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may be preset arbitrarily. The sample size may be left indefinite or it 

may be preselected. Both analog signals and ready-quantized data may be 

anal yzed. \vith appropriately high master-clock rate and a sufficiently 

fas t A/D converter, the Walsh Spectral Analyzer can be extended easily 

to analyze signals in the entire audio range. There is no lower frequency 

limi t. However, a complete error analysis of the instrument is yet 

required to establish more precise error characteristics. 

The complexity of the instrument increases approximately in a 

· linear for an increasing number of \.Jalsh series coefficients. 

Since a sample accumulator and readout counter are required for each 

coe f ficient that is to be determined, these portions represent the bulk 

of the instrument. If a commercial Walsh Spectral Analyzer were developed, 

it \vould be advisable to manufacture LSI (large scale integration) 

circuits for each accumulator and counter. Several other sections of the 

anal yzer could also be produced in LSI form, e.g., the Walsh function 

generator .or the generator that produces pulses to clock the W.F.G. 

A 16-pin IC package could be used to contain a programmable W. F .G. that 

can generate 1024 Walsh functions. 

Another project that is being undertaken is the development of 

a s pecial-purpose instrument that will perform the 'Ylalsh series to 

Fourier series conversion and vice versa. A minimum number of constants 

are stored in tlte ROM of the conversion il!strument if the number of 

coefficients to be used in the conversion is -an integral po\-Ier of 

A pa rticularly useful study following the design of such an instrument 

would be an extensive study of the cost and versatility of a Fourier 

processor (possibly an FFT system) in with the analyzer 
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described in this thesis in conjunction with a Walsh to Fourier series 

converter. Since sample storage and multiplication circuits are no t 

required in the ~.Jalsh series analyzer, it is felt that this process leads 

to f aster and less-expensive instrlli~entation than a Fourier series 

ana l yzer. The WSA not only yields the Walsh series coefficients, but in 

conj unction with the conversion instrument, may provide a less costly 

method obtaining the Fourier series coefficients. However, complexi ty 

of i nstrumentation for increasing numbers of coefficients to be determined 

may not increase at the same rate for the Walsh analysis with the 

conversion process as it does for the Fourier process. In light of this, 

further studies are required to reveal '\-lhether or not there is a range 

of operation for which instrumentation for one process is advantageous 

over the other. 
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(a) 

(b) 

(c) 

(d) 

APPENDIX A 

Summary of Walsh Function Definitions Derived in Chapter 2 

wal(O,e) = 1 

H-1 
w a1 (m, e) = rr ~ {I); (e) } 

k=O 

where ~ is a binary presence operator (see P. 

mk are bits in the binary representation 

H is the number of binary bits in m, 

Rk(e) are Rademacher functions of order 

M-1 
wa1(m,e) = rr gk{PK(e)} 

k=O 

15)' 

of m, 

k. 

where gk is a Gray code presence operator (seeP. 15). 

gk are bits in the Gray code for m. 

M-1 
(-1)Yk8M-1-k wal(m, e ) = IT 

y k=O 

M-1 gky~1-l-k 
= II (-1) 

k=O 

where yk are bits in the binary representation of y 

M-1 

I ykg:i-1-k 
wal(m,e ) = (-l)k=O 

y 
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(2-16) 

(2-18) 

(2-21) 

(2-22) 



(e) 

(f) 

(g) 

(h) 

(i) 

wa1(m,G) 

M-1 k 
= IT ~{wa1(2 ,8)} 

k=O 

H-1 k 
= n wal(~2 ,e) 

k=O 

M-1 w-----

= \val( I m. 2k,8) 
k=O k 

M-1 
= exp jn[ L 

k=O 

k 
<m, 2 8>] 

K 

where <x> denotes nearest integer to x. 

\val (m, 8) 

wal(m,e) 

wal (m, e) 

M-1 
= exp jn [ L ~(ek_1 + 8k)J 

k=O 

M-1 
= exp jn[ L ~(8k-l (±)e.)] 

k=O K 

11-1 m. y 
- n (-1) k k 

k=O 

where yk are bits in the Gray code representation of e. 
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(2-26) 

(2-31) 

(2-33) 

(2-34) 

(2-36) 
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