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1) Abstract 
The Phantom Premium 3.0 6DOF is a high-quality haptic feedback device once manufactured by SensAble 

Technologies. The Phantom supports six degrees of position sensing and force feedback. However, it has 

been discontinued and is poorly supported by modern computer systems. Our project aims to reverse 

engineer the Phantom control system, bypass the outdated native D-SUB interface, and re-enable support 

for the Phantom over USB. Our reverse engineering methods relied on manually inspecting the Phantom’s 

components and collecting datasheets for known components. We achieved one-way usage of the device, 

with usable position data successfully being extracted from the optical encoders. Motor control was not 

achieved, although progress was made on documenting the control system.  

2) Introduction 

2.1) The Phantom Premium 3.0 6DOF Device 
The Phantom device has a number of advantages compared to other haptic devices. It has a large range of 

motion, covering full arm movement pivoting at the shoulder. Other Phantom haptic devices have only 

wrist or elbow coverage. Even though sensor error is increased by the longer arms, the Phantom Premium’s 

accuracy is still very high: position detection is accurate to within 0.02mm. The sturdy base and strong 

motors allow the Phantom to exert up to 22N of force feedback, while still being precise enough to create 

high-quality haptic textures [2].  

The arm assembly pivots left 

and right at the base, as well as 

up and down. The knee joint 

and hamstring joint enable 

forward and backward rotation, 

covering all three axes of 

translation. The three base 

motor and optical encoder 

assemblies are located at the 

base, along with 

counterweights for the arm. 

This design reduces the arm’s 

inertia and allows the apparent 

mass at the arm’s tip to be as 

low as 160g. The gimbal joint 

assembly provides torque 

sensing and feedback on the 

pitch, roll, and yaw axes, 

rounding out the Phantom’s full 

six degrees of freedom 

capabilities.  

 

 

 

 

Fig. 1: Phantom arm components. 
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Property Specification 

Workspace Translational 

33 W x 23 H x 16 D inches 

838 W x 584 H x 406 D mm 

 

Rotational 

Yaw: 297 degrees/5.18 radians 

Pitch: 260 degrees/4.54 radians 

Roll: 335 degrees/5.85 radians 

Footprint Detachable Portion 

8 W x 8 D inches  

203 W x 203 D mm 

 

Electronics Console (Amp box) 

15 W x 20 D inches  

381 W x 508 D mm 

Range of Motion Full arm movement pivoting at shoulder 

Nominal Position Resolution >1000 dpi 

~0.02 mm 

Backdrive friction 0.75 oz/0.2 N 

Maximum exertable force (nominal position) Translational 

4.9 lbf/22 N 

 

Rotational 

Yaw & Pitch: 27 oz-in/188 mNm 

Roll: 7oz-in/48 mNm 

Continuous exertable force (nominal position) Translational 

0.7 lbf/3 N 

 

Rotational 

Yaw & Pitch: 27oz-in/188mNm 

Roll: 7oz-in/48 mNm 

Stiffness 5.7 lbf in-1/1 N mm-1 

Inertia (apparent mass at tip – without encoder 

gimbal) 

< 0.35 lbm/< 159 g 

Force Feedback x, y, z, Tx, Ty, Tz 

Position Sensing x, y, z, roll, pitch, yaw 

The other component of the Phantom system is the electronics console or amp box. This box contains the 

power supply, motor amplifiers, status indicators, and a PCB containing all the necessary control logic and 

I/O connectors. The Phantom arm connects to the amp box via two DIN connectors and a D-SUB connector; 

the amp box uses a proprietary 37-pin D-SUB connector to communicate with the PC. The PC in turn has 

a PCI expansion card with the required 37-pin connector.  

2.2) Motivation 
Having worked in a limited fashion with other haptic devices, we saw that the Phantom’s capabilities would 

be a significant upgrade on what was currently available in our laboratory. Our previous haptic device was 

the Novint Falcon, which was only capable of translational motion and force feedback and was additionally 

limited to an extremely small 4in3 workspace. Our professor and advisor, Dr. Burdea, owned two Phantom 

Table 1: Phantom Premium 3.0 6DOF specifications [2] 
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arms which had been unused for many years. He felt they could open up new directions for development 

of the University’s virtual reality curriculum.  

The Phantom is a very old piece of equipment. The expansion card required to use it connects to a PC over 

the PCI interface, which is antiquated and rapidly being phased out in favor of the PCI-Express interface. 

Soon in the future, PCs will simply no longer be able to support the Phantom. Dr. Burdea, therefore 

suggested to us the subject of this project: to re-enable full sensing and force feedback capability for the 

Phantom on a modern PC.  

Sadly, the original host PC and its PCI interface card had long been lost. Rather than hunting down an 

obsolete piece of equipment, we decided to reverse engineer the connector and re-implement it to 

communicate over a USB port.   

3) Methods 

3.1) Logic Analyzer 
Our first thought was to simply turn on the device and connect pins from the D-SUB connector to a Hewlett-

Packard 1663A logic analyzer, using the device to see the native format of the Phantom’s communications. 

This attempt was spectacularly unsuccessful; the logic analyzer could read nothing without the proper 

power, ground, and signal connections to the original host.  

3.2) Disassembly and Visual 

Inspection 
After the failure of the logic 

analyzer, we disassembled the 

Phantom’s amplifier box and tried 

to identify as many individual 

components as we could. We 

managed to find the power supply 

and amplifiers easily by reading 

their identifying stickers: the amp 

box held a Copley Controls Corp. 

645 power supply and six Copley 

306A amplifiers [1][4]. The final 

component was the amp box’s lone 

PCB, the Phantom Harness Board 

Assembly. It was extracted from the 

box for detailed inspection.  

We removed the protective covers 

over the Phantom arm’s motor and encoder assembly in order to inspect those components as well. The 

model number and manufacturer of the motors was never found, as the entire motor was hidden by the 

encoder. This was not a hindrance to our goal of controlling the motors, as the amplifiers handled the motor 

control signals independently. However, the encoder’s protective cover had an etching of the 

manufacturer’s name – Renco. This pointed us towards Renco Encoders, Inc., where we found a datasheet 

for the encoder in question, called the RM15 [3].  

3.3) Data Sheets 
Online searches yielded datasheets for the power supply and amplifier, which included pinouts and 

schematics which we used to trace important signals back to their sources on the Harness Board. After 

Fig. 2: Phantom amplifier box interior 

Power supply in red; amplifiers in blue 
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identifying as many external signals as we could, we used those signals as a starting point for deciphering 

the Harness Board’s control flow.  

3.4) Reverse Engineering 

the Harness Board 

Assembly 
Our primary tool for working 

on the Harness Board was a 

continuity tester. Probing pins 

and traces allowed us to 

construct a digital schematic of 

the Harness Board.  

First, we identified the board’s 

external connectors and their 

functions. The wide 37-pin 

connector was obviously the 

PC interface; the 15-pin D-

SUB was an input from the 

Phantom arm, which was 

labeled on the amp box as the 

optical encoder connection. 

The two 20-pin connectors 

connected to the six motor amplifiers, and could only have been the motor connectors. The remaining 10-

pin connectors were connected to the status LEDs and emergency kill switch. The pin specifications for 

these connectors are available in the Results section 5.3).  

We started by using the 37-pin PC connector and 20-pin motor connectors as starting points for recreating 

a schematic of the board. We reasoned that the 20-pin connectors contained known signals (from the 

amplifier datasheets) and the 37-pin connector contained our signals of interest – the ones we were trying 

to reverse engineer and re-implement. Using the continuity tester, we probed the board and created a digital 

SPICE schematic out of it. This process took many weeks of work, but allowed us to easily follow the 

connections between components and develop an understanding of the board.  

3.5) Attempting to Establish Motor Control 
Once we had a partial schematic of the Harness Board, we tried to establish motor control. We identified 

the multivibrator as a key component controlling the enable signal for the motors, and tried to use it to 

enable the motors. During the course of this, we discovered that six pairs of V+ and V- reference voltage 

signals would be needed to activate the motors [1]. We were never able to use the multivibrator and Harness 

Board control circuit to activate the motors, so we next tested the operation of the motors independently. 

We bypassed the Harness Board and connected the appropriate pins of the 20-pin connector to a power 

supply to generate VCC/GND and the amplifier control voltages. We tested a number of combinations of 

reference voltages unsuccessfully. Further discussion of our results can be found in the Results section 5.2).  

Fig. 3: Phantom Harness Board Assembly 
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3.6) Reading the Optical Encoder 

Output 
After finishing our efforts on the harness 

board, we shifted attention to the optical 

encoders. The datasheets we found 

indicated the colors of the output wires, 

and close inspection of the encoder’s PCB 

revealed wires of matching colors 

soldered to the encoder [3]. Using the 

continuity tester once again, we found the 

corresponding pins on the 15-pin D-SUB 

connector and developed a partial pinout 

of said connector. Connecting the 

appropriate pins to an oscilloscope 

allowed us to verify the encoders’ operation against the datasheet’s specifications. The optical encoders’ 

15-pin D-SUB connector pinout can be found in the Results section 5.3.2).  

We utilized an Arduino Mega2560 to record data generated by the optical encoders. Our approach was to 

first read in the data stream from the encoder channel of the D-Sub 15 connector, then save it into the 

Arduino’s EEPROM memory. Instead of storing individual bits, we take 8-bit segments of the data stream 

and convert into a decimal. We are able to save 4096 decimals which corresponds to 32768 data points. 

The following program was used by the Arduino to record data from the encoders: 

#include <EEPROM.h> 

 

int i = 0; 

int outPin = 2; 

int val; 

int total; 

int output; 

int finishedRead = 0; 

int memSize = 4096; 

 

 

void setup() 

{ 

  Serial.begin(9600); 

  pinMode(outPin, INPUT); 

} 

 

void loop() 

{ 

  Serial.print("Begin\n"); 

  writeMem(); 

  readMem(); 

  while(1) { } //Endless loop 

} 

 

void writeMem() 

{ 

   int addr, i; 

Fig. 4: Exposed RM15 optical encoders 
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   for(addr = 0; addr < memSize; addr++) 

   { 

     for(i = 0; i < 8; i++) 

     { 

      val = digitalRead(outPin); 

      total += pow(2,i) * val; 

     } 

     

      EEPROM.write(addr, total); 

      total = 0; 

      

      //Serial.print("Address: "); 

      //Serial.print(addr); 

      //Serial.print("\n"); 

    } 

} 

 

void readMem() 

{ 

  int addr; 

  addr = 0; 

  for(addr = 0; addr < memSize; addr++) 

  { 

    output = EEPROM.read(addr); 

    //Serial.print("Data in Address: "); 

    //Serial.print(addr); 

    //Serial.print("\n"); 

    Serial.print(output); 

    Serial.print("\t"); 

    //Serial.print("\n"); 

  } 

  

  Serial.print("Done"); 

} 

 

4) Challenges 

4.1) Our Own Inexperience 
Neither of us had any experience with reverse engineering before this project. Nor had we ever worked 

with buses at such a direct level, or used some of the equipment we would require. Our inexperience led to 

a number of poor decisions which slowed our progress.   

Our original approach with the logic analyzer was doomed to failure from the beginning. We didn’t realize 

how much the Phantom relied on inputs from the bus to enable the device, and spent time training ourselves 

on the logic analyzer before finding out it was useless.  

Later, when working on the Harness Board Assembly, we constantly made mistakes when testing for 

continuity and drawing the schematic. The two-sided PCB made it difficult to follow traces which passed 

through the board, especially when they did so underneath an IC or other component.  

Overall, our lack of experience was the biggest hindrance to our efforts. We rarely had a clear idea of what 

to do and how to get there. At every step of the way, we had to learn new concepts and new tools in order 

to move forwards.   
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4.2) No Documentation 
In the early stages of the project, Prof. Burdea spoke of a contact at Sensable who could provide us with 

engineering information on the Phantom. We worked under the assumption that we would have this 

information for the first three to four weeks, until we discovered that Prof. Burdea’s contact had left the 

company and no longer had access to the engineering documents.  

Although the Phantom arms themselves were still in the lab, the original host PC and documentation had 

been lost. Along with the PC went the PCI card required to use the Phantoms. Because of the missing card, 

we could not analyze the bus at all and were forced to reverse engineer the entire amp box to find 

information on the bus interface.   

Notably, we had no way of finding what the reference voltages were intended to be for the six motor 

amplifiers. The 37-pin D-SUB connector features twelve pins dedicated to carrying V+ and V- reference 

voltages to each amplifier; we assumed that they would each be different in order to account for the non-

uniform scaling of forces from the shape and position of the haptic arm.  

5) Results 

5.1) Components of the Phantom Amplifier Box 
Half of the amp box is filled with the power supply, a Copley Controls Corp. model 645. Beyond identifying 

the name of this component, very little was necessary.  

The six status LEDs on the amp box’s exterior are controlled by the upper 10-pin IDC connector on the 

Harness Board; see Table 7 in 5.3.4) for pin specifications.  

The other half contains the six motor amplifiers for all six of the Phantom’s force feedback motors. All six 

are Copley Controls Corp. model 306A. The documented pinouts of these amplifiers were very useful in 

determining the Harness Board’s function. Table 2 contains a reproduction of the amplifier pinouts, with 

the pins used by the Phantom indicated.  

Pin # Name Function Phantom 

1 +Ref Differential (+) reference signal input * 

2 -Ref Differential (-) reference signal input * 

3 Signal Gnd Gnd for tachometer, signal gnd  

4 Ref amp out Output of differential input amplifier  

5 Aux input Auxiliary input  

6 +11V 20K ohms in series with +11V  

7 Logic gnd Gnd for Enable inputs * 

8 -11V 20K ohms in series with -11V  

9 N.C. No connection to this pin  

10 /Reset LO or Gnd to reset fault condition * 

11 Preamp out See schematic  

12 Opt. ext. comp See schematic  

13 Tach input Tachometer input  

14 Opt. ext. comp See schematic  

15 /Enable LO or GND to enable amplifier * 

16 /Pos Enable LO or GND to enable positive output * 

17 /Neg Enable LO or GND to enable negative output * 

18 +14V 1K ohms in series with +14V  

19 Normal HI (+5V) when amplifier operating Normally * 

20 +5V 2.49K in series with internal +5V  
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21 N.C.   

22 Current monitor Outputs +/-6V at amplifier peak current  

Pins 7, 16, and 17 are wired together in order to keep the positive and negative outputs permanently enabled; 

only six signals need to be used to control a single motor.  

5.2) Motor Control Experimental Results 
Each time we activated the motors the arm moved strongly in a single direction. This behavior allowed us 

to identify the base axes: Axis 1 was horizontal rotation at the base; Axis 2 was pivoting upward and 

downward at the base; and Axis 3 was using the “hamstring” to move the handle in and out. However, we 

couldn’t test any other functionality due to erratic behavior when run continuously for more than a few 

seconds. After failed trials with reference voltages as low as +0.1/-0.1V, we gave up working on the motors. 

Pin # I/O Function 

1 I Base 3 V+ ref 

2 I Base 2 V+ ref 

3 I Base 1 V+ ref 

4 I Gimbal 3 V- ref 

5 I Gimbal 2 V- ref 

6 I Gimbal 1 V- ref 

7 N/A GND 

8 O D-SUB 15 – pin 1 (Base 1 A) 

9 N/A Not connected 

10 O D-SUB 15 – pin 10 (Base 2 B) 

11 N/A Not connected 

12 O D-SUB 15 – pin 11 (Base 3 B) 

13 O D-SUB 15 – pin 13 

14 I 74LS30 – pin 11 

15 O D-SUB 15 – pin 14 

16 N/A Not connected 

17 O D-SUB 15 – pin 8 

18 I 74LS123 – pin 1 

19 O D-SUB 15 – pin 5 

20 I Base 3 V- ref 

21 I Base 2 V- ref 

22 I Base 1 V- ref 

23 I Gimbal 3 V+ ref 

24 I Gimbal 2 V+ ref 

25 I Gimbal 1 V+ ref 

26 I 74LS30 – pin 11 

27 O D-SUB 15 – pin 9 (Base 1 B) 

28 O D-SUB 15 – pin 2 (Base 2 A) 

29 N/A Not connected 

30 O D-SUB 15 – pin 3 (Base 3 A) 

31 N/A Not connected 

32 O D-SUB 15 – pin 6 

33 N/A Not connected 

34 O D-SUB 15 – pin 7 

Table 2: Copley Controls Corp. 306A pinout [1] 
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5.3) The Phantom Harness Board Assembly 
The Harness Board was found to have a 74LS30 (8-input 

NAND), 74LS123 (monostable multivibrator), 74LS04 

(hex inverter), and 74LS32 (2-input OR). The 74LS32’s individual gates were connected in a cascade 

fashion, with external inputs only on pin 2 and 5 (See Fig. 5); one from the multivibrator and one from the 

37-pin connector. The 8-input NAND was used as a status indicator: six of the eight inputs were connected 

to the Normal output pins of the motor amplifiers, and the other two to the 37-pin connector. The output of 

this gate in turn returns to the PC over the 37-pin connector, presumably as a status indicator pin (See Fig. 

6).  

The 74LS123 multistable monovibrator was set up using R7 through R10 and C2 on the Harness Board. 

The non-inverted output was left unconnected and the inverted output connected to the OR gate cascade. 

Signals B, C, R/C, and /CLR were set using VCC and the aforementioned resistors and capacitor. Only 

input /A is connected externally, directly to the 37-pin connector (See Fig. 7).  

Partially complete pinouts of the Harness Board’s connectors are listed below. Blank pins are of unknown 

function; non-connected pins will be marked.  

5.3.1) 37-pin D-SUB 

The majority of the pins here are shared between output pins from the optical encoders and the reference 

voltages required to run the motor amplifiers. We identified pin 14/pin 26 and pin 18 as two pins which 

play a role in controlling the motors. See FIGURE W for the connector’s schematic.  

 

 

 

 

 

35 O D-SUB 15 – pin 15 

36 N/A GND 

37 O 74LS30 – pin 8 

Table 3: PC connector pinout 

Fig. 5: 74LS32 schematic 
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Fig. 6: 74LS30 schematic 
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Fig. 7: 74LS123 schematic 

Fig. 8: PC connector schematic 
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5.3.2) 15-pin D-SUB 

The unknown pins in this connector should be the gimbal joint’s optical encoders. We ran out of time to 

map them out at the end of the semester.  

Pin # I/O Function 

1 O Base 1 channel A 

2 O Base 2 channel A 

3 O Base 3 channel A 

4 N/A VCC (5V) 

5   

6   

7   

8   

9 O Base 1 channel B 

10 O Base 2 channel B 

11 O Base 3 channel B 

12 N/A GND 

13   

14   

15   

5.3.3) 20-pin IDC 

B1 indicates Base 1; G3 indicates Gimbal 3; etc.  

Table 4: Optical encoder connector pinout 

Fig. 9: Harness Board Assembly schematic 
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Upper connector:  

Pin # I/O Function 

1 N/A Not connected 

2 N/A Not connected 

3 O B1 Normal 

4 I B1 /EN 

5 I B1 /RESET 

6 N/A B1 GND 

7 I B1 V- ref 

8 I B1 V+ ref 

9 O B2 Normal 

10 I B2 /EN 

11 I B2 /RESET 

12 N/A B2 GND 

13 I B2 V- ref 

14 I B2 V+ ref 

15 O B3 Normal 

16 I B3 /EN 

17 I B3 /RESET 

18 N/A B3 GND 

19 I B3 V- ref 

20 I B3 V+ ref 

Lower connector:  

Pin # I/O Function 

1 N/A Not connected 

2 N/A Not connected 

3 O G1 Normal 

4 I G1 /EN 

5 I G1 /RESET 

6 N/A G1 GND 

7 I G1 V- ref 

8 I G1 V+ ref 

9 O G2 Normal 

10 I G2 /EN 

11 I G2 /RESET 

12 N/A G2 GND 

13 I G2 V- ref 

14 I G2 V+ ref 

15 O G3 Normal 

16 I G3 /EN 

17 I G3 /RESET 

18 N/A G3 GND 

19 I G3 V- ref 

20 I G3 V+ ref 

Table 5: Base motor control connector pinout 

Table 6: Gimbal motor control connector pinout 
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5.3.4) 10-pin IDC 

Upper connector:  

The 74LS30 pins each hold the status of a single motor. This connector is responsible for controlling the 

status LEDs which depend on motor status.  

Pin # I/O Function 

1 N/A Not connected 

2 I 74LS30 – pin 6 (Base 1 Normal) 

3 I 74LS30 – pin 5 (Base 2 Normal) 

4 I 74LS30 – pin 4 (Base 3 Normal) 

5 I 74LS32 – pin 2 (Gimbal 2 Normal) 

6 ? Lower 10-pin – pin 2 

7 ? Power supply 5V out 

Lower 10-pin – pin 7 

8 N/A GND 

9 N/A GND 

10 N/A VCC (5V) 

Lower connector:  

This connector has the foot-pedal kill switch signal, which is required to operate the arm.  

Pin # I/O Function 

1 N/A GND 

2 ? Upper 10-pin – pin 6 

3   

4 I 74LS30 – pin 3 

5 I 74LS30 – pin 2 

6 I 74LS30 – pin 1 

7 ? Power supply 5V out 

Upper 10-pin – pin 7 

8   

9 O All six motor /RESET signals 

Emergency kill switch 

10 N/A GND 

5.4) Optical Encoders 
The Phantom’s optical encoder output was passed unmarred from the encoder to the PC; this made it 

relatively simple to read by connecting the encoder’s output and ground pins to an oscilloscope. An example 

of the encoder’s output is available in this paper’s corresponding video.  

We were only able to read out of the optical encoders located in the base. The gimbal encoders are a different 

model and direct access to them is impossible without doing a major disassembly of the arm. We did not 

pursue this course of action due to time constraints.  

Table 7: Status connector pinout 

Table 8: Auxiliary function connector pinout 
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In section 3.6 we outlined our process for recording data from the optical encoders. Using this method we 

were able to obtain an approximately 20-second square-wave signal from the encoders. We converted each 

number back to its binary representation and plotted it in Matlab. 

 

Fig. 10: Encoder Waveform Segment 

We are not entirely certain if this signal is an accurate representation of the encoder’s signal. The reason 

for this doubt is because we are unsure if our Arduino program is sampling the signal quickly enough to 

achieve full resolution. If the signal is not being sampled quickly enough, the recorded data will not 

accurately reproduce the signal from the encoders.  

The signal in figure 10 is a small sample of the data recorded from the encoder. Accurate or not, we believe 

it to be a reasonable representation of the encoder’s output. The small pulses of the signal represent quicker 

motion, while longer pulses correspond to slower motion.   

The following Matlab code was used to plot the data recorded by the Arduino: 

DecData = [... *4096 8-bit integers*...]; 

s = zeros(0); 

l = length(DecData); 

b = zeros(8); 

 

for n = 3500:3520 

    b = dec2bin(DecData(n),8); 

    s = horzcat(s, b); 

end 

 

temp = str2num(s(:)); 

Signal = transpose(temp); 

 

x = length(Signal); 

figure(1); 

plot(Signal); 



16 
 

axis([0 x 0 5]); 

hold on; 

6) Cost/Sustainability Analysis 
Aside from a large investment in man-hours, the final goal of this project could be achieved very 

efficiently. The Phantom’s high retail price (thousands of dollars) means that restoring operation of the 

existing device would save a great deal compared to purchasing a comparable replacement device. As 

discussed in section 7) Future Work, the use of an Arduino ($60-100) or FPGA ($100-500) to upgrade the 

Phantom to support modern PCs would be a wise investment.  

Given the rare niche filled by the Phantom Premium 3.0 6DOF and the series of acquisitions that affected 

SensAble, it is unlikely that any more first-party support is forthcoming. Its haptic capabilities are still 

among the best in the industry – only the interface is outdated. Furthermore, we find it unlikely that any 

huge advances will be made in haptic interfaces that the Phantom will be rendered obsolete for the near to 

medium term future. As such, restoring functionality to the Phantom will yield benefits years or decades 

down the line, especially as virtual reality gains ground as a field of study.  

Once the initial work is finished with respect to reverse engineering and documenting the control system, 

future upgrades of the Phantom will be simpler and easier. Once USB is deprecated, the same FPGA 

which provided USB support could be reprogrammed to support a new bus specification without any 

additional cost beyond programming time. In this way, the Phantom can remain supported for its entire 

functioning lifetime for a moderate initial investment of time and money.  

7) Future Work 
Our work was stopped due to a lack of time. There are many clear ways to continue this project. Enough of 

the hardware portion has been decoded that driver development might start; the Arduino went nearly unused 

besides a basic skeleton of a program due to time constraints.  

The Phantom Harness Board Assembly is almost fully understood. The next steps would be to determine 

the exact control flow responsible for activating the motors, and using it to achieve safe control through the 

“proper” channels.  

Experimental data would need to be collected to determine the proper reference voltages for each motor 

axis. Without the original engineering documents, it is hugely unlikely for this information to be found 

anywhere else.  

Another direction we considered taking was bypassing the Harness Board entirely. Implementing a fully 

custom control system on a microcontroller, Arduino, or FPGA could lead to even better performance from 

the device.  

8) Conclusions 
Although we never met our goal of developing software support for the Phantom over USB, the project was 

a partial success. Our reverse engineering efforts yielded a lot of information previously unknown about 

the Phantom and its control systems, especially the nature of the internal connectors and layout of the 

Phantom Harness Board Assembly. Being able to read the optical encoder output is a good step forward as 

well. The Phantom’s output specification for three degrees (xyz) of position sensing has been fully 

documented and only requires software support.  
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This project was a massive learning experience for both of us. The skills we learned and used will help us 

in the future whenever we work with complex, unknown systems.  
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