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[57] ABSTRACT 
A system is disclosed that performs a plurality of mea 
surements based on a set of preprogrammed instruc 

(CPU) that has an internal primary and expansion bus. 
The internal primary bus includes a program memory 
and the internal expansion bus includes an I/O memory. 
The set of preprogrammed instructions resides in the 
program memory and de?nes a predetermined type of 
measurement. A standard bus couples the internal pri 
mary bus to one or more standard external devices, 
while a custom bus couples the internal expansion bus to 
one or more custom external devices. The custom bus 
includes an analog bus that provides for analog signal 
transmission to one or more custom external devices. At 
least one of the custom external devices receives a test 
signal, conditions the test signal and delivers data repre 
senting the conditioned test signal to the I/O memory. 
The CPU receives the test data from the I/O memory, 
computes a measurement value based on the prepro 
grammed set of instructions and responsively produces 
measurement data having a magnitude representing the 
computed value. 

14 Claims, 15 Drawing Sheets 

A statutory invention registration is not a patent. It has 
the defensive attributes of a patent but does not have the 
enforceable attributes of a patent. No article or advertise 
ment or the like may use the term patent, or any term 
suggestive of a patent, when referring to a statutory in 
vention registration. For more speci?c information on the 
rights associated with a statutory invention registration 
see 35 U.S.C. 157. 
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SYSTEM FOR PERFORNIING A PLURALITY OF 
MEASUREMENTS 

TECHNICAL FIELD 

This invention relates generally to a measurement 
system, and more particularly to a measurement system 
for performing a plurality of measurements based on a 
set of preprogrammed instructions. 

BACKGROUND ART 

Typically, measurement systems are designed and 
built to perform a speci?c type of measurement for 
speci?c application. Consequently, test engineers who 
test many applications typically possess many types of 
measurement systems, each for measuring a different 
type of testing parameter. The cost of owning and main 
taining the many types of measurement systems is very 
costly. Additionally, since not all measurement systems 
have the same or similar user interface, the testing engi 
neer must become familiar with each user interface 
which adds time to the overall test. 
Many of these measurement systems include much of 

the same electronic circuitry. However, many of mea 
surement systems use analog circuitry, which produces 
inaccurate measurements when the testing parameters 
rapidly change. What is needed is a measurement sys 
tem that utilizes digital circuitry to perform the many 
types of measurements; thereby reducing testing cost 
and time. 
The present invention is directed to overcoming one 

or more of the problems as set forth above. 

DISCLOSURE OF THE INVENTION 

In one aspect of the present invention, a system per 
forms a plurality of measurements based on a set of 
preprogrammed instructions. The system includes a 
central processing unit (CPU) that has an internal pri~ 
mary and expansion bus. The internal primary bus in 
cludes a program memory and the internal expansion 
bus includes an I/O memory. The set of prepro— 
grammed instructions resides in the program memory 
and de?nes a predetermined type of measurement. A 
standard bus couples the internal primary bus to one or 
more standard external devices, while a custom bus 
couples the internal expansion bus to one or more cus 
tom external devices. The custom bus also includes an 
analog bus that provides for analog signal transmission 
to one or more custom external devices. At least one of 
the custom external devices receives a test signal, condi 
tions the test signal and delivers data representing the 
conditioned test signal to the I/O memory. The CPU 
receives the test data from the I/O memory, computes 
a measurement value based on the preprogrammed set 
of instructions and responsively produces measurement 
data having a magnitude representing the computed 
value. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a better understanding of the present invention, 
reference may be made to the accompanying drawings 
in which: 
FIG. 1 is a functional block diagram of the present 

invention including a CPU, custom bus, and custom 
external devices; 
FIG. 2 is a functional block diagram of the CPU and 

associated circuitry; 

10 

45 

55 

65 

2 
FIG. 3 is a functional block diagram of a custom 

interface circuit associated with the present invention; 
FIG. 4 is a functional block diagram of the custom 

bus; 
FIG. 5 is a functional block diagram of a generic 

custom external device; 
FIG. 6 is a functional block diagram of an ID register 

associated with the present invention; 
FIG. 7 is a functional block diagram of an Analog to 

Digital converting custom external device; 
FIG. 8 is a ?owchart of the software control of the 

Analog to Digital converting custom external device; 
FIG. 9 is a functional block diagram of a Digital to 

Analog converting custom external device; 
FIG. 10 is a ?owchart of the software control of the 

Digital to Analog converting custom external device; 
FIG. 11 is a functional block diagram of a timing 

custom external device; 
FIG. 12 is a ?owchart of the software control of the 

timing custom external device; 
FIG. 13 is a functional block diagram of an operator 

I/O interfacing custom external device; 
FIG. 14 is a representation of an operator I/O inter 

face panel associated with the present invention; and 
FIG. 15 is a block diagram of a torsional measuring 

system associated with the present invention. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

As shown in FIG. 1, the present invention provides a 
system 100 that performs a plurality of measurements 
based on a set of preprogrammed instructions. The 
system 100 includes a central processing unit (CPU) 105 
having an internal primary bus 110 and internal expan 
sion bus 115. A standard bus 120 couples the internal 
primary bus 110 to one or more standard external de 
vices 125. 
One example of a standard bus 120 is a Versa Module 

Europe (VME) bus that provides access to such stan 
dard external devices as, disk drives, networking cards, 
graphics cards, additional processors, printer ports, 
analog to digital converters (A/D), digital to analog 
converters (D/A), counter/ timers, and/or extended 
memory. 
A custom bus 130 couples the internal expansion bus 

115 to one or more custom external devices 135. An 
analog input/ output (I/O) connector 140 is linked to the 
custom bus 130. Advantageously, the custom bus 130 
includes an analog bus that provides for analog signal 
transmission to one or more custom external devices 
135. 
A system power supply 150 is connected to both the 

standard and custom bus to provide power to the CPU 
and external devices. 
The analog I/O connector 140 is typically connected 

to a sensor 141 that is adapted to sense a parameter of a 
test object. The sensor produces a test signal representa 
tive of the sensed parameter. For example, the sensor 
may produce analog or pulse width modulated (PWM) 
signals that represent temperatures, pressures, rotations, 
etc. The test signal is delivered via the I/O connector 
140 to the custom bus 130. The custom bus 130 delivers 
the test signal to a custom external device for subse 
quent signal conditioning. 
The CPU 105 receives test data representative of the 

test signal and computes a measurement value based on 
the preprogrammed set of instructions. Responsively, 
the CPU 105 produces measurement data representative 
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of the computed value. The measurement data may then 
be be stored for future analysis or displayed in real time. 
The CPU 105 and its related circuitry 200 will now 

be discussed with reference to FIG. 2. For example, the 
CPU 105 includes a digital signal processor (DSP). One 
suitable DSP is available from Texas Instruments of 
Dallas, Tex. as model no. TMS320C30. In the preferred 
embodiment, a real-time operating system (OS) pro 
vides the working environment for the CPU. One suit 
able OS is the SPOX-OS Real Time Operating System 
available from Spectron Microsystems of Santa Bar 
bara, Calif. 
The CPU includes several types of memory to store 

software programs, parameters, etc. Listed below are 
the several types of memory, listed below along with 
the main use of each type of memory. 
The primary bus 110 includes: 

DRAM 205 Processor “stack" 
(1024K) Dynamic Allocation Heap, 

Temporary File Storage, 
Scratch-pad memory; 

SRAM 210 Zero-Wait-State run-time 
(256K) access for the 

executable 
Program; 

FLASH 215 Permanent storage memory 
(256K) for the set of 

preprogrammed 
instructions; 

BOOT FLASH 220 Bootup routine and 
(128K) executable storage; 
EZPROM 225 System status reg'sters, 
(32K) RAM-based disk; 
The expansion bus 115 includes: 
SRAM 230 Input/Output (‘I/O) 
(8K) memory for the custom 

external devices; 

The CPU includes an on-chip Direct Memory Access 
(DMA) controller that reduces the need for the CPU to 
perform general I/O functions. Thus, the DMA can 
perform I/O operations without interfering with the 
operation of the CPU. Therefore, the DMA can control 
data ?ow from the custom external devices 135 to the 
I/O memory 230 via the expansion bus 115, while the 
CPU can access the various memories 205-225 via the 
primary bus 110 without reducing the computational 

' throughput of the CPU. The DMA can read from and 
write to any location in the I/O memory map. 
The CPU circuitry 200 also includes a watchdog 

reset circuit 235. The watchdog circuit 235 performs 
two functions: 

1. The watchdog monitors the power supply, and 
resets the CPU in the event that the power supply pro 
duces an abnormal voltage level. ' 

2. The watchdog receives periodic signals from the 
CPU. If, for example, the watchdog does not receive a 
signal after a predetermined time period, the watchdog 
resets the CPU. This function monitors CPU failure. 
Board control registers 240 are also included. The 

board control registers 240 control “bit-levels” for sev 
eral of the CPU circuitry functions, e.g. interrupt rout 
ing, general-purpose I/O data direction control and 
watchdog circuit control. For example, the board con 
trol registers 240 are similar to that are manufactured by 
Intel as product number 82C55. 
The CPU circuitry 200 also includes interface cir 

cuitry to interconnect the internal buses of the CPU to 
the external buses. For example, a VME interface cir 
cuit 245 is provided to interconnect the primary bus 110 
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4 
to the VME bus 120. One suitable VME interface cir 
cuit is manufactured by Cypress of San Jose, Calif. as 
model no. VICO68. A serial interface circuit 250 is pro 
vided to interconnect the primary bus 110 to a 2-chan 
nel RS-232 serial port. One suitable serial interface cir 
cuit is manufactured by Zilog of Campbell, Calif. as 
model no. Z85C30. 

Finally, a custom interface circuit 255 is provided to 
interconnect the expansion bus 115 to the custom bus 
130 and is shown in greater detail in the block diagram 
of FIG. 3. The custom interface circuit 255 includes a 
buffer (305,310,315) for each of the data, control and 
address buses of the expansion bus 115 to provide elec 
trical isolation. For example, the data buffer 305 is simi 
lar to that manufactured by as model no. 74ALS245, 
while the control and address buffers 310,315 are similar 
to model no. 74F244. The circuit 255 also includes a 
Programmable Array Logic (PAL) 325 to provide ac 
cess timing to the data bus. For example, the PAL 325 
controls data bus access in a well known manner and is 
similar to that manufactured by Texas Instruments as 
model no. 16L8. 
As shown a ready signal is buffered by a buffer 330 

similar to that of the address and control buffers. 
The following is a description of the control signals: 
IOSTRB- ' 

The IOSTRB- signal is a data strobe signal that is 
active (low) and is produced by the CPU. When the 
IOSTRB is active, a read or write access to a custom 
external device is in progress. 
CLK_HI 
The CLK_HI signal is a timing signal produced by 

the CPU clock (freq: l6 Mhz). 
ILW 
The R_W- signal is produced by the CPU and that 

represents the directional ?ow of data. A R_W- (high) 
indicates that data is being read from a custom external 
device, while a R_W- (low) indicates that data is being 
written to a custom external device. 
RESET 
The RESET- signal is active (low) and indicates that 

the CPU has been reset. 
RDY 
The RDY- signal is active (low) and is produced by a 

custom external device in response to the access cycle 
being complete. 

The SKT_SLT signal is active (low) and is produced 
by the CPU via the IO_STRB signal to access a 
speci?c custom external device 135. 

The custom bus 130 includes an address decoder 360 
that receives address signals and the IO_STRB signal 
and produces the SKT_SEL signal. One suitable ad 
dress decoder is manufactured by Texas Instruments as 
model no. 74AS138. 

Additionally, each custom external device 135 in 
cludes bus buffers 365,370,375,380 to provide for elec 
trical isolation and are similar to those utilized by the 
custom interface circuitry 255. 
With reference to FIG. 4, the custom bus 130 in 

cludes a plurality of sockets 405 for receiving the cus 
tom external devices 135. As shown eight sockets 405 
are available to be accessed. Each socket is mapped into 
a predetermined memory space in the I/O memory 230. 
The memory space is decoded for each socket 405 to 
providing for the CPU to communicate to a speci?c 
socket. 
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The custom bus 115 includes a 16-bit data bus and a 
l3-bit address bus. Of the thirteen available address 
lines, lines 8-12 are used as the socket identi?er address, 
while the remaining eight address lines (lines 0-7) are 
used for register addressing. The address decoder 360 
receives signals ADDR8-ADDR12 and the IOSTRB 
signal, and produces the SKT__SEL- signal to access a 
speci?c socket. 

Further, eight additional sockets can be accessed. A 
two-pole, double-throw switch 415 is provided to give 
selectable access to sockets 0-7 or sockets 8-15. 
Now a discussion will be directed toward the custom 

external devices 135. The circuitry of a custom external 
device 135 resides on a PC-board (card), which is 
“plugged” into a socket 405 of the custom bus 130. For 
example, a block diagram of the circuitry for a “ge 
neric” custom external card 500 is shown on FIG. 5. A 
96-pin DIN connector 505 is adapted to connect the 
card 500 to a socket 405 of the custom bus 130. Accord 
ingly, the connector 505 includes an address bus, con 
trol bus, data bus, analog bus, as well as, interrupt (INT) 
and ready (RDY) lines. 
The address buffer 375, control buffer 370 and data 

buffer 365 are provided to protect the respective buses 
from static electricity. The data buffer 365 is capable of 
being enabled/disabled and is controlled by the SKT_ 
SEL and LW signals. 
A peripheral control circuit 525 decodes the address 

signals to enable a peripheral device 530. For example, 
the peripheral device 530 receives data from the data 
bus after the unique address of the respective socket 405 
appears on the address bus and a write signal is deliv 
ered to the peripheral control circuit 525. The periph 
eral device 530 delivers data to the data bus after the 
unique address of the respective socket 405 appears on 
the address bus and a read signal is delivered to the 
peripheral control circuit 525. 
The peripheral control circuit 525 includes two Pro 

grammable Array Logic (PAL) circuits. For example, a 
16L8 PAL made by Texas Instruments generates pe 
ripheral control signals to enable the peripheral device, 
while a 16R4 PAL made by Texas Instruments is con 
?gured as a low complexity ?xed-time wait-state gener 
ator. 

Local control circuitry 535 provides for interrupt 
signal generation. The local control circuitry 535 in 
cludes a 74F138 interrupt multiplexer made by Texas 
Instruments, which is preprogrammed to select one of 
four interrupt lines on the interrupt bus for interrupt 
signal transmission. During an initialization stage, a 
82C55A parallel peripheral interface circuit made by 
Intel assigns a predetermined interrupt line to the inter 
rupt multiplexer. Once the peripheral device 530 re 
quests an interrupt, an interrupt signal is generated via 
the selected interrupt line. 
The local control circuitry 535 may include an ID 

register 605, which is discussed with reference to FIG. 
6. The contents of the ID register 605 contains a prede 
termined 8-bit number that represents the speci?c type 
of the custom external device 135. Each type of custom 
external device 135 has a unique 8-bit number. The ID 
number is made available to the buffered data bus 
through a 74LS373 octal transparent buffer made by 
Texas Instruments. The contents of the ID register 605 
is accessed by a predetermined register address 
(ADDRO). The ID number is selected by tying selected 
data lines (DO-D7) to one of +5V and GND. To con 
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6 
serve board space however, the parallel peripheral in 
terface circuit may instead store the board ID number. 
As shown in FIG. 5, a low pass ?lter 540 may be 

provided to ?lter a test signal transmitted on the analog 
bus. 
The speci?c types of custom external devices 135 will 

now be discussed, commencing with a block diagram of 
a multi-channel Analog to Digital (A/D) converting 
device 700 shown in FIG. 7. The A/D converting de 
vice 700 converts a test signal having an analog wave 
form into representative digital values. 
For example, an anti-aliasing ?lter 705 ?lters the 

analog test signal and delivers the ?ltered test signal to 
an A/D converter 710. Preferably, the anti-aliasing 
?lter 705 includes four cutoff frequencies-2O KHz, 5 
KHZ, 1 KHz, and 0.1 KHz, which are selectable in 
software. One suitable anti-aliasing ?lter con?guration 
may include circuitry comprising operational ampli? 
ers. For example, the operational ampli?ers may be 
manufactured by Analog Devices as model no. AD713 
and con?gured in a well known manner. The A/D 
converter 710 receives the ?ltered test signal, converts 
the test signal into a digital signal, i.e. a multi-bit digital 
word, and stores the digital word in a data buffer. The 
digital test data is stored in the data buffer until the CPU 
is ready to read the digital test data. One suitable A/D 
converter is a 14-bit converter manufactured by Analog 
Devices as model no. AD1779. I 

The following discussion refers to FIG. 8, which is a 
flowchart illustrating the software control of the A/D 
converting device 700. An initialization step begins at 
block 805. For example, the ID number of the A/D 
device is read and recorded in the I/O memory 230 at 
the address location associated with the particular 
socket 405. Further, the number of A/D channels and 
the cutoff frequency of the anti-aliasing ?lter 705 are 
set. 
At block 810, the Analog to Digital conversion pro 

cess is commenced. Advantageously, the present inven 
tion provides for several conversion techniques. 

1. A ?rst conversion technique utilizes the CPU inter 
nal timer. The internal timer is set to produce a timing 
signal with a predetermined time period. The timing 
signal is used to control the sampling or conversion rate 
of the A/D converter 710. For example with each new 
period of the timing signal, a conversion begins. This 
technique allows for a constant sample rate and for 
simultaneous sampling of all the A/D channels. 

2. A second conversion technique provides for the 
DMA to control the sampling rate. For example, the 
DMA initiates a read signal for each channel to receive 
prior test data from each data buffer on the A/D con 
verter 710. Then, the DMA can execute a subsequent 
read signal to commence the next Analog to Digital 
conversion. Since a conversion may begin immediately 
after reading the test data, the sampling rate is maxi 
mized. - 

3. A third conversion technique provides for the 
conversion to be controlled by a write signal. For exam 
ple, the DMA initiates a read signal for each channel to 
receive the prior test data from each data buffer on the 
A/D converter 710 similar to the second technique. 
However, the CPU can then execute a write signal, 
which starts the next Analog to Digital conversion. 
This technique is also useful for infrequent sampling 
rates. 

After a conversion is completed, control then passes 
to block 815. At block 815 an interrupt is generated to 
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inform the CPU that the conversion is complete. Ad 
verting back to FIG. 7, the local control circuitry 535 
generates an interrupt signal via an interrupt multi 
plexer 715. As shown, the interrupt signal is buffered by 
an interrupt buffer 720. For example, the interrupt 
buffer 720 may be similar to that manufactured by Texas 
Instruments as model no. 74ALS1035. 

Referring again to FIG. 8 at block 820, the test data 
is then read once the interrupt is received by the CPU. 
For example, the test data is transferred from the data 
buffers corresponding to each channel to the I/O mem 
ory 230. Note that the 14-bit digital words are con 
verted into 32-bit digital words in the software. 
With reference to FIG. 9 a block diagram of a multi 

channel Digital to Analog (D/ A) converting device 900 
is shown. Each channel includes a D/A converter 905. 
Digital data is delivered via the data bus to a D/A data 
buffer associated with the D/A converter 905. The 
buffered data is then delivered to the D/A converter 
905, which converts the buffered data to an analog 
signal. For example, Analog Devices manufactures a 
suitable 12-bit D/A converter as model no. AD664. 
The converted signal is ?ltered by an anti-image filter 

910 that has selectable frequencies of 20 KHz, 5 KHz, l 
KHz, and 0.1 KHz. The anti-image ?lter may include 
operational ampli?ers that are con?gured in a well 
known manner. The ?ltered analog signal is then trans 
mitted to the analog bus. 
FIG. 10 shows a ?owchart of the software control of 

the D/A converting device 800. An initialization step 
begins at block 1005. For example, the ID number of 
the D/A device 800 is read and recorded in the I/O 
memory 230. Further, the number of D/ A channels and 
the cutoff frequency of the anti-image ?lter 810 are set. 
Selection of an output voltage scale is also included in 
the initialization, shown by block 1010. For example, 
the output voltage scale includes the following voltage 
scales: unipolar (0 to 10 volts), bipolar (—5 to +5 volts) 
or full scale bipolar (— 10 to 10 volts). 

Control then transfers to Block 1015, where an opera 
tional mode is set. 

1. A ?rst operational mode provides for all of the 
D/A channels to be updated simultaneously, i.e. the 
DMA writes digital data to each of the D/A data buff 
ers of each channel in a simultaneous manner. 

2. A second operational mode provides for the DMA 
to write digital data to each D/A data buffer of each 
channel individually and/or sequentially. 

3. A third operational mode provides for each D/A 
channel to be updated according to a calibration proce 
dure. 
Once the operational mode is set, the D/A device 800 

is ready to begin the signal conversion in the above 
described manner. 

Reference is now made to FIG. 11, where a block 
diagram of a multi-channel timing device 1100 is de 
scribed. The timing device 1100 receives a periodic test 
signal from the analog bus via an analog buffer 1105. 
The buffered analog test signal is delivered to a timing 
device 1110. The timing device 1110 measures the per 
iod of the periodic signal, and produces a frequency 
signal having a value representative of the periodic 
signal period. For example, the analog buffer 1105 may 
purchased from National Semiconductor as product no. 
74HC14, while the timing device 1110 may be pur 
chased from Advanced Micro Devices as product no. 
AM9513A. 
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The ?owchart illustrated in FIG. 12 shows the soft 

ware control of the multi-channel timing device 1110. 
An initialization step begins at block 1205. For example, 
the ID number of the timing device 1100 is read and 
recorded in the I/O memory 230. Further, the number 
of timing channels are selected. Next, control passes to 
block 1210 where the signal type of an input signal 
(periodic test signal) is entered. For example, the type of 
signal inputs may include: a slow frequency signal (less 
than 1 Hz), a fast frequency signal (greater than 1 MHz) 
or Pulse Width Modulated signal input. Once the type 
of test signal input is entered, control then proceeds to 
block 1215. At block 1215, a interrupt routine selects 
one of four available interrupt signals. The timer is now 
ready to start the measurement. At block 1220, the 
timer measures a period of the periodic test signal and 
produces the frequency signal. After each periodic mea 
surement is complete, an interrupt is generated via the 
peripheral control circuit 525 to the CPU to begin read 
ing the data represented by the frequency signal, which 
is represented by block 1225. 
The timing device 1100 includes two methods to 

output the frequency signal. One method is provided 
via the data bus. The other method is provided via a 
PWM driver 1115. For example, it may be desirable to 
produce the frequency signal in PWM form. Accord 
ingly, a ribbon connector 1120 is provided for PWM 
communication to the outside world. One suitable 
PWM driver is manufactured by Hewlett Packard as 
product no. 6N139. 

Referring now to FIG. 13, a Input/Output (I/O) 
operator interface device 1300 is shown. The U0 oper 
ator interface device 1300 is designed to provide an 
electronic interface between a operator I/O panel and 
the CPU. The operator I/O panel will ?rst be described 
with reference to FIG. 14. 
The operator I/O panel 1400 includes a key pad 1405 

having a plurality of membrane switches 1410 and a 
(2X16) character Liquid Crystal Display LCD 1415. 
Each switch 1410 may be programmed to perform a 
plurality of functions. The LCD 1415 provides alpha 
numeric descriptions of a measurement value. For ex 
ample, the measurement values and key functions illus 
trated describe a torsiograph measurement system. 
However, it is apparent to those skilled in the art that 
the key functions can be programmed to provide many 
other types of functions, each speci?c to a predeter 
mined testing or measurement application. 

Referring again to FIG. 13, the I/O interface device 
1300 will be described. The I/O interface device 1300 
includes an 8-bit micro-controller 1305 provided by 
Motorola as part no. 68HC11. The 68HC11 communi 
cates to the CPU via a dual port RAM 1310. For exam 
ple, the dual port RAM is similar to that provided by 
Integrated Devices Technology as product no. 
IDT7l30. Side logic control is provided by PAL cir 
cuitry 1315,1320 for the CPU and 68HCll, respec 
tively. For example, PAL circuitry 1315,1320 may be 
provided by Texas Instruments as product no. 16R4 and 
16L8, respectively. The 68HCll includes program 
memory 1325 to provide software control of the opera 
tor I/O panel 1400. Key pad and LCD display interface 
circuitry 1330 is provided to establish communication 
between the 68HCll and the operator I/O 1400 panel. 
Finally, a parallel connector 1335 is provided to inter 
face the system to the outside world via digital commu 
nication. 






