 0.001°C
T Range -55°C~80°C
T Accuracy (-10°C to 40°C) 0.1°C
T Stability 0.01% of value
Power 5VviaPin7.9 | Internal LiPo 9-14V 4xD-Cell 9-14V 9-14V
Int. Batt. Life® - >24 hours - >3 months - -
Comms RS-232 ZigBee SDI-12 SD Card Logging 4-20mA SDI-12
Comm Range 15m 100m 230 m' - 5,000mX 230 m'

§ All models but the MR (Multi Range) probes utilize a continuous 4-point calibration on a K=0.1 probe. The MR probe uses both
a K=0.1 and K=10 sensor. All models will report values outside of the stated range but calibration is only up to that point.

¥ Accuracy is the 95%ile. The MR model reports EC and ECT for both the K=0.1 and K=10 probe.

Accuracy is best for k=0.1 for EC < 2 mS/cm; k=10 EC>2 mS/cm.

This metric is most relevant to Salt Dilution measurements and determines the derived Q uncertainty.

The SDI-12 bus is capable of having at least 10 sensors connected to it, each with 61m of cable. With fewer sensors,

longer cable lengths are possible. Due to impedance, the maximum cable length depends on the capacitance of

all cables connected to the data line. In the field we used runs of up to 230 meters with three sensors.

X for best results use 5conductor wire (+12V Inst. +12V Pwr, Gnd, ECT Sig, and Temp Sig.)

EC.T uses nlf based on EU standard 27888 at 25°C

* Based on 5 second sampling rate in moderate temperatures.

ko

®

Table 1. Comparison of T -HRECS Variants .
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CHAPTER 2: DEVICE VARIANTS

2. DEVICE VARIA NTS

This section descr irHRESC St hien svt abrpiesetaitd rosn Tohf
of the RS232 and XB devices are essent
communication differsldbetMR2OmAdetd\iwoe s

are slave devices aovammamdsTfher Drhe adsswri ecnee n
contained iDtahamMeggemode accesls steon stolre e
menihe cartoon depictions within filmstr
the device as we work to improve and ad
snapshot of the devices at the time of w

2.1. T-HRECS RS232

- 13 -
- B " " " BB EREBEEmEEEEEN

Figure 3: This T-HRECS is on a shortte ther;
always collecting data whatever the weather.

The RS232 wversion of the instrument is
Measur ement system. Toibrom pecadsenitils
DB9 device. The various |l evels, eg, Tx

¢CKNRdzZZK GKS vAvdzadr O {SNRIf ¢SNNAYthE X &2dz
| wo/ f¢ 9/ aGdNHzYSyd adzOK +a {Si oNZNROIadAy
RSTldz Gax SGOd ¢KAAa YSydz aSi Aa 2yfte I gk
0§ KNRdzAK GKS 5[ @ Ly w2 BERISNI 20NJ aOn >t A&Ndz ( BA f
I O0S&aa G2 + aSNRAIt AYyGSNFIOS RSOAOS | G A

-9-



CHAPTER 2: DEVICE VARIANTS

2.1.1.FEATURES

T Highutesaoal EC. T (0.001 pS/ cm)
T High resolution Temperature (0.001°C)
T I'P67 Waterproof
T Lightning and ESD protection
T Serial Features
o Galvanically isolated serial comn
o Low Power consumpti on
o Powered by Qi Qohrmrcughlatpiongger
2.1.2.0PERATION
1. Pl upB9O®nt o-PQiw@wac ce
2. THRECS wi | | sceenldi nmetaesdummneame n t string
broadcast I nterval . The MEAS indicator

measur ement .

2.1.3. MENU MODE

To access the Menu mode, youi shuat s eermrieala

termi nal built into the QQ

terminal pr ogTermm,s ulehr raasT eR eng, |

THRECS Menu Mode, you must

Sel ectnuwhtewionehi n 10 seconds.

i's no time | imit.

The Main Menu selections ar

1) Cal EC (Il nitiate sequential

under Setup >
or Hypertel

the unit

Once a val

EC calibr

2) Cal Temp (lnitiate sequential tempera

3) Sel ecett TthheDenval( Sdevi ce)
4) Set I nt (Set reporting

5) Factory Reset (Restore

nterval bet we

factory defaul

6) Advanced Menu (Go to Secondary Menu)

7) Exit and Save (Select t

To select nant hoept Madinn f VMilenu,

Save setting

enter t he nu

Carriage Return (CR). On QQ, rotate
and push the dial, t hen r ostsaytnrebodountTiehe
“SENDabel wil/l i nver tt oi ns ecnodl s tPruisnhg tt
port.

-10
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1)

CALI BRATE EC

TheHRIECS should be calibrated from ti me

following condition applies: 1) a new E(
consistently great.e«6,t haarn ). 5d0e wira tl iesrs ftr
met er i sThreotciacedb.rati on is a 4 point (dr
calibration. The Low and Mid solutions

as g0 cm ang$S/2c0nD.0 Val i datiwan hi @s tls% sohfo u
reference soluti &n exrt emrdesb e .he Tlse fHilgh aE
AS/ cm, but onl y-1t0d.an Usscec uar asceyc oonfd atr/y pr o
calibration to attaHREG3e iEtC.winlelt tneesld ch gt a
to a second terminal program to see the
can be used, or two std solh2i®né§Klod &% o
FNE OFfAONIGAY3I 9/ 35 y2i 9/ o¢

For each cali-dRECBowi bt edf sphbhydgbebeuwe
the electrodes (this is ~0.32V in dry ai

~0.32 in dry air). Wait for the'"first v
deci mal place (i . e. +0. 00002 between con
1. Selte€¢l) Calibrate EC” from the Main
2. When “Dry Cal” appear s, ensure the

bl owing on them or wusing a hot air gun
sendt@a tHhRECIS (yotlea"oanasgnaumberanfdol | owe

thedREECS wi | | ignore the number.

3. When “Enter Low Cal” appears, pl ace
and stir. Ensure no bubbles are on the
wal | s. Attain the EC (wmotrE@G@dT)Y hfer €@ tf
standard bottle for the measured tempera
the QQ, or enter it into the terminal pr
CR.

4 . When “Enter Mid Cal” and “efpnt3erf oHi gh
Mid and High EC solutions. The value of
not critical, but should represent t he
equally spaced. For examplge,/ cimfg 20& use

S/ cm,upandg SB86M, the calibration solution
val ues.

5. TheHRIECS wi | | report that the setting
Me nu.
6 . Select “Exit & Save to begin the mea:

*From here on,esyebedt iadhnd pafsht he@ send th
simply be denoted by “Sel ect or “Enter”

-11%
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2)

3)

4)

5)

CALI BRATE TEMPERATURE

The temperature should not require cali

However, if the wunit is castebrabrom maw
required. Temperatucensami bgat han E€ ma
because the probe must reach equilibrium
water baths 1) near zero degrees, 2) an

~40 degrees, and 3) a third equal to t wi
AD590 probe is wused, the calibration is
entry.

1. Select “2) Calibrate Temperature” froc«
2. Wh e n “1) AD590 t ocorr” 239 pifheearms ,s sel ect
temperature sensor. (Factory Default is
3. When “Calibrate? 0=no 1=yes” enter 0
begin measurement s, or 1 to perform the
4 . | f AD590 i s sEenlteecrt e e mpWwheapp‘ear s,
temperature from the reference meter. G
5. I f Thermistor is selected, when “Ent
probe in the | ow temperature solution an
the tempedatbter @eesahozkr o. Attain the tem
meter. Enter the | ow temperature.

6 . When “Enter Med Temp” appears, repea

room temperature.

7. When “Use High Temp:” appears, foll o
ense the temperature bath is equel to tl
and send a CR.

8. TheHRIEECS wi | | report the current tem
the measurement program.

SELECT THERMAL DEVI CE

Select the thermal desvéeset hiesnigsuaedOk N

SET I NTERVAL

This is the measur ement interval in seco

FACTORY RESET

Use this opti ohREIC& neseftacttimey Tdefaul t
temperature calibration

-12
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6)

7)

ADVANGED MEN

1) Set Probe K (Set the probe k constant
2) Set Dec Places (Set the deci mal pl ace

3) CMD Mod#lREESt i nhe Tommand2Mdde Dus,ed f
and MR)

4) Cal Valuest(kPalnbrahéeéoauwval ues)

5) Exit Menu

EXI' T AND SAVE

Changes to the settings are not saved un

Figure 4: The T -HRECS RS232
Thi s cpornmoebse wi th 5m of sheathed kabs$ienganpt &6¢

and anodized aluminum shroud. This device 1
power the gal vani cdREYCSL 22ddmdred, cprahed .| ddle
s ame, but come with 10m cable standard bet we

-13
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2.2.T-HRECS XB

R
- | -

2.2.1.FEATURES

Figure 5: T he Radio T -HRECS is hunting for flows.
Whether he catches one nobody knows

The XB (radio) version of the instrument
Measur ement system. Tbi $ hes Qb Quaucsei it
XBee radio from Digi I nternational. It
radio installed in another device, but t

XB-HRECS is wused for an existing QiwQpad hl
radio from one device to another since
provided by Fathom Scientific to underta

Power for the XB (radio) device comes fr

The XBee ra@€Eoappré&c€dandFor a fulll [ i st
sekettps:// www. digi.com/resources/ certifi

¢CKNRdzZAK GKS vAvdzr O {SNRAIf ¢SNN¥AYethE X &2dz
| wO/ L gAGNHzYSy G &adzOK +a {Sdi oNRBIROIFIaGAy3
RSTldz Gaz SGOd ¢KAA YSydz aSi Aa 2yfte I Q.
G§KNRdzZaK GKS 5[ @ Ly w8 BERISNJI 20Nd a0 >t A&2Ndz ( SA f
F00S&aa (2 IHOSA RBAAMOA VFIAENTE | 6f S FNRY CI (iK:

f High resolution EC.T (0.001 upuS/ cm)
T High resolution Temperature (0.001°C)
-1 4
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2.2.2.0PERATION

T 1 P67 Waterproof
T Lightning and ESD protection
T Serial Features
0 Gal vani carlaldyioagnmwohiatc @tdi on .
o Low Power consumpti on
1. Switch on .Radi o Device
2. THRECS wi | | sceenldi nmetaesdumneame n t string
broadcast I nterval. The Green LED MEAS i

measur dmentRed MENU LED indicates the uni
trytiongpair with it’s host XBee radio.

3, When HRECSY Radi o is turned on, the B
il luminate for 12s and then go off. Wh e
the battery capacity being charged will
4, The Radio Link LED indicates the Raft
strengt h. 5 consecutive flashes is 100 %
sold LED indicates no connection.

5. FofUBS Sensor enabled deviceisgnhol dir
button until the “1njecltG0’n vMaalduee® fLoEFD H &7
Qi Quac which interprets it as an injecti

T HRECS Fodio TMTR
Charge State Erure Radie Link is binking before injecting
Blinkng: charging If this (s & Jod UVS Probe, place fnger | here] for >1 incerval 1o signal Injectien
Welt for “Infection Made™ LED 1o light.

MenuNmjection Mades Ratio Link Let your

finger linger
to signal
injection

O Measremens Selid: so link
B Sadio Lick Blinkng: 1-week | 5-strong

ON«¢--»OFF

Figure 6: The Radio T -HRECS Sticker

2.2.3. MENU MODE

The Menu Mode for the Radi o device is t1
Sect2i,idn 38 Red LED will be il luminated whi

2.2.4.CHARGING AN D

POWER MANAGEMENT

To charge the internal battery, i nsert
el ongated casing. This custom modi ficat

nserted into the | P67 USB connegti on.

-15
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engage -tbet adaats, but may still <charge th
swi t ¢ h e dn dOéthadtiogti antge . The unit will stildl
the charge state indicator wil/ not be a

There are 4 bluealLpbstiightl éentdr obhgh Res
indicate charge state as 25%, 50%, 75 %,
indicates this capacity |l evel is being c¢

The batterWRECS eRa@di « hwhdn fully charged
of colntSsmumeasurement . Contact Fat hom S
achieved.

2.2.5.RADIO CONNECTION

The XBee radio has two states: Af filiat
affiliated with its pair-r (usually in a
il lomtion indicates searching mode. To
setup, ensure the radio is p.airkhide bRd dire
Link LED wil/ flash continuously at firs
rel ati vealt osttrhengtihg,n f r om olt et owh5 n( arh ec oRe
LED stops flashing. Move-abhiki anéeo rang

Figure 7: The Radio T -HRECS

The best range will be att ad md dt hweh eml ag tpi
radH®ETS is horizontal, as shown 1in

-16
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Figure 8: Radio Placement

The best range can diepaarctdeinenvae dv ebryt isceatlt.i ngT htehsee di pol e ant
radial wave perpdrediantleana. The-HRMECESr nal barstte mirkReE Ci8nt etdh ev h
is horizontal. A Yagi antennas must point in the directi
Standing near, oowdbdrtwkerensirgualosst wehdgt h.

-17
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2.3. T-HRECS SDI -12

: ' .
o B " " " P BB R B EREE BEEDN

. - - .

Figure 9: The SDhI-12 T-HRECS is too hip and cool,
waiting for notes to be passed on the bus after school.

The -12DIver si on of the i nstfldneanntd airsd cVolmp3l

It outputs 3 measurementlst, IiBC,nolte mpes ait

calibrat?2 wthiet SDIithout a Seri al I nterfac:t

moduEeen so, special firmware must be us

can be undertaken by the wuser if the cali
2.3.1.FEATURES

T High resol utAs/ooom)EC. T (0.001

T High resolution Temperature (0.001°C)

T Lightning and ESD protection

T 1 P67 Waterproof

1T SerFeaalt ures

o Galvanically isolated serial comn
o low Power consumpti on

2.3.2.WIRING

TheHRIECSL2SDleqlud rvesom® the Red wire, Gnd or
out p#t SVOon t He Whist ¢ i SiIR21.

-18



CHAPTER 2: DEVICE VARIANTS

2.3.3.0PERATION: SDI -12 Commands

The-12Dlunit supports the following commar
T a!: Acknowl edagned Acti ve Comm

T aM!: Single Measur ement Command

1T acC!l: Concurrent Measur ement Command

T abDO0O! : Get Data 0O Command

T aXR!: Extended Command Continuous Meas
T aXxXM!: Extended Command Single Measurem
T aR®Retrieve Last Continuous Data 0

T al!: I dentification

T aAb! : Change Address

Where a is the current device address.

TheHRIECSL 2SDslensor should return 3 variabl
secofdsting has confirmed tICoammt upuduws 2
Measur domé@da XR! Cammdmrd) nterv-h2 bmsa BButhg
only 1 wunit in Single Measutlt2mewmer medd. a
More than 2 Units can run on a single bu

2.4 T-HRECS 4t020 mA

A & N A -
- E " "B B BB BB EEE EBEEDNE

- » - o -

Figure 10:T his old -skool cat knows how to start a tractor:
V=IR is easy enough to refactor!

-19



CHAPTER 2: DEVICE VARIANTS

2.4.1.FEATURES

2.4.2.WIRING

2.4.3.0PERATION

The 4to020 version of the instrument prov
and ECT over |l arge distances. t2 does n
unit deeprocess of converting the digita
output. There are also more wires than
Power, Device Power, Gnd, Temperature Ou

is performed afteA baesedr ®nom heorang20 s |
order and an equation to convert mA to I
uni t .

I't is not possBWIMA wwmidalwi bt haotue tahe&Sed i al
the DL, RS232, or Radiommadel|l msst IE@eunss
so. Secondary calibration can be wundert
out of spec, i . e. perform calibration ai
device output.

T High resolubASdemgC. T (0.001
T Higkokretion Temp&rature (0.00
T Lightning and ESD protection
T 1 P67 Waterproof
1 SerFealt ures
o Galvanically i sol atteod tshérmiAd | con
conversion | C.

o low Power consumpti on

TheHRIEGBE0OMA sondel4éqpowes. 9 Tausedubyg noc
measurement, there is an I nstrument Powe
the very small drawdown of the reference
can be connected to the same source at
separat er scoonndutchheo r to mai hhei saeMisamrgaciys:

Red+Whlid\we 9
Bl ack: GND
Green: ECT
Bl ue: Temp

= =4 =4 =4

Connect the -pOmAr steosohe 4The sensor Wwi
second and post the appAapiobogt ¢ DAC)t agav
which in turn generates the appropriate

-20
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2.5.T-HRECS DL

- s =
o B " " B BB BB EBEEEE NN

- - -

Figure 11: : The T -HRECS DL & naps are respectable,
Though his clock and memory are impeccable.

TheHRE-DK Dat al oggeant aCsneaddstd lafl ogger and L
device. I't was designed to be wused with
frequency (i e 5sec)g@od)himghite€ehtgti oidh
batteries contain up to 20Ah oaft caa ppa csietcy
interval . This | ife is reduced dependin

Unl i ke t-HRE®GS ,hethel el ectronics of the D
moul ding within a waterproof enclosure.
regularhyg wasa@iartcorrosion of the elect

TheHRIECSHh aBL a modbbadesie;arcbhi t ayer on the
performs a different function.

T The | owest -T asyeerrs iimsg ththoeea rEdC. With the p
carefulthwerempee | ayers to access the
|l ayer.

T The secosdBEG®lyretrer face board which pro
circuit for a higher | evel MCU t hat ma
contains &er Fatbd calBlpow a-tiIREE€S Db ™MbauT
system-WSB cnaibnlie. This same port i s us

1 Ththilradder i s t he DatReeladg gTiinmd)@mwldoucl ke (wi
CR122Gteagd SD Card hol der.

-2t



CHAPTER 2: DEVICE VARIANTS

2.5.1.FEATURE S

2.5.2.0PERATION

T ThfeoulrayherAtime [8(h®2188WHz) mi crandntpo&hkl er
interface. Connected via the grey 10
Di sconnect this cable to reduce power

I n general, | ayers a-dA®E.idtiesr cahl a nognesa bf laes t be
troubl eshooti nfo ogwaype pd alceyrerntf.i r st gr oul
somet hing metal to remove excess static
en seitrhpeowe r ,aingd a@fafref ul ly pull agart the s
ensure the pins are |Iined up and compres
expand the stack to swap the tCIRM20 coin

TheD Car e ftulPdu syhp et, me a n i jnga npdu sahl stoo peu s h
i nsert

Hi gbsol uti oAS/ECCm)T (0. 001

High resolutiof® Chemperature (0.00

| P67 Waterproof

Lightning and ESD protection

Re al Ti me Cl ock

SD Card Datalogging

20 AhelD batftemr yuphot aded3 months of 5sec:i
LoRa Radio for Connection with AutoSal

=A =4 =4 -4 -4 A -8

FIip the toygghAer sWMClbotphtdoo®d di cates power
to the microcontroll er. The SDe cCAlridght b
Green flash on the ITowesatsulreyemti.ndi cat e

TTHRECS_ DL wi || save the data to the SD c
I D (To5.f &l l owed by the file number (i . e
the | acsperwatiitdehe file is a .csv file wit.l
1T DT: Date Ti me. We recommendagll wghs se

savingsn tyiome awead future confusion.
T RTCTmpTheneRTCGr est eintpse rfeatmuraec cur at e ti mek
Thisa proxy for aaidr itse mperoatderde
RawVhe Voltage suyppl icad tad ttalceh wmppi tt o 1
EC: The El ectriS¢tam. Conductivity in
PrbTmp: Probe Temperature in °C.
EC. TEl ectrical Conductivity Temperatur e
EU standard 2/8c8m. at 25°C 1in

= =4 =a =4

To replace baHRECS.es,Reaplranceo fXatTt eri es.

To downl oad -dREG@S. t uURemovyé SD Card and d
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CHAPTER 2: DEVICE VARIANTS

MENU MODE

To atbesMenu mode, you must use a PC ba:

Redérm or Hyperterminal

These instruct

TTHRECS Menu Mode, you must send the unit

Open Real Term and set 80he oDiad ploavy >moRe@®w

transmissions to show.

Select Port>9600, 8N1, aTHR EtCISEl pokt Opentr

You should see:

T-HRECS _DL_160kF
1 for Menulilf

28017-7-17 6:53 26 (rLrirlr

To access the menu, sel ect the Send tab

the Send wémdionwg fmul t i pl
for single digits.

The Main Menu selections

Save&Exit

Set Clock

Set I nterval

Set LoRa Power

Set LoRa Frequency

Di agnostic mode
Factory Reset
TTHRECS Comm

Set LoRa Tx Mode

e L L

e digits, but th

ar e:

Set AQ server address

To select an option from the Main Menu,

Carriage Return (CR).
Opave&EXxit

Changes to the settings
1) Set Clock

Select “1) Set Clock”™ frr

are not saved un

om tbBer Mal npblenhu

Use the Send tab of Real Term, with EOL =
prompt . You can also enter the data int

When prompted, select “¥I mer tHbRYEChSe.oTsend

2) Set I nterval
-2 3



CHAPTER 2: DEVICE VARIANTS

Thitshe smeasurement interval n seconds.
current vieREBOB® nwiolfl Te2n9l ys eaclolnodw ilnt er val s
because |l ogging occurs on the second of
for exampl a si fsed eceecadndas wi || occur
seconds is chosen, 12:00: 12: 00: 08, e
of 29 seconds all owed.
3) Set LoRa Power

The LoRa Power is the tr anlshmiss scitaonh dopeo wseer
meet | ocal LoRa regul ations. For exampl

I n North America it i s

4) Set LoOoRa Frequency

This can be set to meet

5) Seter a®r address

TheHRIECS DL is a LoRa

+30dBM at

ient .

915MHz,

LoRa regul

|t mu s t b

Aut oSal t controll er. Set this value to
set the LoRa Server Channel I D tlme t hi s 1
Seri al Number i s ATO055, then set the LoR.
55.
Europe  North America China Korea Japan India
Frequency band B867-869MHz 902-928MHz 470- 920- 920- 865-
S510MHz 925MHz 925MHz B867TMHz

Channels 10 64+8+8
Channel BW Up 125/250kHz 125/500kHz
Channel BW Dn 125kHz S00kHz : ;
TX Power Up +14dBm +204Bm typ
(+30dBm allowed) ; g
TXPower On  +14dBm +27dBm S )
v I
SF Up 712 710 & &
Datarate 250bps- 50kbps  980bps-21 Skpbs % é
Link Budget Up 15548 15448 - s
Link Budget Dn 15548 15748

In definition by Technical Committee

In definition by Technical Committee

Table 2. LoRa Power and Frequency Regulations from LoRa Alliance.

6) Diagnostic mode

-2 4



CHAPTER 2: DEVICE VARIANTS

Turn Diagnostic Mode On or of f to see v
t e mmil screen.

7) Factory Reset

Select this to restore factory defaults.
regulations for your area in the firmwar

8)HREC&mms

TheHRIECS DL is a compound instrument wit
handblyed he At mel AT1284 MCU on -HREC$Sop of
EC board on the bottom | ayer, it’s nec
communicati on mode. Sel-ttRECS DLlo weinltlerr e s
wi t h

Enter E to Exit

TheHRIEES board is set to CMD mode, and wi
read sensors or “1<CR>" t 0o -HeEREtCeSr EtCh eMal O

Me nu, foll ow the 2i.nlIs.t3ructions in Section
bhe&vd LYy GKS OdzNNEYWO /@S NeHA 2FA N6 | (INSS i KS &
GKS 5] R2Sa y2i NBIldZANB | #®#wah{l 94SBHRENR
R2Sao

After completing yoHWRECSt ECadbteiadad ,7Wi tEWX I tt
Save then ent eHREES Do merteradadien.T

9) Set LoRa Tx Mode

TheHRIECS Dlsec€dmbdtrant Tx mode, which wuse

avoids complications or failed handshaki
Thi siemomay al so exceed odrwtcyal CyolRa. r egaitl at
to use Constant Tx Mode and ‘0’ to use H
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CHAPTER 2: DEVICE VARIANTS

Figure 12: The T -HRECS DL

Thi s aodentiaiens everything needad taotihieneor d H®» us
in a watertight box, data DsCeébwsl pawed f hem
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CHAPTER 3

JU™

Troubleshooting

._b % 111 which the Reader is Guided r\
—

|

. -, -
through the Kinds oftrouble the T-HRECS can get into, and regu]ar]ydo. />
o
)1

N P
\?’%J"\h;
W )

We may need toseekpsychdaherapy
while T-HRECS seek maximum entropy



CHAPTER 3: TROUBLESHOOTING

3. TROUBLESHOOTING

b2t w9/ { {A3JYyLlf

Powth déHRTE CSauahhietc k for .t he foll owing
T XlRadBloue LEDs should | ightThuep Rea
should be on for 30 seconds after
should continually f.lash for every
o | f both LEDsnoamal bper dthiengRadi o
detached. Open the box and check;
o I f there are no LEDs on, t he
may be detached or failed. Fol
T Al mblle | Red LcHDnealbdidlred uni t i s

the Green LED should continual

o I f neither LEDopes -HRIEEQS db coxn,and ecnh ec
hasd? i kel vy

A Has ctirecui t board
A l's there a broken

screw tRulmi nhl ghtly
ar e

see i f any .wires

A Are there any signs

o RS232 on Qi Quac: | f

measuremegen the Qi Quac

wire? Ar e
on
|l oose
of corrosi
t he green

Battery

power ec

y

connecti ol

Setup>Seri al

the readings. If a reasonabl e

VEC, VRef) then it’s

b2 A&aeéer RSNNAMRFAIZE 2 NJ

f During a Measurement daoantwadlelred Pwdat drhes
flask.

such as in a bucket or

moving water may be the
0 Ensure there are no ai

0 Ensure there is nowupébtamaedmfifefeaw &

o Ensure the probe is not in a backeddi
T I'f the probe signal i's st I noi sy

o0 Check the Temperature Values. | f

then the problem isndt kehg

uses the temperature to generate
see bel ow.

o Check to see if the probe’s outer
oflft shoul d ibgehta sashapnods si bl e.

screw the outer el ectrode

-2 8

possi bl e
correctly. On 0 I-HReEEC S Qii Qu ax sl eert Wr |
Setup>Device Settings>ChOo0
Qi QuacHRBAES.T Next turn

Devi ce.
BRECBE

t hat

I s

probl em:
r bubbl es

EGept hlee

You
oftoctite Bl uerTHredddnllda&lparhr eads

back

Qi Quac



CHAPTER 3: TROUBLESHOOTING

il

o Check for signs of wear in the probe
near the probe. Are there signs of
sgnal jump around when you move the w

into the box secured at the cable gl a
I f tightening the electrode or moving
the probl em, 't hebrreokneany wiie ea olro onsae ear d a

contaet & é&n the box and | ook for sign
or damaged wires. Attempt to repair i
I f the calibration is drifted out of s

foul ed by aslegdaiemeanntd ocrl eaning the probe
within specification:

/tSFyAy3 tNBo6S 9f SOGNRRSA

1

TTHRECS

I f you find the CF.T has drifted betwe
than 0.486 (see Richar dsoofn feotuldln.g) ,( fa

permanent installations) then it may b
This will OHHRE®GS bbamnlg itrteo Tcal i brati on
calibrate.

Mi x warm water with a smal/l amofunt of
warm water) such as Dawn di sh soap.
Rinse probe electrodes in the warm soa
Scrub the inside of the oute#i@l ®ctrod
somet hing similar.

I f the electrodes are badly takei shed,
sure the probe’s plastic housing does

DL Specific | ssues:

RTC -Datme se-00tla 20thee RTC Coin Cell is
it you will need a CR1220 3V 'Coin cel
( Dat alloagygeerrs). Push the CR1220 out wi t
screwdriver, or tweezers. Check the v
the probl em. Replace with a new CR122
being careful to |Iine up the pins.

SD d«CaError : The Red LED will/ flash if i
cycle the device to see if this repair
or to format the existing SD Card. To
not to eemave oh shut off the power dur
operation. This wil/l occur i mmedi at el
event .

LoRa Radio failure. Check the connect
the LoRa board. ConmietdisBt oatlhe @Ornd uwg
Realterm or ot her terminal progr am, ct

informati on.

SDI12 Specific | ssues:
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CHAPTER 3: TROUBLESHOOTING

T When t-hb2 ®Dobgram code i s nedtRECESr KSiDn g,
12 commands directly.

T Sampling at dsi slheouwidt hb emaoasott hD aat ad ionggle
HRECS on the buMRECSAdwiilnlg motr ealTl ow 1
Measur ement Modet ry Tooaddln2e §6Go nithiind&®Iu s
Mo d e To enter continuoaXRihedet haal 3 s t h

address. To collect the | ast measured
try to use aM! and acCO0! Commands whil e
a delay in processing and reporting. T
mode, use aXM!

T I f t-he eBlIt is slow in responding to a

Measurement mode (aXM!).
T I f -12DIli ssues npegyr shserfamenit@”2 f 8DIimt on
the same bus. Try to remove aglali no.t her

t26SN) / 2yadzYlLJiA2y LaadzsSay

T SDI2 aa@mA: I't may seelmi?2 ash oA ubgoha rtdhse
draw more power than other instruments
requiredafoanit dei swhliacthi ochr acwisr cudmA eve
asl efehgp.s i s necessary to avoid ground I
is a higher priority than ground isol a
this circuit if the proper precautions

T XB Radi o Power: The intéeronlthélohabal

circuity méaéEynshiawe tfheaei IPeodver Ewintakti s C
FSL.

3.1.FREQUENTLY ASKED QUESTIONS

QWhy do you repowheB8 Weuor matcptacesi s fe¢
And why don’ 2 you autorange
AGood questanygnappbrcati bud, osuaie aasr 8mk

high resolution, repeatability, | ine:
attributes than absol ute alchciusr aicy i r
because we are more interhestEeGT.i n t h
Q: Why are all your product acronyms so
A: Ummm. | DK. Il MHO it’'s OK.
Q: Why wuse a 2 electrode EC Cell rat her
A 2 electrode with a |l ow k value are m
ranges where movwsat earcdd wres & U rebxuil setn.t W
on a 4 electrode cell
Q: I n your other FAQs, there more jokier

A: We fired the guy writing those “Jokie
demands to be taken seriously.

Q: Wkbwnw’' &ar you wearing pants?

A: This FAQ is OVER!
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