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SmartDART is a new, fully 
automated, highly integrated 
and self contained, high resolu-
tion Magnetometer & Gam-
maray Spectrometer Survey 
System  for helicopter towed-
bird applications.     

5ŜǎƛƎƴŜŘ ŀǎ ŀ άōƻƭǘ-ƻƴέ ǎȅǎǘŜƳ 
it provides an easy and inex-
pensive way to obtain high-
quality magnetic and radio-
metric data.  It is fully auto-
mated and requires no opera-
tor onboard the helicopter.    

SmartDART runs off helicopter 
power, which is provided via 
the 35 meters long tow-cable.    

SmartDART contains its own 
built-in GPS receiver with 1 pps 
synchronization, and has either 
a radar altimeter or an op-
tional laser altimeter for meas-
uring the height above ground.    

The  high-resolution magne-
tometer,  or 4-meters separa-
tion horizontal gradiometer  
utilizes Scintrex CS-3 cesium 
vapour magnetometers cou-
pled with a Pico Envirotec  

MMS-4 smart processor.   The 
resolution of these magne-
tometers is 0.2 pico-Tesla, with 
sampling rates of up to 100 
Hz.The gammaray spectrome-
ǘŜǊ ƛǎ  ƻƴŜ ƻŦ tƛŎƻ 9ƴǾƛǊƻǘŜŎΩǎ 
very successful AGRS-10 units, 
featuring 512 channels of indi-
vidual spectra recording, a 
digital peak detector and 8.4 
litres of NaI(TI) detector in-
stalled on the SmartDART 
towed-ōƛǊŘΦ  !ƴ άǳǇǿŀǊŘ-
ƭƻƻƪƛƴƎέ ŘŜǘŜŎǘƻǊ ƻŦ н ƭƛǘǊŜǎ 
volume is optionally available . 

A Pico  Envirotec AUTONAV 
navigation guidance system is 
installed in the helicopter for 
pilot guidance. 

Geophysical and navigation 
data is recorded onto a USB 
memory stick on the Smart-
DART towed-bird. 

PEIView utility software pro-
vided with SmartDART  per-
mits easy viewing of acquired 
data  for QC purposes and 
facilitates exporting the data in 
ASCII or Geosoft  GBN formats. 

Smar tDART -  a  t o w e d-b i r d  h i g h-s e n s i t i v i t y  
m a g n e t o m e t e r  &  g a m m a ra y  s p e c t r o m e t e r 

Features: 

¶ High-resolution cesium    

vapour magnetometer or 

horizontal gradiometer (4 

meters separation) 

¶ 512-channels advanced   

digital gammaray spec-

trometer with 8.4 litres   

(512 in3) of detector 

¶ hǇǘƛƻƴŀƭ άǳǇǿŀǊŘ-ƭƻƻƪƛƴƎέ 

detector 

¶ Fully automated -  no opera-

tor required 

¶ Completely automated field 

calibration, no radioactive 

samples are required. 

¶ Portable hand-held com-

puter provides flight path  

information, discrete data 

channels or altimeter data, 

as selected, to flight crew 

¶ Real time DGPS navigation 

& positioning 

¶ Radar or Laser altimeter 

measures height above 

ground 

¶ Suitable for small, light heli-

copters such as MD500 or 

Robinson R44  

¶ 9ŀǎȅ έōƻƭǘ-ƻƴέ ǎȅǎǘŜƳΣ ƴƻ 

civil aviation approvals    

required 

¶ Simple power & sensor    

connections 

Smar tDART 
Automated  Geophys ica l  Survey  System 

C e s i u m  V a p o u r  M a g n e t o m e t e r  o r   

H o r i z o n t a l  G r a d i o m e t e r 

SmartDart may be configured as 
either a single sensor total-field 
magnetometer or as a horizontal 
magnetic gradiometer, with a 4-
meters sensor separation.    In 
either case,  Scintrex CS-3 ce-
sium vapour magnetometers are 
utilized.    

The Larmor frequency outputs of 
the CS-3  are processed  by a 
Pico Envirotec MMS-4 Smart 
Magnetometer Processor  deliv-
ering magnetic data with 0.2 pT 
resolution, at sampling rates 
from 5 to 100 Hz.                    

MMS-4 Smart Magnetometer 
Processor 

The MMS-4 is an intelligent high 
sensitivity, high resolution mag-
netometer processor able to 
process signals from multiple 
cesium magnetometer sensors.  
It is implemented in several 
formats including PC-104 and 
contains up to four continuous 
frequency processing input mod-
ules with signal decouplers and 
power control circuitry. 

 

SmartDART wth horizontal  magnetic gradiometer 

The MMS4 was designed as a key 
component of the PEI Airborne 
Geophysical Information System 
(AGIS). It is also used in Portable/ 
Base Station magnetic system 
(PGIS-HSMag, PGIS-HSMag/Base 
Station) and can be used with 
any data system capable of re-
ceiving RS-232 serial data. The 
processor contains synchroniza-
tion input from GPS 1PPS (pulse 
per second), to assure precise 
signal sampling without quantiz-
ing errors. 



SmartDART 

The SmartDART horizontal gradi-
ometer utilizes two CS-3 cesium 
magnetometers installed at either 
end of a 4 meters wide rigid-boom 
at the tail of the airfoil.   

Horizontal gradients provide de-
tailed near-surface information, 
and help to interpolate between 
survey flight lines. This is especially 
important if the survey target has 
similar dimensions to the survey 
line spacing. The horizontal gradi-
ent is much less affected by diurnal 
changes in the magnetic field so it 
is ideal for use in areas where 
significant diurnal is expected. 

¶ Horizontal gradient and total 
magnetic field data are recorded 
at the same time  

¶ Horizontal gradient systems 
map near surface magnetic 
bodies much better than a total 
field magnetometer will 

¶ Horizontal gradient systems 
provide more geometric infor-

mation than a total field magne-
tometer  

¶ Horizontal gradient systems  are 
more sensitive to smaller bodies 
and targets to one side of the 
flight line, resulting in better 
definition of a body that has only 
two flight lines crossing it 
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A G R S- 1 0 S  A d v a n c e d  D i g i t a l  G a m m a r a y  S p e c t r o m e t e r 

H o r i z o n t a l  M a g n e t i c  G r a d i o m e t e r 

Smar tDART 

Single Sensor Gridded Magnetic Data Horizontal Gradient Enhanced 
Magnetic Data 

CS-3 Cesium Magnetometer 

Installed in the SmartDART towed-
bird is a Pico Envirotec AGRS-10S 
Advanced Digital Gammaray Spec-
trometer and a GSX-512 detector.   
An optional GSX128U upward look-
ing detector may also be included. 

The AGRS-10S gammaray spec-
trometer is widely used in geologi-
cal and geophysical exploration and 
mapping as well as in environ-
mental and nuclear surveillance. 

Individual and independent detec-
tor processing provides real time 
gain and linearity correction.  PEI's 
unique system stabilization algo-
rithm makes the AGRS-10S fully 
automated and self stabilizing on 
natural radioactive elements. This 
eliminates the requirement for 
regular and time consuming system 
checks and re-calibration and as-
sures accurate and reliable gam-
maray measurements.  

Specially developed software algo-
rithms provide results in absolute 
units of contamination and dosage 
automatically corrected from ac-
quisition altitude to ground level 
equivalents. Individual crystal de-
tector signal processing provides an 
accurate control over each contrib-
uting sensor providing the user 
with the best possible spectra 
alignment for the complete system. 
New design techniques for the 

peak detection electronics almost 
completely eliminates 'pulse pile 
up' and 'Dead Time' effects. 

The AGRS-10S features: 

¶ 256/512/1024 channels reso-
lution ADC Converter                                

¶ Digital Peak detection 

¶ Automatic tuning / system 
tracking 

¶ Fully automatic detector cali-
bration 

¶ Real time linearization and 
gain stabilization 

¶ Crystal detectors do not re-
quire heaters due to advanced 
system design 

¶ Ethernet (LAN) communica-
tion 

¶ Insignificant dead-time for 
counts less than 20,000 cps 
per detector 

¶ Stabilization time of less than 
30 seconds on the ground 

¶ Handles up to ten detectors 

¶ Allows individual detector or 
summed detector recording 

¶ In addition to the full spectra, 
up to 8 special windows 
(Regions of Interest) are col-
lected and recorded along with 
the status of each detector. 

 

GSX-512 Detector  - the GSX-512 
detector comprises 8.4 litres of NaI
(TI) crystal detectors installed in the 
SmartDART.   The crystals are in-
stalled in a thermally insulated , 
shock-mounted detector assembly.   
However, unlike conventional con-
tainers the crystals are mounted 
end to end rather than side by side. 
As a result all the surfaces of each 
crystal are exposed providing maxi-
mum sensitivity from each detec-
tor. 

Optional GSX128U Upward Look-
ing Detector - the optional 
GSX128U upward looking detector 
assembly comprises 2 litres of NaI
(TI) detector in a lead-shielded 
container installed in the nose of 
the SmartDART towed-bird. 

Digital Peak Detector  Electronics 



Smar tDART 

The SmartDART towed-bird 
assembly is constructed of fiber-
glass and Kevlar.   It is 4.3 me-
ters (14 ft) long, and is 25 cm (10 
in) in diameter.  It features stabi-
lization wings, a suspension 
point, a horizontal gradiometer 

assembly which bolts-on to the 
tail section of the main Smart-
Dart structure (4 meters separa-
tion between sensors), with two 
magnetometer sensor gimbals, 
two mounts for the magnetome-
ter electronics, and mounts for a 

triaxial fluxgate magnetometer 
and a digital compass.  It also 
has mounts for a laser altimeter 
and for the GSX-512 gammaray 
detectors and optional GSX-
128U upward-looking detectors. 

 

faces for up to 3 
magnetometers; a 
gammaray spec-
trometer; a radar 
or laser altimeter; a 
barometric altime-
ter; a GPS receiver, 
and; a roll, pitch 
and yaw sensor, 
the module is fully 
automated and 

records data directly 
to solid-state mem-
ory card, which may 
then be backed-up 

The SmartDart data 
acquisition and re-
cording module is an 
updated  version of 
the modules used in 
tƛŎƻ 9ƴǾƛǊƻǘŜŎΩǎ ǾŜǊȅ 
successful AutoMAG 
and AutoSPEC sys-
tems.    

Installed in the main 
structure of the 
SmartDART and featur-
ing; 8 differential analog 
input channels; inter-

to a removable USB memory stick.   

! ǇƛƭƻǘΩǎ ŘƛǎǇƭŀȅ  ǳƴƛǘ όPDI),  essentially 
a 2 line x 32 character, high brightness 
LCD pseudo-graphics display, depicting  
instrument status is installed in the 
helicopter cockpit. 

A portable hand-held computer (HHC) 
is optionally available that provides 
flight path information, discrete data 
channels, and radar or laser altimeter 
or GPS height data, as selected by the 
user. 
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G P S  N a v i g a t i o n  a n d  P o s i t i o n i n g 

S m a r t D A R T T o w e d- b i r d  A i r f o i l  

D a t a  A c q u i s i t i o n  &  R e c o r d i n g  M o d u l e 

The  Crescent R120 is a WAAS /
EGNOS / Omni-STAR real-time differ-
entially corrected  GPS system, that 
provides consistent sub-meter per-
formance with standard SBAS differen-
ǘƛŀƭ ŀƴŘ IŜƳƛǎǇƘŜǊŜ Dt{Ω ŜȄŎƭǳǎƛǾŜ 
COAST technology that maintains 
accuracy during temporary loss of 
differential signal. 

The NovAtel DL-V3 is a dual-frequency 
geodetic quality GPS receiver, provid-
ing sub-meter performance, de-
signed for base station and rover 
applications.  The DL-V3 incorpo-
rates NovAtel's OEMV-3 card 
housed in a rugged aluminum en-
closure. The DL-V3 provides flexible 
connectivity through serial, USB, 
Ethernet and Bluetooth interfaces. 
The DL-V3 is capable of using the 

positioning signals from both the 
GPS and GLONASS constellations for 
maximum flexibility and enhanced 
positioning in challenging environ-
ments. The DL-V3 supports GPS L2C 
and will be capable of tracking the L5 
GPS signal as soon as it becomes 
available . 

Appropriate aviation approved GPS 
antennas are provided for the R120 
and DL-V3 receivers. 

Three GPS options are available for 
use with  SmartDART.  If the user 
intends to navigate the helicopter 
using its own GPS system, and the 
purpose of the GPS receiver is to 
simply record position information 
for data processing purposes, then  
SmartDART would be provided with 
a Garmin 16 GPS receiver.  The 
Garmin 16 is a  WAAS / EGNOS 
enabled 12-channels GPS receiver / 
antenna module. It delivers a data 
output in RS232 format as a stan-
dard NEMA data string. 

If the user wishes to also navigate 
the helicopter using the SmartDART 
GPS system, then  we would recom-
mend the use of a more capable GPS 
receiver, such as the Hemisphere 
Crescent R-120 or NovAtel DL-V3.   

SmartDART                                       
is a new, fully automated, 
highly integrated and self 
contained, high resolution 

Magnetometer & 
Gammaray Spectrometer 

Survey System                 
for helicopter towed-bird 

applications.     

 

 

 

 

 

 

 

 

 

 

 

 

 

5ŜǎƛƎƴŜŘ ŀǎ ŀ άōƻƭǘ-ƻƴέ 
system it provides an easy 

and inexpensive way to 
obtain high-quality 

magnetic and radiometric 
data.   

Front panel view of the 
AutoMAG/SPEC data     
acquisition module 

NovAtel DL-V3 GPS receiver 
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ting high-frequency pulsed laser light 
which is diffusely reflected back from 
the target. 
 
This return signal is compared with a 
re fe rence 
clock. From 
the amount 
of time, a 
r e s u l t i n g 
distance is 
determined 
with great 
accu rac y . 
The maxi-
mum range 
m e a s u r e -
ment for 
the device 
over normal diffuse surfaces is 300 
meters (980 ft). The Sample Rate can 
be specified and the sensor has maxi-
mum capability of 2000 samples per 
second. Sampling may be turned on 
and off. It can even be triggered using 
an input signal wire or a serial com-
mand.  The accuracy of the AR3000 is 
generally specified with a linearity of 
+/- 0.8 inches (20mm) at 100 Hz. 
Linearity will vary depending on pulse 
frequency, distance averaging, tem-

A variety of ancillary instruments 
make up the balance of the Smart-
DARTΩǎ ŜǉǳƛǇƳŜƴǘ ƭƛǎǘΦ   ¢ƘŜǎŜ   
include: 

¶ A radar or laser altimeter 

¶ A barometric pressure sensor/
altimeter 

¶ A roll, pitch and yaw sensor 
 
Radar Altimeter - the TRA-3000 
Radar Altimeter unit provides AGL 
(Above Ground Level) altitude infor-
mation from 40 feet (12.3 m) up to 
2,500 feet (769 m).  The system 
consists of a single TRA-3000 re-
ceiver / transmitter/antenna unit.   
System accuracies are; 

-   40 to 100 ft +/- 5 ft 

- 100 to 500 ft +/- 5% 

- 500 to 2,500 ft +/- 7% 
 

Optional Laser Altimeter -  the Acu-
ity AccuRange !wолллϰ Distance 
Measurement Sensor is a pulsed 
time-of-flight rangefinder that meas-
ures distance using a laser beam, a 
photodiode, and a microprocessor.  
The rangefinder works based on 
time of flight measurement by emit-

Barometric Pressure Sensor / Al-
timeter - the Setra model 276 Baro-
metric Pressure Sensor / Altimeter 
measures height above sea level, as 
well as barometric pressure 
changes.  The Setra 276 altimeter 
has a resolution of approximately 
30cm (1 ft) and an accuracy of +/-
0.02% full scale at 19oC (70oF).  
 
Roll, Pitch and Yaw Sensor  - the 
Microstrain Model 3DM Solid State 
3-axis Pitch, Roll, & Yaw Sensor 
combines outputs from 3 angular-
rate gyros with 3 orthogonal DC 
accelerometers and 3 orthogonal 
magnetometers. An embedded 
microprocessor contains a program-
mable filtering algorithm, which 
blends static and dynamic outputs of 
the sensors to provide stabilized 
pitch, roll, 
and yaw 
m e a s u r e -
ments under 
dynamic and 
static condi-
tions.  

A n c i l l a r y  D e v i c e s 

Phone: 1-905-760-9512 
Fax: 1-905-760-9513 
E-mail: sales@picoenvirotec.com 

²ŜΩǊŜ ƻƴ ǘƘŜ ²9. 

www.picoenvirotec.com 
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A b o u t  P i c o  E n v i r o t e c 
 

Pico Envirotec Inc. (PEI) is a Canadian company, established in 1992.   Since 1998 it has been 
engaged primarily in manufacturing advanced instrumentation for use in airborne and ground 
ƎŜƻǇƘȅǎƛŎŀƭ ǎǳǊǾŜȅǎ ŦƻǊ ƳƛƴƛƴƎΣ ƻƛƭ ŀƴŘ Ǝŀǎ ŀƴŘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŀǇǇƭƛŎŀǘƛƻƴǎΦ  t9LΩǎ  ŎƻǊŜ ŜȄǇŜǊπ
tise is the development and manufacture of instrumentation for remotely measuring mag-
netic, gravity and gammaray radiation data, using real-time data acquisition and precise satel-
ƭƛǘŜ όDt{ύ ƴŀǾƛƎŀǘƛƻƴ ŀƴŘ ǇƻǎƛǘƛƻƴƛƴƎΦ  .ŜŎŀǳǎŜ ƻŦ t9LΩǎ ŎƭƻǎŜ Ŏƻ-operation with other geophysi-
cal companies, it provides complete, integrated, turnkey airborne or ground geophysical sys-
tems for acquiring geophysical data for either mining, oil and gas or environmental applica-
tions.   This is made possible by its development of "intelligent" instruments, using advanced 
PC104 technology, which facilitates easy and safe integration of just about any sensor or 
measuring device into a system.   The AGIS (Airborne Geophysical Information System for air-
borne geophysical exploration) and IRIS (Integrated Radiation Information System for environ-
ƳŜƴǘŀƭ ƳƻƴƛǘƻǊƛƴƎύΣ ŀǊŜ t9LΩǎ Ƴƻǎǘ ǎǳŎŎŜǎǎŦǳƭ ǎȅǎǘŜƳǎ ōŀǎŜŘ ƻƴ ǘƘƛǎ άƛƴǘŜƭƭƛƎŜƴǘέ ǇƘƛƭƻǎƻǇƘȅΦ  
 

During the sixteen years PEI has been in business, it has installed more than 100 airborne sys-
tems on a wide variety of aircraft and helicopters, for clients that include mining companies, 
exploration services companies, and government agencies.  Airborne systems designed, built, 
integrated and installed by PEI are flying in many countries around the world, including Can-
ada, USA, UK, Austria, Australia, Brazil, China, Czech Republic, Germany, South Africa, India, 
Brazil, France, Sweden, Finland, Italy, Egypt, Mexico, Libya, Russia, and Norway.  These air-
borne survey systems include sensors for making measurements of magnetics and magnetic 
gradients, gammaray spectrometry, time-domain electromagnetics and gravity.  
 

For more information about Pico Envirotec and our products and services, please contact Tim 

Bodger, Bob Pavlik or Keith Hall, or visit our web site www.picoenvirotec.com. 

Acuity AccuRange AR3000 

Laser Altimeter 

Microstrain 3DM Roll, 

Pitch & Yaw Sensor 


