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Background: Steerable Needles

 A red band is drawn at the location of the needle tip as determined by 

the Hall-Effect sensor. 

 The gray scale of each band is proportional to the strength of the 

magnetic field. 

 The image from the stud sensor is noisy; the location of the needle is 

unclear.

 The image from the Hall-Effect sensor has much better performance; 

the tip of the needle is precisely pinpointed. 

 Stepper motors actuate needle and Hall-Effect sensor.

 Arduino microcontroller controls motors and acquires data. 

 Sweep cycle:

 Servo motor sweeps in a clockwise direction. 

 The stepper motor will push the sensor forward one step after each 

complete servo motor sweep. 

 After 10 sweeps, the system will then go back 10 steps to the original 

position and repeat the same motion. 

 Data points of the voltage output and distance to 

the magnet were taken every 0.2 cm.

 Voltage readings from the analog to digital 

converter (ADC) of the Arduino board, with a low 

pass filter to remove white noise. 

 A piecewise curve of the form 1/x was used to 

account for the polarity of the magnetic field. 

 Analog and digital low-pass filtering (LPF) methods were 

implemented and tested. 

 Digital filter: two-point moving average algorithm of the form 

a*Vi + (1-a)*Vi-1, where 0 ≤ a ≤ 1. 

 Analog filter: first order resistor-capacitor circuit, with a 

resistance of 100 Ω and a capacitance of 47 μF. 

 The plots below compare a raw image without filtering, to a filtered 

image produced with analog and digital filtering methods. 

 Without filtering, the plot is very noisy, with dark bands appearing 

periodically. 

 Once filtering methods are used, the high frequency white noise is 

attenuated. e in the image. 

 Improve upon existing stud sensor layout. 

 Approach: Mount a magnet on the needle tip, and sense its location 

using Hall-Effect sensors.

 If the position of the tip is known, the position of the entire needle can 

be inferred. 

 Materials:

 Steerable Needle: nitinol wire.

 Phantom tissue: plastisol gel. 

 1/8” Neodymium/Iron/Boron (NdFeB) cube.

 Hall-Effect Sensor and Stud Sensor. 

Stud Sensor Magnet and Hall-Effect Sensor

Relatively expensive (~ $20/sensor) Cheap (~ $4/sensor)

Needs to be calibrated to the flesh. Magnetic fields pass through the flesh easily.

Can only work flush against a flat surface. Does not need to be placed against a surface. 

Noisy images. Filtering methods efficient in noise reduction. 

Digital sensor: binary data, exact position unclear. Analog sensor: more resolution. 

Detection on a plane at best. Can detect in three dimensions.
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 Brachytherapy: radiation source placed near 

the region needing treatment.

 Radioactive seed delivered into the patient 

using steerable needles with a bevel tip.

 Needle can be steered to any location in the 

body while avoiding obstacles.

Figure 2: Picture of the needle in the 

phantom tissue with a magnet at the tip. 

Figure 3: The steerable needle actuation system. Figure 4: The test bed, with major parts labeled. 

Figure 5: Plot of sensor calibration. 

Figure 1: Diagram of Steerable Needles.

Figure 6: Error analysis with a digital LPF. Figure 7: Error analysis with an analog LPF. 
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Raw Sensor Output

Filtered Sensor Output, a = 0.5
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Filtered Sensor Output, R = 100  , C = 47 F

Actual Reading (1 cm)

Figure 8: Image of the needle tip, without filtering. Figure 9: Image of the needle tip, with filtering.

Table 1: Comparison between the Hall-Effect Sensor and the original stud sensor system. 
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Figure 11: Image of the needle tip, 

using the Hall-Effect sensor.

Figure 10: Image of a horizontal 

needle, using the stud sensor.

Conclusions

 Filtering methods were efficient in removing sensor noise. 

 Detection range is limited by the size of the magnet and the sensors. 

 Depth readings are not reliable. However, using the Hall-Effect sensor 

results in huge gains in 2D image performance over the stud sensor. 

 Future work: create a 3D image using an array of sensors. 


