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Development of a helicopter-borne magnetic survey system in use of a nose
boom magnetic sensor and its passive compensation for aircraft’s
magnetic field

Tadashi Nakatsuka* and Shigeo Okuma*

ABSTRACT

A helicopter-borne magnetic survey system was developed in use of a nose boom magnetic sensor,
which enables safe and practical operation of low-altitude high-resolution survey even in mountainous
regions of very steep topography and high elevation. The system consists mainly of airborne Cesium mag-
netometer, 3-axis fluxgate magnetometer, GPS receiver, navigation unit, data-acquisition PC, etc., incor-
porating with other equipment on the ground including base station magnetometer and reference station
GPS receiver.

The nose boom magnetic sensor is situated rather near the helicopter body and cannot be free from its
magnetic noise, though the boom itself is made non-magnetic. The 3-axis fluxgate magnetometer is the eq-
uipment to compensate aircraft’s magnetic noise field. Theoretical consideration for passive magnetic com-
pensation and the method of actual data processing for it are discussed. Then the software for magnetic
compensation was developed and applied to the data of actual verification survey, and the procedure was
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proven to accomplish post-flight magnetic compensation properly.
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Fig. 1 Helicopter equipped with new aeromagnetic sur-
vey system with a nose boom configuration.
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Table 1 Specifications of airborne Cesium magnetometer

Maker/Model Scintrex (Canada)/CS-2
Magnetic field range 15,000-100,000 nT

Gradient tolerance 40,000 nT/m

10-85° against field direction
+0.25 nT inside the optical axis
orientation range of 20-70°

Optical axis orientation
Directional error
Output signal Continuous signal of Larmor fre-
quency 3.498577 Hz/nT
—40-50°C, 0-100% humidity
27-35V DC/
normally 15 W at 20°C
Warm-up time/power 15 min. at —40°C/ca. 1.5 A
Weight sensor head ; 1.15 kg,
electronics ; 1.5 kg

Operating environment
Power supply

Fig. 2 Base frame to attach nose boom to the helicopter.
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Fig. 3 Configuration of magnetic sensors in the nose boom (stinger) of helicopter.

Table 2 Specifications of 3-axis fluxgate magnetometer

Maker Billingsley Magnetics (USA)
Model TFM100G2

+100,000 nT each axis

(410 V Full scale)

100 uV/nT, £0.015%FS

better than+1°

Magnetic field range

Sensitivity/linearity
Orthogonality

Temperature effect on +0.6nT/C
offset

Output impedance 332 Q+5%
Operating temperature —55-85°C

Power supply 15-34 V DC, ca. 25 mA
Weight 100 g

’I"lble 3 Specifications of Larmor frequency counter

Maker Guide Technology (USA)
Model GT200-10
Size 124 mm X 337 mm

(PC/AT Full length ISA board)

10 MHz Crystal OSC
Temperature effect +5 ppm within 0-50°C
Short-term stability <5X1071°rms with 1 s average
Aging <2 ppm/year

Frequency range DC to 100 MHz

Input voltage range +5V

1k 30 pF/50 @ (selectable)

250 us—3200 s

7 digits at 1 ms gate time

+5VO09A, +12V0.2A, -5V

0.06A, =12V 0.02 A

Time base

Input impedance
Gate time capability
Significant digits
Power supply
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Table 4 Spec1ﬁcatlons of A/D converter

Maker Aclvantech (USA Talwan)

Model PCL-812 PG
Size 100 mm X 185 mm

(PC/AT Half size ISA board)

16 ch single-ended
+10/5/2.5/1.25/0.625/0.3125 V
12 bit, 0.01% +1 LSB

12 bit 2 ch, +5V/+10 V range
Digital input/output 16 TTL input, 16 TTL output
A/D pacer/counter 2 us—36 min./2 MHz time base
Operating environment  0-50°C, 5-95% humidity
+5V0.5A, +12V 0.05 A typical

Analog input (A/D)
Input-voltage range
Resolution, accuracy

Analog output (D/A)

Power supply

Fig. 4 GPS antenna on top of the helicopter.
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Fig. 5 GPS receiver on the ground as a reference station
for the differential processing.

Fig. 6 CCD of video camera for the ground image posi-
tion fixing.

Fig. 7 Main LCD display of navigation unit, and guide in-
dicator for pilot (with an indicator of radio al-
timeter) .
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Fig. 8 Data acquisition PC on the rack next to operator’s
seat.
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Fig. 11 Magnetic anomaly maps from actual verification survey (a) after and (b) before the compensation of aircraft’s magnetic

field. Contour interval is 5 nT. Thick broken lines on (b) are the track paths. Herringbone pattern on (b) was eliminated
on (a) by the compensation of aircraft’s magnetic field.
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