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ABSTRACT

A microprocessor based moment analyzer for the

» IS .

measurement of the first four statistical moments of a random or periodic

-

signal has been dev?loped and implemented. The processing circuitry uses

the current state-of-the-art semiconductor components to produce an ’

- - -

instrument that is cheag?r and mo}e compact than .all previous implementations.
It also provides more flexibility and demonstrates the current design \
philoséphy of employing pfogramméble LSIs as major building blocks. The
instrument consists of two custom designed boards and utilizeg the
miérdﬁ;scessor as‘well as other facilities in an existiﬁg INTEL Prompt 80

‘

microcomputer development system.
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. N Chaptet 1 -

Introduction :

.

" In the past years, various techniques have been developed for

N N . q * . .
the real time measurement of statistical moments associated with random

Y v . D o

or periodic signals, These experimental procedures are helpful 'in the

characterizing of a siq&hl since its statistical properties can be closely

[

approximated once all the moments are determined. Thus a system can be

[}

-~

identifiedwby analyzing its.outputs, from which the coﬁ;501 parameters

.

can also be derived, Earlier works iq this area:were concentrated around

the application of digital measuring -methods in most cases of which,
-speqialnpgrpose digital computers were involved. With the aid of fast
and accurate analog to digital cqonvertors as a mean of quantizatibn,
these inﬁf;;%cnts have achicved better than 1% error in the measurement
of all four moments.

!

A powerful Weighted Feed algorithm, which completely eliminated

the requirement of multiplication in the generation of higher order
. . N -
moments from a sample, was developed by Deist and Kitai® in 1963. Later
) 2,3, 4 : .
implementations by others were based on this algorithm and extensive
investigations of the error characteristics associated with such a process
had been carried out, In 1971, the design and implementation of a
*
— special purpose computer for the real time measurement of all four moments
N .

. . q o
waf described by Majithia. The instrument built was capable of
t

accommodating input signals of up to 5 kHz and had a maximum sampling
’

1

P

o

o o A



e

[V

rate of 100 kHz. However, a total of more than 400 TTL (Transistor-

Transistor Logic) chipé were ehployed,*ﬁﬁich made it less attractive in
e

ex N
5

many applications due to its size. -~

Y

-
2

Recent advances in the state-ofyart semiconductor technology
! »
have dramatically changed the design philosophy of digital systems.

Especially after the introduction of the first four bit»PMOS (P-channel
Metal Oxide Semiconductor) micropfocessor by INTEL in 1972, the world of
digital signal processing has emerged into a new era., Versatile micro-

processors are replacing numerous complicated hardwired logics in

practically every possible environment where speed is not critical.

‘h

This has resulted in enormous reduction in costs and great space efficiency
in most cases. The power of microproceésors is furthér enlianced by the
large varieties bf supporting peripheral logic chips supplied by the
manufacturers. These chips, into which thousands of logic gates are
integrated, can be programmed to perfofm dedicated functions that could
have required hundreds of disc;ete logic chips in the ggst. One area o%

y

application of these devices is in digital instrumentation in which the

‘flexibility of a microprocessor is providing a significant degree of

freedom in the control of measurcments and thé analysis of data. Many
. . .
instruments of such a nature have been produced for various purposes and

among them, the moment analy:zer is just an example.

>

This thesis describes the design and'implementatlon of a moment
analy:zer which’rcsides in an existing microprocesso% development system-- L e
the INTEL Prompt'SOs--as a sub-system. A different approach of processing
is considered, in which the féasibility of the Weightgd Feed aléorithm is
challenged. Combined with the recent technological advances, it has

- . 4 - M .
resulted in an instrument which demonstrates comparable performance with.

s

.
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mgge Eficiency. Some salient characteristics of the instrument are

as follows,

1. It accommodates input signals of up to 15 kHz.

2. The sampling rate is variable within a range of 3 to 9999 -

microseccond, :
»

3. The sample 'size is variable within a range of 1 to 9999.

4, 'The results are available immediately after a measurement in

~

sign and magnitude form in decimal code.
. .

.Measurement can be arogrammed for a fixed sample size or a
complete period of the input signal.

6. For a one cycle measurement, the period of the input signal

-is available as .a result,

-

7. The instrument is controlled solely by key entries through =
the keyboard and display assembly of the microprocessor

. development system. There are practically no switches to

operate.

The results are disp}ayed on the keyboard and diéplay assembly,
which also serves to monitor a measurement in progress.

"Two algorithms for the computation of the four statistical moment s
from the digitized samples of a signal are présepted in Ché%ter 2. The
Weighted Feed élgorithm is compared with the method of direct accumulation
based on hardware requircments for the generation of high order moments.

v’ .
It i% concluded that the férmer is less efficient in the sense that an
extra bit is required to be handled if both«are retaining the same resolution
of cight bits in the quantization processl The seéond algorithm 1s therefore

7

used in subsequent implementation of the ihstrument.

N - ~
[
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To adapt an instrument to a computer cystem as a sub-systen,
the key "features of the host system have to be fu}ly understood before
;;y actual design can be initiated. -Chapter 3 is devoted to this purpose.
In this chapter, the structure and operatlon of the INTEL Prompt 80
microprocessor development system and its central processing element,
the INTEL SBC 80/106 single -board computer, are detailed. The adaptation
has resulted in significant saviﬁg in soft;aretand hardware ovérhead,

which are reflected in the discussion of the hardware and software

requirements for configuring the instrument.

v
-

Chapter 4 concerns itself with the hardware design involved in the
instrument, It follows the step by step protessing of a quantized sample

produced by the sampling circuit and describes the hardware that is

designed for cach of the processes. The current design philosophy of

using LSI (Large Scale Integfation) chips as principal building blocks.
has ﬁeen adopted.throughouf the d9§ign process and is able to keep the

chip count to about 80, which makes it possible to confine all‘hardware
components to two 6.75 by 12 in. boards.

In Chapter 5, the software that controls the instrument is
analyced by tracing the flow'of control during initialization and fﬁﬁ/
course of a measurement, About one and a half kilobytes of machine code
progfam have been written exclusively for runnihé the instrument. This

additional software module is designed to fit into the limited memory

space in the Prompt 80 that is available to a user. It is inconspicuous

1\29 all operations of the Prompt 80 monitor although parts of the resident

monitor have been altered to accommodate the extra interrupt originating

from the instrument.

P~y



Concluding ‘the thesis, Chapter 6 reveals the results of testing

the performance of the instrument with AC and DC sigﬁﬁls as inputs. From

these results, the error of the instrument is estimated. These are
| ~ .
followed, by suggested further extensions of hardware and software that

1

may serve to improve the instrument,

..
N ey



i 4

Chagter 2

§ +

Algorithms For Statistical Moments

2.1 Introduction

The use of digital equipment in the processing of analog data
requires the analog signal to be sampled at discrete time intervals and
digitized into finite-1length digital words. Hardware and softwa;e
algorithms can then be employed in the analysis of the digital data to
produce meaningful results; This qu;;tization of the signal governs the
accuracy of an inst£ument as well as its complexity. "Increase in the word
length improves the accﬁracy E?t adds complexity as the number of

o
'piocessing elements is increased. It is therefore essentiéﬁiin the early
stages of the developﬁent to determine the optimal combination of word

N

length and algorithm from the points of vieQ of efficiency and cost

effectiveness.,

Two, algorithms for the computation of the four statistical moment s
are presented in this chapter. Each is discussed in detail and also with
regard to the hardware generation of the higher order moments from the
'digitizéd samples, A cohparision is made in the last section and the

»

best algorithm and word length combination is chosen for subsequent :

development.

9,



2.2 Direct Accumulation

)

The kth siatigtical moment m, of a time varying random signal v(t)
® 2

for a finite period T is defined by the time average integral as

T . ’
_ 1 k . Y
mk = —T—J v (t) dt (2.1)
o] ‘ 0
or by the expectation inﬂegral as s
L .
mk = E {v (t)}

f

I V) £(v) dv .
- (2.2)

]

where f(v) is the probability density function of v(t).

s
»

Assume that v(t) is sampled at discrete time intervals of length

At and quantized into n intervals on either side of zero with
O L
(2.3)

W

" During the quantization process v(t) is quantized with reference to-a

. . ,
fixed standard Vg to produce the digital word r of length & according to

the relation

r="| A 3 Iy < @

’
.

If a total of M samples are taken during the period T such that

»

T = Mat (2.5)

-
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then the time average integral in equation (2.1) can bc written in a

discrete form o

M s .
m = 2 z vk(iAt) At
T . )
i=1 ;
. M r. V
_ 1 . i s,k Pify
= it R {51gn(vi) —f—7r-—4 At
. . i=1 » .
k
\ .
= ysk : ; {§ign(vi) ri}k _ (2.6)
Mn®  i-=1 13 - C '

N

where v, is the value of v(t) at time of the it sample and ri‘the
. Y . B 1 N

corresponding digital word. . . ! o

’
* ,

From equation (2.6), it is obvious that the kth moméht can be
directly obthined‘by accumulating {sign(vi) ri}k for every i dnd
_normaiizing with the value Vsk/(ﬁnk). The process is straight forward and
simplg except that it rqui?es thq.yalue of {sign(vi) ?i}k to be availablg
at time of each accum;latioh. For real time app}ications it means that
_ rk has to be generated from r in a éeriod of time iéss than Aot after the
gampling and digitizing have been completed. The ﬁormalization at the
end of the accumu{gtion_can be simplified Bx suitable choice of Vs and n.
ﬁultiple input;multiple odtput combinatorial cgrcu;t can be used
. to obtain rF from r as théy both have finitc.values. ‘This is the fastest
method but involves large amounts of hardware and e;céésive wiring.
- Simpler circuit designs result if ﬁhlqipliers or read-éhly—ﬂemory (ROM)
| ' loak-up—ggble are used. ' '

t . . . -
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2.3 "Weighted Feed Algorithm

With the same number of quantization levels as described in the

. . . . . . ® s ' !
previous section, equation (2.2} can also be written in a discrete form

\ 1

n K . . ‘
= A
my E_n Ve vp(vr) - (2.7)

Y

1

where v_ is the value of*v(t) represented by level r and p(vr) the discrete .
< 4 .
probability density function of v(t) for level T within period T. If v

—

is '‘represented by the mid-level value bétween the rthband (r+1)th level

4
« My

such that A .
_ 2r+l /
rS T Vs (2.8)
A
then equation (2,7) becomes
m = v.k ; (~231129k v.) (2.9)
k S 2n, PV, ’
. r=-n )
\
which can bg rewritten as
moevk s (ZEle e g (2.10)
k S 2n T T+l )
r=-n .
L
where Pr is probability that the voltage cxceeds the rth level. Separating
03 - I - \/ . "" o,
the positive and negative parts of equation (2.10) gives : ’ o
- 1
|
T ‘)”(-3?—*-1-)1‘ ey
K+ S oot T T+1 Z2h )

N\
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o ‘ _arslk . ¢
m_ =V T (- P )T ‘ (2.12)
e1=0 . a

The similarity of the two equations allows the devélopment of the algorithm
for one to be applied to both. Expanding m,» one obtains
'k

_ L1
ke = Vs LBt - P (5

k k

3
m * Py = P () +oee

- e 2r+1 k LI I 3
* (Pr - pr+l)( 7n )"

2n-i

B (pn-l b Pn)( 2n )k}

(2.13)

7
For practical pruposes the nth level is mever exceeded and the equation

reduces to

v

vEp 4 n-1

s O 1 k k
m,o=—>—2J 4+ 2 5P (@D - (2r-1DF) L (2.14)
ke emX en* =1 T S

. The first term (VSk PO+)/(2n)k in equation (2.14}) represents the contri-

bution té LIV due to samples in the first quantizationﬂlével° It is

lﬁsually small e*cept for k=1 and smal¥n. In genéral, however, if n is
large enough, this term ié-negligible'even for kfl. 'This approximation:
is necessary for further simplifiqa;ion of the equation to obtain the
weighting numbers corresponding to the n levels ¢f each moment.

Let Cr denote the number of sambles that exceed tﬁe rth level

such that for total number of positive samples N+, )
;?‘\ N : B ’/’

3 . ’ :
Py = M, . (2.19)
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w
Replacing P_ in equation (2.14) yields

\ n-1
[
m = —_— -

- k k
L C {(2r+1)" - (2r-1)7}
k+ M*(Zn)k =1 T .

.

11

(2.16)

The -equation for each moment can then be obtained by substituting in

various values of k,

For the' first &oment, k=1

. VS n-1
m T ee———— I 2C
1+ M, (2n) r=1
Vs n-1
= Mn .Z Cr
+ i=] w
For

the second moment, k=2

n-1
- .S

, s>~ L 8C.r
M+(2n) r=]-

n-1

— I 27-C
M+n2 r=1 r

|
For the third moment, k=3

3 \

s n-1 2 \
m = —— L C{24r" + 2}
3+ M+(2n)3 r

r=1 |
VS3 n-1 2 1
= 3 L Cr{Sr 7 }
Mn r=1
+
/
v: o oa b
P—> I 3¢
Mn =
.+

(2.17)

(2.18)

" (2.19)

<5
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2 1
. for 3r~ >> ik

For the fourth moment, k=4,

. Vs ‘n-1 3 .
m = —=—— I C_{64r  + 161} %
Y owent 1 T ,
+
&
VS4 n-1 3
5 3 I Cr (4r” + r} 1
M n r=1 ! .
3
Vs4 n-1 3 ’ ' .
¢ = — L 4r Cr ©(2.20)
M+n r=1

for 4r3 >> T,

In the ‘kast two equations, it is assumed that the full scale of

the sampling and digitizing circuit is always utﬁlized, so that the
By
approximations hold,  From these equations, a general form for m ., can be

derived

\Y n-1 k-1
m, = —3_ 5 kro°C (2.21)
+ k r .
Mn r=1

" This expression leads to the direct calculation of the weighting numbers.
Consider if a sample occurs that exceeds level r, theh all levels

from 0 to (r-1) are also excceded. The total contribution to m, according

“

k+

o 4

to equation (2,21) is

Yod

. r )
W = I kq” (2.22)



Cn

13
. . . th th
wk ;1S termed the weighting factor for the v level of the k™~ moment.

2 - .
This allows real time contribution of the sample to m, to be accumulated.
If W, . can be generated from r, equation (2.21) then ‘becomes .«

v k M+ A
m = — L W ' (2.23)
| ke K K,T, -
Mn 1=1 1
+
Where Wk r is the weighting factor for the ith sample. The negative parts

are similé;ly obtained and subtracted from the positive parts for the odd
moments and added to the positive parts for the even moments. Normalization
of éhe final result by Vsk/(Mnk) produces the moments.

The weighting factors deduced from (2.22) for the individual
>

moments are

q

- wl,r =7 N (2.24)
Wz’r = r(r+l) (2.29)
»
Y (2.26)
N wS,r = 2r(r+1)(2r+1)
' o
w4,r = r2(r+1)2 . l 2.27}

Using these ahd equation (2.23) the final form for the moments can be

N
’

established
v o /
" T hmo b osten(vyry - . (2:28)
1;1
i \\& '
V52 M 2
m, = s— I sign(v.)r.(r.+1) ! (2.29)
S MnT =l b
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S
Vs3 M 31 '
m, = T _Z 31gn(yi) ﬁ-ri(ri+1)(2ri+12 . (2.30)
Mn i=1
4 '
v M ‘
m, = —2>— ¢ sign(v)%r.%(r.+1)% ‘ : (Z.31)
4 4 .7 i i Vi
Mn i=1

A

* N

All three methods discussed in the previous section can also be employed

for the generation of W from T, However, the word length requirement

k,ri

is different, A more detailed review is presented in the next section.
N

2.4 . Choile of Klgorithm ' -

«

For a microcompater ba;ed instrumenth‘the word length usually _
residés with that of the #icroprocesso; so that the capacity of the sysfem
can be utilized to its full extent., As the instrument i; intended to be
adapted to the P}ompt 80 microprocessor development system which is
developed aroundgrhe eight bit $BC 80/10 computer, it is obvious ‘that the
;ord length is to be eight or a multiple of eight.

In this case, a werd length of ;ight is chosen for the reason
that word lengths of sixteen:and above résult in too big a system, the .
accuracy of which %ar ;xcecds that Tequired by an évefaging process.

Eight bit quantization on both sides of zero gives a total range oé more
than 500 levels, which leads to a rcsolut?on of better than 0.1% éf full
scaleygs the uncertainty of the quangization process is in half the least
significant bit, 'This provides enbugh accuracy for the inténded instrument

if proper scaling can be done before sampling. ’

[]
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Upon determination of the worﬁ length, the feasibilities of the
4
algorithms can be anakyzed with regard to their bardware and software
by A

requirements. In the case where k=1, equation (2.6) is identical to

equation (2.28), which is merely the direct g¢cumulation of the samples, ‘g'

[ .
For k¥t both algorithms require the generjtion of.the values to be '

. -

o . A . . .
accumulated from the sample. Contrasting €¢quations (2.29) to (2.31) with

equation (2.6)-Teveals that in each case one more bit has to be handled

- ~

if weightint numbers are to be used. That means extra processing elements

are necess t also reflects the adverse effect of the approximations

in the development of the weighted feed algorithm as equatiaqn (2.6) is

«
v

obtained with no approximatipon at all.

The weighted feqqd algorithm is therefore inferior under these

<

-~

considerations no matter what method of generation and accumulation are

] > 4 .

to be %ii‘. Thus the method of direct accumulation is chosen and this

allows the instrument to be configugcd after featur€§ of the host

microcamputer sYstbm have been discussed in the next Chapter.

. ¢



“and displayed with the aid of the microprocessor,

ChaBter 3 . .

Adaptation to Microcomputer System

, -

3.1 Introduction

. The speed.of a microprocessor is limited. If it is programmed to
produce the contribution rik to each moment and to accumulate them, the
amount of time required to processleach.samplc will be excessive.,  This
restricts the input signal bandwidth so that only slow varying signals
can be analyzed. To overcome this, high ;ﬁeed hardware has , to be eTployed
to extend the hpper frequency limit, . ’ ‘

Under these considerations, the role of the microprocessor in the
. |-
system can be very clearly defined. £t takes up the processing of data
where speéd is not critical and provides the suitable man-machine interface
by converting keyboard\gpmmqus into control signals that drive the high

4 ¥
speed hardware. The final results of a measurement can also be processed
b
It is intended that thé instrument is to reside in an existing
. S -
INTEL Prompt 80" development system as one of its sub-systems so that

the CPU (Central Processing Unit) and other facilities of the¢ host system

can be utilized as parts of the instrument. In this way, the cost of

the instrument and the time taken to design it can be significantly

~reduced. In this chapter, various features of the INTEL SBC 80/106

computer and its host éysxem the INTEL Prompt 80 are presented. The

‘ﬁ o /\\

-

16 | ,
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major hardware and software building blocks that are required to configure

the instrument are then identified and briefly described. +These lead to

_the final detailéd designs which are featured in the two subsequent chapters.

”

3,2 INTEL SBC 80/10 Computer

The SBC 80/10 is a self-contained single board OEM (Original
Equipment Manufacturer) computer designed with full utilization of the

current state-of-art LSI (Large Scale Integration) technology. It is
| .

complete in the sense that the CPU, minimal amount of memories, 1/0

-]

Pl

dny .
6.72 in. by 12 in. printed circuit boargd t% form a stand-alone computer

(Input/Output) ports plus their necessary drivers are integrated into a

system that can be used in a great variety of environments. A block
diagram of the computer is given.in figure 3,1.

The CPU cofisists of three LSI chips; the most important of which
is the INTEL 80807 microprocessor that is capable of processing eight
biés of parallel‘data: It accepts crytal controlled two phase clock
signals from a 82247 clock driver- for the generation of internal and
external timing signals necessary for processing of data and access to
memories and f/O ports. Limited by its number of pins, some of the
external control signals are sent out as a coded status word on the data
bus during the first state of a machine cycle, which.a 82387 system

controller latches and decodes into more usable signals to be supplicd

to variéus part of the computer!

There are sixteen address lines for addressing memories, half

of which ‘also double as I/0 address lines.. This allows the CPU to address

directly up to 65532 memory “locations and 256 I/0 ports. One special

feature of the 8080 microprocessor is that it has a.READY input which

.
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enabies the CPU to access devices that are” slow in response .compared to
its cycle time. When a read/write signal is sent to a device after the
address is s;able on the‘addresé bus, it does not proceed any further

' with the data on the data bus until the READ? signal has become high.

Wait states are inserted to achieve the necessafy synchronization; however,

the CPU will enter an infinite wait period if a non=existent device is

addressed. In the SBC 80/10, this is remedi¢d by triggering a monostable

which  automatically suppliés a READY signal after 9 milliseconds through
the RDYIN inpuf of the 8224, READY signals. from on board memories and
I/0 ports are also ORed to this line and for external modules, the AACK
line on the external bus is provided to serve the same purpése.

Two types of memorie€s are évéilable to the user. The volatile
RAM (Random Access Mémory) consists of eight 256 by 4 bits 8111A7 static
RAM chips with a total of 1024 Bytes. Addresses of the RAM are from §Cﬂﬂ
" (hexadecimal) to 3FFF. There are four 24 pin sockets for 4096 bytes of W,
non-volatile ROM (Read Only Memory)l Both 8708 EPROMs (Era;able and
Electrically Reprogrammable ROM) and 83087 maskeé programmable ROMs
with an organization of 1024 by 8 bits can be installed in these sockets.
ROM addresses are from P@9@ to PFFF.

The computer cqmmuniéates with the outside through tivo 8255 PPIs7
(Programmable Peripheral Interfaces) and a 8251 USART7 (Universal M
Synchronbus/Asynchronous Receiver/Transmitter). ’ Each EPI provides fdhr
parallel I/0 ports three of which can be configured to exchange data with
external peripherals in a great variety of I/0 modes. The fourth pért

accepts only command words from the CPU for the control of the PPI,

Sockets for TTL (Transistor Transistor Logic) buffers are provided forx

the I/0 Lines. The 8251 USART is a serial communication link that occupiesy
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two I/0 addresses.. Data can be transmitted and received serially through
. , t

the 8251 in various software selectable modes and a common 20 mA current
loop inte}face has been prewired to support a teletype. To ;elect a
specific mode command words are written into one of thé 1/0 ports and the
USART 1is programmeé accordingly. The same port is usea for reading in the

status while the other is deditated to data transfer, Baud rate for the

USART is obtained by counting down the 18.432 MHz system clock aﬂd is

jumper selectable. A list of I/0 addresses are tabled in table 3.2,

¥

‘A1l blocks in the computer are joined by the three inyernal buses
which carry the data, addresses and timing ;ignals. Provision for externgl
expansion is through the external bus driver that buffers between the
négative'true external bus and the internal bus. Compatible modules can
be attached to the external bus and addressed iﬁ a manner similar to the
on-board blocks. Ihe external bus comes out of the board through a 86
pin e&ge conneétor Pl. A listing of the pin assignments for P1 is given
in table 3.3.

As an OéM Soard, the SBC 30)10 comes with no system software.
However, a two kilobyte s;stem monitor resident @an two 8708 EPROMs can be
purchased from INTEL to configﬁre a general purpose computer. fhis allows
user programs to be loaded and execu£ed via a'sefial terminal. Additional

features include the examination and alteration of CPU registers and

punching and reading of paper tape files.
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3.2 PROMPT 80 I/0 ADDRESSES

21"

I/0 ADDRESS FUNCTTON
E4 PPI1 Port A
ES © s PPI1 Port B
E6 PPI1 Port C
E7 PPI1 Gentrofl Port
E8 \\ PPIZ Port A
E9 g PPI2 Porf B
EA‘ PPI2" Port C
_EB . PPI2 * Control Port
' ét/EE * i USART Data Port
ED/EF * USART Contrgerort

* Jumper Selectable

VIR
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Table 3.3 SBC 80/}0 EXTERNAL BUS

[

P [J

PIN MNEMONIC DESCRIPTION
1, 2 GND Signal Ground
3, 4, 5, 6 VCC- +5V DC
7, 8 VDD - +12V DC
9, 10 VBB - -5V DC
11, 12 GND Signal Ground ’

13 BCLK/ Bus Clock
" 14 - .| INIT/ Initialize

15 /¢/ .| BPRN Bus Priority In
16 - Not Used ‘
17 . BUSY/ Bus Busy
18 | ) Not Used
19 MRDC/ Memory Read Command .0
20 MWTC/" Memory Write Command .
21 T0RC/ 1/0 Read Command
22 10WC/ I1/0 Write Command
23 XACK/ External Transfer Acknowledge
24* DONE Done Pulse - ~
25 AACK/ Advarice Acknowledge .
26* g1 Instrument System Clock f1
27* f2 Instrument System Clock @2
28* RESET/ Instrument Reset : _
29* - Q2 Second Bit of Counter in Process Sequencer
30+ ccL/ Multiplexing Accumulator Clear
31 _CCLK/ Constant Clock
32¢ S8 Sign of Sample
33¢* Sp 7 !
34* S1 -
35* ’ S2
36* S3 > Digital Sample
37* S4 -
38* : S5
39* S6
40* S7 C L .
41* T1/ Multiplexing Accumulator Strobe
42 . INTR1/ Interrupt Request . °

*
Used by instrument.

\
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Table 3.3 SBC 80/10 EXTERNAL BUS (Cont'd)

23

L& .
PIN MNEMONIC . DESCRIPTION;
R ]
43 ADRE/ ]
44 ADRF/
45 ADRC/
46 \ ADRD/
47 ADRA/
48 ' ‘ADRB/ .
49 ADRS8/ .
g? ﬁggg; L Address Bus
52 ADR7/
53 ADR4/
54 ADRS/
55 ADR2/
56 ADR3/
57 ADR@/ : .
58 ADR1/ - . /
59 Not Used ) . o .
60* 04/ "] Multiplexing Accumulator Strobe
61 ’ Not Used
62* FLS/ - Final Load Strobe
63 R 1) . Not Used
64* X K!BLA/ -Bus Latch Acknowledge
65 ///””/ﬂ . Not Used
66* . SRE - Bus Latch Strobe Enable
67 DAT®6/ B
68 DAT7/
49 DAT4/
70 DATS/ “
71 DAT2/ - Data Bus
72 DAT3/ ‘ ‘
73 DATH/ . 2
74 ‘DAT1/ J
75, 76 Gﬁ?‘. Signal Ground
77, 78 ’V@Q' -10V'DC
79, 80 - '} VAAS -12v DC .
81, 82, 83,84 | vCcC +5V DC 1
85, 86 ° GND -~ Signal Ground

*
" Used by instrument.
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A ’ 3.3‘ INTEL Prompt 80 X ‘ .

| 3.3.1 General Description

The Prompt 80 is a microprocessor development system. specially
built to support software developmené of 8080 micropracessor based systems.
It provides a user with all the facilities necessary for the running and
debugging of machine, code programs. All system activities of the Prompt 80
are controlled through a console keyboard with the associated results

“displdyed on a set of 16 seven segment LED (Light Emitting Diode) displays
and 20 discrete LED indicators. A total of£$§6'bytes of RAM-are available
for user programs and execution can start anywhere within this boundary.‘ .

H A memory maﬁ of the system is given in table 3.4, | -
There are two modes ofvexgcution that can be selected by the user:

A user program can take qomplete'confrol of the system or can be single:

J gtepped through eacﬂ instruction under control of the sysEem monitor.

| In the latter mode, any of tﬂe CPU registers or memory locations can be

examined and altered between the steps, thus allowing the program to be
débugged. The system;is also capable of programming ;nd verifying the °

_contents of a 8708 EPROM through a zero-insertion-force socket on the

A
|

console, This provides a very conveniént way of producing transferrable
and alterable software for use in prototype<development. In situations
where paper tape files are required, a te%y§£pg can be directly Fonnected
to\ihe sxstem.fof the reading and punching of paper ;;pés. ,

The heart of the PrOmpé 80 is a SBC 80/10 compdter with three
8708? EPROMs. that contain thevsystem %onitor. . A custom désign display

. and keyboard assembly driven through the two PPIs on the SBC 80/10 provides -

the essential man-machine interface. One PPI coptrols the display

-
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Table 3.4 PROMPT 80 MEMORY MAP

25

ADD?ESS CONTENTS
\
P - PAES ROM: Sy§tem monitor
PAES ﬂFéFu RbM: User program space
“ 19p@ - 3BFF UNUSED ADDRESS

RCOP - 3CP1 RAM: Reserved for monitor
3C 3F95' RAM: User program space )
3F91 - 3FCF RAM: Reserved for monitor
3FD@ - 3FDA RAM: Reserved for monitor for single -

step and breakpoint 'status storage
3FEB RAM: Display adkdres‘s counter T
3FEC - 3FED RAM: Pointer to display b;ffer pointer ,
3FEE - 3FFF RAM: Display buffer r

. /

‘c?
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multiplexing and keyboard scanning while the other ‘supports the EPROM

\

programming circuit. The system has made very extensive and efficient
use of sBftware in the implementation of its functions. It is thercfore

 feasible to look into the system in more details so as to make the best

‘

use of it,

-

,3:3.2 Display
' /
Besides the power on pilot LED, the rest of the LEDs can be devided
in two‘major groups. One group consists of 16 seven segment LEDs and three
indicator LEDs that are uséd t%rdisplay rggister‘and memory data§\<fheyr
are inidcd into n}ne subgroups which are driven in a time multiplexed
fashién with a nine millisecond cyclc.! A monostable interrupts the CPU
at one millisecond imtervals to initiate a service r0u£ine which controls
the sequencing. This routine takes the character pair in the eightcen
byte loné/&ﬁsplay buffer to whicﬁ the display pointer is pointing and

v

transfers \it to the display assembly through ﬁbIl. The display pointer

. 3 ¢ . i B ’ .
is then incremented and is reset to the bottom of the buffer again when

»e

" the top is reached. Any hexadécimal data desired to be disblayed must -
‘be stored in the aisplay buffer‘ih the form of display character;, which

are the decoded low true seven segment equivalence of the data. Each

bit of a character represents one segment and the most significant bit

controls the decimal point on the right of the LEB. This conversion is

) h
necessary because the display circuit is driven directly without any .

decoders to reduce hardware costs. A conversion routine has been incor-
perated int? the monitor software for this purpose. Address of the buffer (/
7

"starts from 3FEE which correspands to the right most seven segment LED .

tq‘SFFD which is the left most. The three dicrete LEDs are used for

I

———— —y
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indicating the different ;ééis;cx sets displayed have their control word
stored in location 3FFE. Contents of location 3FFF are also used with
the light control word to. drive theﬂdisplay but do not contribute an;

R , ad
effect.

User program can‘make use of the display by Qriting the desired
character into the buffer or by calling the routine DBYT located at §3fC
which formats two hexadecimal digits in the A regfﬁter into display
characters and stores them in successive locations in the buffer as
pointed by the reéister pair DE. " However, one imporQant point must be
observed when manipulating the display; since‘it.is interrupt driven,
the user must ensure that the interrupt flag of the CPU and the display
control bit (bit 7 of PPI1 port Cf are enabled for proper functioning of
the display‘assembiy.

The second set of sixteen discrete LEDs are for monitoring the
2ines of port A anﬁ port B of PPI2. Port A is programmed in latched ) .
eytput mode and porng in input mode and these low true LEDs indicate the
activities at these two ports. Besides EPROM programming, the threc ports
of PPI2 also double 55 user accessible I/0 ports that can be accessed via
a 50 pin connector on the console. ’Nn:knly restrictions are that port A
gpd lines 7 to 4 of port C can only be configured as output lines and no

external connection can be made to the console connector when EPROM

programming is in progress.
3.3.3 Keyboard

The console keyboard is-the only data entry charnel in the Prompt
80 besides an optional paper tape reader that can be connected to the

serial interface. There are a total of thirty-six heys on the console,

e

|

RPTPPRES
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of which only the twenty-four keys\ that are used for data entry and system

‘ %

function control can be scanned by the system monitor through PPLL. A

"~

set of eight keys are for setting the input lines to port B of PPI2
through S-R latches. These lines can be reset by a nineth key. Of the’

remaining three keys, one is for system reset and the rest are for

<

generating interrupts. One genérates the monitor interrupt which causes

1

a branch to the monitor while the other cuases a user interrupt that

branches to address 3C$2, which is the beginning of the user RAM area.
N
The scanning of the keyboard is donc by a software routine KI

located at p?EE. It identifies a single key depressed in the set of

twenty-four keys, debounces it by checking for the same entry after a

sixteen millisecond delay and decodes it into a key character in the A

register and a key position in the E register. A list of the keys and ’
the corresponding values in the A and E registers are listed in table 3.S.

/—

~

. 3.3.4 Interrupts

Most of the system functions in the Prompt 80 are implemented with

the aid of interrupts. Besides the two console interrupts and the display

interrupt’ mentioned earlier, there is a fourth interrupt that comes from

the single step timing counter, . This counter is Ioadcd’;nd enabled by

bit 6 of port C of PPIl evc*y time a single step through a user program

is iniéiated. It counts for fifteen memory read circles b;forc inter-

rupting the CPU, thus, providing such accurate timing that thgkintcrrupt

always occurs within the ;irst cycle of the user instruction. The single

step routine is rhen executed to sa&e all CPU registers and display them.
Each of these interrupts, whpn it occurs, sets a latch and through

LS

arbitration logics, inhibits others from generating further interrupt

et
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Table 3.5 PROMPT 80 KEY CODES
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KEY

A CONTENT

E CONTENTS

MMO OO W NoOW &tlitvr— O

Scroll Register Display
Single Step

Exam/Mod Register

Go.

Dis/Mod Memory
Clear Entry/Previous
Next

ExecutersEnd T,

‘\L

Cco.
F9
Ad
BO
99
92
82
F8
80
98
88
83
Ccé
Al
86
8E

. p8

p3
46
21
g6
93
FF
7F

’
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signals. The CPU is vectored by a RST 7 instruction to location @938
where a jump instruction to tye central .interrupt service routine is

stored. This routine examines the latches thrduéh port- A of PPI1 to

” .

determine the source of thé interrupt, resets the latch and then branches

i M ~ < (>3 o .
to the appropriate service routine. The Prompt 80 has no provision for

oy

external inter}upts except its own, thus restricting all hardware expansion
\

. . . P . e S, 0T
to non-interrupt typg unless the central interrupt service routine is
altered to accommodate external interrupts.

-

3.3 Hardware Requirements - :

The design of a system is critical. It is necessary that the
" system specifications as a whole are known to the designer and a set of

guidelines are established before design procedureé can be initiated.

Taking into consideration the instrument built by Majithia4 and the latest
' ;dvances in circuit elements, it is estimated that the instrumerit can be
upgra&ed to have a sampl%pg rate of less than 3 mjcroseconds anq an input‘
bandwidth of better than,lSnkHz. ngever, allowances are to be provided

P

for. further upgfagisgjé? the 'instrument in future.
‘ Cost and épace effectiveness are also the main concern of the

dé§ign. It is intended that the instrument is to reside on one or two

circuit boards that «can be plugged directly {nto the bus of the host

computer system. Efforts arc spent to achieve this although trade offs

in speed a;d bagdwidth of the ins£rumeqt are found inevitable. An optimal

configuration”which compromises between these constraints is to be designed.

- Before coﬁmitting to detail the chcuip design of thg instrumeﬁt,

the major building blocks have to be identified.. This can easily be

done by tracing the flow of data beginning from the input and specifying



- - . . R T T T L SNPSEE R . e

- . - | 31
the processes that take place along the path. Each of the processes ‘may
be considered as a block with interfaces to the others. Specifications
of the blocks and their interfaces are then defined and realized in the
final design. ’

In the preceding chaptet, it has been concluded that the analog
signal is to be quantized into eight bits ‘on both sides of zero. The
quantized sample‘is then accompanied by .a sigﬁ bit which indicates 1its
polarity and these are passed to a moment generator to produce the higher
order moments. Quantization is provided by an ADC (Analog to Digital
Conﬁert;r) but as most commercially available fast ADCs are of 8 bit
resolution, an absoluté value!circuit has to be placed before it so that
sampling can be done on an unipolar signal. . The sign bit is proéyced
along with the sample py a fast zero-crossing comparator,

There are several methods oé producing the moments from the sampled
data. An ideal case is to have three fast EPROMs of 256 byte capacity to
act asilook up tables and the sa&ple is used directly to address thq_EPROMs
simultaneously. Masked ROMs can afso be used but ére not considered
ebécaUse of the high cost of'custom programming. However, EPROMs of such.
sizé with less than one microsecond accéss time are not available and fﬁe‘
use of larger capacity 8708 EPROMs is not economical and is wasteful of
spate. Storing all three tables in one EPROM means that threce accesses
have to be made to fetch £Qe momenfs and this slows down the process.

The multiple supplies ;t‘red by an EPROM is also another undesirable
feature. Combinatorial logic has found to result in too complicated a
circu%; and the only alterngtive.is ag—use an eight bit fast mhltiplicr.A
Fortunatélf, it is availa@le as a bipolar 40 pin DIP chip that is éapab}e

of comﬁle;ing a signed eight by eight bit multiplication in less than

I o P
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150 nanoseconds,9 which makes it possible to produce all the moments

successively in a period of less than one microsecond. With this high
speed, the front end can be upgraded to a one microsecond sampling rate
when better ADCs are available in future,

To accumulate the moments, it is obvious that accumulators made

up of adders and registers are to be used. If the positive and negative

s

parts of a moment are processed separately, a total of six identical

accumulators are required. This is however, not‘nedéssary‘if two's
complement arithmetic is employed. ghe‘moments can be converted to their
signed two's complement gefore the accumulation and a reduction to four
accumulators is achieved. Further ;eduction can be obtained if one adder
. °
is multiplexed between four result registers. Since the moments are not
coming simultaneously from the moment generator, there-is no delay in the
processing of the moments if an accumulation can be completed before the
arrival of the next mom;ﬁt. For a sample raée,of three microseconds a
very safe margin is provided if ,500 nanoseconds are allowed for each
moment, which is 1ong enough for a 32 bit accumulation using TTL adders.
, The length of the accumulator depends on the maximum number of
samples desired to be taken. It is possible to keep it to a minimum if

the computer can pick up the accumulations and accumulate them in memory

registers after a fixed number of samples. Calculations based on the

.time Tequired by the computer to finish processing one set of accumulations

“indicate that the suitable number is 128., A 16 bit multiplexed accumulator

is just enough in this case to avoid any overflow that may happen. To

notify the computer that the partial results are ready, a counter counts

the number of samples qccumulated and sets a latch after every 128 samples.

L. g j
This is detected by the computer which resets the latch and picks up the

'
L . . . o
' |
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pértial results. At the end.of a measurement, the computer is interrupted
to pick up the last part of the results gpd procgcds with the fingl processiﬁg.
The fastest sampling rate of the sy§£em is set at thrge microseconds.

An accurate system clock and a programmable counter are required to generate

the triggering pulse Eor the ADC with variable repetition rate.\ The

INTEL 8253 PIT10 (Programmable Interval Timer) is shitable for this

)

» .

purpose. It has three 2 MHz 16 bit counters and each can be programmed -
to work in various modes., In this application, one counter is programmed
to act as a rate counter while ‘the rest are spared for counting total

© ]

number of samples and the 128 samples required to sct the sample ready <i
;atch. With a crystai controlled 2 Miz system clock, .the rate céunter
éhn.generate(repetitién rates varying from three microseconds to thirty-
two milliseconds., |
Besides clock?ng the rate counter, the éystcm clock al§o drives
a coﬁtroller which co-ordinates all hardware activities. Tbe controller
is designed with high speed TTL and is respensible for the generatipn
of sequences of timing §ignals that synchronize the flow of data:
Supervision from the computer and the controller §tatﬁs are exchanged

through two ports of a 8255 PPI. Each port provides onc direction of

1
data flow, the third being available for future éystem expansion.

»
]

With all the building blocks of the system identified, it is béét
@ .
to summarize them in a diagram. This is given in figure 3.6. The circuit

designed in the next chapter ¥s based on this configuration.
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' 3.4 Software Requirements
i

- . ‘.
Although there seems to be very extensive use of hardware in the

.

L ]
instrument, the parts played by the software are also considered very

- o 3
important, Measurement parameters and control commands are acquired
through the.keyboard and sent to hardware control registers with the aid

K%

ofksoftware routines, Paftial results are accumulated énd the ﬁinél
( . / .

results are calculated and formatted for display. All §ﬁese are achieved

with an 0S (Operating Séheme) that superviées software as well as hardware

activities, Sincg the Prompt(SO system monitor has océupied two 3nd a

half of the four kilobyte ROM space on the SBC 80/10, the OS is limited

to one and half kiloby;e in length. As an add-on. software module, the 0S

does not interfere with normal operation of the Prompt 80 éxcept when control

is transferred to‘i;. ¥*However, two routines and the disﬁléy refresh service

of the Prompt 80 Fonitortare ut?lized ta miﬂiﬁize the length of the 0S.

Most of fhe fﬁhgtiqps'aré implemented with callable subroutines so that

‘ S ‘
they can be shargd by different parts of the module as well as Prompt 80

user programs. or a Brief description, it is best to trace the actions

_— ~

e,

right from the beginning, N
. . ' Ne——
Before any measurement‘cap\Qg\iy{?ﬁated, it A's necessary that all
\ e . $.o .

A

hardwares are set to known states and all memory re “sfg;gdgre initialized
. to ﬁheir desired values. This ié taken care of at the Heéinning of the -
0§ when control of the érompt 80 console is first transferred to it.
Measurement ﬁode'is set for oné cyéle of the input analog signal and éhe
" ' ’ ¢
display is blanked by filling its buffer with blank characters. A
measurement can then be started but as it is intended that measurement

_parametersxsuch as sampling rate and number of samples are to be alterable,

a confrol parameter entry loop is éntered to allow for the cbaLges.‘ %>‘Q\



o mop— - ———— -

o e e ——————

e o p———

36
A

Through the ‘console keyboard, user desired parameters can be

: c T
entered to override those that have been set during initialization or a
t ) ©
previous measurement, Every relevant key entry is monitored on the display

¢

and all illegal eiitries are di&regardedﬁ The loop is exited upon the

depressing of the.execution key after whichiall measurement parameters
are checked before the Starf/Stop line is set to start a measurement.
Any illegal parameter detected causes a branch back to the loop with the

corresponding indication on the display. This eliminates any user error

in using out of range parameters for a measurement, Routines for the

manipulation .of kebeard entries and display are essential parts of the

loop and also a‘deéisién tabled is required for appropriate branching

~N
2

according fo kéy entries,
"During the measurement, the' CPU loops until the sample ready latch
is- set and ac;umu1a£e5 Fhe partial results. Since it is a-time critical
p;ocess, the Qisplay is disabled so that no other.interrupts can;bappe; N
eicept the one that terminates the measurement, and in order to “ensure
that the accumulation is not disiu;bed,=intenrupt is only enabled during
the checkingnloopg This reétricts the end' of measurement interrupt £o ge
géknowlédged ifter a.complete set of pa%tiaf results have been procéssed.
After the interrupt, the last set of partial results are accumulated
and the 0S commences with the final calculation of the results to be
displayed, All four &;cﬁmulated moments are normalized by dividing by

the number of samples and from theSé;;;;Les, the, standard deviation’ and

root mean square of the input signal arc obtained. The period of the
B . . ’t/

* measurement is also calculated by multiplying the sampling rate with the

number of ‘samples,” Display is then enabled and the OSHenters a result
- . S N Y A N .

, Hisplay loop in which any of the above calculated results can be displayed

-~
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' with a corresponding label upon the depressipon oﬁtan appropriate key on
. the console. If further measurements are desired, it.i§ possible to clear
all the registers énd b?anch back to the parameter gntr} loop through: a

I
single key entrf??

With the major operatgéns in the 0S identified, a flow chart can
N ‘ ' '

be drawn for greater clarity. . This is given in figure 3.7 in which the.
o 4

0S is divided into four phases, namely the initialization phase, the

?

_parameter acquisition phase, the measurement phase and tfie result

processing and display phase. The initialization phase is executed only

~

once upon the start up of the.instrument while the others can be executed

as many times as controlled by the keyboard. More detailed descrigtions
. . . . ‘

of the OS are found in Chapter. 5.

N Y e

R wnd v, e
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Chapter 4

N \

Hardware Design

‘

4.1 Introduction

The principal duties of the hardware are. to perform high speed

’

date acquisition and processing and to achieve proper communication
between the gdd-on sub-system and the host microcomguter system. ~It is
designed with special considerations given to cost and spa¢e'éffectiveness.ﬂ
Eve;y effort is made*‘g keepjthe chip count to a minimum and in’ some parts
the spetd of a process is sacrified ‘just to retain this rule. LSI chips
are employed whergver possiglq to reduce chip count as well as the %mount

of connections between the chips al%pough these complicated chips are

- found to be extremByy difficult to test without the aid of sophisticated

equipment that has-only recently béen»developed.

The hardware can roughly be partitioned into five functional

‘blocks of which the timing and control circuit is the most complicated.

Two MOS and one Schottky- bipolar LSI chips are ‘involved in the .design and

P thefrest are either normal or Schottky TTL chips. The only andlog

circuitry is found in the sampling circuit in, which three operagional _

amplifiers; a high speed comparatoF,aﬁdaa ﬁonolithic Hybrid ADC‘are used
to ﬁréduce a; eight bit samplé and\a sign bit., These an Qp to a to;al
of\abdut 80 chips andyare Qire-&rapped on two 6.75 by 12 in. prototype
boards that can be plugged into %ﬁllNTEL sBC 61411 ca;dcago specially  °

o g

39
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‘

i manufactured.for abcommoda;ﬁng extension boards of the INTEL SBC series

+ products, ‘Commgnication Setween the twé boards i; agﬁieVed through
unused lines qf the SBC bus as listed in .table 3.3. .

‘ The Prompt 80 4is a self-contained microprocessor de?elppment

system that has not ﬁéen designed to allo@‘for much hardware expansion.
There are no éro;isions in the system for gccommodating exkra b&ards and
the power supply unit has very little surplS; power for driving ;xterhal
logics. To remedy this, an INTEL System 80/1012'packaged computer that
includes an SBC 80{10 card 1n an SéC 604 c;rdcage and a power §upp1y unit
is uséd instead of the SBC 80/10 in the Prompt 80. By connecting the
keyboard and display assembly toxthis’system through cables, a functionally
identical and=e£pandab1e Prohpt 80 is obtained. The instrument is
connected to the.system by stacking the SBC 614 cage directly on the

SBC 604 so that the buses of the cardcages are mated via their edge

connectors.

4.2 Sampling Circuit

To produce a signed nine bit digital sample-from'an ADC with eight
bit resolution, it is necessary that.the input signal be rectified before
sampling; énd a comparator is used to produce the extra sign bit. All
these ;ré shown in figure 4.1.' ‘ '

The three analog amplifiers are Burr Brown~3507J13‘fast-slcwing
operétional amplifiers. Al acts as a unijty gain buffer that serves :if
isolate the input signal source from the low input impedance §bsolute

value circuitl,4 formed by A2 and A3. The 220 pF capacitor at its input

is for Eypassipg high frequency noise that may come with the input’ signal.
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An LM311 high spgéd comparator produces the sién ﬂssoc1ated with the 1input
. ' «

signal and a SOmV hysterisis loop is introduced into the circuit through

feed back resistors to prevent false triggering by noise during a one-cycle
measurement. During the positive cycle of the input signal diode D2 at

the output of A2 is off-and A2 is connected as an unity’gain#inverter.

Since the positive iﬁput of A3 is connected te the virtual‘ground of A2 °
through VRZ, it also acts as an unity gain inverter and the double invérsion
pésses the input signal to';he output unchanged, During the negative cygle,
D1 is turned off s4 that -2/3 of ihe input signal appears at the positive

- : ’

input of A3. A3 is now configured as a non-inverting amplifier with a )
gain of 3/2 by grounding its feed back resistors at the virtual ground of
A2. Thus the input signal is inverted and-the absolute value function
is achieﬁed. . ( :

Analog to digital conversion of the input signal is dohe by the

> hybrid ADC that is wired to provide a 0 to 10V range. The ADC

ADC82AG1
is of the successive approximation type with an internal 2.85 hm; clock
source for clocking a 2.8 us conversion. Upon triggering by the falling
edge of a convert pulse, the status output goes high and nine clock pulses

are generated by the internal clock for a conversion, after which the

status output goes low again. If the convert pulse line turns high during

a conversion, the. process is aborted and another conversion can be initiated

again- at its falling edge. A timing diagram of these lines and the
internal clock are given in figure 4.2. When a conversion 1s completed,
2 done pulsg is issued to the arithmetic circuit to start the processing

of the digital sample then available. This done pulse also latches the

sign from the comparatof and the complemented digital sample from the: ADC
' s

*into a 7474 D-type flip-flop and a 74273 octal D-type flip-flop rQSpectiveI}.

-
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) .
the status

Generation of the done pulsé is by the logical combination of
line and‘thc internal clock us'ing high speed Schottky TTL gates and the.'
timing is also shown’in figure 4.2. It ig‘fﬁportaﬁf to note that the
done pulse may be of variable width depending on the sampiing rate and

only the rising edge can be used for precise triggering of events. For

the fastest sampling rate of 3 us, the convert pulse must not exceed , -

»

200 ns and done pulses of at least 25 ns 'in width are generated. :

The sampling circuit requires -1SV supplies for the analog
amplifiers in addition to the +5V TTL supply. They are obtained from a
N ) '
modular +5V to 15V DC to DC converter Model«54616 from the Burr Brown Corp.

.

4.3 Timing and Control Circuit

This is the most complex part of the design and is mdde up of
four functionally distinct blocks that are responsible for translating

software commands from the microprocessor into hardware signals and

~

"sequencing the step by step processing of a digitized sample. A 2 Miz

two phase clock provides accurate timing in the system for the generating
of sampling cohmands,and latching signals for the moment géngfntor and

4 .- b - .
multiplexing accumulator. Timing signals for other parts of the circuit
are derived from these signals so that the amount of hardware can be

reduced. A,block diagram ot this circuit is shown in figure 4.3,
.
4.3.1 System Clock

-Sequential multiplexed processing rggugrcs'
/" .

/
for clocking latches. If a single phase-high spc

a counter the outputs of which are decoded to génerate-the latching

/

pulses, the length of the counter-may be excessive and the decoding logic
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may also be complicated. One way of avoiding this is to employ a
multi-phase system clock which has a different duty cycle for each of the e

phases. Since by simple inversion, latching can-also be done with a

falling edge as well as a rising edge and vice versg,‘the multi-phése

“system clock has in fact more flexibilitfy in addition to its simplicity

’

" plexing-accumulator requires at least two phases of the system clock for

in design. To determine ‘the optimal number of clock phases.in the system,

various processing blocks are analyzed and it is found that the multi- :

accumulating one of the moments. Thus a two phase 2 bmi clock is designed
and the circuit and its timing diagram are given in figure 4.4.

A crfstal controlléd 20 MHz oscillator7 is employed as a high('} ;
frequency reference. It consists of two 74S04 inverters that are Biased

by 3309 féedback resistors to work as small signal inverting gmplifiers.

By’ cascading these inverting amplifiers and using a crystal as a feedback

element, a stable oscillator is obtained. The 680 pF capacitor between

the inverters is for DC blocking, which is necessary for maintaining the

DC operating point of thé amplifiers. To obtain the two phase clock,

‘the output of the oscillator is counted by a 74160 decadeucpuﬁter and its

. , (
outputs are decoded to give two 2 MHz non-overlapping clock signals §1 -
and P2 of 40% and 20% duty ¢ycles respectively. Most parts of the

instrument.are synchronized to this two phase clock and more detailed

applications are reviewed in subsequent sections.

,4.3.2 Process Sequencer

[RTIER SR DN PRSP L S

The multiplexing accumulator requires one gycle of the two phase
system clock to accumulate one of the moments generated from a sample.

Thus for four moments, a total of exactly four cycles of the system clock y

“
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‘is necessary. This is achieved by triggering wiih the done pufse from
the sampling circuit a two bit synchronous counter tﬁqt stops itseif
‘ | .
after counting four cycles of the system clock. By doing so, the
, arithmetic circuit "is synchronized to the sampling circuit and its
timing signal can be obtained from the decoded outputs of the counter.
The circuii‘and the timing'diaggam is shown in)figure 4.5. ’ ’
‘Iﬁ(the stable state, ;?1 7474 D-type flipkflqps ané'c{garediand
the counter formed by the two 7476 JK flip-flops is in“a 11 stgte\ Since
. both clock sources int® the 74155 one channel to four cﬁannel demultiplexersa
and the counter are gated by the Q output of FF1, no iiming signglg are
produced and the circyit remains étable. When a done pulse arrives; the
Q output of FF2 is set and it frées FF1 from its cleared state. The D

inputgto FFLl has also turned high so that the rising edge of the next 92 Voo
. ! .

1
. | =
sets FFl and passes clock pulses to the counter as well as'the demulti-

. plexers. This guaréntees that the first §2 pulse going to the counter

must have a minimum width of 80/ns. Without FF1l, a pulse of smaller width
may occur if the Q output of FF2 is used for gating the clock source and
FF2 is set when Pl or §2 is high. In this case, héwevef, only the first’

p2 pulse of a cycle is compréssed by 20 ns and the ‘widths 6f the rest

remain the same as the sys%em clock.

4

The .clack pufses passed to the counter and the multiplexers are
inverted.'.{hus the counter is toggled every SdO ns at the {iéing edge of
f2 due to the JK control of its fILp-flops: Outputs of the counter are
fed to the demultiplexers to control the passinghof clock pulses to each
channel. Channels T}/ to T4/ egcﬁ get one nega;ive p2 for each cycle'of

the countef and since the counter is .also clocked by $2/, a delay of 40 ns

is added to the @2/ pulses to the demultiplexer so that the low state of
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- 92/ cannot coincide.with the toggling of the counter. In this way, the

spllttlng of a pulse between two channels is prevented. Similarly the

 four @1/ pulses during a counter cxcle are dlstrlbutedf%mong channels S1/

3

to S4/ except that no delaying of the g1/ pulses to the demultiplexers is

PN

necessary. . This also has the advantage of shortening the gap between the

N\

rising edge of #2/ and the falling edge of P1/ in. corresponding channels,
which is what suits the mmltiplexing accumulator..

The‘signals 01/ through 04/ coincide with Sly through S4/ except

that. they only occur once in 128 counter cycles when the SRE.line is high.

N

They ‘dre far.latching the contents of the multiplexing accumulator to a

-

set of bus latches S0 that the partial accumulations can be picked uyp by

the microprocessor. To generate the SRE s1gna1 the‘dz output of the

counter 15 counted by-another counter whlch generates a carry at. its 128th

coPnt. This is discussed in more detail in the next sub—section. One
‘of the demultiplexers also produces the MOE/ signal that is low during

the first state of the counter cycle. It is for routing of dati’in the

moment generator and passes the first moment dlreotly to the mult1plex1ng

accumulator A timing diagram of these control signais is glven in

figure 4.5.

- s . { .
The counter cycle is terminated by S4/ which clears all the D-type

flip-flops and restores the stable state. "As there is only a delay of
onl} about 150 ns in the lodp before Qbe gate for pessing ﬂi/ polses to
the demultiplexers is dlsabled 'the w1dth of the last @1/ pulse to qhe
demultiplexer is shortened to 150 ns and so are S4/ and 04/. enother way
of resettlng the circuit to its stable state, is by pulling the RESET/

lime low which also clears all tpe q-type flip-flops and presets the

counter. This is usually done at the start up of the system when a reset

I3
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AN

signals is sent to all parts of the instrument. The D- type f11p flop
FF3 is only act1vated at the end of a measurement when software has
regalned control of the processing. A pulse from the-FLS/’llne sets FF3

and induces an extrd couﬁter‘cycle in which only the signals 01/ to 04/ 4
- . '.' .“ . } .
are generated. This is done by disabling the control inputs’ of channels

Tl/ through T4/ and Si? through S4/ whichlare tied to the outputs of FFS. !

The MOE/ signal has mo adverse effect durlng this operation and is allowed

TN
[ ‘ L b

to remain.

P

R
After a set of partial accumulations are transferred td}the bus -

A
latches, the microprocessor has to be notified so that it/taﬁ’receiVe

, K
them and the mult1p1ex1ng accumulator.has to be cleared \\The s1gna1 04/

is found to. be most useful in this situation. _ By setting two\latches
with the delayed rising edge of 04/, both of the above tasks cﬁn be
achieved 51mo1taneously.. The concept is deplcted in figure 4.7 in which
the Q output of L1 éoes directly to line PB6 of port B of the control PPI.
This port has been programhed to bS\%i:ihput mode and‘during ‘the course
of a measurement the mlcroprocessor keeps check1ng the status of 11n?
PB6. When it is detected set, the mlcroprocessor clears L1 with the!-
SALC/ line and proceeds,to pick‘up the partial éccumdlations. 04/ aéso
litches a low into L2 and the Q/ .output of L2 is NORed with the rcset llne

to produce the 51gnal CCL/ for clearlng the multiplexing accumulator.

"Slnce during a measurement CCL/ must return, high before the next ample

]

is{processed, L2 is preset with the next T1/ that marks thé beginning of

the next set of 128 sampies.
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4.3.3 Control, PPI

Communication between the microprocessor é;d the hardware is
achieQed through two_ﬁorfs of'an 8255 PP{7 chig: Software commapds for
driving hardware are executed by setting or résgtting bit§ of an outpth
port to which hardware control lines are linked. The bit §et£ing and
reﬁetiing ﬁeature of port C of the PPI is gxtremely useful ‘here.

Port B is programmed as-an input port for checking thé status of the

hardware. Since the PPI is a MOS device and its output lines can only

- drive one TTL load, these lines.are all Bufferez}b} inverters befbre
. ‘ 3

connection to other parts of the ‘system. A brief description of the I/0

lines used by the system is listed below and the circuit is presented

in figure 4.8.

iy

.

al

RESET : output line that resdets all'hardware in the_
’ ..instrument. -
START/STGP‘ : output line that‘starts an méashrement when is set.
) CYc ) :“\output line that sets the necessary logics for a
. ~ one cycle measurement .
FLS . : oufpuu line that strobes the final set of parfial

accumulations into the bus latches.

SRLC : output line that clears the sample ready latch.
SR : input line that monitors the sample readf latch,
QVF : input line that monitors the number-of-samples

ovérflow latch.

T

Other lines into the PPI are from the bus interface that connects

it to the SBC bus. These include the eight data Iinés, read/write signal

e °

lines, address lines for selecting’the 1/0 ports and the chip select

P st mam mm, w7

e

PR,
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) 3‘,'?

signal for enabling the PPI. There is also a reset l{;e tied to the INIT/

signal of the SBC bus for power on reset. 12 The remaining I/0 lines

are left open and can be used for further expansion of the. instrument.

.4.3.4 Counters and Start/Stop Logics

2

Three software programmable counters are required by the instru-
ment for generating sampling commands, recording ®he number of samples
in a measurement and clocking the bus latches once in 128 samples., An

o

8253 PIT10 {Programmable Interval Timer) is found to be most suitagle for
these purposes. It consists oé th;ee 16 bit programmable counters each
of which can be iniividually programmed/to achieve the three different
functions ment;onéd abové: Each counter has its own clock input and is’
controlled by a gate input that can inhibit the counting when pulled low.
By setting different work modes for a counter, vafious kinds of signal
synchmoni;ea to the input élock can be qbtaingd from its output. fALI
copnters work in down count mode.and are negative edge triggered. Interface
of the PIT.to the SB& bus is similar to that of thé control PPI.

Counter § and counter 2 are programmed .as rafe generators; ‘In
this mode:, the ouﬁput of a counier goes low for one period of theninput

clock period when a prog;amﬁed number of input pulses have been counted:

The counter %S then reloaded and can therefore continue with the counting

process until it is inhibited. Counter f is for providing sampling

commands and its rate is set before a measurement. The input clock is

g derived from #1 of the system clock by\furfher dividing the 2 MHz clock

N v

- K

2 is for generating the SRE signal that enables the signal 01/ through

04/ for latching the partial accumulations from the multiplexing accunulator

\ f\_/ . o
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to the bus latches. Its triggering negative edges are obtained from the
Q2 output of the counter in the process sequencér so that the SRE signal
can be synchronized to it. Since QZ goes low at the stdrt of-every counce}
cyclé of the proéess sequencer,:the signa1'SRE turns high at the beginning
of.thgnlzsth counter cycfe and remains until counter 2 is triggered by
the next falling edge of Q2, thus enabling the desifed demultiplexer to
produce signal 01/ ;o 04/.

Counter 1 is programméd‘to-work in interrupt at terminal count
mode. For a fixed sample measurement, its, output goes low after the
countey has been loaded w%th the desired number of samﬁles and remai}s

so’until the counter reaches zero(when it turns high again. The rising

edge at zero count is used to set an interrupt latch which stops further

generation of sampling commands_and interrupts the microprocessor to
signify the end of a me;surement. Cyocking of‘this countér is by inverted
sampling\commands generdted by counge; g. Du*ing a one cycle measurement,
counter i is loaded with a makximum count 6? 10000 and if the counter
reaches zero before one cycle of the input signal has elapsed, an overflow
interrupt occurs and the same interrupt latch is set. The micyoproce;sof
distinguishes this overflow i;terrupt frém‘the normal interrupt in a
fixed sample measurement by checking the OVF line sustained by the .
interrupt latch through line Péz of the control PPl durin% a one cycl
measurement. . A jump to display the word 'ERROﬁ' on the cbnsole is executed
if the OVF line is found true. Figure 4.9 depicts the counter circuit
;nd ft§‘associated Sfart/Stop lbgics.‘ v b K

At power on of the instrument,kthe interrupt latches L3 and L4

are cleared with INIT signal available froﬁ the SBC bus. This is

necessary because all control lines coming from the control PPI are also

.

.

v e
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’

reset to a high state and may cause undesirable interrupts. After the

PPI has been set to the desired mode by software, all lines of port C
e :

turn low and the START/STOP line forces the circuit into a stable state.

Counter 1 and counter 2 are inhibited directly through gates G1 and G2

and the measurement mode control latch L6 is forced to zero. Since only

“oné input to the 7427 NOR gate isllow, counter § is also disabled through

gate G@ although the toggle flip-flop formed by LS is sti{l supplying a
1 MHz square wave through a NAND gatc to its clock input.

Thé mode of a measurement is solely controlled.bj the CYC/‘signal
which sets up a fixed sample measureﬁent,when it is low. When the STﬂR%/
STOP/ line turns low and CYC/ is low, L6 is preset and the output of the
7427 NOR gaté)goes high. This enables counter § which startg\generating
sampliﬁg commands according to the r%te set by software. The sampling
commands are inverted to drive a NAN6 gate which passes négative P2 pulses'
to anothér NAND gate controlled by the'Q output of L6. With this
arrangement, ﬂip case of passing two convert bulges to the sampling circuit
by the 1 u§iwide sampliing command pulse is avoided as L6 is toggled eve;y
509 ns by #1. Since the START/STOP/ line also réleaseg counters 1 and 2,

the counting processes as described previously start and continue until

L4 is set by the output of.counter 1 at its terminal count. This disables

“counter # through the 7427 NOR gate and pulls the interrupt request line

3

INT/ on the SBC bus low through a NAND Atc, an inverter and an open
collector Qriver to initiate an interrapt. The circuit can then be
regtored to a stable state by disabling the counters with the START/STOP/
line and clearing the interrupt latches L3 and L4 with the RESET/ line.
For 5 one cycle measurement; the €YC/ is held high and L6 is free

to toggle according to the SIGN signal coming from the sampling circuit

.
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after the START/STOP line has turned low. A negagtive to positive zero
crossing of the input analog signal toggles L6 from low to high and

T ' . ~ /
enables counter § through the 7427 NOR gate. This starts the sampling

‘process and if .no overflow of counter 1 occurs, the next pegative to

positivehzero crossing of the inputnanélog signaf toggles L6 back to low
and disables counter §. The falling edge at the output of the 7427 NOR
géte is used to set L4, which, besides generatdng an interrupt request
through the same series of gat; as L3'&oes, alos stops the passing of

further clock pulses‘to ¢counter # so that it cannot generate sampling

. commands when L6 is toggled aéain. Restoring of the circuit to a stable

]

state is also by the same sequence of signals‘'as in a fixed sample

measurement.

4.4 Moment Cenerator

L ’ ’ ’ ~raid
The moment generator 1s responsible for the generating of higher

L4

order moment,s from a dlgltal sample and its sign. ,Its central building

block is an elght bit 51gned two's complement bipolar multiplier9 that is

capable of produc1ng a flfteen b1t 51gned twe s complement product in -

- 4

150 ns. Slnce the dlgltal sample is a nine bit sign and magnitude number,

it has to be converted into its two's complement and truncated to eight

D

b1ts before it can be fed to the multlgéxer and the product at the output

of the multib{;er has to*be alsn truncated to eight bit to be fed back
to the multiplier S0 tha:”the hlgh;r ordcr moments can be produced.

The trunqgtlon has* ‘reduced th; accuracy of the moments except.in the
£ase of the first moment Ln“m%:ch;the nine bit two's complement number

- a2

converted from the sample i§,pws§ed\directly to the multiplexing

-

1

accumulator. This is made possible #ith the tri-state outputs of 'the
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s

multiplier by attaching to them a set of nine tri-state drivers through

which the first moment canbe passed to the multiplrxing accumulator,.

.

The MOE/ signal from the process(sequence} is specially designed to

»

control this, It disables the multiplier outputs and enables the drivers
during the time the first moment is accumulated. Summarized in figure

4.10 is a circuit of the moment genérator.

The digital sample S7 through SP from the sampling circuit is

in complemented form. If the sign of the sample is positive as indicated

by line SS being low, it hasfto. be compleménted before it can be passed

_with the sign SS through the tri-state drivers to the multiplexing”

-

accumulator. This is achiéved by paséing it first throhgh a pass/coﬁplement
element made up of two 74H87s which complemen}s the ;ample when the liné .
SS is iqu Otherwise the sample is tréated as negatiQe and is passed
directly to the drivers. The ihcremgnting of the negative.sampie“by one

to form the t#a's comblement is done at the multiplexing accumulator by
presentigg a o;e’to,its carry input C§ through line TP at the time the
sample i; accumulated. By;feeding‘the most significant seven bits from

the pass/;omplement element and the sign SS to an eiéht bif adder that

has been wired in such a way that only when the sign is negative a one

i§ appended before the seven’bits and the :hole is incremented by one,

an eﬁght Bit two's complement Qersion sf the samﬁle is obtained. It is_ .
presented td.{he X inputs of the multiplier and is latched ig by the

rising edge of Tl. The other eightfbit two's complement number is‘'presented
to the Y inputs of thg multiplier by.fhe trdncation circuit at the output

- v

of multiplier which truncates the nine bit_first moment and fifteen bit

»

second and third moments to.éight bits. They are latthed into the

multiplier with the rising edges of T1/,.T2/ and 'T3/ respectiley'so that

b

.
iy SRS,
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the latching always occurs about 100 ns after the moments Tre available

on lines MS and M7 through Mp to allow for the settling time of the’
tri-state outputs‘and(prgéagation delay t#rough the t%unca&ibn circuit.
Th; higher ordef moments produced by the multiplier are latched to iﬁs
outputs by the rising edges of T2, T3 and T4 during the time the output
of the multiplier is enabled by tﬂe MOE/ line. |

- The truncation circuit is resansiblq for the supply of an eight

bit two's complement number to the Y inputs oF‘the multiplier and a nine

" bit two's complement number to the multiplexing accumulator from the

output of the multiplier or the tri-state drivers: The circuit is dépicted

in figﬁre_ﬁ.ll. When the MOE/ line is low, the first momént is passed.to
lines MS and M9 thréugh M7 by the tri-state d?ivers. If'Mé is high,

the moment is negative and the combination of MS and inverted MOE/ forces
TP high, which 'is then ddded to the multiplexing ac;umulétor through its

CP input to give an equivalent two's complement adding. - The féedback of

an eight bit twols complement number to the Y inputs of the multipler is
- - . N “
through an eight bit addet which performs the .same operation on the most

significant seven bits M7 to Ml as the one preceding the X iﬁputs éﬁcépt
that the adding of one to the truncated value through Bf is controlled

by the éame‘combination that forces TP to -a oge.

] : . o _ )
When the MOE/ line is high, a fifteen bit product -is available

from the multiplier. If it is negative, the truncation is done with an°®

° N

algorithm which increments the truncated Vqlue Ly one if any of the bits
4

that have been truncated is a one. This.is based on the fact that the

only case that a one can propagate to' the least significant bit of the

trunca;éd value during a two's complement to signed magnitude conversion . -

before the truncation is when the truncated bits are all. zeros. ‘Any

~
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truncation besides this resembles a truncation of a oné's complement

. number and requires a one to .be added to the least significant bit to
form the two's complement. In the truncation circuit, the truncation to
ﬁiﬁe bits is done by ORing the least s;gnificent six bits of the producf -
from the multiplier and forces TP to high to add one at the multinlexing =

‘accumulator if MS, MOE/ and &%ﬁ,result of the ORlng are all high. For/

the truncation to elght bits to be fed to the Y 1nputs, the least ; ;

significant seven bits of the product are ORed and then comblned.w1th MS . T3

and MOE/ to supply a one to the CP input of the adder to be added to the
| .

‘truncated eight bit number. In all cases if the numbethe be truncated is
positive; MS is low and TP and-the, inputs to C§ and‘BQ are forced low, -
which means the truncation is simply done by dropping the desired number

of bits. ' ., ‘

Abcordlng to the timing 51gnals that control the moment generator,

A %

each of the first three moments appears succe551vely as a nine bit.two's

-

complement number at the inputs to the multiplexing accumulator fok SOO ns

. after thk counter in the process sequencer is triggered to start a new

‘cycle. _ The fourth moment follows but remalns until the next processing
l ) i «

cycle is triggered. ' ‘

4.5 Multiplexing Accumulator ] . ' . ' 3

The part of the mult1p1ex1ng accumulator for accumulat1ng the

first moment. is; shown in flgure 4.12.- During the First ‘500 ns of a \‘ T
C .

proégssing cycle, the first moment is presented'to_the A inputs of the \

sixteen bit adder-and exténded to sixteen.bits by feeding MS to the J
most significant eight bit_inputs of the adder. At the peginning of this

500 ns period, the outputs of the sixteen bit- tri-state latch formed by

' 1
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‘tw0‘82127 eight bit latches at the output of" the adder are enabled by
Tl/lthrough the DS2 iﬁput‘for 100 ns. Since there is a delay of S50 ns

. befare the data is valid .on the internai bus, the rising edge of T1/

thr&ugh the 7420 and an inverter can be used to clock the data into another

sixﬂeen bit latch formed by two 74273 octal D-type latches the outputs of -

1 .
whloh are fed to the B 1nputs of the adder to be added to the 1ncom1ng

samﬁleu The outputs of the addér are latched back into the sixteen b1t
tri-state latch at the end of the 500 ns by the rising edge of Sl/ that
drives the STB inp&t‘ef the latch, thus completingvthe accumuiatiom. At
‘the 128th‘samgle, the same sequence is repeated except that 01/ also |
enables the output of the tri-state latch during the lest 200 ns as it

" coincides with S1/ and 1atehes wité its rising edge the inverted version
of the data on thevinternal bus into two‘82125 that are acting as bus .
latche; for transferring the data to the microprocessor. ‘Such latching
is meae\possible Qy the special chazacteristie of‘the 8212 latch that
the outputs of its eight 1nterna1 D- type latches follow the 1nputs\when
‘the STB input is high and. the latchlng occurs at the falllng edge. The‘
inversion -before the{bus latches i3 to compensate for_gbe negative data

&

structure of the SBC ‘bus. ' ¢
. "

Each of these: bus .latches represénts an upique read-only memory a

location that can be accessed by the microprocessor as their outputs are
tied to the data lines of the SBC bus. . Both STBP/ and STB4/ signals
coming from the bus interface logics are for enabling the latches and

together with theaMRDC/ signal, the most 51gn1f1cant or least significant

v

part of the partial accumulat1on can be presented to the SBC bus and

H
'~

plcked up by the m1croprocessor. For the other moments, three other sets

of sixteen bit tri-state latches.are connected between the outputs of

L T o L

i KRR s
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the addér and the internal bus for accumdlé\ing them and three corresponding
set; of bus latches are connected to the output of the sixteen inverters

to act as bus interfaces to the SBC bus. Signals T2/, SZ/ and 02/ are ¢
used for clocking the accumulatlon of the second moment and the rest

follow. After the part;al accumulatién of the fourth moment haslbgen

Lo - .o
\ transferred to the bus latches at the 128th accumulation, all tri-state,

N

; iatches and the feedback latch are clearég so that another 128 accumulations

'can begin at the next.processing cycle. This is repeatdd until the end

of the measurement.

\*whs..._h/_-\“
The multiplexing accumulator 'is a very efficient design that is

Sy # el AANAS

capable of coﬁpleting the accumulation.of four moments iﬁ 2 pys_with 500 ns
being devoted to each moment . However, this is not its speed limit for
"a sixteen bit addition can be completéd by ‘the 7483 adders within 150 ns,
which makes it‘pos§ible to reduce the processing time fo 1 us for four
. + moments. It also implies that'the sampling }reduepcy can be upgraded ta
1 Mz if such sampling devices are available., Tighter timinénrequirements‘

"t

are necessary in this case.

4.6 Microprocessor Bus Interface

To the HicrOproceséor, the.iﬁstrument appears as a set of eight
,reéd-only memory locations from which the partial accumulations are piéked
up; and eight I/O"ports through which a measurement is éontrolled. The
. reason for this Eonfiguration‘is that the partiaf accumulations are i
: alY?YS fetched by the microprocessor in sequential order gnd the indirect 5
meﬁdry“addressing mode of the microérbcéssé} iknﬁost.éfficient in handling ”uﬁ

, this sort of fetch. On the order hand, the I/G parts are randomly accessed
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‘by the operating system before and during a-measurement, which makes a

memory-mapped I1/0 scheme comparatively slower and involves more software.
Under such considerations; a combination of the two is found to be
optimal. The circuit for such an’interface is shown in figure 4.13.

;. The addresses of the bus latches for tempogaryhstorage of the

partia%;?ccumulations range f;om FFF8 to FFFF, with the lowest address

for the least significant parf of the first moment‘and the next address
for the most significant part. Thus the enable slgnals for the latches
are obtained bf-ANDing$the most significan; thirteen bits of the address
bus and using the result to enable a 74155 demultiplexer which is wired
to ace as a three line to eight line decoder for decoding the least .

significant three bits of an address into .eight enable signéls STBp/

through STB7/. The result of the thirteen bit ANDing is also combined

) with the MRDC/ command from the microprocessor to produce the AACK/ signal

which notifies the SBC 80/10 CPU that the data is ready.

AN

Two 1/0 enable signals PPIlgN/ and PIT EN/ are drived from the

‘least‘signifiéant eighf bits of the addréss bus and are combined with the

IORC/ or IOWC/ 51gnals to produce the AACK/ s1gPal necessary for a data
transfer Since the SBC data bus is negatlve true and the PPI and PIT

requ1re true data, an 1nvert1ng bus transcelver formed by two 8226

>

1nvert1ng tr1 state, bus drlvers is’ employed to prov1de b1d1rectlepal

“

t
1nvert1ng buffer1ng - This transceiver can be.enabled by either I/O enable

51gnals and the direttion of the data flow is controlled by the IORC/
sxgnal whlch only passes data from the PPI or PIT to the SBC bus when it
is low. Addresses of the PIT and PPI start from F8 and end at FF.

" The design of the interface circuit is based on the assumption

that, the periphergl chips are fast enough pp_respond-@ﬁring a read/write

.
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cycle of the microprocessor so that no wait state has to be inserted,
Thus the AACK/ signal is returned to-the CPU as $oon as the address on
the address bus is stable in case of an access. This is justified by

the fact that all peripheral chips used are INTEL products, designed

specifically for appl

[

-

(cations in 8080 microprocessor systems.



Chapter S ,

Software Design

5.1 Introduction

For the ease of design and understanding, the OS has been partitioned

iﬁto four major parts so that step by step development of software can

be carriedrout. In order to avoid unnecessary confusions during the
course of the desién, it is also essential that the data structure'of the
systeﬁ is'clea;ly defined. In this chapter, the data structure of’the

system is first presented and this is followed by descriptions of each of

the . four major parts of the 0S. Appropriate flowcharts are inserted

wherever necessary to aid in understanding the flow of control and transfer

of data. The software listing is not appended to this thesis, it is

‘available in the operating manual.specially written for this instrument:
\

5.2 Data Structure

~ . *

The nine bit signed kwo's complement moments produced from each
sample érg accumulated for 128 samples before the partial accumulations
are fed to thé‘computer. For a maximum of 104 samples each of ;he result
registers in the computer requires a length of 23 bits to guard against

an overflow. Four three-byte registers are assigned for this purpose.

At the end of a measurement, each accumulated moment is normalized to

70 =
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a two-byte fraction by dividing by the number of 5amples. This fraction
is further converted into a four digit BCD (Binary Coded Decimal) fractjiodn
suitable(for dispiay. The standard deviaf;on and r.m.s. values”are
similarly treated. Since four BCD digits can be stored in two-bytes /jof
momory; a total of twelve two;bytgﬁiegisters are required. Another/ four
two-byte regist;rs.are alsbgreséﬁbud for the number of.samples ané the

/
sampling rate, which allow a range of 0 to 9999 for both and for the
v

3
k
3
period, two four-byte registers are used to store the product and its
i ) ) BCD equivalence. The sign associated with the first and third moment i

isolated and stored as corresponding display character in a,éﬁb'byte

location before the moments are normalized.
The 0S also fequired eight bytes of momory as a sératch pad duri
the, conversion of the results from,Binary to BCD digits. This adds up
to a total of 62 bytes of RAM, excluding those used by the gisplay interrupt
service routine. A register map is'shown in table S;l. Twenty-two ’

subroutines are called by the 0S, a brief description of them is given

[N
AN

below. ,
BCDQIN17: conJErts a two-byte (four diéitga BCD number pointed

by (DE) into a two-byte bipary number in (HL). 1t is
based on a procedure that isolates each digit and
performs nested{multiplication\in binary aritlmetic to
productsthe binary equivalence in (HL).

" BINBCD1 : converts a two-byte binary number pointed by (DE) into ‘
a two-byte (four digits) BCD number in locations point;d

. 8 ‘
bx (HL). A shift apnd decimal adjsut method1 is used

and no ovérflowfyill occur as the BCD number is

limited to 9999.
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- REGISTER MAP OF INSTRUMENT .
ADDRESS. PURPOSE
| 3C1p - 3C17 Scratch Pad
L 3pgp - 3DP2 First Moment
P 3D#3 - 3DS’ Second Moment
4 - 3Dp6 - 3Dp8 _ Third Moment
| 3009 - 3DPB Fourth Moment
- 3D@C -- 3DPD Normalized First-Moment
3DPE - 3DPF BCD Equivalence Moment
+3D1¢ - 3D11 Normalized Second Moment
3D12 - -3D13 . BCD Equivalence  Moment
3014 -.3D1S *. Normalized Third Moment
3D16 - 3D17 " BCD Equ1valqnce«Moment v
3D18 --3D19 Normalized Fourth Moment
3DIA - 3DIB BCD Equivalence Momént R
. 3DIC Sign of Odd Moments )
3D1D Flag for Strobingslast Part
‘ of Partial Accumulations
3D2p - 3b21 SamplingaRate .. “
3D22 -~ 3D23 BCD Equivalence Sampllng Rate
3D24 - 3D25 Number of Samples T
3D26 - 3D27 BCD Equ1va1ence Number of Samples i
3D3p - 3D33 ) riod’ Lo
3D34 - 3D37 Béb Equivalence Period "
- 3D3A - 3D3B Standard Deviation P
3D3C - 3D3D BCD. Equivalence Standard Deviation '
3D3E - 3D3F R.M.S.. , o .
3D4g - 3Dd1 BCD Equivalence R.M.S. ' ‘ '
. ‘ - ’ i
RN i’
. .
b
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> o mten

PPN [ SRR e
. .




.
-

.

BINBCD2 :

~ BLANK -

BUMP

" BUMPD

DBYT

DISB

- DISF1

-

-

B e i -
locations pofﬁted by (DE).

moment is in (HL).

<
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performs the same operation as in BINBCD1 except that

a four-byte binary number is converted-into a four-byte

1

(eight digits) BCD number.

:* blanks.the display by filling the display ﬁuffer with

the blank character FF.
takes a display character in (A) and displaceé four

successive display characters in the display buffer
¢

pointed by (HL) by one charaéter to the left, The ~

leftmost character is lost. For example, if the

*

display buffer Eontains f5F49}_and (A) contains {7} ,
tﬁen'after this éﬂpro;ting is called ;he contents of
the display buffer b_ecome"{mm}.

takes é BCD digit in the lower ordgq'four bits of (é)
and displaces ‘the two-byte (fquridigits) BCD number

pointed by (HL) by one digit. The procedure is

similar.to that of BUMP and the leftmost digit is‘dropped.£<ﬁaw .

converts the tiwo BCD digits in (A)vihto,dfsplay

characters and:stores-them-;n successive disbléy-buffer

.

displays a. two-byte BCD number pointed b} (HL) by
converting the digits*¥;to\displhy'characters and
s?oring them iA successive display buffer locagioné K
%?létEd by FDFLQ% h .
displays ar odd moment with label in* (A). 'The*sign ‘
of* the moment'is ai§o taken froq lecafipn 3D1¢ and‘ '

put before ‘the displayek valve. Pointer to the
N L Y . ! ‘

| *»

i i
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displays an even moment with label'in (A). Pointer
to the moment is in (HL).
divides a three-byte number pointed by (BC) by the

two-byte number in (HL). 'The result produced by the

" non-restoring algorithm used is returned in.(DE).

displays the current sampling rate ip the BCD

-sampling~ra§é registér with a label.
Q'%.spl.ays the current va;ue of the BCD éumber-of-sample;

i ;register.witﬁ a label.
first storés the sixteen bit fraction in [DEj into the .

: register pointed.by (BC) and then converts ihé fraction
in (DE) 1nto a four digit BCD fractlon and stores it in

the register po1nted by (HL).. The conversion is done

by multiplying the fraction by 10000 and converting
tﬁeﬁinteger part of the result into a four digit BCD

nunber which is the desired BCD fraction.

: gets a key éntry from the Prompt 80 keyboard, debounces
it and converts it into a key position number in-.(E) and
" the corresponding.display character, in (A).~

: transfers the accumdlated moment poihted‘by (BC) to.

a scfatch pad p01nted by (DE) and d1V1des it by the
value in (HL)x The result is returned in (EE)

multiplies_two two-Byte numbers in (BC) and (DE).

- The four-byte result is. returned in (DE) -through (HL).

i, sets the ,number-of-samples counter with the value in

" . the binary

/

number-of-samples register.
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ROT . : transfers a BCD digit in the lower half of (E) into
' a byte pointed by (HL) and displaces one digit out.

The digit displaced is held in the lower half of (B)..

SPLIT : splits the content of the byte pointed by (DE) into
fwé bytes and stores in- scratch pad p;intgd‘by gBC).'

SQRT19 ¢ calcualtes the square root of thé numfer in CHL) and
returns the resulﬁjin (BC). The algorithm used is the
common double shift procedure.

SRC : sets the saﬁpling-rate counter w;th the value in the

binary sampling-rate register.

5.3 1Initialization Phase

This part of the 0S is only executed when control is first

transferred from the Prompt 80 monitor: It starts with disabling inter-

rupt and sets the hardware control PPI to mode O with ports A and C as

outputs and port B as input. The, stack pointer is then defined and all

A

‘hardware is reset. Counting modes for the three counters in the PIT

are set and the counters are loaded with their default values. Counter

. 0 acts-as the sampling-rate counter [and is loaded with the 3 us déﬁéult

rate., Counter 1 is set to interrupt at termindl count and is loaded with -

N .
4- .
the maximum count of 10 for a one-cycle measurement Counter 2 is

f1xed w1th a rate count of 128 .for settlng the sample-ready latch. All

Qregisters are cleared and the display is filled Wwith blank characters.

Interrupt and dlsplay are flnally enabled and the two leftmost LEDs at

port E8 of PPI2 are.lit to mark the end of thlS phase before control is

passed to the next phase. )

Fhdsin, AR phrets

. - ; N . ez, . rv—————
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A command loop keeps checklng for a keyboard entry wh1ch causes the 0S

monitor. . . . ' . . \'

]‘ . “ . . . ( \ 76!’-

A

Three routines are.called by the 0S, “one blanks the display‘and
others are for setting the sampling-rate counter and the number-of-sanples
ceunter. The names of ‘these routines are listed with the flowchart in

figure 5.2,

5.4 Parameter Acquisition Phase

) 3 .
- ' o .
This is the part of the 0S which requires most user .interaction. '

to perform'one‘of the four functions - display and,set new samp;ing rate,

display and set number of samples, set to one cycle measurement or start

a measurement. Included in each of the first two procedures‘is a data

entry 1oop whlch allows decimal data - entrles to overrlde any previously

set values, All key entries are 1nput via the KI routxne of the Prompt 80

When ‘the Display and Set Sampling-Rate key is pressed, the 0S

LR A L TRl

decodes the key and.prancﬁes to display the present value in the BCD
sampling-rate regisce;.“%hie is done by calling the.DBYT routine twice
witn the pointer in the DE registere pointing to buffer locations 3FF7
énd‘SFFQ. Af;er the display is done, the 68>enters the data entry loop

to accept decimal daﬁa.‘/ﬁacn‘key entry ié_cnecked pq\exciude eut;qf-range

data and.each legal entry is psed to update the contents of tﬁe BCD

'sampling-rate register and the display by one digit. The loop terminates

t

whén'%he Continue keylis de;ected'and the BCDlvalue’in'the BCD sémnling- .

P

rate reg;ster 1s convertqd into binary and stored 1n the blnary sampllng-

oA

rate reglster, this content 1( then used by the SRC routine to set the o s
sampling-rate counter.‘ The command loop is flnally re-entéred after the

L
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display is blanked. Similar actions are invoked when the'bisplay and

Set Number-of-Samples key is Ppressed. ¢

The One Cycle Measurement keygp4uses the BCD number of sémples

6

register to be displayed after it has been set to zero. This verifies
that the command has been executed and pressing the Continde Key again
causes the display to be blanked and 4 branch back to the command loop.

The only exit from the comman& loop is by Way of pre551ng th§ %}art

—

Measurement key which initiates the 0S to.set all necessary software and

-

hardware loglcs for a meisurement ' ’

- The number-of-samples counter is first checked to identify\ﬂu{

i

- mode of measurement and the corresponding hardwaré control line is set

through the control PPI. Slnce tﬁe 'sampling rate has to be at least

N

3 us, it is also checked and a branch back to the Dlsplay and Set Sampling-
. , I

* Rate loop occurs if an illegal value is found. The flag qor strobing in

i

A}

the last part of the partial accumulations is cleared and the display is

‘disabled before the Start/Stop line at the control'PPI is set. Finally,

all the LEDs at port E8 of PPI2 are lit to indicaﬁe that cSntrSl has been
passed to the measurément phase.

. Nine routﬁres are calledoﬁn this segmeﬁt of the 0S. These include
the three that have been described im the previqy§“section and thé KI-
routine for keyboard entry. Otherssare for displaying the counter
registers and altering the registgrs and the display after a decimal key
entry. A BCD to binary coﬁversion rodtrne is also required fqr convertiﬁg
the_valqp iﬂ a BCD counter reg%ster to binary and store in the-binary
régister before the correspondingbcounter is Eet. The flowcharts for
the command loop and the data entry loop are shown in figures 5 3 and 5.4,

*

New deflnltlons for the‘keyboard are shown 1P table 5.5. -

- o,
'
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Table 5.5 KEY DEFINITIONS FOR INSTRUMENT
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PROMPT 80 ORIGINAL

| "RECOGNIZED BY 0S

T OCI oD O 0~ UTH KRN~

SCROLL
SINGLE STEP
EXAM. REG.
GO

DISPLAY MEM.
PREVIQUS
NEXT
EXECUTE

Decimal
Decimal.
Decimal
Decimal
Decimal .
Decimal,
Decimal
Decimal
Decimal
Dec¢imal
Display
Display

' Display

Display

. ~Display

Display
» Jump Bac
One Cycl

\z’-’j '

WO W!E RN —O

First Moment

Second Moment

Third Moment

Fourth Moment .
Standard Deviation '
R.M.S.

k to Parameter Acquisition Loop
e Measurement

s gt R Fes

b tal et

_Display and Set Sampling\Rate
System Reset
Display and Set No. of Samples
Display Period
Continue

- Start Measurement

A
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.5.5 " Measurement Phase

After the Start/Stop line is set, the stafting addresses of the
partiai accumulation bus latches and. the result registers are sét up in
two of the sixteen bit reéisper pairs in the CPU. Other necessary
constants are also sté;ed in the'CﬁU registers before the bS enters a *
loop whiéh keeps checking the sample ready latch.' It exists éhe loop
when the sample ready signal is detected, disables interrubt and resets
the sample ready latch before picking up the partial accumulations. After
5the partial accumulations are processed, inferrupt is enabled and a branch
back to the checking loop occurs. |This sequence is repea@ed until the 0S
is interrupted by the hardware when the measurement has te?min;ted or

an overflow in number of samples has occurred.

\

Upon an interrupt, program control is vectgred to ad&ress pp38

- where a branch to the Prompt 80 central interrupt service routine is

4. T . . TN .
executed. At the beginning of this routine a jump instruction to location

p7BY has been inserted. This causes a block of nine additional instructions

*

to be executed before control is passed back to the central interrupt
. w
service routine. The purpose of this is to check the end of méasurement

line at port FD of the control PPI to see if the interrupt is originating
. 5 o
from the instrument. A jump to the instrument's interrupt service
section oécu}s instead of branching g%ck to the central interrupt. service
roﬁtine=if‘this ling is found set. \ .
Wﬁen the intérrupf service section is éptereg,'the Start/Stop line
3 - .

is reset to stop the hardware functions. The overflow flag is then checked

to see if an overflow has occurred. A branch to the Prompt 80 error routine
~r

which causes therwdrd 'ERROR' to be displayed is executed if it is found'

+ BRIy oa - a PUREF PN L PPN . Sl

PN
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true. ' The sample ready flag is also checked\to see if there is a set of
~accumixlations just trangferred to the bus latches and a return is executed
to re-enter the partial accumulation pjck-up loop to pick up this last
set: Since the interrupt request latch of the instruﬁeqt is not reset,
épother interrupt o;curs when thé enable interrupt instruction is executed
at the end of loop. This time the sample ready latch is not set and the
co;trol pésSes to the next part which checks if the final accumulations

in the mgltiﬁlexed accumulator have been strobed to the bus latches and
picked up. Location SDlD is a flag-for this purpose. Ié is reset before
this phése is ?ntered ;nd indicates that this last pQ{f has not been
attended to. The flag is set before thé accumulations are strobed to

the bus latches through the control PPI. A return is again executed to
pick them up and at the end when interrupt occurs, the set flag detected

Y

causes the above procedures to be skipped.

After all the accumulations in the haran;e have been picked ‘up
and processed, allnharanre except tﬁe counters-are reset with the reseg
line through the control PPI. If the measurement is for one cycle of
the inﬁut signal, the number of samples i§ obtained by subtracting the
count in the number 6f sample counter }rom 104 since the counter has been
loaded with 10% before the measurcment and works in a down-count mode. Thee
result is stored in the number-of—sgmplcs register 5nd also converted
into BCD in the corresponding BCD register. This mﬁrk§ the end of the

' . N ¢ S
measurement phase and all processing thereafter has no interaction with

the hardware except the display and keyboard assembly.

O e

o b s ey
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No subroutine is called during the execution of this phase except
for the conversion of the number-of-samples to BCD so as to minimize ‘the
amount of time required by the software. The only complicatibn is found
in the multiple interrupt returns which are designed to avoid duplication i
of software required by different parts of the 0OS in the picking up of
the partial accumulations from the ﬁus latches, To aid in thé understanding
of this particualr structure, two flowcharts are provided in figures F
S.6 and 5.7 wﬁich describe the partial accumulation pick-up loop and the

. interrupt service procedures.

5.5 Result Pracessing and Display Phase - »

This phase of the 0S can be further sub-dividaﬂ into two pérts.

P R e T

One governs the generating of siatistical results from the accumulated
moments and f&rmats them to be displayed. The other controls the display
by monitoring keyboard commands and digplays the requested results
accordingiy.t Since there are a total of ele;en possible commands, a branch
table is used instead of a command loop for making branch decisions as

the latter requires more memory space fo? implementation. Subroutines

-

are used very extensively in both parts to avoid all possible software
, 1

duplications -and this makes it possible to pack all processing functions

R e 3

A

into 370 bytes of software.

e,

The period is first calcualted by multiplying the sampling rate

na,

by the number of samples, both being sixteen bit binary pumbers. A
thirty-two bit binary number results and this is further converted into
an eight digit BCD number suitable for display. Both numbers are then

stored in corresponding period registers. Polarity of the odd moments

is checked and a display character corresponding to a negative sign is

PR §
-y
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stored in the sign register if they are found negative, otherwise this
register is filled b} a blank character. The four moments are normali:eh

by dividing the absolute value of the accumulated moments by the number

of samples usiné a 24 by 16 bit non-restoring division routine. A sixteen

bit fraction results in gach case and is converted into a four digit

BCD fraction by first multiplying by 101 and then converting the integer

part fo‘a four digit BCD number. This number is the required fraction ;
suitable feor display and all resulting nﬁmbers are stored in co{responding
registers.

From the normalized first and second moment, the standard deviation ’

A

is obtained by square-rooting the difference betwéen the second moment
and the ‘square of the first moment, in which}caée thq:squaring is doqe
{

by self-hultip;ying apd the square-rooting by the commbn double shift
procedure. The root mean square is also calculated by square-rooting the
secon? moment. Each process results in a sixteén fraction and is treated
similarly as in the. case of the normalized méments. A subroutine called
FIX is written to do the fraction conversion and is shared by all six
processes. After all the calculations and conversions are done, display
and interrupt are enabled and the two right most LEDs at port E8 are lit
to indicate that the results are read} to be displayed.

The second part begins with an unconditional branch to display
the first moment with its lébel. When this is done, the keyboard is
scanned for an entry which is then screened to exclude out-of-range
commands. Upon a legal command, the key position value in the E register

-
is used to obtain the location of a jump address in the jump table. This

jump address is loaded into the HL registers and passed to the program

counter to force an unconditional branch after the display is blanked.
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Of the eleven-possible branches, nirnc are for displaying the calculated
results and the rest are used for exiting this final phase. One goes
back to the parameter acquisition loop with the accumulated moments
cleared so that another measurement can be started and the other jumps to
the beginning of'the initialization phase to resét the system completely.

Every one of the display functions bfanched to causes the desired .
value to be displayed in its appropriate format on the right haﬁd seven
segment LED display with a corresponding label on the left hand display.
All statistical results are displayed as four digit BCD fractions and .
the rgst are pure integers with eight digits for the period and four .
digits each for the sémpling rate and the number of samples. The procedures
followed by each display function are similar, requiring only the values
in the corresponding BCD registers to be converted into display characters
and transferred with a label to designated addresses in the display
buffer. Two subroutines are designed for.displaying the fractions; both

M e

include the turning on gf a decimal point before the displayed number

to indicate that it is a fraction and one also displays a minus sign. .

before the odd moments. For the integer display functions, the Prompt 80
§

supplied routine DBYT is used in succession to cope with the multiple digits.

After a display function has beeﬁ executed, the écanning of the
keyboard resumes until another legal command i; detected and causes a
branch. This goes on untilione of the exit commands is encountered on
the system is switched off. The.activitiqs in this phase are summarized

in the flowcharts in figures 5.8 and 5.9.
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Chapter 6 ’

Conclusions

6.1 Accuracy of the Instrument

v

. . N .
- The instrument implemented demonstrates accuracies comparable to

2, 3, 4 in the measuring of all four moments of DC

all previous designs
and AC test signals of various amplitudes. 1In all Cases the error in the
fourth momeit is within 1% of full scale based on the average of five

consecutive measurements with the maximum samplingsrate of 3 us. The

-

‘moments in DC measurements are ‘obtained for a sample size of 5000 and

since even for indentical inpi¥ signng, the last,two‘digits of* the first
and second moments fluctuate slightly due to errors in the ADC, the
averaging is necessary. AC measurcmehts are conducted with both sine
waves and triangular waves at a nominallfrequency.of.lbo Hz so that a
reasonably-igrgé sample size can be achieved. Tﬂe test regﬁiis are
cpmpared‘with the theogetical values in tables 6.1 tqQ 6.3.

Thg readiﬁgs from a Fluke 8100A20 digital multimeter ménitoring
the input to the instrument are used as reference in the tables. During
DC measurements, its DC range provides instant digital readouts of the
DC input levels with which'the variable power supply supplying the DC
in;ut signals can be adjusted to obtain the desired outputs. Similarly,

the AC range of the multimeter is employed iquC measurements to produce

.s. readouts of the AC input signals from a signal generator except
- KA . .

¢
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Tahle 6.1 DC TEST RESULTS

[ <

A

) Dé M1 M2 ——M§j7 \\MZ”‘\\~_____::
Reading Exact . Measured E>xact X Meas'ureq Exact . Measured. Exact Measurgd \
0.1000 0.1000 0.0990 | 0.0100° 0.0078 0.0010 0.0000 - | 0.0001 0.0000
0.2000 | 0.2000 0.1998 0.0400 0.0358 0.0080 0.p045 |" 0.0016 0.00000
0.3000 0.3000 0.3016 - 0.0900 0.0869 0.0270 ,10f02;;\> ;0081 0.0039
0.49@0 "0.4000 > 0.4022 0.1600 0.1563 0.0640 (;.058.7 0.0256 0.0196
\‘855600 0.5Q00 ° 0.4959 0.2500 0.2463 0.1250 0.1213 .0625"° 0?0592
0.6000 0.6000 0.6031 0.3600 0.3587 o.zﬁ%B 0.2142 0.1296 0.1244
0.7000 0.7000 0.7034 0.4900 ' 0.4913 0.3430 | . 0.3416 0.2401 0.2368
0.8000 | 0.8000 0.8051 0.6400 0.6432 0.5120 6.5108 0.4096 | - 0.4053
0.9000 0.9000 0.9043 0.8100 “0.8132 - 0.7290 0.7331 0.6561 |. .0.6593

-

fol

% : . v
. (A1l ermalized,to 10v) -~
. Lo
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Table 6.2

%

SINE WAVE TEST RESULTS
s (All values normalized to 10V)
i i\/[ v
AC ,( Measured : - Measur®dd
Reading .| ' P P2/2 M2 3Ph/8 M4
! \
0.1404 0.1336\ 0.0197 0.0098 0.0006 | 0.0000
{
N 25
0.2878 0.4070 "0.70828 0.0727 0.0103 0.0072
0.4283 0.6057- 0.1834 0.175S5 ©0.0505 0.0462
0.5759 0.8144 0.3316 0.3279 0.1650 0.1613
0.7102 1.0044 0.5044 L.SOO4 0.3816 0.3781
Table 6.3 TRIANGULAR WAVEQ%EST RESULTS
(All values normalized to 10V)
AC Measured Measured
Reading p P2/3 M2 P4/s M4
0.1142 0.2056 0.0141 0.0061 0.0004 0.0000
0.2286 0.4116 0.0565 0.0446 0.0057 0.0033
0.3397 0.6117 0.1247 0.1138 0.0280 -0.0244
0.4532 0.8161 0.2220 0.2149 0.0887 0.0848
" .0.5601 1.0086 0.3391 0.3351 0.2069 0.2049
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that the input amplitudes are roughly adjusted with the aid of an
) fol
oscilloscope. Since the multimeter uses the average value of rectified

AC signals to generate r.m.s. readings and is only calibrated for sine
wave measuremegnts,’ the readiﬁgs obtained in measuring triangular waves
»
have to be scaled down by a factor of 1.11 to give the average of the —
o . < .
rectified triangular wave from which the peak and the r.m.s. values can

s
be calculated. For -a sine wave, the relations between the peak value P

and the sccond and fourth moments are given by P?/Z and 3P“/8 respectively.

'

The corresponding values for a triangular wave arc P2/3 and P%/5. From
the readings on thc‘AC,range of multimeter, the peak values of the input
sine or triangular wave can be calculated by using the fact that the
average values of a rectified sine wave and a rectified triangular wave
are 2P/m and P/2 respectively. Once the peak values are determined,

the second and fourth moments can be obtained by the relations mentioned

earlier. The theoretical values in tables 6.2, and 6.3 are all based on

these calculations.

-

According to the specifications of the ADC82AG ADC, a total
accuracy error of *1 LSB is possible at full scale, which means a maximum
full scale crror of *0.4% for the first moment. This includes thé effects

o
of gain error, offset error, linearity crror, differential linear error
and power supply sensitivity. For the high order moments, the ceffect of
truncating one bit of a nine bit two's complement number in the moment
generator becomes very significant, especially when the shmple values
are small. This truncation adds 0.4% of uncertainty to tle truncated
number and since two such numbers are required to produce a higher order‘

moment, an additional error of 0.8% at full scale has to be added for

each increase in order of the moments from the first. Thus the naximum
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error in the fourth moment is 2.8% at full scale and this value only

A
appears when all truncated bits in the above process are ones. .

With the major sources of error in the instrument identified and

7

the values of each individu4l error estimated, various changes can be
/

. !
made to improve sits accuracy. These are presented as suggested further

development in ghe next section. ‘
3\
S -
) /

6.2 Suggested Furéher Development
//T )

The instruﬁcnt implemented may lack the desired accuracy in some
applications. In situhijons where more accurate higher order moments are
necessary, the error in %hese moments can be immediately halved if an
eight bit unsigned multipiier is available and substituted into the
moment generator. The truncation c1rcu{t can then be completely‘elimihated
since the products from the multiplier are straight binary numbers and
can be truncated by simpl& dropping the desired number of bits. A block
diagram of the suggested new structure of the moment generator is shown
in figure 6.4. The sign generator is for inserting a one at both lines
MS and T@ during the times when the first and third moments are accumulated
if the sample is negative.

Any further improvement 1n the overall accuracy of the instrument
requires an increase ?n the word-length of all processes., The next logical
step 1s to increase the quantization to twelve bits, which reduces the
quantization uncertainty to t0.012% of full scale. Frror 1in the first
moment is then dominated by the linearity error of the analog c1rcTitry,
which can be suppressed sufficiently by employing a better c1rcdit or more

carefully trimming of the resistors.' A twelve bit multiplier has to be

used to produce the higher order moments with the same truncation process



-

et b

3
' ) MS
SS B P Si n - .
Eo e e e
ator
. [ e
. r Tri State
}‘““T' ! Drivers .
) ’ '
i
. ] ‘
| | ’
/:,, 8 B T e 8
| Multiplier
l > .
—_— I s
| 11 o ;
1 i
. 8 ! L 8" 8 8 ] 8 ‘8
Sp-S7 Set of ' L . | Pass or .
8 Inverters ’ T X Inputs Outputs . Complement ,"
- ’ : Elements .- .
- ~
-— \/\\
Y Inputs -
, 1
- 8
' ———t -
bd ‘
Figure 6.4 IMPROVED MOMENT GENERATOR . - '
' 3
- i
- 2 *. ~ ld - 7

B
A 2t P s A% SLBNRD, ot BB E e B v P Tttt o NS e

a wm 0n S e e mrung

Rl P ERNTISIE PP ATESIRPRTRTR



L

A 34

P, T e L I N atte e L R - . PR s 4 W er ® v s AR -

and the crror in the fourth moment should be improved to within 1%.

In the multiplexing accumulator, one additional tri-state latch is required
2R N LY

y ~ ~N .,)

. by each moment as its timing structure does not allow an eight bit latch
i

to be shared by two moments. Similar expansion in the bus latches is

also necessary and thus if the adder "in the multiplexing accumulator can

7’

be extended to 24 bits, more samples can be accumulated before the partial.

T
accumulations are latched to the bus latches to be picked up by the

microprocessor. This releases the microprocessor from frequent prdcessing
of the partial acéﬁﬁulation§ and makes background processing of othér
tasks a possibility. The only softwaré requirements here are a slightly
more complicated interrupt structure in the operatgag system angl

corresponding increase in size o& the storage registers.

r

In some applications, the samplé size allowed by this instrument

ma¥ he considered insufficient. This can be gremedied by cascading gpother

8253 PIT to the one already in use in the instrument to double the order
- .
of mégnitude of the capacities of the counters. Some software alterations

~ ~

are necessary for accommodating the increase in magnitude of the total

samplkes accumulated and the expanded range of parameters that can be used
. . '-

to control a measurement. The potential duration ¢f a measurement is

also extended by such changes and the instrument may be used to cover a

wider area ot applications. If speed is a critical factor in the sampling

procegg, the instrument can always be upgraded to have a sampling rate
of ! us by using a faster ADC and tightening the timing of the processing
]

circuit. To process one moment in 250 ns, the system clock has to be

changed to 4 MHz and high speed Schottky TLL gates are necessary in parts
I .

of the timing and control circuit.
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A1l future development suggested so far tends to imply that DC:
A}
architecture of the instruemnt isQ% flexib%e'one and can be tailored to
meet the requirements of a particular application. This is in fact one
of the criteria based on which the instrument is désigned. It also reflects
¢

- the usefulness of a microprocessor in terms of its flgxibility and
intelligencé but exposes its speed limitations so that a more efficient
way of utiﬂizing its power can be developed.  The immediatg future of

intelligent digital instrumentation appears to be strongly dependent on

microprocessors,

b
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