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7 a/zz/‘%g
Hal,

Here is the math aﬂar/ouf idea of
Mé?!?;’.;ﬂg &I”‘é);f;’f‘af‘)/ FIR filters from Szasz
series., Gotta do some Q@”WI}GUﬁﬁf" wo r <.
We wil] need the valves of EMﬁulggﬁz,
ﬁ”“‘ﬁ?ﬁf)dpﬂgﬁj h[ﬂj.

f}n/y ideas?

_Bok-




®Szas= Seriesj B:Ti order
K o n
sCn] = oq 3, & ) Cow W N (1)
k=1

®Problem: For 3 given leng‘l‘/a, N, and hlnl=
desired impulsc response, Find parameters
fa. | L ¢kegs
{dk) 151‘£‘K3 (=)
Sew, | 1¢ls K3
that makes
sin] = h[n] for o0tnenN. (3)

=case 1 : K g-';ven (4)
: K not given (bestis K smalt’) (5)

=CASE 2

In both cases, the im/ot)lse response Is l’)Lnj,
S

~ in (3).

® Some inter‘fawetaf;ons of
i. 'Zz. Crrrinimum mean 57uare ermr‘) norm

£= 2 (s1-hial)” (6)

Find Parameters in (2) that minimi z=e Ez.-
2. —éw (m'mimize Mmaximom Je,\/;az‘:fon)

Ew = max |slnl- ln[n:” ()

OLANLN

<ind PaPQMcters -I:laan minimi 2& Em.



® Optimi'%a‘t’ion T'echniques
1. Genetic Algorithm (Optimization far dommies)
Nete: cCan optim":%e cither (6) or (7)
for X Sloec;ﬁied or nst (4) or (5).
2. Steeljes‘l‘: descent - for E, in (6)_

£E -l §5[n]
ga, - 2 W (s[n7- k[n]>
4 neoe
M- ol;n ‘
=2 ,\2;5 e Ced w:n (Sr;n]~%[n3> (3)
SE Nl of;n
T ?'a‘}\z-%; N & Cown <5Ln]— lnEﬂ]) (1)
5Ea. N- ol:n ' \
bw, = ~24d; /. ne um, - N (Sln]-*hf:n]) (1o
Nn=o0

[terative steelpest descent:

5 E=

3; =«— 4a, -7, ga; (n)
6 E= .

o ' xX; - 72'0( S/ (‘2')
& E2

w" /X W,; - 72‘0 gw‘(. 613)

where Na, 7l and 2, are steP sizes.,
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Hal’s Neat February Idea
by Bob the FLOP Counter
February 28, 1996

Recall: One complex multiply = 4 real multiplies and 2 real adds.
x[n] .

)
— | SIn-Lu)

v

wln-L] 1IN

i2n (-,
e] T(h-i)u

1. Let’s count the FLOPS except for the window. Assume the input is real.
e One real times complex multiply (for the e to the j) = two real multiplies per window each &N
values in the window = 2V multiplies per window
e One [[operation = two real multiplies per window and one add
2. Figure 4 in the patent is still used as the FIR fiiter. There are
e  Three complex-times-a-real multiplication per clock cycle
= = 6 real multiplies per clock cycle
= = 6V real multiples per window
e Three complex adds = six real adds per clock cycle
= =6N (sequential) adds per window
3. Instead of Figure 5 in the patent, we have

yln]

il B ||

5 [

A
/L

There are no shift registers or cancellations. The top loop is an accumulator. Counting the flops:
¢ One complex times real muitiply for 3,
= = 2N real multiplies
e  One add at ontput

Note: the decimation by N here is the same as in the top figure.

Add 'em up:
real multiplies = QN+2Yy+(ON) +2N+1) = I0N+3 real multiplies
real adds = 1+ 6N +1 = 6N +1 real adds

16 N+4 FLOPS

This is for one frequency line. The result is O@?. On a linear frequency bin spacing, FFT’s, of course,
still win,
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2 [28/q¢

Hal,

Here is seme anal)/sis.

Figures assvme all VFAST windows
are as Iong- as (long-est) FFT window,
I still neced to look at e ffects
of smaller windows, Will make better,

I need to talk to yov abouvt é\.,

_,,%_.

Ps: T still need to di st -t/1 S
more. & realit/ ‘g;f' ec lfS' needed.




|Hal's Second Great Tdea in Feb 1994

PAaRAMETERIZE VFAST $# FFT

FEFT : M :cre7uenc:y bins _
Assome 3db! (or ‘other) crossing.

~+ 2B l=—

%'___ - . J}mx ! . /gn X
‘;}max = %* 2(m-1)8

VFAST : N :Pr*e7uen¢:}/ bins .
Assvme 3db (or other) cr‘oss:ng‘

E7uat}ng (1) and (2) =

(1)




2(~=-1)D
£+2m-1)B = fe
or
A 2(n-1)D
L +2(mM-1)8 =
where

3= B/f

To match the EFT ‘$ VFA S’i" e.e?ua‘t‘e
ycatast bin in FFT ¢o C)

FFT:
L.}
FlE 3
Thos
A% + D = &[/4»8)
D+ 4o 4+8
or .
|+ 43 =eD
pluginte | (L))
A A 2(”"1)
t+2m-NB= (L+B)
Solve for M A 2(N¥1)
. (1 +B) "1 Ly
/M'"' 2B
FET Bins

N= VFAST BINS

(2)
(1)

(s)

(¢)

(7)

(9)




The relation dep&ﬂds on

FFT: — 2B Ww&—

l %—“@ FLe 4

A
Hal+ what are g‘ood valves for B ?

M bins at 8Mleg, M total FLOPS (FFT]

Using Hal’s Neat F&bruahy I'dea :

Longest " window: M units

N (1eM+4)
= LIN(LHVHi) FLoPS

This dees not take info account
shorter windows.

Note : We can solve :f-‘or N in (‘?)

,Z,,\_(l+ 2(M—l)é\§ |

é = B/f = B/Jcm;n <20)

(1)

(12.)

(13)
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FLOPS
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FLOPS

o e —
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FLOPS
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Hal,
Here is Chapters 2 s 3.

C'kaf)ter“ 2,385 we discuss ed last+
mght i1s worthless, The Detroit problein.

Chapter 3 is the math for :
vp E!:he string-, It doespwor‘c.;\?f),)'ng
we decided last n‘:g—ht]t doesn
work. T+ does. Not sore what it
Meang «

- Bob —
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&
R Nalional ®Brand

| Chapter 2.

8

A :
Formulas: B= /g
Q =

N+
(r+ )" g
E7QZ M= ‘2,_ + 1
N Ar 2 (M-1)/q )
Eq.13: N= 1 + 2«64(1-'-2;3’)

FFT Flops @ F, = %‘M,Z?,M
(Mlineﬁs) FET *

w;Asv;m@fs Fo_. .. = 4 (L!L+1>
1 lind tength L

G of left most (fa—é:es't’) bin

Ciu)

(15 )

(tc]

C17)

T 2D 0‘/ 9;0"’3&4-7cmin

The longest window will be gsed
to compote the £, bin. o,
87oatf_ to FI:TJ d ssome tlf\ls 1S

o} l'eﬁgth M, Assome for all bins

For fm-m bin, bandwidtls/ measuvred on
right side from fuwm to L, €P is

TA];‘ = Jcm;n (ep - 1.‘)

n

windew Iemg‘t}\ P bandwic‘&ly = constant {

2(N-1)1

+ b S}

1y

vig ¥

?)




Thvs
C: constant
= M Wy = M b (€77 1) (2¢)
let next Aig,hest :Prec};j’ency bin have

window of engﬁh Then
M, "'fmm<@3D" e2°) = M, x Mmew(ep_i)
2 C oz MEin (€7- 1) (2))
Thus | |
My * M€-20 (22)

The nth bin, clearly, has a window

of ’@V\g’tk

-2NP
Mn:Me 3 OLN&WN (2=

The VFAST Flops, vsing Hal's neat 1dea,
Por- the Nt window i3

-~

Fr, = 4 (4Ma+ 1) ;'o;é.n<I\J (24)
= Y (4me " + 1)
The teotal VFAST FLOPS are

N-1
2. Fa
n=o

c

N_l
Y (’qm(zenznm) N N>
n=o G‘eon:;etﬁ}c I
1. g-ZND Series {ZE.»)
;L((L'M ‘mg'ZD +N)




l {

1O

Or,using- (1) and (14)

1- (1+&) 2"
F’—LI('L/M 1_<1+_5_')-2 +N>

For the FFT vse (8)., Use (13) to find
N Ffrom M. ‘,
plof

Note: In the exampley_ to peo//ow//\//
c:omioutec# L rom (,13)/13 not r‘c;»unc/ed.




FLOPS

ot 21a

Sheet] wzart 4

First order Szosm
10000000000

1000000000
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10000

-~ < — FFT

—8—B" =0.001

— -4 — B*=0.01

- - % --B*=0.1

—¥— B =1

—F—B =10
goeeeens BA =100

— -— = B*=1000

1000

100

10

2
4
8
6
2
4
8
6
2

O
—
= a ¥ & g 8 a =
— o =] (3
—
M = FFT Size
Page 1
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ﬁh‘alntw‘zslckolpjp}ng vp the Strﬁng’*

12

N-1

X(u)= & xinled?™

n=o

.~y 2Ty
c? .

= Ceoralnu —}sznu Is eriodic
with Fer*'aoal 1/u. n other words

. 1 e . .
6“(’2‘"-("*' 7 )u - dzﬂnu*e..dz'rr: e-—JZ'iTnU

is broken ''nto se'g'men

s of leng—t

\ ’ \ J \ / \
te ¢, Y 1.9 , RV S
| B IlJJ ’:,!f’l,{é ’l 5 /1 \ y
n=o ~ - ~ - | « /) ' \un:N—i
k. I, K
Fle
There are a total of
N
K= &k

grovps. Now some math; \
N =l -(')zrrnu
:X:(L'): Z:.n:o x[nl &
k-t . 2.k-1 3k-1 Ek :|
[Z:n:o o Zn: l, ¥ Z_—'.nzzk. oot Zn:@"l)k
s xInle ™ m‘n“
K-1 (P-&l)k_'.\i

28

12Nl
= = Znepk x[n]e‘} Dm"" e
PK"" k-1 __-2.”( n:m-n—PPk
= ;é: Zm:o x[m*)bk]lﬁid m+pkiu
= O
. k i L.
Boe edTPRuL oyrmRkIc,
-1 k-1

X(): Z. 5 xImepk] ed "

PZO Mm=0O

Consider break'mg' the 5eguencg on NEO“’"SS

(21)
(z2)
(32)

(z7)

(29)

(z0)
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or

-
=

Ficuvre

Thus, y

k..1 K-4 : 5
X(u): 2. (PZ: x[m-t-Pk])ed""m/k
ms=e <O

2

m=o

N/K K- K ¥
PZ-:O X[m+ %J) e&z'n‘m/k

ou can break vp the seqguence in
1T} a2dd them) and run them tl\roug—

2 Seasze series

¢ T 4 PO
QL-‘TT;:‘ P

+ ot et
k 2k i
o G s P72 Fle 12
+ «—p=K-{
(E-1)k Kk
N )'DIC!
= LT ;"\‘ I« Lg *Z _Add “em vp
fa) \ "I‘(m
De}‘me: R”-1 PE
yIml= 2 x[m+ ~ ]
PZO
Then
..q{ 21N Y

k-1t
Y(M)= mgo y[m] &
= X(u) in eq. 27

oNLY FOR uzigk

e —
— | cammmem——

(34)

(z5)

(3£)
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(4

Hal:

Better than

ine 1s OW).
o(/vzgz/v).

strwné§ 18

The
FF

- [Bob-

.t
I s

On‘y g‘e’c afﬁ'avé—f

.
.
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Vg N W spEp
IHVNOS & JLHM (310A032 002 8682y
3EVNDS € UMM GIT0A0IL 001 26Eey
IPYNOS § o3SYT-JAZ SL2IHS 002 838y
3EYNOS § oISYI-IAZ SIZIHS 001 2BE-EY
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puzig, ooy
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Cha’oter' g : String' cutting'

First, we consider Ccsmlout'nng" the nuomber

j2mrnu

J
2. x[nle (37)
n= 4

where U 1s 3 fixed number. One way s
x[n] /”@ 1
e
1
$

1

( ”J'J CRAB OUTPUT

AFTER
-ézrrnu , c/c!es.
e FIG )3
Total ops: od 2™ x[n]

OPs = (J complex fwmber timesmer» mult.s%)
+ (J complex addsk@

<2J real mult’:’o‘ies) +<2J real 2&6‘5)
4 J ops (33)

it

d




Start with a 5tr~in8‘ o? leng—tl‘a N"‘ZP

cuoTor .- Tt Fic 14
r‘_ s A Jo"e7uency /<=1
i \\.. ,”N"

Cut in 2 /o)éces a-n’ol add

cvt 4
I -
4 N/2
X + . ;
& { N
& N
Y N Fie 1§
o o . , = gcr@?uenc.y k =2
- P——l A} L)
i \\. _a' %

Do 1t deg-ain
euT 2:

—t
1 N/q

 —

N Fle 1L
g+l

SRV W = ﬁr*e?uer\cy k=4
Loy
P

for +the Ff'—b- cut-) the gcre?UEV)C)/ s 2.

C\) ﬁl—lowy "'fﬁ‘nan)/ are there ?

A: 1 + ’Z‘?z” (z4)
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From (38)

For FiG 14y =N and we need
¥ voas, J e ¥

O I A

®

LAST TERM, J ©
Ld!'sere we ‘fsave ﬂssumed

N=2t

Add.'ng vp all ops IN ('-IO) g":ves
P N P
o= ZH 27 4N I 2

Since (Geometric ser:es)

P, 4-af+?t
2.3 774 -a
P=0 |
we have
ops,= YN x 2 <i- 2P+1>
8N (1 -37)
= 8N -4

This igc the total ops'}\oaﬂ COMFuting’

line from ezach Stl‘?ng cut,

(44]

b40)
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3
& 2.331
I National OZrand

lets coount the Ofs o# aa’d}ng‘ .5'i:ring-5,

To g—’et Fie 15, we need '%“L}real adds \>
7z " “ 1L, we need N e

To g'et last str;ng‘,we need /1\/!":23 =4 rea| ac)c]/)

Total adds
ops, = 2F =N 2 =2F =N(Cie T 7R) (L)
p=1 pP=1 p=O

= N(-1+ 2(1-»5%::‘\) |
=N(L- W)= N-1
Total 0/0.5 are, f\rom C‘I{i)anoi (L{é)/zr—e

ops = éf»s, + ops,
= IN -5 (47 ]
This is 'mc:red’;b‘eo/

This is witheovt decimation at low fre7uemc}es_

For ﬁl,é ‘F:FTJ W e ﬂee_d

OPSprr = g N N (4%)

rf we c:om',ov‘b'e §___” -pr“eciuemC)/ lines

and keelg the ones we wart (log

Sloa'c}ng},
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e
M&?M Mational ®Brand

Notes:
@'Wan dows

adds N ops to ach ('Th..s s not

rrwltipply by window :

Both FFT é String' can be windowgd. This

incloded ia" Pign 1t. For a g-:ven x[nd, we

Ops in (49) are the same.

1)(["3
T i P T AR A
L ¥y
X W[—“j /T r 4,_2 Some window
Lo 1 f I 7 T "
Q[n] Fle 2.
S T$ S P
¥[nd=xI[n] win] (449)
We Put ?[,n] into FFT oR STRING. The

°ps ‘-P‘nam then on are the same.
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ofo'mg- an Yinner Produa‘tj

@ In Fic 13, the ops are done se7uentia/ly,
They can alse be done in Para”el b)/

x[1]. x[21 - x[n] --- x[Jj
T T o)) g
AT L2170 @I, e d ZHTY

vp

»
'

The eds here are stored in memor‘)/.

Malybe this is uickﬁer n cycleso’rhe ops
are the same 'as in Filc "138.

Next 566’352@ Decimation
@ Szasz C}fcies (~° )

(50

. 5
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Addendum to Chmro-l-.ew-;l

We slse need to consider the DFT,
N A

Xf(up)=n2_'_:i' x[n]

This is simpl)/ a matrix-vector mﬂtiply
with uU=2%; 1 £psg Ps /&?ZN

Assume. %[nl is real. Count ops

= QPN resl multlplies

P groups of N-1 camp!ex adds.
= 2P (N-1) real adciS'

Tkusl iﬂcluding’ N MUlti)ol"les por‘windowing'

0PSper = 4PN -2P +N
2»2?2/\1 (2N-1)+N

This i1s better than FFT

OpSper = 8N 'Z‘?ZN N

Bot not better than St‘r\ing* c:‘o{:ting-

i3

1

OPSp TION-5 = 5(2n-1)

n - 7
| i 4 = | e X [n] N 65__15

P grovps of N r*ea)-—ta'mes-complex MUItiplif'S’

~12UNY
e It (51)

s 3’)
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Cha[ot: 5

a7

“ﬂecima'z‘f)on and I?rl:ew/oo/afu}om us}ng
Stﬁ’f‘ing—j and Zero Pac/o/iﬂg“

FVery 5e7uence c’f N /@ointjs has a
Continuvoous SF@C‘&“F‘UM;

~d' 27Ny

N=1
X{lu) = % x[nle
X'(U) =TT~

tlelr [ = a

O : M- n 1 2

Since X(u)is @ [Fevrier series it is periodic
W_if:h a Ferw‘ad of one. The vniferm DFT
- _ g@ne’(\aﬁgs N sam/af@_s e::f X[U)I

Ik

N- 1 . k.
X[k]= 2= x[n1e TN pokan-
N Nea /

(om/;af‘e this with (57). The Séiifn/ﬁtl& Po?ﬂ‘tfzs
are af:' U= I‘-//\/o

X[1] =X (u)
52 ' N U
op 22 My ,:_—,cf ’

o1 2.3 N-1 —>Kk

l:re7uenc: hevre can cither be ex ressed a<s
a2 YTonction of or discrete gcr‘-‘f»:?uenc/J k.

(57 )

(s8)



2.8

So /oosel'&lxen/ we wished 1‘:0 58mp X (ul at
M o ther + han N Ponnts

Case 1 ¢ M>N N} oan rf’?"é*eg-ep

To sam/ole X(u) at M>N points, we stmp/)/
Zero /nad X[n] to M-4 .

x [nll

blg Loy y o

o | 2 3 Nzgv;h

De a DFT on ‘i:‘f\ﬁ: ™M Pmn‘ts K Zero [Dac’
M-~1 n
X [k]: 5o xInled3™"M
M n=o
fe.
N=-4 . AT
= ST x[n]e 9FTTM

NIo

C@mlaar*e with (5"7), Claan//

X, [k]= X(a) ; o0fks N-1

The. DFT of /:'ig* 20 isff‘xereﬁm\e

Fie 21

(59)

(¢0)
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=
Szasz Inteh/or*e tation:
Fer the 5@706/168 of len Fn N ‘
we have the swest Cﬂon :gezr\o r‘e7uenc2/
over g cyc.le of lengﬂx N :
//’ \\\
| I 1 } N 74/__ -
o \\‘. N;",I’ n FiG 272,
We get fr*e?uenc:)/
U = T\:L (¢1)
b/ af}p )/ g - the s vence 1n Fio é_:% +eo FlIG 22,
Chq’ot:e (Ib i‘l) g Parameﬁé‘frs
=i/n , J=N 62)
For the 5670&)’)6@ of /ﬁ’hg‘“{:/q M in FIGOUR g 20
we have the ! l[owest hen-zero fr«e7uenc/
= i/[\(] :
7 B s N Fle 2.3
% i T 7 PR T \] — M"j
g ! v Wg«.r}
T N"I \\
We can et -tt\e,, ~ - -
Jcr"equenC/ u = 1/M b)/ US'ng-* Fla 272 w:{,/]
u=1/m ) J=M (¢3)

BOT cince + he J:ina{ Samples g re %@f‘ﬂ)

JAOERN—

)

we cdan simloly use ~J = N.
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CASE 2 : M<N er M prations| -

“

Assome A/B
where both /1)'. and 5 are integers. M is
there fore a rational num beP.

We generate these samples by
1. Zero padding X[nd to /i\/\/”%ig
2.Cut the Sf:“r‘iﬂ,g‘* into [3 pieces.

(N'a*ée a‘ssum/:)t}ori: N/%’/B is an inf:eg‘er‘*)
3, Do an FET (or SZASZ) Oﬂ@"ﬁl‘?@ result,

%xamp/e: M= 73 9 A=2., 3=3,
ssome N='b, Note NA/@:: l—/:::lr‘i'f:czg“‘er‘

1 = N Fle 24

1 Py ple Paol

o
%'f‘ 1 1 e 7 5 . 9.10 il

! TN
‘ T‘\ "’ l.‘- . / ‘\, f) o=
"\w _;.r. [ AN’“[}"’/'
- I

o e -

Cuvt in to 3 5"br*lng:5’.

111
;1

= 111 )
B 8= RUN THRU QOFT FoR' PoINTS

’ v

/s
~
w‘&"}

Fle 25

(¢4)

(65
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Hew 1t loeaks in the aﬁrer?uerm)/ demain?

Fle 26

X[nl 'in Fle 24

< o7 n xLnl in
rle 24 dfter
e NO FDS&?GI‘[’;%‘

< STRING CUTTING-
in Fle 25
decimates =zl
but QUQY‘/V “E;A}ncl

y"l 7‘?./,,{ 3/‘_', S Sam}nle

Szasz leelk Run the sequence after
strine cuttin Cbo—t’-é:om o P30, Fie 25)
into “system below (from Fiec 13)

X[nl _ % WM}EMMP

|
Fle 27

eé?ﬂ'n (7}')

Ou-ﬁput* wi [ beu:“# wﬁr‘e::]:.)e:f)c:)/ /M*Q

//C.,/*X(u)
Fle 2%

S N=( spectrom Lo




: Cﬁhalnf AN Mag,'J“clm 13/19‘% /Bbé Mar/<<
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Strin cvtting: What frequency set canp
we ggenerage? 7 7

Consider a string of Ieng—t’w N

N 4 Fle. 29
1 1 | N

C
A cot )ooint/ C, is chosen. The sz‘:m’ng' RS

cL\o}aloeA intoe a noumber of /o}ece_s

I | . . g -+ i Flg 30
A T v f
C 2¢c 3¢ (m-1)c Mc
Clearl)':
N
m= e )
where

< >:(/€oond up) oloera'f:':or)
= lntcger greater than @

N ,F.—oﬂ," cxam/ole/ <3.782987>=<W>=4

TheDTF—' 'l"u\co.-,‘2 the origi na/s-(:mng 1S
| o ~j 2mnu |

X(u): = xIn]e

L NSt

DTET= Discrete 7ime Fourien Tians dormm

(e

(ce)

(e 7)
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Break this into SUb-s{:rw'ngS'.

K Mnc X
X(u)z[z: Z_-r Z + + 7 ] x[nja’dznm"
i nzesl nTacel Nz (M-1)C+y
m-1)  (m+) )C S
= 2 2. x[n]ed*™"" (638)

mz=0 n=mC+1

Mzake variable Suéstitutian/ P o B-mc
::-'>n=/;~+mc. Thus

M )€
X(u)= 27 2 xLF+mc]e
m=0 P=|

-9211’({9"' me)u

u

JZTT’MCQ

> e Z‘x[ sme1e?7(L s
P»—J
I¥ we cot the 5'l:r~:ﬂg-_<;. and {:Aen thqhs-ﬁopmj

L\ . Sum 0?‘
the resuvlt s y s,

< “ P U M
.KC Cu) = ZZ. g-az P [Z_"_ xfpi-mc]] (70)
p: mM=0

COmPal'“e with Eq.9% X=X, i n generalliﬁf

C«Jzn’mcu =1 | (71)

We want te define the set of integ-ers

that divide into C, Define the set
g q ‘ —c-?-“»: ;nfcg—“er‘i C?Z)
For cxam'ole.:
&= 0,2 3.4 6,123 (73)f<eAT

12
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Ec, vation (71) is trve if Por all me [O,M)

cu= m%m, (74

let T-= intcg-er. Allowable :Pre7uenc‘:es are
u = ? J. ci € -ag?g (75)

For

Nete: X (u)-= K(LH')M%:/») (7¢

Thos: X(5)= X(Z)= X (=)
Only cireled numbers are allowable

gcreauencies, Oi)wers are f‘ealunofgnt‘.
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«© T i1
<<<<<<<

500 SHEETS, FILLER 5 SQU
42-381 30 SHEETS EYE-EASES 5 SQUARE
£

Note that the curc/ecl ﬁrc7uenc'uesih
Fie.31 are simP17;

u:’,jf :\O - £9 <12}

In general) we can there fore generate

the :7cre7 vencies

fu: e o ¢qccy (77

Conclusion

[ee—,
-

1. A sequence XL[n] has a DTFT
given b)' (¢7). X(u)

Flae, 32,

i u
2.Cuvt x[n] into pieces of Ieng'th C.
Add them. Then a FFT on the sum

g:ves C 5‘708”7 .s,.oacec[ laomw‘:s,

pAD))
2 t
2

Fie 33
J
2 ,.., C.
z ’ E-i

—

A Szasz can g"l‘ve any one of these

Poin tsSe




Chaloter 8 : Using‘ flattened sinvsoids
There 1s hope for éStimating— | 0w
acre7uencies Dsiﬂg‘ flattened sinvsoids

tonal ®Brand G52

i B ‘ - 9)is)ee |




2-362

onal ®Brand

=3 a)ote e

The orlg‘lna‘ DFT i1 S
N -12TNY
X (ul= Z,., X[njed

let's divide this into P ;n{:ervals egch a'p
Ale,n%-th p. Thus

N = P P
and ”
P 2
X(u)= 2 x[nJed
A® :
n Z x[nje-dzrrnu
EPTL qp _
+ ., + Z__ X[njeqdzrn”
n=(«1~|)P+l
Er e
+.,.F 2 x[n]edzm"i
n:(f«:)F-H
P TP .
DI xI[n]ed*"

1:; n-:.(c,-l)lp-l-l
For the ci*?_'l' Interva l
by e.-dlzTr(M)u This makes the complex

smuso:d constant (Hat) over the C]
interval. The. result i S

X:E(u)= Z_ Z_ x [n] e d*TP1¢
7=V n-= (q-l)‘o-ﬂ

..Jz’rrnq
replqce

r {2 P
. T edTPIY > xIn]
?""1— n:(cl-l)P-\'l

[] ’ ' J
“Hal's flat sinvsoid idea: What's the erwor‘?)

(¥-1)

(g-2)

(%-3)

(s-4 )

(g-5)




l ' |

The svm over N 15 s'lm’oly the Suom O‘ﬁ
the sigrnal samples over t he. c]‘.-’! printerval.
PDefine qp

x Lql = [n7] (9-¢)
XBL(’ n;'(?-n)':-l-l XL

Then (%-5) becomes

F ] u
XP(u) = CIZ: Xt, [7] e...dz"'c' (F ) (5-7)
> ]

This s sim‘ol\/ a DTF-'T,FoF the sommed
intervalsFor example/ let N= 12 91’:3
qnd P‘-")'L‘o

_J 1L

ﬁln] x [2] xI3] x[4]) ‘X[SJ xfe] a1 x[s] x[a] x[iedxlied xL

i o~

PDTFT: u—>4dy |

|

Fieg 8-} X’P(u)

The L;S cjuestion s
wWhat is the error between X,,(u) anel
X(“) n E-7..,3"2.

‘D}screte Time Foom‘er‘ Tmnsﬁorm

& (g2 T (9=2) Z, (9:3)
) A b
XLl X3[2] x3[37]



The error between X{(u) and X:E(u) at

freclvenc;)l u 1S

éf(u)'= | X(u) - :igf‘_[_.,m)l2

n=(q-Np+]

(-9 )
P ar , | ‘
= = y[nl [ ed?™™ e“"z'““:'“])
9= n=(q-1)pP+1
Use the ine.<7ual-'t)/
e 2 -
[T an |© £ Z (2. ¢x1)
glvves P 9P ‘ . 2
<) 27N - u
Ep ()€ 2\ a1 [T - e
9=1| n=(q-Np+I (g-10)
Schwarz?s }neqoality IS
= 2 2, '
| = aw bl 2 Zlaa1® Zlbul” @)
prl)ling to (S’“IG) g)ves
r P
gEa.)fz[z: [ xIndl"
?—.:1 I‘):(C"‘I)P—P' :
P . .
® %: le‘dmnu-€-dzn—‘”ou!2
n=(q -I)P+l (&-12)
The. first sum over n i impl the e
C)-F thes sisgnal vover t‘qse, 57"‘;_5 Y',n-(—_ervae’n pgy
o 9p
Ey = P [ xTnl]* (8-13)

IA




The second sum 1 n Cg-12) takes more work,,

Let qp
%: ?:c yp | @ =T e d FmIPe | ® (3-14]
=Cq-1)p+i
so that (8~12) can be written
o P
9=1 .
w@r‘@w‘é S?:: Z(ﬁ Y [2 ~ ¢ Coa 2T (ﬂ"P?)U]
§ 1= =}
; 1P yamr(n-pg)u
:2[13 - ed? P ]
n=(¢1-|)P*‘I
: QP :
_jampPqu 2T nu |
= 2’:’)’2&6‘} Z ed CS"‘Ié)
n=(q-0nptl
Let
<€ CIZP. o(" (7-I)P+l (7-0),)-)-2 O(qP
A = ' = K + o +,F
"=<7")P+' ap»1
K A = ATP5 o el
-1 pti 9p+1
(-« )a - K97 r (8-17)
. q %1 -P
or ” P '[o( _ 1]
A = —_ (g-18)




\\\
[ ditid i
<<<<<<
333333

500 SHEETS, FILLER 558Q
50 SHE - _E,

13-782
453

+ qp+i- 2 N3 -
O(QP ! (1 - P) A ( Z-0<{— i}
A = -1 A% (o *- 0("5) (&-19
FO}" A = eGLZTTu)
JZTT(C)[O*JZ‘“E‘) MW/DL/
A = - MM (?'20)
5u/ostitut’ir)g into  (%-1¢)
ﬂ .
':zﬂ‘( -5 - T -9p)  Au.Tpu
Sq = 2p- 2 Qe 9 - Audu (g-21)
' Aon TTpU
=2[P—CO:LTT'(/D+/)L4 f/@«—ff ]
Subﬁt;tutin.g into  (s-15)
P /é/f/m(//:?p/]
Ep(u) 52257 [!:w coaT (prilu T LT
R
_ A TTPU
[P—(Lo;l.ﬂ'(/aﬂ)u METT (S’*ZZ)

where the emehg—/ ol the entire 5igna/ s
P N 2.
E=2 6, = > [x[n]] (5-23)
9=1 9 n= i

In normalized Fform, the result is

Ef(u)
E £ 2 [P—WT(PH)U M'[ru] (g-2Y)




w w
CCCrCT
LLLLLE
333333

13-782 500 SHEETS, FILLER 58Q
493 50 SHE - EASEP

+1 - qp+i=- 2 P _P
o 1" (1-27) & (" - x =
A = o - L ) A% (%= 0("5) (&9
421U
For‘ A= & 3
d'zn‘(ﬁp*é"‘g') A TP Y
A = € Adlyy (5"20)
5ulost)'tut'iy)g into  (%-1¢)
-E- .
':zrr( -3 -2 “%) A TTp U
5‘1: 2p - 2 (e E’,OI # U (g-21)
' | Aun TP U
= Z[P—CO:LW’(P*/)U Al U ]
SUBjt;tuﬁing intoe  (s-15)
P M?T/DL/J
cif(u) éZﬁZ::T E7 L[w cooT (p+1)u T
— A TTP U
= 2k [P— ao;l_TT(la+x)u m‘fﬁ“ ($-22)

wlf\er\e tlfxe (?,V)er\g—-/ o;{\r (:%e ent}r*e. 5,’gna/ Is
P N

22 E,= 5 Ix[nd]” (5-23)
9=t n= i

In normali=zed £orn@ the result is

8f(u)

L
E -

2 LP- G,G:L’IT(PH)U AMTFU ] (g-24)




Comments:

@ amTpu A, TTp Y )
Ao, T U AT U - P
y=o U=1¢
Tl)usl From (8'24)
Ep(u) A
E
u=o

- ‘ . N
This makes sSsense since <30/qut‘€/)l")@" DC
means notkn%p ,

X (‘8-2#/) bEc:omeS

(B ~or U= 2 7_T_£
El_p(_?’: (T!"(,O+t) Adlre 2 J
—= = 2[10“&""* 2 )ME’:

Where 2P 73 twice the /eng—tk 07{\ an inferualﬁ

(%-25)

(9-2¢ )

(5-27)

(7’29)




@ For ?:N '.n{.-;ervals/ Pz[ anol (8'2L‘))

b€come5

€ (u) | Ao T
<2l 1+ conamu  pinmu
P=N. o (1 - conamu)
L2
=4 s TU

This shoold be zero and S’LJg’“g“@SCS the

(&)

bound < bhad in the /’V)'/J)CMG,

’ S J,&{,ﬁ, e u
éi_t it 1S g@od for u-o 1
(d) Seme Ia/ots Follow.
Nete: T he beunds JCOP '/N are
/Drett)/ smalll!  This is g—ooa//

- . P
Why.? Cavse we're lfh‘:eresée_c(

in X (&),

Fle -2

.<8w29)

g4 d
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If we vse the f£lat sinuvseid te (?@mera%@

KFCM%"E?; X{“}é”"§7 what s the errar %m)rwf?
Erom (%-24),
i,
Ep (/) [ m(p+1) ‘Wi N

- £ 2 Fz - Cod TN R _&
o

Ep (Y [N am P (

— “fé 2 ? - e m%w

E 4em. g

o

&PQME

T———

=

I

The neyxt three Fiovres are (:%«Qﬁé?} vs P
£

’jﬁmf** variodUsg f%é,
T}mé’iﬁ} two ﬁ'g ggw&ﬁ Fre {%’Wé@é\} AV
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The overall mean 57uare error 1S
1
€p = /O 5?(u)a!u (g-30)
From (8‘-12) ar’_)d’ (8-/3)9
P qp ! o ' 2
€p £ Z E, T f [ 3T L AP g,
g=4 1 n=Cg)pey °°

P q9p L
D2 E. D Lj_- ao:taﬂ"(n—fac])u] du
9= 1 n=(q-1)p+i o

P 9P 1
22 E. 2. [_1 "f ao:LQTr(chi\u du]
q=1 1 n=¢q-1Np+! ©
r P
2 FE > [L- §Ln-pql]  (5-30)
9= 1 7 n=(c].,)r+\
07(\ C-OU'"S'?-f T%§F€ /s no error at n-= ,gc;]
since the ed 's are the same here,,
Thus c
€, & 2/( ) E => ¢ ~1) (8-31)
p e 2p-)E> E P
Notes:
o For P=N , F: 1 and
€N =0 - (8-32)

This is a3s it shouvld be

o The boond grows [;n@arf?/ wrt 1nvarmant interval,
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PrA Example Lot AR

Jost beeaovse the bouvnd'is bad does not mean
the PIA Cfiecewise invariant sﬂ/oroxv'mat'ioﬂ)
does wnot wor'/'(. Let's worlk g s ecific examp/c.
We are 5pe_ciﬁically interested In U>0 behavior.

TLe_ trve slpectrum 1 S ( e m S’-l).‘

N : (9-33
X(u): D xftnled2™"Y )
A= d
The Pfﬁ, from (5"5)l55
L e P
Xp(): ;- e’ T > xLnl G-39)
7:, n= (7-13,:4-1
@ Example: Let
X[n] = l 5 i fnﬁN/Z |
p o 3 Nfz<n & N (9-35)
From (?.33)’ -t/,e trove ouz‘_’/o«;t-is
N/Z -] 2Ny
X(u)l= 2 e J *
Nn=i
-j2rru
ca+ a*v a*+.. .+ g )a’edz
' N
- 2. 9%+, 4+ a%t + a=+l
4 X ¢S = (9-3¢)
v ) : ‘ N N -
S étract'lng 3 (a.N/lZ_' ‘ ) ) §' aq (a /4 - A N/q)
X (u)= a- | 7 a'/z (31/2"8‘/2)
. A NY, 1, T
:e"42"<z+¢)u X 2
A, MU
e-(ji%i(i-*wv)u Lo, THY ($-27)




S aonl B
g

New fFfor tlxé PILA. We sum on/)/ over the
?c'Hf"Sé _P/Z intervals.

P/2 .
_je 9
XTP(u)‘-.-_ P C,Z:. (é_dv?q)

- ol >
- P o<‘l 0(11_0(_ ; ; :eﬁnf’u
) -J%'(Zf*')PU Amﬂz,:Ffu
/) AA«JTT'F“
- g(zf-n‘)t;u , f'ilu
=pc S (9-33
an TR U
Thoes ' . E——L\'——u——
2
’XP(L«))= P ‘*’Mﬂf,u (g-39)
| X ] = | e (8-40)

Fig‘urcs ﬁo”ow,
No'l:‘e/ par 5 Cur}/J at be havier 7ﬂor~
small U and u = ‘/N' Farficu/ar /)/

&-9)




1 abed

0=h(N)dX — — —
0=} ()X ————

Z Uey~ 7199ys 71=a 82i=N



g-ab

| ebed

o=p(n)dX — — —
0=} {(MX

Z Uey~ 7jeaus




g-9¢

" | obed

0=l(N)dX — — —
0= ()X

- ¢ Hey™ 7jesys

— - -



Sheetz «hart 2

N=izs, p=2 L =¢4

70

Page 1

— — — XP(u)

X(u); f=0

;=0

Po-7



| abed

d b-&

J(MdX — — —

=} {(N)X

0=

o

Z Uey~ jeays



0.000
0.001
0.001
0.002
0.002
0.003
0.003
0.004
0.004
0.005
0.005
0.006
0.006
0.007

0.007

0.008

0.008
0.009

0.009

| abed

0.010
0.010
0.011
0.011
0.012
0.012
0.013
0.013
0.014
0.014
0.015

0.015

0.016 L

§ -8

4 (NjdX — — —
1 (n)X

0=l .

0

Z Heym ~lesys



Sheetz vhart 2

X(u); f=0
— — — XP(u);f=0

300

250 ~
200 -
150 -

Page 1



Sheete Chart 2

X(u); =0
— — — XP(u):f=0

300

250 -
200
150 -

100

50

§-9-h

Page 1




‘*’Let'.s see |

Q Q
88558 .
b
[\ Eod [} 2
€0 @) a3 40 ) € &
Bagank ¢ hus
Lo TN RN RS NY) g

ff(u)%/z ’ x [n7] (~aizrru (n-)oq)){z

= .(RTru )

for small u. Let's repeat (g-3):

The Lworst’ -l:he n

F~10

4+ we can approximate EP(“)

P P -y2TTnNnuU  ~j)2ITpgy 2
Ela(u)=/2:. ’_ X[Y\](ed -60’ P )]
9=4 n=(7~n)[>+| (§-41)
For small &
e d® x !.-'Gr'e (g-42)

. N
Z_: Z x[n] (n—pcﬂl (8-48)
".'» n= (q—l)P'l'l .

sum cdn et is 700!‘
n= (c)-,)Io 1. This wors“l: ca condition
8'!!/65 . N
E (u)r—e- /Z Z X[n] « p | (5-44)
(zTd)> ! n= @'”P'”
or
2T = -
Epluy — (2mpu)” |X (o) (9-45)
whe_re N '
X (o) = ; X[n] (3-4¢ )
The error at U= Y~ i1s thos a,olora;(}mate/)/
,J—, ~ ____E2Tr Z | | } "
Ep(N ) % ) X o)

~ |en/P)x(e)]” (547




§-4/

_ Ano-tl'\er a/gfrox;mat]on 01& t/we error Ccomes
from the measore

<P(u) = X(u) - Xp(u) (%-4%)
Since | éf(O) =0 , 2 Lirst order al)Froximat‘for)
éP(H\ 15

<P(u)_63;—> [X’(O) - X:?(o )J u | (§-¥q)

Soudan <
nooane §

Sddddd &
vvvv

' Com’)aring‘ (g-48) to ($-8) revezls

Ep(a) = [ &pl]™ (3-50)
Thu s :
51:»((4\ ;—:o——> u7~ /X_"(o)"X}E:(o)] (8’-51)

R g)cerent'»at'mg' (%-1) g,Ves

N .
X."(u):'d':zrr Z;_ n X[n] ed?mh (g-52)
and -
, i N
X (o) =" am > n xInd “ (¥-53)
n= i 3 |
Snm’nl,ar))ll From (?{)‘5) apgu qp
.o -3 .
XP (u) 4 2TP ?2;1 q € n=Z(1..3p.| x[n] (%-54)
and '( ; ap
O): - ) .
Xp J2mp Z 9 51-c3p-: x [n] (%-55)




Plug (3-53) and (%-55) inte (F-51):

P qr -
W —> u*|ar = = xin1 (n-pq) ]
- 9=t n=(q-0p-1

Note: This is the same resvlt as (3"’3)

and will g‘ive the ‘same result.

L




1 ] ChaptT.s
5

Hal,
‘ ( .
Here s the wmusic Qh@}z)ﬁ@r)
iy 172, ﬂO{Z@S P@F‘ cctave

4 3. 32 occtaves per &ecade

o~ 4o divisions per decacﬁ@.
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Chapter 7 Marveh 30, 199¢ Boh Marks
Mosic and
LOG F‘/re?uena/ Calibration:
X(u)
l , Fle 34
‘pﬂ ﬂch

For /og c’:a/;braf;@nl +the ratio o:f aJJa cent
Jcre:?..uencies s @ <constant

Fasr _
£, = Constant

Svppose. for exam le_/ we wish to divide
an octave 1ato 12 /og—-sfacec/ Bntc:wvals.

Then
L.

Constant= 2 ' = 05944 309¢

This is the case Lor mustical ealibration
(12 chvromatic steps per setave), When
this 15 done, the ‘musical scale is said

t+o be ‘tem eved' as in Bach's ¢(The.

Well Tempered Claviecord' The choice of 12
rotes 15 meo tivated b)/ harmenics.

An exam/o/e s yven 1n Fign 35 Joar" =

Se?ucnce o len h 2’7::‘ Esy 298, For
n="1, the se7ue ce IS #ero fadcled +t o

g
3% 2

ig)

and then chepped into 2 = 2%=Y pieces.
The strin is f:r"ilo/ea/ and c:ho,a/aeol rn€o
seme owgr of 2. Foer ns= I/ the

Strfng- 1< aﬂ leng‘t"ni

19 , 2
2 ¥ 3 - 2 =39329

This S-l:ring' 15 t‘ri‘a/eol and J)Videcf

393219 * 3+ 27” T 294912,

(78)

(74)

(50)

(#1)
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The next cnbny 1S
i
2999123 » 3 — 2 T YY 2368

The pewer of 2 in (S‘O) C‘ZS)) and (3'2.) 15
Cl’\bSen to g—e-tr the r'esul{: between

and 2'%

Qe/oet ition guves t"»e numbers in
Co/umn i1 h Flé 385, Note
that +he resoult for N=12 1s

appaximate17 an ectave below. Q'Qa

he_ number_s in ¢¢>}umn . avre

rQerqm in ascendin rdev in

| bim n ‘ The next r\atto s
bet"we_en two adJ Jcent 7uemc:es
The r'csc)lt i1n each ca$e oulol be

2Y2  The V"‘G'L“IC’)S are close.

(Cents qr’e the intervals r‘*eSUI‘ting$

}4 mousie dov,dnn a note into IGH
/)ceces Th cent error colummn 1+
Fic. 3.5 'S Com}ov ed fr‘om the Joormula
rati)o
; 2 Yz
cent error =

g (2 m.z'oo>
tiélg_)
= l/:z.
| ?27‘{6’0— <

(52

(93)
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SheetZ -

N 2N n {(3*n)*(2*N) m }(3*n)y2A(N-m) }* Jordered Jratio cent error
19{ 524288 0 524288\ 0 524288 265720.5] 1.053497942 -9.78
19| 524288\ 1 1572864 2 393216 279936§ 1.053497942 -9.78
19| 524288| 2 4718592 4 294912 294912] 1.067871094 13.69
19] 524288| 3 14155776 5 442368 314928] 1.053497942| -9.78
19| 524288| 4 42467328| 7 331776 331776] 1.067871094 13.69
19] 524288| 5 127401984| 8 497664 354294F 1.053497942 -9.78
19| 524288] 6 382205952] 10 373248 373248] 1.053497942 -9.78
19| 524288| 7| 1146617856| 12 279936 393216] 1.067871094 13.69
19| 524288| 8| 3439853568| 13 419904 4199041 1.053497942 -9.78
19, 524288| 9| 10319560704} 15 314928 442368] 1.067871094 13.69
19| 524288| 10| 30958682112| 16 472392 472392] 1.053497942 -9.78
19| '524288| 11| 92876046336} 18 354294 497664] 1.053497942 -9.78
19| 524288| 12| 2.78628E+11/ 20 265720.5 524288] 1.067871094 13.69
559872
2M11M2) = 1.059463094

Page 1

FlevRE 25

35



3¢

§: What is the shortest szl:r‘:ng- that can
be used for sveh a division

Al 144, This is shewn 17 Fign 2¢.

H// o;ﬁ -}:Ai entr":eg in columh@ & Fe

1nteaers (exc_ela'f: for' r)v-IZ wlq:c,lq ig @

occtaPe of n=o and wen't be usecﬁ),

Q: Cant we generate the 12 frequencies

and then wvse octave 5tf*n’\g~ cutt:ng
Cin Qhar}t 4) to comiovt“e th

I 2.
Jar‘ecl vencies an octave

rg-her (4
A Yes

For one sctave, we need N=19 or
19
2 = 52y, 2% §

Thts 15 Slubwn 1s (6, 37 where colomn
is hald of colomn ) and still al/:nteg"ers,

-For two ectaves, N=20}s needed. See
Frgur"e 3%. Colomn @ is half of ).

@ is half O‘PO For N= ZC) all entries

m COIUmn are lnfeg—c’i“s Co/umn
is not.

~For 3 octaves we need N =21.

Se e
= lFore 29,

bot we hcave to increase N (and ZN).

<8LQ




Sheet2

(B __(B)

Page 1

N |2AN n |(3*n)*(2*N) (3*n)*27(N-m) |* fordered ratio cent error
18| 262144| 0 262144, 0 262144 132860.25p 1.053497942 -9.78
18] 262144| 1 786432 2 196608 139968] 1.053497942 -9.78
18| 262144 2 2359296 4 147456 147456f 1.067871094 13.69
18| 262144| 3 7077888 5 221184 157464] 1.053497942 -9.78
18{ 262144| 4 21233664| 7 165888 165888| 1.067871094 13.69
18| 262144| 5 63700992| 8§ 248832 1771471 1.053497942 -9.78
18] 262144 6 191102976 186624 186624] 1.053497942 -9.78
18| 262144| 7 573308928 139968 196608f 1.067871094 13.69
18| 262144 8 1719926784 209952 209952] 1.053497942 -9.78
18] 262144| 9| 5159780352 157464 221184] 1.067871094 13.69
18| 262144| 10| 15479341056 236196 236196] 1.053497942 -9.78
18| 262144| 11| 46438023168 177147 248832f 1.053497942 -9.78
18| 262144| 12| 1.39314E+11 132860.2 262144]  1.067871094 13.69

279936
24(1112) = 1.059463094
File 3¢

297



Page 1

Sheet2
(D A
N |2°N n {(3*n)*(2*N) m ](3*n)*2*(N-m) f[* jordered ratio cent error |1 octave.
19| 524288| 0 524288| 0 524288 | 26%020.5| 1.053497042 -0.78] 132660.3
19| 524288 1 1572864 2 393216 279936] 1.053497942 -978] 139968
19| 524288 2 4718592| 4 294912 204912} 1.067871094 1369} 147456
19| 524288 3 14155776 5| 442368 314928] 1.053497942 978] 157464
19| 524288| 4 42467328| 7 331776 331776] 1.067871094 13.69] 165888
19| 524288 5| 127401984 8 497664 354294  1.053497942 978 177147
19| 524288 6|  382205952| 10 373248 373248] 1.053497942 -0.78] 186624
19| 524288 7| 1146617856] 12 279936 393216] 1.067871094 13.69] 196608
19| 524288 8| 3439853568| 13 419904 419904] 1.053497942 -9.78] 200952
19| 524288 9| 10319560704| 15 314928] 442368| 1.067871094 13.69] 221184
19| 524288| 10| 30958682112| 16 472392 472392] 1.053497942 978] 236196
19| 524288| 11| 92876046336| 18 354204] |  407664] 1.053497942 -0.78] 248832
19] 524288| 12| 2.78628E+11| 20 285720.5 524288] 1.067871094 13.69] 262144
559872
2M4M12) = | 1.059463094
Fle 37
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Sheet2

O _® E

N [2°N n {@*N)*2*N)  |m §(3n)*2A(N-m) ¢* Jordered lratio centerror }1octave. |2octave |3 octave

20| 1048576| O 1048576, 0O 1048576 531441] 1.053497942 -9.78] 2657205 132860.3| 65480.125
20| 1048576 1 3145728, 2 786432 550872F 1.053497942 -9.78]  279936] 139968.0 69984
20| 1048576 2 9437184| 4 589824 589824] 1.067871094 1369 294912] 147456.0 73728
20| 1048576| 3 28311552| 5 884736 620856] 1.053497942 -9.78] 314928} 157464.0 78732
20, 1048576, 4 84934656 7 663552 663552) 1.067871094 1369] 331776| 165888.0 82944
20| 1048576| 5 254803968 8 995328 708588] 1.053497942 -9.78] 354294] 177147.0 (88573.5
20| 1048576| © 764411904/ 10 746496 746496] 1.053497942 -9.78] 373248} 186624.0 93312
20| 1048576] 7| 2293235712 12 559872 786432] 1.067871094 13.69] 393216] 196608.0 98304
20| 1048576| 8| 6879707136 13 839808 839808f 1.053497942 -9.78]  419904] 209952.0 104976
20| 1048576| 9| 20639121408/ 15 629856 884736] 1.067871094 13.69| 442368] 221184.0 110592
20| 1048576| 10| 61917364224/ 16 944784 944784] 1.053497942 -078] 472392] 236196.0 118098
20| 1048576| 11| 1.85752E+11| 18 708588 995328] 1.053497942 -9.78] 497664] 248832.0 124416
20| 1048576 12| 5.57256E+11| 20 531441 1048576] 1.067871094 13.69] 524288] 262144.0| 131072

1119744
2M112) = 1.059463094

Page 1

r), 29




Sheet2

N {2*N n {(3*n)*(2*N) m J(3*n)*2A(N-m) [* Jordered ratio cent error |1 octave. [2octave |3 octave

21} 2097152 0O 2097152| 0 2097152 1062882 1.053497942 -9.78] 531441] 2657205 132860.25
21} 2097152| 1 6291456 2 1572864 1119744] 1.053497942 -9.78] 559872 279936.0 139968
211 2097152| 2 18874368| 4 1179648 1179648} 1.067871094 13.69F 5898241 2949120 147456
21} 2097152 3 56623104 5 1769472 1259712] 1.053497942 -9.78] 629856] 314928.0 157464
21| 2097152| 4 169869312 7 1327104 1327104} 1.067871094 13.69] 663552} 331776.0 165888
21} 2097152 5 509607936 Bi 1990656 1417176] 1.053497942 -9.78} 708588] 354294.0 177147
21] 2097152| 6| 1528823808| 10 1492992 1492992] 1.053497942 -9.78] 746496] 373248.0 186624
21} 2097152} 7| 4586471424} 12 1119744 1572864} 1.067871094 13.69] 786432 393216.0 196608
21| 2097152| 8| 13759414272| 13 1679616 1679616] 1.053497942 -9.78] 839808] 419904.0 209952
21| 2097152 9| 41278242816| 15 1259712 1769472] 1.067871094 1369 884736] 442368.0 221184
21| 2097152| 10| 1.23835E+11| 16 1889568 1889568] 1.053497942 -9.78] 944784] 472392.0 236196
21| 2097152 11| 3.71504E+11] 18 1417176 1990656 1.053497942 -9.78] 995328 497664.0 248832
21} 2097152| 12| 1.11451E+12| 20 1062882 20971521 1.067871094 13.69] 1048576] 524288.0 262144

2239488
2M1112) = 1.059463094

Fle 31

Page 1
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Previovs MeTHoOOD !
n

Weig“!ﬂ't' 3 bl‘/ 2

N -7}

New METHOD
M N :
weight 3 by 2 n.
Resvlts shown in Fis. YO,
i
Minimom str‘ing— leng“l:l’) = 3 =17 73 /‘1’7

Note: Muslca/// old methoed based on
cmc_le o LTH'’s  MNew Method is

4

circle o ‘ITH S .

Note: Both methods work becauvse

9
3'%=531,441 & 2" =52d288

This 1s an error g')a‘

%-_—' 3
,Z? 2!7 = 0,019 osetaveg

Q." Can we combine new 3!’ o’d method ©
A.' Surg

Q: Can we 6xtenal this to somethmg
other than 37

B Svre.,
/J/bm'd also, = Research needed

(%5)

&1

(%7)
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Page 1

N |3*-N) (22n)/(3*N) ordered ratio(centerror |M |3*M (3*"M)*ordered |1 octave
0{ 1.00E+00{ O 1 0.493270184| 1.067871094 13.7] 11 177147 8}8&1 3| 43690.6667
1| 3.33E-01] 1 0.666666667 0.526748971| 1.053497942 -9.81 11 177147 93312.0 46656
2/ 1.11E-01] 3 0.888888889 0.554928957| 1.067871094 13.7) 11 177147 98304.0 49152
3} 3.70E-02{ 4 0.592592593 0.592592593| 1.053497942 -9.8! 11 177147 104976.0 52488
4| 1.23E-02/ 6 0.790123457 0.624295077| 1.067871094 13.7) 11 177147 110592.0 55296
5| 412E-03] 7 0.526748971 0.666666667| 1.053497942 -9.8] 11 177147 118098.0 59049
6| 1.37E-03] 9 0.702331962 0.702331962| 1.053497942 -9.8| 11 177147 124416.0 62208
7{ 4.57E-04| 11 0.936442615 0.739905276| 1.067871094 13.7{ 11 177147 131072.0 65536
8| 1.52E-04| 12 0.624295077 0.790123457|  1.053497942 -9.8} 11 177147 139968.0 69984
9| 508E-05| 14 0.832393436 0.832393436| 1.067871094 13.7/ 1 177147 147456.0 73728
10| 1.69E-05| 15 0.554928957 0.888888889| 1.053497942 -9.8/ 11 177147 157464.0 78732
11| 5.65E-06| 17 0.739905276 0.936442615| 1.067871094 13.7] 11 177147 165888.0 82944
12| 1.88E-06| 18 0.493270184 11 1.053497942 -9.8| 11 177147 177147.0 88573.5
1.053497942
2M1/12) = 1.059463094
E1G 40
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Moda inU.S. A,
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N

Chq}z)ter 3: Goertzel
Bad news , I_thing—y
Goertzel Kkio's S=wasz i the qt‘l‘

- even windows,




)
!
o
B
&
£
g
G
N
E-

The Goertzel A{g‘@ritl:m“ 7//7/?é

The tl’“ar)g‘;tev\ ':fg)r’lc:"é’lor) aﬁgr &Ag Goertze | f}%«af}f&}a%

15
! = w,f" 2z

Chaf){:er 9.

- - - (91
H, (2) BRI P )
P - Z«:Q"Cjiﬁ‘k/l\l
::<£ B g-@.z@}} Qﬁk/’f\!}C#“ 2-064{'2#5(/,\;}
e
- - 2@@8‘2%&?&4 o (q.z}
The inverse 2 ﬁﬁ"&ﬁS:ﬁet‘“M g-}veaﬁ z‘:/ﬁe: }mf)y/.S’@
Pgﬁf)(}ﬂﬁ‘@ . : - g pNIT STER
I (;zwnk/w re (9-3 )
h Lnl= € Uln]
<
Note
o -n
H(e)Y= 2 hy[a] 2 (3-4 )
n=o
Fr@f 2n iﬂ/nuf: of X[”EI the @Uféﬁ'f&)‘i‘f © S
)/k[nj = X[n] % h, L] (3-5)
Assome x[nl=o0 for n<ao (&i,g“ 630583\3, They
n
v lode 2 xIml A Ln-m]
m=o
N jam(n-m) /N
2. x[Lm] e
me o " i/
P amn /N -4 2mwm It /N
< edIN sy la e (3-¢)
v =
Thos
N md}z?’z’mz&://w

yk{N:} = g;@ x[m]e

v

(2-7)

7-1
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9-2

(Que.st':on'. How man/ a/os?

Eovati (2-2) can be impl ted by th
eagieny, plemented by the

x[n] Yk[nj
.
Fic 9-1
Z_ned'zrrk/N
Since ’ _KCN/'() = kLNJJ a total
numbe r of oloer-at'.ons 7Z

N complex mult:’i,al‘ces = 6N oPSs
N complex adds = 2N ops

total s TN ops (9-8)

Suppose we window x[n] Fﬂ'or to 1ts
input inte the $ilter

wln]
x[nl % [nIwln]
- é, = -

ey
2"'e d2Tk/N

This adds about N ops. Thus with windows,
we have

Fle 9+ 2

4

?N ops (with winc/ow> (9-9]




How does this compare to Szasz serics v

Here, the 7m'oulse response 1S
n . N
jamk/n @ amrq/N
e ? x et

hkLnJ = 2. Ulnl (9-10)
9@
where @ is the order of the Szasz series,
Thous ‘
—t | k+9)/n
heLnd= 2= g eazrr( s UlLnl Cq-11)

1" Q

For Hanning and /—/amminf\%— windows @ = {
and we can vse the #Fo owing: -

h=N
- | -
] Y

, e
2! e J ZTT(k-l)/N

S Nn=N
L' Ele 4.3 X
XLnj / K

—d—
2-'o Jz2m /A

R 19

{
Z-lecj 2w (k+)N

This is bad. The nuomber of ops s

32N ops  (@=1) (9-12)

In generaj 8(2Q+i) ops C‘?-IE:

j S—



R
£
i
Ly
5
48
%
5
<
&

. Ad dend vm 9/ I / ’75

7-4

Geertzel pear U#% WAeﬂ X is O_'P

A‘g‘or.thm Jcor' v k/M

e" 2Mny
X[n] .
ele -4
Alternately :
: ~-N)Uu
ho[n] < ed3m M . G- 1%)
n=N
Yieln] = X(u)
—_— e‘jz"fn“ﬂ)“ #,X_w .
ALnd
File 9-5
I windows are desired:
Nn=nN

% rf,,lz“n N)‘-‘ ..______,,/ v Y“_["i " E )
Fie 96

wn]
The nuomber of ops is abouvt IN, +he same

X [nj

29 F:g' 9-2,

h,[n]l= e d 20U 1y [n] (9-14)
n ]2 -
yk[”] = 5 x[mled TCAmm)u (§-15)
W= O
= et ﬁ x [m]ed=m"" QR
7k[/\/] ed®™ 5 x[m]e@ " G-17)
m= O




q-5

A Lilter to de +his i1s:

{
Hy(z)= 1 -z "'ed®

hu [n] - eazr‘rnu U[hj

e ——— s

sodTa
Then the :ﬂlgurﬁ in -4 can be
3mlolemenf:edf) with w}ndan gS
"N (a)
9. X (u
w - i2mu (G
[n] z e d <1 £l 9-8
whevre
“c; 21Ny

N
X,(wy= 2 xlnlwln]e

For logasi)aced &Lg@pgcn"e?uency bin5

Wirt,l) non~@vev~1ay;/o;mg' winc/@wsJ THIS
is the aégop; thm to beat.

(g
<<

~19)

-20)

=27 )

(9-21)
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IEYNOS S «ISV3-IA3 SLITHS 002
J8YN0S € ZSY3-IAZ S1IZHS 004
JHYOOS § o38Y3HA3 SL35HS 09
FUVADS S BT ‘SL334S 008

6682y
I on

3L e

U [EUGLEN,




| c ha pte r 10 !

X

(String Cut—tin(g-in - Centinvevs 71ime

The CTET (continvous time Fourier transﬂorm)

/S .
X (u) = [W X(t)€'dzn—u.talt Cro-1)
Note :
AT T ARY
- % -+ - e
/m -T;z" e o i
sz'l:‘!_
E Z':j_w /_3_ Cio-2}
Thus A+l .
oo v} .dzrru-[:
Xlu)= 2 e x(t) e dt (10-3)
Nz =o®
Variable svbstitvtion: ,
I=t-u
g‘iVes . -4 ) s )
X (u) - n; /; X(35+ T) e jamu(s+u d 3
.
u oo -jems§u |
- o nz.-_‘_-'aoX(g‘*_&‘)eJ d%
°r oo % 2irut
X(uys 2= | = x(e+ a)e? dt
Clo-4 )




10- 2

" ﬂ)ter-nate./)/:
T o
Xw): [ Xu(t)e

where

-oizwutdt Cro- 1)

;‘V.u(t)= o x(t+—,§‘,—)=n§ X(t-1) (o-5)

n = "o

i

x(£) % nz“_’: 5t - 1)
)% tul = §(ut-n)

s x()* lu) comd-(ut) (10-6)
Let N
Q"u(t) <« Xu(v) (10-7)
( 'Then
~ v,
X (V)= X)) % comb () Clo-8)
- X))+ = §(F -n)
= X(v) * lul = 6Cv-nu)
= lu) i X(nu) §Cv-nu) (10-9)
Invers e tr‘ans_fopm;ng.
-4 2mnut (
O-1o

¥ (e)= lul = X(nu)e

Nns "o

g



Substituf:ing- into (10-4):

X(u)y = /;/«: [IUI > X-(nu)e-(}wrnut]c-o{zrrufa/t
ot .
0o u _ 1) &
s Jul = X(nu) / gdzwu(nz)olt_
Nne <ev (@]
- ; X(nu) SIN'IJ
© X(u) o)
@g . ,
' We have gone arouvnd i1n acircle/ Neat;,’
Qg__t/ there is vsedfol information in
(1o-10).

A . .
)(u {t) hqs/ as Four;er gogﬁ:QICIQi’)ﬁsJ

the harmonics o-ﬁ E(u). 77!:45, Stéglg’ang-
X(€) n+to )?u(t) allows g‘enerat‘;on 0:"‘“

not on!/ Xlu), bot of X.'Cnu).
Neat f

xX(@)

1 A

— . | y v
- U ' y 2.0 33U u Su

i Fre. 1ol Given Z_"(u)é comfof;eol From X, (& )7

the harmonics above cgan also be c«:m/)ufec/




9/1/ 7¢

<]
&
fos
g
5
8
&
i
v,

festr

5 Lll rmoani .
e 3 harmonic of :Qreyuency fo 15 (n+1):ﬁg. The nth 5ubhai‘monlc n+

4
[7-;-{;‘: ‘r;"' -_} 3Le hq,.mon'.c.sésulalmrmon'm,s are octaves of the J'Undamen'%?' .
Esch of these numbers is mu/zf:::f/ o by 20 !
to Io/ace this nuomber in the idterval?’! =~
L. 1]
5 157
A= E= 78 B =7
q
c =4 = Y4 T
9 3 Table -
F = = c o= | :—ii-'
Bgb= 2 Fs s c = |
' 3
pb =Y po= Vs b O
OR
A=0,833 E=o0.625 B=69375
C = l],0600 G=0,750 D =205L25
- ' Table 3
F=0t¢¢T C=l1.600 G =20.75
Bb-0.989 F=6.007 c. o= |
Dbz 0,523 Ab = 0.900 £b=0¢oo

C}-m)o{;e:; ho: Tem/ﬂered 5’@&1/@ — \(7ﬁz I
The assumption, as 1N Cha/)ter '7/ 'S '(b:katt
® ZN far“ any in/ railses o ’Owerf / al'c: &ZFves
and -i:lwus has no cffect on "‘élie nete .
We start with cC =1
A= % E=5 B= 1S
= 3 = z yeh
s 3 G =3 0=1 2nd Harmoni
1t - Haprmonie,
F= 3 - C=1 <o G= 3
2" soph SUBHARMONIC HARMONIC.
vpharmea,e.
l Table 1
, Y =
Bb; T F=% C =35
b b_ =
g Db = s A=z E°=% 2




2

k)
£
A4

&

e
&
&

We have an F:#miss'mg. We can obtain this in
two ways:
1S 4S

L F#‘= Second harmenic of B = 3 3% 7¢,
lowe — 2 ecetaves: F¥:= 45/44-1 S e, 7031285

2. F¥ = Zﬁd svbharmonic of Dbﬂ%"—?ﬁ": 2;—8?5_‘"
Paise 2 ocetaves: [F¥= 3Yds = o. 7111111}
Usin this, we can arrange the notes in

re?uenC/ or‘*aler':
RATIO
C 0.5 .06 67
Db  0.53333 1.0547
D 0.56250 1.06 67
E 0.6000 O 1.0417
= 0,625 00 1.06¢7
F ©0.,66667 1.,654¢7 o 1,067
E#  0,703125 o 0TI 1,025¢Y or 1.057¢9
G 0.75000 0 1,6666"7
aAb  o.8300000 1.6491¢67 Table 4
A 0. 9333332 1.044LT
B o©.¥888%9 1,0547
B 0.93785006 1.66C6LT
C ].00 0000

The ‘QATIOI 's the patio of two ad\jacenﬁ nom bers.

The ratios are Pemarkab/)/ s}m}/ar/ ranging"
’ﬁ‘rom l.o4)¢ to 1.OEE 7, A com,oromise is
to Pe7u:re the ratio to be

n
2% = j,0594¢

This comes from A}vic};ng an oetave (2) into
| 2. geometic feces This -is the ratio
vsed 1n modern mousic since the time

sf RBach.
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We can vse +his to establish nomber sFaCiﬂg“S
that asre alof)rox':mate// sﬂaced /og Cr=
notes per octave ),

Auvgment table 2 with /:#532//5. (Tlai.s
cave Crhe closest ratio — to (¥l in table q),
he common denomator teo all of thes e
fractions is:

5x3%x2%v =720 T

Rewrite Table 23 vsing this common
denominator

As 738 £= 4% B = 635
C: %38 G = %3S = 425
in’;%_% C:%% G:%—%g Table 5
b= &2 T = £33
Db‘% Ab 3% E£b= ‘%
Ar"ange nomerators ‘&Of) doui”j' ﬁ#:ms,z
720 =
¢75 These adre integers
¢40O

spacecd rou { /12 notes
Ly 87

OO /o octave The samé_
576 ratios as im Table {4 ).

540

F12 Note: IFf we wish two

H30O octaves we beg‘in with
450 2x7207

432

405 2x720= 144 O

334 24L75= |35 0

360 2% O

2 #L40+=1

2% 3%4=TC& Table T
2 % 360="7120
Ay
Y0

360
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This roblem can be Jcor‘muiated as da
genet»c =4 gor.thm searc

Parame ters to s/)ecnf)/.

K = ratio od adJacemt }ntegers Gi+)
Nmin  and Nmax 5 Nuax i)
The error of the ht‘l" note 1S
n . A Z
en = INO( - mn, 9 nm':n—*n”nmaﬂ
where N is the Str\:ng.s lengtl’) (N Nmax>
The total ervror
E = makx e Gri-9)
nm:nénén 8K
The sezrch is over N and the m
| muvst be integers. An 3 Pr /or:az’:e;
1 tness quncf:on acor Some /0051 tIive
f)omber‘/ K)’/ 1S -,@E
F = & (n-=)
Note: The search is over a discrete

set. E andF are not differcntiable.
The genome covlel be b:nan/ ane be

t !
OJIO}OIII';llOI;OOIOE.—.;IIO|]
N Norin Neint | MNma y

Note: The number of bits Lor N’ dezpacf:o
determinec Nmax'
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Q: Where migh«{; this be vsefol?
A: At an FFT

@ué’/ou{:’ where f-re
Iimited +o

?uenc:; es gre
l /AN

Lets compare opss> com,oute 12, \76\0"‘871..!@")6)/

@ For Qoeht%el (l\/=720>
lines x 9N eps per line. = 777760 %;it??'
FFT. For radyx 2, must vse ’
1024 =2'7,
§N Log N = 34,920 ops i o
Thg actoal nomber will be less.
Goertzel does not de well !’\er‘e,/ e will
do better For largar N, In g@r‘)era)l
OpSsyertnel = Ime.s x TN 7% e
OPspre = INLg W .;<

oo

i

L)




Let's examine ﬁapjcica\ency. When doe.sg
Goertze|l beat the FFT in CDIOS?

De fine

OF3 goertze |

e:ﬁjpc/r__ = OPScer
- 8 -'603)9/\/ (n

q 1Y
where L is the nomber of lines, I’\’ough{y)
when L. exceeds zN,, 1t is best to

vse * the F FT.

o)




‘ Constant CQP fi/%vﬂ@m i@ng «?ig“'ﬁLﬂﬁ 5’4%
(Chapter i2.) '

The Fourier transform S
X(uwy = ZxInle?

We. break this into wave/eng—t/ﬂ of
’mt'e.ger* I&ng—th A

| - A1 24 -y 2Ny
Xy s 2T 2o xDn1€? T
i n=

n:"AA Nn=o
= T x Il e
P m=pA
Let n=rh—FA. Then
. _ -t r 5
X = = > wle+prle?d?™"'P e
n= o

P
This is vsefol onl7 when };u=/<='mtegcr',or~

u= "

Jn sveh 3 case

-1 '
X($)s X[- Z & xloepd]

J 2Mrmu

e-—'oi?;ﬂ"kn/)g

We leok at this +wo ways. F"nr‘stj the

convenfﬁonaltw%gﬂitude

A1 _i27Tkn
IX[kJ"—' ‘PZ go x[n+PA]€;°’z k /'\‘

and Hal's constant Q Qon‘jec{;ur‘é

At s nk/
Ky, 3] = 20 | 2 xlnepd] 277702
Note
| %, Lk1] = |2k

Va3

(1z-1)

(12- 2

12-3)

(12-4)

(12-5)

(J1z=¢ )

(12~7
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4

mmmmmmmmm
Ponond <

daididdar ¥
PEYRVEY 2

Notes:
1. For on- fre7uenc:.7 tones,
U
X,,.pL[nl= € (12-%)
both (12-¢) and (12-7) g’}ve, the same
resovlt.
|2 For aﬁf'-fre?vcncy tones, IX_HA,_[kJ\
gives a Jlower @ - as cOnJecturecl.
Here .
Xope L] ;aed®™Y p \/7-"%" | (12-9)

OFF

Then (12-¢) becemes .
KLkl & 5 edtmCrPv gdamk/y
P n=o
P-1 Av Al | 2 ___'S,...
-"f-iall ;Z:oec}zTTP S ed mn(v-"A )(

= [a] & pan TT AV A T (V-4-)

where we have uvsed the Af’loe"d;"‘ For (12-7)
={ . .
|X,, [k]] =lal§ ]n%_ o d2T(N+PA)V e 92K/ i

At Lk
=Ja)==. E gjemn(v- R
P n=o

ain TPV ’iT ain A Cv- %“l‘ .

e i (v F)
“19] %olmrr(v-{{'ﬁ\ /
_ Ao T A (V-5
= ]al p }MTF(V-L\ ) ]\ (12411)
Not e !
| % [e]] = ,Xum_[k]” s lalP A Capz)
v:% V-"f“
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A problem however, is /in@ﬁwi%&;, Consider,
=l

'P@r* @%‘?mﬁf@/ t+ he ﬁ@l{aw;mg g?gﬁ

We wish to coempute the ovtpotover two

wave leneths. For one wa ai&mgﬁ:é«a/
we obta¥Pa Wéréé@, i@w@@!wﬁlf‘f
; |
Ki/g:g‘na

R — #
— A L

A
fQAM*Z%ﬁ: e

.4

For ﬁyc;gﬁ 1L, we gﬁrﬁ z. For @yafeé?;
we gf@ztﬂ-i"#%fz’,“ /

The resolt frem G2-L)Y s
| XLk1] = O
Aﬂéﬁ, From (1?-""7}
| X, [k]]= A

This }js not the resolt we want.

A
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F’ouf"]e}f’;y" Tv"amg;ﬁ@wm Mﬁ%ﬂré’:t}()@
[X ()] =

[ é:i; x[nl @m‘;mmu %

Hy &L 'étwaﬂﬁjacﬂ“m: (p+1)d-1
P

X’?@JK}:‘ Eip;@ ! Z:a x[nle

ns

where there are 1? interva ;EL
Ve P

d J ol

e o A e

%\%mww SN

of dorstion

N

s s =

wﬁ\j‘l%q ety Y

N
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Cz)

A and
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Theorem When
d 2Ny

é v N~ V‘)}E

xLnl:= &

JX{UHW m“wf‘? %u%v"}
and

Xolu)= P

M‘b ' (U

WWNEUW /E”g
v

Corr: When {(¢) Vs +trve

| X(w)l= X (v)= N ()

Lp
X e Wm@:m W ! | %
M . w%%%% A/’ZM“ X F Ly
’ %%”% M
| . =16 3

N % e 4=V

0 Ey= Y4
Prﬁaoﬁi s o -
Sty - ZK{LNE = g ei’l;i@ ézﬂ’v{u v}g

= aen TN (0= V@ (10}
PV ] LS ;ﬁmm geometric seres

. ¢
V. =1 s— (pr)d- yazrendlu-v) f ~ )
Eplu)= 2 pop E napd G it
P Al ﬂ"d(u V) C12)
= ;ﬁf’“‘”’ : { T ) . ;i“@ n s me R E Series
e At TEC U ) <

One more gé@fg g"}rmzs (ﬁtﬁ

Observation: The & s inereased é;@i #éﬂ’ﬁ’f’f{)?" @y@ P,

@
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Chapter 14 | g/i5/) 97
gumﬂ?@?‘“% . '

C@ ﬁ"" éfﬂ @m’

(0 FeT's of _,S‘f?ﬁ"'iﬂ s lVfiﬁ-’ZE the same.

W@éuit as d@ﬁpm&tamg +the FET
eof the ovnfolded stri The @;,g,

@FM [ s Low- & ﬁ«ﬁamﬁfarm can ‘t ereqte.
all of these @pmtg, noa @@Wﬁg’;}‘&“ @ma!{y
efficient e thod.

JH@; ‘s L@')W - ffﬂﬂﬁﬁéf’m ean enerate
individval low- @_ @@M‘?tgﬁ Tﬁu@ nom b e
030 = @ratr@ns f ﬁwmﬁ ,@‘t ie W)

&W@@( @V‘ an FFT
ol A

are alse the same- amz!‘ +hos fr&vii: y ﬂg!ﬁo




THEOREM? - _
Consider E’ixin]! ocn N § andits DTFET:

Xlu)= = @wﬂ s Xlnle

«,C; 20rn U

A

infﬂ gp o anﬁfj} x
The FFT of X, [nl gives 3 X{;’Q*H 0 ¢m<h é

PICTORE OF THEOREM:

E(u)
X[n] | }%K
e 1] e T N
© Ned izf » 2 L
| oo
Fold 1nto
| on trin
| o lenged®)
x&inf}
{ e
| ] 1. FET

[}
o A%

We divide xIn] inte P wgvg!eﬁgtﬁmﬁ of Mﬂg‘bhfi‘,’.

Fold x[n]) into §"&:’f‘55’3§"§ of doration k %d&ﬁmg




Proof:
X lu)-=

N-1

. x[nle

L A
X

nzo

d 2T AL

y Let N=P)

w(} ?W’{n»@fsﬁ@u

in@FAjﬁ

K
™=
]

epd] PRl

o bdg mmi(fg

(%)
(¢)
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Fer Halls 5@@4!«@ “ﬁ:ﬁ’“ﬁﬁ&%ﬁ@#’“ﬁﬂj ﬂjﬁﬁ‘lﬁﬁ?

g:@ é kj AE . B —‘

Neoete: We can not wvse g-ﬁwmgg to evalvate
the DET in (13) te obtain aff the point s

M.::w%m el e )
; /

!%ﬁ W u%&igtwingﬁ @Jfﬁ iﬁuﬁgm&gﬁg Wg guﬁé *{ifii&%f
A= LA
then we cevld ebtain ﬁﬁ@?uﬁm@i@g

k
2 ! o % ke

Thos, if A=24, we wovld desire ffwe?u@m@@ﬁ

- N S 22 23
U = @i 29, ?2?23? 24,29 , ..., 24, 24

If we vsed L= @! = 5@ we couvld g@@ﬁ@w&%ﬁ,
the j@r@?w@ﬁmgg at: 2

. e 2 B
U = &a/@ , &y
- - H M_,
W«Zaﬁf L[i Jg‘

pr .
. @V’@f‘f LTM g‘i?’”’l‘#‘ Qf

(a@}
{n)
We. wish +o @Vﬁguaﬁ:@ this ot the g::»@iwa@ﬁ:,g
1= i{f}\ (5:3,} ‘
This %%V@ﬁ:
“ P-4 -t L ‘

(i)

(15)

(1e)

a, ?}

(12)
(1)




Find »ﬁ@“ @ﬂf@ fﬁ%@ vency bin centered at

wa"

U = Mm with a @ of P/N,

PARAME TER DEEIMITION: A
I = ;ﬂ‘tﬁg@’h@" between o and L= /L

Nznumbher of F@iﬂf‘fﬁ ya XIn7l

Medivision of N F@}mt‘ﬁ {3!‘%@@5’@@%&%'&:?

ez x[n]
P: ﬂ ?.W,‘H? =
AL I n

L.
] e '@gma.!@h@ 3 «— A divided inte L partitions

o ofd doration _O.




of dvration ‘v &

AEach A divided

nto [ intervals filterg
of Jéngﬁz% Y tvned to /

(v %

B
d
&
[
@ ® @
] @ &
@ ]

&”&%\Iﬂpﬁe;
A =6
ﬂm’t’lfai&

ey
L=’
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A Piecewise Isoplanantic Approximation for the
DFET

The discrete time Fourter transform (DTTT), X (u), of a sequence 2[n] of
length N can be written as

N

X{u)= Zm[n]e_ﬂm" (1)

n=1

The discrete Fourier transform (DFT) follows as

N

k :

X[k =X (ﬁ) = Za:[n]e—ﬂ““k/N 1 1<k<N @)
n=1

For a given frequency, u, the DTFT can be evaluated by the inner product

of two vectors of length N. One of the vectors contain the N values of z[n] and

the other the corresponding values of exp(—j2nnu).

How can the operation in Equation 1 be simplified? One approach is the
FFT. Another approach, the piecewise isoplanatic approzimation (PTIA) can be
used without significantly altering accuracy when the value of v is small. To
apply the PIA, the vector containing the z[n|’s are broken into P intervals each
of length A. Thus

N = P)

The idea is this. Each of the components of the P intervals are added. Call
the sum of the ¢tl interval, {1 < ¢ < P},

n=(g—1)A+1

These values can be placed in a shorter vector of length P. We form the PIA

DTET
P

Xp(u) = Y o plgle=sme (3)

g=1 ‘A )V
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W
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This operation, illustrated in Figure 1, requires the inner product two much
smaller dimensioned vectors. The save in operations, not counting the adding
of the numbers in the intervals, is on the order of A = N/P.
For small u,*

Xp(u) = X (u). 4)
Indeed, for zero frequency (u = 0), Equation 4 is a strict equality. For small «,
we can show
[X (u) — X p(u)[?
2B [)\ —cos (r(A + u)

I

ep(u)

IA

Si'l’l(w)\u)] (5)
S (wu)

where the total energy of the signal is
N
2
B=> |zl (6)
n=1

Plots of
e (x)
B
versus P are shown in Figures 2 and 3 for various values of N. Note that, for
P = N, the value of ep(u) is identically zero. Thus, the bounds in Figures 2
and 3 for P = N are pessimistic. The bounds for P > N are, of course, without

meaning.

Proof
The DTFT in Equation 1 can be written as
P Aq
X(u)= Z Z 2 [n]e~ 92T
9=1 n=(¢g—-1)A+1

and the PIA in Equation 3 can be written as

P Aq
Xp(u) = Z Z @ [n]e~I2mAqn

g=1 n=(g—1)A+1

Substituting into Equation 5 gives
2

P Aq - .
) =30 30 alal o — g
q

=1 n=(g—1)A+1

1Due to the periodicity of X (u), this approximation is equally valid when w is close to any
integer.




Using the inequality

2
Zam < Zlamlz
m

m
gives
P Aq 2
Ep(u) < Z Z w[n] (e—jZ'n’nu _ e—j27r)\qu)
q=1 |n=(q—1)A+1
Schwarz’s inequality,
2
D ambmi <D lanl® > bl
m m m
applied to this equation gives
P Aq Aq )
ep(u) < Z Z |z [n] 2 Z ,eﬁ%m‘ — e"jgm\qul . (7
q=1 | n=(g—1)2+1 n=(g—1)A+1
The first term in Equation 7 is simply the energy of the signal in the qth interval.
Aq
Bo= Y |l 8)
n=(g—1)A+1

Using the geometric series, the second term can be written in closed form as

qu ; 2 sin{mAu)
le—.727rnu . e—]21r>\qu| p— 2 l:)\ — COS (7{(,\ + 1)u) _'_lu_:l
(e T sin(mu)

Further recognizing from Equations 6 and 8, that

reduces Equation 7 to Equation 5.
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Figure 1: Illustration of the PIA of the DFT for a single frequency, #. There
are a total of P input intervals that are summed.




ep(1I/N)/E versus P for four values of NV
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ep(1I/N)/E versus P for four values of N
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Low @ Spectra From Long Signals

The discrete time Fourier transform (DTFT), X (u), of a sequence z|n] can

be written as
o0

X(u) = Z [n]ed4mmu (1)
n=-o0
The discrete Fourier tronsform (DFT) follows as
k ad -
X[kl =X (N) = Z zln]e 72THR/IN 1 <k < N (2)
N=—00

The summation in the DTFT in Equation 1 can be broken into intervals of
length A and written as

oo (pH1)A—1

X(u)= Z Z & [m]e~F2mmu

p=—00 m=pA

Substituting n = m — pA gives

oo A-1
X (u) = Z Zm[n + pAle”2r(ntpA)u
p=—00 n=0
When Au = k = an integer,
oo A—1

X <§> = X[K]= > ) zfn+ prle I/ 3)

p=—o0n=0
From this expression follows two spectral representations.

1. The conventional spectral magnitude follows from Equation 3 as

oo A-1

D7) Caln 4 paje /AL (1)

p=—o0on=0

[ X (k]| =

2. The low @ spectral magnitude is defined as

oo A—1
XQU = > D el +pale /A (5)
p=—o00 [n=0




1 Properties

e From the triangle inequality,
XQk] > |X[]]

As a consequence, X Q[k] can be shown to have a lower @ than | X [£]|.

e Let .
[n] — aef?™v . 0<n< N
M= 0 ;  otherwise
— For a frequency identically equal to v = ¢/X when ¢ is an integer,
XQlk] = | X k]| when v = %
— Otherwise
sin(w N Av sin (7 A(v — %)
| X[kl = |al L ). : ( R ) (6)
sin{zAv) sin (w (v — §))
and .
sin (wA(v — %)
XQ[k] = |a|N —(—TA) : ()
sin (w(v - X))

Note that Equations 6 and 7 are both equal to |a|NA when v = k/A.

2 Examples

In all of the figures, the spectrum magnitude is shown along with X @ for four
and eight subdivisions of N points. The more subdivisions, the smaller the

value of Q.

1. The spectrum magnitude of a single sinusoid of frequency v = 0.5 for
N = 32 is shown.

2. The same as Figure 1, except N = 128.

3. The spectra of the sum of two sinusoids of length N with frequencies v,

and vsg.
a,[n] _ ej21rvln 4 ﬁej27r'v2n

In this figure, v; = 0.2, v =0.8, § =1 and N = 32.

The same as Figure 3, except g = 2.

The same as Figure 3, except § =2 and N = 128.

The same as Figure 3 with N =64, § =1, v; = 0.4, and vy = 0.6.

e

The same as Figure 6, except N = 32.
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7. READY TO FIRE INDICATOR

12. ON/OFF
SWITCH

3. BLOCKING PLATE
10. MAGNET —¢ |

11. MAGNETIC RING 5.SPRING ) L
2 BASEPLATE g poLe O RIGHTPANEL 1. LEFT PANEL

"+ Smart Lock Technology Inc. has spent over 6 years simplifying the MAGLOC" safety device for conversion 0(
firearms. Simply follow the numbering sequences shown above and you can have a Smart Firearm in less than 10

minutes.
MAGLOC™ can be customized by adjusting the magnet (10) location according to the ring position of the user.
The magnetic ring (has magnet on the underside) can be worn on either the middle or ring finger. Itis an open ring

design that can be adjusted up or down 1 size.

.Yder aMAGLOC™ now and receive a special introduction discount of $20 off the suggested retail price (add $5.50
fo:;ﬂshlppmg & handling). Note: lelted one order per household. Introduction discount ends by May 31, 1998.

T -—o-w-—-cuthere ~—--- -

To order, please complete the following and mail it to: Smart Lock Technology Inc.
1160 Yew Ave. Blame, Wiashington 98231 USA or fax (604) 448-1879

Name: - v‘ Daytime Phone Number:( )

MaﬂingAddress: o Faxe( ) o .

City State Zip

Payment: VisaO  Master O Money Order O

Card No.: Expiry Date:

Cardholder’s Name: . Signature:

Ring Size: please measure the circumference of your right hand middle finger.

MAGLOC"" for at § less $20 discount + $5.50 S&H = Total: US$ ( _

Note: If you are not satisfy with our product, just send it back in its original package within 14 days from the invoice date and we
will remit your fund less S&H. Any merchandise returned after 14 days will be subjected to a 20% surcharge.
(Refund can only be made at point of purchase with proof of receipt)
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A Breakthrough in Safe Technology -
If you needed your gun right now, how long would it take to get it? How about in the dark?
If it would take more than one second, it may have been one second too long.
“Introducing the GUARDIAN the world's only instant access safe.
Tt allows you to keep your gun safely locked from children and intruders, but allows you access
to it in less than one second . ., even in the dark,

The GUARDIAN requires no keys or combinations. It has & newly developed access system
utilizing a pattern recognition array which electronically scans your fingers when you try to open it,
The GUARDIAN is the only intelligent safe on the market. It not only decides if you are the
proper user and unlocks itself in a fraction of a second, but it also counts how many times unauthor-

1zed persons attempt to open it and will stop them after a preset number of unsuccessful attempts,
How long does it take you to access your pistol? Remember, there may not be a second chance.

3 Models avallable with prices starting at $198. Wall sales avallable with Blo Scann,
For information call or write today: 1-800-467-SAFE _—
or (918) 542-1304. Bedford Technologies, Inc.,
P.O. Box 328, Miami, OK 74355, Five years parts
and labor warranty, Your satisfaction is guar-

BEDFORD TECHNOLOGIES, INC

anteed or your money back. (s @ @
U.S. Patent Number 5,070,714 ‘ L MADE IN THE U.S.A,

e ———————

GIANVIXT WNEOJdWI SYILOOHS



QT9701

CHARGE-TRANSFER CAPACITANCE SENSOR IC

® Autocalibration on demand PLasTic SHRINK DiIP or SOIC

® Auto-adaptive algorithms built in Top View

/@ Multistage internal digital filtering ' Reser ] b L zgj DA7

'® 200us response time an [ a1f] o

® 200ns to 1us selectable pulse widths svp [ 2] oas

® Direct MOSFET switch drive ecs [|4 26|] oas

® Simple external circuitry osy [|s 24]] a3

® External threshold control option 8c [|e 23] pazEcK

® Analog sample gate control line our |7 22[] pateD)

® Supports 2 kinds of drive circuitry vss [[e 21[] paoeno

® Uses cloned e’prom setups from E2 board xr1 [l 20[] voo

® 4.5 to 5.5 volt single supply operation xz [[10 tof] vss

® Inexpensive ceramic resonator z I 18[] cre

® Embeddable into most any product 2 [| 2 7[] xeri

® 28 pin SOIC or 28 pin plastic SDIP z |1 16]] xFRz
24 [ 14 15] CsR

DESCRIPTION

The QT9701 is a charge-transfer (QT) processing IC. With a few external parts it becomes a complete sensor capable of
detecting femtofarad capacitance changes while suppressing large amounts of stray ‘C’. Sophisticated signal processing
functions internal to the IC permit robust detection and allow a wide range of processing options. By using the charge
transfer principle, the IC delivers performance superior to.older technologies.

The device features an on-board ADC for signal acquisition and a high speed digital processing architecture which delivers
-up to 200us response times. It features unparalleled flexibility in acquisition and processing of capacitance measurements.
Virtually every internal processing function can be enabled, disabled, or altered to suit a specific application by the simple
addition of a common inexpensive 8-pin e?prom which can be duplicated in production, and whose code source can be the
QProx-E2 eval board. Without the e’prom, the IC operates in a default mode suitable for many sensing applications.

QT technology allows almost any metal-bearing surface or object to made inherently prox sensitive; a nonmetallic object can
be sensitized by simply attaching something metallic to it. The effect readily penetrates through solid surfaces, allowing
plastics and other nonconductors to become prox sensitive without modification. The sensor is highly tolerant of large
capacitances, and will supress background ‘C’ automatically during a self-calibration procedure. When used with an e?prom,
this calibration point can be locked in place so that the sensor will immediately begin to function after powerup without the
need for a recalibration. The sensor is also capable of auto-threshold setting via a pushbutton or an external logic level.
Auto-threshold uses a ‘learn by example’ method where the desired target object is presented and ‘learned’ to create the

proper trip point.

The IC is designed for use in creating high performance capacitance detection systems for industrial and commercial use,
and may be embedded on the circuit board of another product. Because the unit employs digital pulse technology, it is more
immune to radiated RFIi than other sensor types, and for many applications does not require shielding. The external circuitry
and electrode drive are controlled by a low duty-cycle pulse sequence, so radiated RFI is kept to a minimum. The IC and
external circuitry require a single +5 volt regulated power supply.

AVAILABLE OPTIONS
Ta SOIC (8) SHRINK DIP (D)
0°C to +70°C QT9701-S QT9701-D
-40°C to +85°C QT9701-IS QT9701-ID
-40°C to +125°C QT9701-ES QT9701-ED




_ more: They stymie: guests {rying to -

world,”’ says Nola Murphy, an aerobics in-

- Sheraton Manhattan says key-card mal-

1 By JON BIGNESS
Staff Reporter of THE WALL STREET JOURNAL
Hotels’ electronic-lock systems: are
designed to -foil-would-be intruders:
They do that—and: often. they -do

gef in their own rooms and can-even
imprison those already inside:

Blame the ‘problems on mechanical
breakdown, faulty-installation; failed bat-
teries or.desk-clerk .error. But whatever
the cause, the:'thousands .of -travelers
forced to fiddle with malfunctioning locks -
are often vocal on the subject.

ST s the most irritating ‘thing - in the

structor from Washirigton who was locked
out of her room at the Sheraton Manhat-
tan Hotel in New York because the “key”
card didn’t work. (A spokeswoman for the

functioning ‘“doesn’t seem to bea big prob-
lem for us,” adding: “It’s got to be one of
those rare situations.””)

Marc Pazienza, a Washington lawyer, had a lock-
out experience at the Omni Waterside Hotel in Norfolk,
Va., because of a defective key card; he says he was kept
from entering his room for more than half an hour. “You

- have so much more to be concerned about other than some-

thing with the hotel going wrong,” he laments. (The hotel
hasn’t received any complaints about key cards, says
Michelle Cheffer, assistant to the general manager.)

The precise failure rate isn’t known. But Chicago-based
EMG Associates Inc., which sells and services electronic
locks, can attest that it is high. Last year, EMG sold about

5,000 electronic locks—and repaired about 5,500. “Defects

are prevalent,” says Joshua Alper, president of EMG.

Ca;yn Leschen

Manufacturers don’t. deny it. ““All lock companies
have problems,”” says Phil Wilder, director of market-

- ing for Computerized Security Systems Inc. in Costa

Mesa, Calif., one of the largest makers of electronic-
lock systems.

One problem: Quality is getting lost in the rush to
meet demand. In only a few years, electronic locks
have been installed in a third of the nation’s 3.2 mil-

lion hotel rooms, and the pace is quickening
+ because hotels  feel the security advantages
outweigh inconveniences. ‘
The Holiday Inn, Howard Johnson's:-and
Comfort Inn.chains, among others,:recent-

ly ordered their franchisees to ditch key-
in-knob locks in favor of electronic sys-
tems, which cost about $250 & room. To fill. -
orders, ‘‘companies are pushing locks out
the doors ‘and doing repairs regularly.”

says Mr. Alper. )

Even functioning electronic.locks can be «
confusing; because there are 30 different va-
rieties coming from a dozen.or so manufac-
turers.  Arriving “at”the “door, the traveler
must determine whether to swipe or insert
-the card, have the arrow facing up or down or

while-turning the handle. Then;. if nothing
happens, the problem is often-a dead bat-
tery in the door lock. v
Although most systems feature signals
such as blinking lights that warn:of low
voltage, hotels routinely fail to replace
batteries until they die, leaving guests
locked in or out of rooms. Hotel execu-
tives such as Tom Daly, director of safety
and security for Hilton Hotels Corp., play
down that-inconvenience to guests. “It’s really
only a matter of minutes’ to get a battery changed,
says Mr. Daly, whose company required all its hotels
to upgrade to electronic locks three years ago.
Neglect isn’t the only problem. Lock batteries can
be knocked out by freezing temperatures. Indeed, most
electronic locks are vulnerable to the elements. Saltwa-
ter corrodes them, humidity can short-circuit them
Please Turn to Page B6, Column 3

whether the card should be left in the lock -



‘Key’ Cards

Lock Out
Hotel Guests

‘ Continued From Page BI
and static electricity can wipe out their
memory. ‘‘Anytime you expose a lock to
weather, you're going to have a problem,”
says Mr. Wilder. Even indoor lacks can be
affected because key cards tend to pick up
salt and sand, which can gum up a lock,

Human error also accounts for many
problems with electronic locks, For exam-
ple, a guest might not be able to get into a

room because the front-desk clerk didn't |

correctly program the card.
Most alarming is when guests become

" ‘prisoners in their rooms-raising the

worst-case specters of heart attacks or
fires. At best, lock-ins are a nuisance, as
was the case recently for five teenage
boys on a Bible retreat convened in a room
at the Dallas/Fort Worth Airport Hilton.
When they tried to leave the room, the
door wouldn’t open.

The door’s electronic lock had mal-
functioned but the teenagers ‘‘thought
someone was playing a ftrick on them,”’
says Wayne MacAffee, minister of stu-

dents for the First Baptist Church of Oak |

Cliff, Texas. Mr. MacAffee waited out-
side the door for more than half an hour
before hotel engmeers prled it open with
a crowbar.

The company that made the malfunc-

_tioning lock, Yale Security Inc. of Char-

lotte, N.C., has gotften out of the elec-
tronic-lock business altogether, It says
that problems managing that part of its
business prompted it to refocus on its
core mechanical-lock lines.

The largest maker of hotel- dom elec-

tronic locks is VingCard Inc. of Dallas, a |

unit of TrioVing in Norway. One of Ving-
Card’s systems had a glitch that in rare
cases made doors impossible to. open.
Complaints about guests locked in their
rooms were sent to the company from the
Days Inn in Fargo, N.D., a Best Western
in Gulf Shores, Ala., and a Hyatt Re-
gency in Vancouver, British Columbia.
To date, there have been more than 50

‘guests locked in their rooms by the defec-

tive VingCard system-—and any number
of guests locked out—according to Paul
Head, formerly VingCard's manager of
quality control. With the product installed
at- more than 100,000 hotel rooms, Mr.
Head says he was worried that many
more lock-ins would take place and pro-

~ posed to his superiors that the company
fix the glitch, But he says he got nowhere.

Next, he says, he wrote to executives of
the parent company in Norway.

Mr. Head was fired not long after. In
January, he sued the company for wrongful

termination in Dallas County District Court.

VingCard declines to discuss the suit,
which is pending. It calls the number of
lock-ins ‘‘statistically insignificant” and
says it responds aggressively whenever a
problem occurs, It declines to discuss the
matter further.
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gets more difficult as the digital
complexity increases for effects
such as 3-1 audio, yet the analog
performance must still be “high
fidelity,”

AC 97 resolves this problem by
splitting the codec function into.
two [Cs with a standardized inter-
face between them, This approach
not only optimizes analog design,
but also fets designers choose o
digital 1C Irom one vendor and an
analog IC from another with’
assured conncectivity,

AC '97 specities u baseline func-
tion for the analog 1/0, ina 7+7-
mm, 48-pin device; it also lets you
combine a o--pin compooent
with other tunctions, The digital
controller can provide just basic
functions or expand to 3-D sound,
accelerators, multiplayer gaming,
and synthesizers or digitally dri-
ven sound enhancements,

AC 97 allows the digital con-
troller to be compatible with PC,
Universal Seriat Bus, ISA, 1EEL
1394, or other buses, Allernative-
ly, you can incorporate the con-
troller into a larger multifunction
controller.

(lremont,

OUTIN FRONT

The two 1Cs communicate via a
tive-wire path, with clock, syugc,
input, oulput, and ground links,
The baseline specification defines
all interface and control registers
and provides four line-level stereo
inputs and two line-level mono
inputs. It also defines support for
18- and 20-bit audio, four- or six-
channel output, loudness and
tone control, and other basic
audio functions. _

The five AC 97 specifiers expect
to unveil the first devices to sup-
port the spec by this fall, Other 1€
vendors, such as Aztech Labs (Fre-

nmont, CA), Crystal Semiconductor

X), ESS Technology Tnc
CA), and Oak Technolo-
gy Inc (Sunnyvale, CA), also sup-
port the specification. The compa-
nies are offering the specification
under a royalty-free reciprocal
license basis through Intel.—by
Bill Schweber

Intel Corp, Santa Clara, CA,
(503) 2064-0930;
bill_piwonka@ccm.
jf.intel.com; www.intel.com/pc-
supp/platform/ac97/.
Circle No. 493

(Austin, 1

Software audio

%
synthesizer
supports four
algorithms
Yet another vendor has developed a
soltware-based audio synthesizer
scheme that redics on the host (o
perforny signal processing in lieu of -
a dedicated sound 1€, The Cyber
sound software from fnvision Inter-
active Ine, however, olfers enhanoed
capabilities and reduces costs conr
pared with competing products.
Cybersound includes not ondy the
M- and wave-tablesvnthesis algo
rithims commuon on PCosound cards,
but also the analog and physical-
modeling synthesis algorithms usu-
ally found on synthesizers for pro-
fessional musicians,

The choice of algorithms allows
software developers and vid users
to choose the technigue that besl
reproduces speciic sound sourees.
For example, Invision claims that
wave-table techniques deliver supe-
rior percussion sounds and that
physical-modeling techniques more
accurately reproduce wind instru-

P T R e B A T T T I R T ]

Encryption lockout device provides security for less than 51

A new device from Lxel Microele

ctronics provides a

32-bit challenge using the 64-bit key, and the resulting

“challenge-and-response” protocol for authentication. In
an electronic-key application (Figure 1), the XL107
SureLok die in the key rececives power when you insert the
key into the correct fock, The XET07 then alerts the fock
hast controller that the X1.1O7 is present. The wost, which
has a corresponding XL107 programmed with an identi-
cal, secret 64-bit hey, sends a 32-bit random number to

the key device, The key-device XL107 then encrypts the

32-bit response returns to the host, which performs-the
same encryption. The host controller then comparesthe
results for authentication.

The device needs no other components, because the
host provides power. You can also use the XL107 Lo pre-
vent unauthorized users from adding peripherals to any
system, such as knockoff batteries to cellular phones or
incompatible multiprocessor and video cards to worksta-

tions. The XL107 can hold as many as

four 64-bit keys, providing access to-four
locks. The 64-Bit keys are unreadable, thus

EL.LECTRONIC HOTEL KEY

(HOST HOTEL LOCK)

guarding security. The XL107 is in pro-
duction now and available in eight-pin

MICROCONTROLLER

XL107 plastic DIPand SOIC packages and as dice.
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The DIP costs $0.94 (1000),
—by Stephen Kempairien

Exel Microelectronics, San Jose, CA.

The XL107 SurelLok die in the key recelves power when you insert the key into

the correct lock,
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OPINION

Editorial |
Different game

" ASED ON THE SIGNALS coming out of
Washington and Tokyo over the past few
weeks, it seems almost certain that the
bilateral semiconductor trade agreement

will be renewed in one form or another. A political
consensus has already emerged supporting

renewal, leaving Japanese and U.S, trade .

negotiators to the implementation details,
Since the 1991 U.S.-Japan Semiconductor Trade
~ Arrangement Is generally credited with quelling
semiconductor-trade frictions between Japan and
the United States, there may be a tendency this
time around to assume that a renewed agreement
will address the burning issues of the day. There's
no doubt that great progress has been made on
the semiconductor-trade front, But is the'industry

being lulled into a false sense of security?

Five years ago, the U.S. semiconductor industry
was considered an industry “at risk,” as the widely
circulated “National Advisory Commltteo on
Semiconductors” repori put it at
the time, Japan seemed invincible, §
The South Korean semiconductor
dynamo had not yet begun to hum,-
and the semiconductor business was
largely a high-volume-manufacturing #
game, in which the DRAM figured as king.

Five years later, Japan seems as concerned about
the looming Korean presence in the world market
as with guarding its home turf, Today, the industry’s
moves are dictated less by the commodity DRAM
than by the commoditization of the personal
computer and the rise of the multimedia/consumer-
electronics market,

A new U,S.-Japan semiconductor trade pact is
likely to be jockeyed into place by month’s end,
returning semiconductor-trade issues to the back
burner. That will be a shame, since the current
chip-trade debate virtually ignores the sea change
in global electronics trade since the first pact was
signed.

Yes, hilateral trade issues are important, But
electronics trade has hecome a trillion-dollar
global business increasingly threatened by
multilateral disputes. Global economics and
technology advances are conspiring to bring stch
issues as market access, dumping, pricing, silicon
and software intellectual-property protection, and
national and regional subsidies to the flash point.

Absent a global forum to discuss those issues,
we're headed back to square one,

(X RE
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Smart card: whe will
seize the opportunity?
The editorial by Carol Fancher is
right for the wrong reason (see
“Executive Viewpoint,” June 17,
page 24), The reason that the
United States lacks a realistic
smart-card creditcard action plan
is simple: the two bank credit-
card associations (Visa and Mas-
tercard) are service companies.
They derive their revenues from
their investment in networks and
online authorization services.
Each online authorization is paid
for by the merchant, The fee is a
1.5- to 2- percent discount based
on transaction value, Last year,
that was $10 billion.

In 1987, Booz Allen performed
an intensive study for Visa and
Mastercard on the impact of
smart-card credit cards, [ have a
copy of the report, It was never
released to the assoclation mem-
hers, but they paid over $400,000
for the results, which stated that
86 percent of the online autho-
rizations would be eliminated by
smart-card credit-card activity.
The result would also have less
losses than the current magnetic-
striped-card authorization sys-
tem, The installed experience in
France is a 90-percent reduction
in the need for online authoriza-
tions to a central-site database.

What will motivate the associ-

1 alions to migrate? A catastrophic

fatlure in the magneticsstriped-
card solution would get attention.
As the father of the magnetic-
striped card, I don't believe that
is likely. The other motivation
would be a smart card-based so-
lution that avoids the need for a
dedicated network or online au-
thorizations. That solution now
exists, It is called Mondex. It has
been accepted by major banks in
the United Kingdom, Canada,
Hong Kong, Australia, New
Zealand and Indlia,

The bottom line is that the
smart-card credit card seems to
offer 10 times the revenue of a
conventional credit card, The real
question is: Will bankers be
smart enough to be the smart-
card credit-card teaders? Lasl
I year, more than half of bank cred-
it cards were notissued by banks.
Will bunkers give away the smait-
card credit-card opportunity?

Jerome Svigals

Klectronic Banking Consultant

Redwood Cily, Calif,

It's time we stopped
ruminating on ATSC

i There wre not enough theatrical
fog machines in existence to ob-
fuscate the “interlaced” vs. “ab-
solutely non-interlaced” issue as
thoroughly as chairman Hundt

. CROSSTALK

and Bill Gates have (see June
17, page 128). So what if the
highest-resolution mode (1,920
x 1,080) is interlaced. Not one
month ago, the FCC allegedly.
gave the “green light” to the
Grand Alllance A'TSC standard
platform; but since it stopped
short of mandating it, we now
must ruminate the issue anew,

Mr. Gates and Congress are
butting in, and we have a serious
problem. What good is a panel of
experts to specify, design, con-
struct, test, field-test and manu-
facture when non-technical per-
sonnel are going to shoot the
entire project in the heart?

1 will concede a preference
for non-interlaced 60-frame/s
television at the 484-line level,
contrasted with NTSC, assum-
ing arguendo images of similar
signal-to-noise ratio and saturat-
ed color spatial resolution. How-
ever, at the exalled resolution of
ATSC (1,920 x 1,080), the critical
fusion frequency for a single pix-
el is much higher than 30 cps.

Why can’t Microsoft, develop-
er of the world’s most bloated op-
erating system, and Intel, devel-
oper of the world’s strangest
addressing architecture, hang
with ATSC? This weekend, I pur-
chased a Pentium 100 in a no-
name main board with 16
Mbytes and all the toys (PCI
slots, EDO DRAM, etc.) for $310,
Silicon is free, folks, Il doesn’t
take a few hundred thousand
gates to make an embedded con-
verter mapping engine {or “inter-
laced to progressive,” Sixteen
Mbytes is large enough 1o hold
one 2,048 x 2,048 x 8-hit RGB im-
age with 4 Mbytes to spare.

One can only hope that the
decision makers haven't been
exposed to the various YGA-lo-
NTSC converters. Some are tru-
ly wretched, but home-video ex-
perience should not bear on an
ATSC deciston. The public de-
serves ATSC, and they're going
to gel warmed-over MPEG-1
and an eight-hour VHS al the
rate we're going. ATSC in my
lifetime . ., please?

York David Anthony
Field Manager
Concord, N.C.
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DESIGN

Components

WALLET-SIZE READERS COULD BE THE NEXT GENERATION OF CREDIT CARDS

Smart cards lure component makers

By TErrY COSTLOW

Atlanta — The expected boom
in smart cards, which has at-
tracted attention from many nia-
jor semiconductor providers, is
also prompting component and
module makers Lo ratchet up
their engineering and produc-
tion operations, Several vendors
at the CardTech/SecurTech
conference here earlier this
month have developed readers
and other mechanismg for
what's seen as the next genera-
tion of credit-card technology,
Smart cards pack a chip
loaded with a specific amount of
money, and the amount of a sale
is deducted from memory dur-

ing a transaction. Used as a cash

replacenient, smart cards re-

duce the potential for theft and

shorten transaction time by
eliminating change-making, pro-
ponents say.

The nascent nature of the
smart-card market provides
time for companies to develop
advanced products before
there's really any revenue to be
made. Only a few trials are set
for this year, and bankers and
merchants won’t make major
decisions on deploying smart-
card technology until they ana-
lyze the results, That means
that even in 1997, the market
for smart-card readers will be
fairly small,

But not for long. Most of the

cards that will be used in the
United States—a number that
some predict will be as high as
2.5 hillion by the year 2000-—will
be read by machines that make
contact with leads on the surface
of the card, That represents a
huge opening for those who
make components for those ma-
chines, To get to that number of
cards, smart-card readers will
have to be common in retail out-
lets and transportation centers,

Each of those systems will
need a connector, and many will
need a mechanism for grabbing
the card and posilioning it. Con-
nectors will come in many differ-
ent styles, since there will be
several types of readers.

Wallet-size readers

In banks, the readers are likely to
be complex, heavy-duty mecha-
nisms, Conversely, some compa-
nies are already making wallet-
size readers thal will tell users
how much’money is left in a card,
Thelr contacts will be extremely
simple, with size and weight
more important than even relia-

bility, since these are expected to "

be throwaway devices,

But the mainstay of the indus-
try will-be readers linked to
point-of-sale terminals or housed
inside vending machines, There,
reliability and long lifetimes will
be central features, Minimizing
wear on the contacts will be criti-
cal, some designers say.

“We put the contacts
on a carrier, and when
the card is inserted [and]
it comes into contact with
the carrier, the carrier
comes down a small
ramp,” said Paul Jacey,
business development
manager at Amphenol’s
Cardsystems and Com-
ponents Operation (No-
ank, Conn.). “Moving the
contacts onto the surface

“in that fashion minimizes
friction, reducing wear
on hoth the smart card
and the contacts in the
reader,”

Using such a mecha-

Smart-card readoers are expected to crop
up In stores and transportation centers,

rest stop. A customes
who stops at night in the
middle of nowhere want-
to be able to remove the
card if the machine isn'l
operating, since the card
might carry several dol
lars of unused valuc
That poses a dilemma fo)
mechanism designers,
“We have to come up
with techniques thai
keep the card available.
but we have to make the
system reliable,” Jacey
said. “If the card stick:
out too far, users might
flick it with their finge:
while they're thinking

nism has a dramatic im-

pact on the lifetime of the con-
tacts, Jacey explained, These
landing-type contacts typically
have lifetimes of about 500,000
cycles, while some of the edge-
type contacts used in inexpen-
sive readers have lifetimes as
short as 10,000 insertion/re-
movals, he said,

Unique problems

“The systems with landing con-
tacts, which are considered
highly reliable, are relatively
simple compared with the card-
handling and reading equip-
ment used in some banking ap-
plications. Many of those units
are motorized, pulling the card

completely inside the machine

while it Is in use,

“They always want to com-
pletely capturc the card, for sev-
eral reasons,” said Rudy Cosler,
new-business development mar-
keting manager at Omron Elec-
tronics Inc. (Schaumburg, 1),
“If you forgel to take it out, they
want to store it inside the bank
$0 1o one else can take it. If it's
stolen, they don’t want a thief to
be able to pull it out and try us-
ing it again. Many banks also
want to have strong rollers that
flatten out bent cards, These ma-
chines have to work all the time,
so everything in them has to be
very durable.”

Holding the card completely
in place might work at an ATM,
but it won't necessarily work in a
vending machine on a freeway

about what they buy
That type of vibration could im
pact the trapsaction, and it
could damage the contacts over
time. We have to be sure w:
consider that type of issue.”

Another factor that has to be
taken into account is what's
called an “abnormal transaction
termination.” That happens
when users remove the card in o
hurry in order (o void a (ransac
tion.or so they can do something
like cateh a train,

“Our mechanism has to re
spond when they move the card
al speeds up to 1 meter per sce
ond, which is very (ast,” Jacey
said, “We want to shut off the
switch that activates the con
tacts, and we have to do that in a

Continued on page 111

HP puts AllnGaP LEDs in flip-chip form

By LoriNG WIRBE!

Palo Alto, Calif. — Hewlell-
Packard Co.’s optoelectronics
group has moved its aluminum-
indiumegallium-phosphide (GaP)

"LED process to full production, -

providing what it says are much
brighter yellow, amber and or-
ange colors than were possible
in earller GaP materials,

This fall, the new SunPower
1InGaP LED series will also
ove from a standard surface-

wnt package to flip-chip pack-

s, Elimination of traditional

Attach and wire bonding will
'de higher reliability for au-

Yive and industrial applica--

1ccording to HP,
duct manager Dan
said the path to flip-chip
a far from straightfor-
fing required four ma-
1 equipment break-
Tirst, metallization
to be placed on both

‘could not offer systems

sides of the AllnGaP waier to al-
fow soldering on both sides of
the die, Second, HP had to de-
velop a proprietary pick-and-
place SMT machine to move
the die to its carrier, because
equipment manufacturers

Kolody said that as manufactur-
ers shift from through-hole to
SMT packages, it makes sense
io abandon wire bonding as
soon as feasible. Wire-hond
processes are more expensive
and, because of breakage prob-

motive and telecommunication
applications.

In either package type, Sun-
Power LEDs can offer Juminosi-
ties of 65 med at 20 mA for am-
ber and orange and 50 med for
reddish orange. Luminous effi-
ciency is 480 lumens/W

with tight enough place-
ment parameters,

HP also had to devel-
op its own high-tempera-
ture soldering process
to work with the new
metallization on the die.
Finally, the company
had to develop a batch

he company expects flip-

chip, which offers lower

package profiles, to take off in
automotive and telecom sectors.

“for amber, 370 1/W for
orange, and 197 I/W for
reddish orange. Kolody
said that in applications
with arrays of LEDs or
side-directed light pipes,
such as in cellular-phone
keypads, four AllnGaP
LEDs will do the job of

..encapsulation process

capable of whole-board encap-
sulation, The new encapsula-
tion method carries the bonus
of allowing lenses to be created
through epoxy alone; that will
reportedly allow HP to develop
SunPower LEDs with high-fo-
cused-light patterns,

Was it worth all the effort?

'7,-1996 Electronic Engineering Times

lems, less reliable. Direct-at-
tach flip-chip methods can also
offer lower package profiles,
down to 0.6 mm, Kolody ac-
knowledged that wire-bond
SM'L will survive in some sec-
tors despite the emergence of
flip-chip, but he predicted that
the latter will dominate in auto-

12 GaP LEDs.

HP chose to start with its
GaP process for its first move
into flip-chip. HP is augmenting
its initial test products-in that
process with the H670 family,
measuring 2,0 x 1.25 x 1.1 mm
and offered in orange, yellow,
green and red, and the H690
family, measuring 1.6 x 0.8 x

0.6 mm and offered in the same
colors,

The first SunPower devices
are packaged in wire-bonded
SMTs, The family includes the
5670 series, measuring 2.0 »
1,25 x 0.8 mm; the $690 series.
measuring 1.1 x 0.8 x 0.7 mm;
and the right-angle-mounted
S650 series, measuring 3.0 x 2.0
x 1.0 mm.

Unit prices in sample quanti-
ties are 10 cents each for flip-
chip GaP LEDs and 20 cents
each for SunPower AllnGal
LEDs,

The first SunPower flip-chip
LEDs will debut this fall.
Kolody said family members
will include right-angle devices.

HP also is researching galli
umenitride devices and hopes to
have high-reliability green and
blue GaN LED prototypes ready
by late 1997 or early 1998,

Call (800) 637-7715, ext, 1777
Reader Service No. 410
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GRAHAM TROTT

ben news broke
last-week. that
“Psion’ might: bid
o . 'for Amstrad, the
market wondered” wher_her
David.Potter, Psion’s chair-’
man, had lost his marbles.
Potter is ‘an intellectual
visionary. in the fast-moving
world of -hand-held elec-
‘tronic gadgets, sitting ona
share pnce that had climbed
from 13p in 1991 to-a

trading in the past

two year
- "hasverged on:the tragic and

group was described by one
analyst last week a: “un-
researchable company wait-
ing to fall apart™. . -,
Not only was there Tittle

" sign of product synerzgy but

Potter and Sugar; "ettmlf

and the angry mldd]e~aged

man from Hackney who rose i
Is!

It seems an unlikely match, so why is Psion bidding £23‘4rﬁfor'A‘lan‘

Sugar’s emplre" Amanda Ha!ll explams the technologncal potentla[

--But when'I e.\zmmed it and

high of
465p earlier this year. Why -
. would he want to ‘own Alan
“‘Sugdr’s Amstra I

_ Telecom, a Danish- mobile

- son of Sweden:

say’ inrr be was vobsmacked
at the suggestion. :

“My first response. was.
that this-was off the. wall.

brought in: a noh-executive
to discuss it further, it
.seemed worth pursuing. We
have a pnncxple

calls”

phone manufacturer -which
Amstrad bought from-the
for just
£64m. Sugar wa.nted the

reason Potter wants it now:

. 1ts GSM (GI' al Standard for

" strad. Danc:%rll had }aunched

.. arange of advanced cellular
: Dhona that. thirast. it on to

: the global GSM: stage domi-
“nated by ’\/Iotorola ofthe US.
Nokia of Figland-and Encs-

But Potter; do€s hot want :
tosell phons. While-sales of
Psxon S main product;” the

‘nications.

‘download it within seconds

It wouId. aIIow it
to bridge the gap between
hand-held computers and
cellular phones to produce a
family of wireless. devices
that would allow you to sit
on a beach, decide you want
to make Pride and Prejudice
your holiday .reading. and

0. ‘your ~hand-held PC He .
t'hes

£

~.turn: these¥advances to

peoples’ use but the barriers

“to enfry into these new fields

are substantiak’
The other part of Axmstraq

"that’ lights ‘up Potter’s
.- techno-commerdal brain is

DECT, Digital:European
Cordless Telephones, a tech-’
nology that -will

bxle phone to be performed
by a device no bigger than a
credit card. “DECT phones
have already started being
manufactured in" the past
few months,” he says. “We'.
won't need clumsy phones
with wires but will be able to
walk ‘around with a tmy
devicein ourtop pockets.’”

Unfortunately for_ Potter;
getting his hands’on- this _
technology means ‘having to
buy other bits, of Amstrad he
could” do without. One'is
ACE, - the "loss-making -
remains of Amstrad’s con-,
sumer electronics business
which this week is expected
to be merged with Betacom-
In an. effort tj.o_r;xtmnahse it
and return it to prefit.

The othieris'Viglan; which
sells £100m of personal com-
puters direct to consuinars.

The good news about Viglen -

is that it makes monzy: it is
growing at about 20 ver cent
a year, has proﬁt ‘Tnargins of
10- per- cent and. a “‘buge
return’, On. Capital,”” Potter
‘'says. “We think we'd tike to

" hold on'to itatthe present.”™

Potteér’s 200p a shere offer
values Amstradat £234m,
bang in Bne with a recent
sum-of-the-parts, valuation
by its-broker, James Capel.
This sounds-a lot for Psion,
which is-itself only capital-
fsed- at £241in, but the price
is substanﬁally’lcwe:r once
you take intosaccount Am-
strad’s net cash, which Ca-
pel estimates at £55r2.

For_Sugar, whe inain-
tained a monastic silence all
week, the deal Willlll§ mean an

_is'an office’and

further three wéeks. O

) >tarted i 196& and twk pub- ]

lic in 1980.. Ov the past.16
yezrs “he hds seen’ its ‘share-
price rise from a few pence, -
to a mid-1980s high of over
1050p. Today itis 191p.

For Amstrad and its flam-
boyant founder, it is hard to
see Psion as anythinf other
r.ha.n away out. -* 5

:One electromcs analgst

. saud' “Sugar is aman in neéd

of ‘an ‘exit.” For some tme
he’s been saying alfhé wants
budget of | .
about £2mto £3m a year to
be_able’ to” come up with
ideas. He’s nearly 50, he’s
got more than enough mon-
ey in the bank; he’s ia foot-
ball at a time when it offers
considerable comimercial
potential and Amstrad has -
come to the end of the roas
Sugar is vmlikely to ‘fet a
£2m-a-year 'ideas budget
from: Potter. They have
agreed 'he will-stay oo as a
consultant to the ealarged
group provided the deal goes
ahead, although 1t is hard to
see even this arrangement
lasting much longer than the
bedding-down period.
. Due diligence is under way
and likely to take at ieast a
Cbserv-
ers point’ ‘out that this is by
no means a done dezl and
say Potter may have o up
his price depending ca the
outcome of two legal actions
by Amstrad agaiost com-
puter d.isk-drive makers.

7' If the deal goes through,

the Amstrad name will. dis-
appear and:with it one of the
most remarkable entrepre-
neurial”success stories of

- 1980s corporate-Britain. Pot-

terhas the task of leaving his
mark on the present decade,
w1thout suffe.rmg the. igno-
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© herebock TECHNOLOGIES
RALTAR DR., P.0. Box 9018, Preasanton, CA 94566 USA 510.225.0300
Paz NumseR 15-085REV 2
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—N\NNERREY BRINGS YOU LHE REY YOU Gy
L.OSE — A SIMPLE PERSONAL DicITAL CODE
LOCKED SAFELY IN YOoUR HEAD

If you've ever had the frustrating feeling that the With a unigue personal digital code allowing easy access
traditional key was designed to be lost (and who hasnt?), to you and your family — but an impenetrable barrier I
InteLock’s revolutionary electronic lack and deadbolt offer to athers — you can stop hiding keys outside,

dependable, tamper-proof, digitaf technology to free you fumbling for keys in the dark, or worrying that your kids
of the fosable key — forever! may be locked out while you're still miles away.

WHERE|TO USE INNERKEY DIGITAL LOCKS, DIGITAL DEADBOLTS, & RESPONSE DEADBOLTS

interior doors exterior back, side & garage doors  exterior front doars office and commercial
Digital Lock - . -
Digital Deadbalt - hd g
Digital Lock with Response Deadboit e - - -
Whar INNERKEY OwneRs SAY:
“It’s the best purchase we've made all year: Now the children can't lock themselves out.”
— Wemunste. PA
“¥'m doing backf.ips down my hatiway.”
— Kno-ville, TN

“It’s the answer to my prayers. What this product does - 1t gives me peace of mind. No more lost keys or lock outs! Yea! {And | installed it all by myself!}”

—-luisa, OK



INNERKEY: AT LAST, AN ELEGANT SOLUTION TO A 4.000 YEAR O

Worrt: INVERKEY, THE ANXIETY OF MISSING KEVS AT
IS ANCH NT HISTORY. INTERACTIVE ELECTRONICS AND , Nt
] Lo .
A PERSONAL ENTRY CODE MEAN ALL YOU HAVE TO REMEMBER (;.V ~ ; g
1S A 3 OR 4 DICIT CODE ~ NOT WHERE YOU LEFT THE KEY. ™ ) \E
) " CODEENTRY Ny Lo LN
~ Simpy twrn cade ring for deadbolt r{rlmqb for lock tothe rightand feft  _ _@ q ~n
{as you wou'd a combination lock], ‘;and then open door. 10,000 possible o> . 2
personal and altemate combitations using any 3 or 4 digits. QQ{ \/\J
e T +
ULTRA BRIGHT LED READOUT > &
is visible day orqight. Displays status of altemate code. \'\.: I
«54‘/;“‘1’:' | iy E \ -L__
i BUILT-IN PATENTED I.OCK ALERT” TAMPER ALARM '\\ : - 3
i : 3 ] e sounds inside and outside. Activates for 10'seconds if lock is tampered with. N . t S
EXTERIOR x INTERIOR | WIRELESS INFRA RED b
eliminates wiring between lock and deadbolt {up to 187} . t&
Iy
INNERKEY DigitaL DeapBOLT BATTERIES ARE INCLUDED WITH EACH INNERKEY PRODUCT ] 3’
. . o NN
Replaces any conventional deadbolt and can be used with your existing door hardware. ) ~ ] \
A s
v L VRN :{
. . ~ i
’ X ~
WILL | KNOW WHEN TO WL INNERKEY woRkiN ) ‘@ IS INNERKEY EASY TO INSTALL? SRR
2years V27272 e ! NN
3years Normal  CHANGE THE BATTERIES? ALL WEATHER CONDITIONS? HEAT  FREEZING | -Z5F1 YES. innerKey instalis iike any conventional -~ N
L” 3month Bamery Lite: . L i » . -GS T
low hattery alert K |3 Years + YES. lmnerKey continuously checks YES. /nnerKey is designed 10 withsiand the loct. Usually in minutes. You don't need an ~Z hl © v
battery power & alerts you 3 months in advance to replace batteries envineering degree — just 2 screwdriver, ~ k ™~ t\

IS INNERKEY RUGGED AND RELIABLE?
YES. InnerKey s designed and manufactured to the highest
ANS! standards for heavy-duty residential and medium-duty

CAN1USEAKEY?
SYRE. /nnerKey includes a mecharical key option.
Bt if you're like most people, you will never use it.

HOW CAN | FIND OUT MORE?
SIMPLE. Intelock has a toll-free number 1o assist you
with product or instatlaiion questions. Just call 1-800-562-5875

commercal locks. InnerKev comes with 3 one-year limited warranty. to reach one of aur helpful customer sepreseniatives.

g5 (F 129

-7 7y
EXTERIOR Qe 3.0 3T e INTERIOR

INNERKEY Dicital Lock & ResPONSE Deapsotr

Replaces anv lock or lock and deadbolt set. Available in six knob and finish combinations.
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By PAULO.“LIMA‘«‘ S PR
Tribune Staff Writer - o .

TAMPA — In a typical week, nine. chlldren
will die from accldental shootings in'America,

- In 1994, a boon year for gun'gales, companies’
made more-than 214" million’ ‘handgunsin " this
‘country,and nearly a mitlion more weré' impor
% ted, Many'were sold to honést. "eltizens: hoping to;

’ shore up; tﬁelr defehses’ againgts crlmmale ik

. Yet those who choosé to bring guns:into thelr
homes face a potentlally deadly: diletnma;’ How'
do you: protect possessions and 'loved ones while ¢
keeping {he woupons away. from curlous yourg
sters.
Frank Brooks thlnkq he.has’ qevised a way to :

¢h business
icalied” Sam.
grlpt of:

- A serles of three ratchets-allow the oW
click .the right: combination in:a mi
onds With a few fllcks of the thiimb, |
no numbers appear on the lock, there 1§ less.
chance of an unwanted party stumblin o to the;

> 41 ook at ﬂrear‘méfas“bn ms'uhénce oliey;

Brooks ‘sald;"Belng thé fathét of. fou grown hll‘
6n, I'thought T wag d g, :

my kids.getting hurt wi

the grandchildren,’

_Brooks, who _ring’ ah* answeéring 'servicero
Flotlda’s east coast, said he got thé idea for the’
~Jock In 1089 while driving homie: qrom work one’
~ day, He glanced . over at his briefease, secured y
¢ with a three«dligit’ comblnatlon lock and declded
. to get started. ‘ :

Atter seven .years and hu dred o .cohversa
th gun experts, he finally has begpn pro
duclng; the_steel contrepuons"l

1 While IOoklng fora. contpan i
-produot “hemet. Bob Glibert, president of
Computer & Video, a. West Paim Beach company
-that sells video editing systems, Gilbert was shop
- ping for a hew product followlnig'a weak 1095 fo
CRGB In which it dld $354,000. In-sates. -

. .fThe marviage became offictal when: Sal

.ok metged with RGB In Februdry aad ih

cks werg already being prodiiced in- March:
he :lock's ity ‘metal ‘componen

léd:in.an Orlando lactory owneéd by Dayron, a
divisioti’of Tampa-based D.8.E. In¢; Thé compa
‘ny, which'specializes in mechanical assembly, d
has four piants and 190 employees statewide, ]
~ sald Steve Vallarl, vice president of finance. ‘ t;unwan

Brooks also pliches his lock ag a theft deter. | »&d.office chatter‘,or arsh nolses.
rent. Once It's Installed, it can be removed only ; X
§ . by someorie Who knows the comblnation,” /" x5
i1t wouild Rind of tough for d; thief to. take Y
iin''to: thé pawn’ shop, becalse ‘no pawh shop "
. owner would be stupid. enough to bpyua -gun tha $
_doesn't work,”. Brooks. sald,

ROBERT BUHKE[rrlbuna phol

161 you don t know how to get the thlng unlbcked,‘ f’s safe.. And It

toesn t at all affect the firing of the weapon. 99

e, Lo Nl sét; Bobby Jaoke n, range‘master ‘almed ‘at lessening the danger of keeping guns .
) : ’ Lo "Hillsborough County Sherltt's Oftice :
-See INVENTOR, Page B

aer‘er as ..eaylng”"Of coursé t's not goo
ith 8ex scandals; but in the. U.S; this ha
“helped us get out Astra's name without hav:
_ing to pay expensive advertising fees.”. .

n Assoclated Press Report

WESTBORO, Mass, — The -chlef execul' :
ive of the pharimaceutical company Astra!
ISA was fired after belng accused of re-.

dld not elaborate,
However, a federal lawelht 1ed; by:sl
! formar -employées last: month alleged that

an ulcer medlcme that"is: the. world 's - . Blldman's attorney, Roderlek MacLelsh;
rii'ﬁtféd%m‘ﬁ? %Tngl‘ogeigu&g ﬁ’szé’ tgf second-best selling drug. - sald his cllent s a victim of “cowardly and -Astra executlves created “an otganized pat:
e vzzling $2 milllon.. “This is the end ‘of an unfortunnte ad - disloyal actlons by thé Swedlsh parent com - tern of sexual harassment ., d
[ ’ " distasteful chapter ln the history 'of Aétia pany’t and “‘scurrilous and untrue allega: | satISfy melr personal deslree.

\ AB of Sweden, Astra USAsparent, 'USA,” said C.G.. Johanssoh, an Agtra“AB
nnounced Wednesday that it had ousted ;.ylce president who headed the:inyesti
iitdman, head-of U.S. operations, after: in-, tlon, "Our company has been appaifed and
estigators - confirmed misconduct: and,’ .dlsappolmed with what we have dise
mnd-evidénce of embezzlement. Astra also’ ",‘ered " b
red a second. executlve, and two others .- gyt Astm board iember Lars Ramqvls "and rénovatlons to three houses, n,’ SRR
usigned, "-was quoted in the July-August edition of the" " The company's investigating committée’ Accordlng to thé, eorhplaln; Wo!senlor:
The' company is the creator of Prllosee, . Swed!sn monthly magazine Maanadens Af, also found evidence of what it called “Inap- “Viee presldents, Edward Aaro and George .

ons ‘hrought, by dlsgruntled former
loyees.” ' :

-Jolidrissoi sald there’ was evldence ‘that:
{ldman had embezzled about sz mllllon‘,

Bigned,”

\



more efficient in terms of
costs per GHz as well,
Elliott says the transis-
tors could be in production in
1few years, if the cash can be
raigsed to build a fabrication
plant, The Defence Research
Agency is proscribed from
manufacturing, so Elliott is
actively seeking a partner to
commercialize the devices.
He says that in principle,
an existing GaAs foundry
could be-converted to work
with InSh. He expects such a
venture to begin with dis-
cerete devices for use in appli-
cations such as low-noise
front-end receivers for satel-
lite receivers, mobile tele-
phones, or wireless local-area
network transceivers. Small
analog integrated civeuits for
millimeter microwave appli-
cations or for more advanced

FELMINULUG Y ADVANUED

mobile telephones will be-
come practical in the medium
term. In the longer term, he
has high expectations that the
devices will find their way
into very-low-power comput-
ing applications, “The tech-
nology should fit wellinto the
digital market because as a
low-energy switching device,
it has extreme potential for
very-fast, very-low-voltage logic
circuits and a huge potential
for computing,” says Elliott.
In the meantime, infra-
red emitters and detectors
made from both InSb and
HgCdTe are closer to com--
mercialization, Negotiations
are underway with a consor-
tium of sensor instrumenta-
tion specialists led by Edin-
burgh Sensors Ltd., Living-
stone, Scotland, to set up a
pilot production line and to

make prototype gas-detec-
tor instruments.

The planistomakearange
of -integrated emitters and
detectors that can be used to
sense the presence of auto-
mobile exhaust gases such as
carbon monoxide and nitrous
oxide, Terry Christmas, man-
aging director of Edinburgh
Sensors, says that each gas
has a unique absorption band
that will block infrared radia-
tion at specific wavelengths,
By measuring the reduction in
power of an infrared beam at
the appropriate frequency asit
isreflected through a measure-
ment ¢hambey; the presence of
a particular gas can be regis-
tered and the gas identified.

Elliott says that for this
application, InSh can operate
at wavelengths of 3 un to 6
um, while HgCdTe takes over

up to 12 um. “Our devices are
the first to work at these
wavelengths  without the
need for cooling,” he claims,
Todate, the team hasmade
LEDs that run at wave-
lengths to 10 um without cool-
ing. Outputs are, limited to
about 15 mW/em?, Recently,
the group made its first InSb
laser diode. It must be cooled
to about 90K, but Elliott is
convinced that it can be im-
proved to run at room tem-
perature, It works at 5.1 um,
For more information con-
tact Elliott at the Novel De-
vices Section, Defence Re-
search Agency, St. Andrews
Rd., Great Malvern, Worces-
tershire, WR14 8PS United
Kingdom. Telephone: +44
(0)1684 894820, E-mail
tashley@taz.drahmg.gb.
’ PETER FLETCHER

PROTOTYPE PERSONAL-AREA NETWORK MAKES POSSIBLE
INTRA-BODY COMMMUNICATIONS VIA PICOAMPERE SIGNALS

id you ever think
you'd be exchanging
electronic business

cards just by shaking hands?
Sounds like a science-fiction
ploy, doesn’t it? Well, it’s
not. A development from
IBM’s Almaden Research
Center, San Jose, Calif,,
may allow “wearable” elec-
tronic devices to exchange
data by capactively cou-
pling” modulated picoamp
currents through the body.
Research sponsored by

Hewlett-Packard and the .

Festo Didactic Corp,, and
conducted at the Physics and
Media Group of the MIT Me-
dia Lab, helped develop the
emerging technology of a
“personal area network” If
successful, cellular phones,
PDAs, and pagers will be
Jjust some of the devices capa-
ble of seamlessly exchanging
data through an invisible
hHuman interface.

According to the research,
which was presented at the
Towrth  Annual Wireless

Analog PICI6CTH micro - "
y oo . Swltches controlier N
. : : Samrla N
‘ Nl non-Inverling
Receive Datain pt—it
electrode :
Integrator Dala out *
Recelve
i | (analog)
R _{ Resel v
Current " G
amplifler e integrator ;
Transmit 1
elecirode Inverter l mfﬁg
—{ Transmit et
H; . . : "J" /@j\ 5y RO
: 0Vpp cI " Tank tesonalor m ” l,a"];‘%',)t')'
Fly. 1 A hall-duplex PAN transcelver

Symposium, Feb. 12-16, at
the Santa Clara Convention
Center, Santa Clara, Calif,
(sponsored by Electronic
Design’s sister publication
Microwaves & RF Maga-

zine) networking wearable
devices reduces 1/0 redun-
dancies and allows new con-
veniences and services. A
low-frequency carrier (un-
der 1 MHz) is used so no en-
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ergy is propagated, mini-
mizing remote eavesdrop-
ping and interference, The
presentation was made by
IBM’s Thomas G. Zimmer-
man in a paper entitled “Pexr-




gonal-area networks
(PANs): Near-field intra-
body communication.”

Cellular phones and laptop
computers have neen liber-
ating technologies; they’'ve
freed people typically con-
fined to offices, and provided
mobile workers instant ac-
cess to customers, vendors,
and databases, Nevertheless,
their inability to exchange
data limited their usefulness.
A mobile computer user
'| should not have tocarry a cell
phone and a cellular LAN;
phone numbers retrieved
from a PDA should not have
to be manually typed into a
cell phone; a message watch
should not have to be pro-
grammed by four micro-
_switches when a full-sized
QWERTY keyboard s
nearby. Networking these
devices would alleviate these
inconveniences axid allow for
new features—a watch is too
small to contain amultimedia
computer, butislarge enough
to contain a microphone, dis-
play, and camera. An I/O-rich
watch could be networked to
a fast, powerful computer lo-
cated in a waist pack or
pocket.

In the IBM development,
| PAN devices communicate
by electrostatically coupling
picoamp currents through
the body. The PAN uses the
salty, blood-filled body as a
“wet wire” to conduct the
modulated currents, The
‘body internally has a resis-
tance of about 200 Q from
head to toe, Therefore, a low-
frequency carrier (100 kHz to
1 MHz)is used to capacitively
couple the direct (resistive)
contact with the skin,

Near-field coupling is su-
perior to infrared and far-
field methods for PAN appli-
cations, Infraved coupling ve-

quires line-of-sight, which is

not practical for devices lo-
| cated inside wallets, purses,
and pockets, Far-field (radio)
propagation falls off with dis-
tance squared (Isotropic

TECHNOLOGY ADVANCES

transmitter), while near-field
propagation falls off with dis-
tance cubed, making near-
field coupling less suscepti-
ble to eavesdropping and in-
terference, Far-field trans-
mission is subject to regula-
tions and licensing that vary
from country to country.
Near-field communication
avoids these complications.
The PANprototype, whichis
slightly larger and thicker
than a credit card, has a field
strength of 350 pV/m at 300
m, 86 dB below the allowable
field strength specified by
the FCC.

Near-field communication
may be more energy efficient
than far-field because power
consumption generally in-
creases with frequency. Any
increase in the carrier fre-
quency above that required
to contain the information
represents wasted energy.
The PAN prototype operates
at 830 kHz and 30 V with 10
pF of electrode capacitance,
and consumes 1.b mW to
charge and discharge the
electrode capacitance, A ma-
jority of this energy is con-
served (vecycled) by using a
resonant LC tank circuit,

Near-field communication
lends itgelf to greater inte-

gration than far-field does
because the carrier can be
generated directly by an in-
expensive  microcontroller,
In fact, the PAN demon-
stration transceiver uses an
inexpensive Microchip
Technology PIC16CT1 mi-
crocontroller that costs just
$3.50 each in large quanti-
ties (Fig, 1).

As envisioned by the pa-
per’s author, a PAN transmit-
ter communicating with a
PAN receiverusesthe Earth’s
ground as areturn path forthe
signal (Fig. 2), The Earth and
the human body have a pair of
transmitting” and receiving
electrodes, each, labeled t,, 1,
ty, and 1y, respectively, These
electrodes can be placed in
various locations on the body
by incorporating them into
head-mounted displays, shoes,
watches, credit eards, ete.

Shirt-pocket devices can
serve as ID badges. Wrist
watches are a natural loca-
tion for a display, micro-
phone, camera, and speak-er.
Waist pouches can carry ‘a
PDA, cellular phone, keypad,
or other large devices, PAN
medical sensors can provide
EKG, blood-pressure, and
respiratory-rate monitoring.
Pants pockets are a natural

Tﬁiolugiﬁalcnndudnr Y
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location for wallet-based
devices. Shoe inserts can be
self-powered, capturing en-
ergy from walking, and pro-
vide a data link to remote
PAN devices located in the
environment, such as work-
stations and floor transpon-
ders that detect the location
and identity of people.

The PAN transmitter ca-
pacitively couples a modu-
lated picoamp displacement
current through the human
body to the receiver, The re-
turn path is provided by the
“Barth ground,” which in-
cludes all conductors and di-
electrics in close proximity to
the PAN devices, The Earth
ground needs to be electri-

cally isolated from the body
to prevent shorting of the
communication civeuit, In one
experiment, standing bare-
foot reduced communication
between wrist-mounted de-
vices 12 dB.

The PAN transmitter and
receiver can be modeled as

|

an oscillator and a differen-

tial amplifier, respectively
(Fig. 3). The basic principle
of a PAN communication

‘channel is to break the im-

pedance symmétry among
the transmitter electrodes ty,

. and t,, and the receiver elec-

trodes 1y, and re, The intra-
electrode impedance of the
devices are ignored since the
oscillator is a load on an ideal
voltage source and the differ-
ential amplifier is modeled as
an open circuit, The four re-
maining impedances are la-
beled A,B,C,and D,
The cireuit is rearranged
to show that PAN-device
communication works by
breaking the . impedance
symmetry between the four
electrodes, The circuit is a
Wheatstone bridge where
any imbalance of the rela-
tionship A/B = C/D causes a
potential across the re-
ceiver. Because the ratios
must be exactly equal to null

“the cireuit, and body-based

PAN devices are congtantly
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wraestgirproniem with ASICs
may not involve architectural
flaws, subtle timing problems or
arcane signalintegrity issues. It is
that a signal comes out of the de-

vice with the wrong polarity or at -

the wrong time, That leads to a lit-
tle halo of logic chips or PALs
around the ASIC to patch up the
interface problems that surfaced
at board-integration time. .

Unfortunately, the logic chips
tend to be big, power-hungry,
and largely underutilized. It is a
shame to lay a 22V10 PAL on the
board because you need a cou-
ple of NAND gates,

Step backward
Texas Instruments Inc. is offer-
ing an alternative. In a massive
step backward for integration,
the company is selling single
gates in five-pin small-outline
transistor (SOT) packages.
That gives the engineer a
single gate in a roughly 3-mm
x 5-mm package for patching

vin on real convenience—without

r, card users can make purchases,

- to worty about getting caught

sdutions that enable your success,

MOTOROLA

Semiconductor Products Seclor

What you never thought possible

Initial offerings will include two-
input NAND, AND, OR and
XOR gates, buffered and un-
huffered inverters and a
Schmitt-trigger inverter. The
devices carry SN74AHCT1G
nomenclature for TTL 1/0 or
SN74AHC1G nomenclature for
CMOS1/0.
Available now, the parts cost
80.28 each in 3,000-unit lots.
Call (800) 477-8924, ext. 4500
Reader Service No. 405

Chip uses
encryption
for security

San Jose, Calif — A new eight-pin
small-outline chip from Exel Mi-
croelectronics Inc, promises a
new level of security for a variety
of intruder-repelling situations—
from foreign accessories plugged
into electronic equipmet to bur-
glars trying to enter hotel rooms.
Essentially, the XL107 is a 32-
bit encryption coprocessor. It is
designed to be used in a chal-
lenge-response technique, For in-
stance, when you plug the key-
card into your hotelroom door, a
microcontroller in the door would
challenge the 107 via a three-wire
interface, When the 107 senses .
power on the Vec and ground pins
of the three-wire port, it resets
and sends an acknowledgment.

Random string :
The host would then send the
challenge: a randomly generated
32-bit string. The 107 would en-
crypt the string using its propri-
etary non-linear algorithm and a
stored key, The encrypted re-
sponse goes back over the three-
wire interface, where the host
can compare it to the expected
result. Most likely, the host cal-
culates the expected result by
consulting its own 107 chip.

The 107 has room in E2PROM
for four 64-bit keys. The part
draws its 1-mA typical operating
current from the three-wire inter-
face, which may operate any be-
tween 3V and 6 V (Vee). The chip
is available now in an eight-pin
PDIP or SOIC at 94 and 97 cents
each, respectively, in lots of 1,000.
Bare dice are also available.

Call (800) 853-5886

Reader Service No. 406
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: ‘channel Why? Because wn .-

mvrsrble‘ Hardware vendors’ and resellers wil l W00 .YOU -
with ads for network solutions, part of which will be the
Jatest and greatest document—management/groupware/

commumcatrons systems

:SURPRIS MICROSOFT HAD ITFIRST ’
: Mlcrosoft not only saw the initial wntmg on the wall, it made”
ﬁle ﬁrst eciﬁc move to tell corporate consumers that :

Cash In Your Cths

Smart Cards to Put Digital Dollars in Consumer Wallets

f a consortium organized

by Visa, MasterCard, and
their member banks gets its-
way, using an automated

teller machine (ATM) to get

cash may become passé.
Instead, over the next two

years, the financial compa-

nies hope to promete the
mainstream commereial use
of smart cards.

Smart cards, tried in
pilot programs around the
world in recent years, are
ATM cards with built-in sili-
con chips capable of storing
a digital reserve of up to

$100 cash, along with other
financial and personal data.
“There’s only so much
information you can store
on {a conventional card’s]
magnetic stripe—with ATM

_cards, you're limited to cer-

tain financial transactions,”

explains Citibank spokesper-

son Shelley Wolfe, adding
that a consumer could use
the same smart card to
arrange a ticketless airline
flight and buy merchandise
from a vending machine.
“The past two years have
seen unprecedented parmer-

m MY 1208 « CAMPITER THADDTD

Faumber of 1eawnen .

g worKf’ ow man:

s @

ackages you need to-buy-And smaller ... .
Commerce Corp., OneSource, and OpenText are close
ehind, seeing an oppomm'rty 1o bring o market a holistic
ix-of data-mining features, intranet apphcahons and com-
uterd telephony development tools..
+:. This frend means that document management ('mclud-
entwrﬁr versomng, trackr

ing in a smart-card infrastruc-
ture,” says Phoebe Simpson, a
financial analyst with the mar-
ketresearch firm Jupiter
Communications. Two U.S.
projects of note are a
Citibank/Chase Manharttan
trial on Manhattan’s Upper
West Side and a Visa-spon-
sored trial at the Summer
Olympics. “The Olympics is a
significant project because it
pulls in so many players,” she
says. “The merchants involved
are large ones with franchises
across the country.”

Two kinds of smart

cards will circulate.
Disposable cards
will be thrown away

. miffion Notes users, vu. .
irtranets and the Internet and renwo.. ..
The dlrect channel is definitely a buye.
it comes to corporate software—for all the func’aonam,
that network hardware can sustain, for fittie more than the
and pnce of that hardware alone v

when emptied,
while rechargeable or
reloadable cards will likely
involve adding a chip to
existing ATM and credit
cards. For the near future;
smart cards will be usable at
participating stores, and in
retrofitted ATM machines
and vending machines. After
that, says MasterCard Inter-
national representative Nan-
¢y Elders, wireless and PC
Card-based card readers and

chargers are a possibility.

Like cash, smart cards
are weak on security.
Though a personal identifi-
cation number will protect
data stored on the chip, los-
ing a smart card will be like
losing cash.

“Just because it’s on a
plastic card doesn’t mean
it’s more advanced,” Simp-
son says. “It’s still money.”

—David A. Harvey
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o such as digital filtering and correlation,
- -“These operations surpass their time-
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an enabling technology

MICHAEL E FLEMING, BUTTERFLY DSP INC

However, if you transform
- the music signal to the fre-

quency domain, bins of dis-

crete frequencies represent -

each frame of data (Figure
- 1b),

- The frequency bins exhib-
it a smooth vertical change
in amplitude as the music
changes in tone and energy.
These changes contain the

Ever-increasing levels of
microchip integration have

brought on major shifts in i ) ) )
., the electronics industry. The  [EAEEHUETE RV TIE T CRORUTR TR BTN

‘amplifiers to operational
amplifiers created a spec-

provides benefits for a whole spectrum of

“trum of practically perfect & Eawy oy 'applications.
signal buffers and condition- et kg
ers. The shift from discrete

random-logic to field-pro-
. grammable logic increased the capability of the typicallogic information, or beauty, of the music. If the energy exists in

{board many times over. . all of the bins and changes rapidly, then the energy is prob-
With the advent of multimillion-transistor ICs and com-  ably noise. If the energy exists in only a few bins and does
plete systems on silicon, now is the time to shift real-time not change much, then this energy is a constant tone or sin-
DSP from the current time-domain solutions to frequency- gle note that is very recognizable by its position in the fre-
domain solutions. In the frequency domain, signal process- quency domain. This simple transformation, from the time-
ing takes new dimensions of affordable, intelligent signal domain representation of a signal to the frequency domain,

. and image processing. is extremely powerful. What was incoherent is now coher-

i Time vs frequency domain ’

~ The vast majority of time-domain
signal processing has an equivalent
solution in the freqiiency domain, This N AMPLITUDE

inherent duality gives rise to a set of
operations in the frequency domain,

.domain equivalents in resolution and

processing rates and enable utilization AMPL'TUDEI p‘
S, :

of past and present information and —,
patterns, ' o FREQUENCY
If you look at music on an oscillo- l
scope in the time domain, what you see
s chaotic (Figure 1a). You can't tell | z
T s A L L e . T e T R A R T

-what the music is doing from one s L B R T L S P A VRSP T
moment to the next without the aid of A time-domain view of music looks chaotic (a). In the frequency-domain, however,
your ear, which is doing its own sort of  you can discern distinct frequency bins, the amplitude of which depends on the
processing for pattern recognition. tone and energy of the music (b).
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MCM SUBSTRATE TECHNOLOGY Qualifications have been comp leted for a new multichip-module (MCM)

substrate technology based on copper and henzocyclobutene (BCR). The
SAID TO BOOST PERPORMANCE technologywasdevelopedhyMicroModuleSystems(MMS) (‘upertino Calif,,
inpartnershipwiththe DowChemical Co., Midland, Mich. Dowisthemakerofthe BCBthin-film
dielectric material, which is marketed under the name Cyclotene, The qualification vehicle for
the technology was MMS's TwinStar dual-Pentium-processor module, designed for desktop
multiprocessing applications. BCB is a photosensitive dielectric material that enables MMS
to eliminate several process steps and to build multilayer thin-film substrates with 20%
lower costs than the company’s standard polyimide-hased process, BCB has a dicloctric
constant of 2,66, which . enables faster signal propagation when compared with similar
struetures built using polyimide (dielectrie constant of 3.5), co-fived ceramic (dielectric
constant of 9.5), or pe-hoard material (dielectric constant of 4.7). A typical implementation
of BCB in MMS’s D-series thin-film substrates features 10-um line widths, dielectric thick-
nesses ranging from 3 to 10 um, and interlayer connections (vias) ranning 20 pm in diameter.
In contrast, typical pe-board traces are 5 mils wide (127 im) on a 250-um pitch, For more
information, contact MMS’ Howard Green at (408) 864-5986 or Dow's customer-service
center at (800) 441-4369. ny

AIR/HYDROGEN POWER SOURCE Electricity created from hydrogen and air may soon be ]m\\uin;, cars,
portable electronic devices, and lawn mowers. The quiet, inexpensive, and
IS RENEWABLEAND CLEAN renewable powerwillbe generated by fuel cellsusing low-cost materials. The
technology was developed and patented by DAIS Corp., Troy, N.Y,, an incubator company of
Rensselaer Po]ytechnic Institute, Troy. The DAIS fuel cells rely on a membrane-electrode
asgsembly (MEA compriqed of an ion-conducting membrane sandwiched hetween an anode
and cathode, says Timothy Tangredi, DAIS's executive vice pwsul(*nt The cells generate
electricity through a controlled teaction hetween hydrogen and air. The gases are separated
hy the company’s proton-exchange membrane, which permits only positi\'( dy churged hydro-
gen jons to cross to the oxygen side and form water. The resulting chemical reaction releases
energy that can be put to work.

According to Tangredi, the company’s MEA program is shifting from vescarch to product
development‘dnd the company anticipates marketing a 100-W unit by the end of the year, Pricing
is expected to he around $500, For more information on DAIS’s fuel-cell technology, call Timothy
Tangredi at (313) 942-8353, Dy

FERAM DEVELOPMENT OPLNS A novel ferroelectric 1C eard has resulted in a product suited for use as

DOOR TO ELECTRONIC MONEY electronic money and related applications. The integrated civenit, jointly de-
veloped by Matsushita Electronics Corp.and Motorola's Indala Corp,, bothof
- San Jose, Calif,, introduces a ferroelectric memory (FeRAM) technology that overcomes the
difficulties of limited-access cycles and low-access speeds that challenged conventional 1C
card technology, FeRAM offers a memory 1'etent1'0n of at least 10 years without battery
backup. With a capacity of 256 khits, it can handle more than 10 billion cvc]@mmd aread-write
cycle time of 7.8 khits/g,

The card employs a ferroelectric material called Y-1, which is a layered Perovskite structure
using a super lattice theory, The theory came from researchers at Colorado University, Boulder,
Colo., and engineers at Symetrix Corp., Colorado Springs, Colo. Products will be veleased by

Indala in the fall using the Matsushita chips, The companies envision a future with electronic
cash accompanied by electronie financial transaction-processing applications, £y '

he ¢
FOR MICROJET PRINTING wastes. Developed hy MicroFab Technologies, Plano, Texas, with co-funding
from NIST’s Advanced Technology Program, the technology applies the basic approach used in
inkjet printing to produce tinv solder drops as small as 40 pim across or about half the width of
a human hair, The solder dions pr owde the electrically conductmg leads needed to attach
Aemwund wetor “chipe” to circuit boards. This new technology, incorporating a prograimable

PARTNFRSHIP FINDS USES A method for mierosoldering contact leads for integrated circuits soon may
I improve productivity and reduce generation of hazardous industyial
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Specification

Keelog XL106

Kesloq XL1 06 Rolling Code Encoder

Brief description

The XL106 is a rolling code encoder for secure
remote control systems using IR, microwave or
RF transmitters. It includes authentication
capability for token-based systems and
coprocessor capability for remote control
decoders and authentication system
controllers.

The XL106 encoder can be used with the
Keeloq series decoders, and are pin
compatible with the Keelog XL105 in most
applications.

Pin Configuration

Typical applications

Burglar alarm systems

Remote control units

Central locking systems

Gate and garage door openers
Access control systems
Vehicle immobilizers

Electronic door locks

Identity tokens

Tagging

® ® 6 ¢ & ©6 © @ o

Features
5
Automatic power down
Small 8 pin SOIC (DIP available)
Simple programming interface
Combined button activation
Low voltage protection on EEPROM
Selectable duty cycle reduction
User EEPROM storage
Over 1.8x10" possible keys
Low external component count;
* On-chip 1024 bit EEPROM
EEPROM error correction
On-chip oscillator ‘
On-chip oscillator timing components
Complete on-chip reset circuit
Current limiting on LED output
Internally debounced inputs
Inputs internally pulled low
No DIP switches required

® & e O 0 & ¢ o o

All keys and code combinations are
reprogrammable but keys are fully protected
against attempts to gain access to them.
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Proximity Operation
¢ Key needs only to be ‘close’ to Reader
* Robust to geometrical orientation

,, Hardware Characterlstlcs

¢ No slots - no exposed electromcs , ;

* No electrical contacts - no magnetic strlps

. * Key requires no stored power (t.e. no batterles)

€ ;. Software Capabilities
¢ Key programmable by lock .
~ * All programmable abilities of other smart cards"

' Reader Architecture Potentlals

~ + Reader surface may be
= Flat - .
= Disguised with plastic or other cover
 + Reader may be isolated from env1ronment

= Weather
~ *Vandalism




(5 Key can be conﬁgured as

¢ A credit eardf-»*" -

6 Applleatlons

Q A key fOb

* Smart Cards ,,
¢ Credit & debit cards
* Medical & personal data storage

. Programmable hotel locks , .
See April 12, 1996 Wall Street Journal artlcle.

, - Ouwr technology solves the problems. ,
. Weapons seeurity . =
® Weapon W1ll not ﬁre unless rmg 1s worn
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Hotel-Room ‘Key' Cards Foil Prowlers - and Guests

By Jon Bigness
04/12/96
The Wall Street Journal

" Hotels' electronic-lock systems are designed to foil would-be intruders. They do that - and often they do =

more: They stymie guests trying to get in their own rooms and can even imprison those already
* inside.

Blame the problems on mechanical breakdown, faulty installation, failed batteries or desk-clerk error.

But whatever the cause, the thousands of travelers forced to fiddle with malfunctioning locks are often

vocal on the subject. "It's the most irritating thing in the world," says Nola Murphy, an aerobicsinstructor

from Washington who was locked out of her room at.the Sheraton Manhattan Hotel in New York because

the "key" card didn't work. (A spokeswoman for the Sheraton Manhattan says key-card malfunctioning
"doesn't seem to be a big problem for us." adding. "It's got to be one of those rare situations.”)

Marc Pazienza, a Washington lawyer, had a lock-out experience at the Omni Waterside Hotel in
Norfolk, Va., because of a defective key card; he says he was kept from entering his room for more than
half an hour. "You have so much more to be concerned about other than something with the hotel going
wrong." he laments. (The hotel hasn't received any complaints about key cards, says Michelle Cheffer,
assistant to the general manager.)

The precise failure rate isn't known. But Chicago-based EMG Associates Inc.. which sells and sexviceé,
electronic locks, can attest that it is high. Last year, EMG sold about 5,000 electronic locks -- and
repaired about 5,500. "Defects are prevalent." says Joshua Alper, president of EMG.

Manufacturers don't deny it. "All lock companics have problems," says Phil Wilder, director of
marketing for Computerized Security Systems Inc. in Costa Mesa, Calif., one of the largest makers of
electronic-lock systems.

One problem: Quality is getting lost in the rush to meet demand. In only a few years, electronic locks
have been installed in a third of the nation's 3.2 million hotel rooms, and the pace is quickening because
hotels feel the security advantages outweigh inconveniences.

The Holiday Inn, Howard Johnson's and Comfort Inn chains. among others. recently ordered their
franchisees to ditch key-in-knob locks in favor of electronic systems, which cost about $250 a room. To
fill orders, "companies are pushing locks out the doors and doing repairs regularly.” says Mr. Alper.

Even functioning electronic locks can be confusing. because there are 30 different varieties coming from
a dozen or so manufacturers. Arriving at the door, the traveler must determine whether to swipe or insert
the card, have the arrow facing up or down or whether the card should be left in the lock while turning
the handle. Then, if nothing happens, the problem is often a dead battery in the door lock.

Although most systems feature signals such as blinking lights that warn of low voltage, hotels routinely
fail to replace batteries until they die, leaving guests locked in or out of rooms. Hotel executives such as
Tom Daly. director of safety and security for Hilton Hotels Corp., play down that inconvenience to
guests. "It's really only a matter of minutes" to get a battery changed, says Mr. Daly, whose company
required all its hotels to upgrade to electronic locks three years ago.



THE CHARGE TRANSFER SENSOR
A New Class of Sensor Can Make Ordinary Objects Prox
Sensitive Using Spread Spectrum Signals

Copyright (C) 1996 Hal Philipp

It is not often that an old, simple lesson from freshman physics can be fashioned into a new type
of sensor, yet it would appéar that this is exactly what has occurred. Seemingly overlooked for
decades, the elementary principle that the transferrance of charge from one capacitance to another
conserves the charge has now led to a unique new class of proximity sensor with some interesting
capabilities. The method lends itself extremely well to implémentation with a microcomputer core and
only a modest amount of external circuitry. At the same time, it can do several things that existing
capacitance sensors are for all practical purposes incapable of, one of them is making many ordinary
objects of almost arbitrary size proximity sensitive. More amazingly is an ability to analyze material

characteristics such as moisture content or internal structure.

This new sensor has been dubbed the charge transfer, or 'QT" sensor. As a kickoff application,
QT is now being applied to make common, evéryday faucets automatic, without the need for infrared
beams, wall plates, or special adaptors: the installer just clips a wire to a common faucet from

underneath, and the entire spout becomes prox sensitive. Water splashes around the spout do not

impact its operation.

THE BASIC PRINCIPLE

It is well known that a capacitance holding a charge, when connected to an uncharged second
capacitor will transfer a portion of its charge to the second capacitor without a net loss of charge; put
another way, electrons cannot be destroyéd, they can only be transferred. This fact is merely a result of
the principie of the conservation of matter; absent a leakage or a subatomic reaction, total free electron
count cannot be altered. Energy of course is lost as heat during the transfer, but this is a different issue;
the resistance of the switches and wiring serve to generate this heat, but do not affect the conservation

of charge, no matter how large the resistance may be.

C\QUANTUM\ARTICLES\QTART3.SAM



If the second capacitor is vastly larger than the first, the result will be a transfer of essentially al/
charge to the second capacitor, resulting in a voltage on the second capacitor that is directly
proportional to the charge. This results from the basic charge transfer equation:

1) Vs ercx"l-cs

where Vr is the charging voltage, Cx is the unknown capacitance, Cs is the second (known)
capacitance, and Vs is the resulting voltage across Cs. Given the special case where Cs >> Cx,

equation (1) simplifies to:
C
2) VS - Vr X Fx
Rearranging the equation slightly gives the expression:
v
3) C)( - Cs _X Vs

Quite simply, it is possible to determine unknown capacitance Cx through the means of a known
voltage Vr and a known capacitor Cs, as long as you have switches to make the charge transfer (figure
1). In operation, S3 is held closed briefly to make sure Cs is discﬁarged. S1 then closes momentarily
to charge Cx to voltage Vr. Then, with both S3 and S1 open, S2 closes briefly to transfer the charge
from Cx to Cs; S2 can then reopen. The voltage Vs now gives a direct indication of the value of Cx.

At first glance, most design engineers might think that Vs would be so small as to be unreadable,
especially when attempting to determine sub-picofarad capacitances. Perhaps this line of reasoning is
Why the effect has been ignored for so long. But think again: in any sensing system, the only
determinates of useful sensitivity are noise, drift, and if applicable ADC performance. Amplifiers can do
all the scaling necessary to present a useful range of voltage to an ADC for processing by a micro; noise
can be averaged out, and drift depends on the stability of the circuit elements and the sqphjstication ofa

compensating algorithm.

In fact, it turns out that with modern opamps and ADC's, it is fairly easy to get differential
resolutions to 0.01 picofarads even with 'bulk' load capacitances that range from zero to 1000
picofarads with the same sensor. Using MOSFETs as switches gives a very repeatable, smooth, and
stable response over a wide range of Cx. Averaging is easy to accomplish; in fact, it almost comes for

free: simply by repeating the switch closure cycle repeatedly without closing S3, a voltage will build on



Cs with each charge/transfer cycle of Cx. In fact, Cs actually does a perfect boxcar average on the
samples, weighting each sample identically until Vs'is read. It also turns out that because the system
contains no active-gain components (MOSFETs used as switches are employed as zero-gain resistive
switching elements) there is only negligible front end noise. Of course, what noise there is gets fed to -
Cs, which acts to average the noise. Noise that does occur to any significance comes primarily from
external indﬁced sources, and if the switching is done quickly the time duration in which externals fields
can have an effect is minimized. Contrast this with conventional capacitaﬁce sensors which modulate
the sense element essentially 100% of the time; such sensors are inherently exposed to all manner of RF

and e-field interference on a continuous basis.

QT CAN MAKE COMMON OBJECTS PROX SENSITIVE

The ability to range over many decades of load capacitance gives the .QT sensor another unique
advantage: you can connect the sensor to many common metal-bearing items, so long as they are not
grounded, thereby making them prox sensitive. With only a modest amount of sofiware intelligence, the
sensor can adapt to the 'intrinsic' capacitive load and thereafter look only for small changes. For
example, you can clip the sensor to a long metal strip under a carpet, and make a burglar alarm or
machine safety sensor. Or, the exact same sensor can be clipped to a dime-sized piece of foil behind a
plastic panel to make a touch control pad. Non-metallic objects can be made prox sensitive through the
addition of a wire or some metalization, perhaps internally; the capacitance effect of course will flow
through any dielectric to make all or a portion of the insulating object prox sensitive. Existing
capacitance sensor designs are extremely limited in their ability to automatically adapt to a wide range

of objects or plate size, and have serious problems dealing with large values of 'background' capacitance

loading.

Because the QT sensor can measure capacitance in only one pulse or at most a short burst of
pulses, then rest with a long 'dead’ time, the spectral characteristic of the output appears spread. In fact,
this is one form of spread spectrum signal. Conventional capacitance sensors usually use sine or square
waves on a near continuous basis, which can cause cross interference and generate radio frequency
interference. The QT sensor in contrast can operate with sparse, even randomized pulse spacings. In

the real world this means that neighboring QT sensors do not need to be tuned to different ‘frequencies’



as many other sensors must. It also means higher pulse levels may be used without fear of violating

government emissions standards, while resulting in more robust detection and range.

MOISTURE SUPPRESSION AND DETECTION

As an important side effect, the QT sensor can do something no other capacitance sensor can
do: it can heavily suppress the effects of moisture in direct contact With the sensed object. To do this
requires only that S1 and S2 be switched fast (see sidebar); dcﬁng this prevents parasitic conductances

through water from charging and discharging and thus contributing to the sensed charge.

An example of a moisture suppressing product is an automatic faucet sensor, soon to be
released. As shown in figure 3, a spout with a water splash at its base would be nearly impossible to
properly make prox sensitive with any other capacitive method. The wild swings in conductivity from
such water films drives other sensors crazy. A QT sensor on the other hand will barely respond to it,
while remaining able to sense either hand proximity or touch. Furthermore, by using a dual width
charge/transfer cycle, it can 'reach through' the water stream to sense the presence of a hand while water
is on, thus allowing water to stay on éven if the hand is lowered greatly in the stream. Using a wide
pulse during times when water is on does in fact cause water films to be sensed as well, however the

response from a hand has been found to be many times larger than these water film induced signals.

The ability to selectively sense or ignore moisture can be turned around to create an interesting
type of sensor that will actually determine the internal properties of an object. For example, a fruit or
vegetable ripeness meter can be constructed that capacitively examines the fruit at several pulsewidths.
The response of the fruit at these pulsewidths is usable to give an indication of ripeness, since the fruits'
response at various frequencies depends on moisture content and ionic cell permeability. The frequency
response of a fruit also translates into a similar response with pulse width in the time domain. Other
materials can similarly be analyzed: for example, grain level in a bin and its moisture can be determined

simultaneously with one bare stainless steel rod connected to a QT sensor and some analysis software.

INCREASING RANGE WITH CHARGE_ NULL]NG
To extend range further and increase linearity, the concept of field nulling, patented by the

author in 1989 can be applied. This method 'knocks back' or nulls the voltage Vs to near zero. While



- S2 1s closed, a charge Qz is simultaneously subtracted frpm Cs; Qz comes from another capacitor, Cz
(figure 4). Its voltage, Vz, is impressed upon it from a voltage source which may be a DAC under the
control of an'algorithm. With sucessive cycles, Vz can be édjusted so as to create a null on Cs. Not
only does this improve linearity, it also enables a tremendously larger load capacity. The reason

equation 2 can be linear is because Cs >> Cx, and as a result Vs << Vr. Nulling allows the designer to

use smaller values of Cs while still keeping Vs << Vr.

As figure 4 shows, a second switch labelled S4 is introduced which provides the 'knock back' or
nulling pulse. While figure 4 cannot be pulsed more than once prior to a reading, a simple variation
| perrhits bursts of many sense pulses with simultaneous null pulses to keep Vs from rising too high.
" Sucha vefsion, implemented with MOSFETS, is shown in figure 5. Such a circuit is extremely stable
and repeatable, and can handle several thousands of picofarads of load capacitance while being able to
sense variations well under 0.1pF. Although MOSFETs are not ideal switch elements, they come close.
VMOS, DMOS, HEXFET, and similar devices have excellent switching speed, low resistance, and
negligible noise, all of which contribute to overall performance. The only disadvantage of such devices
is their flair for injecting charge into both Cx and Cs, which affects linearity and offset (but does so

repeatably and can therefore be compensated by an algorithm).

In contrast, capacitance bridge circuité must create a null using a tunable capacitance. Varactor
diodes are extremely nonlinear for this purpose, and great pains must be taken to linearize the result if
absolute linearity is important. The only remaining alternatives are mechanically tuned capacitors or a
switched éapacitor array, both of which are fairly inconvenient. As a result, few bridge based circuits
have been built that are able to automatically adapt to a wide load range. The QT method however can
use a controlled voltage to achieve the same end, using a simple DAC or analog feedback loop. This
contrast in complexity alone is quite striking; the other QT advantages such as RFI immunity, moisture

suppression, and spread spectrum emissions characteristics add frosting to the cake.

PROPER CONNECTIONS REQUIRED

Because the QT sensor is capable of pulsing an object in a few tens of nanoseconds, the quality
of the connection to the object and to the ground reference is of critical importance. Although it can

always be slowed down, some of the more interesting results are obtained with short, fast pulses.



Unfortunately, wires do not always behave as ideal wires at these pulse widths. Under the influence of
fast rise and fall times and a large Cx load, signal lead connections will ring or appear to resonate, while
ground connections will have 'bounce' voltages on them. Larger guage wires will often resolve these
issues by reducmg lead mductance but in many extreme cases this will not be enough. In such instances
series resistance must be added to dampen ringing, and wires will need to be shortened to an absolute

minimum. These matters are usually not an issue with small objects having low values of capacitance

and that are nearby.

That being said, the QT sensor is fully able to sense remote objects through a coaxial cable, even
of small guage like RG-174/U. Because the sensor can handle large capacitive loads with ease, the
capacitance of the cable has no discernable effect on operation. For ekample, common single-shield 93
ohm coax can typically be run for over 20 meters before a 1,000pF capable QT sensor runs out of
steam. The best any other sensor type can offer is short range operation with expensive, bulky,

tough-to-terminate double shielded cable.

A SIMPLE, INEXPENSIVE SAMPLE CIRCUIT

A simple microprocessor based circuit that performs QT sensing is shown in figure 6. A
Microchip PIC16C622 or comparable processor is directly connected via P1 to the sense object. This
connection provides the Cx 'charge' pulse. A MOSFET S2 controlled by the micro subsequently
transfers charge from Cx into Cs. This cycle may be repeated many times if desired, so long as Vs does.
not climb above about 0.4 volts. Then, line P6 is raised, and Vs starts to ramp up. The micro
| simultaneously starts an internal digital timer. At some point Vs equals an internal comparator reference
voltage as measured via line P3, and a timer reading is taken. This reading is complemented and offset
to form a measure of Cx. If needed, Cz1 and/or Cz2 are pulsed down via lines P4 and P5 at some point

between sense pulses to provide nulling; in this manner load range can increase nearly four-fold.

While this circuit is not terribly linear, for set-point type applications it provides a very stable,
repeatable measurement with a differential resolution to 0.05pF per bit over a 500pF load range. With a
little more sophistication, for example by adding an amplifier and a 'real' ADC, range and linearity can

be dramatically improved.



A FIRST APPLICATION - AUTOMATIC FAUCETS
The first QT product to be released will be the QProx™ faucet sensor. This product makes

almost any ordinary faucet automatic, and should prove to be a boon to homeowners, hospitals,
extended care facilities, restaurants, and airports. Unlike standard infrared products, the unit allows
temperature mixing control either by use of the faucet's own valves (which are not disabled), or by
recognizing simple fingertouch taps to the spout. For example, two quick taps will change temperature,
while two long ones can make water flow 'hold on' to fill the basin or a pot. It runs on ordinary alkaline
batteries for several years, and makes use of special magnetically latching solenoid valves which do not

defeat the existing faucet valves. A version of this sensor will also be available for general evaluation

purposes.

Numerous other applicatidns are also envisioned. Along with material handling and safety uses,
medical, lighting controls, touch pads, and material composition analysis are all being explored. Using a
simple principle of physics, QT sensing will bring high reliability proximity detection to applications
previously considered impossible, using circuitry that is much simpler and less expensive than current

methods. Enabling technology will be in the form of integrated circuits or licensing arrangements.
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