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METHODS OF RESOLVING ARTIFACTS IN HADAMARD-TRANSFORMED 

DATA 

CROSS-REFERENCE TO RELATED APPLICATION 

[001] This application claims priority to U.S. Patent Application No. 14/197,930, filed March 

5, 2014, entitled “METHODS OF RESOLVING ARTIFACTS IN HADAMARD-

TRANSFORMED DATA.” 

GOVERNMENT RIGHTS STATEMENT 

[002] This invention was made with Government support under contract number DE-AC05-

76RL01830 awarded by the U.S. Department of Energy and Grant ES022190 awarded by the 

National Institutes of Health.  The Government has certain rights in the invention. 

TECHNICAL FIELD 

[003] The disclosed technology relates to methods and apparatus that can be used with 

Hadamard-transformed data, including mass spectrometry applications. 

BACKGROUND 

[004] Hadamard transform multiplexing has been used in mass spectrometry in order to 

increase the signal-to-noise ratio (SNR) of ion intensity data.  When applied to ion mobility 

mass spectrometry (IMS), the transformed data are susceptible to periodic artifacts, such as 

those that occur when deconvolution is applied assuming that the data are precisely aligned to 

the mathematical sequence used to encode it. 

[005] Previous techniques, for example, those discussed by Belov et al. in U.S. Patent No. 

7,541,576, involve the use of  multiplexing with an ion mobility spectrometry (IMS) 

quadrupole time-of-flight (QTOF) mass spectrometry instrument, which utilizes an ion trap 

that allows for higher ion utilization and duty cycles greater than 50%. 

SUMMARY 

[006] Applying a Hadamard transform multiplexing scheme to an ion mobility mass 

spectrometer instrument system can improve the signal-to-noise ratio and duty cycle of the 































































We claim: 

1. A method of validating data produced from a multiplexing process on an analytical 

instrument comprising: 

using a pseudorandom sequence to encode a multiplexed segment of data by 

modulating introduction of analytes to a detector based on the pseudorandom sequence; 

generating received intensity data with the detector; 

applying a Hadamard transform to the received intensity data to generate a 

demultiplexed segment of the data; 

aligning the pseudorandom sequence to the multiplexed segment of the data; and 

calculating a score by summing at least one positive value in the demultiplexed segment 

of the data corresponding to a predefined value in the pseudorandom sequence to find a 

valid demultiplexed value. 

2. The method of Claim 1 wherein aligning the pseudorandom sequence to the multiplexed 

segment of the data includes aligning a first ' 1 ' bit of the pseudorandom sequence to a 

positive value of the demultiplexed data. 

3. The method of Claim 2 further comprising summing the multiplexed values that 

correspond to a ' 1' in the pseudorandom sequence. 

4. The method of Claim 3 further comprising altering the alignment of the pseudorandom 

sequence to the multiplexed segment of the data wherein the first '1' bit of the 

pseudorandom sequence is aligned with a different positive value of the demultiplexed 

data, summing the multiplexed values that correspond to a '1' in the pseudorandom 

sequence, and repeating until all positive demultiplexed values have been scored. 

5. The method of Claim 4 wherein the largest positive sum represents the valid demultiplexed 

value in the multiplexed segment of data. 

6. The method of Claim 5 further comprising subtracting the valid multiplexed value from 

other positive multiplexed values that correspond to a ' 1' in the pseudorandom sequence 

to create a second multiplexed segment of values. 

7. The method of Claim 6 further comprising finding additional valid demultiplexed values. 

8. A method of validating demultiplexed data comprising: 

providing a pseudorandom sequence; 

receiving a multiplexed segment of data generated by applying a Hadamard 

transform to intensity data produced by a detector responsive to detecting analytes 

introduced into an analytical instrument according to the pseudorandom sequence; and 

-32- 



scoring each positive value in the demultiplexed data using the pseudorandom 

sequence, wherein if a score is above zero then the associated demultiplexed value is 

retained. 

9. The method of Claim 8 further comprising repeating the scoring process until no further 

valid demultiplexed values are found. 

10. The method of Claim 8 wherein the non-valid demultiplexed values are removed. 

11. A method of validating demultiplexed data from a multiplexed segment of data after 

Hadamard transform comprising: 

receiving the multiplexed segment of data after a Hadamard transform is applied to 

intensity data produced by a detector responsive to detecting analytes introduced into an 

analytical instrument according to a pseudorandom sequence; 

aligning the pseudorandom sequence to the multiplexed segment of data, the aligning 

including aligning a first '1' bit of the pseudorandom sequence to a positive value of the 

demultiplexed data; and 

calculating scores for each positive value in the demultiplexed segment of data, 

wherein the highest total score represents a valid demultiplexed value. 

12. The method of claim 11 further comprising summing the multiplexed values that 

correspond to a '1' in the pseudorandom sequence. 

13. The method of Claim 12 further comprising altering the alignment of the pseudorandom 

sequence to the multiplexed data wherein the first '1' bit of the pseudorandom sequence 

is aligned with a different positive value of the demultiplexed data, summing the 

multiplexed values that correspond to a '1' in the pseudorandom sequence, and repeating 

until all positive demultiplexed values have been scored. 

14. The method of Claim 13 wherein a largest positive sum represents the valid demultiplexed 

value in the multiplexed segment of data. 

15. The method of Claim 14 further comprising subtracting the valid multiplexed value from 

other multiplexed values that correspond to a '1' in the pseudorandom sequence to create 

a second multiplexed segment of values. 

16. The method of Claim 15 further comprising finding additional valid demutliplexed values. 
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