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WARRANTY AND ASS I STANCE

The CR2l MICR0L0GGER is warranted againsf
workmansh i p, and software. fh i s warranty
from date of delivery. We will repair or
prove to be defect i ve dur i ng the warranty
are returned to CAMPBiLi_ SCIENTIFIC, lNC.
expressed or imp I ied . CAt\4pBELL SC I ENT I F lC,
for consequenf ial damac.rs.

defects in materlals,
applies f or six months
rep I ace products wh i ch
period provided they
No other warranty i s

lNC. is not liable

Products may not be retur ned w i thout pr i or author i zat i on . Toobfain a Refurned Materials Authorization (RMA) contact CAMpBELLsclENTlFlc, lNC., phone: (BO1) 753-2342. An RMA number wiI beissued in order fo facilitate Repair Personnel in identifying aninstrument upon arrival. Please write this number clearly on fheoutside of the shipping container.
CAMPBELL sclENTlFlc, lNC. does not accept collect calls.
Non-warranty products returned for repa i r shou I d be accompan i eclby a Purchase 0rder to cover the repa i r.
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SECTION 1. I NTRODUCT I ON

I .1 GENERAL

campbell Scientific, Inc. (csl) has combined fhe latesttechnology in microprocessors, sol id stafe memories, and analogelectronics to produce the cR21 MIcROLOGGER. This miniature,
n i ne-channe | , comput i ng data recorder can hand I e up fo sevenanalog inputs,and t*9 purs.^:?ynting inputs. user programmabresignal conditioning in the cR21 can measure vorts, miriivorfs, ACand DC res i stance, and pu I se counJ-s. The cR2l M I cROLOGGER i swel l-suited fo monitor signals from a wide variety of fransducersrecord i ng such paramefers as temperature, hum i d i ty, so I arradiation, windr pressure, precipitation, event occurrences andmany others.

The CR21 MIcROLOGGER is easy fo use. A fami I iarity with 0hms Lawand simple voltage dividers is helpful in understanding theoperation of sensors used with the cR2l. secf ion 2 and AppendixA provide detai led informafion on sensor hookup and inourprograms.

The cR21 MIcR0L0GGER is a baffery-powered microcomputer with areal-time clock, a serial dafa interface, and a programmable
ana I og-to-d i g ita I converter. Once each m i nute (ien"seconds onspecial cR2lrs) the MIcROLOGGER samples the inpuf signalsaccording to input programs specified in a user-entered inputtabler processes that data, and stores it according to outputprograms specif ied in a user-entered outpuf table. The inpuf andoutpui processing capabi I ities of the CR21 are determined by theprograms contained in the Applications programmable Read-oniy-Memory (PR0M). Most CR21ts contain the same standard inout andoutput programs, but some may conta i n a nonstandard pROM due tospecial applications. Appendix c lists fhe pROM number in yourcR21 and summar i zes the i nput and outpuf programs. Secf ion 7confa i ns an examp I e of a proper I y documented and coded datalogging application. Appendix A describes the inpuf programs andAppend i x B descr i bes the oufput programs.
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The fo | | ow i ng i ntroduct i on steps you
connecting a sensor, programniing anmonitoring the data output on the di
I ! nu I memory. You may not understandtime, but i+ wi | | beiome clear when
manua I on programm i ng the CR21 .

1 .2 PROGRAMM I NG EXAMPLE

through an exarnple of
input and outpuf table,
splay, and logging data i

a I I the cornmands at th isyou study Section 4 of th

ion of programming fhe CR21, we wi | | steo
and recording femperafure on one channel
Therm i stor Temperature probe. I n th i s
made to the CR21 panel shown in Figure l

Serial l/O Connector
r inf er, Cassette, l'4o

Power Sw i tc

ey bo

SECTION 1. I NTRODUC

xterna I inary v rPu I

Contro I

Ports

As a br i ef demonstrat
you through measuring
using a CSI Model 101
examp I e, reference i s

9 Sensor Inputs

Excitation
f or Res ist ive
Sensors

Excitation
f or Res ist ive
Sensors

Display

5V
0utput Power

Input
Inputs

i gure 1 -1 CR21 M I CR0LOGGER.
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SECTION 1. I NTRODUCT I ON

CONNECT I NG THE THERM I STOR

Connect ihe excitation lead (black) of the thermistor probe to
the +2 V DC excitation terminal, the analog common (green) to the
low side of channel 2 (L), the signal (red) to fhe high side of
channel 2 (H), and, fhe ground (white) to any of the grounds on
the data logger (*) . we cou I d have used any of the of her
channels up firroucj'h Channel 1.

PROGRAMM I NG THE CR2 I

The def initions of fhe keys are summarized belovr ir Table I-1.

The CR21 has ten keyboard contro I modes summar i zed i n Tab I e 1-2.
The control modes are entered by first pressing fhe fr'*tf button
and then a digit 0-9 for the control mode desired. lf control
Mode 4 is entered (x4 l4ode), for example, the display wiil show
04:bbbb (b=blank).

Tab le 1-1

Key

0-9
*
A

B
n

U

#

Table 1-2

Key

x0
x1
x2
x3
x4
*5
x6
x7
x8
x9

KEY DEFINITION SUMMARY

Act i on

Inter numeric data
Enter control mode
Advance throuqh a program fab I e or dafa, store
d i sp I ayed number, or execute a contio I program
Segin at the start of the active control mode
Change the sign of the numben to be entered
Decimal point
C lear entry or abort mernory dump

KEYBOARD CONTROL MODE SUMMARY

Mo de

Log data
0utput Process i ng Tab I e 1

0utput Processing Table 2
0utput Process i ng Tab I e 3
Input Processing Table
Set day, hour, and m i nute
Monifor current sensor readinos
Display stored data
Memory dump fo cassette
Memory dump to pr i nter
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SECTION 1. I NTRODUC

The first step in our example is to program the input table.
input table is a sef of numbers entered into the cR21 which
spec i fy the i nput programs to be executed. The I nput programspecify the fype of signal conditioning and A/D conversion todone including linearization of selected input sionals. tt ipossible to enter a total of nine input programs iitn each in

The I

the inpu

nurnber,

Example 1a

Key in lD Data

x4 04:
2 0422
A 2 1 :0000

7 21 :7.

A 22: 0.000

1 22:1.
A 23:0.000

0 2J:0.000
A 31:

I NPUT PROGRAMM I NG

Descriotion

x4 Mode-- | nput Process i ng Tab I e
lnput Channel 2
Poi nfer advanced to f i rst entry for
Channel 2 (input program number)
Input Program 7 is for the
temperature sensor
Entry comp I eted--po i nter advanced to
second enfry for Channel 2 (nultipli
Multiplier (1 for oC; 1.8 for "F)
Entry comp I eted--poi nter advanced to
third entry for Channel Z (offset)
0ffset (0 for "C; 32 for oF 

)
Entry comp I eted--po i nter advanced
to f i rst entry for Channe I j

program operating on a differenf channel on the cR21.
Tab le coding Form is f i I led in by fhe user and I istsprograms to be used i n the i nput tab I e.

Tufl. on 
- 
the power sw i tch and enter the i nput programmultiplier, and of f set as follows:

channel 2 is now programmed and the input tabre is
i nput program for Channe | 3. Rather than program
channe I s now, I et I s mon i tor the probe temp..aiure
I n the x6 Mode the d i sp I ay shows the channe I be i ngthe data from that channe | . Enter the *6 Mode anitemperature as fol lows:

wa it i ng f o
any more i n
on ihe displ

mon i tored
mon i tor
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Sensor mon itor ing in the x6 lr4ode is done by cont inuous ly scann ing
all the sensors and displaying only the selecfed input channel.
Each scan takes abouf .3 to 2 seconds depending on what has been
programmed info the input table. To change the selected channel,
press, then re I ease fhe key correspond i ng +o the channe I number
to be displayed. A+ the complefion of the next scan, the display
wi | | change to the new channel. To exif the continuous monitor
moder press the * Key and wait for a display of 00:0000, then
press the key indicating the nexf control mode you want to enter.

Example 1b

Key in lD Data

XA NA.
2 06:2
A 02:.21.00

The temperafure read i ngs
entering a multiplier of

Example 1c

Key in

SECT I ON 1 I NTRODUCT I ON

SENSOR MON I TOR

Description

x6 Mode--Mon itor current sensor read i ngs
lnput Channel 2
Temperature is 21.0" C

can be changed to degrees Fahrenhe i t by
1 .8 and an offset of 32.

CHANGE TO DEGREES FAHRENHE I T

Description

x4 Mode--lnput Processing Table
lnput Channel 2
Po i nter advanced to f i rsf entry for
Channe | 2 ( | nput Program 7 rema i ns the same )
Po i nter advanced to second entrv for
Channel 2 (nultiolier)
Multiplier is 1.8 for oF

E ntry comp I eted--po i nter adva nced to th i rd
entry for Channel 2 (of f set)
0f fset is 32 for oF

Entry comp I eted--po i nter advanced to
f irst entry for Channel 3
x6 Mode--Mon i tor current sensor read i nqs
lnput Channel 2
Temperature is 69.80'F

x4
2
A

A

1

A

32
A

D8

I D Data

04:
0422
21 z 0007

22:1 .000

22: 1 .8
23:0.000

27.7.)
31 :0000

06:
vo i I
O2:69 .80

x6
2
A

t-)



Now that vve have observed the operat i on
sensor, we can leave the input table andoutput tables. An oufput table is a setentered into the CR21 which specify fhe
executed. The output programs furfher
to obtain averages, maximums, minimums,
table enfries as fol lows:

SECTION 1. I NTRODUCT

of fhe temperature
program one of fhe th
of numbers fhat is

oufput programs fo be
process the sensor outo
efc. Make the outout

Examp I e

Key in
x1

A

3

A

51
A

2

A

I D Dafa

01:
03:0000

05:3.

1 'l :0000

l1:51.
1 2:0000

1222.

1J:0000

21:0000

21 253.
22 t 0000

zzzz.
25:0000

31.0000

31
32

32
33

41

54
0000

l.
00 00

0000

1d OUTPUT PROGRAMM I NG

Descr ipt ion

*1 Mode--0utput Process i ng Tab I e j
Pointer advanced to enter output time
i nterva I ( dafa storage i nterva | )
Output t i me i nferva I for Output Tab I e1 (3 minutes)
E ntry comp I efed--po i nter adva nced to
f irst entry for Oufput Table 1 (outpu
program number )

Output Program 51 (Averag i ng )

Entry comp I eted--po i nter advanced to
enter Paramefer 1 for Output program
Parameter 1 (lnput Channel z
--temperature probe )

Enfry comp I eted--po i nter advanced fo
enfer Paraneter 2 for 0utput program
j opt i ona I mod i f i er not u sed for progr
Pointer advanced to second entry foiOutput Tab I e I (output program number
0ufpuf Program 53 (Max i mum Va I ue )Entry comp I eted--po i nter advanced toenter Parameter 1 for 0utput program
Paramefer 1 (lnput Channel 2)
Entry comp I eted--po i nter advanced to
enfer Parameter 2 for 0utput program
( opt i ona I mod i f i er not used for proor
Po i nfer advanced to th i rd entry for
Output Tab I e 1 (outpuf program number
Outpuf Pnogram 54 (M i n i mum Va I ue )
E ntry comp I eted--po i nfer adva nced foenter Parameter I for Oufput program
Parame*er 'l (lnpu+ Channel 2)
Entry comp I eted--po i nter advanced foenter Parameter 2 for Output program
( opi i ona I mod i f i er not u sed for proor
Pointer advanced to fourth entry foi
0ufpul Table 1, etc. up through nine

A

53
A

2
A

A

54
A

2
A

A

1-6



SECTION 1. INTRODUCTION

Go to the x5 Mode and set the clock as fol lows:

Example le

Key in lD Dafa

SET CLOCK

x5 Mode--Set duy, hour, m i nute
Po i nter advanced to enter Ju I i an Day
Julian Day (63)
Entry comp I efed--po i nter advanced to
enter hour
Hour (11)
Entry comp I eted--po i nter advanced to
enter m i nute
M inute (32)
C I ock set comp I ete--seconds are set to
zero prov i d i ng synchron i zat i on to the
nearest 10 seconds
*0 Mode--Log dafa--d i sp I ay snows
currenf time (11:J5)

x5
A

63
A

11
A

32
A

x0

nc.
91:0000
91 263.
92:0000

92:11.
93:0000

o1. <?
n6.

99t1133

Enter i ng the x0 Mode I eaves the system I ogg i ng data. From th i s
poinf or'rr the cR21 will log data into its memory starting when
the displayed time is evenly divisible by the programmed oufput
time interval (3 minutes). Since the oufpuf time is
auiomatical ly synchronized fo fhe even hour or duy, fhe first
output inferval wi | | be shorter and should be considered when
eva I uat i ng any tota I i zed data. The co I on befween the fourth and
f if+h digits of fhe display will f lash while the sensors are
being scanned. The firsf input scan wi I I occur within two scan
i nterva I s after sw i tch i ng to the x0 Mode. As fhe output i nterva I

is completed, final data will be stored in memory and transmitted
to the prinier. This wi | | be evident as data is flashed on the
display while being +ransmitted to printer or tape.

we can recal I the sfored data using the x7 Mode as for rows:

1-1



Example 1f

Key in
x7

1

A

A

A

A

A

A

ID Data

OXXX

NNN

0001
0061
1 139
21 .35
27 .21
14.32

SECTION 1. INTRODUCT

RECALL FINAL DATA

Description
x7 Mode--0XXX i s data I ocat i on number
data storage po i nter
Where NNN is l0 less fhan OXXX, i.e.,
back 10 data storage locations
Output Table I generated this data
Julian Day (63)
Time ( | l:J9)
Average temperafure (21 .35" C )
Maximum temperature (2j.21" C)
M i n i mum temperature (j 4.32" C )
Advance for each new data ooint

for the input table an
to use all three outo
tab le as you can see
cat i ons PR0M Program
enter i nto the CR2l .
in fhe programming

07

07

01
02
03
04
NF

06

Go back to the x0 Mode (press x0) to resume data rogging.
Programm i ng forms are prov i ded to he I p code and document your

flom fhe example in Section 7. The Appl.
List in Appendix C shows which numbers'to
Comp I ete programm i ng i nformat i on i s fou nd
i nstruct i ons of Sect i on 4.

In addition to recal I ing stored data to the display, the cR2lMIcR0LOGGER can transmit data to exfernal devices. These inclthe cR56 Pri nfer, audio cassefte lup" recorder, and telephonemodem for remoie i nterrogat i on . operat i ng i nsiruct i ons fori nterfac i ng +o each of these three dev i ces are found i n th i smanua | .

Having f inished your introduction to fhe cR2,l MtcRoLOGGER, wewelcome you fo the world of microprocessor-based data acquisitin the f ield. Months of infensive research and design have gointo bui lding what we feer is the finest piece of truty portabdata acquisition equipment available. Please read this manuacareful ly and.get.to know your machine as best you can. Thebetter you understand it, irre better it w i | | ,".ue you.
Appendix D is a summarized prompt Sheet which steps you througthe operation and programming of the cRzl MrcRoLoGGER.

app I icafion. Separate sheets are used
the three output tab I es. you donrt havetables or even al I of the locations in a
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SECT I ON 2. SENSOR I NPUT CONNECT I ONS AND I NSTALLAT I ON

2.1 GROUND CONNECT I ONS

The cR21 will accept seven analog inputs (channels 1-7) and two
pulse counfing inpuls (Channels 8 and 9). The inputs to fhe
analog channels are labled H (high) and L ( low analog common),
wh,i le fhe inputs to the pulse counting channels are labled Hl andrr-rf (nrarrnrr\. ANAL0G C0MM0N lS +1 V WITH RESPECT T0 THE CR2'l

= 

| I r rrl

GR0UND. As shown in Figure 2-1, the CR21 analog inputs are
single-ended with one wire on al I analog sensors tied together at
ana I og common. Because of fh i s r s€nsors musf be used correct I y
to avo i d ground I oops and subsequent measurement errors. The
sensors must nof be electrical ly connected to anything except at
the inputs to the CR21 . This means thaf soil,temperafure Drobes
must be electrical ly insulated, soi I moisture blocks musf have
blocking capacitors, and grounded shiel ds must not touch the
sensor leads.

For purposes of signal integrity and I ightning protection
(Section 2-7), the CR21 ground (*l and sensor lead sh ields
should be tied to earth ground ne-ar the cR21. lf the Model 021
Fiberglass Enclosure is used, a ground busbar is avai lable to
facilifate this hookup (Figure 2-2). When,the lr4odel 021 is used,
the busbar i s connected to a CR21 ground (? ) fhrough fhe
aluminum case. The existence of a conductive path should be
verified with an ohm mefer and if necessary a connecfor wire
shou ld be p laced b,etween f he busbar and CR21 ground f *1.
Connect the sensor shields to the busbar, tie lhe busb-ar to fhe
tripod wifh 10 to 14 awg wire, and if the tripod does not have a
good elecfrical connection to earth ground, connect it fo a
ground stake with heavy wire.

EXTERNAL SENSOR POWER SUPPL I ES

The key point in using external power supplies to activate
sensors i s to avo i d dua I earth grou n ds where both the CR21 an d
the sensor, fhrough fhe externa I supp I y, are t i ed separate I y to
earth ground. lf a DC supply (external bat*ery) is used, all.ow
the power supp ly to f loat and ground the CR21 as shown in F i gur.e
2-3. Where sensor outputs are referenced to earth ground fhrough
the power supply, the scheme shown in Figure 2-3 wi | | not work.
This occurs frequently where AC power is used fo supply the
sensor and the sensor outputs are not isolated from the AC earth

2-1



ground. In such cases no connection should be made to the Linpufs because they are 1 v above cR2l ground and wi | | be forceto ground through the sensor. The correct connecf ions for th i ssituatign are shown in Figure Z-4.

SECT I ON 2. SENSOR I NPUT CONNECT I ONS AND I NSTALLAT I

F igure 2
CRZI Blo
D i agram.

cHl

clt 2

ctt 3

cil4

cu3

cH6

cH7

5V I.OGIC POI/ER

I
lAc EXCLTATIoN
J

DC EXCITATION

ANALOC C(MHON

8 D-(:EI,I,
BATTERY PACK

POI./F:R

sw t Tct{
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SECT I ON 2. SENSOR I NPUT CONNECT I ONS AND I NSTALLAT I ON

Wire to

llo Sensor
Earth @ound

Sensor
Tlo Earth Shield

frounding
Btrsbar

Figure 2'2 Model 021 Fiberglass Enclosure wifh grounding busbar.

The correct method uses a resistive voltage divider and the CR21
+5 V supply to establ ish a sensor input. volfage above 1 V which
can be referenced fo the CR21 ground (F). The divider network
compresses the signal range fo 1-3 V wnicn is read by the CR21 as
0-2 V when the sensor i s connected to CR21 ground (+) instead of
the L input.

The proper res i stor va I ues
sensor output ranges:

Sensor
Range R'l

for Figure 2-4 are given for two

R2 R]

0-5v
0-10 v

49.9 k 1%

150.0 k 1%

NOTE thaf the CR21 and a | | AC
multiple sensors) are tied fo
usua | | y the AC povler out I et.
same pov\rer out let po int !

cR21
Input

k 1% 24.9 k 11" 1-3 V

k 1% 49.9 k 1/, 1-3 V

power supplies (in the case of
earth ground at a common point;
Multiple AC supplies should use fhe

24.9
I En n

2-3



sEcT | 0N 2. SENSOR I NPUT CONNECT I ONS AND I NSTALLA

Figure 2-3 Floating external DC supply.

igure 2'4 Resistive Vortage Divider and Range Transrwnere senson output i s referenced to earththrough AC power supp I y.

ator
grou

2,2 VOLTS AND M I LL I VOLTS

channels 1'7 accept Dc vortages from -.2 V to +2.5 V (wifhrespect to analog common) wi*fr 1 mV resolufion and DC mi | | ivolsignals from -2 mV to +25 mV with 5 uV resolution. Volf levelsignals are integrated for'r 00 ms whire mirivort rever signalare integrated for 200 ms. The infegration time and amprifiergain are controlled by the serected inprt program. Automaficzero offset is done in software, resurting i; negrigibre offsdrift if the sensor resistance is below 500 k on In."vort rangand below 5 k on the mi | | ivolt range.
The two i nput vo I tage ranges were chosen to match mostenv i ronmenta I sensors. some ranges of i nput vo I tages may needbe attenuated so that the mi | | iuJtt range can be used for bettresolution. For exampre, a sensor with-50 mV fur-scate outpuis too h igh lor the mil livolf range bu* foo low f or qooo
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L
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AC
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reso I ut i on on the
to lower fhe 50 mV
configurations are

vs

volt range. Use a two-resistor voltage divider
signal to 25 mV maximum. Three voltaqe inout
shown in Figure 2-5.

=vo
H

L-7

L

Sensor
+

ch5K

Vs=Vo R2l(Rt + n2)

H

t-7

L

= I

Sensor V"=IR1
H

ch I-7

I = Current Output Sensor
R" = Load Resistor

Figure 2-5 Measuring volf s or millivolts.

2,3 DC EXC I TAT I ON

Resistive sensors (e.g., thermistors or wind direction sensors)
need DC voltage excitation in order fo generate a voltage output
that the CR21 can read. The fhree term i na I s on the M I CROLOGGER
marked rrDCrr outpu* a precision 2 v (with respect to analog
common ), excif ation vo ltage (3 mA maximum) under control of
various input programs. Typical wiring for this type of sensor
is shown in Figure 2-6.

The resisfor (R1 ) may or may not be required. Sometimes it may
be used to I imit the current drain on the Dc excitation supply
which must not exceed I mA, for example, a wind vane with a j60
degree potentiometer that shorts as i+ passes zero.
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2 \oLt
Excitatlon

= 2R2/ (Rs + R2)

H

t-7

L

2 Volt
ExcLtation

=Rsl *\z

= 2Fsz/ (Rl + Rs )

H

t-7
L

=L

Rtl

Ib2

Figure 2-6 Measuring Resistive Sensors with DC Excitation.

2.4 AC EXC I TAT I ON

Channels 5r 6, and 7 can be used with AC excited sensors (e.g
e l ectrochem i ca l RH sensors, l eaf wetness sensors, and so i l

moisture blocks). The AC,H and AC,L terminals on the CR21 ou
a 700 Hz, 4 V square wave. Channels 5, 6, and 7 have an inte
demodulator that converts fhe AC sensor outout back to DC. L
wire capacitance errors are el iminated by a special circuif.
maximum length of lead wire that can be used depends on the
sensor res i stance. The h i gher the sensor res i stance, the sho
the wires mus* be. Typically, lead lengths up to 75 f ee* can
used. Each case varies, however, and you can add longer lead
you test the resu I ts.
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R
s

E

tf
so
po
SU

the sensor must be in electrical contacf with the earth (e.g.
I moisture b locks), fwo capacitors must be used to Drevenfarization. In most cases, 10 uFd tanfalun capacitors are
f ab le.

2.5 PULSE COUNTS

ChanneIs 8 and 9 clunt switch closures and voltage puIses. The
minimum pulse width which the cR21 can detect is 3.3 ms for
channel B and 10 ms for channel 9. For a 5o per cent du-fy cycle,this impl ies a maximum f.eguency response of 150 Hz for Channel B
and 50 Hz for channe | 9. However, s i nce the i nput counters are
zeroed only on the input scan, sensors must be used which do not
overrange the cou nters dur i ng +he scan i nterva I . The max i mumcount is 4095 for channel B and 15 for channel 9. A voltagepulse must rise above 3.5 V then drop below 1.5 V fo be deiected.Pulse ampl itudes up to 12 V can be appr ied fo these inputs.
Normal ly, an anemometer is used with channel B and a raingage
wifh Channel 9. Figure 2-B shows the pulse countinq conneciion.

Sensor 4 Volt Excitation
ACr H

R1

AC, L

H

V" = 4R2/ (Rt + RZ + \)

F i gure 2-7 Measuring Resistive Sensors wi th AC Excitation(blocking capacitors may be eliminated if
sensor is electrically isolafed).

The 4 v AC drive appears as a 4 v Dc drive to the cRz1 after
demodulation. Since the f ull-scale volfage input must be less
than 2.5 V, the exfernal resistors used with fhe sensor must be
selected to keep fhe output signal below this level. Usually,
two externa I res i stors are requ i red to shape the sensor output
and keep the currenf drain on the AC drive less fhan 0.5 mA(minimum of 10 k ohms required). lf senicr resistance is lower
than this, the accuracy of the reading wi | | be degraded.
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H

8'9

Sensor

F i gure 2-8 Pu I se Cou nt i ng Con nect i on .

=

2.6 PROTECT I ON FROM THE ENV I RONMENT

The cR21 is not hermef ically sealed, l+ is shipped wiih twopackets of dess i cant I ocated by the batter i es that shou I d keepthe i nfer i or components dry between battery changes . A dry, ohalf unit package weighs approximately 1g 6r. unj wi | | absorb
maximum of 6 gms of water at 40 per cent relative humidity andgms at 80 per ceni. The dessicanf can be reactivated by pfaci+ in an oven at 250" F for 16 hours (dessicant only, not the
cR21 ).

CS I manu facfures the
f i berg I ass to profect
t i ght hous i ng fhat can
recorder. Figure 2-9

Mode | 021 Env i ronmenfa I

the CR21 oufdoors. | +
ho I d both the CR21 and

shows how the CR2l and

Enc I osure made
provides a weafh
a cassette

a cassette recordmount in the enclosure.
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Screw 6-32 x rz

phillip pan head
Model 021
Shelter

(//,,t,

./
cR21
Suppl

Power

-l
\l

.F
v

I
I
I

_lRubber
0 Ring

Model RC235
Cassette
Recorder

Figure 2-9 l,todel 021
CR21 and

\i
Fiberglass
Enclosure

E:vironmental Hrc losure,
Cassette Recorder.

z'*'7

4@
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2.7 LIGHTNING PROTECTION

Pr i mary I i ghtn i ng str i kes are thosedafa I ogger or sensors. Ef fect i vestr i kes cannot be guaranteed, but atripod or shelter and earth ground

where the lightning hits tprofect i on aga i nst pr i mary
good connection between fh

is a minimum r€quirement.
Secondary lightning sfrikes occur when fhe righfning s*rikessomewhere near the sensor read wires and indules a iortage inw i res. Th i s fype of str i ke occurs more often than a 

-pr 
i marystr i ke. Spark gaps can be used fo c I amp these vo rtage surgesearth ground.

The cR21 was des i gned fo operate near i ts sensors. As the r enof sensor lead wire increases, fhe probabi I ity of damage due tpr imary and secoldary I i ghtn i ng sfr i kes i ncreases. The i nputchannels have sufficienf transient protection for mostinstallations where the sensors are within 15 f eet of the cRzlwhen sensors are used wifh rong read wires or in an area of hethunderstorm occurrence, externa | | i ghfn i ng suppressors ( sparkgaps) should be installed. They u.""inexpensve and ef fective.
Figure 2-10 shows how to connect spark gaps to the sensor read
w ires. I''lhen us ing expens ive sensors, it is a lso adv isab re toplace a spark gap near the sensor. one side of th; spark gap iconnected to the wire to be protected and the other side to ear
?:.ll:..^l!:: ll:l*li:g sfrik?:.nearby, a hish vortase is induin ihe sensor read wir6. rr rhi; ;",+;s; ;i:;r';;."1=roo ,):'";;spark gap wi | | change from nonconductive to conductive shortingthe i nduced vo rtage fo earth ground. when the surge hasdissipated, the spark gap wi I i go nonconductive again. The spagap is not harmed in this process.

Spark gaps are available f rom the
Joslyn Electronic Sysfems
6B6B Cartona Dr i ve
P .0. Box 81 7
Go I eta, CA 9301 7
( 805 ) 968-3551
Model H-3, P/N 2022_12

Campbell Scientif ic, lnc.
P.0. Box 551
815 Wesf 1800 North
Loga n, UT 84321
(B0l ) 753-2342
Te I ex: 453058

f o I low i ng:

Siemens
8700 E. Thomas
Scottsdale, AZ B5Z3Z
Mode I B1-C145
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SECT I ON 2. SENSOR I NPUT CONNECT I ONS AND I NSTALLAT

2.8 SUMMARY OF CR2I SPEC I F I CAT I ONS

GENERAL: user programmab I e process i ng dafa I ogger w i th autoranging and f ull f loaf ing point ma*h capuUility.
INPUT SIGNAL C0NDlTl0NlNG PROGRAMS: Provide signat conditioni

f or volts, mir ivorts, Dc resistance, Ac resistance,thermistor I inearization, and RH sensor I inearization;
mu ltipl ier and oftset programmed for each channel .

DATA PRocEss I NG PROGRAMs: Standard output process i ng ava i I ab Iincludes sampl ing, averaging, summing, maximum, minimum,event record i ng, h i stograms, and more.

I NTERNAL DATA STORAGE: 608 | ocat i ons
64 i ntermed i ate sforage I ocat i ons
I ocat i ons for sensor read i nqs.

sENs0R scAN I NTERVAL: once per m i nu*e or once per 1 o secon dsdeterm i ned by cho i ce of system pROM.

FINAL DATA srORAGE tNTERVALs: Up fo i inrervats possibte, eacuser programmable from I minute to 24 hours.
INPUT CHANNELS: 9 totat, 7 ana

analog, Channels j, 6, and

DlGlrAL INPUT CHANNELS: Two inputs, 5 v cMOs levets--avaitablfor special appl ications.
D I G I TAL 0UTPUT CHANNELS: 4 CMOS outouts.
AMPLIFIER ACCURACY:

0 to 40" C Temperature Range; +/- .Z% of reading or Z +ithe resoluiion, whichever is greater. _25 fo +50; CTemperature Range | +/- .5% oi read i ng or 2 t imes the. reso I ut ion, wh i chever i s greater.
RESOLUTI0Nz +/- 5 uV on mil livolt range an d +/- .l mV on volt
ON-L I NE DATA STORAGE MED I A: CMOS RAM,

DATA RETR I EVAL FROM RAM: Cassette, D i
Telemetry and CR56 printer.

REAL TIME CLOCK: +/- j minutes per month

DISPLAY: 6 diqit LCD.

for processed data poinf
for processing, and 9

log, 2 pu l se cou nt i ng . Of the
7 can read AC res i stance.

Pr i nter, Cassetfe.

splay, Telephone Dial-up

2-1 2
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SECT I ON 2. SENSOR I NPUT CONNECT I ONS AND I NSTALLAT I ON

POWER: B alkaline D cells, typical lif e 5000 hours.

ENV IR0NMENT z -25 to + 50" C, 0 to 957l RH, noncondens i ng.

SIZE AND WEIGHT: 2.7n x 5.7rrx 8.2n, 5 lbs.

2-1 3





There are two binary inputs and four control outputs on the panelof the cR2'l - The inputs arer rabred rN 'r and rN 2. Each has anrrHrr terminal and a ground r*l terminal associafed with if. Theoutputs are lab led OUT 1 , 2,- 3, and 4.

These digital inputs and outputs are used with speciar input andoutpuf programs for contro | | i ng externa I dev i ces. Typ i ca Iprograms i ncl ude the Timed port rurn on program r".g. to turn onu Y?+-dry bulb fan) and the Set Point Con+r5t ler proiram used toacfivate and deactivate the output ports based on fhe varue of asensor inpul.

The inputs are acfivafed by a positive true thigh going) 5 vsignal referenced to ground. _The outpufs der iver i s v outputwith 5 k source resistance. External buffers may be necessary toi ncrease the output current to a usefu | | eve | .

The 5 v term i na I on the cR21 pane I can prov ide up to .r o0 mA f oruse with a buffered dr ive on the output ports. The cR21 batterylife will be reduced if this current drain is longer thanmomentary. F i gure 3-l shows some typ i ca I connect ion schemes.

3.1 GENERAL

Battery

SECT I ON 3. CONTROL I NPUTS AND OUTPUTS

Contact Closure INl

rN4003
Dlode

Power

NPN }ledlum

| /0 Port Con nect i ons

CAUT | 0N: SHORT I NG THE j
ERASE ALL YOUR

TO GROUND WILLV TERM I NAL
DATA.

l,u
I cuos

J Inputs

Power Translstors

F igure 3-1

3-1





SECT I ON 4. PROGRAMM I NG THE CR21

4.1 OVERV I EW OF THE CR2I OPERAT I NG SYSTEM

Figure 4'1 is a block diagram of the CR21 0perafing System
showing how the system functions. The *Nrs (N=0-9) above the
block refer to confrol modes that the user accesses from fhe
keyboard.

I NPUT PROCESS I NG

The I nput Process i ng Tab I e, programmed through fhe *4 Mode,
def i nes how each i nput channe I i s read and converted to
engineering units (EU) once each minute (ten seconds in special
CR2'l ts). The user selecf s the programs f rom the App lications PR0l'4

Program List (Appendix C) and enfers the Program numbers using
the keyboard. The user also enfers a multipl ier and offset wi+h
each i npuf program for sensor sca I i ng. The sensor read i ngs ' i n
engineering units, are stored in a femporary memory locafion
(input storage) for use by the output processing programs.

OUTPUT PROCESS I NG

Three 0utpuf Process i ng Tab I es, Programmed +hrough the x1 , x2,
and x3 Modes, def i ne output process i ng i n the CR21 . The user
enters the output time interval in minutes and up to nine
process i ng programs for each tab I e thaf i s used. The process i ng
programs operate on the sensor i nput data and generate t i me-
related data summaries (final dafa) at the output interval
specified for that table. Sample, average' maximum, minimum, and
h i stogram are examp I es of process i ng programs ( see Append i x B

for a descr i pt i on of the output process i ng programs ) .

lf, for example, the average hourly temperature on Channel 1 is
desired, the CR21 wi | | use the Averaging 0utput Program to sum 60
one-m i nute read i ngs i nto a temporary memory I ocat i on
(intermediate sforage) and divide by 60 at fhe end of the hour to
obta i n fhe average, then output the average as f i na I data. Any
number of output programs can use the data from any or al I of the
input sensors.

Section 7 i I lustrates a sample data logging appl ication with
filled-in programming forms (available in pads from CSI).

4-1



LOG DATA

NormaI Data Logglng.

SENSORS

volt
ml11 lvolt
reslstance
AC reslstance
contact closure
voltage pulses

r0

SElJSOR

SENSOR

INPUT STORAGE

Sensor readings are stored in
englneering units for use in dataprocesslng or real-tlme dlsplay

IilTERMEDTATE STORAGE

FINAL STORAGE

608 processed data points can be
stored here. When the memory ls
fu11, nel, data 1s transmltted
over the serlal lnterface to theprinter or cassette. Keyboard
commands transfer stored data toa prlnter, cassetter oF thedlsplay. Memory can also be
lnterrogated vla the DC103A
telephone modem.

Flgure 4-1 THE CR21 OPERATII{G SISTEM

15 SET TIME

rNPUT PROCESSII{G

CONTTNUOUS MONITOR

11, ,2, 13 OUTPUT PROCE

DATA RETRIEVAL

*7 LCD DISPLAY

18 CASSETTE RECORDER

19 PORTABLE PRINTER

TELEPHONE MODEM

r4

r6

Set dayr hour, and mlnute.

Sensor readlngs are conver
englneerlng unlts. The us
enters a slgnal conditlonl
gram number, mu1tlpI1er, a
offset for each lnput chan

Dlsplay sensors 1-7 in eng
ing units. Show counts (i
unlts) accumulating on Cha
8 and 9.

Processed sensor readings
converted to tlme-dependen
summaries. The user enter
processing intervals and p
deslred. Averaging, nax,
and hlstograms are part of
CR21 library.



SECT I ON 4. PROGRAMM I NG THE CR21

I NTERMED I ATE STORAGE

There are 64 intermediate sforage locations in the cR2l. The
number of locations in infermediate storage required by each
output program is given in Appendix B. Affer completing fhe
0utput rable coding Form, add up the tofal number of locations
required by the outpuf programs to make sure i+ does not exceed
64. Norma I ly, th is I imit wi I I on ly be exceeded when f he
H i stogram 0utput Program i s used.

F I NAL STORAGE

The final sforage area is separate from input storage and
intermediate storage. Dafa is recorded in final storage orrly at
the oufput intervals specified by the three output tables. The
f i na I data storage area has a capac i ty of 608 data po i nts. when
fhis memory is ful l, new data is writfen over fhe old. The fina
storage memory acfs as a buffer fo hold output data unfi I the
data can be fransferred to a cassette, pr i nter, tel ephone I i ne,
or the display.

PROGRAMM I NG AND DATA RETR I EVAL MODES

Tab I e 4-1

x0
x1
x2
xJ
x4
x5
x6
x7
x8
x9

TEN KEYBOARD CONTROL MODES

Log Data
0utput Process i ng Tab I e I

0utput Process i ng Tab l e 2
0utput Process i ng Tab I e 3
I npuf Process i ng Tab I e
Set day, hour, minute
Mon itor current sensor read i nos
Display stored data
Memory dump fo cassette
Memory dump fo printer

To enter a keyboard control mode, press the * Key, wait for
d i sp I ay of 00:0000, then enter fhe number spec i fy i ng fhe
Upon entering any mode (x1-*9) the mode number is displayed
lD field (the first two digits on the display). In modes x1
through x6, the data field ( lasf four digits) are blank, wh
for modes *7 through *9 the data field displays the current
sforage pointer (DsP) location number. The DSP is exprained
detail in Section 5.

o
mode.
in the

ile
d ata
in
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SECT I ON 4. PROGRAMM I NG THE C

0nce a parficular contror mode is entered, the A Key is generaused to execute the contro I funct i on, advance through programtables or data, or enter data. Key;"iinitions are shown inTable 4-2.

Tab I e 4-2

Key

0-9
*
A

KEY DEFINITION SUMMARY

Act ion

E n*er numer i c data
Enter a control mode
Advance through a program tab le or data, store
.! itp I ayed number, or execute a contro I programBegin at the start of the active control modeChange the s i gn of fhe number to be enferedDecimal poinf
Clear entry or abort memory dump

B
a

D

#

4.2 PROGRAMM I NG THE I NPUT TABLE - X4 MODE

The input table is a I ist of programs and scal ing numbens thatthe cR21 uses io conditionr h€asure, and scare the erectricals igna ls f rom e,agl^]!put. s ince there are n ine input channe rsthe cR2l M I cR0LOGGER; n i ne sefs of entr i es can be keyed i nto finput table. lf some channels are not used, zeros are keyed ifor i npul program numbers on these channe I s.
Appendix A describes the input progFams in your cR2l. some ofhe programs are for use with a spJcific sensor type. 0therprograms will work wifh any linear sensor having +i.,e proper tyof oufput. Most I inear sensors wi | | use Input program 1, 2, o3.

The input table is arranged to accept three entries per channeAs control is advanced (A key) for each entry in fhe Input rab(*4 Mode), the first digit in fhe lD field displays the channenumber and the second disprays +h9 entry number ( input programnumber, mu ltip I ier, or offset). Tab le q.-s descr ibes the enfriTh? lnput program number is serected from Appendix A or c, Thmu ltiplier is entered as engineering units iEul per input unit(lu) ("'9. oegfess.c per mvI, and tie offset is entered in
:ngl!eering units (EU). The mu ltiplier and of f set are determiby the sensor ca I i brafion, the sensor connections (Section 2),and the desired,engineeling units. In serecfing engineeringunits, be sure fo consider fhe usag. "t the inpuf data by theoutput programs.
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Table 4-3 INPUT TABLE ENTRY F0RMAT

PROGRAMM I NG THE CR21

(input program number)
1 (mu lt ip I ier=EU/ lU)
(offset=EU)

11.
12:
132

First entry for Channel
Second enfry for Channe I

Third entry for Channel

Any I i near sensor can be programmed to prov i de output i n

engineering units (EU) according +o fhe relationship

y = Mx + B

where y is the processed input data (EU), M is the user-
enfered multiplier (EU/lU), x is f he raw inpuf data ( lU), and
B i s the user-entered offset.

L i near i z i ng programs for some common non- | i near sensors (e.g.
Model 101 Temperature Probe and Model 201 Relative Humidity
Probe) are included in fhe input programs (Appendix A). The user
can modify the I inearized oufput of these input programs by
entering a mulf iplier and of f set in the input table, but the
basic nature of the I inearizing cannof be altered from the
keyboard.

An example of a special input form is found in Secfion 7. Note
that the input table entries (e.9. the numbers you are to key
into the CR21) are pref ixed with the channel number, entry
number, and a colon. The other pieces of information are for
your reference only and are used to arrive at multipl ier and
of fset facfors. Note that the type of sensor each channe I i s
capable of accomodating is lisfed on the Input Table Coding Form(e.9. V, mV, DC resisiance).

Affer careful ly fi | | ing ouf fhe Input Table Coding Form, the
table entries can be keyed into the CR21. The key sequence x4 A
wi | | leave the cR21 ready +o accept the input program number for
Channel 1 wifh rrl l 'rr showing on the lD side of the display.
lf only one channel needs to be modified, you can jump directly
to that table location. For example, if Channel 6 needed a
change in its input table entry, you woul d key in x4 6 A. The
CR21 would now be waiting for a program number for Channel 6 with116l'ff displayed in the lD field.

To check the contents of the input table, go fo the x4 Mode and
advance through the i nput tab I e us i ng fhe A Key. After
programmi ng the i nput tab I e, you shou I d check the sensors us i ng
the x6 Mode.

0ne rrquirkrr occurs when you key in a number I ike 0.0146 u.' u
multiplier in an inpuf table. when the number is recalled in

4-5
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reviewing the input table, it will appear as 0.0.|4. Donrt worthe number is sii | | in ihe machine as 0.0.|46, it jusf cannot bdisplayed wifh al I four diqits on fhe right of th; decimal. Asoftware i nferact i on betwe6n f i na I data itorage requ i rements a
keyed-in numbers is responsible for this.

CR21 RANGE -VS- RESOLUT I ON

The maximum number the cR21 can outpuf as f inal data is 6999
whi le the maximum number of digits that can be entered as a
mu ltiplier is f our. 0ccassional ly, a situaf ion may arise wherthe userrs desired output is I imited by these constrai nts. Thfol lowing is an example of fhis and contains several ooints to
aware of when do i ng fhe i npuf programm i ng.

Assume a pyranomefer with a caribration of 7.og nv/k! /nz isbeing monitored and the user desires a 12-hour fotal energy
dens ity output (kJ/m2 ). There are severa I approaches, the
simplest being fo set M, the.multipl ier, such that the input swill yield powgf d"nsity (klW/rf ) and use the Average 0ulputProgram. The f i na I output wou I d be the average power dens i ty
over the 1 2-hour outout i nterva | .

For fhis case, fhe multiol ier is

M = | kW/n" /7.08 mV = .1412 kW/m2 /nY

and fhe f inal output is

1N
y = - z yl

N i=1

where N is the number of input scans in the 12-hour interval
and the y i are the processed i npuf data po i nts.
The user would then multiply the final answer by the number of
seconds in 12 hours to obtain the total energy densify (kJ/m2 )over the t i me per iod. For the purpose of th i s examp I e, I etrsthat for every i nput scan xi = 7.08 mV. The f i na I outpuf woube 1 kW/nz and fhe total energy density would be

(1 kw/m2) (43,200 s) = 43.20 lulJ/n2

lf the Total ize 0utput Program is used io sum energy density
directly, fwo points of considerafion arise. First, wheneverrate data is summed ( in this case energy/+ ime), the multipl iermust reflect the input scan interval, i; our case one minute.
Second, the multipl ier must be such that the total wi | | not
overrange the CR21.
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For this situation, the multiplier is

M = (1 kW/n2 /7.08 mV)(60 sec) = 8.475 kJ/n'/nV

However, i f every i nput scan vo ltage were 7.08 mV, the CR21 wou I d
overrange in 116 minutes.

Time before overrange = maximum CR2l output numberf estimated yi

or 6999/((8.475)(7.08)) = 116

The next approach might be to oufput the final sum in units of
l|J /n2 . Now, however, the mu I t ip I i er i s

ft{ = .00847 5

and the restriction of only four multipl ier digifs causes a
resolufion error of about 0.5 per cent. While several solufions
exist, such as oufputting (kJ/n2)(10) or living with the 0.5
per cent error (fhaf t s more accurafe than the sensor ), there i s
another approach.

Using +he Average 0utput Program, as in the first approach, make
the CR21 multiply each input scan by the output inferval (43,200 s)
instead of doing it yourself after fhe final data is refrieved.
In this case, the multiplier would be

M = ('l Cl-3 MJ/m2s/7 .08 mV ) ( 43,200 s )
= 6.102 lAJ/n2/mV

lf every input scan voltage were 7.08 $V, the final output would
be 43.20 14J/m2, fhe same value as obtained previously.

Note, however, fhat the value displayed when visual ly monitoring
the sensor output in the x6 Mode wi I I be
((MJ/m2)/last min) (43,200 s).

4.3 MON I TOR I NG THE SENSORS - *6 MODE

After completing the input table entries using the x4 Mode, the
sensor inputs can be monitored on the LCD display using +he *6
Mode. The sequence *6 N A where N i s Channe I Number O-9,
will display the N+h Channel (Channel 0 displays battery
voltage). l+ usual ly takes one to three seconds for the channel
va I ue to appear after assert i ng the key sequence. The d i sp I ay
shows the channel number in the lD f ield, fhen a colon, followed
by the channel value after inpuf processing as specified in the
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input table (Section 4.2). To view another channel, simply ke
i n the channe I number. Do nof press fhe A Key aga i n. To I eav
the x6 Moder pF€ss the x Key and wait for 00:0000 to appear
the d isp lay.

channels 8 and 9 reset the pulse counts to zero each input sca
when mon ifor i ng these channe I s, enter fhe *0 Mode and rema i n

there for at least one scan before entering the *6 Mode. lf
the *0 Mode is not entered first, channels B and 9 wi | | not re
to zero' but wi | | continual ly counf up unti I the maximum count
reached (4095 for Channel 8 and 15 for Channel 9).

0ne disp lay I imitation is that 4-digit numbers between 6999 an
9999 cannot be displayed. This is caused by constraints place
on memory size in final data sforage and will be particularly
noticeable while watching room temperafure in degrees Fahrenhe
The tgrperature wi | | rise fo 69.99" F, suddenly change to 7o.o
and stay with fhree digits unti l 99.9o F is passed affer
which 4 dig
done in ful
numbers w i I

ts are displayed again. lnternal calculations are
f loating point arithmef ic, so the limit on displa
nof affect any ca I cu I ations.

4.4 PROGRAMMING THE OUTPUT TABLES - xt, xZ, and xi MODES

An outpuf table is a I ist of ou*puf program numbers and
associated parameters (see Appendix B or c), that fhe cR21 us
fo process the input data for final data output and storage in
memory (e.9. averages, integrals, histograms, maximums, and
m in imums ) . The three ouf puf tab les are prograrnmed us ing the )+

x2, and x3 Modes, respectively. Each output table has ifs own
user-enfered output i nterva I and a maxi mum of n i ne output
process i ng fasks.

The first number enfered in any oufput fable is the data outpu
interval in units of minutes. Press *1 to enter the control
mode for programming output rable 1. The display wi | | appear
follows:

Key in
x1

A

Key in the
aEa in. The
to process
examp I e, a

I D Data

01:bbbb
03:0000

(b=blank)
03--Enfer outpuf t i me i nferva I

des i red data output i nterva | , then press the A Key
output i nterva I i s entered as the number of m i nufe

i nput scans before the f i na I dafa i s recorded. For
one-hour outpuf i nterva I wou I d be programmed as 60.

4-8
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table will nof be used. This feature
three oufpuf tables programmed, enabl
the mome nt.

SECT I ON 4. PROGRAMM I NG THE CR21

set at zero, that output
allows you to leave all

ing only the one you wish at

The maximum EXEcUTABLE 0urPUT INTERVAL ls oNE DAy, t.E., l440
MINUTES. Any interval longer than this will inhibit execuf ion of
fhe output tab le excepf where Time of Evenf or Condifiona I Scan
programs are used. The outpuf intervals are automatically
synchronized to the even hour if fhe interval is less than 60
minutes or to midnight for intervals greater fhan 6o minutes.Intervals which do not divide evenly into an hour or 24 hour
period cause an odd interval output af the end of an hour or day,
respecfively. For example, a 17 minufe output interval wouldyield output at 17, 34, and 51 minufes pasf the hour fol lowed by
an ou*puf on the hour which covered a 9 minufe interval.
After the A Key is pressed to store the oufput interval, the
display wi | | show 1 1:0000 and you are ready to program the
f i rst output process i ng task. Each task cons i sts of three
entries as shown in Table 4-4. The first number in fhe lD field
idenfifies the processing fask (l-9), and the second number
i dent i f i es the entry.

Tab I e 4-4 0UTPUT TABLE ENTRY F0RMAT

I D Data Description

0utput Program Number
Parameter Number'l
Parameter Number 2

The first entry made is the output program number (see Appendix B
or C). Paramefer number 1 is usually the input channel providing
data for the output program. Parameter number z i s an opt i ona I

output program modifier. lt varies with the output program and
may be a second channel number or ofher modifier. A detailed
descr i pt i on of the output program and the assoc i ated parameters
is confained in Appendix B. As each parameter of an oufput table
is keyed in, the A Key enters the number into memory and advances
the d i sp I ay po i nter to the nexf entry. 0UTPUT TABLE ENTR I ES ARE
RESTRICTED T0 P0SITIVE INTEGERS. Minus signs and decimal points
are i gnored by the cR21 i f entered i nfo the output tab I es.

To help document the output table and the output data arrays, an
0utput Table Coding Form is provided (see Section 7). Each block
on fhe form represenfs one comp I ete outpuf program entry. 0n the
righthand side of the form is a headingtt0utpu+ lD Number.rr Each
data point in the output data array is identified by an outpuf lD

11:
12:
132
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number. For 0utput Tab I e 1 ,for output table lD, Jullan
nu mber the f I rst data po I nt.
from Output Tables 2 and 3.
beglns af Oufput lD Number 2.
genera*e several output data
Program ) .

SECT ION 4. PROGRAi4M I NG THE

the first 5 lD numbers are reser
Duy, and tlme, maklng the fourth
Jul lan Day and tlme are omltted
ln these tables, the data polnt

Note that some output programs
values (e.9. fhe Hlstogram 0utpu

Once the output tab I es
contents uslng the key
flnlshed you should be

are entered,
sequence *1
ready to set

should revlew the
A etc. When thls ls
clock and log data.

you
AA
the

4,5 SETTING THE CLOCK *5 MODE

To set the clock, key In *5 A. The lnformatlon to be keyed
for each ldentlfler ls as shown ln Table 4-5.

Tab I e 4-5 CLOCK PARAMETERS

lD Data Descrlptlon

91: Jullan Day
92r Hour
932 M i nufe

The number represent Ing J u I lan day i s I'l0T rese* at the end of
year and can be any number up to the [6999[ I fmlt if you care
use lt to represent something other than Jul ian day. ft ls
lncremented exactly one mlnute after mldnlght so that data
representlng the tlme lnterval ending at mldnlght wlll be
recorded at mldnlght with the prlor to mldnlght date.

The dlsplayed tlme wlll be 2359 for one mlnute before mldnlgh
2400 at mldnlght, and 0001 for one mlnute after mldnlght.
Although hours and mlnutes are dlspfayed as a slngle 4 dlglt
number, vhen settlng tlme ln the *5 mode, hours and mlnutes a
Independenf 2 dlglt entrles.
When the trAtr key ls pressed to enter mlnutes, an Internal sec
reglster ls reset fo zero allowlng the system to be synchronl
to wlthln l0 seconds of the actual tlme.

Modlflcatlon of any flme Informatlon ln the *5 mode can be do
whlle logglng data wlthout affectlng the logging operatlon ot
than the resultlng shorter or longer output lnterval occurrln
rhen tlme was modlfled.
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4.6 LOGG I NG DATA - *O MODE

After the input tab le, output fab les, and clock have been
programmed, the CR21 i s ready to I og dafa. Press x0 and the
d isp lay w i | | show 99: HHMM. The 99 ind icates that the CR2'l is in
the data logging mode, and the fime of day is HH hours and MM

minutes. Each minute the displayed time wi | | be updated just as
if the display were a digital clock.

Upon entering the *0 Mode, after programming fhe CR21 tables the
first data wi | | be processed over a short oufput interval. As
described in Section 4.4, the output iniervals are synchronized
to either the even hour or midnight. The f irst dafa array which
is output wi I I include data from the time x0 is entered unti I the
end of fhe firsi synchronized output interval. From *hat point
on, fhe data wi I I represent complete oufput intervals, within fhe
constra i nfs descr i bed i n Secf i on 4 .4 .

Each time the CR21 scans the sensors' the'rscanning colonr?
(XXXX: XX ) | i ghts up for the durat i on of the scan. The keyboard
wi | | nof respond to commands during this time. A+ the end of
each output interval programmed into 0utput Tables 1-3, processed
data is stored in f inal memory. lmmediately following this,
the CR21 activates the frprinter enablerr line and transmits the
same data via the serial t/O porf. The display changes from
showing time of day to showing the output data. Data transmitted
to a printer flashes across the display at a rate of two data
points per second. This occurs even if a printer is not connecfed
to the CR21.

Da*a is fransfered from final memory to cassette in 512 data
ooint blocks. Transmission occurs at a rate of 100 data points
per second and does nof appear on the display. The keyboard is
inoperaf ive during these cassetfe and printer oufputs.

Any t ime af ter the f irst scan has occurred, x1-x9 l.4odes can be
re-entered withou* disturbing normal data logging, enabling you
fo monifor current sensor readings, check fhe input and output
fables, reset the clock, or dump memory to the printer or
cassette. The CR21 w i | | i nterrupt and take another scan whenever
necessary. lf an output interval is reached while in a *1-x9
Mode, the output data array wi | | be stored in memory, buf wi I I

not be output fo the serial l/0 port until the x0 Mode is entered
aga in.

N0TE: lf , while reviewing the input table or output tables
(x1-*4), you change any previous entry or add a new enfry, the
CR2'l will immediaiely s*op logging data and all iniermediate
storage will be re-initialized. Logging will resume when
returning to the x0 mode but the dafa recorded af the next output
time wi | | only be representative of fhe time since re-enfering
the x0 mode.
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To reduce baffery drain, the CR21 shou
Mode when i+ is left unattended.

SECT I ON 4. PROGRAMM I NG THE C

processed will still be in
fhrough a ful I memory dump

td always be set to the

Any outpuf data arrays prev ious I yf inal storage and can be retrieved
described in Secf ion i.
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sEcT I oN 5. DATA RETR I EVAL

5 .1 F I NAL DATA STORAGE

A+ the end of each output interval, an output dafa array is
sfored in the final data sforage area which has a capacify of 608
data points. lt can be visualized as a ring memory in which newdata is written over the oldest data. Figure j-1 is a
representafion of the final data storage area and fhe logic of
data storage and retrieval.

marKer

n19 494,

F i gure 5-1 F i na I Cata storage area.

DSP is fhe data storage pointer used by the CR21 to tel I where to
sfore each new data point in fhe final dafa storage area. lt
advances to the next ava i I ab le memory location affer each new
va I ue i s sfored. When i f has gone around fhe comp I ete memory ano
is pointing fo the first dafa point stored, the new data point is
wr i tten over the o I d.

Data is transmitted into the final sforage in groups or final
data arrays, each associated with one output table (*1, *2, orx3). A start of data array marker (I) is written into memory
with the first data point of each ariay. This marker is used as
an initial reference point from which to number the data points
of each array when the dafa is recalled. All data is stored in
fhe ring memory before it is transmitted to any external device.

"r{

oz
o
7l

rb
{Y/

\- 1996ol'9
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sEcT | 0N 5. DATA RETR I E

A prinfer pointer, PPTR, is used to control the transmission o
data to the pr i nter . Data i s fransm i tted to the pr i nter each
time an output array is stored in fhe final data storage area.
After each data point is transmitted, PPTR is advanced unti I

PPTR catches up to DSP at which time the printer enable I ine q
I ow.

Another pointer, cal led the tape pointer (TPTR) is used fo rea
data from the memory as i+ is transmitted to the cassette port
The CR21 i s programmed such that when the data sforage po i nter
DSP, is 512 locations ahead of the tape poi nter, TPTR, the
cassette relay in the CR21 is closed and data is transmifted
starti ng at TPTR. TPTR advances unti I i+ catches up w i th DSP
wh i ch f i me fhe cassette re I ay opens.

A third memory read pointer, DPTR, is used to recal I data to t
display. Positioning of this pointer is confrolled entirely t
the keyboard.

The last memory read pointer, MPTR, is used for recal I ing stor
data to be transm i tted over a fe I ecommun i caf i ons i nterf ace. I

positioning is controlled by commands from fhe calling unit.

Every time a nev,/ entry is made in any of the x1 through x4 Mod
the read po i nters are repos i t i oned to the data e*nran4 po i nter
(DSP) location.

I f externa I storage dev i ces ( cassette, prinfer ) are not used o
site, the maximum time befween site visitations must be figure
to insure that no data in final memory is lost due to write-ov
The number of data po i nts per day can be computed by i nc I ud i ng
overhead points (oufpuf table lD, Julian Day, fime) every outp
interval for Oufput Table 1 and 1 overhead point each (oufput
tab le lD) f or 0utput Tab les 2 and 3. In addition, some margi
musf be g i ven for any programs w i th i nterm i ttent output such
T i me of Event, etc.

DATA FORMAT AND RESOLUT I ON.

During initial processing and intermediate dafa storage, the
numbers are stored in a 4-byte floating point format. This gi
a range of I tr18 to I018 accurate to more f han 7 dec ima I d igi
The f inal data storage is limited to 'l 6 bits per data point.
these 16 bits, two are used for decimal point locaters and on
used for sign. 0ne additional special bit configuration in +h
most signif icant byte is used as a data array narker. Thus,
largest number thaf can be represented is 7167 (XXX1 101 1 1 1 1 1 'l 'l

where the X characters are the s i qn and dec i ma | | ocators. CS I

rounds th is number off, mak i ng 6999 the I argest number the CR
can store in final memory. The smal lest number is 0.001. The
point shifts position whenever the 6999 digif pattern is pass

52
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SECT I ON 5. DATA RETR I EVAL

The final data is transmitted to an output device wifh a two-
digit lD number, polarity and a five-place data field (four
digits and a decimal). When interpreting data, fhe user should be
aware that the data reso I ut ion i s better than i s warranted by
sensor accuracy and VC0 reso I ut ion.

5.2 HARDh'ARE CONNECT I ONS FOR DATA TRANSFER

Figure 5-2 shows the hardware that can be used to fransfer data
f rom the CR21.

t^n

D isp lay

<-S C235 Cab le

<-Qassette
( in the

l(:l( +-C as s ette
I

+-SC'l J Cable

+-SC12 Cable
Recorder

field)

Tap e

+-Cassetf e Recor der
(in the lab)

Al I of these un its connect
subminiature D-type socket
numbered from left to right
the front left and pin 9 is
are as fol lows:

Figure 5-2 Data Retrieval Hardware.

to the CR21 through the 9-p i n

connector on the pane | . The p i ns are
and fronf to rear so that pin I is on
on the back riqht. The oin functions

Answer ing
Modem

RC235

CR56
Pr inter

RC235

Compufer
or

Term i na I

Ca I I i ng
Modem
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PIN

I

2

3

FUNCT I ON

Oufput--5 V supply.

Ground.

Input--r ing s igna I

Logic high on this
the CR21 wh i ch then
a high logic level
p none .

NOTE

f rom the modem.
I i ne acf i vates
sefs line 5 to
to answer the

sEcT | 0N 5.

lnnia

I nn i n

8

Y

lnpuf--serial data received by the CR21. Logic low
marking, logic high spacing, standard asychronous ASCll,
even parity, 300 baud.

0ufput--modem enab I e goes h i gh to te | | the modem to
answer the phone.

0utpu+--pr i nfer enab I e,
Pr i nter.

I og i c h i gh act i vates the CR56

Relay contact closure side B. Norma I ly open, closed to
tur n on the cassette recorder.

Re I ay contact c I osure s i de A for cassefte .

Output--serial data transmitted by the CR2'l , logic low
marking, logic high spacing, sfandard asynchronous ASCII
even par i ty, 300 baud.

More than one per i phera I can be connecfed to fhe CR21
simultaneously, but al I canno* communicate af once. lf the cR
is already communicating wifh one of these, it can only De
i nterrupted by the system scan and i nterna I c I ock.

5.3 ACCESSING DATA IN FINAL DATA

Data arrays sfored in final data
keyboard and d i sp I ayed on the LCD
cassette ( xB Mode ) or pr i nter ( x9
these modes, fhe mode (07, 08, 09
a I ong w i th the currenf data I ocat
I ocat i on numbers range from 0-607
po i nt storage I ocaf i ons of the f i

5-4

DATA RETR I E

h igh
low

6

is 3 to
is O to

CR21 9-PIN SU
MINIATURE D-T
SOCKET CONNEC

MEMORY

memory may be accessed via +h
(x7 Mode) or dumped to the
Mode). Upon entering any of

) is displayed in the lD f iel
i on n umber of the DSP. The da
correspondi ng to the 608 dat

na I dafa memory.



sEcTl 0N 5. DATA RETR I EVAL

In either fhe *7 or x9 mode, the deslred data ls accessed by
key I ng i n the correspond I ng data locat ion number and press i ng fhe
4 K"y. Thls actlon loads the repective mode pointer (DPTR, PPTR)discussed In Sectlon 5.1 with the locatlon of the desired data.
It the user-entered data locatlon number does not correspond totl" ueglnning of an output data array, lt is aufomatlcal ly
advanced to the beginning of the next data array. In the x7 or*9 mode, fhe oldest data array in f lnal data memory may be
accessed by enterlng a locatlon number which exceeds the currentlocatlon of the DsP by 1, 1.e., move the respective mode pointer
1 locatlon ahead of DSP.

ff a data locatlon number larger than 6A7 is entered, the
respect i ve mode poi nter defau I ts to I ocat I on 0.

5.4 RECALLING DATA TO THE DISPLAY *7 MODE

The *7 Mode al lows the user to step through stored dafa ln memory
and dlsplay lt on fhe LCD by using fhe keyboard.

Upon enterlng the x7 Mode, the DSP location number ls displayed.
Key ln the deslred data location number as descrlbed In Sectlon
5.3 and press the A key. The flrst reading of the array wlll be
d i sp I ayed as 01 :000X, where x i s fhe number of the output tab I e
that generated the data array.

Presslng the A Key successlvely sfeps through memory towards the
DSP. When the memory read pointer, DPTR, colncldes with the DSP,
a 01: ls displayed fn the lD field, fol lowed by 0000. lf the DprR
is advanced beyond the DSP, the dafa may be meaningless until a
new start of dafa array is detected and the lD field fn the
dlsplay ls reset to 01:.

To locate a particular data array enter a location number that
wl | | posltlon the memory read polnter (DPTR) behlnd fhe desired
data and advance forward (A Key), observlng the day and time. lf
the lnifial guess ls too far off, try again by presslng the B Key
which returns to the starf of the x7 M0DE and enter a nev/
locatlon number.

5,5 RECORD I NG DATA ON THE CASSETTE RECORDER - *8 MODE

The cassette recorder can elther be left in the fleld wlth the
CR21 for contlnuous data recordlng or be taken back periodical ly
to the fleld sltes to dump the data stored in final memory. N0TE:
l) The performance of the RC235 Cassette Recorder ls UNRELIABLE
at temperatures below 0"C; 2) 0nly fTN0RMAL BlAsfr tapes should be
used for record I ng.
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CONT I NUOUS RECORD I NG ON THE CASSETTE RECORDER

Connect the recorder, then run the cassette
I eader i s past the record i ng head. ll/ i th the
ready to go p I ug one end of the SC235 Casse
into fhe MIC and REM0TE sockefs in the recor
i nto the CR21 . Press the REC0RD and PLAY bu
simultaneously fo set i+ for recording. The
because the REM0TE connector is disabling it
connections, enter the xB M0DE and press A.
the 8 in fhe lD field will disappear immedia
seconds, the CR21 wi | | activate the tape rec
rrdummyrr dafa poinfs. The 0 in the lD field w

completion of the dump. lf the cassette did
a | | SC23 5 connect i ons and the RECORD butfon .

Enter the *0 Mode to log dafa. When f inal d

can watch the data on the display as i+ is t
pr i nter port at two read i ngs per secon d . The
cassette will not occur unfil 512 data point
final memory.

The cassette REC0RD i nd i cator, a I i ght or me
the cassette recorder i s record i ng. By us i n
i nc I uded w i th the cassette recorder, you can
as i+ is written to tape. Properly recorded
sounds starting with a frshorfff, high pitched
undulating lower pitchedItblaftr, and ending
high pifched ione.

0ne s i de of a 60-m i nufe cassette recorded i n

about 1 80, 000 data po i nfs . ( No*e: one s i de
cassette recorded in CSI fs original FORMAT I

data po i nts ) . F i gu re 5-3 shows the format of
the CR2'l onto the cassetf e necor de r .

ahead until the t
CR2 1 programmed

tte Connector Cab
der and the other
ttons on fhe reco
tape will not mo

. To test al I SC2
The 0 to the I eft
tely. Within ten
order and wr ite 5

il I return upon
not advance, chec

ata is sfored, yo
ransm i tted to the
output to the

s have been store

ter, should show
g +he small earph

I i sten to the da
data is a sequenc
fone, fo I I owed b

w i th another shor

FORMAT ll, holds
of a 60 -m i nute

ho I ds about 8,00
d ata recor de d t r
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Cufput data identif ier

Cutpuf Table #

2 Spaces

Day

SECT I ON 5. DATA RETRIEVAL

Hour-M i nufe

n^+^va I d

carr iage
line f eed

return

01+0001.
09+ 1 .996

02+00 1

r 0- 1 9 .
1

55
03+2203 .
I I +6999.

05-0.010 06+2.004 07+20.01 0B+0.999

igure 5-3 Typical formaf of data recordeo
f rom CR21 onto cassetf e i n F0Rl4AT | | .

Al | | ines of data except fhe last one in a given array wi | |

contain B data points (78 characters * carriage return and lineteed). The lasf I ine (which may be the only one) may be shorter
depending on fhe number of dafa poinfs in the array.
when refrieving your cassette from the f ield, enter the xB MODE
and press the A Key.'The 0 in the lD f ield will disappear. within
ten seconds any data in the 512 data poinf buffer is fransmitted
to the cassette. The cR21 wi | | nof respond to keyboard entries
whi le the 0 in fhe lD field is blanked out. Upon complefion of
this residual buffer dump, the 0 wi I I return to the disp lay.
whi le in the x8 MODE, the cR21 wi | | sti | | log data and store if
in final memory, but no new dafa wi | | be transmitfed to the
cassette. I t i s now safe to change cassetfes.
Rewind the cassetfe and I isten to it to be sure fhat data has
been recorded. I t someth ing went wrong and no data is on thetape, You can recover- data that is stored in f ina I mernorv us inothe procedure i n the next subsect ion.

Inserf your new casseffe into the recorder and make sure it is
connected properly. Press PLAY and REC0RD simultaneously. lt is
recommended that you execute a frdummy dumpil as described above
to check your connections. Final ly, enter the x0 MODE to loq data

TAKING THE CASSETTE RECORDER FROM SITE TO SITE

lf the 608 data points of final memory wi I I nof be exceeded
between site visits, you need not leave the cassette recorder inthe field. when the site is visited, fhe stored data can betra ns ferred to tape .

04+0.000
12+l000.

)-l



SECT I ON 5. DATA RETRIEVA

connect the tape recorder to the cR21 as descr i bed at the
beg i n i ng of SECT | 0N 5.5. Press the REC0RD and PLAY buttons
simultaneously to set i+ for recording. You are now ready to
transfer f i na I memory data to cassefte.

Enter the x8 MODE. 08: is displayed in the lD field fol lowed by
the DSP location in the dafa f ield. Press the D Key to dump all
final memory dafa to cassette. Upon pressing the D'key, ihe O in
the lD f ield is blanked out. within ten seconds, 512 of ihe 6oB
final memory data points wi | | be transmitted to tape. In the nex
10 seconds, the remaining data wi | | be transmitted. A complete
memory dump may be executed regardless of the number of data
points residing in f inal memory. f'lhen the 0 in the lD f ield is
b lanked ouf, fhe keyboard is inoperative. Upon comp letion of dat
transfer the 0 wi I I refurn to the display indicating +he CR21 is
ready for the next command.

With the CR21 sfi | | in the xB MODE, disconnect the tape recorder
from the sc235, rewind the tape, press the PLAY button and I iste
for good data. lf fhe data was not properly recorded, check al I

cR21 -tape recorder connecf ions and repeat the above procedure.

When f in ished w ith the cassette retur n to the x0 l'10DE. Remember,
the keyboard wi I I be inactive whenever the CR2l is scanning(i.e., colons appear in the center of the data f ield of fhe
display), or when the 0 is blanked out of *he lD field while in
the x8 MODE,

5.6 RECORD I NG DATA ON THE CR56 PR I NTER X9 MODE

L i ke the cassette recorder, fhe CR56 Pr i nter can be I eft e i ther
in the field with the CR21 for continuous recordino or taken to
the field to dump sfored memory.

using the csl Model sc232 Interface,6ny 300-baud printer with a
RS232 l/o port can be used in place of the cR56 Printer. To pu+
the CR56 Printer into operation, connect it to the CR21 with an
sc'l 2 cab le Assemb ly and tur n it on. Each t ime the cRzl stores
dafa in final memory, the da*a will be printed on the printer.

To avoid losing data while servicing fhe printer, enter the x9
MODE. The cR2l wi l l hold data in final memory unti l you hook th
pr i nter back up and enter the x0 M0DE aga i n. Battery dra i n i s
higher in the *9 MODE than in the x0 M0DEr so dontt forget to se
the CR2l back to t(0 bef ore you leave.

lf you can visit the field site before 608 data poinfs have been
stored, you can take the printer with you and dump the data whic
has been stored since your last visit. To dump data, hook the
pr i nter up and enter the x9 M0DE. The curren+ DsP I ocat i on

s-8



number is displayed. Enter the
data (Sect ion 5.3) and press the
dump, hold the # Key down unti I

Enter i ng a data I ocat i on number
I ocat ion of DSP dumps the ent i re

sEcT | 0N 5. DATA RETRIEVAL

location number of the desired
A Key. I f you w i sh fo abort the

09:OXXX. appears on the d i sp I ay .
1 larger than the current
final memory.

5.7 TELEC0MMUN I CAT I 0NS, C0NNECT I ONS, AND pR0T0C0L

The CR21 conta i ns a | | the protoco I necessary to commun i cate over
a telephone line. CSlrs DC10lA battery powered modem connects
directly to the CR21 with the SC13 Cable. lf other commercial
modems are used, CSI ts 5C232 inferface is required between the
CR21 and the modem. 0nce the modem is connected to the CR2'l and
the telephone line, i+ can be dialed up f rom another phone. l+
takes the CR21 about J seconds to answer the phone and 10 seconds
more to reply. When it answers, a carrier signal can be heard
over a conventional telephone receiver. lf no other action is
faken, the CR2l wi | | make the modem frhang uprr after about 45
secon d s .

For fami I iarizafion, it works best to cal I fhe CR21 on a sfandard
phone. Place fhe phone on an acoustic coupler connecfed to a
terminal, then try al I the communication commands from the
keyboard. After the CR21 answers and you have p I aced the phone
on fhe acoustic coupler, the CR21 wi | | sign on with the message
HELL0 fo | | owed by a carr i age retur n, ine feed, and a prompt (x).
A de I ay of about ten seconds i s norma I before the s i gn-on
response.

The CR21 is set up to communicate af 300 baud (30 cps) and
transmit even parity. Each val id command character sent fo the
CR21 is echoed back by the CR21. A command is terminated by
send i ng a carrage return. Upon rece i v i ng the carr i age refurn the
CR21 wi | | echo the carriage re*urn and send a I ine feed, then
execu+e the command. I f the CR21 i s busy do i ng an i nput scan
when you send a character, that character wi I I not be received or
echoed by the CR21. Inval id command characters are not echoed by
the CR21 . lf the CR2'l does not echo a character w ith in 100
mi | | iseconds of when it was sen*, fhen that character was missed
by ihe CR21 and i t shou I d be retransm itted. The comp I et ion of a
command is signified by the CR21 ts sending a carrage return and
line feed followed by a prompt (*).
estab I i shed, hang up and fhe CR21 w

affer 20 seconds.

lf communicaf ions cannot be
ill resume normal operation

Simi lar to the x7 and x9 MODE, the modem pointer is positioned
by sending the data locaf ion number (Section 5.3). The initial
value of the modem pointer is equal fo the data storage pointer
(DSP). When sending a location number, each digit is echoed back
to the sender as i+ is received by the CR21. lf several numbers
are sent, the CR21 uses the last 4 before the carriaqe refurn as
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sEcT | 0N 5. DATA RETR I EVA

the dafa location number. A locafion number which exceeds 639
def aults to location 0. To retrieve all the data in f inal
memory, position MPTR, the modem pointer, wifh a data location
number which exceeds DSP by l.

I n response fo cerfa i n commands, the CR2l iransm its the current
I ocat i on number of MPTR and a checksum. These are formafted onseparate I ine and are preceeded by an L and cr. as shown below.

Carr i age retur n- | i ne feed
Checksum

L 0151 c 1534

The checksum !s formed by adding +he ASCI I value (without parify
of fhe fransmitted characters. Al I characters, including rpu.".
are used in the sum but carriage returns and line feeds are
excfuded. The checksum is inifialized to zero after an
applicable command is received and sums all transmitfed
characters through the last digit of the locaf ion number. The
checksum is Modu lo 8192 such that 819'l is the largest checksum
number and the addition of 1 to this number would yield a
checksum of 0.

The following are valid commands:

0 to 607 P0SlTl0N MEMORY P0 INTER - The dafa location number i
used to initialize MPTR, the modem pointer, to the desired memor
location. lf the memory location specified is not a valid start
of array then MPTR wi | | be advanced to the next val id start of adata array.

A - ADVANCE or DUMP NEXT - Th
next array. After each array
and checksum are transm i tted
use of the A command atfempts
return-line feeds will be pri
checksum.

is command is used to transmit the
is transmitfed, a location number

on an additional line. lf repeated
to move MPTR past DSP, two carriag

nted , fo I lowed by a I ocat i on and

B - BAcKUP - lf a data array musf be re-transmitted, issue the B
command. Afier a carriage return-line feed and prompf (x) arereceived, use A fo re-transmit the array. Several B commands mabe given consecutively to back up several arrays. whereas i+ is
impossib le to advance past DSP with repeated A commands, repeateB commands can back over DSp.

Locat i on number
Spaces
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SECTION 5. DATA RETRIEVAL

C - CURRENT TIME AND DATA - This command causes the CR21 io
output the current time of day and currenf sensor readi ngs in the
fol lowing format:

Tab I e 5-1

I D Data

C COMMAND DATA OUTPUT FORMAT

Description

Saftery Vo I tage
Sensor l
(reading as def ined by the input
tab le )

Sensor 2
Sensor J
etc . throu gh Sensor 9

n

00
01

xxxx T xxxx Julian Day and Time

02
03

XX XX
XXXX

XXXX
XX XX

D - MEM0RY DUMP - This command causes transmission of al I data
arrays from the current MPTR position fo the mosi recently sfored
da*a withouf stopping. l+ can be aborted by manual ly holding fhe
BREAK Key down on the termi na I unfi I the CR21 responds wi th a
prompt. Th i s command i s used for non-aufomated i n*errogation
where several arrays are printed directly to a terminal.
Location numbers and checksums are omitted.

E - END - The E command is used to terminate communication.

@ - This command fransmits the current location of the Dafa
Storage Po i nter ( DSP ) .

HHMMG - This command al lows the user to reset the CR21 Time
Clock. Enter the mi I itary time in hours and minufes, 6s
signif ied by rfHHMMtr, followed by G. When the command is
transmilted, the CR2l clock wi I I reset fo the specified time.
This wi I I lengthen or shorten the current data 0utput Interval.
Data generated by any rraveragingrr0utpuf Programs for that 0uiput
Interval wi | | be unaffected but time dependent data such asrrtotal izerr should be noted.
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SECT I ON 6. MA I NTENANCE

6. I BATTERY L I FE AND SERV I CE

The battery volfage reading is treafed as Input Channel 0 and is
pre-programmed i nto the i nput tab I e. A | | of the output programs
can be used with the battery voltage channel jusf as they can
with any ofher inpuf channel. To display the CR21's baftery
voltage in hundreths of volts (e.9. 1179 = 11.19), enter the x6
Mode, then press 0. Note: the accuracy of this reading varies
from one CR21 fo another. The reading is general ly lower than the
actual voltage and can be in error by as much as 0.5V. The
battery voltage can decay to 9.5V before the CR21 ceases to
f unction. Since volf age on botlr alkaline and lead acid batteries
is an indicafor of fhe amount of charge avai lable, a readout of
this parameter is useful in gaging battery life.

The average power dra in of the CR2'l is 1 to 2 nA when lef t in the
*0 M0DE (data logging) and abou+ 10 mA in any other mode. Eight
alkal ine D-cel ls have a nominal rating of about 7.5 amp hours.
0ne set of eight bafteries contains enough energy to power the
CR21 MICR0LOGGER for periods of four to eight months depending on
the sensors used and data transmission intervals. A set of
D-cel ls starts out at about 12.4 V and can be used down to 9.5 V.
The amount of energy remaining in the cel I is general ly related
fo the voltage reading in this range. You should replace fhe
alkal ine cel ls by the time the CR21 battery volfage reading (*6,
Channel 0 or batiery voltage recorded with an oufput table) is
down to abou+ 9.5 V.

l+ is possib le to change batteries without interrupf ing operation
of the CR21 by hook ing a 12-\ battery to the 12-V and ground (?)
terminals on fhe CR21 panel. This battery wi | | take over for the
internal batteries while they are being replaced.

Figure 6-1 is an exploded view of the CR21. To replace the
batter i esr r€move the four screws on the CR21 and I i ft the pane I

from the case. The eight alkal ine D-cel ls are held in place by
plastic clips and are easily removed for replacement. The
opti ona I sea I ed I ead aci d baitery pack i s mounted to the case
wifh its recharging circuitry.

Two dess i cant packets are I ocated at fhe s i des of the batter i es.
These can be react ivated by warm i ng them in an oven f or 'l 6 hours
at 250" F. Acfive dessicant should be kept in the box to prevent
condensat i on.
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sEcT | 0N 6. MA I NTENAN

F i gure 6-1 Exploded view of
the CR2l MICR0L0GGER
baftery pack and pan

6.2 CR2IL SEALED LEAD ACID BATTERY PACK

The sealed lead acid battery pack, available as an opfion, israted at 2.5 amp hours and is general ly used in appl ications
where the MICROLOGGER is used with AC or solar Dower with baftbackup. This batfery pack should not be drained below 11.76 vbefore rechargi ng, otherwise, permanent damage to the lead aci
cel ls may result. csl wi | | not warranty batteries or cel ls thhave been damaged as a resu lt of a deep d ischarge state. A 1 

,l

V, A/c wall plug recharge unif comes standard tui+n fhe batterypack. The charg i ng current i s regu I afed i ns i de fhe batterycontainer allowing float charging-of the system for A/c operatwith battery backup. The charging circuif is temperature compe

SPECIFICATIONS

Battery: 6 v, 2 AHr s€aled lead acid type (2 each connectedseries for 12 VDC).
Manufactured by: Gates #81 O-001 I X.
charging circuit: Floaf charge with consf ant voltage regu latTranstorrner Power supp ly: ps-7021 by Dormeyer 1zo vnc to 16

VDC at 350 mA max.
0pen Circuit Voltage af Full Charge: 12.95 (typ).
Open Circuit Voltage af Full Discharge: 1j.76'i+yp).
T ime Requ ired to Br ing Baf tery f rom Fu I I D ischarge':

To f ull charge - 40 hours
To 95% fu | | charge - 20 hours

6-2
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SECT I ON 6. MA I NTENANCE

The power input jack is locafed on fhe leff side of fhe battery
pack enc I osure.

6.3 EXTERNAL BATTERY PACKS

Any exfernal 9.5 V fo 13 V supply can be used to power the CR21
i nsfead of the i nterna I batter i es. Hook the exferna I supp I y to
the 12 V and ground (*) f erm ina ls on the CR21 pane | . Even
alkaline cells corrode-after several years, so remove the
iniernal batteries il they wi | | not be used for a whi le.

Even though the average current drain in the CR21 is smal l,
instantaneous currenf f low can reach 'l 50 mA wh i le the PR0MS are
acfivated. Do not run smal I wires long distances to the exfernal
power supply or lead wire resisfance wi | | reduce the effective
supply voltage.

Also note fhat any external 1 15-V power supply musf have good
i so lation between the transformer pr imary and secondary or ground
I oop errors w i I I degrade the sensor read i ngs. Use a Faraday
shielded transformer for best results.

Because fhe average power drain is so low, a smal I solar cel I and
a 2.5 amp hour, external, rechargeable battery wi | | provide an
i nexpens i ve, I ong- | i ved power source.

6.4 CR21 CHECKOUT AND CAL I BRAT I ON

No periodic mainfenance of the CR2l is necessary. We do not
recommend that you try to repair or cal ibrafe the MICROL0GGER.
l+ is smal I enough to be shipped easi ly to fhe factory should a
malfunction occur.

Because of the processing done in the CR21, i+ is much easier to
detect fai lures fhan with standard data loggers. You woul d nof
know if a sensor reading of 1.58 mV is good or bad, but i+ would
be obvious that a nighttime maximum temperature of 115 degrees F

was an error. An error in average wind speed might be harder to
defect.

The best procedure to check
known set of good sensors,
and vo I tage sources. Check
then program the output tab
problems should show up.

the CR21 rs accuracy is to hook up a
or better sfill, calibrated resistors
the sensor outputs in fhe x6 Mode,

I es and record a few read i ngs. Any

The CR21 wi | | work as a voltmeter using Input Program 1 or a
mi | | ivolt meter using Inpuf Program 2. Use the multipl ier and
offset for each channel to scale the voltages to simulate any
des i red sensor oufput.
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SECT I ON 6. MA I NTENA

The display wi I I offen show more resolution than sensor accuraFor example, temperature is displayed to o.0l of a deqree, theresolution of the analog-to-digitai converfer is only-0.05 otdegree, and the accuracy of the sensor is only o.z oi a degree
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SECT I ON 7 . CR21 PROGRAMM I NG EXAMPLE

7.1 GENERAL

The fol lowing dala togging appl ication qutl ines some of the
typical considerafions in producing a sef of doqumenfed
programming forms. The less obvious poinfs are explained but the
usei is referred to the proEram descriptions in Appendix A and B'
general programminE technique in Section 4 and sensor connections
in Section 2 tor additional explanation.

The firsf step in any data logging appl ication is to define the
data needs. For our example, utilize the on-site processing
capabi I ity to minimize the amount of recorded data. The desired
data, fhe sensors and their calibnaiion are compilgfl in the
EXAMPLE DATA LIST. Eleyen types of data from eight sensors are
generated, along with an 1D output, baftery voltage, and a

contro I task.

At this point the I ist should be reviewed to determine any
constra i nts due fo the CR21 or requ I rements i mposed on the i nput
processing by the desired output processing. The following might
be noted:

1 The I eaf wetness, so i I mo i sture and RH sensors requ i re AC

excifation and must connect to Channels 5'1.

The RH i nput proqram nequ i res femperature i n degrges
centigrade on Channel 4 for temperafure compensation.

The pyranometer i s ca I i brated i n un its of power dens ify but
the hour I y energy dens i ty i s to be recorded. The i nput
multiplier must account for the input scan interval in
seconds fo convert kW to kJ.

M = (1 kVt/n2 )(60 s\/8.35 mV --7.186U1/n4 /n\

The I eaf wetness sensor I s wef/dry trans i f i on occurs at
approximately 200 k ohms. Thus, the wet state voltage is 1

to 2 Y, and the dry state is less than 1 V. A single bin
histogram ranging from 0 to 1 V wi I I record the fraction of
the output i nferva I that the sensor was dry. The amounf of
rrweft' +ime may then be comPUted.

2.

1
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SECT 1 ON 7 . CR2I PROGRAMM I NG EXAM

5- The raingage is calibrated for lmm/fip, but rainfall
intensity in hundredths of an inch per l5 minutes is desfrom the Evenf counter Program. A mulfipl ier of 3.g37 isused in fhe input program (1 fip = lmm = 0.03937 in.) toconvert output to hundredths of an i ncn.

F i na I data from the Event counter program i s i nferm ittenlf any rainfall is regisfered by channel 9 in a 15 minuperiod' an independent oufpuf scan, with an rD of 249, iini'tiafed. The output consists of tfielD, fhe fime, and
hundredths of inches of rain that occLrrred in the 15 minper iod.

The water level of an adjacent stream is fo be output ev30 minuies cond it iona I on f he water sur'f ace exceed ing a
g i ven e I evat i on. Note ihat the output i nferva I for iau Iis 2000 minutes. By setting the ou-tput interval greaferthan 24 hours, Table J will execute''only when the watersurface e I evat ion exceedsl the g ivbn e I evat ion.
A itiumperrt wire must be'connected between the designatedoutpuf port (in this case, #1) and lnpu+ port #1. In +hiway, lnput Port #1 wi | | go high when the given wafer levis reached, and the conditionar oufput program (#65) willactivafed. The conditional 0utput program-is followed bythe Samp I i ng Program (50) to samp I e fhe water I evel at +hinterval specif ied by the conditional output program.

6.

7-2



SECT I ON 7 . CR2I PROGRAMM I NG EXAMPLE

EXAMPLE DATA LIST

HOURLY DATA SENSOR SENSOR OUTPUT

I . Rer lerf ive Flum id ity Samp le CS I RH & Temo. %RH (Processed)
Probe

2. Tota I So I ar Energy Silicon Pyranometer 8.35 mV/kW/nz

3. Leaf Wetness H i stogram Leaf Wefness Sensor Dry above 200 k ohm
or less than 1 V

4. Rainfal I Intensify in Tipping Bucket lmm/tip
0.01n/15 min. Raingage

5, Control Cooler in CSI RH & Temo.
response to air temp. Probe

oc

DA I LY DATA

1. Station lD# N/A N/A

N/A
O 

2. Battery Vo I tage Samp I e N/A

3. A ir Temp.--open '! 0 b in CS I RH & Temp. oC (Processed)
h i stogram Probe
15"C: T<35"C

4. Soil Moisture Samole Moisfure Block Nonlinear
res i stance

5. Total Rainfall T i pp i ng Bucket lmm/tip

6. Maximum Wind Speed Switch Closure mph = 1.789F + I

Anemometer (F = counfs/sec)

7. W i nd Speed Rose Above Anemometer & Above
Potent iometer W in d 360 Deo. - 'l V

Vane

CONDITIONAL DATA

1. Water Surface Level Potentiometer Vlater 0 - 2 V -
Level Gaoe 0 - 10 f+.

O The comp I eted programmi ng forms and a samp I e output fo | | ows.
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CR21

NOTE:

EXAIIPLE CRzl. lnput Table (.oding Forrn
Julian Dav 253

1035

Selectinput program numbers from appendix A of the CR21 Operator's Manual. SpeciftT a multiplier (a) and oflset (b) loreach sensor using
EU = aX + b to convert the s€nsor output (X) to engineering units. EU = Final Output Engineering Units. IU : Input Units €.g. volts (V), mi
and counts.

Senrcr Sensor Description and Calibration
Number

Range (EU) Input Program
(V. lvft/, DC Resistance)

Silicon Pyranometer
Max. radiation
<1.3 kW/m2 Millivolr
(V. tvlV. DC Resistance)

Potentiometer Wind Vane
DC Excitatlon

0 to 3600 and Volts
(V. tvIV. f)C Resistance)

Potenliometer Water Level Gage
, DC Excitation

0-10 ft : and Volts

: Program No.

8,3"5- mu/kw/n2

"J-1, z

0-r-_Y--:9-:-o9l

'.2I: 3

o-? _y = o-10 f!
,31:3

(V, ltlv, DC Resistance)

Air Tbmperature --
CSI Mod91 201 RH &

-35oc to 47oc 
;

(V, MV, DC &AC Re-sisbnce)

Relative Humid-ity
CSI Model 201 RH &

15-97 RH

(t. MV, DC & AC Resisrance)

Temperature Probe

Temperature il_\..7..

Temperqture Probe

Relative Humidity j_i-1, 
.S

Pulse counter (4095 counts per scan maximum)
;wano )Deeo --

eontact anemometer

1-45 m/s

Soil Moisture Block -- nonlinear resis-tance
. AC Excitation

0:2V ,andVolts
(V. lWt DC & AC Resistance) 

0
Leaf Wetn_ess Senso-r 1

: AC Excitation
0-2V landVolts

' 
6_1: 5

t6<1V=Dry
to 2V=lnlet

MPH = (1. 789) (counrs/sec)+l
MPH = (0.0298) (counts/min)+l

t

iat, 6 
'. 82, '0133t "' -__

'l tiplmm = 1 ttp/0.03937 in

r Pulse Counts

_ 
Pul99 cgunle1{15 gounts per scgn maximum)

i_.Tipping Bucket Raingage

CAMPEELL SCIENTIFIC. INC.

7-4

93:

52: I

Multiplier
(EU/IU)

360

r2o0 (r2)

kJ /n

13:

Direct
Dggrggg

23:

l:'-t
,.39'

o^

, 43:

ZRH

Volts

63..

. v91!9

' t5.

m/s

&3:

Hundredt
an inch

_lgz, _s2zt



EXA},IPLE CR21 OutputTable Coding Form
Julian day 253

CR2l IDry35__ StartDate (September _1!) _ _ StartTime _,_!?QQ-_LU) __

NOTE: Select output pro$am number and parameters from appendix B of the CR21 Operator's Manual. Output ID numbers l, 2 and 3 identify table

number, diy and time. ID numbers 4 and greater idenhfy data generated by ouput programs. Only positive integers are used to program the output table.

OutputTable Number (7,2 or3) OutputTimelnterval (minutes)03: 60-----

Humidity

--t
I

r-
i Standard llistogram -- closed

3 l=-j nange I Number of Bins

__ j_rnput ,Channel _l ("fosed form)

Leaf Lletness
I

Histogram --
Lower Limit

contin

I of Range

!"_glt_- 99"nt9r ;,- fai-t-
IInput Channel 
'i

Set Point Controller

Input Channel

32: 7

ued from /13

Range (upper-
lower lirnit ) Ltt n

nfall Intensity: Hundredths of an inch/1 5

tim" i"iiba
ginutes

Turn cooler on when air temp.

I output Port
I be activated

['

L.
I

I

I

t-

to

Ortput ID = 249
intermittent )

i N/e
-:-

Iiset Point Controller -- continued
rl

i Activate Limit I Deactivate Limit
li

I
I

from i/6

-r---- ---r^' l*c. l;IJL--_ r-.1. '33: I

i .'-- - -"---*'-.---':"--

iqr, 1,e2, ,-. Jrr, _ I

(n^ cAMPBELL sc/ENTtFtc, tNC.
J Looan. Ulah

Output IDNo.

91

t-)



EXA}IPLE CR2l Output Table Coding Form
Julian day 253

cR21 ID -l-qf,s-, start Date -*G-egtenbei r-ol . , _ start Time 120Q G2)
NOTE: Select output progam number and parameters from appendix B of the CB2l Operator's Manual. Output ID numbers l, 2 and 3

number, day and 6me. ID numbers 4 and greater identify data generated by ouput prograrns. Only positive integers are used to program the

OutputTableNumber'(l,2or3) 
-2 --- OutputTimelnterval(minutes)m. 1440---

I table
table,

I 

-i"", 
I ou*u, Program and Data Description

| trntry I

| 
*:l earlm 1 descrip. Param 2 descrip.

| , I Fixed Data -- Ourpur CR21 ID Number
lrl r

i _ j_ron11rer l

-l---
I I Sample -- Battery Voltage (Volts)- | -.

I

I Input Channel 
;

I

o I Standard Histograme j-nange- 
ii Input Channel 
;

| ^ i Histogram -- continued from /i3
I 

* j t oweit Limit Range (uppei-
t j q! Range lower limir)

l- - I ,"'ole -- soil
l'l--
i__, _1_1"_!". Channel

Output I

Program No

Temp. Hi.stogram l0 Bins 4 throu-- open
1000 { numbei of
bins (open form)

Moisture (Volts)

in hundreths of an inch6

, I Maximize -- Maximum Wind Speed'll
_l _tnq"_l channel j

l-

t L [e_i_Chred 
Histogram Wind Speed Rose in n/;

on sect

llistogram -- continued from /18

Lower Limit
_ol-&atce*-

C^ cAMpBELL sctENTtFtc, tNc.
t Logan, Utah'" 7-6

12: 1035

31: 55

6I: 52

77: 53

l_l



EXA},IPLE CR2l Output Table Coding Form
Julian day 253

CR21 ID 1035- StartDate- {S-epfeqber tO - - StartTime ,- 1200 LI2) -

NOTE: Select output progam number and parameters from appendix B of the CR21 Operator's Manual. Output ID numbers 1, 2 and 3 identify table
number, day and time. ID numbers 4 and greater identify data generated by ouput programs. Only positive integers are used to program the output table.

Output Table Numb et (7,2or 3) 3 Output Time Interval (minutes) 03: 2000 
- -

Table 
I Output Program and Data Description

trnIry | ------ l

Output lD No

lr

| - 1 ConditionalOutput
I it t- ^ .- _| - | Output Interval i

l_ I in Minutes Ourpur Arrqy ro j-11: ut

er Level in ft.

r-2

32: 30 33: 100

Wat

nnel

F]
FI i

CAMPBELL SCIENTIFIC. INC.
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SECT I ON 7 . CR21 PROGRAMM I NG EXAMPLE

7 .2 PARAMETER PASS I NG PROGRAM EXAMPLES

EXAMPLE 1: Heat Flow

For a hot water heat system, the average heat franster rafe is:

T = K(tFi(THi-TRi) )/N

Where !- = Average heat fransfer rafe
K-Aknownconstant
Fi = Water flow rate
THi = Hot side water temo.
TRi = Return side water femo.
N - Number of input scans per CR21 output inferval
i - ith input scan

The average heat transfer rafe can be monifored directly by using
both fhe I ntermed i ate X-Y and I nfermed i ate XxY 0utput Programs.

Assume: Channe | 1 mon itors hof s i de water femo. (TH )

Channel 2 nonitors refurn side water temp. (TR)
Channe I J mon itors f I ow rate (F )

All input programming has been entered

0utput may be in any table at desired output interval.

OUTPUT PROGRAMM I NG FUNCT I ON

Program # 66 |ntermediate X-Y Program leaves THi-TRi in
internal Channel 11

Parameter 1 1 TH Channel Number
Parameter 2 2 IR Channel l.lumber

Program li 68 Intermediate X*Y Program outputs the average
FX(TH.TR)

Parameter 1 3 Flow channel number
Parameter 2 1l (TH-TR) internal channel number

At the end of the oufput i nferva l,

N

(r Fi(TtJi-TRi))/N
i=1

is outpui by Program 68. ltlote f hat Program 66 w i | | a lso
oufput the mean (TH-TR ).

1^t-Y



SECTION 7. CR21 PROGRAMM I NG EXAMP

EXAMPLE 2z lV ind Power Rose

W i nd power may be expressed as

P = KSt

Where P = Wind power
g = Wind speed
K - Proportional ity factor

!ila power from a_given number of direction sectors may bedeterm i ned us i ng 0utput programs 6B and 55.

Assume: Channel 1 monitors wind direcfion
Channel B monitors wind speed
A | | i nput programmi ng has been entered

c 
Output may be i n any tab I e at des i red output I nterva

OUTPUT PROGRAMM I NG FUNCT I ON

Program #

Parameter
Paramefer

Program #
Parameter
Parameter

Program #

Parameter 1

Parameter 2
Parameter J
Parameter 4
Parameter 5

6B I ntermed i ate X*y program I eaves f i n
internal Channel |0

1 B !'l i nd speed channe I number
2 8 Wind speed channel number

68 Xfy = S3 is leff in infernal Channel l0
1 10 St channel number from previous program
2 I Wind speed channel number

55 C I osed, we i ghted va I ue h I stogram program;
wind direction is fhe range channel, 8
sectors; windspeed cubed in Channel l0 is
we i ghted va I ue channe | .

1 l{ ind d irect ion channe I number
8 Number of d i rect i on secfors

1 0 We i ghted va I ue channe I number (S3 )0 Sfart po i nt of d i rect i on
360 Ra nge of d i rect i on

Af the end of the oufput interval, each of the g sectors whichcontain a corresponding sum of wind power, is divided by the
number of inpuf scans per output interval. In this manner, easector is proportional fo the average windpower which occurredthat sector over the ent i re output i nterva | . Note thaf the f iProgram 68 will oytput the mean s' and the second program 6g woutput the mean S- .

7-l 0



APPEND IX A

INPUT PROGRAM L IBRARY

PROM 266

THE FOLLO!'lING INPUT PROGRAMS I^/ILL BE EXECTJTED ACCORDING 'IO THE
ENTRIES MADE IN THE INPUT'IABLE (X4 MODE) OF THE CR21. EACH
ENTRY I N THE I NPUT TABLE I NCLUDES THREF- PARAMETERS AS FOLLOWS:

Parameter 1 - Input Program Number
Paramef er 2 - 14u lt io I ier
Parameter 3 - 0ffset

A MORE DETAILED DESCRIPTION OF INPUT PRCGRAMMING IS FOUND IN
SECT I ON 4.2 OF THE MANUAL.

I NPUT PROGRAM SUMMARY

PROGRAM NUMBER PROGRAM NAME

1

I
1

4

6

8

DC Volfs
DC Mil livclts
DC Volts with excitation
DC M i | | ivo lts rv ith exc itat ion
AC Volts with excifation
Pu lse Counts
Temoerature (Model 101 Probe)
Relative Hurnidity 5th 0rder

( Mode | 201 P robe )

Relative Humidity with selection
of comp. temperafure channe I

( Mode | 201 P robe )

Temperature (Mode | 102 Probe ) for
5 deg. C to 95 deg. C range.

THE NEXT FEW PAGES G I VE DETA I LED DESCR I PT I ONS OF THE ABOVE
PROGRAMS.

'l 0
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Program Number

Input Range --
Reso I ut i on --

INPUT PROGRAM LIBRARY

****

1

DC VOLTS ****

-.2 volts to +2.5 volts
+] millivolt

Execution Sequence and Timing --
An auto-zero measuremenf i s made by i ntegrat i ng +he i n

signal with the input effectively shorted for
milliseconds. Then the inpuf is connected to
appropr i ate channe I and a measurement i s made by i nfegrat
f haf s igna I f or 100 rn i | | iseconds. Next the auto-z
measurement is subtracted from the signal measurement
the result is multiplied by the user-enfered mulfiplier
added to the user-entered of fset, then stored for process
by output programs.

lt*** DC MILLIVOLTS **ttr

Program Number 2

lnput Range -- -2 millivolts'fo +25 millivolts
Reso lut ion -- +5 microvolts

Execution Sequence and Timing --
An auto-zero measurement is made by infegrating fhe in
signal with the input effectively shorted for
milliseconds. The i nput i s then connected to
appropr i ate channe I and a measurement i s made by i nteqrat
that signal for 200 milliseconds. The autc-zero measurem
is then subtracted f rorn the s igna I measurernent and
result is multiplied by +he user-enfered mulf iplier
added to the user-enfered offset then stcred for Drocess
by ouput programs.

Rev.No. lM CR21 APXA-4
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I NPUT PROORAM L I BRARY

ft******tt

Program Number

I npuf Range

Reso I ut ion --

Program Number

Input Range

Resolution --

DC VOLTS W I TH EXC I TAT I ON

3

-,2 vo lis to +2.5 vc lts

+l millivolt

Execution Sequence and Timing --
The 2 volt (referenced to analogJ comiTrDfi) DC excitafion
output on the CR21 pane I i s sw i tched on fhen an aufo-zero
measurement is made by infegrafing the irpr.lt:;ignal wifh -l-he
input ef f ectively shorted f or 100 milli:jijcon,,,s. Next- 1-he
input is connected to the appropriat,-" c!'ronn.,l anJ a
measuremenf is made by infegra'fing tha'i siqnal for 100
milliseconds. The auto-zero measurement is fir en subtracted
from fhe signaI measurement and -fne resu lt is mu ltip I ied by
the user-entered multipl ier and adrled to thtr uEer-en'fered
of fset then stored for processing by output prograrns. hlhen
more programs than one us i ng DC exc i tat i on are executed
consecufively, the excifation sta',rs on unti I ffre' last one is
comp I eted.

I(*t(* DC M ILL IVOLTS |,J ITH EXC ITAT ION **t(*

!

-2 millivolis

+_5 rnicrovolts

tc; +2\ rnillivoiis

Execution Sequence and Timing --
The 2 volt (referenced fo on6l6!'l comir,cn) DC excitafion
oufput on the CR2'l panel is swifchrrd :)n l-hen an auto-ze..c
measurement is madr: by integrar ing +ho: i nput s igna I w ith f 'reinput elfec*ively shorted for 200 millisccr)nds. The input
is connectr-'C tr> l-ire appropriaie channel ,anrl a rneasurement is
made by irrfeqraf ing fhat signal lor 200 rnilliseconds. r,1e
auto-zero measurement i s ihen subtracted from the s i gna I

measuremenf and the resu lt is mu lt ip I ied by the user-enier-ed
mu I t i p I i er and added to the user-entered of fset then stored
for processing by cufput programs. l,rlhen more programs ihan
one using Dc excitation are executed consecutively, the
excitation sfays on until the lasf one is complefed.

Rev . flo. I M CR 2l APXA-4 A-3
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ill
ltl
tl

INPUT PROGRAM LIBRAHi]

tl

**** AC VOLTS ll,l ITH EXC ITAT tON **** | i

illl
l1

Prosram Number t l] ]

lnput Range -.2 volts to +2.5 vorts peak ro peak measrflllo
w if h respecf to ana log common (channe ls 5, 6, and z on tll,tr lli.
See Section 2.4 in the manua l f or detai ls on AC measuremeij+].

tl
Resolution +1 mi || ivott l] ]ti
Execution Sequence and Timing ll l]The 4 volt (referenced to analog cornmon) AC excita+liNljnqgtput on +he CR21 panel is switched on for 400 millisecol"ldls

and an auto-zero measurement is made by infegrating |tlnl]e. inpuf signal with the input effectively shor-ted for il0lomilliseconds. Then the input is co--nected to ltitll"appr.cpriate channel and a measurement is madr: by integratlilnllg
that sign;ll fcr 100 milliseccnds. The aufo-zero measu.ern$nlit
is fhen sirbstracted f rom the signal rneasurement and ltlt't]l*resulf ir; multiplied by tlre user-en+,.,.red ''r,.rltiplier H'tr]aadded fo !-hi: user-en*ered of f set then :tore,J f or processli r]g
by oufpuf programs. when more pro!lrails thrrr one using l1,A]icexcifation are executed consecutively, the rrxcitation itfyls
on until the last one is completed. | ]tl

tl
tl
illlr(*r(* pULSE COUNTS nn** ll ]lltlProgramNumber u llil
tl

I nput Range -- L im ited by the cou nt range of the .r'unHdlrused. channe I B has a range of 40gi counts per minute Hd]oChannel t has a range of 1i counfs per minute. ll ]

Execut ion Sequence and T im ing ll l]Each time the inputs are scanned, the count from I'tin]]"
se lected channe I is mu tt ip I ied by the user-entef{!]dmultiplier and added to the user-entered offset. The res[:ltl+
is stored f or later use in output process ing. rmmed iat$ l]y
affer the counf is scanned, the counter is electronicaltlt]]y
reset by a 4 rnicrosecond pu lse. I I

tltl
tl
l1
tl

llli
|lll

Rev.No. lM CR21 APXA-4 
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****

I NPIJT PROOPAI'4 L I tsRARY

TEMPERATURE (MODEL 1 O1 PROBE ) ***rf

Program Number

Sensor Type
An equ i va I enf
diagram of F

Model UUT5lJl

I npui Un i ts --
Inpuf Range

Input Resoluf ion --

7

CS I Mode I

can be
igure 2-6 i
Therm i stor

Cent igrade

-40 deg. C

1 01 Therm i sfor Probe
construcfed according
n fhe manua | ',vhere Rs
and R2 is a 249k .5/,

Degrees

to +60 deg. C

or equivalent
to th e top

is a FENWAL
res isfor.

Curve F it

Temperature

-40
-20

.\\-/

ZIJ

4L)

60

Error --

( deg. C )

Range (deg. C)

-40 to +55
-35 to +47
-1 0 to +45

Resolution (deg. C)

''t 
^

. t.) t.) |

.04

.0 45

.12

Error (deg. C)

T.rs
+.Og

Execufion Sequence and Timing
The 2 volt (referenced to analog common) DC excitation
output on the CR21 panel is switched on then an aufo-zero
measurement is made by infegrating +he input signal with the
inpuf effectively shorted for 100 mi | | iseconds. The input
ls then connected to the appropr i ate channe I and a
measurement is made by integraling that signal fcr 100
m i | | iseconds. The auto-zero meastJr,:ment is then surbtracted
from fhe signal measurement and the result is used in a 5fh
order polynomial to compensate for the nonlinearity of fhe
thermistor bridge circuit. This value (now in degrees c) is
mu ltip I ied by the user-entered mu ltip I ier and added to the
user-entered offset then stored for process i ng by output
programs. when more programs fhan one usi ng Dc excitation
are executed consecutively, the excitation stays on until
the last one is comolefed.

Rev.No. lM CR21 APXA-4 A-5



I NPUT PROGRAM L I BRA

**t(l( RELAT I VE HUM I D I TY--5TH ORDER (MODEL 20 I PROBE )

Program Number B

sensor Type csl Modet zol Rerative Humidity probe
equivalent. An equivalent would consist of a thermisprobe as descr i bed u nder Program 7 and a pHys-cHEM REsEA
Model PcRc-11 Sulfonated polystyrene Humidity sen
connected as shown i n F i gure 2-8 of the manua I where R 1

R2 are 1 0k 1% res istors.
Limitafions

Channe I

The thermistor circuit has to be connected
and the humidity sensor can only be used w

Input Units --
Input Range

I nput Reso I ut i on

channel 5,6, or 7. channel 4 has to be programmed to in
temperature in deg. c. lf more than one humidity sensorused, the femperafure correction will still come from
sensor on Channel 4. This correction affects the f i
va I ue of hum i d i ty by .36% per deg. C.

/" relative humidity

10/" fo 95% relaf ive humidity

better than .5% re I af i ve hum i d i fy
Curve F i+ Error +1% f rom 14/" f o 94/", +3/" f rom 114, to 1OO/,

Execution Sequence and Timi ng --
The 4 volt (referenced to anarog common) Ac excitati
output on the cR21 panel is swifched on tor 400 mi | | iseco
and an auto-zero measuremenf i s made by i ntegrat i ng
input signal with the inpuf effectively shorted for r
mi | | iseconds. The i nput i s then connected to
appropr i ate channe I and a measurement i s made by i ntegrat i
that signal for 100 milliseconds. The auto-zero measurem€
i s then subtracted from the s i gna I measurement and
resu lt is used in a 5tr h order po lynom ia I to cornpensate t
circuit nonlinearity. The linearized value for humidity (

i"l i s fhen corrected for temperature us i ng the va I ue
temperature in deg. c from channel 4. The corrected val
is then multiplied by the user-entered mulfiplier and add
fo the rJSer-enfered of f set before if is stored f
process i ng by output programs. \{hen more programs than
using AC excitation are execufed consecufively,
excitation sfays on until the last one is comDleted.

R,ev.l"lo. l14 CR21 APXA-4



*** *

INPUT PROGRAI,I L IBRARY

RELAT I VE HUM I D I TY..W I TH SEPARATE TEMP. CH. **ttft

Program Number 9

This program is idenfical to
channe I used for temperafure
or 4 where humidity is being
respectively.

***)r

Program Number 1 0

program 8 except that the i npuf
compensation is channel Z, 3,
measured on channel 5, 6, or 7

TEMPERATURE -. 102 PROBE ****

Th is program is the same as prograi'. 7 except f hat thepolynomial coeff icients are sef fo optinize accurilcy in therange befween 5 and 95 degrees c urith +he mcdel 102 orobe.wifhin this range, linearization error is less that .'l
degree c. A+ 100 deg. c. the linearization error is -.3deo. C.

Rev.No. lM CR2'l APXA-4 A-7





APPEND IX B

OUTPUT PROGRAM LIBRARY
PROM 266

THE FOLLOWING OUTPUT PROGRAMS WILL BE EXECUTED ACCORDING TO THE
ENTRTES MADE tN 0UTpUT TABLES 1, 2, AND/0R I 0F THE CR21.

OUTPUT PROGRAM SUMMARY

PROGRAM NUMBER PROGRAM NAME

qn

F1

)t
53
54
55
56
57
58-59
60
61
62
63
64
65
66
67
6B
69
70
71
7 2-73

sTogram
n d ve ctor

Sarnp le
Average
Tota I i ze
Max im ize, T ime of lv1 ax imum
14 in im ize, T ime of M in imum
H

l/t

SPEC I AL KEYBOARD FUNCT I ONS

Manua I Scan

THE NEXT FEW PAGES G I VE DETA I LED DESCR I PT I ONS OF THE ABOVE
PROGRAMS.

xD

Event Counfer Program
Set Po i nt Contro | | er
Ti med Port Turn 0n
Sfandard Dev i at ion
F i xed Data
T i me of I nput Dorf Change
Fast Cufput (10 to 30 sec)
Conditional 0ufput
I ntermed i ate X-Y
I ntermed i ate I n put Port Statu s
I ntermed i ate X*Y
I ntermed i ate X/V
Average Cubed Wind
Vapor Pressure / Yapor Pressure Def icit
Grow i ng Degree Day s

Rev. No. I M CR21 APXB B-1



FUNCT I ON

Store
in the

fhe sensor readi
output table is

ng when the output
reached.

OUTPUT PROGRAM

t(*lf* 50 SAMPLE **tt*

IBRARY

nf erva I soecif i

**** 51 AVERAGE ****

F UNCT I ON

Average the one-m i nute read i ngs over the per i od spec i f i ed
the outp u* tab I e.

OUTPUT PROGRAM NUMBER
PARAMETER 1

PARAMETER 2

OUTPUTS GENERATED
I NTERMED I ATE SIORAGE

OUTPUT PROGRAI,4 NUMBER
PARAMETER 1

PARAMET:R 2

0UTPUTS GENI:ttATEl)
I NTERMED I AT: STORAGE

FUNCT ION
Tota I i ze
specified
terms of

50
I NPUT CHANNEL NUMBER
N.A.

1

1

51
I NPUI CHANNEL NUMBER
N.A.

1

,l

**** 52 TOTAL I ZE l(***

the one-m i nute read i ngs over the t i me per i od
by the outpuf tab I e I f the sensor i nput i s

EU/ninute (e.g., Langley/ninufe), the output wi

Rev. No. IM CR21 APXB



OUTPUT PROGRAM LIBRARY

the integrated value (e.g., Langrey). lt the sensor inpuf isnot a function of time (e.g., temperature), the outpuf wi | |be the sum of fhe one-m i nute read i ngs.

The I argest number that can be oufput i s 699g. I f the sumof the one-minute readings wi | | exceed this number, changethe multiplier in the input tabre to generate smallerreadings. For exarnple, instead of integraf ing joules permefer squared, i ntegrate k i I ojou I es per meter souared.

r(*t(* 53 MAXIMtZE, TtME 0F MAXTMUM tf*xtt

FUNCT I ON

Output the maxi mum va I ue of the one-m i nute read i ngs andforthe t i me the maxi mum occured on any i npuf channe I dur i ng thetime inferval sPecified in the output table. The maximum isreset to the i nstantaneous read i ng on the f i rst scan afterthe output i nferva | . Both the maximum and fhe t ime arereset fo the current value on the first scan after theoutput i nterva | . Depend i ng on fhe va I ue of parameter 2, theoutputs generated may be one or two. when both maximum andtime are oufpuf , f he maximum wi | | appear f irst, f ol lowed byt ime. The t ime is output as HHI\4M where HH is hours and MMis minutes.

OUTPUT PROGRAM NUMBER
PARAMETER 1

PARAMETER 2

OUTPUTS GENERATED
I NTERMED I ATE STORAGE

OUTPUT PROGRAM NUMBER
PARAMETER I
PARAMETER 2

OUTPUTS GENERATED
I NTERMED I ATE STORAGE

52
I NPUT CHANi\EL NUI'4BER
N.A.

I

1

53
INPUT CHANNEL NUMBER
O FOR MAXIMUM ONLY
1 FOR BOTH MAXIMUM AND TIME OF MAXIMUM

10R2
1

Rev. No. I l"l CR 21 APXB B-f



OUTPUT PROGRAM LIBRA

54 MINIMIZE, TIME OF MINIMUM x***

FUNCT I ON

0ufput the minimum value of the one-minute readings and/othe time the minimum occured on any inpuf channel duringtime interval specif ied in the output table. The minimumreset to the i nstantaneous read i ng on the t i rst scan aftethe output inferval. Both fhe miiimum and the time arereset to the current value on the first scan after theoutput interual. Depending on the value of parameter 2,outputs generated may be one or two. when ub+n m i n imumtime are oufput, the minimum will appear f irst, followedtime. The time is outpuf as HHMM where HH is hours and Mis minutes.

***I

OUTPUT PROGRAM NUMBER
PARAMETER 1

PARAMETER 2

OUTPUTS GENERATED
I NTERMED I ATE STORAGE

t(***

54
I NPUT CHANNEL
O FOR M IN IMUM
1 FOR M IN IMUM

t0R2
I

NUMBER
ONLY
AND TIME OF MINII'4UM

55 STANDARD AND l.lEIGHTED VALUE HISTOGRAM ****

FUNCT I ON
Process input data as either a stanclard histogram (frequen
disiribution) or a weighted value histogram.
The sfandard hisfogram outputs the fraction of time that tinput channel is within a particurar sub-range (bin) of +htotal specified range. This form of outpuf is also referrto as a frequen cy d i str i but i on.

The weighted value hisfogram requires 2 input channels andsums the readings from the weighted value channel that occwhile the range channel is in the corresponding sub-range(bin). The range channer is used to determine the bin int
wh i ch +he concurrent read i ng of the we i ghted va I ue channe Iis accumulated. A+ fhe end of the outpu+ interval fhevalues accumulated in each bin are divided by the total
number of i nput scans fo obta i n the output va I ues, i .e., thoutpufs are the aver age over the tofa I number of sca ns i nthe oufput i nferva I .

Rev. No. IM CR21 APXB



OUTPUT PROGRAM L IBRARY

In order to obfain the mean of the weighted value channel
readings that occur while the range channel is in a
part icu I ar subrange, one must a I so output the standard
Histogram (frequency distribution) of the range channel.
This can be shown formally:

N
I

i s the tota I number of scans i n the 0utout I nterva I

is the number of scans when fhe range channel is in
particular subrange

is ihe weighted value output for fhat subrange
i s the standard h i stogram outpuf for that subrange
i s fhe mean of the we i ghted va I ue read i ngs occurr i ng

in that subranqe.

Then J

T.= t Wi/N

W

Y

x

x

x=

Sfart po i nf

Range

Number of bins

J
t I^1. ll!r'1,'v

I-|

| /l\l

- r^-

For ei'flrer his'l-oEram, fhe user mr.1st spe::ify: 1) the range
input channe | , 2) 1'he tota I ranqe f he h isfrrgram b ins are to
cover', 3\ the starf value (lower limif of the range), 4)
the number of bins info which fhe ranqe is dividerJ.

lf a second inpuf channel is selecied, flre weighte<J value
histogram is executed.

At the userrs option, the hisfogram may be either closed or
open. The open form includes all values below the s.!-art
value in the f irst bin and all values above tho ranqe in the
l ast b i n. The user adds 1 000 to fhe number of b i ns entered
to obtain *his form. The closed form is obiained by
entering only the number of bins. Wi+h the closed form,
range values fal I ing outside the hisfogram range do not
contr i b ute to th e oufp ut.
The difference between the closed and open form is shown in
the fol lowing example for temperafure values:

Range

Range

of

of

10 deg. C

20 deg.

10

Closed Form

first bin 10 to 11.99

last bin 28 to 29.99

0pen Form

< 12 deg.deg.

deg.

Rev. No. lM CR2l APXB B-5



OUTPUT PROGRAM LIBRA

The most common use of a c I osed form we i ghted va I ue
histogram is the wind speed rose. lt'lind sPeed values (+h
weighted val ue channel ) are accumul ated into correspondin
direction sectors (direction is the range channel ).

Each histogram bin uses one of the 64 storage locations
avai lable in the CR2l. lf a 64 bin hisfoqram were execut
no other output program cou I d be used.

OUTPUT PROGRAM NUMBER
PARAMETER 1

PARAMETER 2

NEXT OUTPUT PROGRAM NO.

PARAMETER 1

PARAMETER 2

OUTPUTS GEN ERATED
INTER14ED IATE STORAGE

**tc*

FUNCT I ON

0ufpuf i n order:

55
RANGE I NPUT CHANNEL NUMBER
NUMBER OF BINS (CLOSED FORM)
NUMBER OF BINS + IOOO (OPEN FORM)

O FOR STANDARD H I STOGRAM OR CHANNEL
NUMBER FOR WE I GHTED VALUE
LOl/'lER LIMIT OF RANGE OR START POINT
RANGE (UPPER LII'4 IT - LOWER LIMIT)

NUMBER OF BINS
NUMBER OF BINS

56 W I NDVECTOR *l(**

leave the windspeed sample in
d irection samp I e i n uni ts of

1. Mean windspeed (units are speed).

l'1ean windvector magnitude (units are speed).

Mean windvector direction (units are degrees).

Standard deviation of direcfion (units are degrees).

t.

4.

The input programming must
un i fs of speed and the w i nd
degrees.

OUTPUT PROGRAM NUMBER
PARAMETER 1

PARAMETER 2

OUTPUTS GEN ERATED
I NTERMED I ATE STORAGE

56
W IND SPEED
WIND DIRECT

NPUT CHANNEL NUMBER
ON I NPUT CHANNEL NUMBER

4 (as above)
4

Rev . No. IM CR21 APXB



OUTPUT PROGRAM LIBRARY

CALCULAT I ON OF QUANT I T I ES OUTPUT BY W I NDVECTOR

Figure l.

I n the above f i gure, the short, head-to-ta i I vectors
i nput samp I e vectors descr i bed by S i and 0i , the
speed and d i rect i on. A+ the end of output i nterva I

sum of the samp I e vectors i s descr i bed by a vector of
magnitude U and direction 5. lf fhe input sample
interval is t, the number of samples in output
interval T is N =_T/t. The mean vector magnitude,
is recorded, where U = U/N.

0utput 1 : Mean windspeed (S)

N

= [Si/N
i=1

0utput 2z Mean w i nd vector magn i tude t U I

6r+tT
y are def ined as

EAST

5

are the
samp I e
r, the

U,

Where f

[J=

and

N

a - rsi Sin (oi)/N;
i=1

(Figure 2)

N

= tSi Cos (0i)/N
i=l

Y

NORTH
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OUTPUT PROGRAM LIBRARY

Figure 2.

0utput 3z Mean wind vector direction tEt

e = arctan (V/r)

Where the range is 0 < e < j6O degrees.

0ufpuf 4: Standard devialion of direction about

o (0) = 8l ,n -\/t
The algorithum for o(€) is deveroped by notingthat

e

(Figu

1) Cos (0i') = Ui/Si; where Oi' = 0i - e.

Figure 3.

The Tay I or Ser i es for
terms i s:

2) Cos (0i.) =

Rev. No. lM CR2l APXB
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OUTPUT PROGRAM LIBRARY

For dev i at i ons I ess than 40 degrees, the error i n th i s
approximation is less than 1%. At deviations of 60 degrees,
the error is 101 .

The speed samp I e may be expressed as the dev i at i on about the
mean speed,

3) Si = Si- +3

Equat i ng the two express i ons for cos (e ') ( I and 2) and us i ng
3 tor Si;

I - (ei')2/2 = uil(Si' + S).

Sof ving for (gi')2, one obtains;

. (ei')2 = z - 2ui/s - (ei't2si-/s + 2sf /a.
Summing (ei-) over N samples and dividing by N yietds
the var i ance of e. Note thaf fhe sum of the I ast term
equals 0.

o(0) = (t(ei, )2/Nl'< and o(e) = (Z(l - [tSll\

have never been greater than a few degrees.

The final form is arrived at by converting from radians to
degrees (57 .296 degr ees/ rad i an ) .

d(e) = (2(1 - u Gll'e = Bl(t -trtlt\

? N ) -- 
N t(o(0))- = x (ei' )-/N = 2(-UlSl - r((ei' )' Si'),/NS

i=l i=l

The term, I((ei')2 Si')/Nt, is 0 if the deviations in speed
are uncorrelated with the deviation in direction. This
assumption has been verified in tests on wind data by cSl;
the Air Resources Laboratory, N0AA, ldaho Fal ls, lD; and
MERD l, Butte, MT. I n these tests, the max imum d i f ferences
in

Rev. No. lM CR21 APXB e-9



OUTPUT PROGRAM LIBRdh

**** 57 EVENT COUNTER PROGRAM **** I

FUNCT I ON
Record fhe number of counts (or the equivalenf value due 

lt<an input murtiprier other than r ) f hat occur durrng a uselrfentered time infervar on either channer g or 9. rf"no i.pl,lroccurs during +he time intervar, there is no output.-Th;;llprogram is designed to record rainfar I intensity. 
I

The time period is specif ied in minuies and has a range o[J1-60. Time periods which exceed 6o are automaticary 
Idefaurfed to 60. The time period shourd divide evenry intp

i: ;;:.:"ll"n:;::.", auromb+ i." r r v synchron i zes rhe per i ofl

An !D of either Z4g or Z4g is eurput for Channet g or 9 
|

:::l:::i:.'r, fo,owed by rhe rime and rhe rorat counrs *+,|"

OUTPUT PROGRAM NUMBER 57
PARAMETER 1 I NPUT CHANNEL NUMBER 8 or 9 

|PARAMETER 2 TIME PERIOD IN MINUTES I

OUTPUT GENERATED ] OR NONE IF NO COUNTS OCCUR III NTERMED I ATE STORAGE I I

**** 58 & 59 SET PO I NT CONTROLLER 4 PORT **** I

FUNCT ION
Turn on one of f he f otlr output ports when a sensor input llrises above a set I imit, and turn fhe port off when the 

Isensor input drops berow a second rimit. The input channelfnumber, outpuf port numDer, upper, and I ower I i m i ts are Ientered as paramefers i n fwo consecut i ve oufput o."n;;;=. I

The upper and rower rimits musf be enfered as posifive, 
Iinteger numbers between r and gr91, i.e., the minimum varu$for the rower threshord musf be "qr"r to or greater than rl.[Scale the.sensor input channer to rocafe the d".;;;r:"';".1'lexamp I e, fo tur n fhe port on af 2g.5o c and of f ui zi. r:";f[use a murtiprier of 'r 0 wiih Inpuf program 7 for temperatr;H.Enter 285 and 262 as the set points for the output programI

This program can be used up to four times in any or a, of l]fhe output tab I es. For examp I e, you cou I d w i re up four llI ights to dispray a bar graph of i.rperature using the 
Ioutput program four timei w'ifh different set points. 
I

Rev. No. lM CR2t APXB 
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OUTPUT PROGRAM LIBRARY

FIRST OUTPUT PROGRAM # 58
PARAMETER 1 INPUT CHANNEL NUMBER (0.9)
PARAMETER 2 PORT NUMBER ( 1 -4 )

SECOND OUTPUT PROGRAM # 59
PARAMETER 1 UPPER LIMIT (INTEGER NUMBER, 1-8191)
PARAMETER 2 LOWER LIMIT (INTEGER NUMBER, 1-8191)

OUTPUTS GENERATED O

I NTERMED I ATE STORAGE O

**n* 60 TIMED PoRT TURN 0N ****

FUNCT I ON
This program turns on any one of the fouc oufput ports a
user entered number of minufes and seconds before the end of
the output interval. A fypical use would be to turn on the
f an of a ventilated psychrometer for a period of time bef ore
an hourly wetbulb reading is taken. The port is turned off
at the end of fhe output i nterva | .

lf the cR21 scan rafe is one minute, enter only minufes (oo
for seconds) into Parameter 1. lf the CR21 scan rate is 1O
secon ds, both m i nufe and secon d va I ues may be entered i nto
PARAMETER 1, however, the seconds value must be a murtiple
of 1 0.

OUTPUT PROGRAM NUMBER 6O
PARAMETER 1

PARAMETER 2

OUTPUTS GENERATED O

I NTERMED I ATE STORAGE O

MMSS TIME BEFORE OUTPUT TO TURN ON
PORT IN MINUTES AND SECONDS
PORT NUMBER (1-4)

Rev. No. lM CR2l APXB B-11



OUTPUT PROGRAM LIBRA

It**x 61 STANDARD DEV I AT I ON ****

FUNCT I ON
Compute the standard dev i at i on
channe I us i ng the formu I a:

o = ((xx.2 -xl-

OUTPUT PROGRAM NUMBER
PARAMETER 1

PARAMETER 2

OUTPUTS GENERATED
I NTERMED I ATE STORAGE

61
INPUT CHANNEL NUMBER
N.A.

1

4

of the readi

ttxl2 /n) /n)\

ngs on any Inp

f ina I

the
For

i nto
progr

**** 62 FIXED DATA ***I

FUNCT I ON

Enter f ixed data, usuary a sfation lD number, into
memory. Use this program in the output table with
I ongest outpuf i nferva I to avo i d wast i ng memory.example, if the station rD number is 34i6, key 3456output tab I e as the f i rst parameter for th i s outputThe maximum value which can be entered is 6999.

OUTPUT PROGRAM NUMBER
PARAMETER 1

PARAMETER 2

OUTPUTS GENERATED
I NTERMED I ATE STORAGE

****

62
DATA TO BE STORED
NOT USED

1
I

0

63 TIME OF INPUT PORT CHANGE ****

FUNCT I ON

This program records the time of each change of state onInput Port 1 or 2, The voltage input levels should be 5
w i fh respect to grou n d. A change of sfate t s def i ned asvoltage level going from 5 v to 0 v, or 0 v fo 5 v. At escan, fhe cR21 checks fhe state of the input ports. lt +state has changed s i nce fhe prev i ous scan, fhen two oufpuare stored in final memory. The first output indicates
wh i ch i nput port changed and the d i rect i on of change. Thsecond output is the time of change.

Rev. No. lM CR2l APXB



OUTPUT PROGRAM LIBRARY

The output format i s as fo | | ows:

C0ND I T | 0N: I np ut Port 'l went f rom H IGH to LOW
OUTPUT: 01 250 02 TIME
C0NDlTl0N: Input Port 1 went from L0|'l to HIGH
OUTPUT: 01 251 02 TtME
C0NDlTl0N: Inpu* Port 2 went from HIGH io L0W
OUTPUT: 0l 252 02 TIME
C0NDlTl0N: Input Port 2 wenl from L0W to HIGH
OUTPUT: 01 253 02 TIME

This program, like any of the programs having intermittent
output, should be placed in the outpuf table after programs
having a regularly scheduled output. lt is possible +o have
more than one i nterm i ftent oufpuf program per output fab I e,
so I ong as they appear affer the programs hav i ng regu I ar I y
schedu led outouf s.

OUTPUI PROGRAM NUMBER 6J
PARAMETER 1 INPUT PORT NUI4BER
PARAMETER 2 NOT USED

OUTPUTS GENERATED 2 PER 1 CHANGE OF STATE
I NTERMED I ATE STORAGE 1

**** 64 FAST oUTPUT (10, 20 30 sEc) ****

FUNCT I ON

This program, infended for cR21rs with a 10 second scan
rate' al lows fhe user to gef ou*pufs af intervals more
frequently than'l minute (10, 20, or 30 sec only). The
program should be entered at the beginning of an output
table, and applies to all programs in fhat tabre. Each time
a FAST 0urPUT iakes p I ace, it i s preceded by a user-def i ned
oufput array lD number which musf be between 4 and 249
inclusive.

A typical app I ication for fhis program woul d be a
ca I i brat ion run where many data po i nts wou I d be requ i red
over a short oer i od of t i me.

OUTPUT PROGRAM NUMBER 64
PARAMETER 1

PARAME TER 2

OUTPUTS GENERATED I

I NTERMED I ATE S TORAGE O

0UTPUI I NTERVAL I N SECONDS ( 1 0, 20, or t0 )
OUTPUT ARRAY ID (4 TO 249 INCLUSIVE)
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OUTPUT PROGRAM L IBRIAdY
litl
Ititl

**** 65 COND I T I ONAL oUTPUT **** | l

ll
rroN | .

This program causes all following programs in a given 
"ultdr+fable to be output af a faster rale (user entered) ontV llflinpuf porf 1 is high. The oufput intervat, defined by lI Iparamefer 1, musf be in minutes, with a maximum enfry otl[40.

The actual time of fhe oufpuf will always be either 6n tltfd
even hour or a mulf iple of the entered time interval trolril lthe even hour. Each f ime a conditional output takes praldd,it is preceded by a user def ined output arr'ay lD numbe. llll-(parameter 2) which must be between 4 and 249 inclusive,lldno
fhe t i me of output. | ]ill
cond it iona I output programs and programs f hat outpuf "+ l+d"
norma I 0utput rab le Interva I shou I d not be m ixed in +ne lddme0utput rable unless they are independenf of the frnumber Hilinput scanstf. Any programs involving rfaveragesfr ar" l] ]dependent upon the Itnumber of input scanstf . This requirefr,f{nt
stems from the fact that the number of input scans for all 

lgiven 0utpuf rable is reset to zero whenever a conditionldt]]
output occurs. ll ]1

The following fable shows fhe output response for an 
"""lrllplir"where the output rable Interval is t hour, fhe conditionHll

outpuf i nterval is 5 mi nufes, and the f irst program entrM li.Conditional 0utpul, fol lowed by an Average program. The ll ]column labeled ItData Period't refers to the averaging perlidlo
f or the daf a value output by f he Average program. l1 li

tl

illII
INPUT PORT 1 OUTPUT II ]AcrrvrrY ll It1rrME srArE rtME pArAPERtopll]

ti2:00 - 12217 Low 12:20 I ZIOO - 17:2il ]2217 - 12233 High 12:2j 12220 - 12l-2$t1,
2:33 - Low 12t30 12225 - 12,301 

]l

I 3: 00 1 2:30 - 1 5:Obl l

Itt.
output programs wh ich are independent of the number of i f pir+
sca ns are nof a f fected . | ]t1
A typical upplication of this program would be to make ll istream flow and water qual ity measuremenfs only when i+ fl.]iraining. I t

tl
llii

lr
No. tM cR2t APXB lflaL,ratl

]l
ri

FUNC

I
1

1
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*tf)f* 66 INTERMEDIATE X - Y ***l(

FUNCT I ON

This program outputs the average varue of X minus y where x
and Y are specif ied input channels. As an option, either x
or Y can be an integer consfant. Th is is accomp I ished by
entering the desired constant plus 1000 info the appropriateparameter location. lf x-Y is negative, then zero'i s used
for the value to be averaged. The resu lt of x-y is left in
pseudo channel I 1 to be operated on by any subsequent outputprograms. This program is normally used for defermininq
heat i ng, coo I i ng, or grow i ng degree oays.

As an appl ication example, this program courd be used for
oufputing the average temperature difference befween the
output and return of a heati ng system. Average heat f lowcould then be output with program 68 where chinnel 1l is
multiplied by a flow sensor readinq.

OUTPUT PROGRAI,4 #
PARAMETER 1

PARAMETER 2

OUTPUTS GENERATED
I NTERMED I ATE STORAGE

OUTPUT PROGRAM NUMBER
PARAMETER 1

PARAMETER 2

OUTPUTS GENERATED
I NTERMED I ATE STORAGE

tf*l(*

OUTPUT PROGRAM LIBRARY

65
CONDITIONAL OUTPUT INTERVAL IN MINUTES
OUTPUT ARRAY I D NUMBER (4-249 I NCLUS I VE

2

66
CHANNEL
CHANNEL

I

I

X OR K

YORK
+1
+l

000
000

67 I NTERMED I ATE PORT STATUS lc*lfJ(

FUNCT I ON

Tf i s program outputs the fract i on of the output i nferva It ime that an i nput port v/as h igh. A rso i t t'he port is h igh
or low, a lor 0, respecfively, is left in pseudo channel 1o
to be operated on by any subsequent programs.
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OUTPUT PROGRAM LIBR

As an example, fhis program could be used to tel I how lopump was on dur i ng an output i nterva | . The va I ue I eft i
channe | 10 ('l or 0 ) can be mu lt ip I ied by a temperaiure
difference (in channel 1l) with program 6g to oufpuf anaverage va I ue to be used to der i ve heat transfer.

**** 68 INTERMEDIATE X * Y ****

FUNCT I ON

This program outputs the average of x times y where X anare user entered input channels. The result is left in
pseudo channe | 1 0 to be operafed on by any subsequent ou
programs.

with this program in conjunction with program 55 (HlsroGR
a wind power rose could be outpuf. The bin is selecfedaccording to wind direction data. wind speed would be
mu ltipl ied by itself twice fo obtain wind power (wind spe
cubed) by using Program 6B twice. The histogram program
entered so that values are weighted by the wind powei val
taken from Channel 10.

OUTPUT PROGRAM NUMBER
PARAMTER 1

PARAMTER 2

OUTPUTS GENERATED
I NTERMED I ATE STORAGE

OUTPUT PROGRAM NUMBER
PARAMETER 1

PARAMETER 2

OUTPUTS GENERATED
I NTERMED I ATE STORAGE

Ittt**

FUNCT I ON

This program outputs
and Y are input scan
pseudo Channel 11 to
programs.

a1
INPUT PORT NUMBER (1 OR 2)
NOT USED

1

1

68
CHANNEL NUMBER FOR X
CHANNEL NUMBER FOR Y

1

'l

69 | NTERMED I ATE X/V *IC'T*

fhe average of
values. The i
be operated on

X divided by Y where
nstantaneous result is
by any subsequent out

Rev. No. lM CR21 APXB



OUTPUT PROGRAM LIBRARY

OUTPUT PROGRAI'4 NUMBER 69
PARAMETER 1 CHANNEL NUMBER FOR X
PARAMETER 2 CHANNEL NUMBER FOR Y

OUTPUTS GENERATED 1

I NTERMED I ATE STORAGE 1

x*** 70 AVERAGE CUBED f.l IND n**x

F UNCT I ON

Generate the average of fhe cube of *he w i nd speed
samp I es.To accomodate fhe I arge magn itudes generated by the
cube funct ion w i thout over-rang i ng the CR21 oufput
magnitued limit of 6999, two outputs are generafed. The
first is the average of the cubed wind divided by powers of
10 unfi I it is less than 6999. The second is the exDonent of
10 by which the original number was divided.

OUTPUT PROGRAM NU14BER 7O
PARAMETER 1 INPUT CHANNEL NUMBER
PARAMETER 2 NOT USED

OUTPUTS GENERATED
OUTPUT 1 THE AVERAGE CUBED WIND DIVIDED BY 1O
OUTPUT 2 THE EXPONENT, X

I NTERMED I ATE STORAGE 2

**** 71 VAP0R PRESSURE / VAP0R PRESSURE DEFICtT ***x

F UNCT I ON
This program outputs average vapor pressure and/or average

vapor pressure deficit in kilo pascals. The instanfaneous values
are calculafed at each input scan from the air temperafure (deg. C)
and percent relative humidity and left in pseudo input channels
as descr i bed be I ow, to be used by subsequent output programs.

EA = loRH/100 x ES

ED = ES - EA

ED = vapor pressure def icif (kPa)
EA = vapor pressure (kPa)
ES = safurat i on vapor pressure ( kPa )

%nH = percent relative humidity

Rev. No. I M CR21 APXB B- 1 7



OUTPUT PROGRAM NUMBER
PARAMETER 1

PARAMETER 2

NEXT OUTPUT PROGRAM NO. O

PARAMETER 1

PARAMETER 2

OUTPUTS GENERATED
I NTERMED I ATE S IORAGE

**t(i(

OUTPUT PROGRAM LIB

ion vapor pressure fro
Lowe, Paul R., 1976:
of saturaf i on vapor

71

TEMPERATURE I NPUT CHANNEL NUMBER
RELAT I VE HUM I D I TY CHANNEL NUMBER

FOR AVERAGE VAPOR PRESSURE ONLY.
I NSTANTANEOUS RESULT I N PSEUDO
CHANNEL 1 1

FOR AVERAGE VAPOR PRESSURE DEFIC
ONLY. I NSTANTANEOUS RESULT I N
PSEUDO CHANNEL I 1

FOR AVERAGE VAPOR PRESSURE AND AVE
VAPOR PRESSURE DEFICIT. INSTANTANE
VAPOR PRESSURE IN PSEUDO CHANNEL 1

I NSTANTANEOUS VAPOR PRESSURE DEF I C
IN PSEUDO CHANNEL 10. AVERAGE VAPO
PRESSURE APPEARS FIRST IN FINAL ST.

NOT USED

t0R2
10R2

- The a I gor i thm for obtan i ng saturatair temperature (deg. C) is talien f romapproximafing polynomial for comDutationpressure. I Appl. Meteor. .|6, .l00-l0j

IT

72-7 5 GROW I NG DEGREE DAYS ****

FUNCT I ON
compute grow i ng degree days by summ i ng the grow i ng degreeday reading f rom each scan.

Two output programs are used together as it they were one
I n the f i rst output program, +h" sensorrs channe I numberentered as paramefer 1, and any desired initiar number ofgrow i ng degree day s (GDD ) i s entered as paramete r z. Thesecond output program must fo I low. paramefer 1 i s the upp
lgtperafure I im it. and parameter 2 i s fhe rower temperaturI imit. Al I paramefers must be infeger numbers (no decimal
The output program pa i r may be
GDD with two or three different
be calcu lated simu lfaneously.

used more than once. Thaf
upper and lower limits ca

Rev. No. lM CR2i ApXB
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OUTPUT PROGRAM LIBRARY

lf any change is made in any output fabre after the GDD
Program has been runningl the accumulated GDD wi | | be reset
fo fhe initial number keyed in as parameter I of the firstoutput program. Make sure you wr i te down the accumu I ated GDDbefore chang i ng output tab I es so that you can enter the
tota I as the new start i ng va I u e.

The GDD output is calculated by firsf sefting the
ns tanfaneou s temperature of each scan equa I to the upperimit if i+ is above it, or equal fo the lower limit'i f it
s below it. The lower I imit is then subtracted from the

mod i f i ed i nsiantaleou s temperatue. The grow i ng degree oayvalue calcu lated is divided by 1440 so fhat eich minufe the
GDD is summed into an accumurator. This program may be used
with any outpuf interval. The dayrs GDD is added to the
seascnrs accumulated GDD, which is fhen stored in final
memory and outpuf.

F I RST OUTPUT PROGRAM # 72
PARAMETER 1 I NPUT CHANNEL NUMBER
PARAMETER 2 INITIAL GROWING DEGREE DAYS (INTEGER

NUMBER )

SECOND OUTPUT PROGRAM # 73
PARAMETER .I JPPER TEMPERATURE L IM IT ( INTEGER NUMBER )
PARAMETER 2 LOWER TEMPERATURE LIMIT (INTEGER NUMBER)

OUTPUTS GENERATED 1 (ACCUMULATED GDD )

I NTERMED I ATE STORAGE 1
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SPEC IAL KEYBOARD FUNCT IONS

**** *D MANUAL SCAN ***r

FUNCT I ON

samp le and store in f ina I memory t ime and a | | of -rhe ana
i nput channe I s ( I fhrough 7 ) upon command from the keybo
In addition, the user can enter up to a fhree-digit
identif ier that is recorded with the i nput samp les.

PRCCEDURE

KEY IN

xD

XXX

A

RESULT ING
D ISPLAY

11:

1 l:XXX

DESCRIPTION

Program waits for idenfifier
XXX is any identifier number
between 4 and 249

Record identifier, time, and
initiate an input sample of all
analog channels

Rev. No. I M CR 2.I APXB



APPENDIX C

APPL I CAT I ONS PROM PROGRAM L I ST

PROM 26 6

THE FOLLOWING IS A LIST OF THE INPUT AND OUTPUT PROGRAMS IN YOUR
PROM AND THE I R CORRESPOND I NG PROGRAM NUMBERS. REFER TO
APPEND ICES A AND B FOR DETA ILED DEF IN IT IONS OF TIlE INPUT AND
CUTP UT PROGRAMS .

INPUT PROGRAM SUMMARY

PROGRAM NUMBER PROGRAM NAME

DC Volts
DC Millivolts
DC Volts with excitafion
DC Millivolts with excitation
AC Volts wifh excitation
Pu I se Counts
Temperature (Mode 

I

Relaf ive Humidity--
Relative Humidity w

comp. temperature channe I

( Mode | 201 Probe )

Temperature (Model 102 Probe) for
5 deg. C to 95 deg. C range.

OUTPUT PROGRAM SUMMARY

PROGRAM NUMBER PROGRAM NAME

1

2
3
4
5
6

8
9

01 Probe)
Model 201 Probe)
th selection of

50
51
52
53
54
55
56
57
58 -59
60
61
62
63
64

Rev. No. lM CR21 APXC

Samp I e
Average
Tota I i ze
Maximize, Time of Maximum
Minimize, Time of Minimum
H i stogram
W i ndvector
Event Counfer Program
Set Po i nt Contro | | er
T i med Port Turn 0n
Standard Deviation
F i xed Data
T i me of I nput Port Change
F asf 0utput ( 1 0 to 30 Sec )

c-1



OUTPUT PROGRAM SUMMARY

PROGRAM NUMBER

65
66
R-7

68
69
70
71
72-73

APPL I CAT I ONS PROGRAM

PROGRAM NAME

Conditional 0utput
Intermediate X - Y

I ntermed i ate I nput Port Status
Intermediate X * Y
I nf ermed iat e X/Y
Average Cubed Wind
Vapor Pressure / Yapor Pressure Def
Grow i ng Degree Days

SPEC I AL KEYBOARD FUNCT I ON xD Manua I Scan

Rev. No. IM CR21 APXC



APPENDIX D

CR21 PROMPT SHEET

KEYSTROKE DEFINITION SUMMARY

KEY ACT I ON

0-9 Enter numeric data
x Enfer contro I mode
A Advance through a program tab I e or data, sfore d i sp I ayed

number, or execute a contro I program
B Begin at the start of fhe active control mode
C Change the s i gn of the number on fhe d i sp I ay
D Decimal point
# C I ear entry or abort memory dump

KEYBOARD CONTROL MODE SUMMARY

KEY MODE

x0
xl
x2
x3
x4
x5
x6
x7
xB
r(9
xD

Log data
0utput Process i ng Tab I e 1

0utput Processing Table 2
0utpuf Process i ng Tab I e 3

I nput Process i ng Tab I e
Set duy, hour, minute
Mon itor current sensor read i ngs
D i sp I ay stored data
Memory dump to cassette
Memory dump to pr i nter
Manua I Scan

I NPUT ENTRY FORMAT
Parameter 1: I nput Program #
Parameter 2: Multiplier
Parameter 3: 0f fset

OUTPUT ENTRY FORMAT
Entry 1:
Parameter 'l : lnout Channe I

Parameter 2: 0ptional Modifier

ENTRY FORMAT FOR SETT I NG

DAY, H0UR, MINUTE
91: Ju lian Day
922 Hou r
95: Minufe

RECALLED DATA FORMAT

0utput Table 1 --
0'l :000X Output Tab le (X=#)
02:00JD Julian Day (=JD)
03: HHMM T i me (HH=Hours, MM=M i nutes )

05: Data Read i ng, etc.

0utput Tables 2, 3, and
user-def i ned

000X Outpuf Table
Data Read ing
Data Reading
Data Read i ng, etc.

Oufput Program # 04: Data Read i ng

01
02
n?
04
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