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SUMMARY 

The aim of this field consulting project is the development of a recording and processing 

system, of all the data that we received during our laboratory experiment .for this purpose 

and in order to implement our experiment in the most efficient way we  used a data recording 

card which can be connected to PC and with the use of the appropriate software can record 

,process and store all the data provided by the system sensors which by its self can record all 

the electric currents and voltage. 

At the first chapter there is a demonstration and description of the laboratory experiment and 

an analysis of the measurements which derived from the entire proses. 

At the second chapter there is an analysis of the recording and processing systems with the 

use of PC and all the characteristics of these systems in full detail. 

At the third chapter there is a demonstration of the recording system and an explanation of 

all the reasons that made me choose these particular devices. 

At chapter 4 we have the installation of the recording system and an analysis of the program 

and the processed data of the experiment  ,there is also included a demonstration of the 

measurements and the conclusions which derived from these. 

Appendix A: booklets of the numerical , metrical systems. 

Appendix B: booklet of the recording system card. 
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ΠΡΟΛΟΓΟΣ 

 

 

Σκοπός της πτυχιακής εργασίας είναι η ανάπτυξη ενός συστήµατος καταγραφής και 

επεξεργασίας των δεδοµένων του εργαστηριακού συστήματος και για το σκοπό αυτό 

προμηθεύτηκε µία κάρτα καταγραφής δεδοµένων η οποία συνδέεται µε ηλεκτρονικό 

υπολογιστή, ενώ µε τη χρήση κατάλληλου λογισµικού καταγράφονται και γίνεται 

επεξεργασία και αποθήκευση των δεδομένων που παρέχονται από τους αισθητήρες του 

συστήματος που µπορεί κάθε φορά να καταγράφει όλες τις τάσεις και τα ρεύµατα.   

 

Στο πρώτο κεφάλαιο παρουσιάζεται το εργαστηριακό πείραμα και αναλύονται οι μετρήσεις 

του. 

Στο δεύτερο κεφάλαιο αναλύονται τα συστήµατα καταγραφής και επεξεργασίας δεδοµένων 

µε ηλεκτρονικό υπολογιστή και τα επιµέρους στοιχεία των συστηµάτων αυτών καθώς και  

τα χαρακτηριστικά τους .  

Στο τρίτο κεφάλαιο παρουσιάζεται το σύστηµα καταγραφής με τα επιµέρους στοιχεία του 

και αναλύονται οι λόγοι που µας οδήγησαν στην επιλογή των συγκεκριµένων συσκευών .  

Στο τέταρτο κεφάλαιο παρουσιάζεται η εγκατάσταση του συστήµατος  καταγραφής, 

αναλύεται το πρόγραµµα και η επεξεργασία δεδοµένων του πειράματος. Ακόμη, 

παρατίθενται οι µετρήσεις και αναφέρονται τα συµπεράσµατα των μετρήσεων.  

Στο παράρτηµα Α παρατίθενται τα εγχειρίδια των μετρητικών συστημάτων . Στο παράρτηµα 

Β παρατίθενται τα εγχειρίδια της κάρτας του συστήμαος καταγραφής.  

 

Λέξεις κλειδιά: 

Καταγραφή μετερεολογικών δεδομένων,  D.A.Q, Labview. 
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1O ΚΕΦΑΛΑΙΟ 
 

“ ΕΡΓΑΣΤΗΡΙΑΚΟ ΣΥΣΤΗΜΑ ” 
 

 

 

 

 

 

 

 

1.1 Eργαστηριακό σύστημα 

 
Στο εργαστηριακό υβριδικό σύστημα είναι εγκατεστημένοι 6 φωτοβολταίκοί συλλέκτες. Η 

μέγιστη ισχύς κάθε συλλέκτη είναι 120 Wp. Τα συγκεκριμένα στοιχεία είναι Γαλλικής 

κατασκευής και είναι κατασκευασμένα από πολυκρυσταλικό πυρίτιο. 

 

Η ανεμογεννήτρια Whisper wind 200 συνδέεται με το Whisper controller το οποίο είναι το 

σύστημα ελέγχου της. 

 

Στο εργαστηριακό υβριδικό σύστημα έχουμε εγκατεστημένους 12 συσσωρευτές (12V) σε 

διάταξη εν σειρά. Η χωρητικότητα του κάθε συσσωρευτή είναι ίση με 115Ah. Τον ρυθμιστή 

φόρτισης (controller) που φροντίζει για τη σωστή φόρτιση των συσσωρευτών του 

φωτοβολταικού συστήματος και ο αντιστροφέας (inverter) μετατρέπει το συνετές (DC) 

ρεύμα του συστήματος σε εναλλασσόμενο (AC) ρεύμα 110V. 
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2O ΚΕΦΑΛΑΙΟ 
 

“ ΣΥΣΤΗMΑΤA ΚΑΤΑΓΡΑΦΗΣ ΚΑΙ ΑΙΣΘΗΤΗΡΙΑ 
ΟΡΓΑΝΑ ” 

 

 

2.1 Συστήµατα καταγραφής 

 
2.1.1 Στυλίτης 
 
Ο ΣΤΥΛΙΤΗΣ-101 σχεδιάστηκε για να καλύψει ένα ευρύ φάσμα αναγκών μετρήσεων και 
καταγραφών στους τομείς της έρευνας, των ανανεώσιμων μορφών ενέργειας και της 
εκπαίδευσης. 
  

 
Τα χαρακτηριστικά του είναι η καταγραφή στατιστικών ή χρονοσειρών, στεγανή 
συσκευασία για ακραίο περιβάλλον, χαμηλή κατανάλωση ισχύος, αναβαθμίσιμο έως 27 
κανάλια εισόδου, οθόνη LCD και αριθμητικό πληκτρολόγιο 16 πλήκτρων, αφαιρούμενες 
κάρτες μνήμης Compact Flash έως 2 Gbyte, τηλεμετρία μέσω GSM/GPRS και τοπική 
σειριακή θύρα.  
 
Η δυνατότητα των μετρήσεων του καταγραφικού αναφέρονται παρακάτω:    
• Τάσης: απλή, διαφορική, 4-αγωγών, 6-αγωγών (γέφυρα), strain gages.  
• Ρεύματος: 0 ~ 20mA.  
• Αντίστασης: 0 ~ 50kΩ.  
• Αισθητήρων ποτενσιόμετρου (λόγου).  
• Αισθητήρων PT100/PT1000.  
• Συχνότητας και γεγονότων.  
• Ψηφιακής κατάστασης (διακόπτες, κλπ)   
 
Με κατάλληλους αισθητήρες μπορούμε να μετρήσουμε ταχύτητα, διεύθυνση ανέμου και 
καμπύλες ισχύος ανεμογεννητριών. Είναι συμβατό με τα περισσότερα ανεμόμετρα και 
ανεμοδείκτες, θερμοκρασία, υγρασία, πίεση, ηλιακή ακτινοβολία, ύψος βροχής, κλπ.   
Στην επεξεργασία δεδομένων τα δεδομένα συμπιέζονται και αποθηκεύονται στον εσωτερικό 
buffer ή σε αποσπώμενες κάρτες Compact Flash. Οι κάρτες μπορούν να αντικαθίστανται 
χωρίς να διακόπτεται η διαδικασία καταγραφής. Η ανάκτηση δεδομένων γίνεται μέσω 
οποιασδήποτε θύρας ή modem. Οι συντελεστές slope και offset εφαρμόζονται σε δεδομένα 
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τα οποία αποθηκεύονται ως τιμές χρονοσειρών (χωρίς υπολογισμό στατιστικών), ή 
στατιστικές τιμές (Ελάχιστη, Μέγιστη, Μέση τιμή, τυπική απόκλιση).   
 
 
 
Με την αρχή της καταγραφής (επιλογή acquisition ON) ανοίγει νέο αρχείο στην κάρτα 
μνήμης και αρχίζει η καταγραφή στοιχείων, σύμφωνα με τις παραμέτρους. Με τον 
τερματισμό της καταγραφής (acquisition OFF) σταματά η καταγραφή και κλείνει το αρχείο 
στην κάρτα μνήμης και καθαρίζεται η εσωτερική μνήμη.  
 
 Τα καταγραμμένα στοιχεία μιας κάρτας μεταφέρονται σε ένα PC για επεξεργασία όταν 
εισάγετε την κάρτα στην υποδοχή ενός αναγνώστη καρτών Compact Flash συνδεδεμένο σε 
μία θύρα USB του υπολογιστή. Για οικονομία χώρου τα στοιχεία αποθηκεύονται 
συμπιεσμένα στην κάρτα.  
 
 Επίσης, τα στοιχεία μπορούν να αντληθούν απευθείας από το καταγραφικό μέσω της 
σειριακής θύρας του καταγραφικού, είτε τοπικά είτε μέσω modem. Μέσω του προγράμματος 
Stylitis Explorer μπορείτε να κατεβάσετε δεδομένα είτε από την εσωτερική μνήμη είτε από 
την κάρτα.   
 
Τα στοιχεία κάθε στατιστικής περιόδου αποσυμπιέζονται σε στήλες από το πρόγραμμα 
λειτουργίας, που συνοδεύει κάθε Στυλίτη-101. Περαιτέρω επεξεργασία των στοιχείων και 
υπολογισμοί είναι δυνατοί με χρήση γνωστών προγραμμάτων όπως Excel, Axum, κλπ. 
Προαιρετικά διατίθεται το Windrose, ένα πρόγραμμα ανάλυσης μετεωρολογικών 
δεδομένων. Αυτό δέχεται την αποσυμπιεσμένη έξοδο του προγράμματος λειτουργίας και 
παράγει γραφικές παραστάσεις, πίνακες κλπ. 
 
Για την εξασφάλιση της σωστής καταγραφής και προστασίας των καταγραμμένων 
στοιχείων, ελέγχεται συνεχώς η τροφοδοσία. Αν η τάση των μπαταριών βρεθεί μικρότερη 
από 6.25V η καταγραφή σταματά. Ξαναρχίζει μόνο όταν η τάση γίνει μεγαλύτερη από 
6.75V. Αν η τάση των μπαταριών πέσει κάτω από 5.15V τότε το σύστημα κλείνει και 
σταματά να ανταποκρίνεται σε εξωτερικούς χειρισμούς. 
 
Για την επικοινωνία του Στυλίτη με το PC συνδέσαμε τη σειριακή θύρα του καταγραφικού 
με μία COM θύρα του υπολογιστή μέσω ενός καλωδίου DB9F σε DB9F (θηλυκό-θηλυκό) 
ευθείας σύνδεσης. Έπειτα, τρέξτε το πρόγραμμα Stylitis Explorer, δημιουργώντας μία 
τοπική (local) σύνδεση μέσω της συγκεκριμένης θύρας COM, για επικοινωνία με το 
καταγραφικό.   
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2.2 Αισθητήρια όργανα 

 
Τα αισθητήρια στο καταγραφικό είναι : 
 
Ανεμόμετρο ημιτονικού σήματος  

 
   
  
ΑΝΕΜΟΔΕΙΚΤΗΣ 
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ΘΕΡΜΟΜΕΤΡΟ PT100: διέγερση τάσης 4 αγωγών 

 
 
  
ΠΥΡΑΝΟΜΕΤΡΟ SKYE SKS-1110 
 

 
 
 

 7 



ΠΤΥΧΙΑΚΗ ΕΡΓΑΣΙΑ: ΙΟΑΝΝΗΣ ΜΠΟΥΓΙΟΥΚΟΣ ΚΕΦΑΛΑΙΟ 2 
 

2.3 LabView 

 
Το LavView είναι μια δυνατή γλώσσα προγραμματισμού για τη συλλογή δεδομένων, την 

ανάλυση δεδομένων, την προσομοίωση και τον έλεγχο οργάνων και μετρήσεων μέσω 

υπολογιστή. Στηρίζεται στον γραφικό προγραμματισμό μέσω αντικειμένων και αποτελεί ένα 

καλό παράδειγμα του «αντικειμενοστραφή προγραμματισμού» (object oriented 

programming). Στο γραφικό περιβάλλον του LabView ο προγραμματιστής δεν  χειρίζεται 

κώδικα, αλλά γραφικά αντικείμενα, όπως κουμπιά, ενδείκτες, οθόνες που παριστάνουν 

συναρτήσεις. Αυτά τα εικονίδια έχουν εισόδους και εξόδους και επιδέχονται 

προγραμματισμό των ιδιοτήτων τους.  

Το όνομα LabView είναι το ακρωνύμιο των λέξεων «Laboratory Virtual Instrument 

Engineering Workbench» (Σχεδιαστήριο για την Κατασκευή Εργαστηριακών Εικονικών 

Οργάνων) και αναπτύχθηκε κατά το τέλος της δεκαετίας του 80 από την εταιρία National 

Instruments . Η εταιρία αυτή ειδικεύεται σε συστήματα συλλογής δεδομένων, σε 

αισθητήρες, αυτοματισμούς και λογισμικό μετρήσεων και ελέγχου. 

Προγραμματίζοντας με τα αντικείμενα που μας δίνει το περιβάλλον του LabView 

δημιουργούμε τα λεγόμενα «εικονικά όργανα» (Virtual Instruments ή VIs). Η γραφική 

γλώσσα που χρησιμοποιεί το LabView για τον προγραμματισμό και τη δημιουργία 

εικονικών οργάνων ονομάζεται γλώσσα G. Είναι πάντως δυνατό να χρησιμοποιήσει κανείς 

το LabView σε απλό επίπεδο, χρησιμοποιώντας έτοιμα εικονικά όργανα, χωρίς να μπαίνει 

σε λεπτομέρειες με τη γλώσσα G. 

Ένα εικονικό όργανο είναι δυνατό να συνδέεται με τις θύρες εισόδου/εξόδου του 

υπολογιστή ή με επιπρόσθετες κάρτες επέκτασης, προκειμένου να κάνει πραγματική 

εισαγωγή ή εξαγωγή δεδομένων. Ο υπολογιστής με τη βοήθεια των εισόδων και των εξόδων 

μετατρέπεται σε ένα ισχυρό εργαλείο μετρήσεων, με πολλές δυνατότητες επεξεργασίας 

δεδομένων. 

 

Οι λόγοι που µας οδήγησαν στην επιλογή του λογισµικού αυτού είναι οι δυνατότητες που 

δίνει το φιλικό περιβάλλον προς τον χρήστη αλλά και το γεγονός ότι η National Instruments 

παράγει την κάρτα και είναι η εταιρία που δηµιούργησε το LABVIEW.  

Το LABVIEW δίνει δυνατότητες καταγραφής , επεξεργασίας και παρουσίασης. Βασίζεται 

στον γραφικό προγραµµατισµό δηλαδή τον προγραµµατισµό µέσω εικόνων και όχι µέσω 

κειµένων για τη δηµιουργία των διαφόρων εφαρµογών . H ροή των δεδοµένων καθορίζει 
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την εκτέλεση του προγράµµατος. Στο LABVIEW µέσα από τη χρήση ενός συνόλου tools 

(εργαλεία ) και objects ( αντικείµενα ) δημιουργείται το front panel ,στη συνέχεια 

προστίθεται ο κώδικας µέσω γραφικής αναπαράστασης συναρτήσεων για να ελέγχονται τα 

αντικείµενα του Front Panel . Αυτός ο κώδικας περιέχεται στο Βlock Diagram . Το Block 

Diagram είναι ένα διάγραµµα ροής δεδοµένων . 
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3O ΚΕΦΑΛΑΙΟ 
 

“ΕΓΧΕΙΡΙΔΙΟ ΚΑΡΤΑ DAQ 6008 ” 
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Datasheets 

USER GUIDE 

USB-6008/6009 
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The NI USB-6008/6009 provides connection to eight analog input (AI) 
channels, two analog output (AO) channels, 12 digital input/output (DIO) 
channels, and a 32-bit counter when using a full-speed USB interface. 

 
Table 1-1. Differences Between the USB-6008 and USB-6009 

 

Feature USB-6008 USB-6009 
AI Resolution 12 bits differential, 

11 bits single-ended 
14 bits differential, 
13 bits single-ended 

Maximum AI Sample Rate* 10 kS/s 48 kS/s 
DIO Configuration Open-drain Open-drain or push-pull 
* Might be system dependent 
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NI USB-6009 
8 Inputs, 14-bit, Multifunction I/O 

 
 
 
 
 
 

1   USB Cable Strain Relief 
 

Figure 2. USB-6008/6009 
 
 
 
 
 
 
 
 
 
 
 
 
Safety Guidelines 

Figure 3. USB-6008/6009 Back View 

 
 

Caution    Operate the hardware only as described in these operating instructions. 
 

The following section contains important safety information that you must 
follow when installing and using the USB-6008/6009. 

 
Do not operate the USB-6008/6009 in a manner not specified in this 
document. Misuse of the device can result in a hazard. You can compromise 
the safety protection built into the device if the device is damaged in any 
way. If the device is damaged, contact National Instruments for repair. 

 
Do not substitute parts or modify the device except as described in this 
document. Use the device only with the chassis, modules, accessories, and 
cables specified in the installation instructions. You must have all covers 
and filler panels installed during operation of the device. 
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Do not operate the device in an explosive atmosphere or where there may 
be flammable gases or fumes. If you must operate the device in such an 
environment, it must be in a suitably rated enclosure. 

 
If you need to clean the device, use a dry cloth. Make sure that the device 
is completely dry and free from contaminants before returning it to service. 

 
Operate the device only at or below Pollution Degree 2. Pollution is foreign 
matter in a solid, liquid, or gaseous state that can reduce dielectric strength 
or surface resistivity. The following is a description of pollution degrees: 
• Pollution Degree 1 means no pollution or only dry, nonconductive 

pollution occurs. The pollution has no influence. 
• Pollution Degree 2 means that only nonconductive pollution occurs in 

most cases. Occasionally, however, a temporary conductivity caused 
by condensation must be expected. 

• Pollution Degree 3 means that conductive pollution occurs, or dry, 
nonconductive pollution occurs that becomes conductive due to 
condensation. 

 
You must insulate signal connections for the maximum voltage for which 
the device is rated. Do not exceed the maximum ratings for the device. Do 
not install wiring while the device is live with electrical signals. Do not 
remove or add connector blocks when power is connected to the system. 
Avoid contact between your body and the connector block signal when hot 
swapping modules. Remove power from signal lines before connecting 
them to or disconnecting them from the device. 

 
Operate the device at or below the Measurement Category I1. Measurement 
circuits are subjected to working voltages2 and transient stresses 
(overvoltage) from the circuit to which they are connected during 
measurement or test. Measurement categories establish standard impulse 
withstand voltage levels that commonly occur in electrical distribution 
systems. The following is a description of measurement categories: 
• Measurement Category I is for measurements performed on circuits 

not directly connected to the electrical distribution system referred to 
as MAINS3 voltage. This category is for measurements of voltages 
from specially protected secondary circuits. Such voltage 
measurements include signal levels, special equipment, limited-energy 
parts of equipment, circuits powered by regulated low-voltage sources, 
and electronics. 

 
 

1   Measurement Category as defined in electrical safety standard IEC 61010-1. Measurement Category is also referred to as 
Installation Category. 

2   Working Voltage is the highest rms value of an AC or DC voltage that can occur across any particular insulation. 
3  MAINS is defined as a hazardous live electrical supply system that powers equipment. Suitably rated measuring circuits may 

be connected to the MAINS for measuring purposes. 
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Software 

• Measurement Category II is for measurements performed on circuits 
directly connected to the electrical distribution system. This category 
refers to local-level electrical distribution, such as that provided by a 
standard wall outlet (for example, 115 V for U.S. or 230 V for Europe). 
Examples of Measurement Category II are measurements performed 
on household appliances, portable tools, and similar E Series devices. 

• Measurement Category III is for measurements performed in the 
building installation at the distribution level. This category refers to 
measurements on hard-wired equipment such as equipment in fixed 
installations, distribution boards, and circuit breakers. Other examples 
are wiring, including cables, bus-bars, junction boxes, switches, 
socket-outlets in the fixed installation, and stationary motors with 
permanent connections to fixed installations. 

• Measurement Category IV is for measurements performed at the 
primary electrical supply installation (<1,000 V). Examples include 
electricity meters and measurements on primary overcurrent 
protection devices and on ripple control units. 

 
Software support for the USB-6008/6009 is provided by NI-DAQmx Base, 
which is a subset of the NI-DAQmx API. 

 
The NI-DAQmx Base CD contains example programs that you can use to 
get started programming with the USB-6008/6009. Refer to the NI-DAQmx 
Base 1.x Getting Started Guide for more information. 

 
Logging Application 

 
 
 
 
 
 
 
Self Test 

NI-DAQmx Base includes ready-to-run datalogging software that allows 
you to take data measurements without programming first. The application 
is available at Start»All Programs»National Instruments»NI-DAQmx 
Base»Datalogging Software. 

 
NI-DAQmx Base includes an interactive control panel example that can be 
used to verify the operation of the USB-6008/6009. The application is 
located in Start»All Programs»National Instruments»NI-DAQmx 
Base»Examples. 
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Hardware 
 

The following block diagram shows key functional components of the 
USB-6008/6009. 

 
 
 
 
 
 

Power 
Supply 

+5 V/200mA 

 

 
PFI 0 

 
 

USB USB Microcontroller P1.<0..3> 
 
 

P0.<0..7> 
 
 

+2.5 V/CAL 

 
8 Channel 

12/14b ADC 
 

AI <0..7> 
 
 
 

12b DAC 
 
 
 

12b DAC 

AO  0 
 
 
 
AO  1 

 
 
 
 
 

Figure 4. Device Block Diagram 
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Setting Up Hardware 
 

Complete the following steps to set up the hardware: 
1. Install combicon screw terminal blocks by inserting them into the 

combicon jacks. 
 

Note    The USB-6008/6009 kit ships with signal labels. You can apply the signal labels to 
the screw terminal blocks for easy signal identification. 

 
2. Refer to Table 1 and Figure 5 for label orientation and affix the 

provided signal labels to the screw terminal blocks. Until the signal 
labels are applied, you can insert the screw terminal blocks into either 
of the combicon jacks. Refer to Figure 5 for more information about 
signal label orientation. 

 
 

3 

4 
 
 
 

1 
 
 

2 
 

3 
 
 

4 
 
 
 
 
 
 
 
 
 

1   Overlay Label with Pin Orientation Guides 
2   Combicon Jack 

3    Screw Terminal Blocks 
4    Signal Labels 

 
Figure 5. Signal Label Application Diagram 

 
Note    Once you label the screw terminal blocks, you must only insert them into the 
matching combicon jack, as indicated by the overlay label on the USB-6008/6009 device. 

 
3.    Connect the wiring to the appropriate screw terminals. 
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I/O Connector 
 

The USB-6008/6009 ships with one detachable screw terminal block for 
analog signals and one detachable screw terminal block for digital signals. 
These terminal blocks provide 16 connections that use 16 AWG to 
28 AWG wire. 

 
Table 1 lists the analog terminal assignments, and Table 2 lists the digital 
terminal assignments. 

 
Table 1. Analog Terminal Assignments 

 
 
 

Module 

 
 

Terminal 
Signal, 

Single-Ended Mode 
Signal, 

Differential Mode 

    
1  2  3  4  5  6  7  8  9 10 11 12 13 14 15 16 

1 GND GND 

2 AI 0 AI 0+ 

3 AI 4 AI 0 – 

4 GND GND 

5 AI 1 AI 1+ 

6 AI 5 AI 1– 

7 GND GND 

8 AI 2 AI 2+ 

9 AI 6 AI 2– 

10 GND GND 

11 AI 3 AI 3+ 

12 AI 7 AI 3– 

13 GND GND 

14 AO 0 AO 0 

15 AO 1 AO 1 

16 GND GND 
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Table 2. Digital Terminal Assignments 
 

Module Terminal Signal 

    
32

 3
1 

30
 2

9 
28

 2
7 

26
 2

5 
24

 2
3 

22
 2

1 
20

 1
9 

18
 1

7 

17 P0.0 

18 P0.1 

19 P0.2 

20 P0.3 

21 P0.4 

22 P0.5 

23 P0 6 

24 P0.7 

25 P1.0 

26 P1.1 

27 P1.2 

28 P1.3 

29 PFI 0 

30 +2.5 V 

31 +5 V 

32 GND 
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Signal Descriptions 
 

Table 3 describes the signals available on the I/O connectors. 
 

Table 3. Signal Descriptions 
 

Signal Name Reference Direction Description 
GND — — Ground—The reference point for the 

single-ended AI measurements, bias 
current return point for differential mode 
measurements, AO voltages, digital 
signals at the I/O connector, +5 VDC 
supply, and the +2.5 VDC reference. 

AI <0..7> Varies Input Analog Input Channels 0 to 7—For 
single-ended measurements, each signal is 
an analog input voltage channel. For 
differential measurements, AI 0 and AI 4 
are the positive and negative inputs of 
differential analog input channel 0. The 
following signal pairs also form 
differential input channels: 
<AI 1, AI 5>, <AI 2, AI 6>, and 
<AI 3, AI 7>. 

AO 0 GND Output Analog Channel 0 Output—Supplies the 
voltage output of AO channel 0. 

AO 1 GND Output Analog Channel 1 Output—Supplies the 
voltage output of AO channel 1. 

P1.<0..3> 
P0.<0..7> 

GND Input or Output Digital I/O Signals—You can 
individually configure each signal as an 
input or output. 

+2.5 V GND Output +2.5 V External Reference—Provides a 
reference for wrap-back testing. 

+5 V GND Output +5 V Power Source—Provides +5 V 
power up to 200 mA. 

PFI 0 GND Input PFI 0—This pin is configurable as either a 
digital trigger or an event counter input. 
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Analog Input 
 

You can connect analog input signals to the USB-6008/6009 through the 
I/O connector. Refer to Table 3 for more information about connecting 
analog input signals. 

 
Analog Input Circuitry 

Figure 6 illustrates the analog input circuitry of the USB-6008/6009. 
 
 

+2.5 VREF 
 
 
 
 
 

127 kΩ 
AI 

30.9 kΩ 
 
 
 
 
39.2 kΩ 

MUX PGA 
 
 
 
 
Input Range 

Selection 

ADC AI FIFO 

 
 
 

Figure 6. Analog Input Circuitry 
 

MUX 
The USB 6008/6009 has one analog-to-digital converter (ADC). The 
multiplexer (MUX) routes one AI channel at a time to the PGA. 

 
PGA 
The progammable-gain amplifier provides input gains of 1, 2, 4, 5, 8, 10, 
16, or 20 when configured for differential measurements and gain of 
1 when configured for single-ended measurements. The PGA gain is 
automatically calculated based on the voltage range selected in the 
measurement application. 

 
A/D Converter 
The analog-to-digital converter (ADC) digitizes the AI signal by 
converting the analog voltage into a digital code. 
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AI FIFO 
The USB-6008/6009 can perform both single and multiple A/D 
conversions of a fixed or infinite number of samples. A first-in-first-out 
(FIFO) buffer holds data during AI acquisitions to ensure that no data 
is lost. 

 
Analog Input Modes 

You can configure the AI channels on the USB-6008/6009 to take 
single-ended or differential measurements. Refer to Table 3 for more 
information about I/O connections for single-ended or differential 
measurements. 

 
Connecting Differential  Voltage Signals 
For differential signals, connect the positive lead of the signal to the AI+ 
terminal, and the negative lead to the AI– terminal. 

 
 

AI+ 
 
 
 

Voltage 
Source 

 
USB-6008/6009 

 
 
 

AI– 
 
 

Figure 7. Connecting a Differential Voltage Signal 
 

The differential input mode can measure ±20 V signals in the ±20 V range. 
However, the maximum voltage on any one pin is ±10 V with respect to 
GND. For example, if AI 1 is +10 V and AI 5 is –10 V, then the 
measurement returned from the device is +20 V. 
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Figure 8. Example of a Differential  20 V Measurement 

 
Connecting a signal greater than ±10 V on either pin results in a clipped 
output. 

 
 

20 
 

15 
 

10 
 

5 
 

0 
 

–5 
 

–10 
 

–15 
 

–20 

 
AI 1 

AI 5 

Result 

 
Figure 9. Exceeding +10 V on AI Returns Clipped Output 

 
Connecting Reference Single-Ended Voltage Signals 
To connect reference single-ended voltage signals (RSE) to the 
USB-6008/6009, connect the positive voltage signal to the desired 
AI terminal, and the ground signal to a GND terminal. 
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AI 
 
 
 

Voltage 
Source 

 
USB-6008/6009 

 
 
 

GND 
 
 

Figure 10. Connecting a Differential Voltage Signal 
 
Digital Trigger 

 
 
 
 
 
 
Analog Output 

 
 
When an AI task is defined, you can configure PFI 0 as a digital trigger 
input. When the digital trigger is enabled, the AI task waits for a rising edge 
on PFI 0 before starting the acquisition. To use ai/Start Trigger with a 
digital source, specify PFI 0 as the source and select rising edge. 

 
The USB-6008/6009 has two independent AO channels that can generate 
outputs from 0 –5 V. All updates of AO lines are software-timed. 

 
Analog Output Circuitry 

Figure 11 illustrates the analog output circuitry for the USB-6008/6009. 
 
 

+5 V 
 
 
 

REF(+) REF(–) 
12-Bit 
DAC 

 
Output 
Buffer 

50 Ω 
AO 

 
 
 

GND 
 
 

Figure 11. Analog Output Circuitry 
 

DACs 
Digital-to-analog converts (DACs) convert digital codes to analog 
voltages. 
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Connecting Analog Output Loads 
To connect loads to the USB-6008/6009, connect the positive lead of the 
load to the AO terminal, and connect the ground of the load to a GND 
terminal. 

 
 
 

AO 
 
 

USB-6008/6009 Load 
 
 

GND 
 
 

Figure 12. Connecting  a Load 
 
Minimizing  Glitches on the Output Signal 

When you use a DAC to generate a waveform, you may observe glitches in 
the output signal. These glitches are normal; when a DAQ switches from 
one voltage to another, it produces glitches due to released charges. The 
largest glitches occur when the most significant bit of the DAC code 
changes. You can build a low-pass deglitching filter to remove some of 
these glitches, depending on the frequency and nature of the output signal. 
Refer to ni.com/support for more information about minimizing 
glitches. 

 
Digital I/O 

 
The USB-6008/6009 has 12 digital lines, P0.<0..7> and P1.<0..3>, which 
comprise the DIO port. GND is the ground-reference signal for the DIO 
port. You can individually program all lines as inputs or outputs. 

 
Digital I/O Circuitry 

Figure 13 shows P0.<0..7> connected to example signals configured as 
digital inputs and digital outputs. You can configure P1.<0..3> similarly. 
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+5 V 
 
 
 
 
 

LED 
 

2 
3 

 
 
 

4 

1 
LED 

 
 
 
 
 
 

+5 V 
 
 
 

Switch 

 
 
 
 
 
 
 
 
TTL Signal 

 
 
 
P0.0 
P0.1 
P0.2 
P0.3 
P0.4 
P0.5 
P0.6 
P0.7 

 
 
 

I/O Connector 
GND 

 

 
 

1   P0.0 configured as an open-drain digital output driving a LED 
2   P0.2 configured as a push-pull digital output driving a LED 
3   P0.4 configured as a digital input receiving a TTL signal from a gated invertor 
4   P0.7 configured as a digital input receiving a 0 V or 5 V signal from a switch 

 
Figure 13. Example of Connecting  a Load 

 
Caution  Exceeding  the maximum input voltage ratings or maximum output ratings, which 
are listed in the specifications, can damage the DAQ device and the computer. National 
Instruments is not liable for any damage resulting from such signal connections. 

 
Source/Sink Information 

The default configuration of the USB-6008/6009 DIO ports is open-drain, 
allowing 5 V operation, with an onboard 4.7 kΩ pull-up resistor. An 
external, user-provided, pull-up resistor can be added to increase the source 
current drive up to a 8.5 mA limit per line as shown in Figure 14. 
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+5 V USB-6008/6009 

 
 

+5 V 
 
 

Re 
External 
Pull-up 
Resistor 

 
 
 
P0.0 

Rp 
4.7 KΩ Onboard Resistor 

 
 
 
Port Pad 

 
 

Rl 
Load 

 
 

A             GND 
 
 

Figure 14. Example of Connecting External User-Provided Resistor 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

I/O Protection 

Complete the following steps to determine the value of the user-provided 
pull-up resistor: 
1.    Place an ammeter in series with the load. 
2.    Place a variable resistor between the digital output line and the +5 V. 
3. Adjust the variable resistor until the ammeter current reads as the 

intended current. The intended current must be less than 8.5 mA. 
4.    Remove the ammeter and variable resistor from your circuit. 
5. Measure the resistance of the variable resistor. The measured 

resistance is the ideal value of the pull-up resistor. 
6. Select a static resistor value for your pull-up resistor that is greater than 

or equal to the ideal resistance. 
7.    Re-connect the load circuit and the pull-up resistor. 

 
To protect the USB-6008/6009 against overvoltage, undervoltage, and 
overcurrent conditions, as well as ESD events, you should avoid these fault 
conditions by using the following guidelines: 
• If you configure a DIO line as an output, do not connect it to any 

external signal source, ground signal, or power supply. 
• If you configure a DIO line as an output, understand the current 

requirements of the load connected to these signals. Do not exceed the 
specified current output limits of the DAQ device. 
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National Instruments has several signal conditioning solutions for 
digital applications requiring high current drive. 

• If you configure a DIO line as an input, do not drive the line with 
voltages outside of its normal operating range. The DIO lines have a 
smaller operating range than the AI signals. 

•     Treat the DAQ device as you would treat any static sensitive device. 
Always properly ground yourself and the equipment when handling 
the DAQ device or connecting to it. 

 
Power-On States  

 
At system startup and reset, the hardware sets all DIO lines to 
high-impedance inputs. The DAQ device does not drive the signal high or 
low. Each line has a weak pull-up resistor connected to it. 

 
Static DIO 

 
 
 
 
 
Event Counter 

 
 
Each of the USB-6008/6009 DIO lines can be used as a static DI or DO 
line. You can use static DIO lines to monitor or control digital signals. All 
samples of static DI lines and updates of DO lines are software-timed. 

 
You can configure PFI 0 as a source for a gated invertor counter input edge 
count task. In this mode, falling-edge events are counted using a 32-bit 
counter. For more information about event timing requirements, refer to the 
Specifications section. 

 
Reference and Power Sources 

 
The USB-6008/6009 creates an external reference and supplies a power 
source. 

 
+2.5 External References 

The USB-6008/6009 creates a high-purity reference voltage supply for the 
ADC using a multi-state regulator, amplifier, and filter circuit. The 
resulting +2.5 V reference voltage can be used as a signal for self test. Refer 
to the Self Test section, for more information. 
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+5 V Power Source   
The USB-6008/6009 supplies a 5 V, 200 mA output. This source can be 
used to power external components. 

 
Note    While the device is in USB suspend, the output is disabled. 

 
 

Specifications 
 

The following specifications are typical at 25 °C, unless otherwise noted. 
 
Analog Input  

 
Converter type ........................................ Successive approximation 
 
Analog inputs ......................................... 8 single-ended/4 differential, 

software selectable 
 
Input resolution 

USB-6008 ....................................... 12 bits differential, 
11 bits single-ended 

USB-6009 ....................................... 14 bits differential, 
13 bits single-ended 

 
Max sampling rate1 

USB-6008 ....................................... 10 kS/s 
USB-6009 ....................................... 48 kS/s 

 
AI FIFO .................................................. 512 bytes 
 
Timing resolution ................................... 41.67 ns (24 MHz timebase) 

Timing accuracy..................................... 100 ppm of actual sample rate 

Input range 
Single-ended ................................... ±10 V 
Differential ...................................... ±20 V, ±10 V, ±5 V, ±4 V, 

±2.5 V, ±2 V, ±1.25 V, ±1 V 

Working voltage..................................... ±10 V 

Input impedance ..................................... 144 kΩ 
 
Overvoltage protection........................... ±35 

 
1   Might be system dependent 
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Range 

Typical at 25 °C 
(mV) 

Maximum over Temperature 
(mV) 

+10 14.7 138 
 

Trigger source .........................................Software or external digital 
trigger 

 
System noise ...........................................0.3 LSBrms (±10 V range) 

Absolute accuracy at full scale, single ended 

 
 
 
 
 

Absolute accuracy at full scale, differential1 
 

 

 
Range 

Typical at 25 °C 
(mV) 

Maximum over Temperature 
(mV) 

+20 14.7 138 
+10 7.73 84.8 
+5 4.28 58.4 
+4 3.59 53.1 

+2.5 2.56 45.1 
+2 2.21 42.5 

+1.25 1.70 38.9 
+1 1.53 37.5 

1 Input voltages may not exceed the working voltage range. 
 

Analog Output  
 
Converter type ........................................Successive approximation 
 
Analog outputs........................................2 
 
Output resolution ....................................12 bits 
 
Maximum update rate .............................150 Hz, software-timed 
 
Output range ...........................................0 to +5 V 

Output impedance ...................................50 Ω 

Output current drive................................5 mA 

Power-on state ........................................0 V 
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Slew rate................................................. 1 V/µs 
 

Short circuit current ............................... 50 mA 
 

Absolute accuracy (no load) .................. 7 mV typical, 36.4 mV maximum 
at Full Scale 

 
Digital I/O  

 
Digital I/O 

P0.<0..7>......................................... 8 lines 
PI.<0..3> ......................................... 4 lines 

 
Direction control .................................... Each channel individually 

programmable as input or output 
 
Output driver type 

USB-6008 ....................................... Open-drain 
USB-6009 ....................................... Each channel individually 

programmable as push-pull or 
open-drain 

 
Compatibility ......................................... TTL, LVTTL, CMOS 
 
Absolute maximum voltage range ......... –0.5 to 5.8 V with respect to GND 

Pull-up resistor ....................................... 4.7 kΩ to 5 V 

Power-on state ........................................ Input (high impedance) 
 
Digital logic levels 

 

Level Min Max Units 
Input low voltage 
Input high voltage 
Input leakage current 

–0.3 
2.0 
— 

0.8 
5.8 
50 

V 
V 

µA 
Output low voltage (I = 8.5 mA) 
Output high voltage 

Push-pull, I = –8.5mA 
Open-drain, I = –0.6mA, nominal 
Open-drain, I = –8.5mA, with external pull-up resistor 

— 
 

2.0 
2.0 
2.0 

0.8 
 

3.5 
5.0 
— 

V 
 

V 
V 
V 

 

External Voltage  
 
+5 V output (200 mA maximum) .......... +5 V typical, +4.85 V minimum 
 
+2.5 V output (1 mA maximum) ........... +2.5 V typical 
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+2.5 V accuracy ......................................0.25% max 
 

Reference temperature drift ....................50 ppm/°C max 
 
Counter  

 
Number of counters ................................1 
 
Resolution ...............................................32 bits 
 
Counter measurements ...........................Edge counting (falling-edge) 

Pull-up resistor........................................4.7 kΩ to 5 V 

Maximum input frequency .....................5 MHz 

Minimum high pulse width.....................100 ns 

Minimum low pulse width......................100 ns 

Input high voltage ...................................2.0 V 

Input low voltage ....................................0.8 V 
 
Bus Interface  

 
USB specification ...................................USB 2.0 full-speed 
 
USB bus speed ........................................12 Mb/s 

 
Power Requirements 

USB 
4.10 to 5.25 VDC.............................80 mA typical, 500 mA max 
USB suspend ...................................300 µA typical, 500 µA max 

 
Physical Characteristics 

If you need to clean the module, wipe it with a dry towel. 
 

Dimensions 
Without connectors..........................6.35 cm × 8.51 cm × 2.31 cm 

(2.50 in. × 3.35 in. × 0.91 in.) 
With connectors...............................8.18 cm × 8.51 cm × 2.31 cm 

(3.22 in. × 3.35 in. × 0.91 in.) 
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I/O connectors ........................................ USB series B receptacle, 
(2) 16 position terminal block 
plug headers 

 
Weight 

With connectors .............................. 84 g (3 oz) 
Without connectors ......................... 54 g (21 oz) 

 
Screw-terminal wiring............................ 16 to 28 AWG 

 
Torque for screw terminals .................... 0.22 to 0.25 N · m 

(2.0 to 2.2 lb · in.) 
 
Safety  

 
Standards 
The USB-6008/6009 is designed to meet the requirements of the following 
standards of safety for electrical equipment for measurement, control, and 
laboratory use: 
•     IEC 61010-1, EN 61010-1 
•     UL 61010-1 
•     CAN/CSA-C22.2 No. 61010-1 

 
Note    For UL and other safety certifications, refer to the product label, or visit 
ni.com/certification, search by model number or product line, and click the 
appropriate link in the Certification column. 
 

Voltages 
Connect only voltages that are within these limits. 

 
Channel-to-GND ................................ ±30 V max, 

Measurement Category I 
 

Measurement Category I is for measurements performed on circuits not 
directly connected to the electrical distribution system referred to as 
MAINS voltage. MAINS is a hazardous live electrical supply system that 
powers equipment. This category is for measurements of voltages from 
specially protected secondary circuits. Such voltage measurements include 
signal levels, special equipment, limited-energy parts of equipment, 
circuits powered by regulated low-voltage sources, and electronics. 

 
Caution    Do not use this module for connection to signals or for measurements within 
Measurement Categories II, III, or IV. 
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Hazardous Locations 
The USB-6008/6009 are not certified for use in hazardous locations. 

 
Environmental  

The USB-6008/6009 device is intended for indoor use only. 

Operating temperature 
(IEC 60068-2-1 and IEC 60068-2-2)......0 to 55 °C 
 
Operating humidity 
(IEC 60068-2-56) ...................................10 to 90% RH, noncondensing 
 
Maximum altitude...................................2,000 m (at 25°C ambient 

temperature) 
 
Storage temperature 
(IEC 60068-2-1 and IEC 60068-2-2)......– 40 to 85 °C 
 
Storage humidity 
(IEC 60068-2-56) ..................................5 to 90% RH, noncondensing 
 
Pollution Degree (IEC 60664) ................2 

 
Electromagnetic Compatibility 

Emissions ................................................EN 55011 Class A at 10 m 
FCC Part 15A above 1 GHz 

 
Immunity ................................................Industrial levels per 

EN 61326:1997 + A2:2001, 
Table 1 

 
EMC/EMI ...............................................CE, C-Tick, and FCC Part 15 

(Class A) Compliant 
 

Note    The USB-6008/6009 may experience temporary variations in analog input readings 
when exposed to radiated and conducted RF noise. The device returns to normal operation 
after RF exposure is removed. 
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CE Compliance  
 
This product meets the essential requirements of applicable European 
Directives, as amended for CE marking, as follows: 

Low-Voltage Directive (safety) ............. 73/23/EEC 

Electromagnetic Compatibility 
Directive (EMC) .................................... 89/336/EEC 

 
Note    Refer to the Declaration of Conformity (DoC) for this product for any additional 
regulatory compliance information. To obtain the DoC for this product, visit 
ni.com/certification, search by model number or product line, and click the 
appropriate link in the Certification column. 
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Where to Go for Support 
 

The National Instruments Web site is your complete resource for technical support. 
At ni.com/support you have access to everything from troubleshooting and 
application development self-help resources to email and phone assistance from 
NI Application Engineers. 

 
A Declaration of Conformity (DoC) is our claim of compliance with the Council 
of the European Communities using the manufacturer’s declaration of conformity. 
This system affords the user protection for electronic compatibility (EMC) and 
product safety. You can obtain the DoC for your product by visiting 
ni.com/certification. If your product supports calibration, you can obtain 
the calibration certificate for your product at ni.com/calibration. 

 
National Instruments corporate headquarters is located at 
11500 North Mopac Expressway, Austin, Texas, 78759-3504. 
National Instruments also has offices located around the world to help address 
your support needs. For telephone support in the United States, create your service 
request at ni.com/support and follow the calling instructions or dial 512 795 
8248. For telephone support outside the United States, contact your local branch 
office: 

 
Australia 1800 300 800, Austria 43 0 662 45 79 90 0, 
Belgium 32 0 2 757 00 20, Brazil 55 11 3262 3599, 
Canada (Calgary) 403 274 9391, Canada (Ottawa) 613 233 5949, Canada 
(Québec) 450 510 3055, Canada (Toronto) 905 785 0085, Canada 
(Vancouver) 604 685 7530, China 86 21 6555 7838, Czech Republic 420 
224 235 774, Denmark 45 45 76 26 00, Finland 385 0 9 725 725 11, 
France 33 0 1 48 14 24 24, 
Germany 49 0 89 741 31 30, India 91 80 51190000, 
Israel 972 0 3 6393737, Italy 39 02 413091, Japan 81 3 5472 2970, Korea 
82 02 3451 3400, Malaysia 603 9131 0918, 
Mexico 01 800 010 0793, Netherlands 31 0 348 433 466, New 
Zealand 0800 553 322, Norway 47 0 66 90 76 60, Poland 48 22 
3390150, Portugal 351 210 311 210, 
Russia 7 095 783 68 51, Singapore 65 6226 5886, Slovenia 386 3 
425 4200, South Africa 27 0 11 805 8197, Spain 34 91 640 0085, 
Sweden 46 0 8 587 895 00, Switzerland 41 56 200 51 51, Taiwan 
886 2 2528 7227, Thailand 662 992 7519, United Kingdom 44 0 
1635 523545 

 
 
 
 

National Instruments, NI, ni.com, and LabVIEW are trademarks of National Instruments Corporation.  
Refer to the Terms of Use section on ni.com/legal for more information about National 
Instruments trademarks. Other product and company names mentioned herein are trademarks or trade 
names of their respective companies. For patents covering National Instruments products, refer to the 
appropriate location: Help»Patents in your software, the patents.txt file on your CD, or 
ni.com/patents. 

 
© 2004 National Instruments Corporation. All rights reserved. 
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